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Fluctuating commodity prices, foreign exchange rates and interest rates are causing 

changes in cash flows, market value and the companies’ profit.  Most of the 

commodities are quoted in US dollar. Companies with non-dollar accounting face a 

double risk in the form of the commodity price risk and foreign exchange risk. The 

objective of this Master’s thesis is to find out how companies under commodity should 

manage foreign exchange exposure.  

 

The theoretical literature is based on foreign exchange risk, commodity risk and foreign 

exchange exposure management. The empirical research is done by using constructive 

modelling of a case company in the oil industry. The exposure is model with foreign 

exchange net cash flow and net working capital. First, the factors affecting foreign 

exchange exposure in case company are analyzed, then a model of foreign exchange 

exposure is created. Finally, the models are compared and the most suitable method is 

defined.   

 

According to the literature, foreign exchange exposure is the foreign exchange net cash 

flow. However, the results of the study show that foreign exchange risk can be managed 

also with net working capital. When the purchases, sales and storage are under foreign 

exchange risk, the best way to manage foreign exchange exposure is with combined 

net cash flow and net working capital method. The foreign exchange risk policy of the 

company defines the appropriate way to manage foreign exchange risk.  
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Markkinariskien hallinnalla on suora vaikutus yrityksen kassavirtaan sekä siten 

tulokseen. Hyödykekauppaa käyvillä yrityksillä tärkeimmät hallittavat lyhyen aikavälin 

riskit ovat hyödykkeen hintariski sekä valuuttariski. Öljyn maailmanmarkkinahinta 

noteerataan Yhdysvaltojen dollareissa. Öljy-yhtiöt, jotka raportoivat muulla valuutalla 

kuin dollareilla, altistuvat valuuttariskille, sillä yrityksen toiminnallinen valuutta on 

dollari. Tässä työssä tutkitaan, miten polttonestekauppaa käyvän yrityksen 

valuuttapositio tulee määrittää.  

 

Työn teoreettinen osuus koostuu valuuttariskiin, hyödykeriskiin ja valuuttapositioon 

liittyvästä kirjallisuudesta ja artikkeleista. Työn empiirinen osuus koostuu case-yrityksen 

valuuttaposition mallintamisesta nettokassavirran ja nettokäyttöpääoman avualla. Ensin 

on tutkittu valuttapositioon vaikuttavia tekijöitä, ja tämän jälkeen valuuttapositiot on 

mallinnettu. Lopuksi malleja on vertailtu keskenään ja analysoitu sopivin tapa case-

yritykselle hallita valuuuttapositiota.   

 

Lähdekirjallisuuden mukaan valuuttapositio määritetään yrityksen nettokassavirtana. 

Työn tutkimus osoittaa, että valuuttapositiota voidaan hallita myös nettokäyttöpääoman 

avulla. Kun yrityksen ostot, myynnit ja varastot ovat valuuttariskin alaiset, 

valuuttaposition hallinnassa kannattaa käyttää sekä yrityksen valuutallista 

nettokassavirtaa että nettokäyttöpääomaa. Valuuttaposition rakenteen määrittelee viime 

kädessä yrityksen riskienhallintapolitiikka.   
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1 INTRODUCTION  

 

1.1 Background 

 

Financial risk management plays a crucial role in commodity markets. Fluctuating 

commodity prices, foreign exchange rates and interest rates are causing changes in 

cash flows, market value and the companies’ profit. Without proper risk 

management, business planning of a company would be impossible. (Eiteman, 

Stonehill & Moffett. 2010, p. 284-286) Therefore, financial risk management 

should be one of the biggest concerns of CFOs. Most of the commodities are quoted 

in US dollar. Companies with non-dollar accounting face a double risk in the form 

of the commodity price risk and foreign exchange risk. (Horcher, 2005, pp. 30-31) 

These factors are making financial risk management challenging. 

 

Oil is the most powerful commodity in the world. The price of oil fluctuates a lot 

has a huge impact on the world’s economy (Regnier, 2006). In oil markets the 

volumes are high and most of the companies are benefiting from economies of 

scale. The oil industry is capital intensive and oil companies are among the largest 

companies in the world. The financial performance of oil companies depends on 

uncertainties (Jin & Jorion, 2006). Because of the high volume, oil products and 

volatile prices hedging is important. The success of hedging against volatile 

markets defines the profit of the company. Oil price is managed with derivatives. 

Futures, swaps and options lock the oil price and prevent the inventories from losing 

their value. In the markets there are no instruments which hedge both commodity 

and foreign exchange risk. When locking the price in US dollars, the foreign 

exchange risk remains. Foreign exchange risk management is complicated in oil 

markets where prices are fluctuating.  US dollar is the functional currency of oil 

companies even if the reporting currency is something else.  

 

According to multiple studies, foreign exchange risk management is beneficial and 

increases the company value while at the same time reducing volatility. (Pramborg, 

2002, p. 9) The cash flow under risk is called exposure. Foreign exchange exposure 
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is typically measured in foreign exchange net cash flow.  According to Adler & 

Dumas (1984), foreign exchange risk can be identified statically. There are multiple 

methods for measuring the risk. The most common method of analyzing the risk is 

with VAR method.  However, if the net cash flow is defined wrong, the analyses 

and hedging fail as well. (Bartman, Dufey & Frenkel. 2005)  The purpose of this 

thesis is to define a way to manage foreign exchange risk under commodity price 

risk.  Furthermore, there are many techniques available in order to manage 

exchange risk.  However, there is a gap in literature how integrated commodity and 

foreign exchange risk should be managed.  

 

The literature on foreign exchange risk and the hedging it is widespread. The 

literature also defines well how foreign exchange risk should be measured. 

However, the empirical literature about foreign exchange exposure and commodity 

exposure are limited.  The difficulty that companies face is determining their 

foreign exchange exposure.  There exists only a small amount of literature and 

guidelines of defining foreign exchange exposure. Foreign exchange exposure 

defines the amount of hedging. Inadequate foreign exchange exposure leads to 

wrong hedging, which can cost a lot.  Hedging will protect the company over 

negative change as well as prevent from positive change caused by uncertainties. 

Hedging reduces the volatility in cash flow, which increases the company value. 

(Pramborg, 2002; Eiteman, et al. 2010, p. 284-286) 

 

This thesis identifies how companies under commodity price risk should manage 

their foreign exchange exposure. The case company is an oil trading company that 

operates mainly in Finland and Sweden. The case company purchases, storages and 

sells oil products. The company reports profit and loss statement in euros but since 

it operates in oil markets, the functional currency is US dollar. Risk management 

has large impact on profit of the company. In this thesis, a foreign exchange 

exposure model will be created based on the guidelines for transaction exposure in 

the applicable literature. The model created is compared to the current model in the 

case company. The study analysis the best alternative to manage the foreign 

exchange exposure in the case company.  
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1.2 Research questions and limitations 

 

Foreign exchange exposure can be divided into transaction, economic and 

translation exposure. Transaction exposure is the net cash flow under foreign 

exchange risk. It explains how the change in foreign exchange rate affects the cash 

flow of existing contractual obligations. (Eiteman et al., 2010, p. 282; Allayannis 

& Ofek, 2001) It is the most significant foreign exchange risk in the short run 

because it affects the cash flow directly. Economic exposure describes how the 

change of exchange rate affects to the company in the long run. It concentrates on 

how foreign exchange risk will affect the revenue and profit of the company in the 

future. Essentially, economic exposure is how sales prices and competitive position 

are affected by the foreign exchange risk. (Eiteman et al., 2010, pp. 282-283; 

Rupeika-Apoga, 2005) Translation exposure can also be called accounting 

exposure.  It describes how financial statements are affected by the foreign 

exchange cash flow. For example, financial statements of subsidiaries are translated 

to a single reporting currency of the parent company. This thesis will concentrate 

on transaction exposure.  Because in oil markets the volumes are high and cash 

movements are enormous, the short term cash flow has the most significant effects 

on the operative result.  

 

The aim of the study is to find out the optimal method to manage the transaction 

exposure in the case company that operates under commodity risk. To succeed in 

foreign exchange risk management, the exposure must rely on transparent and 

accurate information. This study will concentrate on how transaction exposure 

should be built, and which transactions should be included in it. Based on the 

literature, foreign exchange exposure is the net cash flow under exchange risk. 

(Eiteman, et al., 2010, p. 282) In the case of the case company the matter is more 

complex because the commodity risk makes the cash flows impossible to forecast. 

The majority of the pricing includes the double risk of commodity risk and foreign 

exchange risk. Based on the literature, foreign exchange exposure cannot be defined 

before the price is known, as transaction exposure is the contractual exposure. 
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(Kasanen, Lundström, Puttonen & Veijola, 1996, p. 115) This gives relatively little 

time for forecasting the cash flow in oil industry.  

 

The study will be a case study where the transaction exposure of the case company 

will be modelled and analyzed. The case company operates in the oil market. North 

European Oil Trade Oy specializes in trading oil and biofuels. The revenue in 2014 

was 4.9 billion euros and the volume managed was approximately four million 

cubic meters (NEOT 2015). The target of the modelling is to find the best way for 

the case company to manage foreign exchange risk.  This thesis will answer to the 

following main question: 

 

 “What is the foreign exchange exposure of the case company?” 

 

The main question is divided into the following sub-questions:  

 

 How can companies under commodity risk manage foreign exchange 

exposure? 

 Which parameters and factors affect the foreign exchange exposure in the 

case company?  

 How should the case company manage and control foreign exchange risk? 

 

The study focuses on foreign exchange risk. Commodity risk will be defined briefly 

because it defines the framework for foreign exchange risk. Transaction exposure 

is at the main focus of this thesis. The thesis is also limited to oil industry, where 

the business model differs from other commodities. Oil is a storable commodity 

with limited storage capacity, which separates it from other commodities. 
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1.3 Research methods 

 

Research methods provide plenty of choices and decisions which are bound to have 

an effect on the outcome of the thesis (Hirsjärvi, Remes & Sajavaara, 2007, p. 119). 

The background and the objects of the study also affect the research methods and 

approaches. It is essential that the research has a purpose and a mission. This study 

is a normative case study. The study uses a constructive research approach 

(Kasanen, et al., 1993) Constructive research is used to define and to solve problems 

as well as to improve an existing system or performance (Oyegoke, 2011). 

 

This thesis consists of a theoretical and an empirical part. The theoretical part 

formulates the guidelines for the empirical study that follows. The research 

questions are indicating the key focus and the limitations of the study. In the 

empirical part, the solution to the case study is found by using modelling and it is 

based on the theoretical part. The research method is a mixed-method (Saunders, 

Lewis & Thornhill. 2007, p. 139) as it uses both qualitative and quantitative 

information for data collection and analyses. The model is done by using real data 

from daily transactions of the case company while in qualitative methods 

unstructured informal interviews are done to understand the problem and 

parameters of the old and the new model.  

 

According to Oyegoke (2011), constructive research consists of six phases 

presented in figure 1. The literature was chosen to support the background and the 

objects of the study. It consists of books and articles on foreign exchange risk 

management. Based on the literature and the knowledge of the case company, a new 

foreign exchange exposure model is created. The model presents the foreign 

exchange net cash flow of the case company. Modelling is done through gaining an 

understanding of the literature and the company’s business environment. To 

understand the main functions and parameters of the company, cash flow analysis 

is done. The model will be tested by comparing it to the existing model which is 

done with foreign exchange net working capital. Foreign exchange exposure 

models are mainly based on how companies construct their cash flow. That is one 
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reason why there do not exist many examples in the literature. This case study gives 

example how company under commodity risk with significant foreign exchange 

storage can manage foreign exchange risk. The theoretical connection and 

applicability of the solution will be discussed in chapter seven.  

 

 

Figure 1. The modelling process of the study (adopted from Oyegoke, 2011)  

 

1.4 Structure of the thesis 

 

The thesis consists of six chapters. Chapter 1 is the introduction where the 

background, research questions and limitations; and the methodology for the study 

are presented.  Chapter 2 is the first theory chapter which introduces the theoretical 

framework for the thesis. The chapter defines the financial risks and how the 

commodity and foreign exchange risk are related to it. The chapter further describes 

in greater detail what foreign exchange risk is and how it arises. It simulates how 

the foreign exchange rate arises through portfolio theory. The chapter also 

Problem identification

General understanding of the topic

Innovating and designing new model

Testing the model and demonstrating that the new construct works

Representing the theoretical connection and research contribution of 
the solution concept

Examing the scope of applicability of the solution
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introduces commodity risk. Commodity risk is the most significant of price risks. 

The foreign exchange risk cannot be determined before the commodity price is 

known; hence cash flow depends on the price. In chapter two, integrated risk 

management is presented as well. The framework for how the cash flow is formed 

is presented in figure 2.  

 

 

 

Figure 2. Integrated risk management 

 

Chapter 3 explains the theory of foreign exchange risk exposure and the formation 

of transaction exposure. The main parameters and factors according to the literature, 

which affect to foreign exchange exposure, are described in this chapter. Chapter 4 

presents the research methods more deeply and describes the data collection 

methods. Chapter 5 introduces oil trading, the case company and analyses of the 

case company. The case understanding defines the factors and parameters which 

are significant in foreign exchange exposure modelling in the case company. 

Chapter 6 presents the foreign exchange exposure models in the case company. The 

model created will be tested against the current model and the best is analyzed. 

Finally, chapter 7 presents the conclusion. The chapter discusses the findings from 

the empirical study. Chapter 8 is the summary.  In figure 3 the inputs and outputs 

of the thesis are 

Price risk

Commodity 
risk

Foreign 
exchange risk

Cash flow 
(profit of the 

company)
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Figure 3. Input-output chart of the report structure 
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2 PRICE RISK MANAGEMENT  

 

2.1 Financial risk management 

 

Risk is a wide concept. It can be classified in many ways. Even the word risk has 

many definitions (Hookana-Turunen, 1998, p. 80). Usually it is thought of as the 

possibility of experiencing loss and other negative consequences. Risk is also the 

total difference between expected outcome and real outcome. Risk can lead to both 

positive and negative outcomes. Yoe (2012, pp. 1-10) and ISO 31000 (2009) 

defines risk as uncertainty of the future value. Uncertainty is part of business. 

Demand, prices, technology, accidents and regulations can affect to the business.   

Without risk management business planning would be complicated. (Kasanen, et 

al., 1996, p. 17) The main goal of risk management is business continuity (Jauri, 

1997, p. 12).  

 

One way to classify risk is represented in figure 4.  A business risk consists of 

operational, economical and defect risks. Operative risk is lack of operational 

control for example lack of reporting information and wrong decision making based 

on that. Defect risks do not include any chance of profit. For example, accidents 

like fire and burglary are defect risks. These risks are mainly managed with 

insurances. An economic risk includes a chance of profit and loss. Economical risks 

include financial risks and other business risks. (Kasanen, et al., 1996, pp. 27-28) 
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Figure 4. Business risk (adopted from Kasanen, et al., 1996, p. 27) 

 

From a financial perspective, risk is uncertainty of future value. (Kasanen, et al., 

1996, pp. 55-56) Financial risk can be divided into credit risk, price risk and 

liquidity risk, figure 5. Credit risk is the risk which companies face if they are not 

receiving all the payments for their sold products. The risk also arises from 

investments in financial instruments.  Liquidity risk is the opposite risk that we talk 

about when a company is not capable of paying its commitments when they are due. 

Liquidity should be controlled by cash flows and with the uncertainty of them. 

Furthermore, price risk includes interest rate risk, foreign exchange risk and 

commodity risk. This thesis deals with foreign exchange risk and commodity risk 

mainly, which will be presented in more detail in next chapters.  (Kasanen, et al., 

1996, pp. 29-30)  
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Figure 5. Financial risks 

 
Risk management is the process where decisions are made to recognize a risk by 

accepting it or reducing it. Risk can be avoided, reduced, transferred, shared or 

taken.  (Horcher, 2005, p. 2; Edens, 2010) To be able to control the risk, it must be 

measured and identified. Risk management controls financial price risk through 

hedging. There exist multiple studies on how corporate hedging increases 

shareholder value and minimize financial distress (Aretz & Bartram, 2010). Risk 

management process has achieved attention lately in the literature through 

International standardization organization, ISO 31000. Another well-known term 

in risk community is Enterprise Risk Management (ERM) which defines risk 

management process.   According to Kuusela & Ollikainen (1998, p. 135) the risk 

management process consists of risk identification, measurement, analyzing, 

controlling and evaluation. The international standard for risk management is ISO 

31000 describes it similarly, figure 6. The aim of ISO 31000 is to develop a generic 

guide to risk management. According to ISO 31000:2009, Principles and 

Guidelines on Implementation, risk management process consists of establishing 

appropriate context, risk assessment and risk treatment. Risk assessment consists of 

risk identification, risk analysis and risk evaluation. The process consists of 

continuous monitoring and reviewing. The standardization defines risk 

Financial risk
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exchange risk
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management as coordinated activities to control an organization regarding to risk. 

(ISO 31000:2009; Yoe, 2012, p. 225) 

 

 

Figure 6. Risk management process (ISO 31000:2009 Clause 5) 

 

 
2.2 Interest rate risk 

 

Interest rate movements relate to the economy, and they influence to the cost of 

capital which relates to investments. They also affect the competitive position of 

firms, impacting to future cash flows. (Bartman , 2002) Interest rate defines the 

amount of money a borrower promises to pay to the lender. The interest rate 

depends on the credit risk. If the borrower of funds is not capable to pay interest 

rate and principal to the lender as promised, the credit risk is higher. Higher credit 
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risk means higher interest rates. (Stulz, 2003, p. 75) Therefore, interest rates affect 

the value of nonfinancial corporations (Bartman , 2002).   

 

Interest rates are comprised from the real rate and are a component for expected 

inflation. Companies should pay attention to interest rates since they are a key cost 

ingredient of capital. The drivers of interest rates are inflation, general economic 

condition, monetary policy and activity of foreign exchange market, financial and 

political stability, foreign investor demand for debt securities and levels of debt 

outstanding. (Horcher, 2005, p. 8) Interest rate risk arises from changes in the level 

of interest rates, and shape of the yield curve and mismatches between exposure 

and the risk management strategies undertaken. Interest rate risk affects both 

borrowers and investors and it particularly has an impact on the capital intensive 

industries.  (Horcher, 2005, p. 24) Interest rate risk can be managed internally and 

with derivatives such as forwards, swaps, futures and options. (Horcher, 2005, p. 

47). Internal methods are global cash netting, intercompany lending, embedded 

options in debt, changes in payment schedules and asset liability management.  

 

2.3 Foreign exchange risk 

 

Foreign exchange risk can be defined as the gain or loss in the company’s future 

economic value resulting from a change in foreign exchange rates. Foreign 

exchange risk and foreign exchange exposure are sometimes mixed. According to 

Adler and Dumas (1984), foreign exchange risk can be identified statically with 

quantities, which describe probability of the future value change. Foreign exchange 

exposure is the cash amount under exchange risk. The foreign exchange risk is 

significant if exposure is great and volatility is high. The impact of foreign exchange 

risk does not only apply companies with foreign exchange trades but also to 

companies through global competition. Foreign exchange risk is well known but is 

often identified and managed poorly. Foreign exchange risk should be taken into 

account in the whole organization especially in pricing decisions, in investments, 

allocating purchases and sales and during budgeting. (Kasanen, et al., 1996, p. 91) 

Often foreign exchange risk management and interest rate risk management is 

managed by the company treasury. The exchange risk management is often 
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centralized because of economies of scale. (Kasanen, et al., 1996, p. 35) Companies 

usually are using instruments to protect rather than speculate over the risk. 

Companies want to focus on their core competence more than on making profit by 

taking risks. (Allayannis & Ofek, 2001; Kasanen, et al., 1996, pp. 34-35). 

According to literature (Eiteman, et al., 2010, p. 282; Rupeika-Apoga, 2005) 

foreign exchange risk can be divided into transaction, translation and economic risk. 

Those will be presented in chapter 3.  

 

2.3.1 Foreign exchange markets 

 

Foreign exchange market is the world’s largest market in terms of cash value traded. 

Foreign transactions are done and exchange rate is determined there. It consists of 

banks and dealers. In the market, individuals and companies transfer purchasing 

power between countries and in this way it facilitates international trade (Eiteman, 

et al., 2010, p. 139) In 2013 the daily exchange volume was 5300 billion. The most 

traded currency is the US dollar and the second is Euro. (BIS Triennial central bank 

survey, 2013) Foreign exchange market can be divided into spot market and 

forward market. The spot market refers to deals that are arranged for immediate 

delivery. The forward market refers to a purchase or sale arranged today at an 

agreed fixed rate but the delivery of which will be in the future. FX exchange swaps 

were the most used instruments with 42% while the spot market was 38% in 2013. 

The market is a twenty-four-hour market which moves from one trade center to 

another. (Eiteman, et al., 2010, p. 138) When it closes in Europe it opens in USA 

and when it closes in USA it opens in Asia. Foreign exchange market is the only 

market which fulfills perfect competition as it is twenty-four-hour access, low 

trading cost and the transparency of information in the markets makes it work well. 

(BIS Triennial central bank survey, 2013) 

 

2.3.2 Factors affecting foreign exchange rate 

 

The value of foreign exchange exposure depends on foreign exchange rate 

fluctuations. To understand foreign exchange risk, it is important to understand the 
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connections between factors which affect the movement.  The value of foreign 

exchange risk can simply be defined by multiplying foreign exchange exposure 

with foreign exchange rate change. In this chapter foreign exchange rate formation 

factors are described.  

 

Exchange rates can be defined as the demand of and supply for currency. The 

factors of demand and supply can be determined with international parity 

relationships, stated in figure 7. The figure explains that there is a relationship 

between spot exchange rate, forward rates, interest rates and inflation rates. Markets 

move toward equilibrium. (Eiteman, et al., 2010, p. 183) 

 

Figure 7. International Parity Conditions in Equilibrium (Eiteman et al. 2010, 183; 

Shapiro 1999, 207) 

         

There is a model which claims that there is no exchange risk. In the long run, all 

exchange movements will be equalized. However, this is realized in the long run 

and companies are considering their business and actions in short term. When a 

company deals with foreign exchange risk, the target is to minimize the risk rather 

than increase profit. The foreign exchange rate movement between Euro and US 

dollar is presented in figure 8. The highest EUR: USD value between 2005 and 

2015 has been 1,599 and lowest 1,052. (Bank of Finland, 2015) 
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Figure 8. Foreign exchange rate movements 2000-2015 (Bank of Finland, 2015) 

 

Purchasing power parity 

When inflation rate is used in forecasting foreign exchange rate, it is called 

purchasing power parity (later called PPP). The exchange rate needs to be adjusted 

if the country has a higher inflation rate than the trading partners in order to 

maintain competitiveness. The PPP can be divided in absolute PPP and relative 

PPP. 

 

The absolute PPP is known as the law of one price.  The law of one price means 

that commodities should have the same price in different countries. (Eiteman et al. 

2010, p. 164; Kasanen, et al., 1996, p. 94) If there would be difference between 

prices it would eventually be equalized. If the markets were efficient, the 

relationship between identical products should be only the exchange rate. The 

demand of the cheaper product in another country would increase meanwhile the 

demand of more expensive product would decrease. (Eiteman, et al., 2010, p. 165) 

 

The relative PPP is based on the law of one price. The relative PPP helps 

determining the spot rate that is the relative change of price between two countries 

over a time period. If the spot exchange rate starts in equilibrium between two 

countries, over a time period the change in the inflation rate of another country 
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equals the opposite change of spot rate. (Eiteman et al. 2010, p. 167) PPP is a good 

tool in predicting foreign exchange rate and works well in the long run but poorly 

in short run. According to Eiteman et al. (2010, p. 167) the theory works better for 

countries with undeveloped markets and high inflation rate. When exchange rate 

strengthens more than inflation difference, it is overvalued. On the contrary, if the 

exchange rate is weaker than inflation, it is undervalued.  Incomplete exchange rate 

pass through is the reason why the inflation difference is not the exchange rate 

difference in the short run. Pass through measures how exported and imported 

prices are affected by the exchange rate change. It describes how the exchange rate 

changes follow the prices. The change in price is seldom same as the exchange rate 

difference. Price elasticity describes the desired level of pass through. If the prices 

change too much, the demand will change also. It defines how much the price can 

follow exchange rate change without the demand suffering. (Eiteman et al. 2010, 

pp. 169-172) 

 

Fisher effect 

Fisher effect combines inflation and interest rate difference between countries 

together. Based on Fisher effect, the nominal interest rates in each country equals 

to the required real rate of return and compensation for expected inflation.  

(Eiteman, et al., 2010, p. 172; Kasanen, et al., 1996, p. 100) 

 

International Fisher effect 

The international fisher effect explains the change in the spot rate over time and the 

difference between comparable interest rate in different national capital markets. 

Based on Fisher effect the theory spot exchange rate should change in same amount 

but in the opposite direction to the difference in interest rates between two countries. 

(Eiteman et al. 2010, p. 173) 

 

Expectation theory 

According to expectation theory, forward exchange rate is equal to the expected 

value of the spot exchange rate for the time of forward delivery. The future actual 

spot rate is centered on the forward rate.  However, this only works if foreign 



18 
 

exchange markets are efficient. In real life, the forward rate does seldom equal the 

future spot rate. (Eiteman, et al., 2010, p. 173)  

 

Interest rate parity 

Interest rate parity combines a link between foreign exchange markets and the 

international money markets. Based on interest rate parity, the difference in interest 

rates between two countries must be equal to the differential between forward and 

spot exchange rates for the currencies of these countries. The difference in interest 

rates for securities of similar risk and maturity should be equal but opposite for the 

forward rate premium or discount. (Eiteman 2010, 172-177) 

 

2.4 Commodity risk 

 

In commodity markets the prices are volatile. Supply and demand imbalances cause 

price fluctuations. The companies in the commodity field face commodity risk as 

the most significant component affecting to the operative profitability of the 

company. Commodity prices are also one of the main drivers of strategic decision 

making. Commodities can be divided in three main categories: energy, metals and 

agriculture. The commodities behave differently in case of volatility, for example 

some of the commodities can be stored unlimitedly and some have limited storage 

space. (Pindyck, 2004) Oil market is one of the most volatile markets in the world. 

(Regnier, 2006) This thesis concentrates on energy markets and the commodity risk 

of oil. Demand and supply are not the only factors which make volatile energy 

markets unstable. Energy prices are affected by of supply and demand; weather, 

political tension, statements from country leaders, decisions by OPEC, analysts’ 

reports, shipping problems and changes in tax and legal issues. (James, 2003, p. 1) 

In energy markets price changes are experienced suddenly and hedging is crucial. 

Without hedging, profit and losses would vary a lot. Well documented risk 

management policy is important which describes how to measure commodity 

exposure. (Okochi, 2008)  

 

Depending on a company’s risk policy, companies can make their profit with 

commodity risk. The financial performance of oil companies depends on 
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uncertainties. In oil business the importance of risk management is extremely high. 

The success of hedging against volatile markets defines the company profit. For 

example, for airlines commodity hedging offers a competitive edge. Airlines are the 

end users of the risk. Oil companies, however, are able to pass the risk to customers. 

Hedging and passing the price risk improves the companies’ margin. (Okochi, 

2008)   

 

In commodity markets, production and storage constraints limit the ability of the 

market to rapidly adjust to supply and demand shocks in short term in order to keep 

supply and demand imbalanced. Commodities that have limited storage capacity 

(electricity and oil) are more volatile than commodities that have unlimited space 

of storage. (Lester & Haigh, 2010) Changes in commodity price affect the value of 

storage. They also affect the marginal cost of production and to the opportunity cost 

of producing the commodity now rather than waiting for more price information. 

Volatility affects prices, production and inventories. When prices are volatile, there 

is a need for greater inventories, which can smooth production and deliveries. 

(Pindyck, 2004)  

 

2.4.1 Commodity exposure 

 

In commodity hedging the inventories shall be recognized. The price risk will be 

managed from purchasing to sales.  The price risk is managed through storage 

hedging. (Gaur & Seshardi, 2005)The purchase and sales prices should be based on 

market prices. The basis of commodity exposure is described in table 1.  
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Table 1 Commodity exposure (Nordea Markets academy, 2014) 

+ “pricing in”  Purchases that are not in the storage yet, but the price is 

already fixed/known. 

 Because the price is already known, the price change in 

the markets can make the purchase value positive or 

negative depending where the market price direction is 

going.  

 The change of fair value will be recognized in income 

statement when the purchased commodity is used. The 

income statement will use FIFO-method so the change 

can be seen as lower/higher cost of feedstock.  

+ Stock  The income of stock is dependent of the market price. 

The value of stock increases if the prices increase.  

 The change of fair value is recognized because of FIFO-

method in income statement. 

- “ pricing out”  Sales that are still in the storage/not delivered but the 

price is already fixed/known. 

 The change of market price does not anymore affect to 

the cash inflow. 

Starting exposure The commodity volume under price risk. 

- Hedges The opposite derivate contracts to starting exposure. Fixed 

sales price of commodity for future period. 

The derivate exposure is the difference of starting position 

and the strategic exposure wanted by trader and it can be 

changed based on changes of starting exposure for example 

after pricing of new cargo. 

= Exposure 

Commodity 

exposure 

Commodity risk based on risk policy and desirable risk 

exposure. 

 

In commodity risk management the marginal is locked by hedging to be neutral. If 

the company, according to the policy, is allowed to take risks, it is able, under the 
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risk limits, to hedge the commodity exposure. The company can either hedge more 

or less, or later depending of the market view of the company. The exposure can be 

either short or long depending on the market view of the company.  

 

 

 

2.4.2 Commodity hedging 

 

 

Commodity price risk is managed with energy derivatives. Those can be divided in 

three main types: future, swap and option contracts.  

 

 Energy futures are contracts which are legally binding standardized 

agreements on regulated futures exchange to make or take delivery of a 

specified energy product at a fixed date in the future and a price agreed when 

the deal is executed (James, 2003, pp. 8-9) 

 

 Energy swaps obligations between two parties to exchange cash flows. One 

of which use a fixed price normally agreed at execution while other is based 

on average of a floating price index during the contract period. There is only 

money settlement and no physical delivery of the underlying energy. 

(James, 2003, pp. 8-9) 

 

 Energy options agreements between two parties that gives the buyer option 

the right but not the obligation, to buy or sell at a specific price on or before 

specific future date. They can apply to a specific future contract or a specific 

cash flow (James, 2003, pp. 8-9) 

 

When the oil price is high, in a peak, the company should drop the hedge level to 

the lowest point of hedging policy. And when the prices fall, and starts making 

correction movements and rise, then the company should start rolling hedging. The 

one responsible on hedging will choose the correct instrument and maturity of them. 

(Nordea Markets Academy, 2014)  
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2.5 Integrated risk management 

 

Financial risks are found important to manage efficiently and effectively. 

Therefore, firm-wide financial risks have received more focus in integrated 

financial risk management strategy. There exist complicated relationships between 

foreign exchange and commodity risk. Commodity price risk and foreign exchange 

risk both have a direct impact to the cash flow of the company, and there can be 

found correlation between them in financial markets. This makes the financial risk 

management challenging. Traditionally, commodity and foreign exchange risk are 

managed separately. One of the reasons for this is that the risks are managed in 

different departments. There can be found direct relationship between foreign 

exchange risk and commodity risk when the price of commodity is determined in 

another functional currency than the reporting currency. This means that 

combination of currency and foreign exchange risk is common for non-US dollar 

reporting countries in oil industry. Commodity price determines the foreign 

exchange exposure, by determining the cash flow under risk. The foreign exchange 

exposure rises and falls from the effects of commodity price fluctuations. If 

company hedges foreign exchange risk based on expected sales volume, the 

forecasted hedging will be inefficient because of price movements. (Lester & 

Haigh, 2010) 

 

Diversification should be taken into account when managing risks. Based on 

diversification benefit commodity price risk and foreign exchange risk should be 

managed together. According to (Horcher, 2005, 5), risk can be reduced as a result 

of risk diversification. A diversified portfolio contains assets whose returns are 

dissimilar. The idea of hedging is to seek assets or events which offset or have weak 

negative correlation to an organizations financial exposure. Negative correlation is 

central for hedging and risk management.  Risk management involves pairing a 

financial exposure with an instrument or strategy that is negative correlated to the 

exposure. (Horcher, 2005, 5) There is a relationship between foreign exchange risk 

and commodity risk. According to Lester and Haigh (2010) depending on the 

strength of correlation and direction of exposure, companies can benefit of 
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diversification, which is affected from correlation between commodity exposure 

and foreign exchange exposure. For example, oil price and foreign exchange have 

negative correlation. Hedging only the other exposure can be counterproductive by 

reducing diversification benefit. (Lester & Haigh, 2010)  

 

The difficulty in integrated risk management is the difference between features of 

foreign exchange risk and commodity risk management. The difference between 

commodity and foreign exchange exposure is that commodities are more volatile; 

commodity markets are more limited than foreign exchange markets which are the 

biggest markets in the world. In commodity markets forward curve has a significant 

impact. Hedging commodity price risk is more challenging than foreign exchange 

risk hedging because hedging costs are higher and there is lower amount of feasible 

instruments. Commodity markets are therefore more concentrated on supply.  

Commodity markets are also less liquid.  (Lester & Haigh, 2010) In figure 9 the 

percentage change of crude oil price and foreign exchange rate between Euro Dollar 

are demonstrated. The volatility of crude oil is the red line and foreign exchange 

rate change between Euro Dollar is the blue line. The oil price is way more volatile 

than euro dollar exchange rate.  

   

 

Figure 9. Volatility in percentage when comparing between foreign exchange risk 

and price risk  
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The integrated exposure includes both commodity risk and foreign exchange risk. 

To determine the exposures, first the total amounts of inflows and outflows have to 

be measured by volume, figure 10. Oil is quoted in dollars by metric tons. When 

the volume is known, the price can be calculated. After fixing the amount; all the 

amounts under foreign exchange risk have to be measured.  Second the risk caused 

by currencies will be measured.  

 

 

Figure 10. Integrated risk management in Oil industry 

 

Noreng (2008) claims that euro would be better value for oil pricing because of its 

stability and therefore storing of the goods would be more stable. Risks are usually 

also costs, and foreign exchange risk influences all non-US companies. However, 

this study was though made in 2008 before the financial crisis in euro and might 

not be valid anymore. Noreng (2008) also argues that oil price movement and 

exchange rate movement do not always offset each other. However, euro Brent 

market would destabilize oil prices, two currencies would in stabilize the oil 

markets less transparent, less liquid and less efficient. The price risk would only 

increase. In figure 11 a chart is drawn to describe the difference in oil price in euros 

versus oil price in US dollars. In the July of 2008 the average price of Brent was 

138 US dollars. At the time Euro was strong and the price was 87 euros per Brent. 

In March 2015 the average Brent price was 55 US dollars while the price was 51 

euros per Brent.   

 

Define volumes

Define price

Define foreign exchange risk
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Companies in commodity markets with non-US dollar reporting face both 

commodity risk and foreign exchange risk since commodities are priced in US 

dollars. In many cases suppliers of commodities pass along changes in exchange 

rate to their customers or suffers lost themselves. Splitting commodity and foreign 

exchange exposure allows organization to manage risks independently. (Horcher, 

2005, p. 32) 

 

 

Figure 11. Oil Brent price in US dollar and euro 

 

2.6 Foreign exchange rate and oil price correlation 

 

The relationship between US dollar exchange rate and oil price has been researched 

a lot. Lizardo & Mollick (2010) found an obvious correlation of oil price 

movements and US dollar exchange rate against major currencies 1970-2008. Since 

oil is the leading economical commodity traded, purchases of oil increases the 

supply of US dollar in foreign exchange market which would push the value of US 

dollar down. Weaker dollar leads to higher commodity prices. In the short run, there 

is no correlation between exchange rate and oil price. Oil price affects exchange 

rates on a minimal level. In medium and long run oil price shocks have a significant 
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impact on exchange rates. Exchange rate shocks have a negative correlation to oil 

price. In the short run, crude oil price follows foreign exchange fluctuation. While 

in the long run currency fluctuations follow oil prices. (Brahmasrene, et al., 2014) 

Oil and US dollar tend to have a strong negative correlation (Lester & Haigh, 2010). 
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3 FOREIGN EXCHANGE RISK MANAGEMENT 

 

3.1 Foreign exchange exposure types 

 

Foreign exchange exposure is the root of foreign exchange risk management. 

Foreign exchange exposure is the amount which is under exchange risk. (Shapiro 

1999, p. 265; Haakonen 1998, p. 85) Eiteman et al. (2010, p. 282) defines foreign 

exchange exposure as: 

 

“the measure of potential for a company’s profitability, net cash flow and market 

value to change because of the change in exchange rate” 

 

To be able to control and manage foreign exchange risk, the company has to 

understand what is causing the risk and in which transactions it impacts. (Martin & 

Mauer, 2005) After defining foreign exchange exposure, the company is able to 

estimate the effect of currency fluctuations. (Adler & Dumas, 1984) The changes 

in foreign exchange rates can affect directly or indirectly on the company. Direct 

effects are those which immediately affect income statement and balance sheet. 

Indirect effects are hard to measure and they affect in the future for example as a 

change in competitive position. The exchange exposure can be classified into 

transaction exposure, translation exposure and economic exposure. This study will 

focus mainly in transaction exposure, which is the most significant of exchange 

risks in the short term. Transaction exposure concentrates on the risk of net cash 

flow which is under exchange risk while translation exposure is mostly for 

accounting. Economic exposure is how the exchange risk affects to the company in 

the future, for example on later prices. It is the strategic exposure for long time 

period in the future. Figure 12 presents how different exposures occur over time.  
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Figure 12. Foreign exchange exposure (adopted from Eiteman et al. 2010, 283; 

Shapiro 1999, 266) 

 

3.1.1 Transaction exposure 

 

 

Transaction exposure is the most relevant foreign exchange exposure in most of the 

companies. That is because transaction exposure has the greatest impact on profit 

in short run.  (Arcelus, Gor & Srinivasan, 2013) It consists of all contract based 

foreign exchange flows for example all sales and purchases, loan repayments and 

interests. (Kasanen, et al., 1996, p. 111; Pramborg, 2002) It consists of transactions 

which are converted into another currency. It appears always when there is a time 

gap between company committing to a cash flow and the time of the settlement. 

The deal is made for a specific day and during the payment the foreign exchange 

rates might have changed. In defining the exposure, all cash flows, which are certain 

must be considered.  Usually transaction exposure is made for 12 months. (Kasanen, 

et al., 1996, p. 115) 

 

Eiteman et al. (2010, p. 287) divides the life span of transaction exposure in three 

parts; quotation exposure, backlog exposure and billing exposure, figure 13. The 

quotation exposure is the time between the quote that the seller gives to the buyer, 

either it is verbal or written, to the order of the buyer takes place. Backlog exposure 

is the time to fill the order after contract has been assigned. It is the time between 

the order of the buyer and the time when the buyer gets the product and is billed. 

t

Transaction exposure

Translation exposure Economic exposure

Exchange rate change 
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The billing exposure is the time between payment due date and the received invoice 

date. Customer will settle the payment with the foreign exchange of the due date 

and the same amount which was quoted in the beginning. (Eiteman et al. 2010, p. 

287) 

 

Figure 13. Life Span of Transaction exposure (adopted from Eiteman et al. 2010, 

p. 287)  

 

3.1.2 Translation exposure 

 

 

Translation exposure is involved in financial accounting. Due to exchange rate 

changes, the book value of balance sheet assets and liabilities and income statement 

items changes. The exchange rate changes affect mainly the assets and liabilities 

which already exist. (Rupeika-Apoga, 2005) It arises when foreign financial 

statements of foreign subsidiaries are translated to the home currency of the parent 

company. For an international corporate, financial statement is done with specific 

currency, where the company is located. The profit and loss statement is firstly done 

in local currency of subsidiary and then translated for the currency of groups 

financial statement. The exposure is greater if there are more subsidiaries (Eiteman 

et al. 2010, p. 344; Shapiro, 1999, pp. 232-233)  
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Foreign exchange nominated inventories and other stocks are under translation risk. 

If products are priced in US dollar, the company faces foreign exchange risk by 

translating it to financial statement in euros. Translation exposure depends on the 

accounting principles. Risk is related to reporting currency. Foreign exchange 

nominated inventories and other stock are exposed to accounting risk.  

 

Functional currency is the currency of the primary economic environment. The 

translation must be noted in financial statement. (Shapiro, 1999, p. 273) Translation 

exposure arises from financial statements of subsidiaries that are in foreign 

currency. Financial statements in foreign currency must be restated in the parent 

company’s reporting currency. 

 

3.1.3 Economic exposure 

 
 

The literature has different views of economic exposure. It is called also as 

operative exposure, competitive exposure and strategic exposure. It concentrates on 

the future cash flows (Eiteman et al. 2010, p. 320; Kasanen, et al., 1996, p. 111). 

Future revenues and costs are affected in the long run of foreign exchange change. 

Economic exposure affects mainly on the competitive position of the company. The 

line between economic exposure and transaction exposure is not clear. And it can 

only be defined by companies themselves.  

  

Economic exposure is the change in cash flow which is results from unexpected 

changes in foreign exchange rates. The effect is how the changes affect the company 

in the future for example in sales price, volume and cost of the company. Operative 

exposure is the change in the operative result. Economic exposure differs a lot from 

transaction exposure. It is strongly company and industry specific. (Bartman, et al., 

2005) Economic exposure can be considered as future cash flow that is exposed to 

a potential currency. (Eiteman et al. 2010, pp. 282-283) 

 

Operating and transaction exposure are closely linked together because they both 

involve future cash flows. Operating exposure considers the change in exchange 
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rate in the long run, while the transaction exposure concentrates in the short run. 

The goal of economic exposure is to identify the strategic moves and operative 

techniques company should adopt to enhance its exchange rate change. Exchange 

rate affects to various operations within the company. A key issue for company is 

flexibility in pricing. The less price-elastic the demand is; the more price flexibility 

the company has to respond to exchange rate change.  If a company has an ability 

to shift production and source inputs among various countries, the less exchange 

rate change threats the company. (Rupeika-Apoga, 2005). The summary of foreign 

exchange exposure types is presented in table 2.  

 

Table 2 Foreign exchange risks 

Exposure 

Alternative 

terms 

How the foreign exchange 

rate change affects the 

company? 

Time 

perspective 

Hedging/ 

Derivatives 

Transaction 

exposure 

Cash flow 

exposure 
Direct effect on the cash flow 

Short term 

future 

perspective 

Forwards, 

options, futures 

Translation 

exposure 

Accounting 

exposure 

The impact of financial 

statements of subsidiaries & 

inventories 

Historical 

data 

Realized 

statements 

Economic 

exposure 

Operating 

exposure 

How the foreign exchange rate 

changes affect the competitive 

exposure? The impact on  

revenue and costs of future 

sales 

Long term 

future 

perspective 

No hedging, 

strategic 

investment 

decisions 

-options, futures 

and forwards 

 

3.2 Framework of exposure management 

 
 

Foreign exchange volatility affects the revenue, cost of the revenue, operating 

expenses and foreign exchange gain or loss in the balance sheet. Company size, 

maturity, structure and nature of its business define the necessity of foreign 

exchange management. (Edens, 2010; Huffman, Makar& Beyer, 2010) Foreign 

exposure management is presented in figure 14. It consists of foreign exchange 

policy, exposure calculation, forecasting future exchange rates, hedging, and 

evaluating performance. (Luostarinen, 2011, p. 43) Foreign exchange risk 

management varies depending on the field company operates in. Dhanani (2003) 
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filled the gap in the literature about the processes involved in foreign exchange risk 

management and why companies hedge the way they do. If the company operates 

with price risk, it defines more how foreign exchange risk is managed. For example 

a mining company, that has expenses in local currencies but sales prices are quoted 

in US dollars, must hedge its operations to minimize costs in the future. (Dhanani, 

2003)  

 

 

 
 

Figure 14. Foreign exchange risk management 

 

Foreign exchange risk management includes the same processes as risk 

management. First the risk must be identified. Exposure identification is the most 

important thing of foreign exchange management. If the exposure is measured in 

the wrong way, the hedging fails and the outcome is risk, either negative or positive. 

After identification it must be analyzed. The analyzing and measuring is done 

through defining the foreign exchange exposure. After the exposure is defined, the 

risk can be measured for example with VAR -method or CFAR-method. VAR and 

CFAR define how much can be lost under foreign exchange risk. The risk will be 

managed and controlled by hedging. At the final stage the success of risk 

management should be evaluated. All the risk management should be done under 

foreign exchange risk management policy. Foreign exchange policy should define 

strategy and goals to manage the exposure.  

 

Forecasting foreign exchange rates is important for the decision making process. 

The financial managers are interested in reliable and credible forecast of foreign 

exchange rates. There are multiple methodologies to forecast foreign exchange 

Foreign exchange policy

Position

calculation
Hedging

Performance 
evalutation
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rates. Foreign exchange forecasting methods can be divided into market-based and 

model-based methods. The method is chosen by accuracy and correctness 

evaluation.  (Shapiro, 1999, p. 240) The decision depends on the accuracy of 

forecast. Forecasts are used in investment decisions or for example foreign 

exchange exposure hedging decisions in long and short term perspective. However, 

non-financial companies tend to use external sources for forecasting foreign 

exchange rates. Internal methods are used in companies with long history in foreign 

exposure management. External sources are used based on the lack of forecasting 

resources. Forecasting requires skills, time and effort, and that is why it is not 

recommended for nonfinancial firms. (Hakkarainen, Joseph, Kasanen & Puttonen,  

1996; Pramborg, 2002; Tunney & Bilter, 2015) 

 

3.2.1 Policy 

 

The policy of foreign exchange management should be defined clearly in the 

company. As the policy is defined the managers understand the requirements from 

stakeholders, for instance from owners and board members. The policy helps to 

keep the risk management relevant. Decision making process also simplifies at the 

same time. (Nordea markets academy, 2014) When a company wants to start 

controlling foreign exchange risk, real commitment from the top management is 

required and that commitment should be formalized by policy. In foreign exchange 

policy it is critical to define the targets of it. It should contain the definition of 

foreign exchange exposure, the aim of exposure management, the amount of 

exposure allowed and the hedging methods.  Hakkarainen et al. (1996) found in 

their study that hedging depends on the rate company defines in their policy. 

Formalized foreign exchange policy will document company’s foreign exchange 

exposure management objectives, procedures and assignments of responsibilities. 

Finnish companies tend to concentrate on transaction and translation exposure 

rather than economic exposure.  (Hakkarainen, et al., 1996)  
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3.2.2 Exposure calculation 

 
 

After the exchange risk is identified, it should be measured. As mentioned, the 

foreign exchange exposure is the net cash flow of foreign exchange transactions. A 

more detailed exposure calculation is presented in chapter 3.3. Depending on the 

foreign exchange cash flow, the foreign exchange exposure can be long or short. 

The exposure is short if payables are greater than receivables. If receivables are 

greater than payables, it is long. (Edens, 2010)  According to Adler and Dumas 

(1984) there are criteria’s which one must use while defining foreign exchange 

exposure.  

 

1) The exposure must be defined separately for each foreign exchange 

2) The exposure must be defined for all assets and liabilities as also financial 

assets and liabilities 

3) If possible all the future payables and receivables must be taken in account 

4) There must be a due date defined for an exposure 

5) Exposure should be modified with time and case situation 

6) Exposure should be measured as precise as possible and the exposure should 

be hedged with instruments 

 

3.2.3 Hedging 

 

Hedging is a tool to manage foreign exchange risk. Hedging can either be operative 

hedging or financial hedging. Operative hedging consists of operative operations to 

modify the starting exposure. For example, a company can try to sell and buy in the 

same foreign exchange. In financial hedging foreign exchange derivate are used to 

minimize the risk. Financial hedges include instruments as swaps, forward contracts 

and options. (Kasanen, et al., 1996, pp. 131-132; Eiteman et al. 2010, p. 197) 

Foreign exchange derivatives are used for hedging rather than speculating in 

nonfinancial companies. The levels of derivatives used depends only on a 

company’s exposure. (Allayannis & Ofek, 2001)  
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There are several reasons why companies should hedge over foreign exchange risk.  

Reduction of risk improves the business planning of a company. Accurate forecast 

of future cash flows helps in decision making for example under a specific 

investment. Reduction of exchange rate risk also ensures that cash flows will not 

fall. It ensures that company has enough cash to operate (Eiteman et al. 2010, p. 

286). According to Edens (2010) hedging reduces volatility, helps avoiding 

financial distress and provides predictability. Rupeika-Apoga (2005) defines that 

hedging exchange risk is seen as a difficult task. Firstly, the exposure must be 

determined and secondly the risk must be quantified before hedging. Once the 

exposure is defined, then a company should decide how to manage it. Financial 

hedges should be avoided as much as possible as they are costlier compared to 

operative hedges.  

 

As a nature of foreign exchange trade, the buyer or seller has to carry the foreign 

exchange risk. According to Arcelus, et al. (2013) it does not matter who carries the 

foreign exchange risk between supply chain partners. Supplier has the chance to 

decide who is carrying the exchange risk. The supplier should consider that the sales 

volume might decrease if the buyer is not interested to carry foreign exchange risk. 

If the buyer is a risk-taker, then the manufacturer should pass the risk to the buyer. 

(Arcelus, et al., 2013) However, operative hedging might also include costs. The 

customer might want to get a small discount for changing the foreign exchange. 

However, the margins of financial hedges are usually much smaller. Companies 

should first use operative hedges, if there are none, then financial hedges if they 

have enough knowledge of foreign exchange fluctuations. (Kasanen, et al., 1996, 

pp. 131-132)  

 

Bartman, et al. (2005) analyzed economic exposures in non-financial companies 

focusing in cash flows. The results of the study showed that pass-through time and 

complexity of exposure are linked to hedging decision. Hedging is impossible 

without proper understanding of underlying risk position. Hedging should be done 

more case by case. Because exposures are complex and more like puzzles, both 

operative and financial hedging are recommended.(Bartram & Bodnar, 2007) 
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Operative hedging 

Operative hedging can be called also natural hedging or internal hedging. By 

operative hedging, companies are trying to find ways to minimize the risk with 

internal operations. One way is to use matching. Where income and expenses are 

in same foreign exchange then the company can minimize foreign exchange risk. 

Diversification of currencies means dividing the risk in many currencies which 

leads to decrease of the overall risk. The decrease of risk is based on the probability 

that not all currencies are going to decrease. One way to do so is foreign exchange 

clauses, moving the foreign exchange risk to the customer or supplier. Leading and 

lagging, netting the foreign exchange cash flows that the transactions are in same 

day. The extent of transaction exposure depends on the currency used. (Kasanen, et 

al., 1996, p. 132) 

 

Financial hedging 

According to Kasanen, et al. (1996, p. 133) financial hedges can be divided to fixed 

and option hedges. Fixed hedges eliminate the risk entirely. Option hedges decrease 

the uncertainty the risk of loss against premium giving a company a change to 

benefit from the profit. Fixed hedges are more used than options. Forward and 

Swaps are the most common ones (BIS Triennial central bank survey, 2013). 

Foreign exchange loan and investment is the easiest financial hedge. In free markets 

taking a foreign exchange loan instead of local foreign exchange loan does not 

increase expenses.  

 

 Forward contracts are the most used intruments against foreign exchange 

risk. In forward contract a company commits to buy or sell a foreign 

exchange in predetermined day and at agreed foreign exchange rate. 

Forward rate is defined as spot rate multiplied with the interest difference. 

Higher interest rate means higher forward rate compared to spot rate. 

(Kasanen, et al., 1996, p. 132)  Foreign exchange futures contracts are 

settled for future delivery of a standard amount of foreign exchange at a 

fixed time, place and price. (Horcher, 2005, p. 80; Eiteman et al. 2010, pp. 

198-200) The trade is going to occur in the maturity day. 
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 SWAPS are cash flow exchanges. Parties change cash with notional 

amount. It is a purchase and sale of foreign exchange. Purchase is executed 

at once and the sale back to the same parity carried out at an agreed price at 

a future date. (Stulz, 2003, p. 500) Swaps can be described as foreign 

exchange loan from bank against another currency. With swaps rolling 

hedging and maturity date moving is possible. Swaps are used for moving 

the forward maturity day. 

 

 Options gives a buyer the right to buy (call option) or the right to sell (put 

option) foreign exchange with fixed exchange rate for specified time period. 

(Eiteman, et al., 2010, p. 201) In options a premium will always be paid.  

 

3.2.4 Evaluation 

 

Companies should analyze the quality of foreign exchange management. Analyzing 

should involve some kind of an input and output analyze. If the measures are 

incorrect the hedging will be incorrect and the company might fail in hedging. The 

analyzing should be done of performance success of exposure management, the 

failure, profitability. The result should be aligned with policy.  

 

3.3 Transaction exposure management 

 

Transaction exposure arises from foreign exchange transactions. The fluctuations 

of exchange rates realize in cash flow changes. According to Hookana-Turunen 

(1998, p. 85), transaction exposure can be defined for single cash flow or as sum of 

multiple cash flows. All cash flows in foreign exchange, which are certain enough, 

should be counted to the exposure. These include for example receivables, payables 

and orders. According to Kasanen et al. (1996, p. 115), companies should include 

forecasted sales and purchases on their exposure. To use the forecasted amounts 

companies should ensure that the price is not fluctuating due the foreign exchange 

change. Foreign exchange transactions can be cross border trade, borrowing and 
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lending in foreign currencies. In figure 15 the structure of transaction exposure is 

shown. The exposure should contain receivables and payables from balance sheet, 

future sales and purchases orders, lease payments, and forecasted budgeted 

transactions. (Shapiro 1999, p. 324) 

 

 

Figure 15. Transaction exposure (Kasanen, et al., 1996, p. 115) 

 

Foreign exchange risk does not only arise from the invoice amount. The transaction 

might include the foreign exchange risk if the pricing is using different foreign 

exchange from the home currency. It is important to define the exposure based on 

pricing and invoicing currency. Pricing currency is based on the price of the product 

for example most of commodities are priced in US dollars. Invoicing currency is 

the currency of invoice and payment. If the invoicing is done in home currency, the 

foreign exchange risk disappears from the time after pricing. It does not exist 

between deal and money transaction.  How the currency reacts to the price change 

is called currency flexibility. Currency flexibility is talked about when prices react 

to the currency change naturally.  Price flexibility is one of the main issues in 

transaction exposure. (Kasanen, et al., 1996, p. 116)  
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The cash flow exposure should be defined as well as possible. The cash flow 

exposure of business should choose which transactions to include in the exposure. 

It can be all cash flows in foreign currency or only from balance sheet payables and 

receivables, or defined somehow else. The company strategy defines the amount of 

forecasted exposure. The exposure can include also all cash flows which are based 

on contracts and which are not entered in the income statement yet. Forecasted 

batches can be included in the exposure. The forecast can be pessimistic, ordinary 

or optimistic. However, if the exposure is defined wrong, the foreign exchange 

exposure might increase. The uncertain parts of forecast should be eliminated from 

the transaction exposure. Also, those transactions which are insignificant should be 

excluded. (Kasanen, et al., 1996, p. 115) In figure 16 the financial cash flow is 

demonstrated. Foreign exchange risk should be managed through the cash flow 

cycle.  

 

Figure 16. Financial cash flow 
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3.3.1 Account payables and account receivables  

 

Foreign exchange exposure defining starts by gathering all foreign exchange future 

transactions. One option is also to hedge individual transactions separately. If there 

are many transactions the cash flow method is simpler.  The gathered information 

should include currency, denominations, amounts and maturities for all foreign 

exchange transactions. The net exposure, net cash flow is calculated separately for 

all currencies and maturities. Then the calculation is used for hedging decisions. 

Individual companies receive usually the cash flow information through their ERP 

systems. According to Edens (2010), companies should start measuring their 

exposure via a balance sheet. One way to collect the data is through the ERP system 

or a general ledger. From an ERP system it is possible to download foreign 

exchange payables and receivable report. The problem arises from gathering 

accurate and timely correct data of foreign exchange cash flows. To get enough 

correct data the FX exposure should be timely updated. The inaccurate data is a 

challenge to the risk managers to use ERP system only. (Edens, 2010) The 

challenges of quantifying foreign exchange exposures from balance sheet are:  

 

1) Data transparency 

o The lack of transparency and trust of balance sheet of risk managers 

2) Manual foreign exchange exposure calculation 

 

Future cash flows are different between companies. One might forecast easily the 

future cash flow, and one might have a complex environment and cash flow. Sales 

of companies might depend on seasonal or cyclical variations. The money transfers 

do not happen immediately when the deals are done. Cash inflow includes account 

receivables and forecasted receivables.  

 

Cash outflows can be categorized in four groups  

1) Payments on account payable such as raw material, energy, maintenance- 

all invoices 

2) Labor, administrative expenses 

3) Capital expenditure 
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4) Taxes, interest and dividend payments 

 

3.3.2 Forecasted cash flow  

 
Exposure should include forecasts to manage cash flow effectively. (Stafford, 2014) 

Foreign exchange exposure management can only include what has been 

forecasted; one cannot hedge without knowing the risk.  Industries can be forecasted 

differently. In some fields cash flow can be forecasted accurately over multiple time 

periods. For example, some companies can forecast their exposure for a couple of 

years at a certain time period. Some companies have very volatile industries and 

forecasting exposure beyond currently booked orders can be impossible. (Stafford, 

2014) 

 

A common way to define transaction exposure is considering it for 12 months. It 

can consist of a budget period or it can be a rolling budget. Many companies are 

hedging 12 months because of lower costs of foreign exchange loan. 12 months 

does not include all of the risk. Only those cash flows can be included where the 

price and selling amount is known.  However, because of this, it is not defined 

exactly for 12 months.  (Kasanen, et al., 1996, p. 115) For example, high-tech 

manufacturing, where forecasting is difficult because of short product life cycles 

and volatile prices, active hedging is important and proper time period is about 6 

months. For example, in industrial manufacturing where product life cycles are long 

hedging should focus on transaction cash flows. (Edens, 2010) Hedging revenues a 

year or more in advance involves uncertainty. Stafford (2014) suggests that 

exposure should be only forecasted 100 percent for short time period and the hedge 

ratio shall decrease for the future. For example, one month away 90%, two months 

80%, three months 70% and so on.  The forecast will be more accurate closer to the 

transaction. The downside of this method is that there will always be some foreign 

exchange risk exposed.   
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3.3.3 Structure of foreign exchange exposure 

 

 

Eiteman et al. (2010, p. 287) identifies a pattern according to which foreign 

exchange risk occurs when companies are borrowing or lending funds when 

repayment is to be made in a foreign exchange. For example, if a company raises a 

loan in foreign exchange. Transaction exposure also exists when companies are 

buying forward contracts. Moreover, transaction exposure arises also of acquiring 

assets or incurring liabilities denominated in foreign exchange. (Eiteman et al. 

2010, p. 287) 

 

Transaction exposure includes both starting exposure and finance exposure. 

Starting exposure is the open exposure which is under foreign exchange risk. It 

consists of receivables, payables and orders. Financial exposure arises from 

financial transactions. Financial exposure controls the starting exposure. Finance 

exposure includes all finance transactions and loans in financial markets. Financial 

exposure includes foreign exchange loans, foreign exchange bank amount, interests 

of investments. (Kasanen, et al., 1996, p. 129) Every foreign exchange currency has 

to have their own exposures. The exposure under risk is the sum of starting exposure 

and financial exposure. 
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Table 3 Foreign exchange exposure (Kasanen, et al., 1996, p. 130) 

 

 

3.3.4 Hedging transaction exposure 

 

Transaction exposure can be managed by financial hedges and operative hedges. 

Financial hedges, contractual hedges, consist of forwards, futures and options. 

Operating and financial hedges consist of risk-sharing, swaps, leads and lags in 

payments. (Eiteman et al. 2010, p. 289) The hedging alternatives should be 

evaluated before hedging. As transaction exposure is defined for a short time period 

and one of the qualities of transaction exposure is symmetry, the foreign exchange 

strengthens and weakness are equal but opposite to the profit, Kasanen et al. (1996, 

p. 138)  propose that these elements make fixed financial hedging strategies best 

for transaction exposure. Options are bought against premium. Companies have to 

predict the received benefit against premium which can be lost. (Kasanen, et al., 

1996, p. 139) 

 

Month 1 2 3 4 5 6 7-12 >12 sum

Operative transactions 0

Receivables (+) 50 60 45 30 15 200

Orders (+) 10 20 20 30 20 100

Forecasted sales (+) 10 20 230 260

Payables (-) -10 -20 -5 -35

Purchase orders  (-) -10 -10

Forecasted purchases  (-) -20 -10 -40 -70

Investments  (+/-) 0

Starting position 40 40 50 40 25 40 210 0 445

Financial transactions 0

Cash  (+/-) 10 10

Investments (+) 0

Loans (-) -30 -30 -60

Interests  (+/-) -5 -5 -10 -20

Forward contracts (+/-) -50 -40 -40 25 -200 -305

Swaps (+/-) 0

Leasing  (-) -50 -50

Financial position -40 -40 -35 -40 -25 -35 -210 0 -425

Open position 0 0 15 0 0 5 0 0 20
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3.4 Foreign exchange risk analyses and measure of risk 

 
 

Financial risks are derived from volatility. Volatility is measured with standard 

deviation. For companies who measure risk is relevant to measure the risk to know 

how the risk can affect to performance.  Standard deviations and probabilities of 

distribution curves are good methods to analyze the risk. The information gathered 

can be used in risk management programs and strategic planning. The exposure 

must be correctly measured and understood before measuring the risk. Distributions 

are always estimates. However, the policies of company can define the maximum 

allowed risk, which can be controlled with risk measures. (Allayannis & Ofek, 

2001; Bartman, et al., 2005; Martin & Mauer, 2005) 

 

Risk is measured with probability distribution. Adler & Dumas (1984) define 

exposure to the exchange movement as the regression cofficient of the value of the 

company on the exchange  rate across state of nature. Volatility measures the 

uncertainty and it defines the maximum possible lost. The amount of risk depends 

on three factors: 

 

1) The economic amount under exchange risk also called as exposure 

2) The economic dependence of risk factor as the sensibility  

3) The uncertainty of risk factor as the volatility  

 

These factors can be combined to understand the total risk. For a long future time 

period only a small part of foreign exchange exposure is hedged. When the sales 

forecast is more precise, the hedging is increased. Foreign exchange exposure can 

be defined with market based or cash flow method. Market based method describes 

the value of stock compared to foreign exchange fluctuation. Cash flow model can 

be used in defining the change of foreign exchange fluctuations to the cash flow. 

Martin and Mauer (2005) found in their study that capital market exposure is not 

significant and cash flow exposure is.  Cash flows are more sensitive to exchange 

rate change than stock returns.  
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Market based model 

With capital market approach, companies can understand how the foreign exchange 

risk impacts to the company value. This approach is important for those who make 

decisions to maximize company value. Capital market approach model is flexible 

and forward looking. It helps in evaluating investment opportunities. Managers can 

also focus on stock performance. (Martin & Mauer, 2005) 

 

Following equation 1. describes the exchange risk exposure.  

 

𝑅𝑖𝑡 = 𝛼 + 𝛽𝑓𝑥𝑅𝑓𝑥𝑡 + 𝛽𝑚 𝑅𝑚𝑡 + 𝜀𝑡                                          (1)  

 

Rit is the rate of return in company’s common stock in period t. Rfxt is the percent 

change of exchange rate over time t. Rmt is the rate on the market portfolio over time 

t. α is the intercept, βfx is the exchange exposure, βmt is the market exposure and εt is 

the error term over time t. Adler and Dumas (1984) measured exchange rate 

exposure as estimated sensitivity of stock returns to movements in a trade-weighted 

exchange rate index. The model has evolved to include transaction exposure.  

(Martin & Mauer, 2005; Adler & Dumas, 1984; Allayannis & Ofek, 2001)  

 

Market based model is for external shareholders and decision makers to measure 

how foreign exchange risk affects to the value of the company. The model predicts 

that long term and short term effects of foreign exchange risk are the same. (Martin 

& Mauer, 2003) Bartram & Bodnar (2007) analyze why reacheres fail to analyze 

exchange exposure in non-financial companiess by market model. Only few 

companies have significant foreign exxchange exposures. Stock returns do not only 

reflect the exposure of companies’ net corporate hedging. Nonfinancial companies 

tend to use lots of operative hedging by ability to modify operations in response to 

foreign exchange hedging (Okochi, 2008). Huffman et al. (2010) combine asset 

pricing literature with foreign exchange rate literature suggesting that an integrated 

three-factor model gives more significant results. Company size, foreign exchange 

sales ratio and hedging instruments affects to the exchange exposure. There are also 

multiple other models. (Huffman, et al., 2010)   
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Cash flow based model (CFAR) 

Cash flow based model can be used to analyze how foreign exchange rate changes 

affect to the cash flow of company in different time periods. (Martin & Mauer, 

2005) This equation 2. allows exposure to be divided in short and long term 

components: 

 

𝑈𝐼𝑡 = 𝑐 + ∑ 𝑤(𝑞)𝑋𝑡−𝑞 + 𝑢𝑡
𝐿

𝑄=0
                                       (2)  

                      

UIt is the standardized unanticipated operating income before adjustments for time 

t. Xt−q is the percentage change in exchange rate factor for time t-q. C is the intercept, 

w(q) foreign exchange exposure for time q, ut is the error term for time t. The cash 

flow model is concerned of company specific conditions. The cash flow approach 

seeks to understand how exchange rate changes affect to the cash flow. With cash 

flow approach companies can evaluate the effectiveness of hedging. (Martin & 

Mauer, 2005) 

 

Cash flow at risk describes of how much can be lost with normal distribution 

because of the volatility within the company cash flow. CFAR is a good measure 

to nonfinancial companies. It helps company to manage unexpected cash flow 

changes. VAR measures more company value. It measures the risk of all future cash 

flows. (Stulz, 2003, p. 91) 

 

3.5 Opportunities and challenges of foreign exchange exposure management 

 

According to Jauri (1997, p. 14), the financial risks of corporation are not only the 

market price risk and the foreign exchange risk. The risk is dependent of the 

exposure and the validity and reliability of it. If the forecasts and the market view 

fails, it is a risk to the company. Or if exposure is defined with uncertainty and 

contains a risk. Also, the fact that the risk is defined with incorrect methodology 

and the systems are not sufficient, is a risk.  
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The policy of the company defines the limitations and strategy for foreign exchange 

risk management. The exposure management should be flexible. The policy defines 

the extent of cash flow forecasting, the hedge ratio and the instruments used. The 

challenge of the exposure management is that the exposure must be defined 

correctly and it must use consistent approach. The challenge of the exposure 

management is as well the information flow inside the company.  

 

Companies make several mistakes in foreign exchange risk management. Changes 

in business models make it challenging and one of the mistakes relies in foreign 

exchange risk management policy, which tends to be done and updated over time 

in response to losses generated by exposures that were not previously considered or 

understood. The organizations should be proactive when considering foreign 

exchange risk. (Tunney & Bilter 2015) 

 

One of the challenge in foreign exchange risk management is understanding foreign 

exchange result in a timely manner. Companies have challenges to explain how 

exposures and hedges can affect the result. There are several reasons for difficulties 

for example, intra-month adjustment trades, forecasted deviation, errors in mark-

to-market calculations. (Tunney & Bilter 2015) 
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4 RESEARCH METHODOLOGY 

 

4.1 Methodology 

 

The research in business and management is often problem solving. (Ghauri & 

Gronhaug, 2002) According to Saunders et al. (2007, pp. 100-101), research can be 

described with several layers of an onion. The research onion consists of six layers, 

figure 17. The outside layer describes the philosophy of the research. Saunders et 

al. (2007,121) describe the philosophy as the authors’ scope and knwoledge of the 

subject, which later on will define the research strategy and methodology of the 

topic. This thesis has mainly features of positivism. Positivism is a framework 

where a phenomenon is studied by using facts and observations to explain it.  The 

research is based on understanding natural phenomena. The research approach is 

normative. Normative study differs from descriptive study in that the target is not 

only to collect facts but it is also trying to improve the current methods. Normative 

study includes evaluation of the current methods and development of the process. 

(Kasanen, et al., 1993) The aim is to guide the case company to develop their 

foreign exchange risk management and analyze the current system. 

 

 

Figure 17. The research onion (Adopted from Saunders , et al. 2007, p. 102) 

Philosophy: Positivism 

Approach: Normative     

Strategy: Constructive case 
Study

Choices: Mixed Methodes

Time horizons: Cross-
sectional

Data collection and data 
analyses:Triangulation
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The research strategy of the topic is a constructive case study. Constructive study 

is a problem-solving study through construction of models, diagrams and plans. 

(Kasanen, et al., 1993) The study is a case example of a single case company. In 

case studies the research is executed through empirical investigations of a particular 

phenomenon. (Saunders et al., 2007, p. 139) 

 

In business and management research it is common to use both quantitative and 

qualitative research methods as the study has both quantitative and qualitative 

aspects. (Saunders et al., 2007, p. 145) Mixed-method is the method in which both 

quantitative and qualitative methods are used to collect data. (Saunders , et al., 2007, 

p. 139) Qualitative methods, such as unstructured interviews, are used as to help 

understand the case better. This study has information that was collected through 

unstructured conversations. According to Saunders et al. (2007, 139), numeric data 

collection involves surveys or the analysis of data (graphs and statistics). The 

existing model is analyzed by modelling the data with graphs and statistics, to find 

out the parameters and factors which must be investigated in the study. The data is 

collected in a cross-sectional way rather than longitudinal. The modelling is done 

based on the history from data over a month’s time period. (Saunders et al., 2007, 

p. 148) Triangulation refers to the use of multiple data sources in data collection 

ways. Triangulation increases the validity of the research. Information is collected 

from different angles. (Ghauri & Gronhaug, 2002, p. 181) 

 

4.2 Research design and strategy 

 

The methodology of this study is constructive modelling. Models are a good way 

to represent, simplify and show the connections in the case study. A general 

understanding of the topic is received from existing literature. A foreign exchange 

exposure model is designed based on the theoretical literature and the background 

of the case company. The factors and parameters causing foreign exchange risk in 

case company will be further analyzed with cash flow analysis. The new model 

presents the foreign exchange net cash flow of the case company. The model will 

be tested against the existing model and the results of both of the models will be 
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analyzed. The existing model is done by managing exposure with net working 

capital. The aim of the new model is to simplify the existing model and find out 

which would be the best way to manage foreign exchange risk.  

 

4.3 Data collection techniques 

 

The data is collected with interviews and through the data system information. The 

interviews are mainly unstructured interviews and were chosen as they are a good 

way to explore the topic with the people working with it daily.  In the interviews 

the point of view for foreign exchange risk is therefore gathered from different 

angles. The unstructured interviews were done with risk management, operations 

and cash management departments. The questions varied from questionnaire to 

another and no further unified templates were used on the interviews. Also one 

group meeting was organized to collect information from open discussion between 

departments. 

 

 In the case company, foreign exchange risk management is done in risk 

management who reports the exposure to cash management. Cash management 

hedges the exposure according to company hedging policy. Cash management has 

the information regarding the cash flow of the company. However, because the 

commodity risk and storing is executed in US dollar, the risk management 

personnel have the information regarding the daily transactions and change of the 

risk exposure. Operations are interviewed to understand the company processes and 

purchases better. The qualitative technique gives wider understanding of the 

relationships of different departments within the case company.  

 

Quantitative data is used in data collection and analyzing the model. As the study 

is a case study, real time data is used for modelling the case. The net cash flow 

model is done by collecting cash flow information from bank account transactions 

on a daily basis. The transactions which are pricing in US dollars and paid or 

received in euros are modelled separately to cash flow model by using sales and 

purchase forecasts. The net cash flow model will be compared with the net working 
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capital exposure in the same time period. Both models will be tested and analyzed 

against each other.  

 

This study is limited to one case company. The aim is to find how companies under 

commodity risk can manage their foreign exchange risk. The foreign exchange risk 

is involved through the entire cash converting cycle. The aim is to hedge the foreign 

exchange risk so that the foreign exchange rate for purchases would be same as for 

the sales. The biggest challenge is in the storage, as the value of the stock is related 

to the market price. 

 

The credibility and validity is analyzed in the testing of the model. The data 

collected is reliable as it is the real data from the company used in modelling. 

Therefore, the threats of errors should be quite low. However, because of the 

limitation to one case company, the study is not generalizable. (Saunders et al., 

2007, p. 150)  
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5 FOREIGN EXCHANGE RISK IN CASE COMPANY 

 

5.1 Oil trading 

 

Oil trading has evolved from a physical activity into a sophisticated financial 

market. Oil markets are the largest and most complicated markets in the world. The 

supply chain of crude oil is long because of transportation, processing and storage 

phases. Oil prices change often as the correct oil product is not in the correct place 

at the right time. Compared to the financial markets, this is different because 

moving financial assets is faster than moving physical goods such as oil. (Long, 

1996, pp. 1.1. 1-2) 

 

Oil is transported with ships in the international markets. That makes the size of the 

ship as the trading unit. The refined oil products move usually with smaller vessels 

than crude oil. Oil must be stored and it requires construction of specialized tanks 

at every point of the supply chain. As storage levels fluctuate in different points of 

the supply chain, it reflects on the oil price. Oil companies try to keep the stock 

operating levels to the minimum, because the stock levels tie cash and storage 

facilities are expensive to rent and build.  Stocks are also needed because deliveries 

are done in large quantities and stock levels are depleted evenly. Company needs 

also extra stocks for its insurance policy and for unexpected interruptions. Oil 

companies have so called base inventory, which is the minimum operating level, 

which will not be hedged. The local government also demands a certain stock level 

for the security of supply. Stocks are used as well for speculative reasons either to 

profit from upward price trend or minimize the losses from downward price levels. 

(Long, 1996, pp. 1.2. 1-3)  

 

Oil is invoiced in one single foreign exchange around the globe. There are multiple 

reasons why oil is traded in US dollars. Crude oil is a homogeneous good traded on 

specialized exchanges, quoted and invoiced predominantly in one currency. The 

reason why it is quoted in US dollars is based on the macroeconomic stability of it.  

(Mileva & Siegfried, 2012) There could be opportunity that the currency would be 
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different. However, petroleum has been traded in dollars since 1859. Dollar, like 

oil, is very homogeneous and prices are easily comparable. (Bodnar & Wong, 2003) 

 

The business of oil is not similar with other kinds of businesses. Because of the 

volatility of oil, it is often priced in pricing periods. This means that the invoiced 

amount will be an average price from several days and it reduces the price risk and 

reduces speculation. Normally the pricing is done in several days and the 

counterparts will contract the pricing rules together. Furthermore, since the pricing 

is done in pricing days, the price risk from purchases can be managed similarly. As 

the price risk contains commodity risk and foreign exchange risk, both risks should 

be acknowledged in the exposure. The market risk starts when the purchase starts 

to price in. Pricing is often linked to the loading date. The pricing execution varies 

between suppliers; a common way is to count five days from bill of lading day. One 

can also use a month’s average to one day as the pricing execution method. Usually, 

a preliminary invoice is paid after loading even though the pricing period is not 

over. A final invoice will be done right after pricing period to fix the total invoice. 

As the buyer and the seller can decide any kind of pricing formula, the pricing might 

vary a lot. Purchase quantities vary between different months. Oil trading is done 

in US dollars and the prices are quoted in US dollars. The quantities are included 

to the exposure during pricing, and the hedges will be adjusted after the cargo is 

loaded to match the actual exposure. 

 

 

5.2 Case company introduction 

 

North European Oil Trade Oy (NEOT) is a procurement company of two Finnish 

oil retailers, ST1 and SOK. NEOT is specialized in oil and bio products wholesale. 

2014 the revenue of NEOT was just under 5 billion euros. The supply chain of 

NEOT is presented in figure 18.  

 

 

 Figure 18. Supply Chain of NEOT 

Purchase Transport Product storage Sale
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In 2014 NEOT operated in approximately 4 million cubic meters of oil products.  

The products include gasoline fuels, diesel fuels, ethanol fuel (E85), and heavy and 

light fuel oils. The vision of NEOT is to be the most cost efficient and innovative 

fuel procurement company. NEOT purchases oil products from several sources to 

ensure its competitive ability. Most of the fuels NEOT purchases are from the 

refinery of ST1 Gothenburg. The purchases in general are done mostly from 

Finland, Sweden, Denmark, Norway and Poland. NEOT has also product storages 

in several terminals in both Finland and Sweden. (NEOT, 2015) 

 

5.3 Commodity price risk and foreign exchange risk in NEOT 

 

NEOT is dependent on financial risk management. Commodity price risk and 

foreign exchange risk are the most significant risks which NEOT face in daily 

transactions. Figure 19 defines the risks of NEOT in the supply chain. The risks can 

be also found in appendix 1. The cash flow of the case company depends on these 

risks. As oil is the most volatile commodity in the world, the price risk must be 

managed well within the company.  

 

 

Figure 19. Commodity and foreign exchange risk 

 

NEOT manages commodity risk with calculating the exposure daily. The price risk 

includes products which are pricing in, pricing out and in storage. The base 

inventory will be eliminated from hedging and price risk management. Based on 

Purchase

Commodity Risk:  product pricing in

Foreign Exchange Risk: purchase bought in USD

Storage

Commodity Risk: product in storage

Foreign Exchange Risk

Sales

Commodity Risk: product pricing out

Foreign Exchange Risk: product sold in euros, pricing in US dollars
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the risk management exposure report the trader is able to do the hedges needed. The 

market view of the trader defines the open exposure, which has to be within the 

company policy.  

 

In matter of foreign exchange risk, NEOT is affected to short term transaction 

exposure and long term economic exposure. Most of the products NEOT purchases 

and sells are priced in US dollars.  Since the pricing currency is US dollar and 

NEOT reports in euros, NEOT is exposed to foreign exchange risk daily. The most 

significant exposure is transaction exposure. NEOT is also exposed to translation 

exposure through subsidiaries, and in long run the economical exposure is 

significant.  However, this thesis will concentrate on transaction exposure. The 

foreign exchange risk management is a daily task for the company and it is managed 

with net working capital. According to the risk management policy of the case 

company, the aim is to hedge the foreign exchange risk so, that the purchases and 

sales are with the same quote. NEOT hedges the exposure with swaps, forwards 

and options. Daily sales, purchases and stock are the most important factors in 

transaction exposure. 

 

Because the storage is valued in US dollars, it is under foreign exchange risk. 

Defining the storage value is quite complex. The biofuels have gained a lot of 

attention lately, and Finnish legislation has targets placed to oil sellers, which must 

be achieved. Ethanol is used as bio component in gasolines and FAME in diesel 

fuels. FAME is quoted in US Dollars but ethanol is quoted in euros. This means 

that all purchases and all sales expect ethanol are under foreign exchange risk. 

Because the ethanol is blended to gasoline in storage, it must be eliminated when 

managing the foreign exchange risk. Because of the large amount of products, and 

different pricing methods, managing foreign exchange risk is quite complex. In the 

case company foreign exchange risk management is integrated to the commodity 

exposure. The benefit of integrated method is that commodity risk management and 

foreign exchange risk management are able to use the same information. 

Commodity exposure requires always as exact information of volumes as possible 
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that are under price risk. Foreign exchange risk is managed based on the commodity 

risk. The integrated risk management in case company is presented in Appendix 1.  

 

The foreign exchange exposure management is done integrated with commodity 

risk management, in the risk management department. The risk management is 

executed process oriented and the risk management department will receive data 

from the cash management’s daily transactions, which will be included to the 

exposure.  According to the risk management policy of the case company the 

foreign exchange risk is controlled and minimized as much as possible. The foreign 

exchange risk itself arises from the time and quantity difference between purchases 

and sales. The case company wants to hedge the cash flow cycle which was 

presented in figure 16.  

 

5.4 Cash flow analyses 

 

The cash flow of the case company is analyzed to understand the key drivers of 

foreign exchange risk and the most significant parts of the exposure. According to 

the literature on the subject, foreign exchange risk is the cash flow under risk. 

Therefore, the cash flow of the case company must be analyzed through accounting. 

The cash flow is analyzed in different currencies as well as the cost structure. The 

revenue of the case company consists of sales of oil products to end customers and 

the expenses consist of product purchases, energy taxation, procurement, labor and 

other costs, figure 20. 
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Figure 20. Expenses of case company 

 

The case company reports in euros. The products are priced in US dollars but the 

taxes, labor and other fixed cost are priced in euros. In procurement the currency 

on the costs vary. According to Kasanen et al. (1996, p. 115), it is important to make 

decisions about which transactions should be included to the exposure and which 

are left out.  

 

The revenue of NEOT consists of euros and US dollars. NEOT manages the foreign 

exchange risk through value chain. The sales are translated into euros with 

exchange rate formulas that are contracted between the parties. Most of the product 

purchases are in US dollars. However, there are also exceptions with some 

suppliers. Foreign exchange exposure should consist of all foreign exchange 

transactions, also those which include pricing in foreign exchange. Kasanen et al. 

(1996, p. 118) defined starting exposure to consist of account payables and account 

receivables, forecasted sales and purchases. The financial exposure takes into 

account hedges, interests of loans and cash.  As oil products are purchased, the cash 

translates into oil and when it is sold cash will be received. The problem in foreign 

exchange risk management arises in hedging the storage. As when the hedges are 

bought they should cover the storing period until the product will be sold.  

Product

Procurement

Taxes

Labor and 
other fixed 
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PURCHASES 

Purchases are done in large volumes in cargoes where the volumes are around 200 

-24 000 cubic meters. The volumes and pricing days are contracted between the 

counterparties before purchase. When the product is chosen and nominated, it is 

available for operating. In the contract, the operation terms are defined between the 

parties. Often the preliminary invoice is done after the vessel has loaded with the 

volume loaded and price of the bill of lading day. The cash management needs to 

be updated from all trades and loadings for cash planning.  The final invoice of the 

purchase is done right after the pricing period is over and usually it is paid 

immediately. Final invoice will adjust the total payables.  The pricing period can be 

before, during and after loading depending on the contract. This means that the 

invoices are usually paid manually before submitting them to the accounting 

systems.  

 

SALES 

The sales include product trade sales and FCA sales to the owners. The FCA sales 

of NEOT can be forecasted. The product is sold to retailers with free carrier 

incoterms and it is stored in terminal tanks where trucks will load the product and 

deliver it to the customer. The sales are priced in pricing period which is before the 

product is loaded; therefore, the sales price can be announced before the product is 

sold. After the product is delivered an invoice will be sent with agreed payment 

terms.  

 

The challenge which arises from foreign exchange exposure management is that 

purchases are done unevenly and in significant quantities. The sales however, are 

flat and predictable. During financial cash flow the oil price volatility affects to the 

challenging exposure management which makes forecasting difficult.  

 

 

5.5 Foreign exchange risk management process in case company 

 
The information flow has important role in foreign exchange risk management in 

commodity markets. Puumalainen (2012) recognized the same in her thesis while 

analyzing financial hedging practices in an oil supply chain. The risk management 
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is responsible for calculating the daily exposure in the case company. The exposure 

is integrated to commodity exposure. The main information required in the foreign 

exchange exposure are the foreign exchange trades, product trades, storage tank 

levels and cash flow statement with details.  The information is received from data 

bases and common files of the case company. The cash management will send a 

report of the cash flow statement with details from the last day. The cash flow 

statement will be updated to the exposure. After defining the exposure risk 

management will report it back to cash management, who will hedge it. The 

communication between departments and terminals is important.   
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6 MODELLING FOREIGN EXCHANGE EXPOSURE IN CASE 

COMPANY 

 

6.1 Factors and parameters in the foreign exchange exposure 

 

There are few factors which define the foreign exchange risk management for the 

case company and these were discussed in the unstructured interviews and defined 

in cash flow analyses. One key factor is that according to the policy of the company, 

the foreign exchange rate should be hedged from purchase until sales. The aim is to 

buy and sell the product with the same foreign exchange rate. This is anyhow almost 

impossible to trace because the oil price is volatile and the sales are done in smaller 

quantities compared to purchases. The complex pricing formulas and premiums 

make it difficult as well. 

 

The company manages foreign exchange risk through storage. This means that in 

the case company balance sheet exposure is controlled. In this thesis it is called net 

working capital model. The net working capital model is based on the dollar quoted 

net working capital of the case company. Net working capital consists of current 

assets and current liabilities. The foreign exchange risk of the case company is 

based on US dollar quoted oil storage, cash, accounts receivables, account payables 

and debts. The capital tied up into the product stock is significant. When euro gets 

weaker compared to US dollar, the value of stock increases and when the situation 

is reversed the stock value decreases.   

 

In the case company it is impossible to forecast the exposure. Traditionally 

companies forecast their foreign exchange exposure long time before the payments, 

and doing so they can hedge the cash flow right away and can manage the costs. 

This way of doing matters is, however, impossible for the case company as the 

upcoming transactions are not known several months before. This does not follow 

the risk management policy of the case company. The price of oil is volatile and 

possible trades are made in a short time period. Because the aim of the case 

company is to hedge foreign exchange inflows and outflows, the best instrument 

for foreign exchange risk management is swap contracts. Swaps are a foreign 
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exchange loan from a bank against another currency (Stulz, 2003, p. 500) Therefore, 

when a company wants to hedge a purchase until sales, it will swap the purchase. 

The near leg will be to sell euros and buy dollars and far leg sell dollars and buy 

euros.  However, the sales are done in euros but priced in US dollars, the sales are 

hedged with forward contracts. To simplify, foreign exchange risk management 

products are swapped from purchases until sales, as the US dollar is the functional 

currency. So the most relevant issue is to manage the US dollar quoted oil when it 

is translated to euros.  

 

PURCHASES AND SALES 

The sales of the case company are done in euros and dollars. The sales in Finland 

to the retailer chains are done in euros from dollar quoted storage. In Sweden the 

sales are in US dollars. The price will be defined according to the pricing period. 

This is making the foreign exchange risk management challenging. The pricing 

period is before the actual sales, and the sales volume is also known at the sales 

day. The cash flow to be hedged can be defined after the sales even though the risk 

has already occurred. In long time period hedging the actual sales would result only 

in a small error. However, there is also a possibility to use the forecasted volumes 

as well. The sales pricing consists of fixed euro and variable dollar fee. The variable 

dollar market price should be hedged. When the product is sold, the dollar quoted 

stock decreases and euros are received. The same effect occurs with some purchases 

in euros which are priced in dollars. If the sales are done in US dollars, the stock 

value should decrease close to the same amount as cash will be received.  

 

STORAGE 

The storage consists of several products with different prices. The stock is 

calculated daily from the midnight tank levels. The total stock consists of quantity 

in tanks, trains and in floating cargoes. The stock is valued with the latest market 

price. The daily sales can be calculated as the difference between stock levels night 

before, and last night stock level. The discharged cargoes must be eliminated to get 

the actual sales volume from the tanks. Also, sales data will be received that 

matches with the tank level change.  
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In the storage there are several products with different quotations. The products 

differ in Finland’s and Sweden’s market for the case company. The case company 

has more product qualities in Sweden. A problem also arises because there is not a 

price quotation for all products owned. Some of the products are also as components 

which will be blended for the markets. In the case company there is also storage for 

bio values which is quoted in dollars. The mega joule stock is for fulfilling certain 

bio targets given by the government.  

 

The advantage of calculating the storage is that one can match the hedges against 

stock. The value of storage changes when prices are moving.  The case company 

hedges the commodity risk with commodity instruments. As the prices change, the 

values of the hedges change the opposite direction. This supports the integrated risk 

management policy.  

 

CASH AND DEBT 

Foreign exchange debt and the cash in dollar bank accounts are both under foreign 

exchange risk.  The cash management will report daily the activities and the daily 

end value in the US dollar bank accounts to the risk management team. Each 

transaction needs a description so that risk management can connect the trade 

invoices to the deals done.  

 

HEDGES 

The hedges manage the financial exposure of the case company. The hedges are the 

opposite value of the stock. Cash management is responsible for swaps and forward 

contracts. Swaps are done for managing liquidity and forwards are done to manage 

the daily exposure based on the calculation of risk management.  

 

In this thesis the foreign exchange exposure is modelled in two ways; with net 

working capital model and with net cash flow model. The case company is 

managing its foreign exchange risk with physical volume based model, which is the 

net working capital. The aim of the thesis is to find out improvements and options 

for the case company to manage the foreign exchange risk better and to solve that 
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can the foreign exchange exposure to be managed without storage by concentrating 

only to the cash flows. Both of the models will be tested and analyzed. The net cash 

flow model does not include all details but the validity of fits this thesis. 

 

6.2 Net working capital model 

 

Net working capital model manages exposure through storage. The aim of the case 

company is to hedge the foreign exchange risk so that the purchases and sales will 

have the same foreign exchange rate. The idea of the model is to manage the product 

volume flow rather than the cash flow.  The idea of the model with limited factors 

and changed figures is introduced further in appendix 2.  

 

 

 
Figure 21. Net working capital model 

 

Figure 21 clarifies the idea on the net working capital model. When a product is 

purchased the stock value will increase the same amount as is paid for the supplier, 

product inflow and cash out flow. The product will be in the stock until sales. In 

sales cash is received and the product is taken out from the stock. The model will 

balance the difference between purchases with large quantity and sales which are 

happening evenly. This means that when a product is purchased there is no direct 

foreign exchange risk. Swapped purchase transforms to storage value. Because the 

sales and purchases differs by quantity and time the swaps are done in rolling bases. 
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Managing the foreign exchange risk through storage is complicated. The current 

model consists of several phases which must be done in certain order to understand 

what the daily exposure really includes. The details are left out from the thesis 

because they are complicated and partly a company secret. The exposure that is 

presented in the thesis is the total exposure without separate phases.  The net 

working capital model is based on defining the volumes under foreign exchange 

risk. The volume which is under foreign exchange risk is valued from the market 

value together with premiums. The case company hedges the oil position based on 

the market view of traders. When the market prices changes, the value of storage 

changes. However, the net liquidating value of oil hedges will change the opposite 

direction. After the storage value has been calculated the financial foreign exchange 

exposure can be added, table 4. The financial part consists of cash, debt and hedges.  

This defines the foreign exchange exposure.   

 

Table 4 Net working capital exposure 

+    STORAGE 

+   Net liquidating value of oil hedges 

Market value of the storage 

 

+    CASH Cash in bank accounts 

- DEBT Foreign exchange debt 

+/- Other transactions Receivables and payables 

+ Hedges Swaps and forward contracts 

=Currency exposure 
 

 

The storage is measured daily and the sales will decrease stock level and purchases 

increase it. In managing with stock based model it is important to divide the volume 

which has been sold to the customer and the volume which has been discharged to 

the tanks. The discharged volume will be increased to the tank level when the 

product is paid. Table 5 describes how product purchases have an impact on the 

stock. In the table 10 000 metric tons of diesel (ULSD) is bought with 550 dollars 

per metric ton. The money is paid to the supplier and at the same time the stock 

increases with purchased volume.  
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Table 5 Product purchase in net working capital model in USD 

 BANK A BANK B 

CASH BEGINNING OF THE DAY           100 000,00                       8 000,00    

FX foreign exchange trade       6 000 000,00     

Product invoice: Supplier X 10 000 

MT ULSD (550 $/MT) -     5 500 000,00      

Procurement invoices  -3000,00 

CASH END OF THE DAY           600 000,00                       5 000,00    

 

Problem arises under the volatile prices, premiums and pricing periods the amount 

of payment is hardly ever the same as paid amount in invoice, as in the example 

above. If the value of the product is not the same as the valuation to storage, there 

will be a gap, which will be considered as exposure. Also, not all the purchases and 

sales are related to a product. As net working capital takes all cash flows into 

account, the problem arises for example with final invoices and procurement 

invoices in the case company. The product will be valued to the stock when 

preliminary invoice is paid but the final amount has to be hedged as well. The same 

issue affects the other costs which are not valued to the stock and those cannot be 

managed through stock. The products are valued with sales price to the stock. The 

sales premiums which are based for example from procurement costs are added to 

storage valuation. The question arises if the procurement cost is non-US dollar and 

how should the procurement cost be managed. 

 

In pricing it is important to take into account that only pricing days matter. 

Weekends are not pricing days as well as holidays. Because the model considered 

net working capital, all forecasted US dollar based cash flow can be included, which 

have already been priced. This means that the future forecasted sales can be 

included to the exposure were the dollar cash flow is known, figure 22. In 

commodity exposure the product which has already priced out will not be 

considered as price risk.  
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Figure 22. Pricing out 

 
It is to be concluded that the exposure includes all the movements presented in 

figure 23. The data is received from the current foreign exchange risk management 

model. The X-axis is time and Y- axis cash flow.  One can conclude from the flow 

chart that the exposure is short because of the stock change. The stock change short 

consists of sales that are sold in euros from dollar quoted storage and the receivables 

will be in euros. Another significant factor is the purchases that are priced in US 

dollar but paid in euros to US dollar quoted storage. As mentioned before, the main 

parameters and factors affecting foreign exchange risk in the case company are 

purchases and sales, inventories, cash and debt and hedges.  
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Figure 23. Foreign exchange exposure parameters 

 

6.3 Net Cash Flow model 

 

According to the literature, foreign exchange risk is the net cash flow of the 

company.  The net cash flow in US dollars is modelled using the factors discussed 

earlier. The aim is to find out if the case company can manage foreign exchange 

risk in more simple way, using net cash flow. In this model, the stock will be 

eliminated. The model expects that oil hedges will protect from the price 

fluctuations of the storage. This model concentrates only to the transactions, where 

cash moves. The net cash flow model is presented in appendix 3.  

 

The cash flow can be defined as the cash flow change in US dollar bank accounts, 

and the sales and purchases which price in US dollars and are paid or received in 

euros. The structure of net cash flow model is defined in table 6.  The transactions 

in bank accounts are sales and purchases in US dollars. Other daily transactions in 

US dollars are the transactions which priced in or out to/from US dollar quoted 

storage, and where the cash transfers are in euros. The changes in cash and debt in 
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US dollars must be included as well as the hedges; swaps and forwards paid or 

received in bank accounts. 

 

Table 6 The net cash flow exposure 

+    PURCHASES AND SALES Change in USD Bank Accounts 

- PRICING SHORT USD:EURO Sold in Euros priced in Dollars 

+    PRICING LONG USD:EURO Purchased in Euros priced in Dollars 

+/- Other Sales and purchases in euros 

pricing in dollars 

Purchases and sales priced in Dollars 

+/- CHANGE IN CASH AND DEBT Change in Foreign exchange cash and 

debt 

+/-  HEDGES Swaps and forward contracts 

=Currency exposure 
 

 

The idea of net cash flow model is that the swaps should match with the product 

purchases and sales made from USD bank accounts. The transactions were 

purchases are done in euros and priced with dollars will be hedged with forwards 

untill the maturity day. The same issue affects vice versa with the sales which are 

pricing in dollars and paid in euros. The idea is that the open exposure should 

consist of transactions were dollar quoted product is transformed into euros.   

 

The sales will be priced for several days before actual sales. The pricing will use 

the US dollar quote multiplied with the same day euro dollar foreign exchange rate. 

The foreign exchange risk is defined in this model with forecasted sales volume. 

Because the oil price is not known, there are options for how to define foreign 

exchange cash flow. One option is to price the sold volume with last quotation day 

with actual sales volume, even though the exposure happens as average of several 

days. That leaves the hedging one day late and builds up a gap. Other option is to 

use forecasted volumes which can be matched later with actual volumes. In this 

thesis forecasted volumes are used for modelling exposure of the case company. 
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The forecasted FCA sales and purchase cash flow in US dollar are defined in table 

7.  

 

Table 7 Daily sales and daily purchases in USD 

 

 

Some of the trade purchases of the case company are in euros, depending on the 

supplier. The contracts according to pricing volumes and number of pricing days 

are determined individually deal by deal. Table 8 presents an example which is 

further on described in the appendix 3. For example, in Table 8, the purchase four 

is pricing five days. The final price in euros will be the average gasoil price 

multiplied with average foreign exchange rate during the pricing period. The 

purchase volume is 1500 metric tons. The total daily foreign exchange risk would 

be one fifth of the volume multiplied with the market price of gasoil (1/5* 1500 

MT* 545,25 $/ MT = $ 163 575). After pricing period is over the total risk should 

be in.  

 

Table 8 Pricing purchases individually in USD 

 
 
 

6.4 Testing the models 

 

Both of the models are analyzed over a one-month time period. The data used in 

comparing models is from current net working capital model and model made for 

this thesis about foreign exchange cash flow. The data describes what the daily 

change of exposure is. Net working capital model is the model used currently in 

case company.  In figure 24 the parameters of the two models are presented.  

PRICING DAILY SALES FINLAND Product 1 Product 2 Product 3 Product 4

DAILY SALES 939 053,38 -    585 096,38 -    1 496 002,79 - 784 814,88 -       

CHANGE 3 804 967,42 -    

PURCHASES 220 743,48     86 301,37      24 272,63      303 407,81        

CHANGE 634 725,29        

PRICING PURCHASES pricing Product 1 Product 2 Product 3 Product 4 Total

PURCHASE 1 month avg 108 806,82  108 806,82  

PURCHASE 2 27.8.-3.9. 239 375,00  239 375,00  

PURCHASE 3 24.8.-18.9. -               

PURCHASE 4 24-28/Aug 156 150,00   156 150,00  

PURCHASE 5 14-18/Sep -               Change

PURCHASE 6 14-18/Sep -               504 331,82            
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Figure 24. Comparison of exposure models 

 
The net working capital model is complicated and consists of several parts. The 

idea is that purchases are hedged with swaps, and when the invoice is paid, the 

foreign exchange risk occurs and the purchased volume is valued to the storage. 

Anyhow, not all purchases and sales can be valued exactly to the storage. The 

foreign exchange risk should arise, when the product is sold or purchased and 

translated into euros. Figure 25 describes the changes in the net working capital 

exposure. One of the challenges of net working capital model is that the invoice 

paid, is impossible to add to the storage with the same value because the storage is 

valued in market price and premiums, and the invoice might have some other 

pricing period and include other premiums. The storage will be valued through the 

volume and the market value of it. If the payment and storage valuation differs, the 

difference creates exposure. For example, when the preliminary invoice is valued 

to storage, and because of the long pricing period the final invoice comes later on 

to define the actual price. The final invoice is valued as exposure. The parameters 

were discussed earlier. The exposure change is drawn to a chart which is presented 

in figure 23. Another problem are the invoices, which are quoted in euros but paid 

in US dollars and vice versa.  The daily change in exposure before hedging is 

presented in figure 25 as the value of close of business, COB, values.  

 

NET WORKING CAPITAL

•STORAGE

•CASH

•DEBT

•HEDGES

NET CASH FLOW

•PURCHASES AND SALES

•PRICING IN

•PRICING OUT

•HEDGES
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Figure 25. Foreign exchange exposure in net working capital (NWCP) model  

 

The foreign exchange exposure is during weekends shorter because Friday, 

Saturday and Sunday sales are taken into account on Monday. The exposure is short 

because of the euro sales. The value of storage decreases and therefore the sales 

need to be hedged. The model also takes into account forecasted sales volume which 

affects to the daily change. One big factor affecting to the exposure is the change 

of the market value of oil prices. The storages are priced in the latest market 

quotation. However, the storages are hedged against price risk. When the value of 

storage change, the change of net liquidating value of hedges should be the opposite 

amount. This should make the change of storage value as minimally as possible. 

However, the problem arises with market quotations, as the market is 24 hours 

active and the market continues to US when it closes in Europe. For example, the 

price change is stable in Europe but the price of oil starts to decrease in US. This 

effects to the price difference between quotations. This has a direct effect on the 

exposure.  

 

The net cash flow model in the same time period of case company is defined in 

figure 26 with blue. The net cash flow model includes all currency transactions. The 

changes of the cash flow are significant and it varies from $10 000 000 to -

$30 000 000. The peaks arise from individual payments and receivables, which are 

trade quantities discussed in chapter 5. The change could be smaller, if the foreign 
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exchange cash flow would be managed more effectively. This means that purchases 

and sales made to the storage and out of it should be hedged with swaps so that the 

exposure would be controlled. The exposure should arise only from purchases and 

sales which are priced in US dollars and paid in euros. So that the exposure would 

be evenly short every day. The pricing is presented with red in figure 26. If US 

dollar cash flow is managed with swaps which do not include risk, the exposure 

could be managed only by calculating the transactions which are priced in or priced 

out to US dollar quoted storage.  

 

  

Figure 26. Foreign exchange exposure in net cash flow (NCF) model  

 

The two exposure models are compared in figure 27. As the figure presents, the net 

working capital model is much more stable than net cash flow model. The 

difference of the models is that cash flow model counts all purchases and sales 

which makes the high difference between days. However, if the swapped purchases 

and sales are not taken into account, pointed out with green in figure 27, net cash 

flow hedging is the most stable option. The net working capital model, however, 

defines that purchases and sales change to the dollar quoted storage so that the 

product invoices do not affect to the exposure. The daily variability might cause 

hedging back and forth and therefore, add costs.  
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Figure 27. Net working capital (NWCP) and net cash flow (NCF) exposure 

comparison 

 

6.5 Analyses of the models 

 

Both of the models have benefits and weaknesses. The net cash flow should be 

harmonized with storage and hedges. The cash flow model could be used in the case 

company if the swaps would be optimized. If the net cash flow could be kept stable 

with swaps, it would mean that only foreign exchange risk would arise from daily 

sales and purchases which prices with dollars but are sold in euros. Balancing swaps 

would make foreign exchange risk management simple. However, with net cash 

flow model it is difficult to control that the dollar quoted inventory is hedged 

entirely. To use the net cash flow model, the cash management needs changes in 

foreign exchange hedging especially with swaps. Swaps are instruments which do 

not include risk and the case company uses the swaps rather for managing liquidity 

than foreign exchange exposure. In oil trading, the cash management is challenging 

because transactions are done in short time periods. The cash management should 

receive all information in time. However, because of the challenging cash 

management, the optimization of swaps is difficult. 

 

Managing the foreign exchange risk with net working capital is complicated but it 

has several benefits. By having the foreign exchange risk management executed 
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through net working capital, all current assets and liabilities can be managed. This 

means that the foreign exchange risk from the storage is controlled. Foreign 

exchange risk management with net working capital enables integrated risk 

management. In appendix 1 the commodity and foreign exchange risk for the case 

company is shown in a flow chart. The volumes under commodity and foreign 

exchange risk are the same. The difference is that commodity risk starts when the 

product starts pricing in. The foreign exchange risk starts when the product is paid. 

The commodity risk and foreign exchange risk both are valid until the product has 

been priced out.  

 

The weakness of net working capital model is the complexity of it. The non-product 

US dollar purchases and sales cannot be valued straight to the storage. Also hedging 

the storage value change is questionable.  In the end the oil price is hedged and the 

price should be same during the storing period. The actual risk arises when cash 

moves or product is priced from currency to another. With net working capital 

model the actual risk is impossible to manage daily because it does not describe the 

currency cash flow. Maintaining the model is also complicated and the exposure is 

challenging to understand outside of risk management. The information regarding 

the net working capital model is located within the case company only with the 

person who has made the actual exposure calculation. This may lead also to errors 

in managing the risk and wrong hedging if there are no double checks. Also the 

mistakes in physical oil exposure calculation can lead to mistakes in currency 

exposure because of the integration.  

 

 Figure 28 summarizes the benefits and weaknesses of the two models. The net cash 

flow model can be presented in a simpler way while the net working capital model 

consists of several small details.  
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Figure 28. Benefits and weakness of the models 

 

6.6 Results and recommendations 

 

The two models defined in the thesis differ from each other. Currently, the existing 

net working capital model fits the case company well. However, there are still 

problems with it and development to be done. According to Tunney & Bilter (2015), 

one of the problems in managing foreign exposure is the lack of understanding the 

real result of hedging the exposure which might be partially lacking for the case 

company. It should be also considered, that is the hedging the change of storage 

value beneficial to be controlled, if the oil prices are hedged.  

 

In net working capital model there are several factors which influence the daily 

exposure. The foreign exchange risk management is complicated in the case 

company because the cash flows cannot be forecasted before prices are known. 

According to several authors mentioned in this thesis e.g. Kasanen, et al., (1996), 

unsuccessful hedging causes additional expenses. The net cash flow model 

measures the exposure as receivables and payables in the future maturity date. With 

net cash flow model, it is complex to manage US dollar storage which is under 
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commodity risk. Therefore, the best way would be combining these two models 

with their best characteristics as both models have their benefits and limitations. 

 

In the combined model the net cash flow would define the risk exposure and it 

would be controlled with net working capital model. The net cash flow would 

include the transactions, where currency is translated from US dollars to euros or 

vice versa through pricing, as defined before in figure 26 and 27. Also, all the 

changes in hedges and bank accounts would be taken into account in exposure. The 

purchases and sales, which are made from US dollar accounts are not taken in to 

account. Transactions in US dollars are hedged with swaps on rolling bases, and do 

not create foreign exchange risk. These transactions should be controlled with net 

working capital model.  

 

In figure 29 the foreign exchange risk management of the case company is 

presented as a flow chart. This should be the ideal model for the case company 

when considering previous analyses of the study. The model combines strengths 

and weaknesses of net cash flow and net working capital model. The flow chart 

fulfills the target of risk management policy. However, it must be stated that the 

model is idealistic and describes a starting point for each cash flow cycle. In normal 

case situation the swaps would be done rolling and the rolling needs to be done 

because the sales are done in smaller quantities than the purchases.  

 

Figure 29 includes following phases of foreign exchange risk management. The 

exposure is managed from purchase until sales. The foreign exchange exposure 

management can be divided into two parts. The cash flows which are managed with 

swaps and cash flows which are managed with forwards. When product is 

purchased with US dollars, the amount is hedged with a swap during the inventory 

period. First US dollars are purchased as a near leg, to buy US dollars and sell euros. 

The US dollar quoted product is received and stored, and the value of inventory will 

increase. When the product is sold to a customer with euros and it will be pricing 

out from US dollar quoted storage, then a forward contract is done to lock the US 
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dollar exchange rate, to receive the same amount of dollars than the product has 

decreased the inventory value. The far leg of swap is to buy euros and sell dollars. 

 

  

 

 

Figure 29. Foreign exchange risk management in case company 

 
Figure 29 is further discussed on appendix 4 where different transactions are 

described and analyzed. This is also combined with previous analyses of foreign 

exchange transactions described in figure 23.  
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7 CONCLUSIONS 

 

7.1 Main results of the study 

 

Foreign exchange risk management is challenging for companies which have assets 

under commodity risk.  Because the price is volatile, the cash flows are difficult to 

forecast. US dollar is the clear functional currency in oil companies because oil 

price is quoted in US dollars (Horcher, 2005, pp. 30-31). The commodity risk and 

foreign exchange risk are managed with derivatives, usually separately. The cash 

flow of the company depends on the success of exposure management (Eiteman, et 

al., 2010; Allayannis & Ofek, 2001). The aim of the study was to find appropriate 

alternative to manage foreign exchange exposure in the case company. The study 

is done by modelling the foreign exchange exposure and defining the factors and 

parameters of foreign exchange exposure in the case company. The main object of 

the thesis was to find an answer to the research question: 

 

 What is the foreign exchange exposure of the case company? 

 

In order to reach that goal, constructive modelling was used as a research method. 

In the study, net working capital model and net cash flow model were compared in 

the case company. Based on the risk management policy and analyses of the 

models, the study shows that the best way to manage foreign exchange exposure in 

the case company is with combined net cash flow and net working capital model. 

The literature defines the exposure as net cash flow (e.g. Adler & Dumas, 1984; 

Kasanen, et al., 1996). The net working capital has not been researched widely in 

the literature as a tool for foreign exposure management. Net working capital 

consists of current assets and current liabilities. The case company should control 

the foreign exchange risk from US dollar quoted storage as there is a significant 

amount of US dollars tied into it. As there is no viable source in current literature 

for such situation the company should move towards a combined model which takes 

into consideration many of the elements that are left out currently. 
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The sub-research questions to the study are presented in table 9. The exposure in 

companies under commodity risk can be managed with net cash flow, net working 

capital or integrated model. The choice of the most suitable model is dependent on 

the risk management policy. The exposure should consist of balance sheet exposure 

as well as forecasted exposure. This means that all account receivables, account 

payables, orders and forecasted sales should be taken into account. If the foreign 

exchange exposure is managed with net working capital the inventories should be 

taken into account.  

 

To clarify, managing foreign exchange exposure through net cash flow is 

challenging for the case company. The policy is to hedge foreign exchange risk 

from purchase until sales. The time and quantity differences between purchases and 

sales make the foreign exchange risk management challenging. The main limitation 

of net cash flow model is the fact that it does not control that the storage is hedged. 

Integrated method of net cash flow and net working capital works best for the case 

company as one cannot estimate the future cash flow fluctuation.  

 

The main parameters and factors of the foreign exchange risk in the case company 

were defined with qualitative unstructured interviews and cash flow analysis. In the 

case company, the main exposure arises always when a US dollar quoted price is 

translated to another currency, namely euros. The exposure is created when 

purchase or sale is done in another currency than the storage is valued. Other factors 

which must be considered in the exposure are all US dollar cash flows; purchases 

and sales, change in storage value, cash, debt and hedges.   

 

The foreign exchange risk should be managed and controlled for the case company 

by a combined net cash flow model and net working capital model. As creating such 

a model takes a lot of effort from different parts of the company, the combined 

model for the thesis is only a glimpse for a real operational model which will be 

created after the thesis considering all company specific requirements. However, it 

can be comprised that net cash flow defines the actual daily exposure.  
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Table 9 Answers to the research questions 

What is the exposure of the case 

company? 

Combined net cash flow and net 

working capital model 

How can companies under 

commodity risk manage foreign 

exchange exposure? 

 

Depending on the risk management 

policy: net cash flow, net working 

capital or integrated method. Volatile 

prices should be considered in foreign 

exchange risk management. Without 

price there is no cash flow and it means 

that the cash flow cannot be forecasted.  

Which parameters and factors affect 

the foreign exchange exposure in the 

case company?  

 

The sales and purchases which are 

priced in US dollars and paid in euros. 

US dollar cash flow, cash and debt, 

storage and the value of oil hedges. 

Foreign exchange hedges. 

How should the case company 

manage and control foreign 

exchange risk? 

Combined net working capital model 

and net cash flow model. The case 

company should control the foreign 

exchange risk through storage.  

 

7.2 Discussion  

 

On the basis of the presented theoretical study, it can be concluded that foreign 

exchange exposure is the net cash flow of the company. However, it does not state 

how cash flows should be managed. Companies define the cash flow management 

always by themselves. That might be the reason why exposures have not been 

researched in the empirical literature as it mainly deals with measuring the foreign 

exchange risk. However, if the exposure is not defined accurately, the value of risk 

measure is without a cause. Foreign exchange exposure should consist of balance 

sheet exposure and forecasted exposure. When considering the above mentioned 

specification and requirements modelling of different solutions was executed for 

the thesis. The results can be seen in chapter 6.  
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A common method to manage foreign exchange exposure would be to send a report 

to the cash management about orders and sales in foreign currency before the actual 

transaction. The information can be also received through ERP systems. With this 

information the cash management can define the net cash flow and hedge the 

exposure to the maturity dates, and the cash management is also able to do risk 

analyses and measure VAR and CFAR. If the policy of the company is to hedge 

foreign exchange risk entirely, there will be no exposure to measure the risk.  

 

The case company of the study was unable to define the net cash flow exactly 

because the purchases are valued to US dollar and is under commodity risk and 

foreign exchange risk. Because the price is unknown, the cash flow cannot be 

forecasted several days before.  Also when purchasing large quantities, the payment 

is related to loading date. The future deals, deal quantities and exact loading date 

are impossible to know several days’ in advance. This is why foreign exchange 

exposure is difficult to forecast and the transaction exposure is not forecastable to 

near future. Therefore, measuring the risk with CFAR and VAR is not necessary. 

However, according to the literature CFAR helps company to manage unexpected 

changes. CFAR describes the risk of how much can be lost with normal distribution 

(Stulz, 2003, p. 91). However, there is an option to add certain CFAR risk limits to 

foreign exchange risk management policy, so that the case company can stay under 

the risk limits requested by company’s board of directors.  

 

In oil trading, it is typical that commodity hedging influences the company result 

significantly. The traders are professionals and hedging oil position should be core 

competence. Foreign exchange risk is more as a liability which must be hedged and 

affects the result. For example, some of the biggest oil traders, such as StatOil, 

(Statoil, 2013) in the world consider the functional currency that they use in 

reporting, as a risk. Puumalainen (2012) describes in her Master’s thesis for Neste 

that the exposure management would be more simple if the functional and reporting 

currency would be the same, namely US dollar. In current situation it is not possible 

to use such methods because of the company risk management policy. This should 

be taken into consideration in the future as an alternative. However, in the end the 
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final customer will pay the fuel price and currency fluctuation. The challenge of the 

case company is to hedge the exposure so that there will be no loss between 

purchase, inventory period and sales.  

 

The current policy of the company is that US dollar quoted storage shall be hedged. 

The empirical literature does not recognize a model of foreign exchange risk 

management where storage and other capital is included. The change in storage 

value will not affect directly to the net cash flow. The oil price is hedged according 

to the view of oil trader and risk management policy. When the price is locked, it 

should be possible to hedge the foreign exchange risk without considering the 

storage value change. The question is that does the company hedge something 

which does not exist. If the hedges are done in the following day; first buying 3 

million US dollars and the day after selling 2 million US dollars, it will effect in a 

similar way as a bullwhip, but in a financial context. As a result, the company might 

overreact to the changes. One has to note that hedging causes always expenses. 

 

Price risk management is the first priority in the case company what foreign 

exchange risk follows. Both of the risks have great affect in the company margins.  

The price risk exposure is easier to manage to the future because the product is 

hedged with product lots. When the purchase is done for a specific volume, the 

same volume is sold as oil hedges. The foreign exchange risk cannot be forecasted 

before the market price is known. Hedging foreign exchange risk and commodity 

risk separately support the diversification benefits. There is a significant negative 

correlation between oil price and US dollar exchange rate. These can be beneficial 

(Horcher, 2005; Lester & Haigh, 2010).  

 

The policy of the company defines the way of hedging. The exposure is easy to set 

to the targets of risk management policy. The policy defines how the exposure is 

forecasted, which exposures are hedged and the risk limits. It should be clear so that 

it can be followed easily. The main task of the policy is to guide the company’s 

actions. It can be seen that because the company is not listed in the stock exchange, 

the company needs to report of the risk management less, mainly to board of 
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directors.  The case company might consider the integrated process oriented way of 

risk management, which was portrayed in chapter 2.  

 

As it was stated, the main result of the study was to manage the currency exposure 

with integrated net cash flow and net working capital method. The net cash flow 

method is for defining the actual exposure and net working capital to control the 

exposure. In the case of the case company it should also be considered to divide the 

exposure into three main categories which are presented in table 10.  

 

Table 10 Dividing exposure management 

Category Foreign exchange risk management 

1) Pricing in USD, purchases and 

sales are translated to Euros 

 

Forwards 

2) Product purchases bought to 

storage and product sales in 

USD. Includes also the 

procurement costs 

SWAPS 

3) Other USD transactions 

 

Forward or SWAPS 

 

 

7.3 Possible further research 

 
It can be observed that the company has grown globally in a short time period. The 

business environment has changed at the same time into a more complex one. The 

current exposure model has been modified to correlate with the changed business 

environment. This has made the model significantly wider and more complicated 

with several functions.  Even though the foreign exposure management is 

complicated with the existing model, the benefit is the integration between 

commodity price risk management. The deals made by a trader can be controlled 

with the integrated model. All product purchases and sales made by a trader as well 
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as the storage have been listed as a commodity risk. The benefits of integrated risk 

management should be analyzed.   

 

Net working capital has not gained much attention as a tool to manage foreign 

exchange risk in the literature. A further research could be done to analyze the 

benefits of managing current assets and liabilities as tool to control exposure.  The 

working capital management has received attention recently in literature. There 

exist several benefits of effective working capital management. The working capital 

could be analyzed from foreign exchange management perspective as well. 

 

The thesis has considered only the transaction exposure. However, in the long run 

analysts will forecast the exchange rate after a long time period. The company 

should have a strategy how to hedge over this change. The economic exposure 

management is more strategic and the benefits are received only later on by a 

possible competitive advantage which customers receive from the case company. 

A further research should create the model how to integrate the net cash flow 

exposure management with net working capital model. In this thesis it was only 

defined how the exposure management should be done but the integrated method is 

not tested yet. 
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8 SUMMARY 

 

Economic climate and markets move farther and faster than models can predict 

(Horcher, 2005, 1). Financial risks have a direct impact on companies’ cash flow, 

market value and profit. This thesis analyzed foreign exchange exposure 

management in the perspective of the case company which reports in euros, and is 

under commodity risk, having a US dollar quoted storage. According to the 

literature foreign exchange exposure is the foreign exchange net cash flow of 

company. The exposure consists of account receivables, account payables, 

forecasted sales and purchases, and it also consists of changes in bank accounts, 

interest from foreign loans and hedges. Because the foreign exchange cash flow 

management is company specific, it has not been discussed empirically in the 

literature dealing with commodity risk. Generally used net cash flow model in 

companies is not simple if a company, such as the case company, has a storage 

under commodity risk. The storage value fluctuates and the cash flow cannot be 

forecasted because the prices are not known. To conclude, foreign exchange 

exposure management is in the end based on the risk management policy.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

 

The purpose of this thesis was to find out the best way to manage foreign exchange 

exposure in a case company which operates in fuel markets. The research method 

used in the case study was done by using constructive modelling. In the thesis, a 

foreign exchange exposure model was created based on the literature, and modified 

to the business environment of the case company. The created net cash flow model 

was compared to existing net working capital model. Based on the analyses it was 

concluded that both of the models have certain benefits and limitations.  

 

The outcome of the thesis was that the foreign exchange exposure should be 

managed with a combined net cash flow and net working capital model. The net 

working capital has not been studied in the current literature. It consists of current 

assets and liabilities in foreign exchange. If the company has assets in foreign 

currency, it is recommended to control that the assets are hedged. If the company is 

under commodity risk, the net working capital exposure should include storage, 
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liquidity in bank accounts, foreign exchange loans, receivables, payables and 

hedges. The storage should be valued with the latest market price. The idea of the 

model is that foreign exchange hedges match together with the foreign exchange 

assets. The net cash flow model includes the foreign exchange cash flow.  
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APPENDICES 

Appendix 1. Flow chart of integrated risk management 
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Appendix 2. Net working capital Model 

 

 

EXPOSURE INVENTORY 55 128 875,00$     

CASH 2 003 000,00$       

DEBT -10 000 000,00 $    

HEDGES -48 000 000,00 $    

EXPOSURE -868 125,00 $         

95E10 98E5 DIESEL

STORAGE A (mt) 32 000                   2 000               45 000                

STORAGE B (mt) 5 000                     14 000                

FLOATING STORAGE (mt) 5 000                     

Discharged not paid (mt) 1 100 -                    8 000 -                

Paid not discharged (mt) 14 000                

TOTAL (mt) 40 900                   16 000                51 000                

PRODUCT PRICE ($/mt) 531,25 531,25 488,25

INVENTORY VALUE ($) 21 728 125,00$        8 500 000,00$       24 900 750,00$     

TOTAL 55 128 875,00$     

Cash beginning of the day BANK A BANK B BANK C TOTAL

6 500 000,00$          500 000,00$          40 000,00$           7 040 000,00$     

Currency 2 000 000,00$       2 000 000,00$     

Invoices valued to inventory -7 000 000,00 $         -7 000 000,00 $    

invoices -2 000,00 $               -35 000,00 $          -37 000,00 $         

Cash movement 1 500 000,00$          -1 500 000,00 $      -$                   

Margin payment

End of the day 998 000,00$             1 000 000,00$       5 000,00$             2 003 000,00$     

DEBT -10 000 000,00 $  

TOTAL -10 000 000,00 $  

HEDGES

TOTAL 10 000 000,00$        BANK A

-48000000 2 000 000,00$          BANK B

-15 000 000,00 $       BANK B

1 500 000,00$          BANKA

1 000 000,00$          BANK A

-3 500 000,00 $         BANK C

-10 000 000,00 $       BANK C

20 000 000,00$        BANK B

15 000 000,00$        BANK B

-15 000 000,00 $       BANK A

-10 000 000,00 $       BANK B 

-15 000 000,00 $       BANK B

-10 000 000,00 $       BANK B

2 000 000,00$          BANK C

4 000 000,00$          BANK B

-15 000 000,00 $       BANK N

-10 000 000,00 $       BANKD
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DISCHARGED NOT PAID

VESSEL DISCHARGEDB/L COD PRODUCT Quantity FINAL INVOICE

MT JARNO STORAGE A28.8. 1.9. diesel 8000

MT JARNO STORAGE A28.8. 1.9. 95E10 1100

PAID NOT DISCHARGED

VESSEL DISCHARGEDB/L COD PRODUCT Quantity FINAL INVOICE

MT MAIJA STORAGE B 1.9. DIESEL 14000 -7 000 000
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Appendix 3. Net Cash Flow Model 

 

 

 

 
 

Cash Flow: Purchases and sales & hedges 

 

 
 

Pricing in and out.  

 

 
 

Today USD PCCH FI SPOT

Summary Purchases and Sales 14 316 848,00 - GASOIL 520,50           $/mt

Pricing Short USDEURO 3 804 967,42 -   ULSD 478,75           $/mt

Pricing Long USDEURO 1 139 057,11    RME 887,00           $/mt

ETBE 887,25           $/mt

Change in position 16 982 758,31 - ETHANOL 589,25           €/cbm

Cash change -                       EUR USD 1,11              

SWAPS/Forwards 20 000 000,00  

-                       

EXPOSURE 3 017 241,69    

Cash beginning of the day BANK A BANK B BANK C BANK D Cash

5 416 472 21 119 830 321 170 14 615 686 41 473 158

FX/ currency 20 000 000

Purchases and salestrade invoices 1 521 856 -15 946 999 -14 316 848

invoices 13 957 132 013 -37 675

Cash transfer -16 000 000 16 000 000

End of the day 5 430 429 26 773 699 336 496 14 615 686 47 156 310

5 683 152

DEBT -15 000 000

interest

-15 000 000

0

PRICING DAILY SALES FINLAND Product 1 Product 2 Product 3 Product 4

DAILY SALES 939 053,38     585 096,38     1 496 002,79  784 814,88    CHANGE 3 804 967,42 -     

PURCHASES 220 743,48     86 301,37      24 272,63      303 407,81    CHANGE 634 725,29         

PRICING PURCHASES pricing Product 1 Product 2 Product 3 Product 4 Total

PURCHASE 1 month avg 108 806,82     108 806,82  

PURCHASE 2 27.8.-3.9. 239 375,00     239 375,00  

PURCHASE 3 24.8.-18.9. -               

PURCHASE 4 24-28/Aug 156 150,00     156 150,00  

PURCHASE 5 14-18/Sep -               Change

PURCHASE 6 14-18/Sep -               504 331,82            

PURCHASE pricing Product 1 Product 2 Product 3

PURCHASE 1 1 22 5 000

PURCHASE 2 1 3 1 500

PURCHASE 3 0 19 5 070

PURCHASE 4 1 5 1500

PURCHASE 5 0 5 1208

PURCHASE 6 0 5 1 208
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Appendix 4. Testing net cash flow model with different transactions 

 

Analyzing foreign exchange transactions in net cash flow model from figure 23.  

 
 

CASE  

Trade invoices and sales/ 

invoices valued to storage 

The product purchases and sales which are purchased 

and sold in US dollars are managed with swaps.  

Pricing  

Purchases (long) 

Sales (short) 

The pricing includes transactions pricing in and out in 

the US dollars but invoices are in euros. The pricing 

should be calculated as the total price in US dollars 

including premiums.  The premiums should consist of 

other US dollar related cost that are charged from the 

customer as procurement costs.  

Invoices  

Final invoices 

Procurement 

 

The US dollar invoices (final invoices, procurement 

invoices and other transactions) are managed with swaps 

because the invoices will be allocated to the sales price 

later when product is pricing out. 

Bio trades If there are payables or receivables related to bio issues. 

Those can be managed separately  

Change in market value 

of open position 

 

The net cash flow model will not manage the changes 

during the inventory period. The model assumes that 

price is hedged entirely.  

 

payable receivable

Delivery 
and invoice

Sales+delivery+
invoice

Expected
payment date

Days in
inventory

Cash payment 
due date

SWAP :NEAR LEG
Sell Euro
Buy USD

SWAP: FAR LEG
Buy Euro
Sell USD

Forward contract FX
Sell Euro 
Buy USD


