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Abstract  

With a continuous growing foreign exchange market there is a need for further research in its 

field as currencies traded have more and more effect on countries’ economies and investor’s 

portfolios. Although the existing research is well established and updated there is a gap 

present in the research field when looking at arbitrage in the exchange of two smaller 

currencies, SEK and NOK against a larger currency, USD. 

 

In order to answer the main research question two sub questions have been constructed. The 

main research question; Is it possible to make three-point arbitrage profits by trading SEK, 

NOK and USD on a daily basis? This question will be answered by looking at high frequency 

data from a period of 10 years with the with regards to the Swedish stock markets economic 

cycles. The usage of quantitative data from Data Stream pushes us towards a deductive 

approach with an objectivistic standpoint and positivistic view, where the feelings and 

underlying actions of people will not be studied. Instead the focus lies on testing hypotheses 

which gives an understanding of the possibility of arbitrage by examining volatility and 

correlation in the exchange between the three currency pairs. The method used is based on 

there not being a theory constructed or subjectivity in the analysis, instead with the empirical 

data the result and analysis adds additional research to the field to lessen the existing gap. 

 

A well established view on the market is the theory of Efficient Market Hypothesis (EMH) 

which states that all information is present in set prices. This would mean that the possibility 

of arbitrage is non-existing. As this thesis examines the possibility of abnormal profits we had 

to look at factors that oppose the theory, such as market imperfections. Transaction costs are 

market imperfections that indicate an opportunity for arbitrage, but also a factor that negates 

the profits as it may be higher than the profit itself in some cases. Three-point arbitrage is also 

examined as this is the focus of the study, where the speed of the transaction, size and 

analytical tools are found to play into the success or failure of the arbitrage, as well as how 

effective the arbitrageurs are. 

 

With the usage of Pearson Product-Moment Correlation (PPMCC) the relationship between 

the exchange rates and the stock market is examined, as it may have an impact on the 

arbitrage as well as looking at volatility which is highly present in exchange rates. The 

volatility compared indicates movement away from equilibrium resulting in arbitrary 

opportunities.  

 

The first sub-question; Are the SEK/USD-SEK/NOK, SEK/USD-USD/NOK and exchange 

rates perfectly correlated? answers how efficient the market is for the exchange rates. We 

draw the conclusion that there is a possibility to make risk-free profits by trading the three 

currencies as the market shows signs of not being efficient. The exchange rates have low 

correlation no matter the economic cycle we look at and indicate that these are good for a 

diversified portfolio as it portrays a lower risk. 

 

The second sub-question; Does the daily cross-rates differ from the daily real SEK/NOK 

exchange rates quotes? gives information on if mispricing is present. The real exchange rate 

and the quoted one do fluctuate, where their spread changes daily indicating a possibility of 

arbitrage on a daily basis. Our results also show that the opportunity of arbitrage increases 

during periods of high volatility. The conclusion of the two sub-questions results in the 

answer of there being a possibility of three-point arbitrage when using SEK, NOK and USD 

on a daily basis.   
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Chapter 1 

1.1 Problem background 

The “law of one price” is a theory that is being used within economics and the financial 

markets. It is “an economic rule” stating that a given security must have the same price no 

matter how the security is created. If the payoff of a security can be synthetically created by a 

package of other securities, the implication is that the price of the package and the price of the 

security whose payoff it replicates must be equal (Harvey, 2012). If this would be violated 

there is a chance to make risk-free (arbitrage) return. 

 

The exchange rate is the value of that currency compared to another country’s currency. The 

importance of having exchange rates is crucial to make the whole world work in a correct 

manner. The exchange rate affects the inflation within a country by affecting the import and 

export of goods with other trading partners, and also capital flow between countries (Marsh & 

Lucio, 2012, p. 3). Today we do not only have the currency which is a specific for a country, 

there has emerged other types of currencies not showing the same characteristics as the ones 

that are studied within this paper. One of these new phenomenon is called “bitcoin”, which 

has entered the currency market, and even though it is not traded on a regular and regulated 

foreign exchange market (further on referred to as FX market) it can have substantial 

importance in the future. Bitcoin is not controlled by any governmental organization, instead 

there are a maximum of 21 million bitcoins which value depends on the demand, it is a virtual 

currency with very low transactions cost and where transactions between two parties is much 

faster than ordinary bank transactions (Bitcoin, 2014). When speaking of exchange rates one 

has to take these types of digital currencies into consideration as they are becoming an option 

for investments and payments for more and more people every day. As virtual currencies does 

not have the same characteristics compared to other country specific currencies, they has been 

left out of this paper, but they are currencies that may have great importance in the future as it 

is rapidly developing. 

 

When governments around the world abandoned the fixed exchange rate regime in favor of a 

floating exchange rate regime exchange rates became more volatile; this increased the 

currency risk and also made it easier for anyone to trade (buy and sell) in the FX market   

(Fraser-Sampson, 2011, p. 205, 221). But what is important to understand when we talk about 

risk is that it can be both positive and negative, as the person on the other side of the trade 

gets the exact opposite fluctuations as the other party. Therefore, risk could move in both a 

positive direction as well in a negative direction. Investors are highly affected by currency 

risk when making their investments over borders or when dealing in financial instruments 

with currencies as underlying assets, therefore they have to take this risk into consideration 

when dealing with all type of currencies. 
  

To understand how big the FX market has become during the last 40 years one could look at 

the Federal Reserve in US estimated during 1998 that $351 billion was traded per day, which 

is 60 times what was traded in 1977. Internationally the amount that are being traded are 

exceeding $1, annually the amount that is being traded is 60 times higher than what is being 

traded in the stock market all around the world (Ickes, 2006, pp. 1-2).   

  

According to Bishop & Dixon (1992, p. 79), the FX market is as efficient as it can be and due 

to that it should not be possible to make abnormal profits because everyone possess same 

information and all the information available is already incorporated in the price of the 

exchange rates. When the market is efficient there should not exist the ability to make any 
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risk-free profits, so called arbitrage profits. But according to Luca (1995, p. 129) arbitrage 

profits occur when the markets become more volatile because of the chance of mispricing will 

be higher, which is proven in many different academic articles and one of those is “The Law 

of One Price Over 700 years” prepared by Regoss, Froot & Kim (2001) where they studied 

data on commodity prices over 700 years. According to the authors, even today the goods-

market is highly imperfect. New stats presented by Jessica Mortimer (Mortimer, 2013) shows 

that in the year 2013 more than $5,3 billion was traded daily on the FX market which is an 

increase from $3,9 billion in 2010, and also, USD/EUR and YEN are the most traded 

currencies, this has not changed from 2010 to 2013. 

 

The most traded currency today of all currencies is the US dollar, which is involved in about 

75% of all trades, though most trades are being executed in London, UK. Only 0,9% is 

executed in Sweden, and less than 0,5% in Norway. Most of the trades are also between some 

of the other major currencies like GBP, JYP, and EUR. If minor currencies are traded it is 

most often against a major currency and one reason for that is that the major ones are more 

liquid (Marsh & Lucio, 2012, pp. 6-7). This means that it is easier to match a seller with a 

buyer. When two currencies are valued against each other without the USD present it is called 

“cross rates” (Bishop & Dixon, 1992, p.138; Sveriges Riksbank, 2011). When cross-rates are 

analyzed for possible arbitrage returns, it is called “three-point arbitrage”. 

 

   
Figure 1 - Description of cross-rate 

 

To get a good understanding on how the three-point arbitrage mechanism works we have 

presented an example that has been taken from the book International Financial Management 

by Resnick & Eun (2011), but which has been modified to our chosen exchange rates. 

 

Example: 
1. Citibank sells 5,000,000SEK to Deutsche Bank for $US, receiving $767,955. (5,000,000 × 

0.153591 SEK/$ = $767,955) 

2. Citibank sells $767,955 to Crédit Agricole for NOK, receiving 4,294,090 NOK. ($767,955 

÷ 0,178840 $/NOK = 4,294,090 NOK) 

3. Citibank sells 4,294,090 NOK to Barclays for SEK, receiving 5,012,062 SEK. (4,294,090 

NOK × 1.167200 NOK/SEK= 5,012,062 SEK) 

4. Citibank ultimately earns an arbitrage profit of 12,062 SEK on the 5,000,000 SEK of 
capital it used to execute the strategy (5,000,000-5,012,062 = 12,062). 

*exchange rates and cross rates as they were 2012-12-28 



3 
 

As export and import of goods are highly affected by the exchange rate between the two 

countries currency, you might expect that the chances of arbitrage is low. The country that 

Sweden exports most of its produced goods to is Norway, and Sweden is fifth on the list of 

countries that Norway exports most of their produced goods to. Hence, the relationship 

between the two countries as trading partners is important (Statistics Sweden, 2013). 

 

1.2 Research gap 

FX trading is a well-researched area as it grows and becomes more important with 

continuously expanding investments across borders. Arbitrageurs are known to act foremost 

on the FX markets and bond markets because of the characteristics of the markets as they are 

known for extreme leverage, short selling and performance-based fees. Arbitrageurs choose 

the FX market because of their high profit, neglecting the risk for the chance to earn money 

due to prices not being equal to their fundamental values as countries try to maintain the non-

market exchange rates, which opens up for quick profits by realizing this difference in value 

(Shleifer & Vishny, 1997, pp. 49-50). 

 

Research on smaller currencies such as SEK and NOK are limited. Herwartz (2001, pp. 231-

245) examines the currencies; Japanese yen, American dollar and Deutsche mark. In the 

article the exchange rates are observed to deviate from triangular equality giving opportunity 

to arbitrage due to lagged movements in quotes. High frequency data is used where the author 

compares different models in forecasting exchange rates. These currencies were also 

examined by Skotida & Kalvitis (2010, pp. 386-394); as they found US monetary policy 

affecting the cross rates of the above mentioned three with the result of patterns in asymmetric 

interventions by central banks in the FX markets. 

 

As for the articles on triangular arbitrage they often treat USD as the base currency when 

examining cross-rates. Moore & Payne (2011, pp. 1250-1262) look upon advantages in 

acquiring information when trading with cross rates and liquid dollar exchange rates with the 

purpose to create triangular arbitrage. To examine this, data was used containing brokerage 

information from banks and traders. The result is that traders in triangular arbitrage of cross 

rates are the ones best informed and that some information can create important advantages. 

Lee & Mathur (1996, pp.389-411) found that the cross rates avoid the volatility that comes 

with exchange pairs with dollar. 

 

Moosa (2010, pp. 387-390) also looks at the effects of triangular arbitrage, he writes about the 

forward market and inconsistencies in the spot rates and/or violations of the covered interest 

parity. The profits that are accrued are counterpointed with the transaction costs that arise with 

transactions. Chacholiades (1971, pp. 86-88) looked upon the spot and forward exchange rates 

where triangular arbitrage is said to establish consistent exchange rates. They look at two-

point and three-point arbitrage in spot and forward markets. A recurring origin of arbitrage in 

research of the subject is transaction costs. According to Kollias & Metaxas (2001, pp. 435-

444) paper states that there exists trading costs that indicate market imperfections that lead to 

triangular arbitrary profits due to an inefficient market. They examine financial instruments at 

the FX market, where they find the presence of risk in making arbitrary returns. Their results 

indicate a movement from market efficiency in FX trading. 

 

Choi (2011, pp. 2079-2087) tests arbitrage and spreads for triangular exchange with usage of 

high frequency data from major and non-major currencies. The result shows that there is a 

possibility of abnormal profits during a short period of time and information is reflected in the 

spread for short run FX prices. As different periods are tested in the study, evidence is found 
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that volatility increases over time in all of the currencies that are tested but that the correlation 

is instead slightly decreasing. We found this study interesting because Choi examines 

currencies such as Canadian Dollar (CAD) and Australian Dollar (AUD) against USD; these 

are often classified as minor currencies; which is in the same class as Scandinavian currencies 

such as SEK and NOK (Forex traders, 2013). 

 

Research on arbitrage is foremost on how to deal with hedging risk in trades with 

commodities. In these articles they do take into account of the implications of currency trade 

and arbitrage. The spot and forward market is also widely examined, where the volatility of 

these markets are in focus. But as with the above mentioned articles we can see patterns in 

currency trading of several currencies with USD, weak efficient market hypothesis, triangular 

arbitrage and spot markets as central subjects.  

 

We cannot find research that answers our research question in the prospect of triangular 

arbitrage with the cross rates of SEK, NOK and USD. Although smaller currencies have been 

studied before, we have not been able to find any studies where Sweden has been the center of 

the research which makes is different compared from what other researchers has done. The 

lack of research in the arbitrary possibilities between these currencies result in the opportunity 

for new knowledge when we analyze if there are any arbitrage to be made on small 

currencies, in this case the Swedish krona (SEK) and the Norwegian krona (NOK) as these 

two countries are of such importance to each other from an export/import perspective. To add 

another dimension to what could be done is to analyze if arbitrage opportunities might appear 

during different economic conditions and over time. 

 

With the above mentioned previous research we have found a gap that we want to explore 

further. This will be stated in the next chapter.  
 

1.3 Research question, contributions and purpose 

Our objectives with this thesis are to fill the research gap that we have observed, to gain more 

knowledge about the relationship of exchange rates from developed countries with a close 

trading relationship, get an understanding on how this relationship might change during 

different economic conditions and so doing, benefit trading of this pair of exchange rate with 

a three-point trading strategy. To fulfill our objectives we have come up with a main research 

question that we want to answer.  

 

Our main research question will be answered with the help of different models and sub-

questions. Each sub-question will be followed by an explanation on how and why it is 

relevant. By answering them we will make contributions to the market participants – societal 

contribution, research field – empirical contribution and some existing theories – theoretical 

contribution. 

 

FX trading has great impact on a country's imports and exports as well as the continuous 

increase in investments and capital flows across borders. The effects of the stock market on 

the flow of currency trades are highly correlated. Today larger sums of capital can be moved 

over borders in the matter of seconds. As investments in a country rise/lowers, the exchange 

rate of that country will be pushed to either appreciate or depreciate. By investigating the 

cross rates and exchange pairs between the three currencies with the stock markets economic 

cycles as a basis for our sampling we can examine patterns in the different market states  and 

the presence of triangular arbitrage, which leads us to our research question; 
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Is it possible to make three-point arbitrage profits by trading  

SEK, NOK and USD on a daily basis? 

 

We have not been able to find previous research that can answers our research question in the 

prospect of triangular arbitrage with the cross rates of SEK, NOK and USD. Although smaller 

currencies have been studied before, we have not been able to find any studies where Sweden 

has been the center of the research which makes is different compared from what other 

researchers has done. The lack of research in the arbitrary possibilities between these 

currencies result in the opportunity for new knowledge when we analyze if there are any 

arbitrage to be made on small currencies, in this case the Swedish krona (SEK) and the 

Norwegian krona (NOK) as these two countries are of such importance to each other from an 

export/import perspective. To add another dimension to what could be done is to analyze if 

arbitrage opportunities might appear during different economic conditions and over time. 

 

The study will consist of a 10 year period of data from the three currencies; SEK, NOK and 

USD, in order to assess the effects of the economic cycle on the arbitrary opportunities in a 

reliable manner that consists of different economic cycles. To be able to take advantage of a 

risk-free return one has to know the duration and persistence of the mispricing; as we study 

the different economic cycles we can see the relationship between the opportunity of 

abnormal return, economic cycle and the duration. The importance of the FX market 

described in the problem background, the researchers are certain on the importance to 

evaluate if the possibility to make risk-free (arbitrage) profit from selling and buying between 

triangles of different currencies does exist. This research intends to highlight if there are any 

possibilities to make arbitrage profits depending on what condition the financial markets is in, 

and if the market is efficient or not depending on the market conditions. The Efficient Market 

Hypothesis (EMH) states that the market is efficient when information is present in set prices. 

EMH is a well-established theory that has been widely accepted as well as it has had its 

doubters. In order for our markets to work efficiently the possibility of abnormal profits has to 

be reduced until extinction. As there are different believers of the EMH, some believe that it 

exists and some does not, we hope that after having conducted our study and analyzed the 

finding we can make a comment on if the EMH is strongly visible within the relationship of 

SEK and NOK, thereby making a contribution to the existing research in the field of FX 

trading. 

 

The continuous rise in FX trading among trading countries require research to be done and 

updated in the field of exchanging currencies and investments across borders. Although these 

two fields have been widely researched they lack an insight in riskless arbitrage of currencies 

where the base currency is a smaller one. Agents that operate in currency sensitive businesses 

or currency traders will gain an understanding from this thesis on how currencies work 

together, if there exists potential for a trader to make arbitrary profits and if the market 

condition may have effect on the result considering the stock markets economic cycles. 

Therefore, this thesis will contribute with additional evidence to the research field in how the 

behavior of trades between currencies is affected by the stock markets fluctuations.  

 

The data used is of high frequency as it consists of daily quotes; this is something that would 

give a better precision in answering the research question because it takes the daily 

fluctuations of the quotes into consideration when examining arbitrary possibilities. As 

previously written there is a gap present in the theoretical field of potential arbitrage with the 

usage of minor currencies. There is a need for up-to-date studies as the FX market is 

continuously growing and the importance of currencies effect on a country’s economy. 
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Arbitrary opportunities indicate inefficiency in the market which affects market participants 

as prices present do not equal actual value. By eliminating these market participants will have 

equal knowledge of currencies values. This knowledge enables all market participants to have 

same information to base their assessment on. Our thesis provides knowledge foremost in 

how the Swedish and Norwegian currencies performed and inefficiencies in their prices which 

contributes to society in the manner of higher awareness in triangular arbitrage with regards to 

domestic currencies.  

 

Hence, this thesis is primarily beneficial for those interested in trading currencies and agents 

acting on the Swedish market with currency sensitive operations. These can be those 

exporting, foreign investors and multinational companies. With regards to the mentioned 

research gap above, this thesis can contribute to lessen that gap. Currency trade has global 

effects; we see therefore an important opportunity to contribute with additional new 

knowledge in triangular arbitrage when using one big and two smaller currencies in cross-rate 

trading. 

 

Sub-question 1: Are the SEK/USD-SEK/NOK, SEK/USD-USD/NOK and exchange rates 

perfectly correlated? 

 

Sub-question 1 generates additional evidence to the field of FX trading as we examine the 

correlation between the currency pairs. There is a visible gap in today’s research on trading 

currencies with a smaller currency such as SEK as a base currency. Answering the question 

would give researchers an additional view on how smaller countries interrelate to a larger 

currency and market operator such as USA. The present researches on these kinds of research 

subjects are concentrated on the effect of USD. And those that look at smaller currencies do 

not have the same base for their research as in this thesis. The comparison of daily quotes and 

two smaller currencies in tree-point arbitrage is something that can contribute to knowledge 

on FX trading in different periods. Studies today do show potential arbitrary opportunities 

(Herwartz , 2001, pp. 231-245), but they do not look at arbitrage with regards to economic 

cycles and high frequency data such as in this thesis.  

 

Sub-question 2: Does the daily cross-rates differ from the daily  

real SEK/NOK exchange rates quotes? 

 

In order to be able to with certainty determine the arbitrary opportunities we have to 

determine the movements away from real quotes. There has not been much research done on 

the cross rate SEK/NOK, if any, this study would give rise to insight in the relationship 

between these two currencies as well as the approach of determining arbitrage can be used in 

future studies and the results can be of use in the decision making process of pursuing 

arbitrage or not. Results from this comparison give information in how close trading countries 

such as Sweden and Norway are affected by economic cycles in FX trading.  

 

The main purpose of this research paper is to investigate the possibilities to make three-point 

arbitrage profit from trading SEK and NOK currencies with a sub purpose to get an better 

understanding of three-point arbitrage possibilities during different stock market conditions 

 

1.4 Perspective and target audience 

The perspective is what is referred to whom the research and its conclusion is useful to. This 

particular research focuses mainly on the perspectives of traders, but also for financial- and 
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market analysts and anyone else that are involved in the understanding of how the FX market 

works and behaves. This research intends to complement other research done on the same 

topic but with the focus from a Swedish perspective, which will help traders and other FX 

market participants to make grounded decisions on trades or forecast more efficiently and 

with higher accuracy. To get most out of reading and understanding our research purpose we 

do recommend that the reader have basic knowledge within finance and statistics. 
 

1.5 Delimitation 

A master thesis such as this one is limited to a specific time frame which can cause some 

restrictions in the study. One of these is that of the scope of time that the analyzed data is 

composed of. We have chosen to look at a period of ten years where we looked at the 

complete economic cycle, the business cycle as well as the financial cycle with its different 

phases as bull market, bear market and recovery. By looking at the whole economic cycle we 

are able to take into account the positive and negative effects that the different periods inflict 

on the exchange rates affected by the stock market. This thesis does not take transaction costs 

that might occur when executing three-point arbitrage strategy into consideration, the reason 

for leaving this out of the paper, even though it will have some effects on the end results, is 

because different brokers have different transactions costs. And as it is not what we intend to 

study within this thesis, we want to limit the study to the deviations between the real exchange 

rate quotes and cross rates. But we will look at transaction costs in other parts of this thesis as 

we feel it is something that is important to acknowledge. Transaction costs will be mentioned 

as a reason to why arbitrary opportunities may exist and persist on the FX markets. These will 

not be fully explored as they are not examined and retrieved in the empirical data. The focus 

on these costs is therefore limited to the extent that they work as an explanatory factor to 

results and conclusions. In order to thoroughly explore the exact impact of transaction costs 

one has to have data and do test for deeper analysis which would lead to additional amounts 

of data that had to be evaluated and analyzed.  

    

Another delimitation of the study is the choice of the three exchange rates; Swedish Krona 

(SEK), United States Dollar (USD) and Norwegian Krone (NOK) where SEK is the base 

currency for the currency pairs. As the problem background portrays there is a gap in research 

on the possibility of arbitrary profits with the Swedish krona in focus. We want to examine 

the Swedish market as we are ourselves from Sweden and we find it as an interesting 

indication of similarities in neighboring countries currencies. As SEK is the base we found 

USD interesting. Sweden has 2,9% of its imports and 6,2% of its exports with USA (Swedish 

exports and imports, 2013). With this the movements in USD has an impact on the Swedish 

economy and is therefore important as this study requires a “big” and a “small” currency for 

the comparison of the correlation, volatility and spread between the currency pairs. The third 

currency chosen is the NOK which is a smaller currency located in the Nordic area with 

similar traits as the base currency, this gives another possibility of interesting results when 

compared. Although there are several more interesting aspects of choosing other currencies, 

these three fit the time and geographical constraints of the study and give rise to simplicity in 

the study with opportunity to better depth. 

 

One could question why EUR is not chosen for this type of study as this as well is a larger 

currency highly traded. EU countries that uses Euro have close trading relationship in the 

manner of them representing 39,4% of Swedish exports and 48,2 % of imports to Sweden 

(Swedish exports and imports, 2013). And even though it would be of interest for every 

country within the European Union, we felt that as EUR and USD as such major currencies 
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and less research has been done on smaller currencies we wanted to use two smaller 

currencies (SEK and NOK), two countries that has a strong export/import relationship. 

Another reason is that the data (explained further in chapter 4) that we are going to use are 

daily data so we do not want too many currencies which are too volatile as they might change 

many times during the day.  
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Chapter 2 – Theoretical Methodology 

2.1 Choice of subject 

Finance is the selected field of studies for this 15 degree master thesis. One of the 

reasons for this subject is the shared interest of the FX market and the second reason is 

the benefit the readers can gain from it. There is also a third reason at that is the 

research done here stretches over different fields like investments and economics. It also 

gives us an opportunity to increase the knowledge concerning three-point arbitrage and 

how different economic conditions might come into play. 

 

As this research is written on the master level, we have both theoretical knowledge 

concerning finance in general and we have also been in direct contact with trading on 

the FX market, which makes this research even more interesting from our perspective. 

As the FX market is the biggest financial market of them all, you could expect it to be 

the most efficient as well, it is extremely liquid and quotes are changing very fast 

(Aktiespararna, 2009). 

 

This empirical research which is based on the cross-rate between SEK and NOK, and 

the USD/SEK and USD/NOK quotes concerns the investigation of the correlation 

between the three exchange rate pairs and also an comparison between the cross rates 

and the real rates. The research will look at the possibility to make arbitrage profit by 

trading these currencies against each other without any risk involved. The study will 

also be divided into different economic conditions by dividing the Swedish stock 

market in different sub-periods over a period of 10 years (2003-2013). 

 

The research is in particular interesting for the Swedish FX trader who will get an 

understanding on how stock market conditions will affect possibly risk free returns.   

 

2.2 Preconception 

For the research to be as valid and scientific as possible the researchers must try to 

eliminate all type of biases that might influence the research. Without understanding 

what type of bias the researchers might bring to the research and when biases might 

occur in the research it will be hard to know how to deal with them. According to 

Bryman & Bell (2011, p. 29-31) and Pannucci & Wilkins (2010, p. 619-625) biases can 

occur throughout the whole research process, from the discussion concerning the field 

of research to how the data is interpreted and conclusion drawn. As we have chosen a 

field of research that we have studied before, there exists a possibility of us being 

biased. The financial theories chosen have been a part of our studies within our 

education in business and administration. Therefore it is easy for us to have 

preconceptions of how to conduct the research and what results that shall be revealed. 

However, we have implemented some strategies in order to prevent our paper from any 

bias which will follow. 

 

Bias can be defined as something that prevents unprejudiced approach to a particular 

research or question (Pannucci & Wilkins, 2010). Bryman & Bell (2011, p. 29-31) 

explains the level of biases by the level of personal values the researches brings into the 

research process. We have tried to continuously take an objective stance in order to 

avoid biases as we can be affected by different personal values such as (1) our 

background, (2) education, (3) and/or our beliefs (Bryman & Bell, 2011, p. 29-31). It is 
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difficult to completely avoid biases, therefore it is important to be self-reflective to limit 

personal values that could possibly affect the research. The chosen data in this study are 

exchange rates picked from a 10 year period. We have chosen everyday data under this 

period to avoid choosing data that give specific results that we could find preferable. 

Such as if we would have picked one week in each cycle. Although we would have data 

from all part of the cycle we may either have results with or without the presence of 

outliners, which would not give an accurate picture of reality. By using the method of a 

sample of the entire cycle within this decade, we will get results that are actual and not 

affected by preferences. 

 

The measures we have for answering our research question and answering the 

hypotheses are of quantitative sort with logical and rational approaches. We look at the 

data with methods like Pearson’s Product Method and cross rates which are based on 

objectivity and data collection from Data Stream that are considered to produce value-

free source of data. The theories that are used have been continuously revised and 

modified to be up-to-date and thoroughly evaluated. These theories although picked by 

us, are those often used when determining arbitrage and examining exchange rates. We 

see no possibility of bias as we have an objective standpoint when assessing the results 

and in drawing conclusions. 
  

2.3 Type of study 

There are three different types of research studies that can be used; (1) Exploratory 

research which purpose is to present a problem that will lead to new solutions and ideas 

about the chosen problem. This can be done by asking questions and analyzing events 

from different and new perspectives. (2) Descriptive research intends to accurately 

identify one certain profile on events, situations or persons without incorporating the 

linkage between different variables in the study. (3) The third research characteristic is 

the explanatory research. This type of study is a combination of the two types 

mentioned above (exploratory and descriptive), where the study does not only intend to 

identify a certain profile but also intend to find and understand the relationship between 

different variables (Saunders et al., 2009, p. 139-140).  

 

Descriptive research is sometimes conducted by researchers when trying to understand 

attitudes and opinions of peoples. But this is not what we want to do. We want to test 

hypotheses. The most common process for conducting a descriptive research is (1) 

sample is randomly selected from a given population, (2) the characteristic of the 

sample is determined and (3) the characteristics is then inferred to the whole population 

based on the sample (Johnson & Christensen, 2012, p. 366). Although some parts of this 

approach are not as we intend, the process of conducting a research is in accordance to 

what is intended to be achieved.  

 

We choose to not use the exploratory and explanatory research approach. The 

exploratory research works well when larger problems that are quite vague shall be 

broken down into smaller and more defined sub-problems. Normally the researcher sets 

up different specific hypotheses connected to the sub-problem (Churchill & Iacobucci, 

2010, p. 60-61).  This is something we have done, in order to answer our main question 

we have set up sub-questions. Although this coincides with our thesis, it is used for 

studies where little is known; when a need for clarification and flexibility is present 

(Churchill & Iacobucci, 2010, p. 61). As we have much of our data known as well as the 

theories chosen we found this approach not sufficient.  
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The explanatory research focus is to test a particular theory (Salkind, 2010, p. 1254) 

which is inappropriate for a study like this as the empirical data is in focus and not a 

specific theory. The study that will be done in this thesis intend to identify only if three-

point arbitrage is adherent between SEK and NOK without trying to find and 

understand the relationship between the two currencies and what is the cause for them to 

fluctuate. Limiting our research to this makes the study fall within the definition of the 

descriptive type of research as we examine the pattern profile to different events over 

different time periods and economic conditions over a total of 10 years between two 

variables (SEK and NOK).  
 

2.4 Structure of the research  

Figure 2 presents how we have come up with the chosen methodology for our research. 

We started by choosing a standpoint that fits our research, then we decided on which 

approach to have towards the research and our choice is the deductive approach. The 

deeper we got into the process of finding the right methodology we chose the type of 

study we want to conduct and which research strategy we thought matched our research 

question; the type of research in an explanatory with the archival strategy. This flow led 

out to the choice between a qualitative and a quantitative research; based on our 

previous choices it led us to a quantitative research. 
 

 

Figure 2 - Research structure 

 

2.5 Research Philosophy 

The research philosophy is a choice that shows how the authors will approach the 

research and it consists of two different standpoints, either an Ontological- or 

Epistemological standpoint. Research philosophy describes the intended direction the 

research will take, and also presents the authors perspectives towards the world and the 

research they intend to pursue with social reality. The philosophy the authors chose is 

based on the purpose of their research and will guide the authors to select an approach 
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and strategy that is in line with the research itself. That is why it is fundamental that the 

authors have decided on a proper purpose before the philosophical standpoint can be 

chosen (Bryman & Bell, 2011. p.22). 

 

2.5.1 Ontology 

Ontology concerns how the researcher believes the world operates. Saunders et al. 

(2009, p.110) state that ontology is about the nature of reality. Bryman & Bell (2011, 

p.24) elaborates that the ontological standpoint will have a great impact on how the 

research question is constructed and formulated; it is also present when choosing the 

process of the research. Ontology is divided into two different standpoints; (1) 

Subjectivism which holds that it is social factors that influence and create social 

phenomena by constant change and perceptions, and (2) Objectivism, which describe 

how social entities are positioned and exists in reality and is not influenced by social 

actors (Saunders et al., 2009, p. 110). 

 

The choice between the objectivistic and the subjectivist standpoint for this research 

was made with focus on what Glynn & Woodside (2009, p. 39) wrote “With 

objectivism, the research is independent of the data gathering and the knowledge gained 

is objective and real”. Concerning subjectivism they wrote “with subjectivism the 

researcher is part of the observed phenomenon”. Subjectivism, how social entities are 

connected to social phenomena looks at how personal meanings and perceptions affect 

changes and actions.  

 

If we would use subjectivism as a standpoint we would have to use interviews as 

subjectivism often goes hand in hand with qualitative studies as you try to understand 

the object of study. An example of a subjectivist’s standpoint with regards to our study 

of interest would be us trying to understand how people acting in the FX market create 

their choice of trading, at what time they want to act and why. This would lead to an 

enormous amount of “soft data” which would give an interesting insight in the minds of 

traders and their actions, but would maybe not be appropriate data in the possibility of 

arbitrage. This is something that Remenyi et al (cited in Saunders 2009 p. 111) point out 

when taking the ontological view on the world. He argues that to understand something 

you need to understand the details of the situation, if you do not then you cannot 

understand how the reality works and calls it “social constructionism”. As we want to 

look at data on currencies we need to look at objectivism; which do not believe that 

social changes and actors are influenced by different social entities.  

 

In this study we do not aim to understand our data, instead we want to test our 

hypotheses. Saunders et al. (2009, p. 110-111) gives a good example on objectivism in 

the context of the management of a firm. If the firm is structured in a hierarchical 

formation where lower level management report to middle level management who are 

then reporting to a higher level of management. You can see the hierarchy and know 

what the managers do on the different levels but you do not know how the managers 

own personal meanings are attached to their work. So you understand how they work 

and the process, but not what influences the choices of the management. You take an 

external view of the structure. With these statements in mind, we have taken an 

objective approach to our research as we intended only to analyze the relationship 

between SEK and NOK and not to understand what influences the relationship. 
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2.5.2 Epistemology 

Epistemological issues that are relevant to any researcher concerns what level of 

knowledge is acceptable for a thesis and within a field of study. Generally this 

standpoint of epistemology concerns if the social phenomenon that occurs within the 

field of social science can be understood, studied and/or explained (Bryman & Bell, p. 

15). There are two different important groups of epistemology; (1) Positivism and (2) 

Interpretivism (Saunders et al. 2009. p. 113-116). There is no “best way” of 

approaching a research; the main purpose of the research shall drive the choices of 

research philosophy and method. Everything must be appropriate to what is intended to 

be answered by the thesis (Saunders et al., 2003, p. 85; Robson, 2002, p. 80). In our 

case we intend to study the relationship between two different exchange rates with 

historical data, therefore we need to find the stance that is in line with our paper and the 

objectivistic viewpoint.  

 

Interpretivism is described by Bryman & Bell (2011, p. 16) as “a strategy is required 

that respects the differences between people and the objects of the natural sciences and 

therefore requires the social scientist to grasp the subjective meaning of social action.” 

To undertake this approach the researchers need to take an empathetic stance and see 

the world from the subject that is being studied point of view (Saunders et al., 2009, p. 

116). The authors also states that this approach is most appropriate for research done 

within the fields of human resources, organizational behavioral and business 

management. The reason for this that organizations are so complex with different 

unique characteristics which makes it improper to study them objectively. We will not 

develop new theories for our research but will be using already established theories that 

we will be testing in our hypotheses. Our aim is to contribute with additional research to 

the field as we see a gap in three-point arbitrage of two small currencies and a larger 

one.  

 

This led us to finding positivism as an appropriate philosophy for this study. According 

to Bryman & Bell (2011, p. 15) is positivism an approach to the epistemological 

philosophy that emphasizes the use of natural science method to study the social world 

and the reality. This means that observed variables from the real word could be studied 

but at the end the conclusion falls within natural science and other physical laws. 

Theories from natural science are used in the development of different hypotheses 

which are then used to either be accepted or rejected in an attempt to create better 

understanding concerning the theories and develop them further (Saunders et al. 2009, 

p. 113). Remenyi et al. (cited in Saunders et al., 2009, p. 114) state that within 

positivism the subject that is being studied shall not affect the research’s independence 

towards the subject. With the above mentioned we are pushed away from the choice of 

interpretivism as the objectivistic standpoint that we will be taken towards our data also 

fits within the rejection of the interpretivistic standpoint. 
 

2.6 Research Approach 

There are three different ways on how to approach ones research, and it is the approach 

chosen that determines the relationship between the structure of the work and the use of 

theories in the research. The three approaches are; (1) Deduction, (2) Induction and (3) 

Abduction (Saunders et al., 2012, p. 143-144). According to Easterby-Smith et al. 

(2008) (cited in Saunders p. 147) there are three reasons concerning the importance of 

choosing the right approach; (1) it will help the researcher to make a more informed 

decision about the design of the research, (2) it will help the researcher to consider 
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research strategies and methodologies that work and those that don’t work and (3) 

“knowledge of the different research traditions enables you to adapt your research 

design to cater for constraints” (Saunders et al., 2012, p. 148). 

 

In the previous sections we have presented that we have taken the objectivistic view 

with the positivistic stance; with these in mind we had to find an approach that falls in 

line with the study. Induction is an approach where you start by collecting data and 

information to be able to set together a theory. According to Saunders et al. (2012, p. 

147) this is an approach more often used in qualitative method of collecting 

information. The intention is not to create a theory per say, the empirical data generates 

theoretical information that lessens the gap in tree-point arbitrage of SEK, NOK and 

USD that could be applied to studies on other smaller currencies. This could be 

perceived as generating a theory, but this is not the purpose of the study. We want to 

show evidence on the possibility or lack of possibility for arbitrage in FX trading during 

different cycles with regards to smaller currencies. Another way of distinguishing 

inductive research is that a bottom-up approach is taken towards the research Creswell 

& Plano Clark (2007, p. 23). As we have chosen an epistemology and ontology that are 

in contradiction to a qualitative study we move away from this approach.  

 

Both Saunders et al. (2012, p. 146) and Bryman & Bell (2011, p. 11) characterize 

deduction as by the fact that the researcher is searching for something to explain 

relationships between concepts and variables. This is the most used approach in natural 

science where theories are used to test different hypotheses that are either rejected or 

confirmed, which is in accordance with what is done in this thesis. Creswell & Plano 

Clark (2007, p. 23) defines the deductive approach as taking a top-bottom approach to 

research. It is a very structured approach which facilitates replication. Other important 

characteristics for the deductive approach are; (1) operationalization; the ability to 

measure the results and (2) generalization (Saunders et al., 2012, p. 146). 

 

Researchers who follow an inductive approach criticize deduction because of the 

structured method which does not give any room for alternative explanations about 

what is really happening, in other words, even though the cause – and – effect link is 

prominent between different variables, there is no understanding of the underlying 

assumptions affecting the variables (Saunders et al. p. 146). As we try to understand and 

explore several explanations for the research question; one can think the choice of 

research method would be hard. Abduction is an approach that is a mix of deduction and 

induction. As deduction starts with the theory and then collects the data and the 

inductive approaches starts with the collection of data and constructs a theory, the 

abduction approach combines the two (Saunders et al. 2012, p. 147). Although we could 

look at abduction and induction as potential methods, they stand too close to the stances 

we have rejected. Trochim (2005, p. 1) uses the explanation that induction is when 

moving from the specific to the general, and the deductive is the other way around, from 

the general to the specific, see figure 3. 
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Figure 3 - Research approach 
 

Neither induction nor abduction is appropriate for this study’s approach. We have 

decided that the deductive approach is the one approach that suites our research as we 

will be using established, refined theories that are relevant to what we intend to study, 

instead of trying to construct new theories behind our findings. We also use hypotheses 

in order to answer our main research question where we try to find out if there is any 

possibility to make three point arbitrage between SEK and NOK during different 

economic conditions and for a whole 10 years; this is all in line with what has been 

explained about the approaches by Saunders et al. (2012) and Bryman & Bell et al. 

(2009). Thereafter the findings are used to either reject or accept our hypotheses. It does 

also tick the box of being measurable and generalizable. We also based our decision on 

what Trochim (2006) states is important when choosing approach, that if the arguments 

are based on observations and/or experience then the inductive approach would be 

preferable, but if the arguments are based on widely accepted principles like laws and 

rules, then a deductive approach is the way to go. 

 

2.7 Research Method 

The techniques and process of collecting and then analyzing the data is defined by its 

research method. There are two different methodologies to be presented for the method 

and they are (1) the qualitative methodology and (2) the quantitative methodology. The 

qualitative methodology usually emphasizes the words in a study while the quantitative 

methodology takes more of a numerical standpoint on how the research is conducted 

(Bryman & Bell, 2011, p. 26-27). Qualitative research can also be explained as “an in-

depth exploration of what makes people tick on a particular subject: their feelings, 

perceptions, decision-making process etc.” (Seller, 1998, p. 1). The author also argues 

that qualitative research will offer a deeper understanding about the problem that is 

being studied, but the methodology does not provide any projectable data where 

certainties could be drawn over a whole population. Qualitative research requires 

understanding patterns and why people act as they do by making interviews. This could 

be applied here as previously mentioned but may push the result towards understanding 

behaviors rather than interpret data and make analysis with help of present research in 

the field of FX trading. 
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The quantitative methodology can give you a projection which you could apply on a 

whole population (if the sample is big enough to represent the whole population). It 

does not give the researcher the deep understanding concerning the problem as the 

qualitative method (Sellers, 1998, p. 1-2). As most of the literature in this area like 

Sellers (2008), Bryman & Bell (2011), Saunders et al. (2009) etc. does divide the 

methodology into the quantitative and the qualitative nature, Åsberg (2001) argues that 

no method is either quantitative nor qualitative and he bases this statement on that the 

quantitative/qualitative only tells the reader what type of data has been collected and 

that it has nothing to do with the method that has been used in the research. 

 

Table 1 presents how the different philosophical standpoints are linked to the different 

methodologies.    

 

 Qualitative Quantitative 

The role of theory in 

relation to the research 

Inductive; the theory if 

developed through the research 

Deductive; the theory is tested 

within the research 

Ontological orientation Constructionism All natural science  

(particular positivism) 

Epistemological orientation 

 

Interpretivism Objectivism 

Table 1 - Philosophical standpoints 

 

The table shows that if the research is based on constructionism (from an ontological 

orientation) and interpretivism (from an epistemological orientation) philosophical 

stance where the research is of the inductive nature, then the qualitative research 

methodology is preferable. Research from an objective standpoint (epistemological 

orientation) and positivism (ontological orientation) with a deductive approach, then the 

quantitative research methodology would be preferable, as in our case. When choosing 

between the two different methodologies you must first ask yourself if you want the 

research to produce projectable data or not, another question is if you study will take a 

numerical (quantitative) format or if the study will be based on human feelings etc. 

(qualitative) (Seller, 1998, p. 2).  

 

The study that will be carried out within this thesis takes a numerical form as it consists 

of downloading a lot of exchange rates. Our study requires that historical quoted 

exchange rates are processed and analyzed over a period of 10 years, and with the use of 

statistical methods the data will be compared to different hypotheses to find an answer 

to our research question. The research takes a positivistic and objectivistic philosophical 

standpoint with a deductive approach so we feel comfortable to say that our research 

methodology will be of the quantitative nature if we depart from the definitions that 

Saunders et al. (2009), Bryman & Bell (2011) and Seller (1998) use. But the data will 

be of the quantitative nature if we use the definition of what Åsberg (2001) argues about 

qualitative and quantitative.  
 

2.8 Research strategy 

Saunders et al. (2009, p. 90) present the research strategy as a map that explains the 

process which the research will take to be able to answer the research question. For the 

strategy to be easily followed and understood the researcher needs to present the 

objectives clearly, the constraints with conducting the research must be specified, as 
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well as the sources used for data collection. The strategy must also show that the 

researchers have understood and carefully thought about the motives for choosing their 

particular strategy. Saunders et al. (2009, p. 91) presents seven different research 

strategies which could be considered when choosing the right strategy for the particular 

research. They are; experiment, survey, case study, grounded theory, ethnography, 

action research, archival research and time horizon. 

 

Three of the above mentioned do not coincide with our research strategy; Grounded 

Theory, Ethnography and Action research. Hussy (1997; cited in Saunders et al. 2003, 

p. 93) and Goulding (2002, p. 38, 40) both agree on that these strategies work with 

collection of data to construct theories without a formulated theoretical framework 

grounded in peoples actions words and behaviors. LeCompte & Schensul (2010, p. 1-2) 

elaborates the statement with interpretation of actions, theories and personal experiences 

during a longer period. Coghlan & Brannick (2001; cited in Saunders et al. 2003, p. 94) 

add that these strategies also try understanding people in order to change the world. This 

thesis does not attempt to create a new theory as we have already assembled theories 

that work as a base for our study. The three strategies above all give indication of 

attempting to understand what is behind a phenomenon. With this we move away from 

these three strategies as they would set us in the wrong direction. 

 

Survey and Case study strategies move in some ways along with our strategy as they 

look at an event with a specified sample. Survey is closely associated with the deductive 

research approach where the data is collected from a sampling of the population that is 

then standardized to be easily comparable (Saunders et al., 2009, p. 91). Case study is 

defined as an intensive research approach where only one or a few events are being 

studied at the same time and then go into more depth on that particular event. Many 

different types of sources of information is being used to be studied and measured 

(Swanborn, 2010, p. 2). But we do not need to execute a survey to collect our data; we 

already have access to it via Data Stream. A survey strategy would require too much 

time and skills to know that the data is valid and accurate. As for the case study we do 

not intend to go into depth for a specific event, although we look at the rates within a 

time span with different methods.  

 

With this we turn to the remaining strategies which we have found appropriate. These 

will be explained more detailed as these strategies fall in line with our research strategy. 

 

 Archival research: as the name might refer to, the archival research strategy implies 

that most of the main sources of data are collected from administrative documents 

and records from the archives (Saunders et al., 2009, p. 94). It is about using data that 

has already been collected by someone else than the researcher itself. This is a 

strategy that is appropriate when the data has already been collected, it would be 

unnecessary for the researcher to do all the collecting again. It might also be 

appropriate from an ethical standpoint as well depending on the research that is being 

conducted. An example would be if sex crimes are being studied. There are two main 

limitations with the archival strategy and they are (1) most of the data are collected 

for non-scientific purposes which is not suitable for all researchers and (2) you have 

no control on how the data has been collected so it may be biased by the primary 

collector (White & McBurney, 2012, p. 201). 
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 Experiment: Relates to field of natural science that involves constructing or defining 

a theoretical hypothesis, sample the data from a population and then do an 

experiment on the collected data when different conditions occurs (Saunders et al., 

2009, p. 91). When putting together an experimental study it is very important that 

the research question is clearly defined so that there cannot be any second-guesses 

concerning the words that are used and the combination of words. It is also so that in 

experimental research the measuring parameters are often numerical which construct 

the base of the study (Srinagesh, 2009, p. 15, 29).   

 

When considering all different types of strategies that Saunders et al. (2009) presents 

and is developed further by other authors we recognize that the study that will be 

conducted in this thesis is a combination of strategies. As the research will be an 

empirical study which is connected to the research question chosen, and data is being 

collected from the archives of Thomson Reuters DataStream the archival research is 

inherent with what will be done in this thesis. Even though the archival study is the one 

we will use we need to understand the limitations of this type of study which is 

explained in the text above. We will deal with the limitations and probable biases that 

might occur when using secondary data by using well-recognized software in the form 

of Thomas Reuters DataStream which must be considered reliable. The Thomson 

Reuters only uses national data coming from governmental agencies and if errors are 

detected they are checked twice to ensure the accuracy of the data (Thomas Reuters, 

2008). To deal with these potential errors we will not use data from far back in history 

that we think the calculation process has changed as we are only looking at periods 

between 2003 and 2013. The experimental strategy fits to somewhat as it involves the 

production of hypotheses and a clear research question that cannot be mistaken, this is 

in accordance with our study. 

 

2.8.1 Time horizon 

When considering the time horizon for the research you as a researcher need to be clear 

that there are two different strategies to reflect upon. 

 

1. Cross-sectional research: This could be explained as a study of a particular event 

at a specific time, it only happens once (Menard, 2002, p. 2). The cross-sectional 

research provides a snapshot of the chosen variable and might provide the 

researcher with information on how the chosen variable is represented in a cross-

section of a population (Saint-Germain, u.d).  

 

2. Longitudinal research: For the research to be of a longitudinal characteristic it 

needs to (1) the data that is being collected must be for two specific periods, (2) 

the observation from the data must be comparable from one period to another and 

(3) the analyzing part must involve some sort of comparison between the periods 

(Menard, 2002, p. 2). Menard (2002, p. 2-3) divides the longitudinal research into 

different sub-categorizes, the prospective panel design where same variables are 

being collected in two or more specific periods. The retrospective panel design 

where data is being collected at a single period but for more periods, start and end 

of periods within one longer period. Almost the same as the prospective panel 

design except on the number of times the data collection takes place. The third 

sub-category is the repeated cross-sectional design, the data that is being 

collected is regarded as a separate cross-section and then compared between two 

or more variables.     
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The time horizon that will be used for the study is 10 years, 2003-2013, but it will also 

be broken down in smaller sub periods depending on the movements in the Swedish 

stock market. Observations will be done on a daily basis and due to the long time span 

of studies the research will be of the characteristics of a longitudinal study, more 

specific a repeated cross-sectional design as we will study and compare USD/SEK and 

USD/NOK at a specific date. Again we need to consider the limitations and understand 

the consequences of conducting a longitudinal study. Farrington (1991) and Magnusson 

et al. (1994) have both commented on the limitations of doing an longitudinal research 

study in their books where they lift forward the age of the data that is being collected 

could have been calculated differently throughout the history which would affect the 

accuracy of the presented data so that they in fact should not be compared against each 

other. Other concerns are that the calculations could have been delayed, effects from 

different periods and the reason for why the data has been collected in the past could all 

affect the accuracy of the data. Rajulton (2001, p. 175-177) writes in his article that the 

longer the period, with more repeated measurements the researcher is studying the 

higher risk is it that error will occur and that a higher degree of attention must be 

focused on the risk of error. He also agrees with Farrington (1991) and Magnusson et al. 

(1994) that over longer periods back in history, the process of calculating could be 

changed. 

 

2.9 Literature and Data source 

When the research question has been chosen and the method for the research has been 

agreed upon, the decision of which data to use and it source is made. There are different 

types of data, (1) primary data, (2) secondary data and (3) tertiary data. The first type 

of data, the primary data, is data that is collected directly by the researcher directly 

involved. The primary sources produce raw evidence to the researcher in the form of 

basic and original material. Examples of primary data would be doing your own survey 

with questionnaires directly to the sample, population etc. The secondary data is data 

that has already been collected by someone else; the data is collected as primary data 

but is used as secondary data by other researchers, such as governmental statistics that 

you can download from various software. And the third, the tertiary data, is data 

summarization of primary- and secondary data, such as abstracts in research articles 

(Sapsford & Jupp, 2006, p. 142; Saunders et al. 2003, p. 51). 

 

For this research we have chosen secondary data, this is in line with the chosen research 

strategies (archival and longitudinal) where we need historical quotes on exchange rates 

for the period of 2003 to 2013 so the data has already been collected and stored by 

another entity. The literature sources that will be used throughout this thesis will come 

from peer-reviewed academic research articles, websites and academic books. The 

academic articles, books and websites will be used within the theoretical framework of 

this thesis and will be found by using sources as EBSCO, Google Scholar and 

University libraries.   

 

The data (exchange rates) collected for the chosen periods is collected from Thomson 

DataStream which is a well-known and reliable source of data (see section 2.8, p.16-

17). Bryman & Bell (2011, p. 313-320), Vartanian (2011, p. 13) and Saunders et al. 

(2003, p. 200-201) all see numerous advantages with using secondary data, it can be a 

fast and cheap way of collecting reliable data compared with the collection of primary 

data and it is also a more efficient way of conducting a longitudinal research as the 

researcher does not have to collect all the data him-/herself over a longer period. Other 



20 
 

advantages with using secondary data is the access to large amount of data and that the 

data often is representative of a broader population and topics (Vartanian, 2011, p. 13). 

It would be near to impossible for a researcher to collect data over 1 000 years for 

example, but it can be found as secondary data in certain databases. The advantage of 

quickness of collecting the data is really important to us as we only have limited amount 

of time to do this research and it would be impossible for us to collect data from the day 

we start with the research and into the future, it would not give a reliable result of what 

we intend to study which is three-point arbitrage during a longer period (10 years) and 

during different economic cycles.  

 

There are a few limitations concerning the use of secondary data, such as the researcher 

might not be familiar with the data, the researcher does not have any control over how 

the data have been collected and the quality of the data, the data can be very complex to 

understand and interpret (Bryman & Bell, 201, p.313-320; Saunders et al., 2003, p. 200-

201). Vartiainen (2011, p. 15-17) also lift forward, together with what Saunders et al. 

(2003) and Bryman & Bell (2011) that the limitations of the data that is being collected 

secondary might not answer the question the researcher needs to get answers to conduct 

their research, when collected (primary) the questions used might not be the same as the 

questions the researchers needs to get answered. Considering the data that we will be 

using in this research we make sure that the sources we get the data from are reliable 

ones. The data will not be very complex to use as we will only compare and use the 

exchange rate quotes. We are not concerned that we do not have appropriate knowledge 

to use and interpret the data as we both have accumulated knowledge regarding the FX 

market, both theoretically and practically.  
 

2.10 Reliability, Replicability and Validity 

The reliability, replicability and validity criteria are three that need to be fulfilled if the 

research should be considered of high quality.  

 

Reliability criterion refers to if the research that has been done also can be repeated by 

someone else and produces the same result. This is connected to the research method 

that has been chosen for the research and should also reflect if the data used are reliable 

or not (Bryman & Bell, 2011, p. 41; Carmines & Zeller, 1979, p. 11). Even though the 

researches might not always be exactly the same, they are still intended to be very close 

to each other, when this is achieved then is the reliability considered high (Carmines & 

Zeller, 1979, p. 12) When assessing if a thesis is reliable or not, Esterby-Smith et al. 

(2002, p. 53) came up with three questions to ask yourself; (1) “Will the measures yield 

the same results on other occasions?”, (2) “Will similar observations be reached by 

other observers?” and (3) “Is there transparency in how sense was a made from the 

raw data?”. 

 

Litwin (1995, p. 8) present three testes to test the reliability of a research and they are 

(1) test-retest, (2) alternate-form and (3) internal consistency. The test-retest form is 

conducted by doing the same type of study with the same variables during two different 

occasions and measures how reproducible the study is. The alternate-form test is a 

calculation of the correlation coefficient between the two studies that has been 

conducted at different occasions (Litwin, 1995, p. 13). The internal consistency test is 

more for qualitative research and will not be presented here.   

 



21 
 

Is the research replicable or not? This is very close connected to the level of reliability 

of the research. If another researcher intend to copy and replicate another researchers 

study he or she should be able to produce the same result as were first produced in the 

first research with the same data and methods used. As this is one important criterion 

for a good research it is important that the researcher explains clearly in detail the whole 

process of conducting the research so that other researcher can do the same and get the 

same result (Bryman & Bell, 2011, p. 41). The level of replicability of a research you 

need to answer the first question that Esterby-Smith et al. (2002, p. 53) states above.  

 

In this research we will be using publicly available data that anyone with the Thomson 

DataStream software can download. By choosing the same data as us, with the same 

time periods, follow the same methodology and using the same models, anyone would 

get the same result as us. This also answers the second question stated by Esterby-Smith 

et al. (2002), if anyone else has access to Thomson Reuters DataStream, the same data 

can be downloaded. But this software is not for free, to get this you need to sign up for a 

subscription so not everyone can get hold of this software. You also need a computer to 

do the exact research as we have done. We were lucky that we could use the 

DataStream database through Umeå University Library, who is kindly letting students 

use it.  

 

Validity is generally stated as “An indicator of some abstract concept is valid to the 

extent that it measures what it purports to measure.” (Carmines & Zeller, 1979, p. 12). 

Saunders et al. (2003, p. 101) states “Validity is concerned with whether the findings 

are really what they appear to be about”. It does refer to the integrity of the conclusions 

that could be drawn from the research and is one of the most important criterions for 

any research (Bryman & Bell, 2011).  

 

Bryman & Bell (2011) has identified four different categorize of validity that should be 

incorporate in a thesis, they are (1) measurement validity, (2) internal validity, (3) 

external validity and (4) ecological validity and will be presented more thoroughly 

below and how it will be dealt with in this thesis. 

 

 Measurement validity: also known as “statistical validity” (Cook et al., 1990; cited in 

McBurney & White, 2010, p. 173). Is mostly connected to the quantitative research 

and concerns if the measurements used really reflects what the researchers intend to 

study. The research that is being conducted in this thesis is an analysis of if there are 

any three-point arbitrage opportunities between SEK and NOK. The software used to 

process our collected data was SPSS 17 for a correlation coefficient test and MS 

Excel for the processing of our data for any patterns and findings of three-point 

arbitrage and an answer to the research question.  

 

 Internal validity: incorporates the causality of the measurements that are being used 

and is connected to the question concerning the relationship between different 

variables. Not until we can be certain that no other variables affect the relationship 

you intend to study, can you confirm a high level of internal validity (Bryman & 

Bell, 2011, p. 42) or if the cause-and-effect can be trusted. Because of the concerns 

of the relationship between dependent and independent variables this type of validity 

is the most fundamental in research (McBurney & White, 2010, p. 174). Our research 

is concerning the casual relationship between our two chosen currencies, SEK and 

NOK. This is relevant to us as we hope to get information about the relationship 
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during different economic cycles, and have neutralized the research from external 

factors and variables as economic policies, interest rates etc. 

 

 External validity refers to if the result from the research can be generalized beyond 

any specific context, time, setting and so forth (Bryman & Bell, 2011, p. 43; 

McBurney & White, 2010, p. 178). According to McBurney & White (2010, p. 178) 

this is what research is about, research is only valid if conducted during identical 

situations. Due to the fast changing world and increased integration of countries, and 

the increasing volatility in the FX market which could be explained by the unstable 

economic condition the world is in after a deep recession. This research is only 

studying to separate currencies from two fairly stable countries who stood stable 

during the crisis years, we are pretty confident that quality of the research and the 

results has been affected by any extraordinary external factors. But this research 

cannot be generalized over other currencies as countries were affected differently 

during the crisis years, and also the relationship between Sweden and Norway is in 

its own nature which is hard to set between other countries.  

 

 Ecological validity, “…is concerned with the question of whether or not social 

scientific findings are applicable to people’s every day, natural social settings” 

(Bryman & Bell, 2011, p. 43). The ecological validity is high if the result can be 

transferred to a variety of people or settings, and if the effect from the result affects 

everyday life. This is something that is crucial for research that is conducted for the 

purpose of describing or demonstrating (Reis & Judd, 2000, p. 12). We believe that 

our thesis could have an impact on how an FX trader invests, so the ecological 

validity is very relevant to our research. But not only for the FX trader, anyone who 

is importing goods, as organizations. 

 

McBurney & White (2010, p. 173) does mention another type of validity that Bryman & 

Bell (2011) do not mention and that is construct validity. 

 Construct validity concerns if the construction of the measurements really measures 

what it intends to measure and nothing else. So it is very similar to the measurement 

validity explained above. It also shows to what extent the result supports the theories 

behind the research (McBurney & White, 2010, p. 175). They also states that “if the 

measurement used in some research lacks construct validity, the research as a whole 

will also”. Our variables are extremely specific and will be taken from a reliable 

source so we are confident that the methodology and the models used to conduct our 

research will exactly measure what we intend to. The data is not very complex and 

we will not be using any new models that we do not really know how to use. 

 

Depending on the purpose of a research the different validities are more or less 

important. It is important to evaluate the validity of research that is being conducted in 

respect of the purpose (Reis & Judd, 2000, p. 12). 
 

2.11 Research Ethics and Societal Issues 

The ethics behind any research is very important if the research is going to be 

believable. The ethical issues are just as important when using secondary data like using 

any other type of data (Saunders et al. 2012, p. 208). Research ethics is “the standards 

of behavior that guide your conduct in relation to the rights of those who become the 

subject of your works, or are affected by it” (Saunders et al. 2012, p. 226). Throughout 

the whole research process the ethical issues are something to be considered, from the 
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research design to the methodology and to the end of the research where the results are 

analyzed. With the help of writing what the researcher aims to do in the research to 

express what goals the research intend to produce, the ethical issues gets highlighted 

(Oliver, 2010, p. 9). Researchers play an important role in the society because the 

research’s main purpose is to extend the knowledge in society; every research has a 

responsibility towards the society, fellow researchers and the academic community. As 

most of the research that is being done is publicly financed by taxpayers the public 

should expect the researcher to publish true, accurate and understandable findings to the 

public (Oliver, 2010, p. 16). 

 

Before every student researcher begin their work with their thesis they are given a 

research manual from Umeå School of Business and Economics with guidelines and 

important information concerning the structure of the thesis and ethical guideline that 

the student shall follow throughout the whole research process. Among the important 

statements that are brought up in the manual is the importance that researchers do not 

mix with the data to produce certain results and that the work is only between one or 

two students, both are equally responsible for the content in the thesis and should have 

contributed equally to the research work. It is important that the student researcher 

follow national laws concerning the presentation of data and plagiarism is forbidden. It 

is also important that everything is referenced and done with the Harvard system of 

referencing (Institution of Business and Administration, Umeå School of Business and 

Economics, 2013, p. 5-6). 

 

Vetenskapsrådet in Sweden has defined ethical rules that Swedish research should 

follow, but they lift forward the personal responsibilities every researcher needs to be 

familiar with, and it is this understanding of the responsibilities which creates the 

foundation of research ethics. Vetenskapsrådet three important guidelines for 

researchers are (1) the researcher should be familiar with the topic he intends to his 

research on and understand the literature of that topic, (2) to act appropriate towards 

colleagues and the public, and (3) serve the public and respect the human life 

(Vetenskapsrådet, 2013).   

 

One of the keys for the analysis of the research to be as trustworthy as possible is for the 

researcher to be as objective as possible towards the research, the level of integrity is 

another crucial stage in making the research as ethical as possible. This means that 

mixing with the data as they are collected in any way would be considered very 

unethical and unacceptable (Saunders et al., 2012, p. 241). The same objectivity needs 

to flow throughout the whole research, especially when the results are analyzed with 

support from the work ethics of the researcher that their knowledge and findings should 

serve the public in an honest and trustworthy way (Saunders et al., 2012, p. 245; 

Vetenskapsrådet, 2013; Oliver, 2010, p. 16). 

  

The data that we will be using in our research will be collected from Thomson Reuters 

DataStream which is available to anyone who subscribe for the software, but the articles 

we will be using will have been downloaded from the internet and then there are a few 

ethical concerns, (1) the text can be copyrighted which is one issue and (2) the 

managing of the data (Saunders et al. 2012, p. 150). To handle these two issues from 

getting most of our literature from the internet we are very keen on using the right 

referencing with the right text we are using. The referencing system that we will be 

using and is also required in the manual from Umeå School of Business and Economics 
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is the Harvard reference system (Umeå School of Business and Administration, 2013, p. 

31-36). This also gives anyone who are interested in validate our used literature to do 

so, the same is with the data that we will be using. 

 

To support the students in their work of making the research to be of high quality and 

trustworthy every pair of student researchers are handed a supervisor, who’s 

responsibility is to guide the students and give the students feedback to make the best 

out of the research. The supervisor must also give his/her approval on the research 

before it can be published to the public (Institution of Business and Administration, 

Umeå School of Business and Economics, 2013, p. 2-3). 

 

This research with high ethical level and valid resources of information and data will 

provide the public with important information concerning of the effective market and 

possibilities to make risk-free profits during different economic cycles and between 

SEK and NOK. We hope that a critical investigation on the cross-rates and correlation 

between our two chosen variables will enhance the knowledge to FX traders who can 

make better trades with less risk, which would benefit the society, better return with 

presumably less risk. 
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Chapter 3 – Theoretical Framework 
Purchasing power parity (PPP) is a theory that states; national price levels when expressed in 

a common currency should be equal. PPP has two different directions, the first one states that 

the amount of money required to buy one product in Sweden will be sufficient to buy the 

same product in for example Norway or in the US after the money has been exchanged. This 

state, the absolute state does not take into account the effect of transactions costs among 

others. If one would not have enough money to buy that product then there is an opportunity 

of making profits due to difference in prices. The other state considers the difference in 

inflation between countries (Begg, et al., 2011, p. 31-42). The latter version of PPP is the one 

commonly used these days. In an efficient market there should not exist a possibility of 

riskless profits as available information is reflected in present prices. Transaction costs are 

something that defies this market state. When looking at cross rates, the difference among 

these due to exchange rate movements give rise to three-point arbitrage. With this in mind we 

look at the following aspects of currency trade and market theories. To sum up this 

explanation about PPP, it is a very important theory when discussing how exchange rates 

moves and are related to each other. But as this is more for the field of Economics and this 

research paper is done for the business and administration field we feel that it would not be 

right to highlight this theory more than just present it here in the beginning and move forward 

to theories that are more related to our field of study. 

 

3.1 Currency trade  

3.1.1 Foreign exchange markets and exchange rates  

Riksbanken (2011) defines exchange rates as the rate at which one currency is traded for 

another and is traded at the FX-market. The exchange rate is determined not only by currency 

trades, but also by the transactions made due to international trade of goods and services as 

well as investments and speculations (Chuluun et al., 2011, p. 373; Liew et al., 2009, p. 385). 

Menkhoff et al. (2012, p. 661) mention the characteristics of these markets; that they have 

higher liquidity, low transactions cost and larger volumes of trades than others. FX markets 

consist of professional investors that employ momentum strategies with short investment 

horizons; affecting the size of arbitrage from the strategies over time (Menkhoff et al., 2012, 

p. 661). The role of the exchange rate is critical for a country’s trade as well as the real return 

for a foreign trader and an investor’s portfolio. It is also important for policy-makers as 

exchange rates have to be monitored and managed to not move too far from economic goals. 

It is therefore important to know the FX markets characteristics and the factors that affect 

movements in exchange rates. Liew et al. (2009, p. 385) argues that these movements are not 

easy to trace. The real exchange rate is a comparison between the foreign and domestic prices 

translated into domestic terms. This is used when one wants to determine the competiveness 

of one country against another (Sercu & Uppal, 1995 p. 351-353). 

 

Choi (2011, p. 2079) writes that FX markets are often volatile and unpredictable which 

Mishkins & Eakins (2009, p. 327) finds being due to the expectations on factors that pushes 

the exchange rates to move from their previous position. As new information comes to light 

exchange rates move (Hutcheson, 2001, p.18). This makes the market volatile as it is affected 

by expectations; the same as the stock market where price volatility is highly present 

(Mishkins & Eakins, 2009, p. 327). Hence, the factors pushing the exchange rates are of great 

importance as they affect a country’s currency and its level of volatility. Factors that affect 

movements in exchange rates are primarily; inflation, interest rates, deficits in the current 

account, public debt, terms of trade, political stability and economic performance.  
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A country’s purchasing power increases with lower inflation as it shows signs of a rising 

currency value in relation to its trading partners. Inflation is often accompanied with changes 

in interest rates. Central banks use interest rates to influence the inflation and exchange rates. 

If a country has higher interest rates than others, it offers lenders higher return than other 

countries and creates attractive alternatives for foreign investors which lead to rise in the 

exchange rate (Liew et al., 2009, p. 388, 393). It is important to take into account that if a 

country’s inflation level is much higher than others; it can cause the currency to go down. 

With higher capital mobility capital can be moved across countries in an instance, investors 

moving capital across countries will have to trade in currencies as capital is moved. This is 

called investment intensity; currency transactions due to investments. As mentioned earlier in 

this thesis; international trade has grown rapidly which has created a surge of investment 

flows; these in turn affect the movement of exchange rates (Chuluun et al., 2011, p. 375).  

 

The balance of trade, a country’s imports and exports is called current account. Import and 

export is of great importance in this study. The currencies we have chosen have trading 

relationships with each other indicating that the flows of money between the countries are 

vast, thereby affecting fluctuations in currencies values. The current account reflects the 

payments for trade of goods, services, interests and dividends between the country and its 

trading partners. When a country has a deficit in its current account it requires more foreign 

currency than it receives through exports due to its spending more on foreign trade than it 

earns. This demand for foreign currency pushes their own exchange rate to go down until it is 

cheap enough for foreigners to buy the country’s exports (Mishkins & Eakins, 2009 p. 203–

204, 206, 209). If the exports rises at a higher rate than its imports it means that its term of 

trades have improved and the demand for exports have increased with the repercussion of 

higher demand for the country’s currency (Kim, 1985, p. 142, 150). 

 

Another factor for changes in exchange rates is the debt a country undertakes to finance its 

public sector and government projects to stimulate its economy. Large public debt is 

unattractive and worrisome for foreign investors not only because it encourages inflation as 

governments may turn to printing money, but it also leads to investors questioning a rise in 

the risk of the country defaulting on its obligations. The risk of default makes investors less 

willing to hold assets in the country’s currency affecting the level of the exchange rate.  

Foreign investors seek to invest capital in countries that have shown stability and strong 

economic performance. It is important for policymakers to be aware of the effect of their 

decisions, as political turmoil causes investors to lose confidence in the currency and move on 

to other stable countries. 

 

Today investors are often faced with currency risk with the rising trades among countries and 

the effect of currency on investor’s portfolios. Currency risk is the risk of losing value in 

one’s investments due to changes in exchange rates. With the increased chance of 

gaining/losing money due to exchanging currencies it has become important to understand the 

implications of currency trade.  
 

3.1.2 Spot rates in foreign exchange markets 

Mishkins & Eakins (2009, p. 307) explain spot and forward transactions as; the exchange of 

currencies can be those that happen immediately within the time-span of two days called spot 

transaction and those for example involving a bank deposit at a future date called forward 

transaction. Spot rates in FX markets are the price that the buyer and seller agree on for 

buying one currency and selling another. These rates are the price of a settlement at a given 
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spot date which normally is within one - two days from the currency pair’s trade date. This 

rate is consistent until completion as it is the rate that both parties agreed upon, no movement 

in the assets price can change the agreed upon spot rate. With other words, an FX spot rate is 

the price of the current exchange rate.  
 

3.1.3 Cross rates 

For us to be able to find a relationship between arbitrage and the three currencies chosen we 

have to understand the cross rates between them. The Swedish central bank, Riksbanken 

(2013) define a cross rate as when two exchange rates are used; one as the base currency and 

the other as the price currency in order to calculate a third currency. Cross rates has become 

more popular among financial institutions as they give the possibility of linking two 

currencies together without the use of dollar. The usage of cross rates avoids the volatility of 

the dollar and spares the investor a two way transaction cost under triangular arbitrage, 

customers of banks get access to more transparency in rates and the companies avoid double 

accounting when operating in different countries with different currencies. Banks using cross 

rates are given the opportunity to expand their trading service and diversify away from 

dollardenominated rates. (Lee & Mathur, 1996, p. 389-391) The usage of cross rates creates a 

opportunity for arbitrage in the FX markets, specially when used in bilateral and trilateral use 

as their spreads temporarly create positions away from equilibrium (Choi, 2011, p. 2080). 

This will later be explained in the section of triangular arbitrage. The picture below shows the 

chosen cross rates and the quoted rate that we have chosen for this thesis. 
 

Figure 4 - Chosen exchange rates and cross rate 

 

3.2 An efficient market 

When searching for possibilities of abnormal profits in exchanging currencies it is important 

to understand the conditions at which the markets are assumed to act under. With this in mind 

we will present two theories in how an efficient market acts and what their fundamentals are.  

 

3.2.1 Efficient market hypothesis and random walk  

The efficient market hypothesis (EMH) is a theory developed by Eugene Fama which states 

that market prices reflect all available information in order to be perceived as efficient. Prices 

adjust to new information quickly and perfectly by optimal allocation of resources. The 

explanation of this theory will be primarily based on the statements of Fama and Malkiel as 

one is the founder of the theory and the other a supporter and researcher in the subject, 

therefore we use the articles of these two in order to give a closer picture of EMH. 

 USD/SEK      NOK/SEK 

USD/NOK NOK/USD   
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The lack of information asymmetry gives neither the firms who make the production or 

investment decisions nor the investors who are choosing which securities to invest in to have 

an advantage of information. Possession of current information does therefore not lead to the 

opportunity of abnormal profits. (Fama, 1970, p. 383-417; Mandelbrot, 1971, p. 225-236; 

Malkiel, 1989, p. 1313; Kollias & Metaxas, 2001, p. 435-436) Malkiel (1989, p. 1313) has 

also studied EMH and has as a supporter of the theory found that the quick adjustment of the 

market interferes with techniques of selecting portfolios; investors can simply buy and hold a 

diversified portfolio to achieve same results as expert’s portfolios.  

 

Malkiel (1989, p. 1313-1314) also studied random walk theory which moves closely with the 

EMH in its weak form. It implies that stock prices are unpredictable as they respond quickly 

and accurately to new relevant information and cannot be predicted with historical data. The 

theory suggests that stock returns are unpredictable but in the long-run follow a trend path 

based on historical observations (Malkiel, 1989, p. 1314; Ozdemir, 2008, p. 633). 

 

Both Chadhuri & Wu (2003, p. 575) and Lee et al. (2010, p. 49) articles find that while a 

random walk does not imply that a market cannot be exploited by insider traders, it does 

imply that excess returns cannot be attained by the use of information contained in the past 

movement of prices. A shock to the prices will result in a permanent change which means that 

the prices will not return to the trend path; therefore this makes predictions difficult for 

investors.  

 

Chuluun et al. (2011, p. 373) found that exchange rates can like stocks exhibit behaviour 

similar to the random walk, where exchange rates driven by investment flows rather than 

trade flows show a higher similarity. A reason for this is the increased frequency of currencies 

traded due to investment and speculation increases with investment intensity. 

 

In EMH it’s often talked about three forms of market efficiency; weak, semi-strong and 

strong. These market forms characterize different states at which information has effect on 

price (Fama, 1970, p. 383-417). 

 

3.2.2 Weak form 

Fama (1970, p. 383-417) found that in the weak form of the EMH the information available is 

set in the historical prices. Malkiel (1989, p. 1313) elaborates the weak market form as one 

that prevents investors to make unexpected larger profits due to the investors’ knowledge of 

the historical direction of prices which is common knowledge. This form of EMH is the one 

associated with the random walk model. If the market is efficient then predictions of the 

future through analysis would be useless as the current market prices are already accounted 

for. 

 

Speculations of market prices would not push prices to move gradually as it would lead to 

arbitrary profits; instead prices will adjust immediately in the efficient market. The 

independence of today and tomorrows news leaves prices unpredictable as news is 

unpredictable which is consistent with the random walk theory (Malkiel, 1989, p. 1313-1314). 

 

This form has been widely accepted by the financial community even though the technical 

analyses done are not valued as highly by investors working with analyzing public 

information (Malkiel, 1989, p. 1315), under the semi-strong form.  
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3.2.3 Semi-strong form 

Price reflects historical information and reacts immediately on information available publicly; 

this as well prohibits investors to do unordinary profits. With other words as the information 

hits the public (such as annual earnings, balance sheets, income statements, stock splits or 

other information linked to companies); the market reacts immediately, information 

transforms into historical information and prices react accordingly (Fama, 1970, p. 383-417; 

Malkiel, 1989, p. 1313). Public information tends to have effects on the market. Splits and 

mergers are of such; although they do not contribute economically, splits lead to higher 

dividends as management shows its confidence in the company’s future and mergers as 

shareholders of the acquired firm may be paid premiums. But these increases in the markets 

valuation are quickly adjusted as there is no evidence of abnormal profits after 

announcements (Malkiel, 1989, p. 1315).    

 

As there is support for the semi-strong market form as mentioned above, there are those that 

have seen abnormal risk-adjusted earnings. But these earnings are so small that usually only 

professional broker-dealers can profit from them (Malkiel, 1989, p. 1315).    

 

There are also those that oppose the semi-strong form of EMH. According to Shleifer & 

Vishny (1997, p. 43) there are those called noise traders that defy the efficient state of the 

semi-strong form. These traders pose a horde behaviour, they think they behave rationally but 

do the opposite as they follow the trend created from statements by esteemed financial actors. 

By moving great capital due to trends they act against the efficient market as they push prices 

from the markets fundamental values. 

 

This form as well has the weak one has been widely accepted. The evidence in favour of the 

form shows that adjustments due to new information are rapid (Malkiel, 1989, p. 1315).    

 

3.2.4 Strong form 

When the market is in the strong form all information is present in prices. No information; 

privileged as well as public are available solely to some investors that can lead to them having 

monopolistic access to information that gives advantages in formation of prices (Fama, 1970, 

p. 383-417; Malkiel, 1989, p. 1313). 

 

If an investor has inside information of for example on an upcoming merger, this insider can 

then abuse this knowledge and make profits before official statements and announcements. 

This kind of trading is illegal, but there are still opportunities for profits based on privileged 

information. This form is therefore refuted. But there is evidence that supports a state that is 

close to the form of strong market efficiency. These evidences show that investing in random 

unmanaged portfolios may even give better returns after expenses than those of professionals. 

Although there does exist those with superior management skills in investments theses are 

few, and therefore a profitable investment for an investor in one period can easily be followed 

by one less profitable in the next period (Malkiel, 1989, p. 1315). To prevent the insiders to 

take advantage of their knowledge countries take measures to ensure that the information 

asymmetry is lessened.  

 

3.2.5 Efficient market hypothesis presence in smaller markets  

In order to determine the state at which our three countries are in we have found a couple of 

research articles that are presented in this section of the paper regarding EMH and smaller 

markets. 
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Fifield et al., (2005) examine eleven European countries and the weak form state in EMH 

under a 10-year period; 1991-2000, with the usage of data from the eleven stock markets. 

Their results indicate that the emerging stock markets displayed evidence of predictability in 

return and that those of the developed markets did not. In their paper they use classifications 

where they see large developed markets as; France, Germany and UK. The small developed 

markets are Finland, Ireland, Italy and Spain, and the emerging markets as Greece, Hungary, 

Portugal and Turkey. The evidence that the emerging markets portray predictability coincides 

with these markets inefficiency in information dealing. They found that profits were present 

even after the presence of transaction costs (Fifield et al., 2005, p. 532, 542, 544-545). 

Although none of the countries in this article is the same as those we chosen, they show of 

countries with similar traits as Sweden and Norway in being European countries that have 

smaller developed markets. 

 

Massoud et al. (2008) investigated the presence of efficiency in the weak form while looking 

at the Swedish stock market. They found that technical trading strategies could outperform 

buy-and-hold strategies
1
 even when taking transaction costs into consideration. Their study 

was done for during the period between 1986-2004 where they compared the US stock market 

and the Swedish stock market. This would imply that the Swedish stock market is not 

efficient in the weak form (Massoud et., 2008, p. 475-476, 485, 489). 

 

Lee et al. (2010) look at if EMH holds during 1999-2007; they look at the economic 

development with focus on the real stock prices in 32 developed and 26 developing countries. 

Emerging markets are relatively isolated from the developed countries in their capital 

markets; which is the choice for looking at the different economic development levels in 

regards to EMH. In their study they analyze real stock price data from Norway, Sweden and 

the United States in the category of developed countries amongst others. Their results show 

that there exists arbitrary opportunities in the stock markets examined. Although there appears 

to be shocks in stock prices, the prices adjust to original equilibrium which gives the 

possibility to forecast future movements based on historical prices. (Lee et al., 2010, p. 49-52, 

56-57) 

 

With the following three articles on EMH in regards to our three chosen currencies we find 

that based on earlier research there appears to exist possibilities of arbitrary profits. With this 

there is a need to not just look supporters of the theory but also opposing researches as well. 

 

3.2.6 Evidence against random walk and EMH 

There are a few market conditions that may affect the efficiency of the markets price 

adjustments due to information. The cost of attaining and processing information has effects 

on the return made. For the investment to do abnormal profits its investor has to have a 

greater process of gathering and evaluating information in comparison to the rest of the 

market actors.  

 

If a market consist of no transactions costs in trading securities, all market participants have 

costless access to information and all market participants agree on the implications of the 

current available information and price, as well as the distribution of future prices of 

securities. If this would be then the price of the security fully reflects all available 

information. But this is not how markets act in practice. According to Fama (1970) a market 

                                                           
1
 Buy and hold strategy is a passive investment strategy where the investor buys and holds stocks for a long 

period.  
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can be efficient to some extent if at least a “sufficient” number of investors have access to the 

information available. The three market conditions are all active to some extent in the real 

market as long as investors continuously strive to better their evaluations of information and 

analytical tools, but this has been a challenge to prove in practice (Fama, 1970, p. 383-417). 

 

It has been found that there exist a couple of predictable patterns in the stock market prices. 

These are among others; the January effect and weekend effect. The first one refers to when 

stock returns have shown to be higher in the beginning of January. The second is that returns 

have shown a negative average at weekends. These although creating anomalies and take a 

step away from the random walk hypothesis, they still do not give a high enough chance for 

investors that pay transaction costs to implement a strategy that is good enough to exploit 

abnormal investment profits. But if there would exist an opportunity for a mere second, it 

would not persist as profit maximizing investors would act until the arbitrage would self-

destruct (Malkiel, 1989, p. 1314-1315). Some researchers have shown the possibility of 

simple technical trading strategies outperforming the markets by forecasting changes in prices 

(Fifield et al., 2005, p. 531).  

 

Although many have tried to find evidence against EMH with evidence of anomalies that are 

inconsistent with the theory; it has been so widely tested that empirical evidence in favour of 

it is strong (Malkiel, 1989, p. 1315). Some discuss the matter of the EMH paradox that states; 

if investors gather and process information in an efficient market they will lose money on 

account of its cost.  But if this would hold then no investor would want to gather information, 

as it would not be beneficial for the investment strategy. By investors not gathering and 

processing information about the market in turn would lead to the market to not being 

efficient. 

 

3.3 Market imperfections 

Transaction costs and arbitrage is two market imperfections that shows how set prices differ 

from actual value. They give possibility for one to make returns that deviate from the 

market’s fundamentals. We will not take the following market imperfections into account 

when sampling our empirical data. It will instead work as a ground for understanding what 

abnormal profits can depend upon when dealing in the FX market. 

  

3.3.1 Transaction costs 

Transaction costs are costs that arise with a transaction being made (positions being opened or 

closed). These costs usually consist of commissions/brokerage fees, market impact costs and 

“bid-ask spreads” If looking at three currencies as we will in this thesis, every transaction 

between every currency will require a commission fee and will consist of a transaction cost 

based on the bid-ask spread. Even though one would make the exchange between currencies 

during a day, Wei (1997, p. 44) found that with same exchange rates; the two different rates 

for purchasing and selling the currency, can create profits. Transaction costs are a factor that 

affects the mispricing and therefore the opportunity of an abnormal profit (Pontiff, 1996, p. 

1136).  

 

The “bid-ask spread” is the spread between the sell and buy price of currencies (Skatteverket, 

2013; Hutcheson, 2001, p. 19). With other words, it is the difference in value between what 

the bank, broker or market is willing to sell for and the value at which they are willing to buy 

for in order to make a certain profit. This spread is considered as a synonym to transaction 

costs; an imperfection which existence gives an opportunity of arbitrage. Wei (1997, p. 44) 

and Moosa (2001, p. 390) find that by eliminating these; transaction costs or the spread, we 
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eliminate the potential of arbitrage in exchanging currencies. Dealers quote large spreads in 

thin or hectic markets as a measure to reduce the possibility of major losses due to large 

movements in the exchange rate (Hutcheson, 2001, p. 21). When order flows are reduced and 

transaction costs rise, then there will also be an increased bid-ask spread present (Choi, 2011, 

p. 2085).  

 

These kind of costs can work as a hinder to traders pursing arbitrage as they are perceived to 

have a weaker pressure to be corrected by arbitrageurs. Pontiff (1996, p. 1138) implies that 

this would therefore mean that higher mispriced currencies are those of higher transaction 

costs. Although this thesis does not intend to show actual effects of transaction costs, the 

presence of irregularities in actual market price and quoted prices would imply a mispricing 

that has amongst others to do with the presence of transaction costs. 

 

3.3.2 Arbitrage  

Bodie et al. (2009, p. 319) define arbitrage as abnormal profits made due to one buying and 

selling securities in two different markets in order to make profits based on differences in 

their price relationships. Arbitragers act immediately when observing an opportunity of 

arbitrage, e.g. making a riskless profit by buying an asset in one market and selling it in 

another one where a difference in price for the same asset exist. Arbitragers therefore pose a 

great role in the financial markets as they push markets back to equilibrium by taking 

advantage of market irregulations. These arbitrageurs consist of a few professional, 

specialized investors that have great knowledge, and not of the million smaller traders that 

lack knowledge to see arbitrary opportunities (Shleifer & Vishny, 1997, p. 35). 

 

Arbitrage is the opportunity to make profit based on market imperfections, such as trading 

costs, and is considered as a market inefficiency which violates the EHM theory. But 

arbitrage is not always perceived as a market inefficiency as it involves a degree of risk that 

can have an adverse effect on realized returns (Kollias & Metaxas, 2001, p. 435-437, 439-

440). Hence, arbitrage does not have to be risk-free. There can exist arbitrage with an element 

of risk, e.g. when making an arbitrage transaction with the purchase and selling of bonds that 

have different maturities and trading hours. Shleifer & Vishny (1997, p. 35-36) write about a 

form of arbitrage with risk, called risk arbitrage. This kind of arbitrage requires large amounts 

of capital to be able to make the trade and cover losses. To be able to take advantage of the 

opportunity of arbitrage one has to know of the duration and persistence of the mispricing. 

Kollias & Metaxas (2001, p. 435-437, 439-440) found that a higher mispricing gives longer 

time for the investor to make the arbitrary profit. 

 

When looking at the arbitrage condition the presence of transaction costs would imply that the 

trader would end up with a potential loss, which would mean that one trading in exchange 

rates cannot make an instantaneous risk-free profit. Sercu & Uppal (1995, p. 34-40) says that 

the condition for there to be an arbitrage there has to be a difference of one point between the 

quotes in order for there to be an opportunity. 

 

Mandelbrot (1971, p. 225-236) found that in reality for the market to be efficient it has to 

react to imperfections in market prices due to information and market frictions. Arbitrage is 

such a reaction to new information that causes imperfections. This can be corrected in several 

ways; one is by investors taking the opportunity to make arbitrary profits until prices are 

corrected. Arbitragers by seeking arbitrary opportunities help the market back to efficiency; if 

arbitrary opportunities exist they will disappear immediately leaving no opportunities on a 

daily basis of trading exchange rates (Lee & Mathur, 1996, p. 409-410).  



33 
 

SEK 

NOK/SEK 

 

Exchange SEK for NOK 

SEK/USD 

 

Exchange USD for SEK 

 

 NOK USD 
NOK/USD 

 

3.3.3 Three-point arbitrage 

There are several types of arbitrage; the simplest is “two-point arbitrage” which refers to 

simultaneous buy and sell of two currencies (Chacholiades, 1971, p. 86). The one we will 

concentrate on in this thesis is “three-point arbitrage” also called triangular arbitrage. 

Exchange rate movements are an additional opportunity to make arbitrary profits. Profits 

accrued from mispriced cross-rates are called three-point arbitrage, which is a type of riskless 

arbitrage. For one to make a three-point arbitrage three currencies are positioned where 

riskless profit is obtained as follows in figure below. Arbitrageurs will buy and sell currencies 

until the equilibrium is once more reached, cross exchange rates are consistent and profits 

reached zero (Kollias & Metaxas, 2001, p. 435-436; Moosa, 2001, p. 387). 

 

      C = currency 
 

Equation 1 - Cross rate 

 

The exchange of currencies, their supply and demand pushes the exchange rates to either 

appreciate or depreciate. If enormous transactions are made that moves the exchange rate 

from its previous position there is a possibility of arbitrage. The first foreign currency is 

bought and changed to the second foreign currency, which is then exchanged to the third 

currency. This process if done quickly can give a rise to a riskless profit. The process of three-

point arbitrage in regards to this thesis follows Figure 5. below. In order to make a profit on 

the cross exchange rate there must be a price difference in quoted exchange rates in different 

financial institutions (Lee & Mathur, 1996, p. 409-410). 
 

Figure 5 - Three-point arbitrage strategy 

There are a couple of factors that play in the success or failure of the arbitrage; how fast the 

market information is acquired, the transactions speed to the market and the analytical tools 

that are at disposal. In FX markets trades are highly liquid and they happen in matter of 

seconds. Although traders that engage in three-point arbitrage is the ones considered best 

informed on account of them being able to better process public information due to the 

frequent flow of information in forecasting and valuation of cross rates (Moore & Payne, 

2011, p. 1250-1253), they still need time to process information of signals based on the buy 

and sell off assets. This creates a delay in prices, a slippage that is important to deal with 

especially when dealing in the FX market on account of its high liquidity and speedy changes 

in prices (Kollias & Metaxas, 2001, p. 436-437). 
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Another source for arbitrary opportunities mentioned by Kollias & Metaxas (2001, p. 436-

437) is the stale quotes that are the price of an asset at a given time that do not reflect the 

assets actual or real price that can be traded on the market, in fact these can be regarded as 

non-realistic prices based on old information. 

 

Some argue that the economic fundamentals of one country are reflected in its currency, such 

as inflation rates and national income. If these fundamentals are not reflected in the currency 

when compared to others it gives opportunities to profitable trading by buying undervalued 

currencies and selling the overvalued ones until currencies are pushed to their true value 

(Hutcheson, 2001, p. 18). 

 

But today with electronic brokerage and technical advancements it is harder for market 

participants to make arbitrary profits as communication between brokers and traders through 

time zones and geographical distances are easy. The flow of electronically information with 

access to update news of domestic and international financial markets provides possibilities 

for participants to provide and act on similar quotes (Hutcheson, 2001, p. 19).    
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Chapter 4 – Practical Methodology 

4.1 Sample Data 

We have chosen a 10 year period that consists of different stock market conditions, which has 

also been divided into sub-periods to isolate the different stock market conditions. To be able 

to investigate this relationship we have collected the daily quotes of USD/SEK, USD/NOK 

and SEK/NOK, all for the period of 01-01-2003 to 31-12-2012. The daily fluctuations have 

been downloaded from Thomson Reuters DataStream database for exchange rates. As the data 

has been collected from the same database we can be sure that they have been calculated the 

same way. We have in total three different datasets, divided into four different periods, with a 

total of 2514 observations that can be seen in table 2, page 36.  

 

4.2 Time Horizon 

As explained earlier in this research paper, there are two different approaches to the collection 

of time horizon, or snapshots as some authors express themselves (Saunders et al., 2012, p. 

190; Menard, 2002; Saint-Germain, u.d). The study can be of either a cross-sectional or and 

longitudinal nature or a combination of them both. To be able to answer our research question 

we try to understand the correlation between the two exchange rates (USD/SEK and 

USD/NOK) as we think it can answer the question if the market is efficient or not. This could 

indicate that there are or are no possibilities for three-point arbitrage profits to be earned 

between SEK and NOK. That will be the cross-sectional contribution to the research, and the 

fact that we will be studying the collected variables over a longer time period (10 years, 2609 

observations) which makes the research a longitudinal type as well (for further explanation 

around cross-sectional ad longitudinal types of research, see section 2.8 “Research Strategy”). 

 

 
Figure 6 - OMXSPI, 2003-2013 

(Nasdaq OMX - Nordic, 2013). 
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No. Time period No. of observations Stock market 

condition 

1 01-01-2003 to 31-12-2012 2609  

2 01-01-2003 to 17-07-2007 1184 Bull market 

3 18-07-2007 to 31-03-2009 445 Bear market 

4 01-04-2009 to 13-01-2011 467 Recovery phase 

5 14-01-2011 to 31-12-2012 512 Range-bound  
  Table 2 - Sub-periods 

The sub-periods have been divided according to how the conditions are defined and when we 

have seen the change on the stock market curve which is explained in table 2 and defined in 

figure 6. The first (1) period is a combination of all the different market conditions as it is the 

whole period we have chosen, the 10 year period. We have also chosen to split our 10 year 

period into four sub-periods, bull- and bear market, a recovery phase and a consolidated 

market. We have done this to see if what we intend to study in this research differ between the 

different market structures, this will also help us understand the possibilities of making three-

point arbitrage under different market conditions. A bull market is a stock market condition 

where stock prices increase over a period of time (Katsenelson, 2007, p.23) and a bear market 

is a market structure which is characterized by falling prices where the selling continues for 

more than two months (Katsenelson, 2007, p. 25). The third condition is the recovery phase 

which we have defined as the state when the market is recovering some from the decline 

which came with the bear market. As our bull period is stretching over more than four years 

we do not think that it would be right to call the recovery phase a bull market. Even though it 

has the same characteristics as the bull market with increasing stock prices and also the fact 

that it turned into our fourth market condition within less than two years, we have decided to 

call it just a recovery phase instead of a bull market. Our fourth and last market condition, 

range-bound market is a condition where every attempt for prices to incline/decline to turn 

into a bull-/bear market fails and prices revert (Katsenelson, 2007, p. 30).  
 

The sub-periods have changed when we have been able to observe a breaking point in the 

trend of the market. In choosing this 10 year period we have been able to observe all these 

different types of market conditions, by analyzing these periods separately we make sure that 

the reliability of the findings are as high as possible. 

 

4.3 Calculations of the fluctuations (returns) 

There are two different concepts when calculating return over time; it is either the arithmetic 

method or the geometric method. Frensidy (2008, p.42) define the two concepts as; the 

arithmetic method is used when you want to calculate the return from one period to another 

and the geometric return method is used when you want to calculate total return over many 

different periods. As we want to find the fluctuations of the exchange rates from one day to 

another (t0 to t1, t1 to t2, …, tn to tn+1) we have chosen the arithmetic method for creating the 

daily fluctuations of the chosen exchange rates. Daily returns can be calculated in two 

different ways, either as absolute numbers or as percentage changes and they are calculated a 

bit different. When the absolute numbers are being calculated it is calculated as normal 

returns, while when you want to calculate the percentage changes you use the lognormal 

return calculation (logarithmetic return) (Vince, 1992, p. 124). The reasons why the 

lognormal return calculation is used for the calculation of percentage changes is that the 

returns are not normally distributed, it is binominal distributed. 
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Example of normal return: If you start with 10 SEK you lose 1 SEK then you have 9 SEK 

left, if you now find 1 SEK on the floor you are back on 10 SEK, the same is if you first find 

1 SEK and then have 11 SEK, you lose 1 SEK and now have 10 SEK.  

 

Example of lognormal return: Start with 10 SEK, you lose 10% and you have 9 SEK left. If 

you now gain 10% you will not be back on 10 SEK but will have 9,9 SEK so even though you 

lose and gain the same percentage you do not end up with the 10 SEK you started with. 

 

Bodie et al. (2011) also argue that when the data that is being analyzed is less than a month 

the differences between the normal return calculation and the lognormal return calculation is 

so small that it is insignificant which method you use. When longer time periods are used the 

lognormal calculation will produce more accurate results which is also stated by Brealy et al. 

2011). Due to the fact that we will be calculating the fluctuations in the form of percentage to 

make the data more comparable and when considering the statements of Bodie et al. (2011) 

and Brealy et al. (2011) concerning the time periods, we will be using the lognormal 

(logarithmetic) method for our calculations to make them as accurate as possible.  
 

 

Equation 2 - Logarithmic return 

 

4.4 Calculation of arbitrage 

In an efficient market there will not exist an presistant arbitrary opportunity. With this as a 

fundamental value in market theory there has developed a non-equilibrium approach to 

arbitrage. This approach is based on the assumption that market decision makers are efficient 

enough and have the resources to seek out mispricings in assets which eliminates any chance 

for there to be any risk free profit. In calculating arbitrage we will take the currency pairs and 

look at their bid and ask rates.  

 

Currency Pairs Average Bid Ask 

SEK/ USD 0.1527 0.1526 0.1528 

USD/SEK 6.5486 6.5452 6.5519 

 

The exchange rates will be stated as follows: 

 

EUSD/SEK = 6.5486 

E SEK/USD= 1/ E USD/SEK = 1/6.5486 = 0.1527 

 

 

 

rt = Return at time t 

Pt = Price at time t 

Pt-1 = Price at time -1 

ln = Logarithmic 
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This would result in a table containing the base currency to the row and the quoted currency 

in the columns without consideration to the bid-ask spread. 

 

 

 

 

 

 
Table 3 - Calculation of arbitrage 

For us to calculate the triangular arbitrage in convertion of the three chosen currencies we will 

use the following equation; (where X stands for the input of one) 

 

X= 1/ E SEK/USD * 1/ E NOK/SEK * 1/ E USD/NOK  = 1,0000 

 

If this equation would equal to anything but one; as was the input; then there would exist a 

opportunity of arbitrage. But this calculation would not take the transaction costs in 

consideration. Hence such a calculation would not be realistic as transaction costs are 

inievtable and would result in a addition to the equation. 

 

E 
ask

SEK/USD= 1/ E
ask

 USD/SEK 

X= 1/ E
ask

 SEK/USD * 1/ E
ask

 NOK/SEK * 1/ E
ask

 USD/NOK  = 1,0000 
 

4.5 Pearson Product-Moment Correlation 

Pearson product-moment correlation coefficient (PPMCC) is a method used as one seeks to 

find a relationship between two variables as it provides a linear relationship between the 

variables. It provides a result in the interval between +1 to -1. If the correlation value would 

be +1, then there is a relationship present with a positive correlation in a linear regression 

where variables move in the same direction. If the value would be  -1, then there would not 

exist a relationship between the variables as they move apart from each other. The formula for 

the PPMCC is as follows below where r stands for the sample correlation coefficient (Lee 

Rodgers & Nicewander, 1988, p. 56-58, 61; Wilks, 2011, p. 52-55). 

 

 
 

 

 
 
Equation 3 - Pearson Product-Moment Correlation 

 
This method is used in order to find if there exists a relationship between the exchange rates 

and the stock market, thereby enabling us to analyse if the movements in the stock market can 

have significant impact on the opportunity of arbitrage in the FX market. This statistical 

technique does not tell the cause and effect of the relationship between the two variables, it 

just tells us that there exists a relationship. It is also said to not be robust or resistant as it is 

 SEK USD NOK 

SEK 1.00   

USD  1.00  

NOK   1.00 

Xi = Return of the ith X variable 

X bar = Average return of all X variables 

yi = Return of the ith Y variable 

Y bar = Average return of all Y variables 
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sensitive to outliers. Although it exhibits these limitations it still is often used because of it 

having close associations with other statistical tools (Wilks, 2011, p. 52-55). Because of 

PPMCC limitations we have to take another factor in mind to be able to analyze the collected 

data, volatility is therefore another important tool. 

 

4.6 Standard Deviation 

The standard deviation of a set of statistics determines the dispersion of the data around the 

arithmetic mean; it shows how much on average the data is dispersed from the mean (Kohler 

& Kreuter, 2005, p. 153). We will be using this statistical tool to describe the distribution of 

the volatility of the different exchange rate quotes, and also how the deviations between the 

exchange rate quotes and the cross rate of SEK/NOK move outside of what could be seen as 

the standard deviation. The standard deviation will be calculated with the following equation: 

 

 
Equation 4 - Standard deviation 

4.7 Hypothesis 

The main purpose of this thesis is to see if there is a possibility to make three-point arbitrage 

profit when trading SEK, NOK and USD. In order to find suffiecient material to answer the 

research question we have two sub-questions that first have to be answered.  

Sub-question 1: Are the exchange rates perfectly correlated? 

Sub-question 2: Does the cross-rates differ from the real exchange rates quotes 

between SEK/NOK? 

The first sub-question explores the possibility of correlation between the three exchange rates. 

Resulting in the following hypothesises:  

 Hypothesis 1: There is no correlation between the exchange rates  

 Hypothesis 2: The correlation is constant over time  

By testing these two hypotheses we intend to get an understanding of the efficiency of the 

market for the chosen exchange rates. If each exchange rate pair is perfectly correlated (+1 or 

-1) then we could draw the conclusion that the market is effiecient and there are no possilities 

for arbitrary profits.  

 

The second sub-question looks at relationship between the real exchange rates and the cross 

rates of the currencies. Why this is important is because we need to see the width of the 

mispricing of the exchange rate quotes.  

Hypothesis 3: The cross rates and actual exchange rate quotes are not 

correlated 

Hypothesis 4: The correlation is constant over time 

Sp = Standard Deviation of the portfolio 

n = Total number of data 

Xi = Return of data i 

Xp = Average return of the data set 
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These two hypotheses will give us an understanding of the relationship between the cross rate 

and the actual exchange rate quote. The two hypothees linked to subquestion number one, 

these two will also give us the possibilities of making arbitrage profits, but by a three-point 

arbitrage strategy. Again, if the correlation is +1 or -1 there will not be any possibilities to 

make three-point arbitrage profits. 
 

4.8 Hypotheses testing 

To test our hypotheses we state every single hypothesis as null hypothesis which is what we 

want to test and an alternative hypothesis (DeFusco, et al., 2013, p. 554). In our case each 

hypothesis takes the form; 
 

  

Equation 5 - Hypothesis testing 

This mean that if the hypothesis is not exactly what we have stated, then it would be rejected 

and we would choose the alternative hypothesis. This also means that the test we will perform 

to conclude the strength of our conclusion will be a two sided test. 

 

To test if the null hypotheses we have set up are true of not, we need to use test statistics. Test 

statistics is a statistical tool which presents a result of certainty; with what significance level 

we can answer our stated hypotheses. There are different kinds of test statistics, t-test, z-test, 

the chi-square test and the F-test. The F-test concerns the understanding of differences of 

variance between two different populations and the chi-square test concerns the value of 

population variance, so they are excluded from our choice of test statistic method. According 

to the central limit theorem, eventually when the sample is large enough it will take the shape 

of a normally distributed population. Both Z-test and t-tests are proper choices and there are 

no major differences between these two tests, it just happens to be so that SPSS calculate the 

t-test when it calculates the correlation and that is why it is used in this research instead of the 

z-test (DeFusco et al.,2013, p. 562-568). 

 

 
Equation 6 - t – test 

The result of the t-test is then compared against the t-value you get at the significance level 

you have chosen and degree of freedom which is number of observations subtracted with one 

(n-1). Depending on if the hypotheses one another has constructed is a one sided (95% 

significance level equals to 0,05) and a two sided hypothesis (0,05 is divided by 2, which is 

0,025). This is really important because it will have great impact on the result of the t-test, as 

mentioned above; our hypotheses force us to do a two sided test.  

tn-1 = t-statistic with n-1 degree of freedom 

X = the sample mean 

µ0 = the hypothesized value of the population mean 

s = the sample standard deviation 
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Figure 7 - t-testistics (Aloosy, 2012) 

Figure 7 illustrates how the t-testistics are implied in practice. There is the acceptance area 

where the test is accepted and the two-tailed distribution which is illustrated here has two 

rejection regions. So depending on the result from the t-testistics you can with some certainty 

reject or accept the tested hypothesis. 
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Chapter 5 – Empirical results 

5.1 Descriptive statistics and preliminary data 

Before we will present our findings we want to present a clear picture on how the 

exchange rates have moved during our chosen 10 year period, this will be followed up 

by a presentation on the volatility of each separate exchange rate and during all five 

different periods. 

 

 
Figure 8 - Exchange rates fluctuations between 2003-2013 

 

Figure 8 shows the movements of USD/SEK, SEK/NOK and USD/NOK for the time 

period of 2003-2013. As we can see from the figure above, the USD/SEK and 

USD/NOK have a pretty similar curve to each other with only minor disruptions from 

the pattern of moving exactly the same. We can see a small decline in the quotes in the 

third quarter of year 2008 which were around the time when the financial crisis started 

in the US. But right after the decline they started to move back to the quotes they had 

before the decline.  

 

The SEK/NOK fluctuates more than the other two exchange rates. It was not affected 

notably from the financial crisis in the US with start in the third quarter of year 2008, 

but a big change in the beginning of year 2009. During a majority of the period the 

SEK/NOK has been between 1-1,2 SEK/ 1 NOK. Comparing these, the SEK/NOK 

fluctuates more than the other two exchange rates. 
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5.1.1 Volatility in USD/SEK 

In this section the volatility of the USD/SEK exchange rate will be presented with the 

help of five figures and one table where daily fluctuations is presented for each separate 

periods. During the whole time period we have chosen the standard deviation were 

0,0036 and that 660 time the fluctuations exceeded the standard deviation which were 

about every fourth day of trading. We can also observe that the biggest fluctuations 

occurred at the end of 2008, beginning of 2009 during the bull bear market when more 

than 65,8% of trading days exceeded the standard deviation during that period (0,0045). 

During the bull market we observe the lowest standard deviation at 0,0027, but at 

around half of the trading days the fluctuations exceeded the standard deviation. When 

the market started to recover from the bear market, the volatility almost stayed the same 

as during the bear market but fewer trading days exceeded the standard deviation. 

During the range-bound market the standard deviation and number of days when 

fluctuations exceeded the standard deviation where similar as during the ten year period.  
 

  

 

 

 

 

 

 

  
 

  

Stand. 

dev 

no of 

times 

more than 

stand dev. 

% 

Ten year 0,0036 660 25,3% 

Bull 0,0027 622 52,5% 

Bear 0,0049 293 65,8% 

Recovery 0,0042 252 54,0% 

Range-

bound 
0,0035 

141 27,5% 

Figure 9 - Volatility, all periods USD/SEK, and descriptive statistics for all periods 
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5.1.2 Volatility in USD/NOK 

The volatility of the USD/NOK exchange rate is quite stable within a range of 0,0029-

0,0039 standard deviations, but during the bear market we can observe from the figure 

and the table that the standard deviation increased to 0,0053 and also that during this 

period half of the trading days fluctuations exceeded the standard deviation. We can see 

that during the bear market the fluctuations increased rapidly during the fourth quarter 

of 2008 and continued staying high during the recovery phase at 0,0039 but that at 

almost 57% of the days the fluctuations exceeded the standard deviation during the 

recovery phase. The standard deviation where lowest during the bull market at 0,0029 

with 49,7% as the number of days when fluctuations exceeded the standard deviation.  

 

  

  

 

  

Stand. 

dev 

no of times 

more than 

stand dev. 

% 

Ten year 0,0037 669 25,6% 

Bull 0,0029 589 49,7% 

Bear 0,0053 223 50,1% 

Recovery 0,0039 265 56,7% 

Range-

bound 
0,0034 

135 25,6% 
 

Figure 10 - Volatility, all periods USD/NOK, and descriptive statistics for all periods 
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5.1.3 Volatility in SEK/NOK 

The volatility of the SEK/NOK exchange rate has a standard deviation of 0,0020 where 

the number of days exceeding that were 25%. Dividing the periods into our sub-period 

regarding both the standard deviation and the number of days when the fluctuations 

exceeded the standard deviations, we can see that there were no extreme differences 

between the standard deviation of the different periods. But what we can see is that the 

number of days when the fluctuations exceeded the standard deviations stands out 

during the bear market and the recovery phase. Half of the days the fluctuations 

exceeded the standard deviations compared to the other periods, when the number of 

days exceeding the standard deviations lied between the range of 24-33 percentage. We 

can observe peek-periods of higher fluctuations at the end of 2008 to the beginning of 

2009, and also close to April in 2010. 

 

  

  

 

 
Stand. dev 

no of 

times 

more 

than 

stand 

dev. 

% 

Ten year 0,0020 643 24,6% 

Bull 0,0019 387 32,7% 

Bear 0,0026 230 51,7% 

Recovery 0,0020 226 48,4% 

Range-bound 0,0016 154 30,1% 
 

Figure 11 - Volatility, all periods SEK/NOK, and descriptive statistics for all periods 
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5.2 Correlation between USD/SEK and USD/NOK, USD/SEK and SEK/NOK, 

and USD/NOK and SEK/NOK 

Now it is time to present the calculation of the correlation between our chosen variables. 

We have investigated both our two main variables (USD/SEK and USD/NOK), but also 

the SEK/NOK exchange rate because we think that it will give some interesting 

information about the “three-point” relationship. We have used a minimum significance 

level of 0,05 to increase the reliability of the research as we do not see major differences 

and fluctuations between the exchange rates. To further understand our findings we 

need to know that the closer the “Pearson correlation” is to +-1, the higher the 

correlation, and the lower the significance level the more certain we can be that the 

findings are correct. 

 

Correlations 

10 year period 

 USDSEK SEKNOK USDNOK 

USDSEK 

Pearson Correlation 1 -,113** ,643** 

Sig. (2-tailed)  ,000 ,000 

N 2608 2608 2608 

SEKNOK 

Pearson Correlation -,113** 1 -,006 

Sig. (2-tailed) ,000  ,755 

N 2608 2608 2608 

USDNOK 

Pearson Correlation ,643** -,006 1 

Sig. (2-tailed) ,000 ,755  

N 2608 2608 2608 

**. Correlation is significant at the 0.01 level (2-tailed). 

Table 4 - Correlation and significance, ten year period 

 

Table 4 presents the correlation between our variables for the whole 10 year period 

(2003-2013). We can see that the highest correlation is between USD/SEK and 

USD/NOK at 0,643 with a significance level of 0,000. The lowest correlation is 

between USD/NOK and SEK/NOK with a significance level of 0,755. USD/SEK and 

SEK/NOK have a correlation of -0,113 at a significance level of 0,000. 
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Correlations 

Bull market 

 USDSEK SEKNOK USDNOK 

USDSEK 

Pearson Correlation 1 -,036 ,633** 

Sig. (2-tailed)  ,215 ,000 

N 1184 1184 1184 

SEKNOK 

Pearson Correlation -,036 1 ,097** 

Sig. (2-tailed) ,215  ,001 

N 1184 1184 1184 

USDNOK 

Pearson Correlation ,633** ,097** 1 

Sig. (2-tailed) ,000 ,001  

N 1184 1184 1184 

**. Correlation is significant at the 0.01 level (2-tailed). 

Table 5 - Correlation and significance, Bull market 

 

Table 5 presents the correlation between our chosen variables during the bull market. 

The highest correlation can be observed between USD/SEK and USD/NOK at 0,633 

with a significance level of 0,000. Lowest correlation is observed between USD/SEK 

and SEK/NOK at -0,036 with a significance level of 0,215. The correlation between 

USD/NOK and SEK/NOK is 0,097 at significance level of 0,001 during this period. 

 

Correlations 

Bear market 

 USDSEK SEKNOK USDNOK 

USDSEK 

Pearson Correlation 1 -,159** ,619** 

Sig. (2-tailed)  ,001 ,000 

N 445 445 445 

SEKNOK 

Pearson Correlation -,159** 1 -,082 

Sig. (2-tailed) ,001  ,083 

N 445 445 445 

USDNOK 

Pearson Correlation ,619** -,082 1 

Sig. (2-tailed) ,000 ,083  

N 445 445 445 

**. Correlation is significant at the 0.01 level (2-tailed). 

Table 6 - Correlation and significance, Bear market 

 

Table 6 presents our findings concerning the correlation between our chosen variables 

when we had a bear market on the OMXSPI. Highest correlation is between USD/SEK 

and USD/NOK at 0,619 with a significance level of 0,000. After them it is the 

USD/SEK and SEK/NOK that has the second highest correlation at -0,159 with a 

significance level of 0,001. Lowest correlation is observed between USD/NOK and 

SEK/NOK at -0,082 at a significance level of 0,083. 
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Table 7 - Correlation and significance, Recovery phase 

 

Table 7 presents the correlation between the chosen variables during a recovery phase 

on the OMXSPI. We can observe the highest correlation between USD/SEK and 

USD/NOK at 0,672, significance level of 0,000. Second highest correlation is observed 

between USD/SEK and SEK/NOK at -0,138 with a significance level of 0,003. Lowest 

correlation is observed between USD/NOK and SEK/NOK at -0,043, significance level 

of 0,355. 
 

Correlations 

Range-bound market 

 USDSEK SEKNOK USDNOK 

USDSEK 

Pearson Correlation 1 -,157** ,674** 

Sig. (2-tailed)  ,000 ,000 

N 512 512 512 

SEKNOK 

Pearson Correlation -,157** 1 -,030 

Sig. (2-tailed) ,000  ,492 

N 512 512 512 

USDNOK 

Pearson Correlation ,674** -,030 1 

Sig. (2-tailed) ,000 ,492  

N 512 512 512 

**. Correlation is significant at the 0.01 level (2-tailed). 

Table 8 - Correlation and significance, Range-bound market 

 

Table 8 presents the findings of the correlation between our chosen variables during the 

range-bound phase. The highest correlation is observed between USD/SEK and 

USD/NOK at 0,674 with a 0,000 significance level. Next after them is the USD/SEK 

and SEK/NOK at -,157 with a significance level of 0,000. The pair of exchange rate 

with lowest correlation is USD/NOK and SEK/NOK at -0,030, significance level of 

0,492. 

 

Correlations 

Recovery phase 

 USDSEK SEKNOK USDNOK 

USDSEK 

Pearson Correlation 1 -,138** ,672** 

Sig. (2-tailed)  ,003 ,000 

N 467 467 467 

SEKNOK 

Pearson Correlation -,138** 1 -,043 

Sig. (2-tailed) ,003  ,355 

N 467 467 467 

USDNOK 

Pearson Correlation ,672** -,043 1 

Sig. (2-tailed) ,000 ,355  

N 467 467 467 

**. Correlation is significant at the 0.01 level (2-tailed). 
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5.3 Correlation between SEK/NOK cross rates and real exchange rate quotes 

To be able to answer our research question we need to establish and understand the 

relationship between the calculated cross rates of SEK/NOK from USD/SEK and 

USD/NOK, and the real exchange rate quotes. The tables below present the correlation 

coefficients for the different chosen time periods and will be used in section 6.2 when 

we try to answer our stated hypotheses. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 9- Correlation and significance, ten year SEK/NOK and cross rate 

 

Table 9 presents the correlation coefficient of the cross rates and real exchange rate 

quotes for the chosen 10 year period. We can observe from the figure that correlation 

coefficient is 0,160 with a significance level of 0,000 for the period.  
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 10 - Correlation and significance, Bull market SEK/NOK and cross rate 

 

Table 10 presents the correlation coefficient during the bull market which is 0,212 at a 

0,000 significance level.  

 

 

 

 

 

 

Correlations 

10 year period 

 CrossRate RealQuote 

CrossRate 

Pearson Correlation 1 ,160** 

Sig. (2-tailed)  ,000 

N 2608 2608 

RealQuote 

Pearson Correlation ,160** 1 

Sig. (2-tailed) ,000  

N 2608 2608 

**. Correlation is significant at the 0.01 level (2-tailed). 

Correlations 

Bull market 

 CrossRate RealQuote 

CrossRate 

Pearson Correlation 1 ,212** 

Sig. (2-tailed)  ,000 

N 1184 1184 

RealQuote 

Pearson Correlation ,212** 1 

Sig. (2-tailed) ,000  

N 1184 1184 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Table 11 - Correlation and significance, Bear market SEK/NOK and cross rate 

 

Table 11 presents the relationship for the bear market. The correlation coefficient is 

0,106 with a significance level of 0,025 between our chosen variables. 

Correlations 

Recovery phase 

 CrossRate RealQuote 

CrossRate 

Pearson Correlation 1 ,174** 

Sig. (2-tailed)  ,000 

N 467 467 

RealQuote 

Pearson Correlation ,174** 1 

Sig. (2-tailed) ,000  

N 467 468 

**. Correlation is significant at the 0.01 level (2-tailed). 

Table 12 - Correlation and significance, Recovery phase SEK/NOK and cross rate 

 

Table 12 presents the correlation coefficient for the recovery phase in the market. The 

coefficient is 0,174 with a significance level of 0,000. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 13 - Correlation and 

significance, Range-bound market SEK/NOK and cross rate 

Correlations 

Bear market 

 CrossRate RealQuote 

CrossRate 

Pearson Correlation 1 ,106* 

Sig. (2-tailed)  ,025 

N 445 445 

RealQuote 

Pearson Correlation ,106* 1 

Sig. (2-tailed) ,025  

N 445 445 

*. Correlation is significant at the 0.05 level (2-tailed). 

Correlations 

Range-bound market 

 CrossRate RealQuote 

CrossRate 

Pearson Correlation 1 ,126** 

Sig. (2-tailed)  ,004 

N 512 512 

RealQuote 

Pearson Correlation ,126** 1 

Sig. (2-tailed) ,004  

N 512 512 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Table 13 presents the correlation coefficient during the range-bound phase, 0,126 with 

significance level of 0,004. 

5.4 Deviation between the SEK/NOK cross rates and the actual quotes of 

SEK/NOK 

The figures in this part of the research paper describe how much and in what direction 

differences in the calculated cross rates and the actual quotes have been observed. 1,000 

is what the actual quotes refers to, while the numbers above or below that is the 

calculated cross rate. We have chosen to add a table describing the standard deviation to 

this part as we would expect the standard deviation to be transaction costs of making 

trades, according to some theories this is what makes the market efficient and the 

transaction costs eliminate the chances to make a risk free profit. 

 

What we can observe is that the standard deviation during the ten year period is 0,0052 

and that at 23,7% of the days the fluctuations actually exceeded the standard deviation. 

If we compare the different sub-periods standard deviations and also the number of days 

when the fluctuations exceeded the standard deviations, we can see that the number of 

occasions the fluctuations exceeded the standard deviations stayed around 50% but that 

the level of standard deviation changed during the different periods. The highest level of 

standard deviations is observed during the bear market at 0,0073, but for the other 

periods inclusive the whole ten year period the standard deviation stayed between 

0,0044 and 0,0054. This is also visualized in figure 13 which visualize the whole ten 

year period. A high increase in fluctuations is observed in the end of 2008 till the 

beginning of 2009. 
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Stand. 

dev 

no of times 

more than 

stand dev. 

% 

Ten year 0,0052 618 23,7% 

Bull 0,0044 494 41,7% 

Bear 0,0073 214 48,1% 

Recovery 0,0054 234 50,1% 

Range-bound 0,0044 158 30,9% 
 

Figure 12 - Deviations between real exchange rate quote and cross rate, all periods 

 

5.5 Conclusion of Chapter 5 

From chapter 5 we can conclude that the volatility has increased for all our chosen 

variables during the bear market condition, but we can also observe that there is a wide 

range of number of days when the fluctuations are more than what the standard 

deviation shows. The number of days with larger fluctuations than the standard 

deviation seems to be highest during the bear market condition for the exchange rates, 

but not for the deviations between the cross rate and the real exchange rate quote, where 

the recovery phase actually show the highest percentage of days with higher fluctuations 

than the standard deviation.  

We can also observe that the correlation between our chosen variables are neither 

perfectly correlated nor absolutely not correlated which would show a +1, -1 or 0 on the 

Pearson Correlation test. Another interesting finding is that most of our findings in the 

Pearson Correlation tests are of high significance level which would indicate a 

trustworthy result. 
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Chapter 6 – Analysis and Discussion 

6.1 Correlation between the exchange rates 

To define what the actual Pearson correlation coefficient really means, we need to know 

what is defined as a strong correlation and when a strong correlation is not present. 

There are numerous different definitions on what a strong correlation is and what is not 

strong. How different sources interpret correlation coefficient is presented in table 14. 
  

 

CORRELATION  NONE SMALL MODERATE STRONG 

COHEN (1988, P. 77-

81) 

+/- 0,00 to 

0,10 

0,10 to 0,30 0,30 to 0,50 0,50 to 1,00 

EXPLORABLE.COM +/- 0,00 to 

0,10 

0,10 to 0,30 0,30 to 0,50 0,50 to 1,00 

JAIN (2007 P.2) +/- 0,00 0,00 to 0,50 0,50 to 0,75 0,75 to 1,00 

Table 14 - Level of correlation 

We have chosen to use the definitions of the strengths of the correlation coefficient that 

Cohen (1988) and Explorable.com uses for answering our hypothesis concerning the 

correlation between the exchange rates. We base our decision of the chosen range of 

correlation coefficient on Cohen’s high level of experience on this area and we think 

that a narrower range gives us more trustworthy results; we also think that Cohen and 

Explorable.com’s ranges are more realistic.  
 

 

SUMMARY OF PEARSON CORRELATION AND LEVEL OF  SIGNIFICANCE 

  

USD/SEK 

and 

SEK/NOK 

SEK/NOK 

and 

USD/NOK 

USD/NOK 

and 

USD/SEK 

     
10 YEAR PERIOD Pearson Correlation -0,113 -0,006 0,643 

 
Significance (2-tail) 0,000 0,755 0,000 

     
BULL MARKET Pearson Correlation -0,036 0,097 0,633 

 
Significance (2-tail) 0,215 0,001 0,000 

     
BEAR MARKET Pearson Correlation -0,159 -0,082 0,619 

 
Significance (2-tail) 0,001 0,083 0,000 

     
RECOVERY PHASE Pearson Correlation -0,138 -0,043 0,672 

 
Significance (2-tail) 0,003 0,355 0,000 

     
RANGE-BOUND 

MARKET 
Pearson Correlation -0,157 -0,030 0,674 

 
Significance (2-tail) 0,000 0,492 0,000 

Table 15 - Summary of correlation and significance, all periods 
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6.1.1 Hypothesis 1 and 2 

At this stage of the research paper we intend to answer our hypotheses concerning our 

sub question 1:  
 

Hypothesis 1: There is no correlation between the exchange rates 

Hypothesis 2: The correlation is constant over time 

 

     Hypothesis 1: There is no correlation between the exchange rates 

 

The findings of correlation test are presented in table 15 above. 

 

By observing the correlation coefficients from table 15 the first part where the 

correlation has been tested over the 10 year period we can see that only the USD/SEK 

and USD/NOK has a strong relationship with a coefficient at 0,643. At a significance 

level of 0,000 we can draw the conclusion to say that they are strongly related to each 

other. From table 15 we can also see that the relationship between USD/SEK and 

SEK/NOK is small, with a significance level of 0,000 we can draw the conclusion that 

this relationship is for sure very small with a high level of certainty. Unfortunately a 

good conclusion cannot be drawn from the relationship of USD/NOK and SEK/NOK, 

even though we can observe a correlation coefficient of -0,006 which would indicate no 

correlation the level of significance does not fall near the 0,01 significance level as for 

the other two correlation pairs. The significance level is only 0,755 which would 

indicate that our -0,006 coefficient can only be trusted to 24,5%. 

 

Hypothesis 1 is rejected 

 

Hypothesis 2: The correlation is constant over time 

 

Again, we need to look at table 15 and compare the different correlation coefficients 

from the same variables but during different time periods. We can with pretty high 

certainty say that the correlation changes over time which would reject our hypothesis. 

We cannot observe any major changes in correlation coefficients between different time 

periods except between period 1 (10 year period) and period 2 (bull market), but this 

change is not significant enough for us to draw any certain conclusions. The 

significance level is only 0,215, which means that the coefficient can only be trusted to 

78,5%.  

 

Hypothesis 2 is rejected 

 

To sum up the result from the tested hypotheses we can with high level of certainty say 

that the exchange rates are correlated, but with various levels. We can also confirm that 

the level of correlation does fluctuate over time depending on the present stock market 

structure. 

 

6.1.2 Discussion concerning our findings from hypothesis 1 and 2 

As both hypothesis are rejected this would indicate that the exchange rates are 

correlated; movements in SEK/NOK where shown to be at a lower span than those of 

the USD pairs. Countries that have close trading relationships are closely affected by 

each other’s trading abilities; how much one can import and export (Chinna and Lee, 
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2009 p.203–204, 206, 209). Sweden has a close trading relationship with Norway which 

is mentioned in the problem background. This could explain why the cross rate 

fluctuates less than the exchange rate pairs that are dollar denominated. The volatility in 

the exchange rates USD/SEK and USD/NOK indicate that there exist fluctuations in the 

price that can produce the possibility of three point arbitrage; rapid movements give 

opportunity for lagged prices as market participants need to process new information in 

the ever changing FX markets (Kollias & Metaxas, 2001, p. 436-437; Moore & Payne, 

2011, p. 1250-1253). The high liquidity and rapid changes in the market with the help 

of electronic brokerage the information moves quicker between traders as well as the 

trades (Hutcheson, 2001, p.19). This would mean that as we look at quotes on daily 

basis we may oversee the possibility of the arbitrary opportunities to be so small that 

they would be corrected quickly. Although this is a problem, the correlation and the 

volatility fluctuations indicate that the currencies move together somewhat, but not at a 

pace that would result in markets being efficient enough to avoid triangular arbitrage.  

 

Both Norway and Sweden with regards to the studies made by Fifield et al., (2005), 

Massoud et al. (2008) and Lee et al. (2010) indicate that they do not hold under the 

weak form of an efficient market. Although these findings indicate the possibility of 

arbitrage, it is possible to make the assumption that the low span between these two 

currencies cross rate indicate that the market quickly returns to its equilibrium. As for 

the dollar denominated currency pairs; the higher fluctuations would imply that the 

mispricing takes longer time to be corrected and therefore give a higher chance of 

making arbitrary profits before prices are pushed towards their equilibrium. Although 

there may exist a chance for professional arbitragers to make forecasts on arbitrary 

opportunities the time and amount spent on finding these may outweigh the benefits 

(Kollias & Metaxas, 2001, p. 435-437, 439-440; Sercu & Uppal, 1995, p. 34-40). The 

uneven correlation would imply that the factors affecting the exchange rates in the three 

countries may differ during different periods of time, as the US may be affected by 

declining stock prices which affect the investments made; in turn currency trades. In 

Sweden and Norway the economy might be a bit more stable until the repercussion of 

US economy hits them. The state of a country’s economy may be visible in its currency 

(Hutcheson, 2001, p.18).  

 

6.2 Analysis of SEK/NOK cross rate and actual exchange range quote 

Now it is time for us to answer our second sub question which is stated as “Does the 

cross-rates differ from the real exchange rates quotes between SEK/NOK?”.  

 

For this question to be answered we have set up different hypotheses which were 

presented in section 4.7. To our help to answer our first hypothesis we have tested the 

correlation with help of SPSS between the cross rates and exchange rate quotes over the 

10 year period, the second hypothesis have been answered with help from table in the 

appendix which presents the calculations of the cross rates, the differences between real 

quotes and the cross rates. 

 

6.2.1 Hypothesis 3 and 4 

To answer our first hypothesis concerning sub-question number two, which concerns if 

the cross rates are correlated with the actual exchange rate quotes, we will be using table 

16 which is assembled with the tables in section 5.3. 
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Summary of Pearson Correlation and level of significance 

    

Cross rate and real 

exchange rate quote 

10 year period   

  Pearson Correlation 0,160 

  Significance (2-tail) 0,000 

Bull market     

  Pearson Correlation 0,212 

  Significance (2-tail) 0,000 

Bear market 
  

  Pearson Correlation 0,106 

  Significance (2-tail) 0,025 

Recovery phase     

  Pearson Correlation 0,174 

  Significance (2-tail) 0,000 

Range-bound market   

  Pearson Correlation 0,126 

  Significance (2-tail) 0,004 

Table 16 - Summary of correlation and significance for real exchange rate quote and cross rate, all periods 

 

Hypothesis 3: The cross rates and actual exchange rate quotes are not correlated 

 

To answer this hypothesis we will be focusing on the first period prestented in the top of 

table 16 as it explains the general relationship between the cross rates and the actual 

exchange rate quotes. We can see in the table that the correlation coefficeient is 0,160 

with a low significance level of 0,000. With the help of table 20 where the definitions of 

the level of correlation and the low level of significance level is presented we can be 

certain that the numbers are correct and that the relationship is small. As we would have 

accepted our hypothesis if the correlation would have been zero, we need to reject the 

hypothesis. 

 

Now to hypothesis four. 

 

Hypothesis 4: The correlation is constant over time 

 

Again, we will be looking at the numbers in table 16 but this time we shall compare the 

numbers against each other. What we can observe is that the coefficients are not the 

same during the different time periods (market structures), which would have been the 

case if we were about to accept our stated hypothesis. We need to reject the hypothesis. 

 

Summary of the answeres from hypothesis 3 and 4 is that we have a low correlation 

between the calculated cross rates and the actual exchange rate quotes, therefore we 

reject the hypothesis. The same result is that of what we get from the fourth hypothesis 

where we investigated if the correlation is constant over a longer period of time, which 

it is not. So we reject this hypothesis as well. 
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6.2.2 Discussion concerning hypothesis 3 and 4 

The empirical data also reveals that the exchange rates follow the stock market to some 

extent in accordance to the effect of investment flows; both are volatile and dependent 

on market participants’ expectations (Mishkins & Eakins, 2009, p. 327). This would 

also be an indication of the existing arbitrage in trading currencies as the correlation 

between the currency pairs differ. The currency pairs fluctuate a bit more than regular 

during the bear market under the later part 2008, they also deviate from actual quotes 

more than in previous and latter periods. The movement of money from/to Sweden can 

be interpreted from the divisions in the Swedish stock market; they indicate the 

movement of capital due to investments as new information is presented to the market 

(Chuluun et al., 2011, p. 375; Hutcheson, 2001, p. 18). By looking at the exchange rate 

fluctuations figure 9 at page 42 we see that US denominated rates decline rapidly at the 

end of 2008 in accordance with the financial crisis. The cross rate SEK/NOK show their 

decline in the beginning of 2009 which would show that the previous assumption in the 

discussion of hypothesis 1 and 2 is relevant. It took a while for the Scandinavian 

markets to react.  

 

As well as Lee et al. (2010) we find that the deviations in real quotes, as both stock and 

FX markets show similar traits would lead to our study showing similar results such as 

the ability of taking advantage of the mispricing. One has to take into account that 

although continuous fluctuations are present in our empirical results this does not imply 

that the market participants are fast enough to take advantage of arbitrary opportunities, 

or that the transactions costs present are low enough to end up in a revenue than costs 

(Kollias & Metaxas, 2001, p. 435-437, 439-440; Sercu & Uppal, 1995, p. 34-40). One 

can also assume that the larger deviations in quotes are present due to movement of 

large transactions; this would push exchange and cross rates to move from previous 

positions with opportunity to make arbitrary profits (Lee & Mathur, 1996, p. 409-410).  
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Chapter 7 - Conclusion 

7.1 Concluding remarks 

When we started this research journey, our purpose was to study the relationship 

between the Swedish currency SEK and the Norwegian currency NOK, more precisely 

the SEK/NOK exchange rate. We wanted to see if there were any possibilities to make 

risk free profits by trading the two currencies with the USD to make what is called a 

three-point arbitrage or not on a daily basis without considering the transactions costs 

from participating in this kind of trading structure. This led to the construction of our 

main research question 

 

Is it possible to make three-point arbitrage profits by trading SEK, NOK and USD on a 

daily basis? 

 

To support our main research question we stated two other sub-questions which were 

going to help us answer the main question. As the main question can be answered with a 

yes or no answer we found that there needs to be sub-questions that give a reason for 

why the answer is as it is. The two sub-questions are stated below; 

 

Sub-question 1: Are the SEK/USD-SEK/NOK, SEK/USD-USD/NOK and exchange rates 

perfectly correlated? 

 

After conducting a Pearson Correlation tests with a minimum of 95% significance level 

we came to the conclusion that the different exchange rate pairs are not correlated and 

the answer the sub question is NO. 

 

Back to the main research question which intended to be answered, to get a better and 

more accurate understanding of the possibilities of making this three-point arbitrage we 

divided the Swedish stock market performance into five different economic conditions 

that has been observed over the last ten years between 2003 and 2013. So the intention 

behind the first sub question was to explore the differences between the correlation 

coefficients over this different type of economical condition. Our empirical findings 

show that there is only a small amount of correlation between the exchange rate pairs no 

matter of the economic conditions and this conclusion could be drawn with a confidence 

level of a minimum of 95%. This answer, that the correlation is low and that the level of 

correlation changes over time depending on the economic structure is a good indication 

for investors and other market participants that the FX market is not efficient which 

would indicate that theoretically there is a chance to make risk free profits by trading 

SEK, USD and NOK. The low correlation also indicates that they are good 

complements to each other in a diversified portfolio of exchange rates as the low 

correlation also lower the risk of the portfolio, which would be preferred by a risk-

averse investor.   

 

Sub-question 2: Does the daily cross-rates differ from the daily real SEK/NOK 

exchange rates quotes? 

 

The answer to this question is that there are differences between the daily cross-rates 

and the daily real exchange rate quotes of SEK/NOK. As the idea of the research was to 

identify possibilities to make risk free profit by using the cross-rate against the real 

exchange rate, this sub-question identifies their differences and also that the differences 
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change from negative to positive around the real exchange rate within the same 

economic conditions. It also identifies the spread changing daily, also indicating 

possible three-arbitrage situations occurring daily. As the spread changed with the 

economical conditions our empirical findings showed that when the volatility of the 

exchange rates increases so does the spreads, we can conclude that for investors to find 

biggest chance of making three-arbitrage profits by trading SEK/NOK would be during 

high volatility periods. 

 

To conclude the findings from our sub questions and try to answer our main question 

we would say that theoretically any FX market participant, at any level, could make 

three-point arbitrage by strategically using SEK/USD, USD/NOK and the cross-rates 

theses exchange rate pairs in between to trade against the real SEK/NOK exchange rate. 

When we say market participants of all levels we are talking about big financial 

institutions to any single person who trades on the FX market for a hobby.     
 

7.2 Contribution 

7.2.1 Theoretical contribution 

After having discussed our findings we believe that our thesis have contributed to the 

theoretical world by questioning the efficient market hypothesis as we have found 

evidence that there are possibilities to make three-point arbitrage profits by trading 

SEK, USD and NOK, which is against what Bishop and Dixon (1992) found. Also the 

fact that we could observe so many times where the data points exceeded the calculated 

standard deviation from the mean, makes this thesis more reliable as some research 

indicate that even though the cross rate and real exchange rate quotes are not perfectly 

the same, transaction costs will fill in the difference and make it impossible to make 

arbitrage profits (Sercu & Uppal, 1995, p. 34-40). 

 

Our results are more in line with Luca (1995) which stated that EMH does not hold, 

especially not when volatility increases (as we observed during the bear market). 

 

7.2.2 Practical contribution 

From the practical perspective, how our research can be used in reality is pretty straight 

forward. Our research has found that the exchange rate and cross-rate of SEK and NOK 

is not the same and with this fact we can with certainty say that the market is not 

efficient and you can make risk free profits. But, in practice transaction costs will limit 

the amount of risk free profits. Another dimension to the practical contribution would 

be that we have evidence that not just liquid assets show arbitrage possibilities and it 

might be so that illiquid markets are less efficient and this would mean that investors 

and other market participants should look at those illiquid assets more closely. Another 

practical contribution that investors might benefit from is the clear difference between 

the cross-rates and real exchange rate quotes, this research paper will increase the 

understanding of investor strategy and might lead to an even increasing number of FX 

traders. 

 

7.2.3 Societal contribution 

As the norm within investments and the financial industry is that of making money you 

need to take some risk, the more risk you are prepared to take on, the more you can 

possibly earn. Our research shows that you can make arbitrage profit by trading SEK, 

USD and NOK on a daily basis with the highest possibilities during a bear market when 
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prices on stocks are falling. There are numerous benefits of this, (1) the mental health 

would increase among the investment society which might also spread outside the 

investing community. The World Health Organization published a report on how the 

mental health was affected by financial crisis and confirmed that financial crisis will 

increase secondary mental health problems which will probably increase the rates of 

suicide and alcohol related issues (World Health Organization, 2013). (2) The simple 

strategy of the three-point arbitrage strategy means that anyone could do it, this means 

that the financial institutions does not have as much of a upper hand on making risk free 

profits. Also the fact that anyone can learn to do it will also limit the fees traders charge 

to produce abnormal profits. 

 

7.3 Limitations with our research 

We have observed two main limitations with our research that might or might not affect 

the result of the study.  

 

The first limitation is that we have not considered any transaction costs to our empirical 

findings. As was mentioned in the research paper, transaction costs would cancel out 

any possibilities of making three-point arbitrage theoretically and that it is this what 

makes the market efficient. As there are many different brokers to sign up with who are 

taking different sizes of commission per posted transaction we would not include this in 

our research. But as we could observe differences between the cross-rate and the real 

exchange rate of more than 2% numerous times and during some market conditions the 

fluctuations exceeded the standard deviation more than half of the time, we believe that 

our answer to our research question would stay the same even though you incorporated 

transaction costs. 

 

The second limitation is that we have used a low volume traded exchange rate in 

SEK/NOK for our research which could make it hard to get out of a position quick 

enough to make this three-point arbitrage. This is a real concern but as we have studied 

the relationships from a daily perspective we give us time to change position as the 

three-point arbitrage prevails, this might not have been the case if we took an investing 

perspective of say 1 minute or an hour. 
 

7.4 Recommendations for future research 

As the work prolonged questions came up which was outside the scope of this research 

but would be of interest to us and the delimitations presented in the first chapter are 

some of them. This has led to recommendations on research in the future which would 

be of our interest. 

 

First, as our research is based on exchange rates of two countries which are very similar 

and highly dependent on each other in the form of export and import it would be 

interesting to see if our findings hold the same for exchange rates between countries that 

are not very similar and are not as dependent of each other. This would be interesting to 

see as export and import have big impact on the exchange rates, so the relationship 

might have great impact on the result. 

 

Second, as we would conclude that all three exchange rate pairs together would work 

well in a diversified portfolio it would be interesting to study the risk/reward of having 

only them in a portfolio, and also maybe together with other financial assets like stocks 

or bonds. 
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Thirdly, our chosen currencies could be said to be small currencies from a trading 

activity perspective and as some authors have pointed out that it should be easier to 

make arbitrage profit from more volatile exchange rates, it would be interesting for the 

investing community to see if that is true or not. 

 

Fourthly, we have combined exchange rates of western economies of well developed 

countries, to do more research on growing economies and maybe not as stable 

economies would be of great interest for the international investing community as it 

would increase the knowledge of the FX market and also increase the knowledge of 

international finance.  
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Appendix 
Standard deviation 

 SEK/USD NOK/USD SEK/NOK Cross rate 

SEK/NOK 

Deviation between 

Crossrate and real 

exchange rate 

quote 

10 year period 0,0036 0,0037 0,0020 0,0021 0,0052 

Bull market 0,0027 0,0029 0,0019 0,0018 0,0044 

Bear market 0,0049 0,0053 0,0026 0,0030 0,0073 

Recovery phase 0,0042 0,0039 0,0020 0,0022 0,0054 

Range-bound market 0,0035 0,0034 0,0016 0,0018 0,0044 

Appendix I - Summary of standard deviations for all variables 

NUMBER OF OCCASIONS WHEN RETURN EXCEEDED THE STANDARD DEVIATION 

 SEK/USD NOK/USD SEK/NOK Cross rate 

SEK/NOK 

Deviation 

between 

Crossrate and 

real exchange 

rate quote 

Total no of 

observations 

10 YEAR PERIOD 660 (25,3) 669 (25,6) 643 (24,6) 663 (25,4) 618 (23,7) 2609 

BULL MARKET 622 (52,5) 589 (49,7) 387 (32,7) 502 (42,4) 494 (41,7) 1184 

BEAR MARKET 293 (65,8) 223 (50,1) 230 (51,7) 209 (47,0) 214 (48,1) 445 

RECOVERY PHASE 252 (54,0) 265 (56,7) 226 (48,4) 235 (50,3) 234 (50,1) 467 

RANGE-BOUND 

MARKET 

141 (27,5) 135 (25,6) 154 (30,1) 161 (31,4) 158 (30,9) 512 

 * Percentage within paranteses    

Appendix II - Number of days when fluctuations exceeded the standard deviation 
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