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Abstract 

This thesis works through examples of finding value in risk management. The value is assessed 

by determining measurable gains on investment in risk management within a company. Risk 

management can be described as being a method to keep certain risk factors measurable within 

predefined limits. It is important to control risk so that the risk does not set the goals of the 

company in danger.  All companies have different goals. Therefore it is important for each 

company to assess their path to effective risk management. The financial strength of firms 

affects the evaluation of risk, what is considered to be acceptable risk and what is unacceptable. 

Financially strong companies could have the goal to maximize profit in the long run, 

independent from minor short term fluctuation. While smaller and possibly financially weak 

companies might want to use risk management to avoid volatility e.g. in cash flow. Goal for a 

financially weak company could be to minimize volatility in cash flow and to minimize 

operational risk. 

The board of the company should define the attitude towards risk.  Most companies favour 

avoiding risk with effective risk management methods. This approach means that an effort is 

made to minimize volatility within some specific parameters e.g. cash flow. One of the benefits 

of having low volatility is that business opportunities appear stochastically, if a good business 

opportunity arrives at a bad time for the company then it is likely to be ignored. 

Work in risk management involves analysing and evaluating risk factors.  The analysis begins 

with addressing the risk factors which are most important to a company’s growth and stability.  

Each risk that is found to be volatile to growth and stability must be addressed first. Each risk 

must be accounted for, within predefined limits, to ensure stable business growth. 

The conclusion of this thesis emphasizes the importance for a company to find its own value in 

risk management. Larger companies such as banks have a requirement to establish risk 

management to a certain level governed by local authorities. If that requirement is not met then 

the banks operating license can be removed by local governing authorities. It is wiser for a bank 

to find more cost effective ways to address risk management. Smaller companies must address 

the same issues in risk management, but at lower levels. In many cases risk management is so 

natural that we hardly notice it. 
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Útdráttur 

 

Í þessari  ritgerð er leitast við að svara þeirri spurningu hvort verðmæti sé fólgið í 

áhættustýringu.  Þ.e. hvort fyrirtæki sé verðmætara ef það nýtir sér aðferðir áhættustýringar eða 

ekki.  Áhættustýringu mætti lýsa sem aðferðum til að koma áhættu vegna ákveðinna þátta inn 

fyrir skilgreind skekkjumörk. Þ.e. stýra áhættu þannig að hún stefni ekki settum markmiðum 

fyrirtækisins í hættu. Það hver markmiðin eru getur svo verið mismunandi eftir fyrirtækjum. 

Það hversu fjárhagslega sterk fyrirtæki eru getur haft veruleg áhrif á það hvaða áhætta þykir 

innan marka.  Fjárhagslega sterkt fyrirtæki getur t.d. verið með það sem markmið að hámarka 

hagnað til lengri tíma óháð skammtíma sveiflum á markaði.   Fjárhagslega veikt fyrirtæki myndi 

frekar reyna að forðast miklar sveiflur í fjársteymi. Miklar sveiflur í fjársteymi gætu haft mjög 

alvarlegar afleiðingar og jafnvel komið fyrirtækinu í greiðsluþrot.  Dæmigert markmið 

fyrirtækis gæti verið að lágmarka sveiflur í fjárstreymi og lágmarka rekstraráhættu. 

Það er val hvers fyrirtækis hvers konar nálgun við áhættustýringu er beitt.  Algengast er að 

fyrirtæki velji sér áhættufælna nálgun. Áhættufælin nálgun felur í sér að leitast er við að halda 

sveiflum í lágmarki. Einn af kostum þess að hafa litlar sveiflur í rektri er að hægt er að ráðast í 

arðbær verkefni sem verða á vegi fyrirtækisins annað slagið. Sé staða fyrirtækis slæm á því 

augnabliki sem gott verkefni birtist er hætt við að ekki verði ráðist í verkefnið.  

Vinna við áhættustýringu felst í  að greina hvar helstu áhættuþættir liggja. Áhættuþáttum er svo 

raðað í forgangsröð eftir vægi,  fyrir hvern áhættuþátt er svo valið hvaða aðferð hentar best til 

að lágmarka áhættu þess þáttar.   

Helstu niðurstöður ritgerðarinnar eru að það er mjög mismunandi eftir því um hverskonar aðila 

er um að ræða hvort hægt er að fullyrða um það hvort verðmæti sé í áhættustýringu eða ekki. 

Ef um er að ræða banka þá er það beinlínis krafa frjármálaeftirlits að virk áhættustýring sé til 

staðar.  Banki myndi missa starfsleyfi sitt ef áhættustýringu innan bankans væri ekki sinnt. Þar 

er því augljóst að verðmæti er í áhættustýringu, spurningin breytist þá frekar í „hversu mikla 

áhættustýringu borgar sig að hafa“. Ef um lítið fyrirtæki er að ræða þar sem ekki eru gerðar 

neinar beinar kröfur um áhættustýringu þá er þetta meira vafaatriði. Fyrir lítil fyrirtæki og 

einstaklinga ætti þó í felstum tilfellum að vera hægt að benda á eitthvað sem borgar sig að hugsa 

um og verja sig fyrir. Áhættustýring er oft svo eðlilegur þáttur að við tökum ekki eftir henni. 

Stundum framkvæmir fólk hluti til að stýra áhættu án þess að gera sér grein fyrir því að um 

áhættustýringu sé að ræða. 
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1 Introduction 

1.1 Purpose of risk management  

1.1.1 Definition of risk management 

Risk management is the process of identification, analysis and either acceptance or mitigation 

of uncertainty in investment decision-making (Investopedia, 2015). Risk management is used 

to ensure that risk is within certain predefined limit. 

1.1.2 The risk management process 

It is important to understand that risk management does not end at some point.  Risk 

management is an ongoing process that has the purpose of improving a firm’s current position.  

To understand better the different tasks involved in risk management it helps to look at risk 

management as an iterative process.  The diagram on figure 1.1 is an example of the basic flow 

in risk management. 

Risk identification

Find a new type of risk

Risk analysis

How dangerous is the 

risk ? 

Define

 objectives and 

level of risk aversion

Risk evaluation

How is the risk 

compared to my 

objectives and risk 

aversion ?

Risk  treatment

Select how to handle the risk. 

Forward contracts, 

call or put options,  

diversification etc.

Is the risk 

acceptable ?

No

Learning history

Results from previous 

evaluations

Store the

result

Yes

 

Figure 1.1 A basic risk management flow chart 

 

1.2 Use of risk management 

1.2.1 When making new decisions 

Investment opportunities appear randomly on the investment horizon. Evaluating each 

opportunity and analysing the risk involved before making a new investment decision is crucial. 

Taking the time to consider all sorts of different scenarios and possible outcomes is also 

valuable. Evaluating how likely each scenario is and then basing decisions on all available 

information. This formal approach to financial decision making is likely to provide good results.  
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1.2.2 Review your current position 

For companies continuous reviews of current situations is necessary. Market values are 

changing and new information is constantly evolving. There are always circumstances that can 

change the evaluation of certain risk factors. A risk factor that has been evaluated to be 

acceptable can turn into an unpredictable one through time. A risk factor that had the status of 

“unacceptable” and was managed with expensive hedge could later turn into an acceptable risk 

factor that there is no longer need to hedge for.  

1.2.3 Risk management and crisis 

Severe consequences can result from inadequate risk management. Financial and political crisis 

happen on a regular basis. Most crises are small and only affect a small part of a market. Other 

crises are large like the famous “Wall Street crash of 1929“. The recession in 2008 was partly 

caused by bad credit risk management of financial firms. Complex financial products that had 

the purpose of hiding underling risk and failure in financial regulation and supervision of 

financial firms also played important role. (Federalreserve, 2015). In September 2008 financial 

crisis here in Iceland started, that crisis lasted for at least 3 years. In some ways the crisis in 

Iceland is now, 7 years later not completely resolved. Being prepared for crisis can be crucial. 

Bad decisions taken under a lot of pressure in time of crisis can be very costly. Being prepared 

and having taken the time to consider different crisis or risk scenarios is always helpful. 

Corporations that are well prepared are more likely to survive periods off difficulty.  
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2 Risk management process in more details 

2.1 Identification of different risk factors 

The first step in the risk management process is to identify as many potential risk factors as 

possible. This could be done e.g. in a group work where people just come up with lot of ideas 

of potential risks. Output of this part is an unsorted list of risk factors. An example could be 

“inflation on yearly basis goes from 3% to 7%” or “value of US $ goes down by 10%”. The list 

could be very long and would contain in some cases unrealistic risk factors that there is no need 

to act on. 

2.2 Risk analysis 

There are many different ways to analyse risk factors and sort through them depending on how 

severe consequences they have on the firms operation. The method Iceland telecom uses is to 

compile a document containing all possible risk factors. The document is created by risk 

specialists in interviews with employees or in workshops. The next step is to put some value on 

potential losses by using judgement and experience of frequency of events. Finding the absolute 

value of a risk factor is not trivial. It is easier to answer simple question regarding the 

consequences and cost of a specific risk factor and obtain the appropriate level for the risk factor 

that way. Table 2.1 and 2.2 show an example of how consequences, cost and level of risk factor 

can be linked together. Firms can have different cost values associated with each level of risk 

factor.  

Table 2.1 Linking consequences and level 

Consequences Level 

Firm defaults 5 

Severe 4 

High 3 

Medium 2 

Minor  1 

 

Table 2.2 Linking cost of removing risk and level 

Cost of removing risk Level 

Extremely high 5 

Severe 4 

High 3 

Medium 2 

Minor 1 

 

Experience is used to estimate probability of certain risk factors for one year. Scores can be 

calculated in different ways. Formula 2.1 shows one way of calculating a score for each risk 

factor. For the calculation shown in table 2.2 α = 3 was used. Formula 2.1 could be adjusted to 

fit different needs of firms. 

 

 𝑆𝑐𝑜𝑟𝑒 = 𝛼 ∗ 𝐿𝑒𝑣𝑒𝑙(𝐶𝑜𝑛𝑠𝑒𝑞𝑢𝑒𝑛𝑐𝑒𝑠) ∗ 𝑃𝑟𝑜𝑏(𝑟𝑖𝑠𝑘 𝑓𝑎𝑐𝑡𝑜𝑟) − 𝐿𝑒𝑣𝑒𝑙(𝐶𝑜𝑠𝑡) (2.1)  
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Table 2.3 shows example of how table with risk factors and the score for each factor. Simple 

rules like “all risk factors that have score that is above 2 are unacceptable”. Projects to resolve 

different risk factors are sorted according to the score. This ensures that work is directed to the 

areas where the need is highest. This method also helps to find “low hanging fruits,” tasks that 

have little cost involved compared to the value they return. Here it is best to start working on 

solving the risk factor labelled “Fraud of type 2” since the score is highest for that risk factor.   

 

Table 2.3 Evaluating risk factors - score added 

Risk factor Consequences 

Probability in 

one year 

Cost of removing 

risk Score 

Only one financial data server High 0,7 High 3,3 

Data server hacked High 0,4 Medium 1,6 

Power failure Medium 0,5 Minor 2 

Fraud of type 1 Minor  0,2 Extremely high -4,4 

Fraud of type 2 Firm defaults 0,6 Very high 8 

 

 

 

2.3 Identify unacceptable risk 

If the task of the risk evaluation part is that if the risk for a certain case is unacceptable then 

some actions must be taken.  The action taken depends entirely on the problem we want to 

solve.  The possibilities are numerous. For example, if the problem that we have identified is 

that the price of some commodity we need for our production after 1 year is uncertain. We can 

buy forward contract that sets the price to be paid in 1 year to a fixed amount. We could also 

sign a contract with the producer of the product needed directly, the contract could e.g. state the 

price payed after 1 year. The possibilities of different problems are endless and so are the 

solutions.  There are some standard tools that are used to address the most common problems. 

If those tools do not provide an acceptable solution to the problem then there is always 

possibility to make a contract to address your problem directly. Overview of the most common 

contracts is provided in chapter 4. 

2.4 Risk can be accepted 

It is generally not necessary to hedge against small events that happen on a regular basis. The 

reason is that the fee that is payed for contract can be larger than the expected loss by the event. 

The reason for the hedging fee to be on average larger than the loss is that the hedging firm 

must also cover some internal cost. In this case it is best to accept that this risk is just a normal 

part of the operation. Here risk management is not useless at all, it is the result of the risk 

management process that this type of risk is accepted. 
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2.5 Output of the risk management process 

Since the process is ongoing it is necessary that the documents are maintained and constantly 

up to date. Today special computer programs for risk management are available. They can help 

with the documentation and give the necessary reports when needed. Objectives and risk 

aversion do not change very often.  Fixing of objectives and risk aversion is a high level decision 

that should be approved by the board members of the corporation.  The importance of individual 

threats is changing by time so it is important that all data is up to date. The iterative process 

should give a good overview of the risks involved in running the corporation. Managers can 

use the output from the risk management process to improve the operation of the corporation. 

Similar process can be used to identify operational risk factors. 

2.6 Governance of the risk management process 

In large corporations clear responsibility is highly important. If a disaster or scandals of some 

sort happen then risk management will get a very clear and perhaps unwanted focus. It is of 

course better to have the appropriate process already installed. Good risk management and clear 

responsibility will contribute to minimizing the probability of disasters and scandals. 

The board of the company is responsible for approving how the general risk management 

process is functioning and what role different individuals or departments have. The board of 

the company should also define the attitude towards risk. Does the company want be aware of 

risk, risk seeking or accept risk within certain limits? 

Board of directors and specially the CFO and CTO are responsible for implementing and 

operating the risk management processes. The CFO should be responsible for the financial part 

and the CTO for the operational part. Policies, reporting mechanisms and procedures to secure 

the assets of the company must also be established. 

Some large companies have a special risk committee to define the risk management strategy 

and an audit committee to take care of reviewing processes on a regular basis. 

The role of individual employees must also be well defined. Questions like “who is the owner 

of the data used for risk management”, “who is responsible for hardware, software and backup” 

are also very important. It should also be clear what authority each person has e.g. to sign 

agreements or approve payments on behalf of the company. 
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3 Risk types and value  

There are many different types of risk that must be considered. Figure 3.1 shows block diagram 

for main types of risk in banking environment. It is different between corporations what risk 

gets the main focus.  For small and medium size corporations focus is often on operational risk. 

Risk types

(banks)

Market

Credit

Liquidity

Operational

Legal

Equity

Interest rate

Currency (FX)

Commodity

Translation

Transaction

Economic

Management

Processes

Fraud

Systems

 

Figure 3.1 Block diagram of risk types 

 

3.1 Market risk 

For many corporations this is a very important type of risk.  This risk comes from changes in 

market prices. Price is always changing on everything that is available on the market: gold, 

silver, money, currency exchange rate, etc. Large events like wars, climate changes, volcanic 

eruptions, earthquakes can lead to price changes. Smaller events like contracts between 

corporations and tax changes can also lead to small changes in prices.  The parameters that can 

affect price of various products that are available are almost unlimited. The price of one product 

is also interconnected with the price of one or more other commodities. For example the price 

of products from corporations that use a lot of oil for its production is likely to get higher if 

price of oil goes up. Today lot of the transactions are made by computers using some predefined 

algorithm. High frequency trading is also common. Opportunity to buy in one market and sell 

in another few milliseconds later could be exploited by computers. All these changes in market 

price have effects on corporations cash flow and their final profit. There are many types of tools 

that can be used to reduce market risk. In chapter 4 there is list of the most common tools used 

to control different type of market risk. Those tools are often in the form of a contract with 

someone to fully or partly cover the risk. There is a price for those contracts, so evaluation is 

necessary for each case to find the best option. 
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3.1.1 Equity risk 

There is always a risk involved in every decision to use equity to finance some investment 

opportunity. Market price of that investment can go up or down. To measure this risk standard 

deviation for the returns of the investment is used. To estimate the standard deviation historical 

data from the market is used. Standard deviation σ measures the amount of variation in data. 

To calculate σ we first need to calculate the average E(X), where X is the dataset. Formula 3.1 

shows how standard deviation is calculated. Here 𝑓𝑋(𝑥) is the probability of the value x where 

the sum is taken over the set Ω of all possible values. 

 

 𝜎(𝑋) =  √ ∑ (𝑥 − 𝐸(𝑋))2 ∗ 𝑓𝑋(𝑥)𝑥𝜖Ω;𝑓(𝑥)>0   (3.1) 

 

Behaviour of asset prices can be simulated with different mathematical models. One model for 

asset price behaviour is the “Geometrical Brownian motion with a drift”. GBM assumes that 

the increment in asset price S consists of 2 parts. First part is accounting for the drift or the 

normal growth expectation µ, green line in figure 3.2. Second part is accounting for the 

stochastic part. 

 

 𝑑𝑆 = µ𝑆𝑑𝑡 +  𝜎𝑆𝜂√𝑑𝑡 ;  𝜂 𝜖 𝑁(0,1) (3.2) 

 

Figure 3.2 shows results from 5 different GBM simulations and also the same with no variation. 

The simulation was made in excel. Here the timeframe is 250 days, 𝑑𝑡=1/250, standard 

deviation σ=0,15 and µ=0,15. This simulation is done by evaluating the price change for each 

of the 250 parts of the simulation. Here the result is that one simulation is close to the expected 

value, two are above and two are below. The average result of these 5 simulations is close to 

the expected value. The final outcome varies considerably between simulations as expected. 

In the following we consider various scenarios (options) in relation to investments in an asset 

described by (3.2). 
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Option 1. Invest all in 1 type of stock, result high volatility in the final result. 

 

Figure 3.2 Geometric Brownian motion with a drift 

 

Figure 3.3 shows the probability distribution of 50.000 simulations when σ = 0,15 and μ = 0,15. 

This is the final value of the investment on day 250 (one year after investment). Figure 3.3 also 

shows how many occurrences are over risk free rate. Here risk free rate is 5%, resulting in final 

value of 105 after one year. Figure 3.3 also shows that when comparing secure and unsecure 

investments only certain probability can be given for the result of the unsecure investment. 

 

Figure 3.3 Geometric Brownian motion with a drift – PDF for day 250 
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Table 3.1 shows the result from counting number of occurrences and percentage where return 

of the investment is over and under the risk free rate. 

 

Table 3.1 Count of result over and under risk free rate 

  

σ=0,15 σ=0,25 

Over 105 Under 105 Over 105 Under 105 

Count 36.248 13.752 30.374 19.626 

Percent  72,5% 27,5% 60,7% 39,3% 

 

It is interesting to see how closely the two distributions follow lognormal distribution. The 

MATLAB function lognfit can be used to estimate parameters for the lognormal distribution 

that the data is derived from. Appendix B shows how this is done in MATLAB. Table 3.2 shows 

the resulting parameters for fitting the two distributions with lognormal distributions. The 99% 

confidence levels shows where there is 99% probability that the real value is between the low 

and the high values. Calculated values for σ are almost exactly the same as the original values 

that were used to create the distributions. 

 

Table 3.2 Result of fitting with lognormal distribution in MATLAB 

  Calculated values 99% confidence low 99% confidence high 

μ=0,15 4,7438 4,742 4,7455 

σ=0,15 0,1499 0,1486 0,1511 

μ=0,25 4,7225 4,7197 4,7254 

σ=0,25 0,2500 0,2479 0,2520 
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Figure 3.4 shows graphically how lognormal distributions with the parameters from table 3.2 

fit compared to the simulated data from figure 3.3. This is almost an exact fit. 

 

 

Figure 3.4 GBM with a drift – PDF for day 250 – fitting with MATLAB 

 

 

Value considerations. 

You can select the stock with the highest return but you are exposed to high risk. In a perfect 

open market everyone should have access to the same information. In reality it is always 

possible that valuable information leaks and affects the market. It is also possible that an 

investor finds information that no other investors are using, like public sales data that is updated 

on regular basis. In that case the risk can be lowered. 
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Option 2. Buy one type of stock and a put option on that stock.  

Put option means that you have the right to sell the stock at a predefined price. The put option 

ensures a certain floor for the return of the stock. 

Finding the correct prise for options can be complex. Equation 3.3 shows the model for the 

behaviour of the risky asset S through time. Here μ is the growth rate, σ is the standard deviation, 

S(t) is the asset value at time t and dW is the change in the Wiener process (Chin, Nel, & 

Ólafsson, Problems and Solutions in Mathematical Finance: Stochastic Calculus Volume I (The 

Wiley Finance Series), 2014). Wiener process has zero mean, variance proportional to time and 

increments are independent. Wiener process does not have memory, so increments in future are 

independent of what has happened in the past. From Ito's lemma we know that if S(t) is a 

stochastic process satisfying equation 3.3 

 

 𝑑𝑆(𝑡) = µ𝑆(𝑡)𝑑𝑡 +  𝜎𝑆(𝑡)𝑑𝑊(𝑡) (3.3) 

 

then, a continuous differentiable function f of S satisfies equation 3.4. Here 𝑓 is a function 

depending on the value of S and time t. 

 

 𝑑𝑓(𝑆(𝑡)) = (
𝜕𝑓

𝜕𝑡
+ 𝜇𝑆

𝜕𝑓

𝜕𝑠
+

𝜎2𝑆2

2

𝜕2𝑓

𝜕𝑠2 ) 𝑑𝑡 + 𝜎𝑆
𝜕𝑓

𝜕𝑠
𝑑𝑊 (3.4) 

 

By putting 𝑓(𝑡) = 𝑙𝑜𝑔𝑆(𝑡) we find equation 3.5. 

 

 𝑑𝑙𝑜𝑔𝑆(𝑡) = (𝜇 −
𝜎2

2
) 𝑑𝑡 + 𝜎𝑑𝑊(𝑡) (3.5) 

 

The goal is to find the distribution of S(T). By integrating equation 3.5 from the time t to T 

equation 3.6 is found. 

 

 𝑙𝑜𝑔𝑆(𝑇) = 𝑙𝑜𝑔𝑆(𝑡) + (𝜇 −
𝜎2

2
) (𝑇 − 𝑡) + 𝜎(𝑊(𝑇) − 𝑊(𝑡)) (3.6) 

 

Therefore 𝑙𝑜𝑔𝑆(𝑇) is normally distributed. Which leads to the important conclusion that 𝑆(𝑇) 

is lognormally distributed. 
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Expected value 𝐸𝑡  and variance 𝑉𝑎𝑟𝑡 for 𝑙𝑜𝑔𝑆(𝑇) are shown in equation 3.7 and 3.8. 

 

 𝐸𝑡𝑙𝑜𝑔𝑆(𝑇) = 𝑙𝑜𝑔𝑆(𝑡) + (𝜇 −
𝜎2

2
) (𝑇 − 𝑡) (3.7) 

 𝑉𝑎𝑟𝑡𝑙𝑜𝑔𝑆(𝑇) = 𝜎2(𝑇 − 𝑡) (3.8) 

 

By constructing the portfolio П that consist of 𝛥 long positions in the asset S and a short position 

in the derivate of the asset we get equation 3.9 (Chin, Nel, & Ólafsson, Problems and Solutions 

in Mathematical Finance: Equity Derivatives, Volume 2 (The Wiley Finance Series), Access to 

manuscript). 

 

 П(𝑡) = 𝛥𝑆(𝑡) − 𝑓(𝑆, 𝑡) (3.9) 

 

By using Ito’s lemma on П and rearranging terms we get equation 3.10. 

 

 𝑑П(𝑡) = 𝛥𝑑𝑆(𝑡) − 𝑑𝑓(𝑆, 𝑡) = (𝛥𝜇𝑆 −
𝜕𝑓

𝜕𝑡
− 𝜇𝑆

𝜕𝑓

𝜕𝑠
−

𝜎2𝑆2

2

𝜕2𝑓

𝜕𝑠2 ) 𝑑𝑡 + (𝛥𝜎𝑆 − 𝜎𝑆
𝜕𝑓

𝜕𝑠
) 𝑑𝑊 (3.10) 

 

The risk of holding the portfolio П is presented by the term (𝛥𝜎𝑆 − 𝜎𝑆
𝜕𝑓

𝜕𝑠
)𝑑𝑊 

If  𝛥  is selected to be  
𝜕𝑓

𝜕𝑠
 then the risky term becomes (

𝜕𝑓

𝜕𝑠
𝜎𝑆 − 𝜎𝑆

𝜕𝑓

𝜕𝑠
) 𝑑𝑊 = 0 ∗ 𝑑𝑊 = 0 and 

equation 3.10 simplifies to equation 3.11. By selecting 𝛥 =
𝜕𝑓

𝜕𝑠
  we move over to “risk neutral 

world“. 

 

 𝑑П(𝑡) = (
𝜕𝑓

𝜕𝑠
𝜇𝑆 −

𝜕𝑓

𝜕𝑡
− 𝜇𝑆

𝜕𝑓

𝜕𝑠
−

𝜎2𝑆2

2

𝜕2𝑓

𝜕𝑠2) 𝑑𝑡 = − (
𝜕𝑓

𝜕𝑡
+

𝜎2𝑆2

2

𝜕2𝑓

𝜕𝑠2) 𝑑𝑡 (3.11) 

 

Since the portfolio П is risk free it can only earn risk free rate, so 𝑑П must be equal to 𝑟П𝑑𝑡, 

which gives equation 3.12. 

 

 𝑑П = 𝑟П𝑑𝑡  (3.12) 
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Inserting 𝑑П from equation 3.11 and П from equation 3.9 gives equation 3.13. 

 

 − (
𝜕𝑓

𝜕𝑡
+

𝜎2𝑆2

2

𝜕2𝑓

𝜕𝑠2 ) 𝑑𝑡 =  𝑟(𝛥𝑆 − 𝑓)𝑑𝑡 = 𝑟(
𝜕𝑓

𝜕𝑠
𝑆 − 𝑓)𝑑𝑡  (3.13) 

 

Dividing both sides with 𝑑𝑡 gives equation 3.13. 

 

 − (
𝜕𝑓

𝜕𝑡
+

𝜎2𝑆2

2

𝜕2𝑓

𝜕𝑠2
) =  𝑟(

𝜕𝑓

𝜕𝑠
𝑆 − 𝑓) (3.14) 

 

The Black-Scholes equation 3.15 is found by rearranging terms. (Black, 1973) 

 

  
𝜕𝑓

𝜕𝑡
+ 𝑟

𝜕𝑓

𝜕𝑠
𝑆 +

𝜎2𝑆2

2

𝜕2𝑓

𝜕𝑠2 =  𝑟𝑓 (3.15) 

 

The Black-Scholes formula is used to evaluate different types of options. The value of a 

European put option at maturity is 𝑝(𝑇) = 𝑚𝑎𝑥 (𝑋 − 𝑆(𝑇), 0) and for European call option it 

is 𝑐(𝑇) = 𝑚𝑎𝑥 (𝑋 − 𝑆(𝑇),0). 

From the therory of Feynman-Kač the price of call and put options can be found. Equation 3.16 

and 3.17 show the formulas for put (right to sell) and call (right to buy) (Chin, Nel, & Ólafsson, 

Problems and Solutions in Mathematical Finance: Equity Derivatives, Volume 2 (The Wiley 

Finance Series), Access to manuscript). 

 

 𝑐(𝑡) = 𝑒−𝑟(𝑇−𝑡)𝐸𝑡(𝑚𝑎𝑥 (𝑆(𝑇) − 𝑋, 0)) (3.16) 

 𝑝(𝑡) = 𝑒−𝑟(𝑇−𝑡)𝐸𝑡(𝑚𝑎𝑥 (𝑋 − 𝑆(𝑇), 0)) (3.17) 
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Here the term for the call option 𝑚𝑎𝑥 (𝑆(𝑇) − 𝑋, 0) is the value that the option has at maturity. 

Since S(T) is stochastic and has no single value the expectation value 𝐸𝑡 of 𝑚𝑎𝑥 (𝑆(𝑇) − 𝑋, 0) 

is used. The expectation value is evaluated in the lognormal distribution of S(T). The 

expectation value is then discounted back with the risk free rate from time T to t. The discount 

term is because the contract is payed at time T but the contract starts at time t. The result is 

shown in equations 3.18 and 3.19. 

 

 𝑐(𝑡) = 𝑆(𝑡)𝑁(𝑑1) − 𝑋𝑒−𝑟(𝑇−𝑡)𝑁(𝑑2) (3.18) 

 𝑝(𝑡) = 𝑋𝑒−𝑟(𝑇−𝑡)𝑁(−𝑑2) − 𝑆(𝑡)𝑁(−𝑑1) (3.19) 

 

Where 𝑑1 =
log(

S(𝑡)

X
)+(r+

𝜎2

2
)(𝑇−𝑡)

𝜎√𝑇−𝑡
 and 𝑑2 =

log(
S(𝑡)

X
)+(r−

𝜎2

2
)(𝑇−𝑡)

𝜎√𝑇−𝑡
 

 

It is important to notice that equation 3.18 and 3.19 do not include any μ term to account for 

the drift term in the stock price, it only has the term r which is the risk free rate. This is because 

by selecting 𝛥 =
𝜕𝑓

𝜕𝑠
 we moved over to “risk neutral world“. In “risk neutral world“ the price 

can only grow at the risk free rate. The price behaves as a random walk and the price at a given 

time t is independent from the price at time t-1. 

Example: Price calculations of a put options (equation 3.19) with the following parameters. 

S(t)=100, X=115, (T-t) = 1 year, σ=0,15 and risk free=5% gives the price 𝑝(𝑡) =12,04. 

S(t)=100, X=115, (T-t) = 1 year, σ=0,15 and risk free=15% gives the price 𝑝(𝑡) =5,45. 
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Figure 3.5 shows the final value of each stock when the price of the put option has been 

subtracted. Here the risk free rate was selected to be the same as μ = 0,15. What happens here 

is that the end result is distributed around the risk free rate. When the outcome S is over the 

strike price X the option has no value. If the outcome is lower than the strike price the option 

has the value X-S. The put option ensures a certain floor for the end result. If a lower risk free 

rate would have been selected then the prise of the put option would have been higher and all 

the flat lines in figure 3.5 would have been lowered. What we see in figure 3.5 is that then 

values at maturity are distributed around the risk free rate as expected. 

 

 

Figure 3.5 Geometric Brownian motion with a drift – with put option at 115 
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Figure 3.6 shows similar behaviour now the put option is on 100. Figure 3.6 shows that value 

of the investment does not go below 100 – price of the put option. 

 

 

Figure 3.6 Geometric Brownian motion with a drift – put option at 100 

 

It is also possible to add to the case above and sell a call option on the same stock at the same 

time.  The result would be that the curve is shifted to the right because of the value gained from 

selling the call option. There would also be a similar cut off at the high end.  Values around risk 

free would also get higher probability.  If the strike values of call and put are close, then the 

end result is close to the risk free rate. 

Value considerations. 

Since the worst outcomes have been eliminated with the put option the corporation buying the 

option is certain that the value will not go under a specific floor. This means that the firm is 

more likely to be able to fulfil financial plans that have been made. If the corporation is having 

cash flow problems then the consequence of not meeting obligations can be severe. For example 

if a firms need to start selling assets under time pressure when market prices are low.  
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Option 3. Distribute assets.  

The purpose of investing in more than one asset can be to lower volatility of portfolio compared 

to an investment in a single asset. Equation 3.20 shows how variance of a portfolio is calculated. 

 𝜎𝑃
2 =  ∑ 𝑤𝑖𝐶𝑖,𝑗𝑤𝑗

𝑛
𝑖,𝑗=1 = 𝒘𝑡𝐶𝒘  (3.20) 

C is the covariance matrix and 𝑤𝑖 is weight of asset 𝑖 in the portfolio.  In this simulation there 

is no correlation between the assets and all assets have the same standard deviation 0,15 and 

number of assets is 5. 

𝜎𝑃 = √(
1

5
∗ 𝜎1

2 ∗
1

5
) + (

1

5
∗ 𝜎2

2 ∗
1

5
) + (

1

5
∗ 𝜎3

2 ∗
1

5
) + (

1

5
∗ 𝜎4

2 ∗
1

5
) + (

1

5
∗ 𝜎5

2 ∗
1

5
)=√5 ∗ (

1

5
∗ 𝜎1

2 ∗
1

5
)=

1

√5
𝜎1 

If all assets are uncorrelated, having same weight and same σ, then equation 3.20 can be 

simplified into equation 3.21. 

 𝜎𝑃 =
1

√𝑛
 𝜎   (3.21) 

Figure 3.7 shows 5 different simulation where the portfolio is made by equal shares in the same 

stocks as before. Here the variance is lower than before. The end result is now much closer to 

the expected return. 

 

 

Figure 3.7 Geometric Brownian motion with a drift – diversify portfolio 
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Option 4. Data analysis. 

Data analysis can be very helpful to select the best corporations to invest in. Using historical 

data from the market can help in getting a better overview of the level of risk you are accepting. 

It is possible to diversify portfolio w.r.t. minimum variance and maximum expected return using 

historical data. Figure 3.8 shows result from data analysis of the Nasdaq OMX Iceland market. 

Data used for this analysis is from 2012 to 2014. Also selecting a particular time period is 

important. This kind of data can be automated so new information is always available. Efficient 

frontier marks the boundaries where it is possible to locate your portfolio. It is possible to put 

together a portfolio that is on the right hand side of the efficient frontier. Equation 3.22 shows 

the formula for Sharpe ratio. Market portfolio is the point where maximum of Sharpe ratio is 

found. That is the point where the portfolio gets highest return per unit of risk.  Capital market 

line is a portfolio that consists partly of a market portfolio and partly of risk free assets. 

Minimum variance point is the portfolio with lowest variance, not using any risk free assets. 

Figure 3.8 also shows that you can select corporations that are close to the market portfolio but 

includes only 4 corporations. It would also be more logical to select the minimum variance 

portfolio instead of only one corporation (Hagar). In that case we have about the same expected 

return on the investment with much lower volatility. Equation 3.23 and 3.24 show how return 

of portfolio and variance of portfolio is calculated. 

  𝑆ℎ𝑎𝑟𝑝𝑒 𝑟𝑎𝑡𝑖𝑜 =
𝑟𝑃−𝑟𝑓

𝜎𝑃
   (3.22) 

 𝑃𝑜𝑟𝑡𝑓𝑜𝑙𝑖𝑜 𝑟𝑒𝑡𝑢𝑟𝑛 = ∑ 𝑤𝑖
𝑛
𝑖=1 𝑟𝑖  (3.23) 

 𝑉𝑎𝑟(𝑃𝑜𝑟𝑓𝑜𝑙𝑖𝑜) = 𝒘𝑡𝐶𝒘  (3.24) 

 

 

 Figure 3.8 Analyses of the Nasdaq OMX Iceland stock market. 
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Selecting the market portfolio from figure 3.8 does not ensure good return in the future. It only 

says that the portfolio has done well in the past. Figure 3.9 shows returns on the same portfolio 

as before during the next nine months. The idea here is to select a portfolio that has proven to 

be good in the past and examine the return on the portfolio for the next 9 months. Figure 3.9 

shows that the result fluctuates a lot. The result here is that a good return in the past does not 

need to ensure good result in the future. 

 

 

Figure 3.9 Example of future return on the market portfolio. 
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It is also interesting to study how the market portfolio moves in time. Figure 3.10 shows an 

example of how return and variance of the market portfolio changes during time. The data is as 

before real data from the Icelandic stock market (1-1-2012 to 31-1-2015). Short selling is 

allowed in this example which can lead to higher return of the portfolio. The point where the 

highest return is in this case when some of the firms in the market were going rapidly down 

(short selling those) while other were going rapidly up. Figure 3.10 shows that it is possible to 

get very high return on the stock market. The downside is that selecting the correct combination 

is very difficult and frequent restructure of the portfolio is costly. To be able to have always the 

correct combination of stocks means that the portfolio would have to be constantly updated. It 

is easy to update the portfolio to have the correct weights, but very difficult to find a strategy 

that performs higher than average. Figure 3.10 also shows the movement of the market portfolio 

as it was few months earlier e.g. data for -6 months is (1-1-2012 to 31-7-2014).  

 

 

Figure 3.10 Analyses of the Iceland stock market – path of market portfolio.  

 

 

Value considerations. 

Given that changes in price are repetitious and we can learn from history then there is value for 

investors to use analysis tools to assist when making the decision about where to invest. Data 

mining can be hard work, but it can possibly lead to good results.  

It is possible that an investor finds a way to earn more than the risk free rate without taking any 

risk. That opportunity should disappear in the future as other players on the market are likely 

to notice this opportunity and the gap should be closed in some time.  
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Option 5. Invest in bonds. 

When purchasing bonds it is important to know that bonds that have longer time to maturity are 

more sensitive to changes in interest rate. 

Why are long bonds more sensitive change in interest rate than short bonds? 

Duration of bonds is weighted average of the times that the payments are received. Equation 

3.25 shows how duration is calculated. Here 𝑃𝑟𝑒𝑠𝑒𝑛𝑡𝑉𝑎𝑙𝑢𝑒(𝑡𝑖) is the present value of single 

payment made at time 𝑡𝑖 and 𝑇𝑜𝑡𝑎𝑙𝑃𝑟𝑒𝑠𝑒𝑛𝑡𝑉𝑎𝑙𝑢𝑒 is present value of all payments of the bond. 

 

 𝐷 = ∑
𝑃𝑟𝑒𝑠𝑒𝑛𝑡𝑉𝑎𝑙𝑢𝑒(𝑡𝑖)∗𝑡𝑖

𝑇𝑜𝑡𝑎𝑙𝑃𝑟𝑒𝑠𝑒𝑛𝑡𝑉𝑎𝑙𝑢𝑒

𝑇
𝑖=1 = ∑

𝑖∗𝐶𝑖

𝑃∗(1+𝑟)𝑖
𝑇
𝑖=1   (3.25) 

 

The present value of payments from the bond are shown in equation 3.26. Here 𝐶𝑖 is the 

payment made at time = 𝑖 and r is the interest rate. 

 

 𝑃 = ∑
𝐶𝑖

(1+𝑟)𝑖
𝑇
𝑖=1  (3.26) 

Taylor expansion (Wolfram, 2015) can be used to estimate for the price change around a given 

value of r. Equation 3.27 shows Taylor expansion where only the first two terms are used. The 

first term is related to duration and the second term is related convexity. 

 

 𝑑𝑃 =
𝜕𝑃

𝜕𝑟
𝑑𝑟 +

1

2

𝜕2𝑃

𝜕𝑟2 𝑑𝑟2  (3.27) 

 

To find the change in price we start with the first order term 
𝜕𝑃

𝜕𝑟
.  Using differential calculus on 

equation 3.26 leads to equation 3.28. 

 

 
𝑑𝑃

𝜕𝑟
=

𝑑(∑
𝐶𝑖

(1+𝑟)𝑖
𝑇
𝑖=1 )

𝜕𝑟
= −

1

(1+𝑟)
∑

𝑖∗𝐶𝑖

(1+𝑟)𝑖
𝑇
𝑖=1  (3.28) 

 

Equation 3.28 can be rewritten by dividing on both sides with P the result is in equation 3.29. 

 

 
𝑑𝑃

𝑃∗𝑑𝑟
= −

1

(1+𝑟)
∑

𝑖∗𝐶𝑖

𝑃∗(1+𝑟)𝑖
𝑇
𝑖=1 =(𝑈𝑠𝑖𝑛𝑔 𝑒𝑞.  3.25)−

1

(1+𝑟)
∗ 𝐷 (3.29) 
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After multiplying both sides of 3.29 by 𝑑𝑟 equation 3.30 is found. Equation 3.30 shows that 

duration of bonds affects change in price of the bond directly. 

 

 
𝑑𝑃

𝑃
= −

𝐷

(1+𝑟)
∗ 𝑑𝑟 (3.30) 

 

The relationship between change in price and change in interest rate has a negative sign which 

means that if interests are going up then price of the bond is going down. Bond with duration 

equal to 10 years would e.g. be 5 times more sensitive to changes in interest rate than a bond 

with duration equal to 2 years. 

The variance of the relative price change is interesting. Applying the variance function on both 

sides of equation 3.30 leads to equation 3.31. Note that there is no variance on D and r. 

 

 𝑉𝑎𝑟(
𝑑𝑃

𝑃
) = 𝑉𝑎𝑟 (−

𝐷

(1+𝑟)
∗ 𝑑𝑟) =

𝐷2

(1+𝑟)2 𝑉𝑎𝑟(𝑑𝑟)  (3.31) 

 

With 𝑉𝑎𝑟 = 𝜎2 this lead to the equation 3.32. Equation 3.32 shows that standard deviation of 

the price is in direct proportion to standard deviation of the interest rate. The duration acts as 

amplification on the standard deviation of the price.   

 

 𝜎𝑃  ~ 𝐷 ∗ 𝜎𝑟  (3.32) 

 

Duration for portfolio of bonds is the weighted average of duration of the bonds in the portfolio. 

Equation 3.33 shows how the duration for portfolio of bond is calculated. Here 𝑤𝑖 is the weight 

of in individual bond in the portfolio and 𝐷𝑖 is the duration for each bond. 

 

 𝐷𝜋 = ∑ 𝑤𝑖𝐷𝑖
𝑁
𝑖=1  (3.33) 

 

Dividing equation 3.27 by P and inserting 
𝜕𝑃

𝑃𝜕𝑟
= −

𝐷

(1+𝑟)
 and 

1

𝑃

𝜕2𝑃

𝜕𝑟2 =
𝐶

(1+𝑟)2 and gives equation 

3.34. Where 𝐷 is duration and 𝐶 is convexity. 

 

 
𝑑𝑃

𝑃
=

𝜕𝑃

𝑃𝜕𝑟
𝑑𝑟 +

1

2𝑃

𝜕2𝑃

𝜕𝑟2 𝑑𝑟2 = −
𝐷

(1+𝑟)
𝑑𝑟 +

1

2

1

(1+𝑟)2 𝐶𝑑𝑟2 (3.34) 
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Often there are some liabilities that have to be covered at some specific time in the future. 

Portfolios of bonds are often used to cover liabilities in the future. If the duration of bonds 

(assets) is selected to be the same as the duration of the liabilities then future liabilities can be 

met with certainty. This is immunization of value of assets and liabilities, now the value of the 

liability is synchronised with the value of the portfolio. This can be done even more precisely 

if convexity of assets and liability are also equal. 

Is it possible to know when interest rates are high and invest in bonds in that time period? At a 

given time it is always possible to find out how interest rates are compared to history. 

One way to model interest rates is to use the Vasicek model (Cuchiero, 2006). Eq. 3.35.  

 

 𝑑𝑟(𝑡) = (𝛼 − 𝛽𝑟(𝑡))𝑑𝑡 +  𝜎𝑑𝑊   ;              𝑟(0) = 𝑟0 (3.35) 

 

The interpretation of the equation is that α is the expected interest rate over long time. If for 

example βr(t) is higher than α then change in interest rate is more likely to be negative because 

the term  𝜎𝑑𝑊 is the standard deviation multiplied with the change in Wiener process has 

expected value 0. This is a mean reverting process. Another model is described in eq. 3.36 here 

the starting value of the interest rate at time t=0 is the value that the interest rate revert to (the 

mean), 𝛼 is a parameter that controls how fast the stochastic process reverts to the mean value. 

It is also possible to build a model that has flexible mean reverting value that can change through 

time. To find the best model data from market and goal seeking algorithms can be used. 

 

 𝑑𝑟(𝑡) = 𝛼(𝑟(0) − 𝑟(𝑡))𝑑𝑡 +  𝛽𝑑𝑊   ;               𝑟(0) = 𝑟0 (3.36) 
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Figure 3.11 shows 2 simulations of a mean reverting process where the mean reverting value is 

4%. To visualize this behaviour we can imagine a rubber band with one end fixed to the mean 

reverting value. The rubber band is pulling with more force as the distance from the mean 

reverting value is increased. 

 

 

Figure 3.11 Simulations of 2 mean reverting equations for interest rates 

 

 

Value considerations. 

Bonds are often related to lower risk than stocks but they are risky as interest rates fluctuate. 

Fluctuation of portfolio for bonds is shown in equation 3.32. Equation 3.32 shows that 𝜎𝑃 and 

𝐷 are directly connected. 

Government bonds usually have lower risk than corporate bonds.  Bonds with high duration are 

more sensitive to changes in interest rate. Buying low graded bond with high duration when 

interest rates are low can be very risky. Buying government bonds when interest rate are high 

should be a solid investment. 

For firms and pension funds it is very important to know with certainty that future obligations 

can be met. Portfolio of bonds can be a good hedge to cover liabilities. Setting the duration and 

convexity of assets and liabilities equal leads to minimal risk in meting obligations. If duration 

and convexity of assets and liabilities are equal then price changes of assets and liabilities are 

synchronized.  
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3.1.2 Interest rate risk 

Corporations and individuals usually finance themself partly by loans from financial 

institutions. The loan agreements have different conditions. Loans can be with fixed or variable 

interest rate, index linked or not, annuity or fixed instalment payments. Loans also differ in the 

payback length and many other parameters. Financial cost is usually very significant part of the 

total cost of running a company. Fluctuation in the interest rate leads to unpredictable financial 

cost. Figure 3.12 shows how interest rates on mortgage loan from Islandsbanki have changed 

since 2004. Similar interest rate pattern can be found in loans to firms as in loans to individuals. 

 

 

Figure 3.12 Example of how interest rate change during time, data from Islandsbanki 

 

Indexed loan can be very risky since both the amount payed back and the principal of the loan 

is directly linked to the index. With indexed loan timing is crucial. Taking an indexed loan 

when future inflation expectations are high could be a bad choice.  Variable interest rates makes 

the borrower vulnerable to changes in interest rate. Index linked loans make the borrower 

vulnerable to inflation. 

Benefit of none indexed loans is that it is possible to calculate exactly both remaining and 

monthly payment of the loans. A disadvantage of none indexed loans is that they always bear 

the highest interest rate. They are also likely to bear a premium because the bank is taking the 

inflation risk. 
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Loan calculators can be used to get a good overview of remaining loans and payments. In a 

former course in bond analyses a calculator in Excel using visual basic was utilized. The 

calculator can calculate indexed and non indexed loans of various types. This calculator can 

handle predefined inflation of fixed value and also extra inflation over specific time periods. 

Figure 3.13 shows how different selection of loans can affect the remainder of the loan. As 

expected the high inflation leads to a higher remainder of the loan and also higher monthly 

payments.  

 

Data used for the calculations: 

All loans were taken at the same time January 2010. 

Two loans were index linked (Icelandic cost of living index). 

Inflation after October 2015 is assumed to be constant at 3%. 

Additional inflation on years 2016, 2020 and 2024, six months periods with 8% extra inflation. 

Interest rate for indexed loan is 4% and interest rate for none indexed loan is 7%. 

 

 

Figure 3.13 Remainder of 4 different types of loans 
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Figure 3.14 shows the monthly payment of the 4 different loans. The pattern is always that 

indexed loans have lower payments in the beginning and higher in the end. If inflation is high 

in the beginning then payments of indexed loans quickly reach the payments of none indexed 

loans. 

 

 

Figure 3.14 Payments of 4 different type loans 

 

 

Value considerations. 

There is clearly a significant value in management of loans and being aware of dangerous 

situations. There is also clear value in detailed long term oversight. It does not matter if we are 

considering individuals, corporates or even countries. 

To reduce risk we can consider options like. 

a) Select fixed interest rate rather than floating. 

b) Select none indexed loans instead of indexed. 

c) Pay loan back faster than expected. 

d) Consider contracts to swap interest rate type. 

e) Enter a contract with limit on inflation. 

f) Floating interest rate with limit on interest rate. 
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3.1.3 Currency risk 

This is the type of risk that arises when price of one currency is changed compared to the price 

of another currency. Investor that has assets that are valued in a foreign currency can be exposed 

to this type of risk. It can also arise from business operations across national borders. Currency 

risk is also called FX risk or exchange rate risk. Risk of a certain currency is measured by 

calculating standard deviation for that currency from historical data. Figure 3.15 shows value 

of euro versus Icelandic krona (Landsbankinn, 2015) 

 

Figure 3.15 Value of Euro versus Icelandic krona 

 

The risk that arises when the value of assets and liabilities is converted between currencies is 

called translational risk. This is done in relation to the financial statements for companies, the 

value of foreign assets and liabilities is converted into the local currency. Corporate earnings 

and values are affected. It is possible to hedge for this risk e.g. with foreign exchange 

derivatives.  It could be configured so that if value of your asset goes down the value of the 

derivate goes up. 

When contracts are made they involve certain amount of currency to be paid or received at a 

specific day. Transaction risk is the risk that arises from the day the contract is signed until the 

day payment is made. Exchange rate is constantly changing and so is the value of the contract. 

It is possible to manage transaction risk with e.g. forward contracts, futures contracts, options 

and swaps. 

 

Value considerations. 

For companies with operations in many countries it is very valuable to control currency risk. It 

could also be valuable for individuals to manage currency risk. Individuals could e.g. have loans 

in foreign currency. 
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3.1.4 Economic risk 

Economic risk is caused by changes in the operating environment. Competitor could e.g. 

produce a new product that lowers sales and cash flow. Regulators could set more strict rules 

regarding competition.  This risk is hard to manage because you have little control of what your 

competitors or regulators do. It is possible to manage it partly e.g. with a strong branding. 

3.1.5 Commodity risk 

The market price for oil, gas, gold, silver, aluminium and all other commodities fluctuates. 

These price changes have effect on everyone. Corporations need various commodities to keep 

their operations running. Airline companies need e.g. jet fuel, shipping companies need oil, 

bakeries needs wheat and so on. Figure 3.16 shows the price of crude oil. Oil price is now low 

compared to a rather stable price in 2011 to 2014. If a shipping company thinks that oil price is 

at its lowest point today then it could be wise to lock the price close to the value today. Futures 

price for oil after one year in October 2016 is now about 53 $/barrel. If price of oil is high when 

you need it after one year then the future contract can cover the difference. 

 

 

Figure 3.16 Crude oil price (Federal reserve bank of St. Louis, 2015) 
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There are many different options to manage commodity risk. 

Option 1. Sign a forward contract directly with the supplier of the commodity needed. Then 

the price is locked for some future date. Forward contract is a private agreement between two 

parties and can be flexible. Both parties can reduce risk by signing the contract. 

Option 2. Buy future contract on oil in open market. Future contracts are standardized 

contracts. Future contracts are bought from companies that specialise in trading these contracts. 

Clearing house is used to lower the risk of default. Futures contracts are settled day by day and 

it is possible to see the value of the contract at any time.  

Option 3. Countries or corporations that produce only few types of commodities have high 

volatility. If it is a real option to produce more types of commodities then that option should be 

considered. Producing more types of goods lowers volatility provided they do not have too high 

correlation. The effects will be similar to the effects seen in figure 3.7 where volatility is 

lowered with diversity. 

Option 4. Reduce the amount needed of a certain volatile commodity. Country like Iceland 

could reduce risk from oil price by increasing the number of cars and ships powered by other 

source e.g. electric cars. 

Value considerations. 

There is clearly value both for seller and buyer to be able to lock in a specific price. 
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3.2 Credit risk 

Credit risk is the type of risk that arises from failure of repaying borrowed money. The lender 

risks losing both principal and interest payments. Banks use mathematical models to calculate 

credit risk. There are many different parameters that needs to be calculated to build a good 

model for credit risk e.g. probability of default, loss given default and exposure at default. 

Reporting and forecasting of various parameters like VaR should also be done. VaR is covered 

in more detail in chapter 4.3. 

Banks and large corporations have computer software to handle credit risk.  For those systems 

it is important that all data is up to date and correct. Selecting the correct PDF to match customer 

profile is also important. 

3.2.1 Credit default risk 

Credit default risk is the risk that required payments are not made. This can for example be 

payment for a bill issued by your corporation or payment on a loan to a bank. Management of 

this risk can be done by a good credit check. Customers are often sorted into different categories 

based on their previous history. Reports with information like “percent of customers not paying 

their debt” can be monitored. 

3.2.2 Concentration risk 

If a corporation has only few large customers then this type of risk can arise. Firms can lower 

this type of risk with wider customer base. Old saying says „don‘t put all your eggs in one 

basket“, it is a good rule to manage this type of risk. 

In the banking industry there are rules regarding customer size (single-obligor concentrations) 

and banks must have systems to monitor this and many other types of risks. 

“The bank must have effective policies and procedures for monitoring on an aggregate basis 

single-obligor concentrations both within and across receivables pools“ (Basel II, 2015). 
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3.2.3 Country risk 

Risk can also be associated with countries. Countries can default or use capital control for 

freezing foreign currency payments. Countries are rated by credit rating corporations like Fitch, 

Standard & Poor’s and Moody’s. Higher risk can be connected directly with low credit rating. 

Operating in countries with low credit rating is more risky. This is no absolute truth, all major 

banks in Iceland and the government had very good rating before the financial crisis in 

September 2008. In 2007 Moody’s had e.g. rated all the major banks and the government of 

Iceland in the second highest rating group possible Aa1 (Karlsson, 2010). This is the rating for 

long term debts. In the end of the year 2008 all the banks had fallen down to the rating group 

Caa1. The fall from Aa1 (level 2) to Caa1 (level 17) is 15 levels. There are 21 levels in Moody’s 

rating table. Now in 2015 and 7 years after the crisis all the major banks have the rating BBB- 

from Standard & Poor’s. BBB- is level 10 of 21 possible levels. So the recovery process has 

started but it will take long time to get the same rating as before. It takes longer time to gain 

trust than to lose it. 

Transition matrix is built from real data to find the probability of transition between rating 

levels. Probability given by transition matrix of a movement from group Aa1 to group Caa1 in 

one year is exactly 0%. This means that this kind of transition should not be possible. 

Figure 3.17 shows geographical map of the world according to rating from Standard & Poor’s. 

The map shows that the best rated countries are most likely to be found in Europe or North 

America, Australia, China and Saudi Arabia also have good rating. Most countries in Africa are 

not rated (grey) or have low rating. 

 

 

Figure 3.17 Credit rating of countries (Poor's, 2015) 
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3.3 Liquidity risk 

Liquidity risk is the risk that arises when assets cannot be bought or sold quickly enough. Large 

spread between bid and ask price can indicate liquidity risk. Low rating of the issuer of the 

security can also lead to liquidity risk. In crises liquidity risk can increase since panicky 

investors try to sell their assets at any price. Liquidity risk is highly important for banks. The 

consequences for banks can be severe if obligations cannot be fulfilled. 

Assets are of different quality depending on how quickly the can be converter to cash. High 

quality liquid assets (HQLA) are assets that can be immediately converted into cash at little or 

no loss of value. HQLA are of special interest since they are used to calculate the liquidity 

coverage ratio. 

The liquidity coverage ratio is used to measure the short-term resilience of the liquidity risk. To 

calculate the LCR liquidity stress scenario for 30 calendar days is defined. The stress scenario 

specified includes many of the shocks experienced during the crisis that started in 2007 (Basel 

Committee, 2013), from the stress scenario comes a certain figure which is the cash needed to 

survive the 30 day scenario. Equation 3.37 shows how the LCR ratio is calculated. 

 

 𝐿𝐶𝑅(𝑙𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒 𝑟𝑎𝑡𝑖𝑜) =
𝐻𝑄𝐿𝐴(𝐻𝑖𝑔ℎ 𝑞𝑢𝑎𝑙𝑖𝑡𝑦 𝑙𝑖𝑞𝑢𝑖𝑑 𝑎𝑠𝑠𝑒𝑡𝑠)

𝑉𝑎𝑙𝑢𝑒 𝑓𝑟𝑜𝑚 𝑠𝑡𝑟𝑒𝑠𝑠 𝑡𝑒𝑠𝑡 𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜
 (3.37) 

 

Specifically, the LCR will be introduced as planned on 1 January 2015, but the minimum 

requirement will be set at 60% and rise in equal annual steps to reach 100% on 1 January 2019 

(Basel Committee, 2013). 

 

“This standard aims to ensure that a bank has an adequate stock of unencumbered HQLA that 

consists of cash or assets that can be converted into cash at little or no loss of value in private 

markets, to meet its liquidity needs for a 30 calendar day liquidity stress scenario. At a 

minimum, the stock of unencumbered HQLA should enable the bank to survive until Day 30 

of the stress scenario, by which time it is assumed that appropriate corrective actions can be 

taken by management and supervisors, or that the bank can be resolved in an orderly way. 

Furthermore, it gives the central bank additional time to take appropriate measures, should they 

be regarded as necessary. As noted in the Sound Principles, given the uncertain timing of 

outflows and inflows, banks are also expected to be aware of any potential mismatches within 

the 30-day period and ensure that sufficient HQLA are available to meet any cash flow gaps 

throughout the period (Basel Committee, 2013).” 
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3.4 Operational risk 

Operational risk is the risk that arises from the firms operation. Operational loss can occur as a 

result of inadequate or failed internal processes, human errors, system failures or external 

events. Operational risk cannot be fully eliminated but the can be reduced. It will always be a 

cost/benefit scenario to determine how much effort is profitable to put into work to eliminate 

operational risk.  

3.5 Legal, reputational and regulatory risk 

Legal risk is the risk that arises from all sorts of legal issues. Decisions taken be employees of 

the company can lead to legal issues. Managers of companies can be brought to court for some 

actions they have taken. Legal risk can also arise from uncertain laws. 

Reputational risk is the risk that the reputation of the firm is damaged. Good reputation is one 

of the most valuable asset that a company has. Trust between parties that perhaps took decades 

to build up can be ruined in short time. Reputational risk can occur in many ways e.g. if the 

firm run aggressive’ tax avoidance strategy or if the firm is using under payed workforce. Poor 

handling of sensitive customer data could damage the reputation. 

Regulatory risk is the risk that the company is not in full compliance with the regulatory 

environment. The regulator could issue fines on the company. For example New York financial 

regulator recently fined the Golman Sachs Inc $50 million for failing to properly supervise a 

former employee whom the agency accused of stealing and sharing confidential regulatory 

materials. 
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4 Risk management tools 

4.1 Financial contracts 

4.1.1 Options 

Options are one form of financial contracts. The owner of the option has the right to use the 

option or not. The most important difference between options and most other financial contracts 

is that the owner of the option is not obligated to use the option. Owner of the option has the 

right to buy or sell a certain amount of assets at some fixed future price. This price is referred 

to as the exercise or strike price.  The option to buy is called call option and the option to sell 

is called put option.  

There is also the possibility of being a buyer or seller of options. The seller has a short position 

and the buyer has a long position.   

Options are divided into several categories example of which are European, Bermudan and 

American. The main difference between these three types is how flexible the exercise time is. 

European option can only be exercised at a single date in the future, this is the maturity date. 

Bermudan option can be exercised at the maturity date and also on some other predefined dates, 

typically every month. American option can be exercised at maturity and also at any date before 

maturity. The value of options depends on how flexible they are. American options are the most 

flexible ones and also the most expensive one. 

The European option is the simplest one to calculate. The Black & Scholes formula can be used 

to calculate European options. Equation 4.1 shows e.g. the value of European put option using 

the Black & Scholes formula. To evaluate the more complex options other methods like binary 

trees can be used. Binary trees can also be used to evaluate European options. If the branches 

in the binary tree are made very small the binary tree becomes a good approach of Black & 

Scholes formula. 
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4.1.2 Put option 

Put option is a contract that gives an investor the right to sell at a specified price at some specific 

future time. Investor has a long position if contract is bought or short position if contract is sold. 

Price of put options is calculated by the Black & Scholes solution 4.1 

 

 𝑃(𝑡) = 𝑋𝑒−𝑟(𝑇−𝑡)𝑁(−𝑑2) − 𝑆(𝑡)𝑁(−𝑑1) (4.1) 

 

Where 𝑑1 =
log(

S(t)

X
)+(r+

σ2

2
)(T−t)

σ√T−t
 and 𝑑2 =

log(
S(𝑡)

X
)+(r−

𝜎2

2
)(𝑇−𝑡)

𝜎√𝑇−𝑡
 

 

Here 𝑆(𝑡) is the stock price at time t, X is the strike price, r is the risk free interest rate, σ is the 

standard deviation and T is the time to maturity in years. 

Figure 4.1 shows the price of a put option for different values of standard deviation. Here the 

strike prise X is set to 100, time to maturity is 1 year and risk free rates are 0,05. It is interesting 

to see that when the standard deviation σ is very low then the price is a straight line, in this case 

there is no stochastic part in the future price. It is important to notice that this price is calculated 

at the time when the contract is made (time=0). Figure 4.1 shows e.g. that if the price today is 

100 and σ = 0,25 then a contract that allows selling at the price 100 in 1 year would cost 7,5 

$/unit. 

 

 

Figure 4.1 Price of a put option according to Black and Scholes formula 
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To continue with the example above the investor decides at time = 0 to invest in 100 units of 

stock in some company at the price 100 $/unit. Total price of the stock is 10.000 $. At time = 0 

the investor also invests in a put option that allows selling at the same price 100 after one year. 

The price for the put option is 7,5 $/unit or 750 $ total. Figure 4.2 shows the result at maturity 

(after one year). The “Asset profit/loss” line shows the profit or loss of the asset depending on 

the price after one year. The “Value of put option” line shows the value of the put option 

depending on the price after one year. The “Result with put option” line shows the net result 

after one year (asset profit/loss + value of put option). With the put option the investor is now 

certain that the loss of the investment after one year will not exceed 750 $. The price payed for 

the certainty of not losing more than 750 $ is that if the price goes up then the profit will be 

lower than if no option was bought. 

 

 

Figure 4.2 Put options – intrinsic values at maturity 
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When an investor invests (buy) in a contract his position is called long. Investor can also be at 

the opposite end and sell a similar contract, then his position is called short position. The 

investor in the example above has e.g. long position in a put contract. Long position if contract 

is bought and short if contract is sold. Figure 4.3 shows how profit or loss is dependent on the 

price of underling asset. 

The “Asset profit/loss” line in the graph shows the profit or loss when the investor holds only 

the underlying asset. The asset is bought when the price is 100 $, the graph shows profit or loss 

depending on the price of the asset at maturity of the contract (after one year). 

The “Long put option (buy)” and “Short put option (sell)” lines in the graph show the value of 

the corresponding option depending on the prise of the underlying asset at maturity. 

 

 

Figure 4.3 Put options – long and short position (intrinsic values at maturity) 
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4.1.3 Call option 

Call option is a contract that gives an investor the right to buy at a specified price at some 

specific future time. Price of call options is calculated by the Black & Scholes solution 4.2. 

 

 𝑐(𝑡) = 𝑆(𝑡)𝑁(𝑑1) − 𝑋𝑒−𝑟(𝑇−𝑡)𝑁(𝑑2) (4.2) 

 

Where 𝑑1 =
log(

S(𝑡)

X
)+(r+

𝜎2

2
)(𝑇−𝑡)

𝜎√𝑇−𝑡
 and 𝑑2 =

log(
S(𝑡)

X
)+(r−

𝜎2

2
)(𝑇−𝑡)

𝜎√𝑇−𝑡
 

 

Here 𝑆(𝑡) is the stock price at time t, X is the strike price, r is the risk free interest rate, σ is the 

standard deviation and T is the time to maturity in years. 

Figure 4.4 shows the price of a call option for different values of standard deviation. Here the 

strike prise X is set to 100, time to maturity is 1 year and risk free rates are 0,05. It is interesting 

to see that when the standard deviation σ is very low then the price is a straight line, in this case 

there is no stochastic part in the future price. It is important to notice that this price is calculated 

at the time when the contract is made (time=0). Figure 4.4 shows e.g. that if the price today is 

100 and σ = 0,25 then a contract that allows investor to buy at the price 100 in 1 year would 

cost 12,3 $. 

 

 

Figure 4.4 Price of a call option according to Black and Scholes formula 
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Call option is a contract that gives an investor the right to buy at a specified price at some 

specific future time. Investor has a long position if contract is bought or short position if contract 

is sold. Figure 4.5 shows how profit or loss is dependent on the price of the underling asset. 

Figure 4.5 shows the call options intrinsic value at maturity.  

The “Asset profit/loss” line in the graph shows the profit or loss when the investor holds only 

the underlying asset. The asset was bought when the price was 100 $, the graph shows profit or 

loss depending on the price of the asset at maturity of the contract (after one year). 

The “Long call option (buy)” and “Short call option (sell)” lines in the graph show the value of 

the corresponding option depending on the prise of the underlying asset at maturity. 

 

 

Figure 4.5 Call options – long and short position (intrinsic values at maturity) 
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4.1.4 Complex options 

Call and put options can also be combined into more complex option. They can be tailor made 

to obtain a specific goal. E.g. if an investor thinks that variation of an asset is under estimated 

by the market, but it is not clear if the price is going up or down. Then one of many options is 

to use the long or short straddle strategy. Figure 4.6 shows how straddle strategy works for long 

and short position. Here the investor buys or sell both calls and put options on the same asset. 

The “Asset profit/loss” line in the graph shows just the underlying asset. The asset is bought 

when the price is 100, the graph shows profit or loss depending on the price of the asset in the 

future. 

The “Long straddle” line in the graph show the value of the long straddle option depending on 

future prise of the underlying. Here the investor has bought both call and put option. Here 

investors might know that there is a big event ahead for the underlying firm. The event that is 

ahead is risky and it will have either very good or bad impact on the firm. With this strategy the 

investor has profit if the price goes far above or far below the current price, which is 100. 

The “Short straddle” is the same as before except that now the investor is selling the put and 

call options. This means that the investor will have profit if the change in the price is small. 

This might be a good strategy if the underlying asset is known to have little fluctuation in price. 

 

More options can be found on the web. e.g. (The options guide, 2015) 

 

Figure 4.6 Straddle options – long and short position (intrinsic values at maturity) 

-5.000

-4.000

-3.000

-2.000

-1.000

0

1.000

2.000

3.000

4.000

5.000

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

STRADDLE

Asset profit/loss

Long straddle

Short straddle

Profit/Loss

Asset price



42 

 

Value considerations for call, put and complex options. 

Options are widely used, different reasons can be for the use of options. Options can be used to 

lower risk. The risk will then be under some predefined limit. For a company having cash flow 

problems this can be very valuable. Company that takes risks that it can’t afford to take can 

suffer severe consequences and even go bankrupt in worst cases. 

Options can also be used in speculative way. Investor might have valuable information, have 

better analysing tools or understand market trends better than the average investor. If investor 

has found a solid investment plan then it should be possible to combine options to support the 

plan and make some profit when the investment has been materialized. 

In real markets the price payed for options is higher than the theoretical price. The reason for 

this difference in price is that the seller of the options has to have some profit on average. This 

margin is called premium and is used to cover internal cost of the option seller and enable a 

reasonable profit. On average investor who is buying an option should expect to lose some 

money on the option, which is the price to be paid for more controlled risk exposure. 
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4.1.5 Forward and futures contracts 

Forwards and futures are similar contracts, price is fixed for some future date.  Forward contract 

is a private agreement between two parties and can be flexible and tailor made to serve specific 

customs needs. Future contracts are standardized contracts. Future contract are bought from 

companies that specialise in trading these contracts. 

For assets that do not pay dividends the price in the future is found with equation 4.3. The 

contract is made at time equal to t and settled at time equal to T. 𝐹(𝑡, 𝑇) is the future price set 

at time t for maturity T,  𝑆(𝑡) is the price of the asset when the contract is entered into (time 

equal to t) and 𝑟 is the risk free rate. 

 

 𝐹(𝑡, 𝑇) = 𝑆(𝑡)𝑒𝑟(𝑇−𝑡) (4.3) 

 

To prove that equation 4.3 is correct “arbitrage free arguments” can be used. 

First assume that the correct formula is 𝐹(𝑡, 𝑇) > 𝑆(𝑡)𝑒𝑟(𝑇−𝑡) instead of 4.3. Then an investor 

could earn risk free money by borrowing 𝑆(𝑡) at time t, buy the stock 𝑆(𝑡) and sell the forward 

contract. The profit at time T would then be. The profit is shown in equation 4.4. 

 

 𝑃𝑟𝑜𝑓𝑖𝑡 = 𝐹(𝑡, 𝑇) − 𝑆(𝑡)𝑒𝑟(𝑇−𝑡) (4.4) 

 

If the correct formula is 𝐹(𝑡, 𝑇) < 𝑆(𝑡)𝑒𝑟(𝑇−𝑡) instead of 4.3. Then an investor could earn risk 

free money by buying the forward contract 𝐹(𝑡, 𝑇), short sell the asset 𝑆(𝑡) and invest that 

mount at risk free rate r. The profit at time T would then be. The profit is shown in equation 

4.5. 

 

 𝑃𝑟𝑜𝑓𝑖𝑡 = 𝑆(𝑡)𝑒𝑟(𝑇−𝑡) − 𝐹(𝑡, 𝑇) (4.5) 

 

No arbitrage argument means that is not possible to earn more than the risk free rate without 

taking any risk. This proves that equation 4.3 is correct. 
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For example if there is a need for 100.000 $ after one year, USD/ISK today is 125. 

Option 1. Buy the 100.000 $ after one year for unknown amount of ISK. 

Option 2. Buy a forward contract that allows buying of 100.000 $ at price 125 USD/ISK after 

one year. If the price for the forward contract is e.g. set to 9.000 $ then option 1 and option 2 

are equal after one year if the rate USD/ISK is 136,25. 

Figure 4.7 shows the result with and without a forward agreement.   

 

Figure 4.7 Forward agreement for buying USD for ISK 

 

  

 $-60.000

 $-50.000

 $-40.000

 $-30.000

 $-20.000

 $-10.000

 $-

 $10.000

 $20.000

 $30.000

 $40.000

 $50.000

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

FORWARD CONTRACT

No forward agrement - option 1

With forward agrement - option 2

Return from forward agreement

Profit/Loss

USD/ISK

Amount = 100.000 $

T = 1 year

Price of contract 9.000$



45 

 

Different interest rates paid in different currency zones can also contribute to the net outcome. 

The choice that an investor has is usually to keep his money in domestic currency or to move 

to some foreign currency. Figure 4.8 shows those two options. 

 

Option 2

Time=t TimeTime=T

Option 2

Option 2

Option 1

 

Figure 4.8 Two options, keep money in domestic currency or move to foreign currency 

 

Equation 4.6 shows return if option 1 (stay in domestic currency) is selected. Here 𝑄𝑑(𝑡) is the 

amount in domestic currency at time t, 𝑅𝑑(𝑡, 𝑇) is the domestic interest rate from time t to T. 

 

 𝑄𝑑(𝑇) =  𝑄𝑑(𝑡)𝑒𝑅𝑑(𝑡,𝑇)(𝑇−𝑡)  (4.6) 

 

Equation 4.7 shows return if option 2 (move to foreign currency) is selected. Here 𝑄𝑓(𝑡) is the 

amount in foreign currency at time t, 𝑅𝑓(𝑡, 𝑇) is the foreign interest rate from time t to T. 

 

 𝑄𝑓(𝑇) =  𝑄𝑓(𝑡)𝑒𝑅𝑓(𝑡,𝑇)(𝑇−𝑡) (4.7) 
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It is also possible to buy forward contract on the exchange rate with maturity at time T. The 

contract is called 𝐹𝑋𝑡,𝑑(𝑡, 𝑇). This is configurable to have zero profit when going from domestic 

to foreign at time t and back again at time T. Equations 4.8 to 4.12 show how the price of the 

contract 𝐹𝑋𝑡,𝑑(𝑡, 𝑇) is found. 𝑋𝑡,𝑑(𝑡, 𝑇) is the amount of domestic currency in one unit of 

foreign currency. 𝑄𝑓(𝑡) and 𝑄𝑑(𝑡) is the amount in foreign and local currency at time t. 𝑅𝑓(𝑡, 𝑇) 

and 𝑅𝑑(𝑡, 𝑇) is the foreign and domestic interest rate from time t to T. 

 

 𝑄𝑓(𝑇)𝐹𝑋𝑓,𝑑(𝑡, 𝑇)−1 =  𝑄𝑑(𝑡)𝑒𝑅𝑑(𝑡,𝑇)(𝑇−𝑡) (4.8) 

 

 𝑄𝑓(𝑡)𝑒𝑅𝑓(𝑡,𝑇)(𝑇−𝑡)𝐹𝑋𝑓,𝑑(𝑡, 𝑇)−1 =  𝑄𝑑(𝑡)𝑒𝑅𝑑(𝑡,𝑇)(𝑇−𝑡) (4.9) 

 

 𝑄𝑑(𝑡)𝑋𝑓,𝑑(𝑡, 𝑇)𝑒𝑅𝑓(𝑡,𝑇)(𝑇−𝑡)𝐹𝑋𝑓,𝑑(𝑡, 𝑇)−1 =  𝑄𝑑(𝑡)𝑒𝑅𝑑(𝑡,𝑇)(𝑇−𝑡) (4.10) 

 

 𝑋𝑓,𝑑(𝑡, 𝑇)𝑒𝑅𝑓(𝑡,𝑇)(𝑇−𝑡) = 𝐹𝑋𝑓,𝑑(𝑡, 𝑇) 𝑒𝑅𝑑(𝑡,𝑇)(𝑇−𝑡) (4.11) 

 

 𝐹𝑋𝑓,𝑑(𝑡, 𝑇) =  𝑋𝑓,𝑑(𝑡, 𝑇) 𝑒(𝑅𝑓(𝑡,𝑇)−𝑅𝑑(𝑡,𝑇))(𝑇−𝑡) (4.12) 
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4.2  Pricing financial instruments  

In general it is a complex task to find the correct price for a financial contract. What is the 

correct price? Is it the best offer in open market at some given time for a certain kind of contract? 

Can we calculate the price with mathematical methods? Usually the mathematical price is used 

as a basis and then market does the fine tuning. 

4.2.1 Mathematical tools 

When possible it seeams logical to use price from mathematical tools as a basis for the price. 

Mathematical tools provide the zero proffit price. That is the price where both parties of the 

contract are expecting no proffit.  If the core bussines of seller of the contract is gaining money. 

In reality the seller of contract must on average make some money on the deal. This means that 

the seller must add some fee on the contract. 

4.2.1.1 Ito‘s formula  

Ito‘s formula (Chin, Nel, & Ólafsson, Problems and Solutions in Mathematical Finance: 

Stochastic Calculus Volume I (The Wiley Finance Series), 2014) plays a very important role 

when calculating various stochastic quantaties like expected value and variance. If X is a 

stochastic process that satisfies the stochastic differential equation (SDE) 

 

 𝑑𝑋(𝑡) = 𝜇(𝑡, 𝑋(𝑡))𝑑𝑡 + 𝜎(𝑡, 𝑋(𝑡))𝑑𝑊(𝑡) (4.13) 

 

Then Ito‘s formula shows how the derivate of f(t,X(t)) is caclulated. f(t,X(t)) could be a contract 

that is linked to the value of X(t).  Ito‘s formula is shown in equation 4.14. In this general form 

both μ and σ can change during time. (Chin, Nel, & Ólafsson, Problems and Solutions in 

Mathematical Finance: Stochastic Calculus Volume I (The Wiley Finance Series), 2014). 

 

 𝑑𝑓(𝑡, 𝑋(𝑡)) = (
𝜕𝑓(𝑡,𝑥)

𝜕𝑡
+ 𝜇(𝑡, 𝑥)

𝜕𝑓(𝑡,𝑥)

𝜕𝑥
+   

𝜎(𝑡,𝑥)

2

2 𝜕2𝑓(𝑡,𝑥)

𝜕𝑥2 )𝑑𝑡 + 𝜎(𝑡, 𝑥)
𝜕𝑓(𝑡,𝑥)

𝜕𝑥
𝑑𝑊(𝑡) (4.14) 

 

In chapter 3.1.1 Ito‘s formula was e.g. used to derive the Black and Scholes formula. 
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4.2.1.2 Binary trees 

Binary trees are helpful to create an overview of the possible scenarios. They can also be used 

to calculate the complex options like Bermudan or American. Figure 4.9 shows an example of 

a 4 level binary tree. The starting node on left indicates the start position. From the start position 

there are two possibilities, value can go up or value can go down. Probability of the value going 

up is 𝑃𝑑 and probability of value going down is 𝑃𝑑. Value in the former node is multiplied with 

u or d depending on the value going up or down.  
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u=1,12

d=0,88

Pu=0,65

Pd=0,35

88,00

112,00

125,44

98,56
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76,32 prob.=0,11

110,39
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140,49

0,65

0,35

 

Figure 4.9 Binary tree with 4 levels 

 

Values in the end nodes of a binary tree are calculated with equation 4.15. 

 

 𝐸𝑛𝑑𝑉𝑎𝑙𝑢𝑒(𝑛 𝑡𝑖𝑚𝑒𝑠 𝑢𝑝, 𝑚 𝑡𝑖𝑚𝑒𝑠 𝑑𝑜𝑤𝑛) = 𝑆𝑡𝑎𝑟𝑡𝑉𝑎𝑙𝑢𝑒 ∗ 𝑢𝑛𝑑𝑚 (4.15) 

 

To find the values for 𝑃𝑢 and 𝑃𝑑 the values for u and d must be found first. Equations 4.16 and 

4.17  show how the values for u and d are related to the stock price volatility and 𝛥𝑡.   

 

 𝑢 = 𝑒𝜎√𝛥𝑡 (4.16) 

 

 𝑑 = 𝑒−𝜎√𝛥𝑡  (4.17) 



49 

 

Equations 4.18 and 4.19  show how the values for 𝑃𝑢 and 𝑃𝑑 are related to r, u, d and 𝛥𝑡. 

 

 𝑃𝑢 =
𝑒𝑟𝛥𝑡−𝑑

𝑢−𝑑
                    (4.18) 

 

 𝑃𝑑 =
𝑢−𝑒𝑟𝛥𝑡

𝑢−𝑑
  (4.19) 

 

The number of possible combination of reaching each end node characterized by n time-step 

and m-up moves is shown in equation 4.20. 

 

 ( 𝑛
𝑚

) =
𝑛!

𝑚!(𝑛−𝑚)!
 (4.20) 

 

Probabilities of the end nodes are calculated with equation 4.21. 

 

 𝑓(𝑛 𝑡𝑖𝑚𝑒𝑠 𝑢𝑝, 𝑚 𝑡𝑖𝑚𝑒𝑠 𝑑𝑜𝑤𝑛) = ( 𝑛
𝑚

)𝑃𝑢
𝑛𝑃𝑑

𝑚 (4.21) 

 

Figure 4.10 shows the probability of each end node. 

 

 

Figure 4.10 Binary tree with 4 levels, probability of each outcome 
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When binary trees are used for prising then the starting point is to calculate the intrinsic value 

of the contract at the terminal nodes. Expected amount to be paid according to the contract is 

calculated from the probability of each node. That amount is then discounted back from end 

date to start date. Risk free rates are used for discounting. Equations 4.22 and 4.23 show how 

the price of call and put are calculated with binary tree. 

 

 𝑐(𝑡) = 𝑒−𝑟(𝑇−𝑡)𝐸𝑡𝑐(𝑇) = 𝑒−𝑟(𝑇−𝑡) ∑ (𝑛
𝑘

)𝑃𝑢
𝑘𝑃𝑑

𝑛−𝑘𝑚𝑎𝑥 (𝑆(𝑛, 𝑘) − 𝑋, 0)𝑛
𝑘=0  (4.22) 

 

 𝑝(𝑡) = 𝑒−𝑟(𝑇−𝑡)𝐸𝑡𝑐(𝑇) = 𝑒−𝑟(𝑇−𝑡) ∑ (𝑛
𝑘

)𝑃𝑢
𝑘𝑃𝑑

𝑛−𝑘𝑚𝑎𝑥 (𝑋 − 𝑆(𝑛, 𝑘), 0)𝑛
𝑘=0  (4.23) 

 

Where ( ) 0, k n kS n k u d S-= . If the time between t and T is divided into small steps then 𝑛 →

 ∞ and the result of the binary tree calculation becomes the same as the result found with the 

Black-Scholes equations for call and put. 
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4.3 Value at risk, theoretical and observed values 

Value at risk is a method to find portfolio loss with fixed certainty c and fixed time horizon. 

VaR is one of the most widely used methods in financial risk management.  

Typical risk management question could be “how much can we lose over a period of one year”. 

VaR techniques can provide answer like “with 95% probability we will not lose more than x 

dollars”. 

VaR assumes that an asset prise follows GBM described with equation 4.24.  

 

 𝑑𝑆 = µ𝑆𝑑𝑡 +  𝜎𝑆𝜂√𝑑𝑡 ;  𝜂 𝜖 𝑁(0,1) (4.24) 

 

Probability that the value of the asset goes below value 𝑆𝑐 can be found with equation 4.25 

where c is the confidence level. (Chin, Nel, & Ólafsson, Problems and Solutions in 

Mathematical Finance: Stochastic Calculus Volume I (The Wiley Finance Series), 2014). 

 

 𝑃(𝑆(𝑇) ≤ 𝑆𝑐) = 𝑁 (
𝑙𝑜𝑔(

𝑆𝑐
𝑆(𝑡)

)−(µ−
𝜎2

2
)(𝑇−𝑡)

𝜎√(𝑇−𝑡)
) = 1 − 𝑐 (4.25) 

 

Equation 4.24 can be rewritten to find the value of 𝑆𝑐. Equation 4.26 shows the relationship 

between S(t), µ, σ, c and T. 

 

 𝑆𝑐 = 𝑆(𝑡)𝑒
((µ−

𝜎2

2
)(𝑇−𝑡)+𝑁−1(1−𝑐)𝜎√𝑇−𝑡)

 (4.26) 

 

Using same values as in chapter 3.1.1 the result for theoretical value of 𝑆𝑐 is shown in table 4.1. 

Result from 50.000 simulations of GMB processes where also used to find the observed value 

of 𝑆𝑐. That is the value where 5% of the simulations are below and 95% are above. Observed 

value of 𝑆𝑐 is also shown in table 4.1. The difference between theoretical and observed values 

is almost zero. In this case we start with the amount 100 and the results is that after one year, 

given that standard deviation is 0,15 and µ is also 0,15 there is 95% probability that we will not 

lose more that 100-89,76= 10,24. 
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Table 4.1 𝑆𝑐 for two different values of σ 

  σ=0,15 σ=0,25 

Sc theoretical 89,76 74,64 

Sc simulation 89,81 74,58 

Difference -0,05 0,06 

 

 

Figure 4.11 shows where 𝑆𝑐 is located in the PDF for the 50.000 simulations. There is so little 

difference between theoretical and simulated 𝑆𝑐 that it is not possible to show them on the same 

graph. The area below 𝑆𝑐 in figure 4.11 is 5%, which corresponds to 95% confidence level. 

 

 

Figure 4.11 Geometric Brownian motion with a drift – VaR after 250 days 

 

 

There are also other methods to evaluate risk. Price of insurance that ensures that the portfolio 

does not fall below some critical value is one of the methods. 
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4.4 Other methods 

Increasing equity. Increasing equity can also be used instead of using options to hedge. 

Increased equity means that the company can afford to accept more risk factors instead of 

paying premium to the seller of options. For commodities companies e.g. oil companies this a 

common approach. 

Price adjustments. Some monopoly companies can adjust the price of their products almost at 

will. There is little or no value in hedging for those companies. 

Uncorrelated input risk factors. Company can have many small uncorrelated risk factors with 

high volatility as input. The result is that the volatility of parameters like cash flow will have 

lower volatility than the input parameters. Reason for this is that the small risk factor tend to 

cancel each other out. 

Debts and income in same currency. Having debts in the same currency as income reduces 

risk. Debt portfolio can also be adjusted in similar proportion as income. 

Diversification. Reducing risk does not always include cost. Portfolio manager can e.g. lower 

risk by portfolio diversification. The diversification must be done correctly. Diversification 

between markets and industries is better than e.g. using only one market and one industry. 

Size matters. Large corporations have a natural risk management built in. For example a 

holding corporation that is both in oil production and airline business. If gasoline price goes up 

the oil corporation earns more and the airline corporation earns less. Net effect on the holding 

corporation is less than on singe branches of corporation. 

Multinational operations. Companies that have multinational operation are less vulnerable. If 

the value of currency in one country goes up or down compared to the currency of other 

countries, then the corporation has the option to produce more or less in different locations. 

This can be looked at as a form of a „Foreign exchange hedge“. 

Common sense. For an experienced investor it might be common sense to look at all the 

available data when buying stock, like the market value of a corporation and compare that to 

similar corporations. The problem is that what one person thinks is a common sense could be a 

new and complex approach to another person.  Perhaps the result is that „common sense is not 

so common“ (Voltaire, 1764). 
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5 Different entities – different risk management needs 

It is different what level of risk management is needed depending on the type of companies 

involved. Individuals have other needs than corporate companies. Banks have their special 

needs and requirements to fulfil. Some companies need high level of risk management while 

other do better with little risk management. 

When risk is lowered with financial instruments it does not disappear, it is simply transferred. 

The issuer of the contract may be in a better position to deal with the risk than the buyer of the 

contract. Risk transfer is more accurate term than risk elimination. 

5.1 Individuals 

Risks that individuals face are different from those companies face. Health related risks are 

covered with insurances. Being unemployed affects financial position quickly. Damage of 

assets can be covered by insurance. 

Bad decisions regarding loan management are very costly. Many actions can be taken to prevent 

hazards regarding loan issues. Risk related to loan management can be reduced with simple 

actions. Good oversight of current and future status is very useful. In this area improvements 

can generally be made with little cost. In the long run correct decisions in loan matters will 

improve financial status. 

Unexpected events like the financial crisis in Iceland can have huge effect. In such an event the 

whole economic system shrinks effecting everybody. Changes can happen fast which makes it 

difficult to respond in the correct way. 

5.2  Small companies 

Small companies are exposed to different risk factors. Operational issues are important. Losing 

income as a result of broken equipment is not acceptable. Operation risk related to health of 

employees should also be regarded important. Risk of not being able to sell the service the 

company provides. Company that is highly dependent on price of commodity that is used for 

the production. A bakery could e.g. make a forward contract on wheat. Loan issues for small 

companies can be a bit more complex than for individuals. Reputational risk should also be 

considered. Small companies do usually not have any employees working fulltime in risk 

management. Risk management is a part time job for managers. The approach that managers of 

small companies use is mostly based on learning from mistakes, not by applying sophisticated 

financial engineering techniques. 
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5.3 Large corporations 

Large corporations are exposed to all of the same risks as small companies. Additional risk for 

corporations could be related to operation in different countries e.g. legal risk, different tax 

regulation in different countries. Fraud is a relevant risk factor e.g. telephone companies 

experience many attempts to misuse the telephone network. Credit default risk is on a more 

complex scale than for small companies. Customers can be sorted into different categories 

based on their previous history. Income in different currencies creates risk. Reputational risk is 

on much higher level. Corporation can be rated by rating companies, lower rating can result in 

higher interest rates on their loans. Failing of compliance to operational standards can lead to 

lower income. 

Operation of large corporations is complex and usually needs to be according to operational 

standards. Failure to comply with standards can lead to disqualification in a bidding competition 

on business contracts, resulting in lower income for the corporation. Operation of core systems 

e.g. computer systems is crucial. 

Large corporations need to have some of their employees dedicated to risk management. It is 

different depending on the nature of the corporation how many employees are needed in risk 

management. 

5.4 Banks and other financial firms 

The sector that need the highest level of risk management is the financial sector. 

Financial firms have perhaps the highest demand for operational perfection. Banks need to fulfil 

high standard for operational environment. Banks are primary targets for computer hackers. 

Banks are highly vulnerable to correctness of all data e.g. interest rate for accounts. All 

calculations e.g. loan calculations must be precise and according to right formulas. All 

processes must be reviewed and secured that they are operating correctly. 

Banks are exposed to all possible types of risks e.g. fluctuation in assets price, credit default 

risk and economic risk. Reputational risk is also vital for banks. Banks often refinance 

themselves with loans from investors or other financial institutions. Banks are rated by credit 

rating companies. Bad rating effects both interest rates and credibility of the bank. 

About 2 to 5% of banks employees work directly in risk management. Risk departments at 

banks use advanced computer systems and financial engineering methods to control risk. 

Almost all bank employees are indirectly related to risk management. 

Banks are not allowed to operate unless they fulfil strict requirements stated in the Basel I-III 

regulations. Bank is not operational until it has reached a certain level of risk management. 

5.5 Countries, governments 

Countries and governments also need high degree of risk management. Financial threats to a 

country are handled in the central bank and financial ministry.  Some of the same risk factor 

that apply to banks also apply to financial ministry and central bank. The central bank has 

instruments to control the value of currency. The central bank can use methods like changing 

the floating interest rate for short term contracts. 
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6 Proposition of definition of risk management levels 

In this chapter is a proposition to define different levels of risk management. Purpose of 

defining different levels of risk management is to provide an overview of when risk 

management is valuable and when not. The question “when is value in risk management” is 

answered in chapter 7, this question is closely related to the main question of the thesis. 

The levels of risk management needed for an individual, small firm or a large bank are different. 

Some of the levels are useful to everyone but other levels are so expensive that they are only 

used by large banks or very large corporations.  

Financial and operational risk management are the fields that include highest cost. Therefore 

the main focus is on maturity in these fields. 

6.1 L1 use the general learning process 

Figure 6.1 shows the process for general learning. This process is similar to the process for risk 

management in figure 1.1. Same drawing can be used, the difference between the two pictures 

is the text in the blocks. This is also the same process that is used in machine learning. Learn 

from your mistakes and use the result to improve your skills. On this level no cost is involved 

just the will to improve. Risk management on this level is simply to learn from your mistakes 

and try to do better next time. We can all agree that learning in general is very useful, so is risk 

management on this level. 

New idea

Find a new type of approch

Try new idea

Measure result 

Define

 Learning objectives

Evaluate the idea and 
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and learning history

Improve the idea 

or throug it away, 

try again
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Figure 6.1 General learning flow chart 
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6.2 L2 basic operational risk management 

Some action must be taken to ensure that operation can run as normal. A manager knows that 

some special equipment is needed for his operation. If this equipment breaks down it means 

that the corporation it not functioning as it should. The result is loss of cash flow. Having the 

most common spare parts available. Having agreement with some to supply the spare parts is 

considered a basic operational risk management. These actions might be taken because of some 

bad experience in the past. Ensuring the basic safety of your employees is also basic operational 

risk management. 

6.3 L3 basic financial risk management 

Good overview of cash flow, loans and insurance does not need to cost anything except some 

amount of work and patience to learn to use some simple tools. 

6.4 L4 medium operational risk management  

Firms have various equipment that need protection. Software companies might e.g. keep their 

servers in a reasonably safe environment. Ensure that backup of data is taken on regular basis. 

Ensure that software is updated and so on. Buying service from hosting companies instead of 

putting up your own server environment. 

6.5 L5 medium financial risk management 

Using simple financial engineering methods like distributing assets. Using simple forward 

agreements. Knowing and using simple bond theory. When buying bonds it is important to 

know that bonds that have longer time to maturity are more vulnerable to changes in interest 

rate. Relationship between price change and duration is described in equation 3.30. This level 

can include some cost like premium for a forward agreement. At this level relatively few 

employees are working in risk management and cost is low. 

6.6 L6 advanced operational risk management 

Corporate companies need advanced operation environment to secure the infrastructure. 

Standards in running environments are implemented and followed e.g. for computer systems. 

For example fulfilling standards is sometimes requirement to be able to compete in bidding on 

a service contract and can therefore be valuable. Detailed work on operational risk factors and 

action are taken to eliminate risk. Constant process put in place to ensure compliance with 

regulations regarding environment. Requirements like running on critical software on separate 

servers in separate locations. High class cooling systems. Fireproof locations. Access systems 

to secure locations. Cost is building up rapidly on this level. 
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6.7 L7 advanced financial risk management 

Banks use advanced software to keep track of customer behaviour and estimate how likely they 

are to default on their debts. Estimation of various risk factors, detailed reports for managers. 

Report to show if there are potential problems in compliance to Basel II standards. This requires 

lot of work in data analyses, data preparation and data evaluation. Use of the most complex 

financial instruments is made. Various contracts can be made to reach risk objectives. In a bank 

a typical percent of employees working directly in risk management would be 2-5%. Each 

additional employee should return more value to the firm than cost of his employment.  

This level of risk management is very expensive. Licence and operating cost for risk 

management systems is also important factor. The average cost of operating pensions funds in 

Iceland is 0,2% of assets value (Magnússon, 2012). Only a small part of that amount does go 

directly to risk management while most of the cost goes into daily operations of the pension 

funds. From private conversations with employees in the risk management for banks, it can be 

estimated that the cost of protecting assets in the banking system is around 0,4% of the assets 

value pr. year, this is only a rough estimate. 

6.8 L8 above the requirements according to standards 

It is always possible to set the goal even higher than implied in any standards. 

Using even more advance tools like computers with pattern recognition algorithm to recognise 

potential risk factors in real time. For example disturbance in jet fuel price is found in market 

data.  The airline corporation does not have a hedge for this and the software solves the problem 

with a hedge, e.g. forward contract on price of jet fuel. 
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7 Is value in risk management ? 

Risk management can contribute to corporate value creation in many different ways. The 

objectives of risk management can differ in many ways. It is variable between firm’s which 

objectives are of most value. The objectives below should all have the potential to create value. 

First objective of risk management should be to maximize value from the volatility in a firm’s 

business environment (Léautier, 2007). The focus should not be to avoid volatility but to capture 

value created by volatility. This means to use opportunities when market conditions are good 

e.g. to buy commodities from counterparties or on market when the price is favourable. This 

could also mean to make use of real options. Real options like the option to expand, contract, 

delay, abandon or default could be used. These options can be valuable to maximize profit when 

market conditions are favourable or to minimize loss if market conditions are bad. 

Second objective of risk management should be manage volatility on key variables in financial 

statements like cash flow, profit and equity. Volatility in these key variables is linked to 

volatility in underlying factors like, asset value, interest rate, currency rate and price of 

commodities. If volatility in key financial parameters is high it can lead to several negative 

results. New valuable business opportunities could be missed as a result of cash flow problems 

at the moment when the opportunity arrives. The firm could suffer severe penalties if 

obligations are not fulfilled because of cash flow problems. Chapter 7.1 includes example of 

how penalty can change the final outcome. High volatility in key financial factors could also 

lead to financial distress. Solid risk management can also reduce probability of firm defaulting 

on its obligations. Low volatility in key financial parameters can lead to lower taxes. It is 

common that tax rules are some convex function of income or profit. Chapter 7.5 includes a 

real example of how variable income can lead to higher tax. 

Third objective of risk management should be to evaluate both new and old projects based on 

risk management procedures. To have structured form of evaluating benefits of each project 

will lead to better control of corporate risk and better corporate processes. It is of great value to 

be able to filter out bad projects. It is also valuable to be able to filter out projects that are not 

in line with corporate long term strategy or could lead to reputational risk. 

Forth objective of risk management should be to fulfil compliance with financial regulations 

and policies. Failure of compliance with financial regulations could in a serve case lead to loss 

of operating permission. A bank is e.g. supervised by financial regulators and has to fulfil many 

financial and operational requirements to keep its operating permission. Failure of compliance 

with financial regulations could also lead to legal risk. 

Fifth objective of risk management should be to fulfil compliance with operational policies. 

Compliance with operational policies leads to lower reputational risk since the probability of 

operational mistakes is lowered. This could e.g. be handling of sensitive data regarding 

customers. Compliance with operational policies should also lower the probability of costly 

operational hazards. Compliance with operational policies should also lead to simpler 

operational environment. Operational policy could e.g. include demands on the quality of 

computer systems. 
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Sixth objective of risk management should be cost efficiency. One way of looking at risk 

management is to regard it as just another business process. The risk management process has 

to return more value into the firm than is costs. Chapter 7.3 includes propositions of how to find 

the appropriate level of risk management needed. 

 

Objectives for risk management to create value. 

1. Maximize value from volatility in firm’s environment. 

a. Better timing on commodities needed from market. 

b. Using of real options like expanding when market conditions are favourable. 

2. Lower volatility on cash flow and asset value. 

a. New valuable business opportunities are not missed. 

b. Avoid penalties if obligations are not fulfilled. 

c. Protection against financial distress. 

d. Lower tax for convex tax rules. 

3. Project evaluation based on risk management. 

a. Better control of corporate risk. 

b. Better corporate processes. 

4. Compliance with financial regulations and policies. 

a. Operating permission is not compromised. 

b. Legal risk is lowered. 

5. Compliance with operational policies. 

a. Reputational risk is lowered. 

b. Probability of costly operational hazards is lowered. 

c. Simpler operational environment. 

6. Cost efficiency. 

a. Select the appropriate level of risk management. 
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7.1 Example, severe penalty if value goes below specific point 

Simple numerical example can show clearly value in risk management. In reality there can be 

severe consequences if obligations cannot be fulfilled. Using the same GBM as before and 

adding a penalty for going below a specific value.  Figure 7.1 shows the result when penalty of 

20 is applied first time that value goes below 90. The penalty is the cause for the high probability 

of result around 70 (90-20=70). This could be equivalent to being forced to sell assets when 

markets are low. Banks in Iceland where e.g. forced to sell assets at low prices during the 

financial crisis of 2008. Figure 7.1 shows that with higher volatility probability of penalty 

increases and the result is lower average performance. 

 

 

Figure 7.1 GBM with penalty of 20 applied the first time value goes under 90 

 

Table 7.1 shows an example where having a put option is a better choice because of severe 

penalty cost. With higher volatility the put option becomes more attractive because then the 

penalty becomes more likely. This result is not surprising because with the put option the 

probability of having to pay the penalty is zero. The lowest row in table 7.1 shows the difference 

in the average result after one year when put option is used or not. For example when σ=0,25 

the average the result would have been 8,63 higher if the put option was used. The purpose of 

this is to show that if penalties are involved then there is extra value included in the put option. 

Table 7.1 GBM – Exp. value in 1 year, gain of using put or not, various standard dev. (σ) 

  σ=0 σ=0,15 σ=0,25 

Expected value in 1 year, no penalty 116,18 116,16 116,02 

Expected value in 1 year, penalty of 20 first time value goes under 90 116,18 111,76 105,09 

Cost of put at 90 0,00 0,24 1,80 

Premium for put at 90 0,00 0,50 0,50 

Difference in using put or not 0,00 3,66 8,63 
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7.2 When should risk management not be used 

Some events are small compared to the financial strength of the company. It is usually not 

necessary to take any action to prevent loss from those small events. This can also be regarded 

as noise that can easily be handled by the firm. If an action would be taken to eliminate those 

small events then it would involve buying an option or some kind of insurance to cover the risk 

The nature of insurance companies is to make marginal profit from many contracts. If all 

parameters are correct the insurance company should have enough profit to cover all internal 

cost and return some profit to the owners. This means that if a firm can afford to function as its 

own insurance company for small events then that should be the best option. The average profit 

of the insurance company for the insurance should be the difference. 
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7.3 Value in risk management, just another business process  

The idea here is that risk management is just another business process that has to create more 

value than it consumes. Value in risk management is highly dependent on the nature of 

companies. The need for operational and financial risk management differ between industries.  

Figure 7.1 shows an idea of how companies in different industry sectors could be mapped into 

clusters since their needs for operational and financial risk management are similar. Banking 

appears in in the upper right corner and small companies in lower left. For example there is a 

high need for secure operational environment in the telecom industry but not nearly as much 

need for financial risk aversion. 

 

 

 Figure 7.2 Idea of how firms in different industries could map together in groups 

 

 

There is some evidence from private conversations with people in banking and telecom industry 

that the cost is a convex function of the level of risk management. That is logical since the lower 

levels as they are defined in chapter 6 are characterized by behavioural actions. Higher levels 

involve more people, complex processes and expensive computer systems. In the banking 

industry around 5% of the employees could be working directly in risk management. In the 

telecom industry under 0,5% of the employees would be typical. 
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The benefits from risk management is likely to be a concave function of the level. The reason 

is that there is high benefit from the action taken on lower levels. This can be visualized as 

piking the low hanging fruits first. 

The cost and benefit could be described as a polynomial or exponential functions of the level. 

Proposal model off how cost, benefit and risk management level are related is shown in 

equations 7.1 and 7.2. In equation 7.1 and 7.2 a polynomial form is used. Here 𝑎𝑖 and 𝑏𝑖 are 

constants and 𝐿 is the level of risk management. 

 

 𝐶𝑜𝑠𝑡𝑂𝑓𝑅𝑖𝑠𝑘𝑀𝑎𝑛𝑎𝑔𝑒𝑚𝑒𝑛𝑡  ~ 𝑓(𝐿𝑒𝑣𝑒𝑙)          =  ∑ 𝑎𝑖𝐿
𝑖𝑛

𝑖=0  (7.1) 

 

 𝐵𝑒𝑛𝑒𝑓𝑖𝑡𝑂𝑓𝑅𝑖𝑠𝑘𝑀𝑎𝑛𝑎𝑔𝑒𝑚𝑒𝑛𝑡  ~ 𝑔(𝐿𝑒𝑣𝑒𝑙)   =  ∑ 𝑏𝑖𝐿
𝑖𝑛

𝑖=0  (7.2) 

 

Figure 7.3 shows an example of how cost and benefit of risk management could be related. This 

model could be improved by more exact definition of risk levels. Real data could then be used 

to find the correct values for 𝑎𝑖 and 𝑏𝑖 depending on the different industries. 

 

 

Figure 7.3 Cost of risk management depending on level of risk management 

 

The point where the two lines crosses is the optimal point, after that point the cost of installing 

a more sophisticated risk management becomes larger than the benefit. This point is comparable 

to the top of the lines in figure 7.4. 
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Equation 7.4 shows the optimal level of risk management. That is the point where cost and 

benefit of risk management are equal. Equation 7.5 shows the same point, in this point the 

incremental change in risk level does not return any extra profit.  Equation 7.6 shows how the 

profit from risk management is calculated. 

 

 𝑓(𝐿)  ≡  𝑔(𝐿) (7.4) 

 

 
𝑑(𝑝𝑟𝑜𝑓𝑖𝑡 𝑓𝑟𝑜𝑚 𝑟𝑖𝑠𝑘 𝑚𝑎𝑛𝑎𝑔𝑒𝑚𝑛𝑒𝑡)

𝑑(𝑙𝑒𝑣𝑙𝑒 𝑜𝑓 𝑟𝑖𝑠𝑘 𝑚𝑎𝑛𝑎𝑔𝑒𝑚𝑒𝑛𝑡)
= 0      (7.5) 

 

 𝑅𝑖𝑠𝑘𝑀𝑎𝑛𝑃𝑟𝑜𝑓𝑖𝑡 = 𝑅𝑖𝑠𝑘𝑀𝑎𝑛𝑆𝑎𝑣𝑖𝑛𝑔𝑠 − 𝑅𝑖𝑠𝑘𝑀𝑎𝑛𝐶𝑜𝑠𝑡 (7.6) 

 

Figure 7.4 shows how the profit from risk management varies between industries. The optimal 

risk management level for each industry is found on top off the corresponding curve. 

 

 

 

Figure 7.4 Appropriate level of risk management depending on sectors 
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7.4 Capturing value created by volatility 

To be able to capture value created by volatility financial flexibility must be established first. 

Opportunities that can create value for firms appear randomly. To have financial flexibility also 

means that the firm is more likely to survive when facing major cash flow shocks. Some 

opportunities require financial flexibility while other opportunities do not. Opportunities can be 

real options that the firm can evaluate and choose to accept in order to increase value of the 

firm. Example of such opportunities could e.g. be an oil company that has the option to 

undertake a new exploratory drill. This would be an option to expand the operation. It could 

also be an option to delay or cancel a project. 

It is also possible that certain market conditions can lead to favourable circumstances. Like e.g. 

when price of jet fuel is rising there could be an opportunity for airline firm to buy a forward 

contract on jet fuel to ensure low prize for some time. Aluminium producer could sell power or 

aluminium forward depending on market situation. There is no guaranty the contracts will 

return value but they can be used to secure a certain position. 
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7.5 Example of how variable income can lead to higher taxes 

Variation of income can lead to higher taxes. Tax is usually some kind of a convex function of 

income. That means that tax becomes higher with higher income. Table 7.2 shows how the rules 

for individual income tax for the year 2015. In the year 2017 the system will be changed to 3 

level system. 

Table 7.2 Tax rules in Iceland for the year 2015 

Tax rules for 2015 (yearly income) 

  From To Percent 

Tax level 1                    0 kr.          1.637.592 kr.  0,00% 

Tax level 2      1.637.592 kr.          3.709.680 kr.  37,30% 

Tax level 3      3.709.680 kr.        10.036.860 kr.  39,74% 

Tax level 4    10.036.860 kr.  ∞ 46,24% 

 

Figure 7.5 shows how yearly income and tax are linked. The result is four linear parts combined 

together. There are three corners in the line. The first corner is a result of the change from level 

1 to level 2. That corner is easy to spot because of the size of the tax change. The next corner 

is the result of the change from level 2 to level 3, it is hard to see that corner on the graph 

because the change in tax is only 2,5%. The last corner is where the change from level 3 to level 

4 occurs.    

 

 

Figure 7.5 Income versus yearly tax, Icelandic tax rules for 2015 
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Figure 7.5 also shows how variable income leads to higher average taxes. The 3 variable income 

lines are the results of a change in income -20% and +20% between years. It can be seen from 

the graph in figure 7.5 that the highest penalty for variation in income is around the first corner, 

that is where tax payments start. Tables 7.3 to 7.5 show examples of the difference in tax 

depending how high the difference from average income is. Table 7.3 to 7.5 show the tax 

difference for average yearly income of 1.600.000, 3.720.00 and 9.600.000 kr. pr. year. 

 

Table 7.3 Tax difference for average yearly income of 1.600.000 pr. year 

Income difference 0% 5% 10% 15% 20% 

Year 1 1.600.000 1.520.000 1.440.000 1.360.000 1.280.000 

Year 2 1.600.000 1.680.000 1.760.000 1.840.000 1.920.000 

Total income 3.200.000 3.200.000 3.200.000 3.200.000 3.200.000 

Tax 0 15.818 45.658 75.498 105.338 

Tax difference (kr.)   15.818 45.658 75.498 105.338 

 

Table 7.4 Tax difference for average yearly income of 3.720.000 pr. year 

Income difference 0% 5% 10% 15% 20% 

Year 1 3.720.000 3.534.000 3.348.000 3.162.000 2.976.000 

Year 2 3.720.000 3.906.000 4.092.000 4.278.000 4.464.000 

Total income 7.440.000 7.440.000 7.440.000 7.440.000 7.440.000 

Tax 1.553.980 1.558.267 1.562.805 1.567.343 1.571.882 

Tax difference (kr.)   4.287 8.825 13.363 17.902 

 

Table 7.5 Tax difference for average yearly income of 9.600.000 pr. year 

Income difference 0% 5% 10% 15% 20% 

Year 1 9.600.000 9.120.000 8.640.000 8.160.000 7.680.000 

Year 2 9.600.000 10.080.000 10.560.000 11.040.000 11.520.000 

Total income 19.200.000 19.200.000 19.200.000 19.200.000 19.200.000 

Tax 6.227.404 6.230.208 6.261.408 6.292.608 6.323.808 

Tax difference (kr.)   2.804 34.004 65.204 96.404 

 

Table 7.6 shows the penalty for variable income around each corner. The highest penalty here 

is about 3,3% of total income, which is a lot. The penalty around corner two is low. The penalty 

around corner three is 0,5%. This cornar will disapear with new tax regulations in 2017. Notice 

that if an individual has income that is between the corners e.g. 6.000.000 pr. year then the 

penalty is 0% because the tax is linear in the part where the variation is. 

 

Table 7.6 Penalty for variable income between years 

Penalty for ± 20% 

Corner 1 3,3% 

Corner 2 0,2% 

Corner 3 0,5% 
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8 Conclusion 

This thesis concludes by emphasizing the challenges in finding value in risk management for 

business development and investment evaluations. Finding value in risk management is highly 

dependent on the situation of the company and the type of business it might be participating in. 

In general, it is acceptable to say there is value in risk management; however, it is only in some 

rare cases where no value can be found in risk management. 

Finding value in risk management starts by analysing the financial structures, costs and risk 

factors within a company. For starters consider to work on the “low hanging fruits” first. The 

risk factors that are considered to be the “low hanging fruits” are the ones that return most profit 

compared to the cost involved of solving them. Starting the process of analysing “low hanging 

fruits” in a business will lead to other opportunities for finding value in risk management. It is 

likely that proper risk management will lead to a more formal and better structured company. 

It is a requirement for banks to establish a certain level of risk management.  Not fulfilling this 

requirement will lead to the bank losing its operating license.  A bank must find the most cost 

effective level of risk management. 

If a company has to pay penalties under certain circumstances then the benefit of good risk 

management becomes clear. Risk management is then used to eliminate or minimize the 

probability of having to pay the penalty. Chapter 7.1 includes an example of this. 

Smaller companies are not required to operate with a certain level of risk management. For 

small companies and individuals it is almost always possible to point out some factors that 

could be managed better. 

Finally the case where there is no value in more risk management can be found when good risk 

management is already installed and the cost of addressing new risk factors is getting very high, 

than the cost to address new risk factor is then higher than the gain of solving that risk factor. 
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10 Appendices 

10.1 Appendix A – Program for GBM with drift and penalty 

 

**************************************************************** 

***  Visual basic function to calculate final value at time = T                        *** 

***   for Geometric Brownian Motion (GBM) with a drift and penalty.         *** 

***   Penalty of a certain value is applied the first time that the GBM            *** 

***   goes under a specific value. Penalty is only applied once.                      *** 

**************************************************************** 

 

Function GeoMetricEndValPenalty(StartVal As Variant, NumOfInt As Variant, Mu As 
Variant, Sigma As Variant, PenaltyLim As Variant, Penalty As Variant) As Variant 

  Dim StepCounter As Variant 

  Dim MySummer As Variant 

  Dim RandomPart As Variant 

  Dim StepingValue As Variant 

  Dim NoneRandomPart As Variant 

  Dim SecondPart As Variant 

    

  StepCounter = 0 

  StepingValue = StartVal 

  Do While StepCounter < NumOfInt 

      RandomPart=WorksheetFunction.Norm_Inv(Rnd,0,1)*StepingValue* 

      Sigma*Sqr(1/NumOfInt) 

      NoneRandomPart = StepingValue * Mu / NumOfInt 

      StepingValue = StepingValue + NoneRandomPart + RandomPart 

      If StepingValue < PenaltyLim Then 

        StepingValue = StepingValue - Penalty 

        Penalty = 0    'Use penalty only once 

      End If 

       StepCounter = StepCounter + 1 

  Loop 

GeoMetricEndValPenalty = StepingValue 

End Function 
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10.2 Appendix B – Estimating lognormal parameters with MATLAB    

Estimation of parameters for lognormal distribution. Data from the distributions were made in 

two data arrays, data15 and data25. The function lognfit expects two parameters data and 

confidence level. The function returns two array parameters parmhat and parmci. Parhat 

contains true value of μ and σ for the distribution. Parmci contains lover and upper bound values 

of confidence levels. Here the confidence level is set to 99% then the value for confidence level 

is 0,01. Notice that the mean value of the distribution is an exponential function of μ. 

Mean value of the distribution for σ=0,15 is 𝑒4,7438
=114.8689  

Mean value of the distribution for σ=0,25 is 𝑒4,7225
=112.4490 

 

Results from MATLAB. 

*****************************     σ=0,15         ***************************************** 

>> [parmhat,parmci] = lognfit(data15,0.01) 

parmhat = 

    4.7438    0.1499 

parmci = 

    4.7420    0.1486 

    4.7455    0.1511 

 

*****************************     σ=0,25         ***************************************** 

>> [parmhat,parmci] = lognfit(data25,0.01) 

parmhat = 

    4.7225    0.2500 

parmci = 

    4.7197    0.2479 

    4.7254    0.2520 
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10.3 Appendix C – GBM has lognormal distribution at time T 

 

𝑑𝑆(𝑡) = 𝜇𝑆(𝑡)𝑑𝑡 + 𝜎𝑆(𝑡)𝑑𝑤                                                                  < 𝑓𝑟𝑜𝑚 𝐼𝑡𝑜´𝑠 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 > 

𝑑𝑙𝑜𝑔(𝑆(𝑡)) = (𝜇 −
𝜎2

2
) 𝑑𝑡 +  𝜎𝑑𝑤                                  < 𝑖𝑛𝑡𝑒𝑔𝑟𝑎𝑡𝑖𝑜𝑛 𝑓𝑟𝑜𝑚 𝑡 𝑡𝑜 𝑇 𝑔𝑖𝑣𝑒𝑠 > 

𝑙𝑜𝑔(𝑆(𝑡)) = log ((𝑆(𝑡)) + (𝜇 −
𝜎2

2
) (𝑇 − 𝑡) +  𝜎(𝑤(𝑇) − 𝑤(𝑡))          < 𝑖𝑡 𝑓𝑜𝑙𝑙𝑜𝑤𝑠 𝑡ℎ𝑎𝑡 > 

𝑙𝑜𝑔(𝑆(𝑇)) ~ N (S(t) + (𝜇 −
𝜎2

2
) (𝑇 − 𝑡), 𝜎2(𝑇 − 𝑡))            < 𝑎𝑝𝑝𝑙𝑦 𝑒𝑥𝑝 𝑜𝑛 𝑏𝑜𝑡ℎ 𝑠𝑖𝑑𝑒𝑠 > 

𝑆(𝑇) = S(t)𝑒
((𝜇−

𝜎2

2
)(𝑇−𝑡)+𝜎(𝑤(𝑇)−𝑤(𝑡))  )

    

 

The result is that S(T) has a lognormal distribution 

 


