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Abstract 
Foreign exchange risk management is important for multinational companies since changes in 
exchange rates can have significant effects on financial results. Following their extensive 
international operations, Thule Group is one such organization. Although the company’s 
treasury department can measure the exposures to exchange rates, they do not engage in 
statistical measurements to support hedging decisions. Therefore, the purpose of this thesis is 
to investigate the foreign exchange exposures and the associated risks at Thule Group through 
statistical procedures, assess the company’s current hedging strategy and suggest 
improvements to the future hedging practices. 
 
The method used to obtain the foreign exchange exposures and risks is Exposure-Based Cash 
Flow-at-Risk (CFaR). The analysis shows that the major statistical exposures of Thule Group 
are in EUR/SEK, CNY/SEK and EUR/USD. The EUR/SEK is the largest exposure, driven by 
substantial net cash flow contributions in EUR and the highly correlated currencies of the 
European market. The risks are obtained by simulating the total operational cash flow. The 
simulated quarterly CFaR is 136 MSEK, meaning that the quarterly unexpected loss in 
operational cash flow will not exceed 136 MSEK with 95% confidence. The majority of the 
risk is contributed to factors other than foreign exchange rates. 
 
The assessment of Thule Group’s current hedging strategy shows that the hedge portfolio does 
not necessarily lower the exposure to risk. However, it partly decreases the volatility of cash 
flow, one of the goals set by the organization. A possible improvement to the hedging strategy 
is to hedge the EUR/SEK exposure using monthly hedge contracts of 90 MSEK. Using this 
strategy decreases the CFaR by 6.5%.  
 
The risk capacity of Thule Group is high, and the company’s total risk profile is low. Therefore, 
the CFaR can be accommodated within the existing financial capacity of the company. 
Consequently, Thule Group is well positioned to take on more risk, for example, by increasing 
capital expenditure or compensating stakeholders. Finally, a theoretically supported 
improvement to the hedging program is to limit the use of financial hedging contracts. The 
benefits of a hedging program are few when the total risk profile is low. 
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1. Introduction 
 
1.1 Background  
Due to the rapid globalization of the business environment over the last decades, few firms 
today can be thought of as purely domestic or immune to exchange rate fluctuations (Nydahl, 
1999). Movements in exchange rates can have unexpected adverse effects on cash flow, 
profitability, assets, liabilities, and, consequently, firm market value (Kallianiotis, 2013). In the 
modern business world, foreign exchange risk management (FXRM) is essential for all 
companies aspiring to remain competitive (Jankensgård, Alviniussen & Oxelheim, 2020). 
 
To grasp the concepts of FX risk, it is essential to understand the dynamics of exchange rates. 
An exchange rate is the rate at which one currency can be exchanged for another currency; it 
is the price of one currency in units of another currency. For example, the US dollar and Euro 
currency pair has a corresponding exchange rate USD/EUR. This exchange rate is the price of 
one US dollar in units of the Euro. In this case, the base currency is US dollar and the quote 
currency is Euro (Kallianiotis, 2013). Historically exchange rates have been pegged to 
commodities, for example, gold, or currencies like the aforementioned US dollar. Today most 
currencies are free-floating and determined on competitive markets, and these currencies are 
known as fiat currencies (Isard, 1995). One important consequence of the shift from pegged to 
fiat free-floating currencies is an increase in short-term exchange rate volatility. As an example, 
the USD/SEK rate decreased nearly 20% from its peak during mid-mars to the end of the year 
in 2020 (Yahoo Finance, 2021). 
 
In the absence of government intervention, the exchange rate between fiat currencies responds 
to the forces of supply and demand, which in turn are dependent on relative inflation rates, 
interest rates, and Gross Domestic Product (GDP) growth rates (Shapiro & Moles, 2014). The 
valuation of a fiat currency also reflects the view of international money markets on the 
leadership and policies of the institution behind the currency (Jankensgård, Alviniussen & 
Oxelheim, 2020). In addition, the foreign exchange market experiences asymmetric 
information similarly to other financial markets. Therefore, exchange rates tend to be volatile 
due to uncertainties in the disclosure of new information (Shapiro & Moles, 2014).  
 
Exchange rates are not only volatile, but they are also unpredictable. There is, for example, 
little academic evidence that exchange rates can be accurately predicted or forecasted in the 
short term (Rossi, 2013). One important consequence put forth by Jankensgard, Alviniussen, 
& Oxelheim (2020) is that firms should strive for a greater understanding of their FX exposures 
rather than trying to “beat the market” by speculating on uncertain short-term fluctuations of 
exchange rates. In this report, FX exposure is defined following the Adler & Dumas (1984) 
definition as an amount of foreign currency that is sensitive to unexpected changes in exchange 
rates during a specific time period. FX exposure can thus be interpreted as the elasticity of cash 
flow due to FX movements. On the other hand, FX risk designates the probability and size of 
actual losses that might occur given a certain FX exposure. It thus involves an element of 
randomness and can only be captured fully using statistical quantities. 
 
Another convenient classification of FX exposure suggested by Shapiro & Moles (2014) 
involves translation exposure, transaction exposure, and operating exposure. These three 
exposures are also known as accounting exposures. Translation exposure typically emerges 
when financial statements of foreign subsidiaries are consolidated with the parent company’s 
balance sheet and translated into the home currency. If exchange rates change between fiscal 
year-end dates, this results in depreciations or appreciations of foreign assets and liabilities 
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(A&L) in the balance sheet of the parent company. Moreover, changes in the value of A&Ls 
generally affect the consolidated net income statement. Transaction exposure results from 
transactions that give rise to known, contractually binding future foreign currency-
denominated cash in- or outflows. As exchange rates change between the time of commitment 
and the time of payment, so does the value of their associated future foreign currency cash 
flow. Finally, operating exposure measures the extent to which a company’s future unknown 
operating cash flows are jeopardized by currency fluctuations. Operating exposure is important 
since returns on investments are often calculated as the present value of all future cash flow, 
assuming certain exchange rates. Transaction exposure and operating exposure sometimes 
combine to form what is known as economic exposure.  
 
Since exchange rates are volatile, unpredictable and can have a large impact on financial 
statements, there is a necessity to manage FX risk. Using the definition from Jankensgård, 
Alviniussen, and Oxelheim (2020, p.8), FXRM is “primarily about managing exposures to 
exchange rates so as to ensure that threshold levels of performance are met that allow the firm 
to execute its business strategy optimally.” FXRM, as a component of corporate risk 
management in general, is not solely about managing exposures to specific risk factors but 
rather a central part of the financial planning of an entire organization. Following the arguments 
of Froot, Scharfstein & Stein (1994), the main driver of corporate value is making sound 
investments. However, raising equity capital or incurring debt to finance investments can be 
costly and complicated approaches. The authors, therefore, stress the importance of generating 
internal capital with cash flow. Hence they propose that the goal of FXRM should be to ensure 
that an organization has enough cash on-hand to make value-enhancing investments. 
 
One way of avoiding cash flow shortfalls is to hedge as a part of FXRM. Following the 
definition by Miller & Chen (2003, p.357),“hedging involves investing in other activities or 
assets with expected pay-off that will offset the potential losses associated with current 
activities and assets”. Naturally, many hedging tools fall under this definition. In this report, a 
distinction will be made between financial and operational hedges. Financial hedges are 
defined as financial derivatives negotiated or traded with external counterparts, for example, 
banks or other financial institutions (Shapiro & Moles, 2014). Operational hedges are primarily 
internal and concern operating and investment activities. Locating manufacturing facilities in 
foreign markets or adjusting production factory output and prices are examples of operational 
hedges, as long as one objective of these interventions is to reduce FX exposure (Kuzmina & 
Kuznetsova, 2018). 
 
Studies have shown that hedging can be an effective way of reducing FX exposure (Bartram, 
2008). However, before engaging in hedging, Oxelheim & Wihlborg (2008) raise the 
importance of obtaining economically meaningful exposures that support effective hedging 
decisions. The authors suggest modeling FX exposures using real company data and statistical 
tools. Since macroeconomic variables, for example, exchange rates, tend to adjust to shocks in 
the economy simultaneously, there is a tendency for these risk factors to co-vary. From a firm’s 
point of view, the effects of these variations on cash flows can be partly or wholly offsetting 
(Andren, Jankensgård & Oxelheim, 2010). However, the modeling procedure might reveal the 
firm sensitivity to certain risk factors and the correlation between the risk factors themselves, 
creating a more solid ground for FXRM (Jankensgård, Alviniussen & Oxelheim, 2020).  
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1.2 Thule Group 
Thule Group (formerly Thule) was founded in 1942 in Hillerstorp, Sweden, and is today a 
multinational company (MNC) with a revenue of 7,038 MSEK (2019). Thule Group has 
roughly 2,400 employees and sells products in over 140 countries worldwide (History of Thule 
Group, 2021). The products are tailored for an active lifestyle, focused on sport and outdoor 
activities, ranging from design strollers to rooftop tents and ski cargo boxes. Thule Group is 
the market leader within the roof racks, roof boxes, and bike racks segments. While Thule 
remains the largest brand in the Thule Group in terms of sales, accounting for 83% of total 
sales during 2019, the company also sells unbranded products and private label. The products 
are both produced in-house and sourced from external suppliers. (Thule Group, 2020) 
 
Today Thule Group has 30 foreign subsidiaries, operations in fourteen countries, and nine 
production sites scattered worldwide. As seen in Figure 1, the majority of the production 
facilities are located in Europe. Thule Group segments its sales revenues into the following 
geographical regions; Sweden, Other Europe, North America, and Rest of the World (ROW). 
The largest segment is Other Europe and accounts for 63% of the sales (2019) and includes 
Thule Groups single largest market Germany. (Thule Group, 2020) 
 

Because of overseas operations, both in terms of sales and manufacturing, Thule Group is 
subject to FX exposure in several currencies. The total net transaction FX exposure during 
2019 was 2,449 MSEK. As seen in Table 1 below, the largest FX exposures are in Euro (EUR) 
and in Chinese Yuan (CNY). The sign of the EUR exposure is positive since the major selling 
currency of Thule Group is the Euro. Meanwhile, Thule Group has a negative exposure to CNY 
since it sources several products from Chinese manufacturers. Additionally, the translation FX 
exposure was 3,425 MSEK during 2019, out of which 1,560 MSEK emanated from the US 
Dollar (USD) and 1,320 MSEK from the EUR. In case of a 10% appreciation of the Swedish 

Figure 1: Thule Group in-house production facilities (Thule Group, 2020, p.46) 
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Krona towards other world currencies, Thule Group earnings before interest, taxes, 
depreciations, and amortizations (EBITDA) would decrease by 150 MSEK according to 
sensitivity analyses performed by the company. This loss can be broken down into transaction 
effects of negative 70 MSEK and translation effects of negative 80 MSEK. (Thule Group, 
2020) 
 
Table 1: Transaction exposure and hedged amounts in 2019 (MSEK) (Thule Group, 2020) 

Currency pairs Transaction 
Exposure 

Hedged amounts – 
maturity 2020 

Exposure after 
hedging 

EUR/SEK 1,338 589 749 
CNY/SEK -301 -59 -242 
PLN/SEK -200 -101 -99 
USD/EUR -123 -55 -68 
GBP/SEK 217 115 103 
USD/CAD -96 -9 -87 
Other 175 67 108 
Total 2,449 994 1,455 

 
Thule Group’s treasury department has a centralized approach to FXRM, meaning that all 
hedging activities are executed by the group’s treasury department located at the headquarters 
in Malmö, Sweden. A treasury policy has been developed as a framework for risk management 
and is annually board revised. It specifically governs the risk mandates and the financial limits 
of the treasury department. In terms of financial derivatives, Thule Group uses forward contract 
and currency options to reduce transaction exposure and loans to hedge against translation risk. 
As seen in Table 1, Thule Group hedged around 40% of their total transaction exposure in 
2020. (Thule Group, 2020) 
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1.3 Problem Formulation  
Because of international operations, Thule Group is exposed to FX risk and thus has an 
incentive to manage this risk to achieve its financial goals. Even though the Thule Group 
treasury department can measure the FX exposures using internal accounting measures, they 
do not engage in statistical measurements of FX exposures to support hedging decisions. 
Moreover, Thule Group does not have a model for assessing FX risks or correlation between 
risk factors. Finally, Thule Group also seeks to improve the way in which FX hedges are used 
and to be able to measure their performance. 
 
1.4 Purpose and Research Question 
The purpose of this thesis is to investigate the FX exposures and the FX risks at Thule Group 
through modeling procedures, assess the company’s current hedging strategy and suggest 
improvements on the future hedging practices. 
 
To be able to fulfill the purpose of this master thesis, the following research questions are to 
be answered: 

1. What are the statistical FX exposures and FX risks at Thule Group? 
2. How does the current FX hedging program affect the cash flow at Thule Group? 
3. In which ways can this program be improved? 

 
1.5 Academic Purpose  
The academic purpose of this master thesis is the application and evaluation of several research 
methodologies used in previous academic studies. The master thesis will feature a full-scale 
implementation of the Exposure-Based Cash Flow-at-Risk methodology on a global consumer 
goods company, while previous studies have focused more on the foreign exchange rate 
exposures and risks in heavy industries and natural resource sectors. 
 
The authors will also extend the analysis of the FX exposures and FX risks to different FX 
hedging strategies. Few previous studies have used a case example with statistical FX 
exposures to compare how different hedging strategies affect the FX risk, and further to 
determine an optimal hedging strategy. Finally, this master thesis aims to create a realistic FX 
hedging strategy that aligns with academic theory and is applicable to a real-world company.  
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1.6 Focus and Delimitations 
To be able to answer the three research questions a number of delimitations are proposed. 
Firstly, this report will focus on foreign exchange risk as part of market risk following figure 
2 below. However, since macroeconomic variables typically co-vary, it will be necessary to 
also discuss the correlation effects between market risk factors in addition of exchange rates. 
Macroeconomic variables other than exchange rates will however not be included in any 
hedging strategy analysis.  
 
 

 
Figure 2: Types of Corporate Risk (Y.Lee, 1999) 

The emphasis of this report will be put on economic exposure rather than translation exposure. 
Modeling translation risk requires an analysis outside the scope of this project. Finally, this 
master thesis will primarily target the usage of financial derivates to manage FX risks. This 
restraint limits the modeling of other mitigating strategies suggested as part of FXRM. Because 
of their frequent use by Thule Group, FX forward contracts will be the only derivative used 
when suggesting an improved hedging strategy. However, since Thule Group also employs FX 
currency options in their hedging program, options will be discussed in short.  
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2. Literature Review 
 
The literature review section consists of five areas. Theoretical Reasons of Hedging treats some 
of the academic arguments for why hedging might be value-creating for a company. Empirical 
Evidence of Hedging Theory investigates how these theories align with academic empirical 
finding. The purpose of presenting these findings is to have a basis for comparison with Thule 
Group FX hedging practices. The purpose is also to form an understanding of what is meant 
by an “improved” or “optimal” hedging strategy, as in research question three. The section 
Financial and Operational Hedging presents methods used by firms to handle FX risk. Models 
for Measuring FX Exposure and Risk Measures discuss how FX exposure and FX risk can be 
quantified and evaluated in a company. It is by the use of this theory a research methodology 
will be developed and executed for the case of Thule Group.  
 
2.1 Theoretical Reasons of Hedging  
The large number of firms using financial derivatives to mitigate risk indicates that hedging is 
a potentially value-creating activity for these organizations. For example, a study of 7,319 
companies conducted by Bartram, Brown & Fehle (2009) reveals that 60.4 percent use some 
type of financial derivative. However, it is not obvious that using financial derivatives to 
mitigate FX exposures create value for organizations. According to Modigliani & Miller 
(1958), the market value of a company is the sum of the present value of future earnings. 
Additionally, under the assumption of complete and perfect markets, the value of a company 
should solely be determined by the left-side of the balance sheet, in other words, by investments 
(MM theorem). The financial policy and capital structure of a company - the financing of these 
investments - is according to the MM theorem independent of the market value of the firm. 
Hence, the financing of investments mainly affects how the value created by the company is 
redistributed among its investors.  
 
One postulated consequence of the MM theorem is that risk management does not increase 
firm value since it is part of the financial policy of a company. Smith & Stulz (1985) further 
suggests that a firm hedging policy is irrelevant since investors can offset risky positions in a 
company themselves by diversification. Therefore, a company should defer from hedging since 
financial hedging transactions usually come at a cost but generates no positive effect on the 
future earnings of investments and firm market value (Froot, Scharfstein & Stein, 1994).  
 
Based on the MM theorem firms cannot create value by altering their hedging policy in a 
complete and perfect market. However, for value-maximizing firms, market imperfections can 
give rise to theoretical value-enhancing hedging (Gossy, 2008). Smith & Stulz (1985) argue, 
based on stockholder value maximization, that hedging can be justified in companies for three 
main reasons: tax convexity, cost of financial distress, and managerial risk aversion. 
 
Starting with tax convexity, Smith & Stulz (1985) claim that companies subject to convex tax 
code can reduce their expected tax bill by decreasing the pre-tax income volatility using 
financial hedging. Secondly, hedging can increase shareholder value by reducing the 
probability of financial distress and therefore minimize the risk of incurring bankruptcy costs. 
Such costs include, for example, administration, reorganization, and loss of valuable growth 
options. Finally, the authors suggest that another reason for corporate hedging is that managers 
with ownership in the company will urge to hedge because of their individual risk aversion. 
Since a large part of manager’s wealth is often associated with company ownership, they have 
more difficulty diversifying investments. This reasoning extends to a situation in which 
manager compensation depends on firm earnings, creating incentives to hedge to avoid 
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corporate performance variability. The three arguments presented above have been scrutinized 
in literature and constitute cornerstones in contemporary risk management theory (Gossy, 
2008). 
 
Another prominent theory supporting value-creating risk management is put forward by Froot, 
Scharfstein & Stein (1993). While adhering to some of the arguments of the MM theorem, they 
oppose the fact that financial policy is irrelevant for value creation. Their theory, henceforth 
referred to as Under-Investment theory (UI theory), builds on the logic that without hedging, 
internal cash flow will naturally vary with macroeconomic variables. Volatility in internal cash 
flow should result in either variability in investment spending or variability in external 
financing. The authors suggest that volatility in investment spending is generally undesirable 
since it hinders the firm from executing the capital expenditure (CAPEX) plan. To avoid this 
issue, firms may need to raise costly external capital. Therefore, in times of low corporate 
liquidity, financing becomes more expensive, generally because of the positive marginal cost 
of external capital. As a remedy, Froot, Scharfstein & Stein (1994) promote hedging with the 
goal of decreasing cash flow volatility to allow for a realization of an optimal investment 
strategy without incurring the cost of external financing. 
 
2.2 Empirical Evidence of Hedging Theory 
Even though theories suggest that financial risk management with derivatives can create 
corporate value, empirical investigations of these theories have yielded mixed results. In a 
meta-regression study on 175 empirical papers into why companies hedge, Geyer-Klingeberg, 
Hang & Rathgeber (2019) find limited evidence that firms hedge based on the arguments of 
underinvestment, tax benefits, or managerial risk aversion. However, they conclude that 
situations of financial distress are costly for firms. The authors worry that the papers 
investigated in their meta-study fail to capture the effects of operational hedging and might be 
plagued by the statistical issue of endogeneity in the data. Endogeneity arises from missing 
variables in the analysis that are correlated with the dependent variable, causing misleading 
results (Baltagi, 2011). 
 
Endogeneity and operational hedging are also put forward by Bartram & Bodnar (2007) as 
possible explanations for why empirical research fails to capture the effects of hedging. 
Bartram and Bodnar investigate the exchange rate puzzle, i.e. the historical inability to prove 
the existence of firm FX exposure empirically. In only 10-25 percent of previous studies they 
examine, FX risk has proven to have a measurable effect on stock returns. Bartram (2008) 
delves deeper by showing that operational cash flow (OCF) is significantly exposed to 
exchange rate fluctuations in an MNC case example. Meanwhile, he suspects that the FX 
exposure of total cash flow is low because of hedging. The author concludes that several studies 
fail to detect significant FX exposures since many companies practice successful hedging.  
 
These findings are supported by Bae, Kwon & Park (2018). The authors suggest that to examine 
the effects of FX exposure, the exposure needs to be separated into the expected exchange rate 
exposure and the observed exchange rate exposure, as seen in Figure 3. The expected exchange 
rate exposure is based on the fundamental business activities and the observed exchange rate 
exposure is measured on stock returns. In this figure, the observed exchange rate exposure 
includes all activities used by the firm to mitigate FX exposure, including operational and 
financial hedges. Only when FX exposures are separated according to figure 3 can the effect 
of a hedging program be measured.  
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As previously stated, the conclusions of UI theory have been disputed in several empirical 
studies. For example, three of the most cited research articles on the topic fail to identify a 
connection between the use of hedging and firm investment intensity (Jankensgård & Moursli, 
2020). However, in a study on 198 oil and gas corporations, Jankensgård & Moursli (2020) 
find that investment spending is sensitive to derivative cash flow. Thus, the authors bolster the 
assumption that corporations use hedging to support their investment strategies. Moreover, 
they find that derivative cash flow is more important during periods of high volatility in the 
market and for companies with a higher cost of external capital, results in line with UI theory. 
Their findings may not be applicable to all industries since movements in energy prices will 
have considerable effects on the cash flow of oil and gas firms. However, compared to trying 
to hedge the complex FX exposures of MNCs, investors should be able to hedge against the 
risk of investing in oil and gas companies more easily because of the significant exposure to 
energy prices. Hence, the value of corporate hedging in the perspective of the shareholders 
should be less for oil and gas companies compared to MNCs (Jin & Jorion, 2006).  
 
The value of hedging can also be extended to the ease of accessing external capital, as 
suggested by Campello et al. (2011). By studying 2,718 loan contracts between financial 
organizations and firms and their hedging activities, the authors find that organizations using 
derivatives have cheaper access to external capital (lower interest rate spread) and are less 
likely to have investment restrictions on their loan agreements. Since creditors value hedging 
positively, this results in simpler investment processes and a reduction in financing costs 
leading to the possibility of creating corporate value. 
 
One issue with the theoretical explanation for why hedging is value-adding for corporations is 
that the theories imply that, in principle, the value creation is independent of legal, 
environmental, and financial situations. Studies have shown the opposite. For example, Geyer-
Klingeberg, Hang & Rathgeber (2019) find that the determinants for companies to hedge vary 
between countries. As an example, the authors show that the hedging strategy of European 
firms depends more on dividends, compared to American companies, which usually have lower 
dividend payouts.  
 
  

Figure 3: Two components of observed exchange rate exposure (Bae, Kwon & Park, 

2018, p.137) 
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2.3 Financial and Operational Hedging  
Hedging strategies for economic FX exposure generally consist of a combination of financial 
hedges and operational hedges (Allayannis, Ihrig & Weston, 2001). A less obvious way for a 
company to manage their FX exposures is to leave them largely or completely unhedged, while 
instead ensuring access to external financing in times of economic distress. Two reasons for 
using this strategy is that some sources of risk might be hard to hedge with any degree of 
precision using financial instruments, and that sufficient knowledge of these instruments might 
not exist within the organization (Amberg & Friberg, 2016).  
 
Financial hedges are financial derivatives negotiated with external counterparts. A financial 
derivative in turn, is a bilateral contract or payment exchange agreement whose value derives 
from the value of an underlying asset or reference index (Group of Thirty, 1993). The financial 
derivatives relevant to this report are FX forward contracts and FX currency options.  
 
FX forward contracts are bilateral agreements to exchange currencies at a pre-determined 
forward-rate in the future known as the forward price. The forward contract is customized to 
suit the parties involved and traded over-the-counter (OTC). Its value as a financial hedge 
stems from the ability to render a future cash flow independent of changes in the exchange rate 
involved (Kallianiotis, 2013). For example, a Swedish MNC closing a sale with 30-day credit 
on the European market will have an anticipated future Euro cash-inflow 30 days in the future. 
By negotiating a forward contract, the Swedish MNC will be guaranteed to receive the payment 
at an EUR/SEK exchange rate known at the date of the sale, thus removing the risk of 
unfavorable exchange rate movements over the course of the credit time. The pay-off of an FX 
forward is linear since, at maturity, the value of the contract is simply the difference between 
the spot price and the delivery price, as seen in figure 4 below.  
 

 
Figure 4: Pay-offs from forward contracts. a) long position b) short position (Hull, 2015, page. 7) 

FX forward contracts are binding agreements that limit the possibility to take advantage of 
fortunate exchange rate fluctuations. Open FX forward positions cannot be closed or 
manipulated as easily as contracts negotiated on the spot (Avista) market for immediate 
currency exchange transactions. This results in lower market liquidity, a higher bid/ask spread 
and eventually higher hedging costs of FX forwards (Bartram, 2001). In addition, companies 
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with capital tied up in FX forwards might find it difficult to meet financial covenants and 
respond to margin calls (Mello & Parsons, 2000). For short maturity contracts, the discrepancy 
between forward and spot exchange rates should only reflect the difference between interest 
rates over the same period in the relevant countries (interest rate parity) (Bartram, 2001). This 
might suggest that forward contracts involve no cash premium, they should however not be 
thought of as free. In the words of Jankensgård, Alviniussen & Oxelheim (2020, p.100), 
“sacrificing upside potential is just a different way of paying the privilege of risk reduction”. 
 
The second class of financial hedges covered in this thesis is FX currency options. These 
instruments give the owner the right, but not the obligation, to exchange money denominated 
in one currency into another currency at a predetermined rate (strike price) on a specified date 
by paying the option price (premium) (Kallianiotis, 2013). Contrary to FX forward contracts, 
the owner of an FX option might enjoy the profit of advantageous exchange rate developments. 
This is because the pay-off function of a (call) option contract is non-linear, and the value of 
the contract at maturity is the difference between the spot price and the strike price.  However, 
if the spot price is lower than strike price then the value of the contract is zero. An option 
contract always comes with a premium because of the non-linear pay-off.  
 
Taking the option premium into account, the expected gain of the option contract is always 
zero. In theory, the option price should thus not be considered a cost since it equals the expected 
pay-off of the option contract. However, being allowed to follow the work of the treasury 
department at an American MNC for three months, Brown (2001) concludes that the cost of 
initiating and maintaining a financial derivatives program is not trivial. In contrast, other 
studies have shown that the transaction costs of both FX forward contracts and FX options do 
not seem to play an economically significant role for MNCs (Bartram, 2001).  
 
Operational hedges are defined as internal interventions concerning operating and investment 
activities to reduce FX exposure (Kuzmina & Kuznetsova, 2018). Two important operational 
hedges consist of offsetting revenues and expenditures of foreign currency positions (netting) 
and international diversification of sourcing, production, and sales (Bae, Kwon & Park, 2018). 
Netting procedures of MNCs reduce the number of cross-border transactions between 
subsidiaries, which means less administrative cost of cash transfers and cash conversions. In 
addition, a centralized netting system will facilitate cash flow forecasting, resulting in a clearer 
view of FX exposures (Kallianiotis, 2013). International diversification and production 
management can be used as operational hedges to deal with relative changes in production 
costs. For example, an exporting firm without international production facilities will lose 
revenue if there is an appreciation in the domestic currency since customers can no longer 
afford their products. By building factories abroad, the company will have some of its cost base 
in the foreign currency and thus be protected from the adverse effects of such appreciations 
(Shapiro & Moles, 2014). 
 
The effectiveness of international diversification as an operational hedge has been debated in 
the literature. A study conducted by Allayannis, Ihrig & Weston (2001) reveals that geographic 
dispersion through the location of subsidiaries across multiple countries or regions does not 
reduce FX exposure. Contrarily, Amberg & Friberg (2016) argue that a wide selection of 
Swedish companies finds operational hedges more important than financial instruments in 
reducing FX exposure. Kuzmina & Kuznetsova (2018) also highlight the importance of  
operational hedges in corporate hedging strategies. Their findings indicate that firms with 
matching foreign-denominated revenues and costs prioritize operational hedges over financial 
hedges. 
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The vast options of strategies available to mitigate FX exposure create a problem for 
organizations in their decision on which strategy to choose and what type of instruments to use. 
Shapiro & Moles (2014) insist that a company’s hedging strategy should align with the overall 
corporate strategy. Before choosing what strategy to use, the firm should first decide on which 
FX exposures to hedge and the objective of these hedges. The authors argue that the 
fundamental hedging objective should be to create value for shareholders but admit that there 
might be reasons for partly diverging from this goal. One of them is to adopt a more speculative 
hedging strategy with the aim of increasing profits. However, this approach might in fact lead 
to higher exposures compared with not engaging in hedging at all. 
 
As a result of intricate organizational structures and complicated accounting rules, 
Jankensgård, Alviniussen & Oxelheim (2016) find that clear hedging objectives is often 
lacking in organizations. The authors advocate a hedging strategy based on FX exposures that 
are considered unacceptable and would entail negative consequences for the firm. The basis of 
this argument is the paradox of volatility-is-always-bad, imposing that variability of financial 
results is fundamentally undesirable. This volatility resentment partly diverges from the 
theoretical reasons to hedge for value-creation and is not necessarily what stakeholders seek in 
firm management.  
 
Besides setting objectives for hedging strategies, it is also important to understand the 
underlying factors that affect the performance of a company. Brown & Toft (2002) show that 
the price volatility and the quantity of goods sold have an effect on the optimal hedging 
strategy. More importantly, so does the correlation between price and quantity. If the sales 
price is dependent on the cost of production, then hedging the FX exposure caused by the sale 
and not the production could render the hedge useless in case of unfavorable exchange rate 
movements (Jankensgård & Alviniuissen, 2009). Moreover, the optimal hedging strategy also 
depends on size of the exposures to different risk factors, their volatility, and their correlation 
(Andren, Jankensgård & Oxelheim, 2010). 
 
In a recent study, Bae, Kwon & Park (2018) explore another angle on hedging strategies. They 
claim that the performance of hedging depends on the sign of the FX exposure. For a large set 
of Korean firms with positive FX exposures, the use of multiple operational and financial 
hedging instruments is the market norm. However, when the FX exposures are instead 
negative, they manage their FX exposures predominantly by adapting their product pricing. 
Hence, Korean MNCs employ a wide variety of hedging tools to deal with FX exposures of 
different signs.  This dynamic emphasizes the importance of having a thorough understanding 
of the FX exposure and the underlying risk drivers. Such an understanding can be attained 
through modeling procedures (Jankensgård, Alviniussen & Oxelheim, 2020). 
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2.4 Models for Measuring FX Exposure 
Having a solid understanding and measurement of FX exposure is fundamental in developing 
a successful FXRM program (Jankensgård, Alviniussen & Oxelheim, 2016). The practice of 
measuring FX exposure has been on the risk management agenda for a long time. Early work 
of Adler & Dumas (1984) introduced the concept of FX exposure as a regression coefficient 
(statistical FX exposure), rather than a quantity derived from price and production forecasts 
(accounting FX exposure).  
 
The difference between the accounting measures of FX exposures (transaction, translation, and 
operating exposures), and the statistical measures of FX exposures is that the accounting 
measures do not capture the underlying dynamics of the exposures (Oxelheim & Wihlborg, 
2008). For example, accounting measures fail to capture the effect of exchange rates on 
domestic and foreign sales. Accounting measures only capture the valuation changes of foreign 
currency amounts as a result of movements of currency rates. By measuring exposures this 
way, the price and quantity relationship is ignored as well as the competitive implications of 
changes in exchange rates. In contrast, statistical measures can capture these valuation changes 
as well as the volume of domestic and foreign currency cash flows that is affected by changes 
in the competitive position in all markets. (Oxelheim & Wihlborg, 2008) 
 
There are two main types of techniques for modeling FX exposures, known as bottom-up and 
top-down (Y.Lee, 1999). In essence, bottom-up modeling of FX exposures is based on equation 
1.  
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In equation 1, CF is the cash flow denominated in the domestic currency, Q is the quantity sold 
in a foreign market, P is the price in the currency of the foreign market, VC and FC are variable 
and fixed costs in foreign currency and XR is the exchange rate between the two currencies 
involved. Due to forces of supply and demand and in a competitive market environment, none 
of these quantities work in isolation of each other. For example, in the simple case of a Swedish 
Euro-zone exporter with the entire cost base in Swedish krona, equation 1 might transform into 
equation 2. 
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In equation 2, )(*"$%) and *"$%(%&) signifies that the price in Euro is a function of the 
SEK/EUR exchange rate and that the quantity sold is a function of the price in Euro. By 
modeling the relationship between these quantities, FX exposures can be calculated. Given that 
this responsibility is left to the subsidiaries of an MNCs rather than a central forecasting unit, 
conflicting views on what actually constitutes an FX exposure might result in a problem with 
the bottom-up approach. (Jankensgård, Alviniussen & Oxelheim, 2020) 
 
Even though forecasts of the static items in equation 1 is a standard budgeting procedure for 
many firms, modeling how these quantities interact in equation 2 can be a daunting task. This 
is a direct consequence of the often intricate relationship between price and quantity in 
competitive markets. The CorporateMetrics Technical Document (Y.Lee, 1999, p.9) provides 
insights on the bottom-up modeling procedure by ”enabling companies to forecast earnings 
and cash flow for a range of different projected market rates - foreign exchange rates, interest 
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rates, commodity prices, and equity prices”. In a five-step process known as the simulation-
based approach, the user first decides whether earnings or cash flow will be the financial result 
for which risk is measured. Using the metric specified, the user subsequently tries to tie this 
measure to relevant market rates by defining how it is affected by changes in these rates. By 
generating a large number of scenarios for the market rates and calculating the future financial 
result in each state, a risk distribution is attained.  
 
The usefulness of the CorporateMetrics simulation-based approach as a bottom-up modeling 
tool resides in its description and discussion of exposure mapping. Earnings and cash flow are 
usually functions of several factors, but with some simplifying assumptions complexity quickly 
abates. For example, by assuming that foreign sales revenues () ∗ *) are fixed in equation 2, 
the future home currency cash flow is simply a linear function of the exchange rate. The gain 
of an easy implementation should however always be contrasted with the loss of precision and 
flexibility. (Y.Lee, 1999) 
 
Bottom-up models can also be designed to accommodate price elasticities, seasonality effects, 
a company’s ability to change product prices in response to market moves, cash flows of 
hedging strategies, the level of consumer demand under different market conditions and more. 
As an example, the product price in equation 2 could be assumed to follow the relationship 
presented in equation 3. 
 
 *& = *' ∗ (1 + 1 ∗ Δ())	 (3) 

 
 

 
In equation 3, *& is the price at the start of period one, *' is the initial price in period zero, 1 is 
the price elasticity of the good or service and Δ() is the percentage change in the exchange rate 
during period zero. The process of incorporating the dynamics of each factor in the manner 
described above can be time consuming since it may require substantial analysis of past data, 
regression analysis, econometric modeling or other techniques. In many firms, this information 
is nonetheless already available and can be gathered from corporate planning departments. 
(Y.Lee, 1999) 
 
The second class of FX exposure models are called top-down models and are based on a 
statistical approach. These models use some corporate performance measure, for example 
earnings or cash flow, as a dependent variable in a multivariate regression analysis. The 
explanatory variables are macroeconomic risk factors suspected of having an impact on the 
performance measure. An example of a simple top-down multivariate regression model is 
presented in equation 4 below. 
 
 !" = 4' +	4& ∗ %&& + 4* ∗ %&* +	4+ ∗ 5& + 	1	 (4)  

 
In this equation, cash flow (CF) is the dependent variable, %&, is exchange rate nr. i and 5& is 
some interest rate assumed to have an impact on the cash flow of the firm. Each 4 is a statistical 
exposure coefficient, i.e. a sensitivity measure of one explanatory variable on the dependent 
variable, holding all other variables constant. Hence this coefficient does not reveal the 
absolute size of the accounting FX exposure in each currency, but rather the amount with which 
the dependent variable would change given a unit change in the exchange rate. The error term 
1 is necessary to capture effects that cannot be attributed to the variables included in the model. 
Given time series data of the dependent and explanatory variables, the exposure betas can be 
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estimated using multivariate regression analysis. (Jankensgård, Alviniussen & Oxelheim, 
2020) 
 
Pioneering work by Oxelheim & Wihlborg (2008) delivered the Macroeconomic Uncertainty 
Strategy Analysis (MUST) framework for determining exposures to macroeconomic risk 
factors and devising a management strategy from these insights. The authors argue that 
corporate performance measures of MNCs depend heavily on exchange rates, inflation rates, 
interest rates, and commodity prices, an assessment shared by Bodnar et al. (1995). By 
including these macroeconomic risk factors in a multivariate regression analysis, the firm 
learns not only about its statistical FX exposure, but also about the correlation between the 
factors themselves (Oxelheim & Wihlborg, 2008).  
 
A major advantage of MUST is that it can inform about hedging decisions and also about the 
uncertainty in the measurement of the FX exposures (Oxelheim & Wihlborg, 2008). Firstly, 
the statistical exposure coefficient indicates the size of a hedge contract needed to offset the 
change in cash flow due to changes in the macroeconomic variable. This is because the 
statistical regression coefficients measure the change in cash flow given one unit of change in 
the macroeconomic variables. Consequently, if a hedge contract is set with the same nominal 
value as the size of the coefficient but with the opposite sign, the net effect on the cash flow 
should be zero. Another benefit of the MUST framework is that the coefficients themselves are 
assumed to be random variables and, therefore, reveal the uncertainty of the FX exposure. As 
a result, the uncertainty in the coefficients can inform about what type of financial hedge is 
appropriate (Oxelheim & Wihlborg, 2008). Adler & Dumas (1984) show that by hedging the 
same notional amount as the exposure coefficients one obtains the minimum variance hedge. 
The results of this hedging strategy should, in theory, be that the cash flow is independent of 
foreign exchange rates (Adler & Dumas, 1984). 
 
Due to the common regression problems of non-stationarity of the variables, poor data quality 
and/or lack of data, researchers have aspired to create better top-down models for 
understanding statistical FX exposures. For example, Stein et al. (2001) advocate pooling cash 
flow data for a large number of firms in the same industry to secure statistically reliable 
volatility estimates. Their proposed Comparables model builds on non-parametric panel 
regression, allowing analysts to avoid intricate assumptions on bottom-up model variables. In 
contrast, the authors recognize that their method does not capture company-level idiosyncratic 
risk. Nor is it sensitive to the result of potential hedging strategy alterations undertaken by 
individual firms.  
 
In the choice between a bottom-up and top-down approach to measuring FX exposure firms 
should be attentive to several important considerations. The author of the CorporateMetrics 
Technical Document (Y.Lee, 1999) admits that in cases where financial results are simple 
linear functions of market rates, top-down analytical approaches have the upper hand on 
bottom-up simulation tools due to lower computational intensity. Andren, Jankensgard & 
Oxelheim (2005) agrees that a bottom-up approach is useful when risk management has 
confidence in its estimates of risk and in its understanding of how these risks affect corporate 
cash flow. Conversely, when confidence in risk measures is low, and there is a need to 
understand simultaneous impacts of exchange rate fluctuations and other correlated 
macroeconomic variables, a top-down model is championed (Andren, Jankensgård & 
Oxelheim, 2010).  
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2.5 Risk Measures 
Once having accurately estimated FX exposures, the analysis could be extended by tying the 
exposures to a specific risk measure. One way to do this is by simulating scenarios for exchange 
rates. Properly designed, a risk measure should highlight to what degree a firm’s performance 
is at risk. It should also inform about what is causing the risk and how risk management can be 
used to reduce the total risk. (Andren, Jankensgård & Oxelheim, 2010) 
 
In many firms, volatility of financial results is considered a good indicator of corporate 
performance. FX risk is often measured by the volatility proxy standard deviation, which is the 
degree of dispersion around the expected value of a random outcome. For any random variable 
with low standard deviation, the observed outcome will fall reliably close to the expected value. 
If a random financial result follows a distribution with a known mean value and standard 
deviation, it is possible to determine the outcome with a certain degree of confidence. Standard 
deviation is a symmetric risk measure, indifferent to above- and below-mean results. Therefore, 
as a risk measure, it performs poorly since downside risk is more important than upside 
potential. (Y.Lee, 1999) 
 
Developed by JP Morgan in 1993, the Value-at-Risk (VaR) measurement can be considered 
the most widely established risk measure among financial firms. In general terms, VaR is 
defined as the maximum loss for a given exposure over a fixed time horizon and a particular 
confidence level. For example, if the one-month VaR of a loan portfolio is two million USD 
with a 95 percent confidence level, investors can expect - with 95 percent certainty - that the 
loan portfolio value will decrease no more than two million USD over the next month. By 
making a time-dependent probability distribution of financial performance outcomes, VaR can 
be used to measure a variety of types of financial risk. (Papaioannou, 2006) 
 
The non-financial firm equivalent of VaR is often considered to be Cash Flow-at-Risk (CFaR). 
Similar to the VaR measure, CFaR specifies the maximum loss in cash flow a company is 
expected to suffer during a specified time horizon and given a certain confidence level. 
Attaining an accurate CFaR value requires a reliable estimate of the probability distribution of 
cash flow. This distribution can be found by simulating future outcomes of the cash flow 
variable, conditional on factors to which cash flow is suspected to be sensitive (Andren, 
Jankensgard & Oxelheim, 2005). Cash flow also draws the attention of analysts and investors 
since it provides information about firm liquidity and profitability, metrics that often form the 
basis of company evaluations. (Y.Lee, 1999) 
 
Stein et al. (2001) agree that disclosing CFaR numbers to investors and analysts may help risk 
managers put future earning shocks into perspective. Moreover, the authors reason that a 
properly performed CFaR analysis may guide firm capital structure decisions. Using the 
Comparables approach in combination with CFaR, they are able to show major shifts in debt 
ratios of firms in the US electricity industry in the 1990s. Quantified insights like these may be 
useful in future debt-equity tradeoffs and when deciding on appropriate levels of cash reserves 
and credit lines.  
 
One way of attaining an informative CFaR distribution is via the Exposure-Based Cash Flow-
at-Risk (EB CFaR) procedure, advocated by Andren, Jankensgård & Oxelheim (2010). EB 
CFaR calculates a firm’s downside risk, conditional on exposure to macroeconomic factors 
and market risk. It is, therefore, a natural bridge between top-down FX exposure models and a 
cash flow distribution. While providing information on how much of cash flow variability can 
be attributed to changes in macroeconomic factors (non-value-adding risk), the EB CFaR 
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analysis also gives insights into how much of cash flow variability comes from value-adding 
risk. Value-adding risk is defined as risk caused by activities within a company where the 
company has a comparative advantage in bearing the risk (Andren, Jankensgård & Oxelheim, 
2010). Examples of this include business risk, meaning the risk of conducting business and all 
the risk that comes with this. Non-value-adding risk is, on the other hand, a risk that the 
company is not compensated for taking on, for example, FX risk. Using EB CFaR and the 
exposure coefficients, risk management can easily deduce the impact of different hedging 
strategies on fluctuations in cash flow. 
 
The VaR and CFaR (at-risk) measures have the appealing property of compressing a 
distribution of expected outcomes into one single number, allowing for direct comparisons. 
Also, they are easy to calculate, interpret and communicate. With a large set of historical 
observations, one might readily observe instances during which at-risk levels were breached, 
giving a solid foundation for back-testing and adjustment. However, the risk measures reveal 
nothing about the outcomes in the scenarios outside of the confidence interval. It is therefore 
impossible for firms to evaluate the size of a loss larger than the at-risk level. (Stulz, 1996)  
 
To calculate losses larger than the at-risk level, Expected Shortfall (ES) could be used since it 
measures the expected loss given that the loss exceeds the at-risk level (Artzner et al., 1999). 
Closely related are Lower Partial Moments (LPM), a method in which a penalty is applied to 
shortfalls below a certain threshold, for example, a CFaR level. The penalty should reflect the 
risk tolerance of the firm and the perceived cost of the shortfall. By adjusting the magnitude of 
the penalty, a risk manager will enjoy a flexible model/distribution of the cost of risk. When 
expanding LPM to incorporate additional parameters, the risk measure is called Conditional 
Lower Partial Moments (CLPM) (Jankensgård, 2007).  
 
Jankensgård (2007) concludes that an amount at-risk may correspond poorly with outcomes 
that are costly for a firm. He emphasizes a focus on the cost of risk rather than the risk itself 
and the importance of tying this cost to financial constraints. Examples of such constraints 
might include the debt-to-equity ratio, leverage ratio or credit/debt capacity, all serving as 
proxies for capital market access. In essence, the arsenal of resources with which a firm can 
navigate in times of financial distress without having to undertake costly adjustments to its 
operations is called risk capacity (Jankensgård & Alviniuissen, 2009). Jankensgård & 
Alviniuissen (2009) define risk capacity as (1) the liquid assets of a firm that can be quickly 
converted into cash at a reasonable price, (2) debt capacity, which is the additional external 
financing a firm can use, and finally (3) the hedge positions. Here, hedges are seen as means 
of increasing liquidity in unfavorable economic downturns.   
 
Risk capacity is therefore the sum of all liquidity that a firm has at its disposal and can utilize 
to support its cash commitments and CAPEX program. The risk capacity can, therefore, cover 
scenarios where the internally generated cash flow does not cover the financial commitments 
of the firm. Moreover, by examining the risk capacity of a firm one can obtain a better 
understanding of the circumstances in which a certain insufficient internal cash flow will result 
in costly negative consequences. Figure 5 demonstrates how a firm might cover its anticipated 
total cash needs by exploiting its risk capacity, in this case through means of additional 
financing. Finally, the risk capacity should be compared to the financial risk at a company to 
determine whether this risk could imply, for example, cost of financial distress. This analysis 
finalizes into a total risk profile of the company, where a high total risk profile indicates that 
the company has a high probability of, for example, under-investing. Meanwhile a low total 
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risk profile suggests a low probability of not meeting important corporate objectives or 
experiencing financial distress.  
 

 
Figure 5: CFaR distributions with and without additional financing. A firm with high risk capacity has better odds off 

executing the capital expenditure program. (Pergler & Rasmussen, 2013, p. 4) 

The risk measures presented in this section are merely tools with which risk managers might 
make informed FXRM decisions. It is particularly in relation to some business goal, financial 
cost or risk capacity that risk measures create company value. Table 2 summarizes the measures 
presented and recapitulates their most important properties. 
 
Table 2: Risk measures and their key property (Jankensgård, 2007, p.10) 

Risk measure Concept Key property 

Standard Deviation Measures the degree of 
dispersion around the mean 

Symmetric perception of 
risk 

Value-at-Risk (VaR) Measures the maximum 
value loss with a certain 
statistical confidence level 

Asymmetric, i.e. treats 
losses differently than 
gains 

Cash Flow-at-Risk (CFaR) Measures the maximum 
cash flow loss with a certain 
statistical confidence level 

Exposure Based (EB) if 
conditional on exposure to 
macroeconomic risk 
factors 

Expected Shortfall (ES) Measures the expected loss 
given that the loss exceeds 
the at-risk level 

Reveals the expected value 
of lower tail outcomes 

Lower Partial Moments (LPM) Makes reference to a second 
probability distribution to 
separate risky from non-
risky shortfalls 

Can be extended to 
incorporate an additional 
parameter (CLPM) 
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3. Method 
 
The method chapter begins with a description of the Methodology Framework, whose purpose 
is to give an overview of the process of the analysis. The Methodology Framework briefly 
describes how the authors will go about answering the three research questions of this thesis. 
The actual methods and their technical descriptions are presented thereafter.  
 
First is the Data Collection section, in which the data needed in the analysis is described in 
detail. The Multivariate Linear Regression considerations section presents important aspects 
of the modeling procedure. The final regression model will be extended with a Cash Flow-at-
Risk simulation. All these steps are necessary in order to answer research question one and to 
determine the FX exposures and FX risks at Thule Group.  
 
The Evaluating Thule Group FX Hedge Portfolio Performance chapter displays how to 
investigate the effect of Thule Group FX hedges on cash flow, which is the second research 
question of this thesis. The final three sections of the method chapter, MUST-Hedging on 2020 
Data, Hedge Strategy Optimization and Hedge Contract Scenario Analysis, are all 
descriptions of how one might design an effective FX hedge portfolio. These sections will aid 
in answering the final research question of how the Thule Group FX hedging program can be 
improved. 
 
3.1 Methodology Framework 
The methodology framework of this paper is a combination of methods employed in previous 
research (Oxelheim & Wihlborg, 2008; Andren, Jankensgård & Oxelheim, 2005; Jankensgård 
& Alviniuissen, 2009; Brown, 2001; Y.Lee, 1999). One reason for this is that previous studies 
have not investigated the statistical FX exposures and the effects of – and possible 
improvements to – the hedging program for one single company. Thus, to be able to answer 
the research questions of this report, several methods are needed. The general framework used 
in this thesis is presented in figure 6. The framework consists of two separate areas, the 
determination of FX risk and the evaluation of the risk capacity at Thule Group. These two 
areas are combined in an assessment of the total risk profile at Thule Group. 

Figure 6: General framework used in this thesis 
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As previously discussed, there are several advantages of the bottom-up and the top-down 
approaches for measuring foreign exchange rate exposure. In this report, the top-down 
approach proposed by Oxelheim & Wihlborg (2008) is chosen since it aligns with the thesis 
purpose and research questions. There are several reasons for this choice. Firstly, compared to 
the bottom-up method, calculating the FX exposures is less complex and requires less 
quantitative and qualitative information. This is due to the difficulty in measuring the 
interdependencies between the variables needed to accurately model using the bottom-up 
approach (Y.Lee, 1999). 
 
Furthermore, bottom-up modeling requires high confidence in the exposures to different risk 
factors and forecasts of cash flows required as model inputs. In contrast, the top-down 
modeling works even when there is uncertainty in the cash flow forecasts and the risk factors 
(Andren, Jankensgård & Oxelheim, 2010).  Moreover, using a top-down model, the total cash 
flow volatility can be split into non-value adding risks and value-adding risk. This possibility 
might generate further insights into the different sources of risk and the actions needed to 
mitigate these risks (Andren, Jankensgård & Oxelheim, 2010). Finally, a top-down strategy is 
also preferred since the result from such an analysis can be directly extended to model hedging 
strategies.  
 
The method of calculating the statistical FX exposures is based on the MUST framework and 
further extended by calculating Exposure-Based Cash Flow-at-Risk (EB CFaR). The EB 
CFaR calculation involves the following six steps (Andren, Jankensgård & Oxelheim, 2010): 
 

1. Fundamental analysis: Identify macroeconomic and market variables expected to be 
significant to corporate performance by investigating the firm’s macroeconomic and 
competitive environment, the firm’s (and its major competitors’) cost and revenue 
structures, and the price and wealth sensitivities of its customers 
 

2. Forecasting: Acquire or generate forecasts of the identified macroeconomic and 
market variables 

 
3. Assessment of exposure: Estimate the exposure model. This is a process where 

knowledge of corporate fundamentals and statistics interact to derive a model that has 
both a plausible economic theory behind it and good statistical properties (high 
explanatory value, statistical significance, and well-behaved error terms) 

 
4. Sampling: Simulate values of the macroeconomic and market variables by randomly 

picking observations from their variance/covariance matrix (using, for example, 10,000 
Monte Carlo simulations). In each simulation run, draw a random value for the error 
term  

 
5. Generate cash flow distribution: Insert the simulated values in the exposure model to 

derive both a conditional distribution of cash flow - one that reflects the effects of just 
macroeconomic and market volatility - and a distribution of cash flow that reflects all 
other non-macroeconomic sources of volatility (the error term) 

 
6. Calculating CFaR: Combine the two cash flow distributions into a single distribution, 

determine the targeted confidence level, and then calculate CFaR  
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Steps 1 and 2 of the EB CFaR framework also form the basis of a MUST analysis, which will 
be used as a guide in determining the statistical FX exposures. The relationship between the 
risk factor exposures and Thule Group’s cash flow will be discussed with officials from the 
treasury department and tested empirically. The MUST framework also emphasizes the 
importance of determining a target variable for the probability distribution, the firm risk 
management objective, the risk attitude, and a relevant time perspective, all of which will be 
discussed with Thule Group representatives (Oxelheim & Wihlborg, 2008).   
 
Steps 4, 5 and 6 form the basis of the CFaR risk measure, which will be qualitatively related to 
the three components of risk capacity at Thule Group, namely spare debt capacity, liquid assets, 
and hedge positions (Jankensgård & Alviniuissen, 2009). The reason to extend the analysis 
from the EB CFaR framework is to understand if a certain risk level, in terms of CFaR, could 
entail costly negative consequences for Thule Group. Therefore, the simulated cash flow 
distribution that the CFaR is based upon will be compared with the financial commitments and 
capital expenditure of Thule Group. It will also be important to understand how the risk 
capacity could be altered to counteract the discovered risks. Finally, by comparing the risk 
capacity and the CFaR with the current spending in the company one can arrive at a total risk 
profile at Thule Group.  
 
In order to answer the research question related to Thule Group’s historical FX hedge portfolio 
performance, this thesis will make use of methods proposed by (Brown, 2001). In his research, 
Brown evaluates the hedge portfolio’s historical ability to minimize the variability in cash flow. 
Two different approaches will assess potential improvements to the Thule Group hedging 
program. Firstly, out-of-sample analysis will be used to test the performance of a hedge 
portfolio designed to offset the statistical FX exposures calculated in the MUST analysis. The 
results will be compared with the actual results of the Thule Group hedge portfolio in the same 
time period. Secondly, different hypothetical hedge portfolios will be tested and compared on 
simulated FX data.  
 
3.2 Data Collection 
The data necessary to fulfill the purpose of this thesis is of qualitative and quantitative nature. 
Interviews with Thule Group treasury officials are conducted to thoroughly understand the 
company business model and the risk factors affecting the value chain. The interviews will also 
help the authors understand Thule Group’s current hedging program, learn how the firm 
handles situations of financial distress and aid in interpreting data and results.  
 
For a regression model based on financial numbers to yield reliable results, the underlying 
modeling data must be structurally stable. More specifically, it should not include large 
changes in the product mix or the competitive environment (Oxelheim & Wihlborg, 2008). 
Therefore, the quantitative data for this report will be sampled monthly for a period between 
January 2015 and December 2019. Thule Group was listed on Nasdaq Stockholm's Mid Cap 
list on the 26th of November in 2014 and started experiencing the effects on operations of the 
Covid-19 pandemic in the first quarter of 2020 (Thule Group, 2021). Including data from 2020 
could yield misleading results since the Thule Group cash flow during 2020 diverged from 
previous years. Moreover, before 2015 large structural changes were made in the company. 
For example, four large business units were divested between 2011 and 2015 (History of Thule 
Group, 2021). In addition, Thule Group made three acquisitions during 2015-2019. However, 
these represent only a fraction of the total generated cash flow (History of Thule Group, 2021). 
Therefore, these acquisitions could be considered small structural changes and not detrimental 
to the structure of the company.  
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Particular attention should be directed to the trade-off between the number of observations in 
a dataset and the appropriate data frequency to use in a regression model. The authors of the 
MUST framework suggest that both monthly and quarterly data could be used to calculate the 
statistical FX exposures (Oxelheim & Wihlborg, 2008). However, they argue that estimating 
the model on quarterly data could result in a better model from a macroeconomic- and risk 
management point-of-view. This is because changes in certain risk factors, such as inflations 
rates and bond yields, gradually affect corporate performance. Therefore, changes in these risk 
factors and their effects are difficult to capture using monthly data. However, to rely on the 
results and the inference of a multivariate regression analysis, the number of observations 
should at least be ten times the number of covariates (Harrell, 2015). If quarterly data were to 
be used in this report, the restriction on the number of regressors would be two since data exists 
for only 20 quarters. Hence, the monthly data frequency is chosen since confidence in the effect 
of the risk factors is preferred over finding all longer-term risk factors. 
 
3.2.1 Cash Flow Data and Risk Factors 
Data for the MUST regression analysis will be provided by Thule Group and collected from 
internet databases. The dependent variable in the regression should be chosen in such a way as 
to constitute or mimic the true operational cash flow of the company, as proposed by (Bartram, 
2008). In this way, it is possible to measure the effect of changes in macroeconomic risk factors 
on operating activities such as revenue from the sale of goods and related costs such as salaries, 
raw material, supplies, utilities, and other operational expenses. Moreover, to avoid the risk of 
the exchange rate puzzle, it is important to separate cash flow into unhedged and hedged cash 
flow. Otherwise, the observed FX exposures with financial hedges could misrepresent the true 
exposures. The OCF figure provided by Thule Group is reported in Swedish kronor weekly 
and has been adjusted for financial derivative profit and losses and capital expenditure. The 
reason for excluding the capital expenditure from the OCF is that the analysis on the risk at 
Thule Group is based on the ability of the company to generate internal cash flow to cover, for 
example, the investment program.  
 
As an alternative to OCF, Andren, Jankensgård & Oxelheim (2010) suggest EBITDA since 
this financial metric commonly excludes the effect of financing and hedging decisions. At 
Thule Group, the EBITDA figure is reported to the treasury department in all foreign currencies 
in which the company has operations, before being converted to SEK. This reporting is done 
on a monthly basis.  
 
The identification of risk factors to include in the MUST analysis should be based on their 
potential to affect corporate performance. Even though the focus of this thesis is on FX risk, 
other risk factors that are sources of macroeconomic and market risk are included (Oxelheim 
& Wihlborg, 2008). The different risk factor segments investigated in this report are foreign 
exchange rates, commodities prices, and interest rates.  
 
3.2.1.1 Foreign Exchange Rate Exposure 
Thule Group is a multinational company with sales in 140 countries. The company has a 
majority of its revenues and costs in 14 foreign currencies and is thereby exposed to several 
FX rates. The currencies with the majority of the company’s revenues, when translated into 
SEK, are the EUR and the USD, constituting nearly 80 % in 2020. The currencies in which 
Thule Group has the largest costs – defined as the cost of goods sold (COGS) and selling and 
administration expenses – are EUR, USD, SEK, PLN, and CNY. By splitting the reported 
EBITDA figure of 2020 by currency, the currencies with the largest positive contribution to 
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EBITDA are EUR and GBP. On the other hand, CAD, SEK, CNY, and PLN are the currencies 
with the largest negative contribution to EBTIDA. (Thule Group, 2021) 
 
Thule Group takes advantage of natural- and operational hedging to lower exposure to specific 
exchange rates. For example, the United States is one of the largest markets for Thule Group 
and a country with several of the company’s production facilities, warehouses, and offices. As 
a result, the matching of revenues and costs in USD lowers the exposure. The same effect is 
found in the EUR market, where Thule Group has a majority of sales and large expenses. 
Meanwhile, currencies in which the company does not have largely matching revenues and 
costs include GBP, CAD, CNY, and PLN. In the United Kingdom and Canada, Thule Group 
has sales and some operations with offices, warehouses, and production facilities. However, 
the revenues from GBP and CAD are significantly larger than the costs. While the revenue in 
these currencies in terms of total revenue for Thule Group only accounts for around 10%, the 
EBITDA contribution is more than 30%. The reverse is true for China and Poland, where Thule 
Group has higher total costs than revenue because of production facilities in Poland and 
sourcing of products in China. Consequently, Thule Group should be more exposed to GBP, 
CAD, CNY, and PLN than USD because of the imbalance of revenues and costs. (Thule Group, 
2021) 
 
The exchange rates included in the analysis will be the rates in which Thule Group has the 
largest revenues and costs. The EUR/USD rate is also included as a cross variable since the 
interplay between the Eurozone and the United States is of great importance to the company 
(Tufek & Svensson, 2021). Products produced in the Eurozone are often sold in the United 
States, and vice-versa, and their gross margin is more dependent on the EUR/USD exchange 
rate than the EUR/SEK or USD/SEK rate. In addition, the USD is considered the world’s 
dominant reserve currency and arguably has a large effect on international trade (Goldberg, 
2010). 
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3.2.1.2 Commodities Prices  
Thule Group has a diversified product mix and is therefore exposed to several commodity 
prices. During 2020, aluminum, steel, and plastic made up the largest share (44 %) of Thule 
Group’s direct material costs. However, these commodities are sourced at different degrees of 
processing, meaning that the acquisition prices vary depending on the extent of the value added 
to the different raw materials. For example, only 50% of the aluminum bought in 2020 was 
direct material purchase and the rest via indirect purchases (part of other sourced components). 
According to Thule Group, the only market index capable of capturing changes in the relevant 
commodity prices is the aluminum price index. The degrees of processing in steel and plastic 
are too diverse to be captured by any price index. However, adding an oil price index to the list 
of risk factors might capture the effects of certain plastic commodity price changes and Thule 
Group freight costs. (Thule Group, 2021) 
 
The actual exposures to commodity prices could be less than observed in Thule Group’s 
financial data since the purchasing department actively hedges the procurement of key 
commodities. This process is done through supplier contracts with fixed prices and volumes 
and with financial derivatives. The actual valuation, either profit or losses, of the supplier 
contracts are not separately reported in the financial statements. They will, however, have a 
stabilizing effect on operational cash flow since price volatility is reduced (Thule Group, 2021). 
Conversely, the chosen commodities are priced predominantly in USD, therefore, the exposure 
to these commodities might be captured by the FX rate directly. 
 
3.2.1.3 Interest Rates  
Interest rates often act as proxies for business cycles and developments in aggregated demand, 
which is why they are interesting to include in the model (Andren, Jankensgård & Oxelheim, 
2010). For Thule Group, this could be important since a weakening in the retail market due to 
economic downturns has the potential to decrease sales (Thule Group, 2021). A 10-year 
Swedish, European, and US government bond yield will therefore be tested as explanatory 
variables, thereby adding information about changes in the general economic conditions in the 
Swedish and global markets and act as control variables for exchange rates (Bartram, 2001). 
SEK and EUR are also the major currencies in which Thule Group incur debt via loans (Tufek 
& Svensson, 2021).  
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Table 3 below presents all variables tested in the regression model, together with a short 
description of the variable and the data source. 
 
Table 3: Identified risk factors (macroeconomic and market variables) for Thule Group 

Variable Description Source 

Aluminum 

Aluminum, 99.5% minimum 
purity, LME spot price, CIF 
UK ports, US$ per metric 
ton 
 

London Metal exchange 
(LME) 

Oil 

Crude Oil (Price index, 2016 
= 100). Simple average of 
three spot prices; Dated 
Brent, West Texas 
Intermediate, and the Dubai 
Fateh. Priced in USD 

International Monetary Fund 
(IMF) 

EUR/SEK The monthly average spot 
price EUR/SEK Swedish central bank 

CNY/SEK The monthly average spot 
price CNY/SEK Swedish central bank 

USD/SEK The monthly average spot 
price USD/SEK Swedish central bank 

DKK/SEK The monthly average spot 
price DKK/SEK Swedish central bank 

NOK/SEK The monthly average spot 
price NOK/SEK Swedish central bank 

GBP/SEK The monthly average spot 
price GBP/SEK Swedish central bank 

PLN/SEK The monthly average spot 
price PLN/SEK Swedish central bank 

EUR/USD The monthly average spot 
price EUR/USD Swedish central bank 

SEK 10Y 
Monthly average yield of 
Swedish government bond 
(10-year) 

Swedish central bank 

EUR 10Y 
Monthly average yield of 
European central bank bond 
(10-year) 

Swedish central bank 

USD 10Y 
Monthly average yield of 
US government bond      
(10-year) 

Swedish central bank 
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3.2.2 FX Hedge Portfolio Data 
The data on the performance of Thule Group’s hedge portfolio originates from one of the 
company’s netting and resource planning systems. The system retains the profit or loss in SEK 
of every individual hedge transaction (option and forward) which has matured or been 
liquidated in a given month. There are reasons to suspect that the data from the system might 
not be a perfect representation of the true profit or loss of the hedge portfolio (Tufek & 
Svensson, 2021). An alternative would have been to examine every single Thule Group FX 
hedge transaction individually over the relevant time period. Such an approach is however 
computationally demanding and does not guarantee working with a single currency of analysis 
(in this case SEK) (Jankensgård & Moursli, 2020). 
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3.3 Multivariate Linear Regression Considerations 
The determination of the statistical exposure coefficients of the MUST analysis is done through 
multivariate linear regression on the time series of the dependent and explanatory variables. 
The regression model is presented in equation 5 (Oxelheim & Wihlborg, 2008). 
 

!"-./ − 7-0&(!"-./) = 	4' +84,9%,- − 7-0&(%,-): + ;-
1

,2&
	 (5) 

 
In equation 5, !"-./  is the cash flow denoted in the domestic currency (SEK) and %,- is the 
value of the i:th risk factors in period t. Moreover, 7-0&(!"-./) and 7-0&(%,-) are the expected 
or forecasted cash flows and value of the i:th risk factor, determined at time t-1. The reason for 
basing the regression on deviations between the actual value and the expected/forecasted value 
is that risk derives from unanticipated changes in the risk factors (Oxelheim & Wihlborg, 
2008). Obtaining historical forecasts of cash flows and risk factors is a complex endeavor. 
Hence, in the regression analysis all variables are assumed to follow unbiased random walks. 
In a case study similar to this report, Oxelheim & Wihlborg (2008) make the same assumption. 
They conclude that exchange rates, interest rates, and other prices variables are normally priced 
on well-functioning and liquid markets and therefore the variation in price tends to be 
unexpected. By definition, an unbiased random walk is an martingale process, meaning that 
the best predictor of an expected future value is the value in the immediately preceding state, 
as presented in equation 6 (Gallager, 1996).  
 

7-0&(%-) = %-0&	 (6) 
 
The model used to calculate the exposures to the risk factors combines the elements of equation 
5 and 6 and is presented in equation 7. In this equation, ∆!"-./  and ∆%,- are the first difference 
changes in operational cash flow and the risk factors.  
 

∆!"-./ =	4' +84,∆%,- + ;-
1

,2&
	 (7) 

 
The assumption of unbiased random walks may make sense from an economic perspective, but 
all variables must still satisfy the assumptions of stationarity in a linear regression model. A 
stationary process has a stable probability distribution over time, meaning that the mean, 
variance and covariance of the process are not time dependent. If the distribution parameters 
are allowed to change arbitrarily over time, it is difficult to capture the true effect of one 
variable on another (Wooldridge, 2020). Therefore, all variables in the regression model will 
be tested for stationarity by visual examination of the data and autoregressive plots, which 
display the dependencies/covariance between data points in time (Baltagi, 2011). The 
stationarity analysis will be complemented with the parametric augmented Dickey-Fuller test, 
testing for unit roots in the time series (Baltagi, 2011).   
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As pointed out by Wooldridge (2020), complete inference of the ordinary least squares (OLS) 
estimators in time series multivariate linear regression is only valid under the Classical Linear 
Model (CLM) assumptions presented below: 
 

1. Linear in parameters - The time series process follows a model which is linear in its 
parameters and includes a sequence of errors or disturbances 
 

2. Zero conditional mean - In each time period, the expected value of the error term 
given the value of the explanatory variables in all time periods is zero 

 
3. No perfect multicollinearity – No explanatory variable is constant or a perfect linear 

combination of the other explanatory variables 
 

4. Homoscedasticity – Conditional on the explanatory variables, the variance of the error 
term is the same in all time periods 

 
5. No serial autocorrelation – Conditional on the explanatory variables, the errors in two 

different time periods are uncorrelated 
 

6. Normality – The error terms are independent of the explanatory variables and are 
independently and identically distributed as normal 

 
Under assumptions 1 through 6 the OLS betas are normally distributed, conditional on the 
explanatory variables. Furthermore, each t-statistic for the OLS betas follow a t-distribution 
and usual construction of confidence intervals is also valid. Assumptions 1, 2 and 3 alone are 
enough to guarantee unbiased OLS estimators. Unbiased estimators are important since 
otherwise there could be a systematic deviation in the estimation of the coefficients leading to 
unreliable results. In the case of violations of assumption 4 and 5, the standard errors of the 
regression run the risk of being biased or abnormally large, rendering statistical inference on 
the OLS betas difficult to interpret. Thus, such a violation might decrease the accuracy of the 
regression. (Wooldridge, 2020) 
 
The choice of a final regression model upon which a cash flow distribution will be simulated 
will depend on the significance of the explanatory variables, the model goodness of fit 
(adjusted &*) and the economic relevance and logic of the predictors included. Due to 
multicollinearity problems, far from all explanatory variables can be used since this would 
violate assumption 3 above. The variance inflation factor (VIF) and covariance/correlation 
relationships will aid in assessing this risk (Rawlings, Pantula & Dickey, 1998). VIF values 
below 10 give generally no indication of serious multicollinearity problems in a regression 
model (Rawlings, Pantula & Dickey, 1998). Leverage and Cook’s distance will be used to find 
and remove influential outliers that could if included misrepresent that data (Harrell, 2015). In 
the choice of explanatory variables, stepwise Akaike Information Criterion (AIC) regression 
will be used as an indicative tool for model selection (Harrell, 2015).  
 
The final model will be subject to a thorough residual analysis to check for violations of several 
of the aforementioned assumptions. Normality of the error term is checked with histograms, 
Quantile-Quantile (Q-Q) plots, Probability-Probability (P-P) plots, and the Jarque-Bera test 
(Thode, 2019). The sample and partial autocorrelation functions (SACF/PACF) of the residuals 
will be visually investigated for serial autocorrelation (Baltagi, 2011). They will also be tested 
statistically with the Durbin-Watson and Breusch-Godfrey procedures (Baltagi, 2011). 
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Heteroscedasticity of the residuals will be tested for with the Breusch-Pagan and White tests 
(Baltagi, 2011).  
 
3.4 Cash Flow-at-Risk 
Once a regression model is attained, a Monte Carlo simulation will be used to generate a 
distribution of Thule Group’s operational cash flow. A Monte Carlo simulation involves using 
random numbers to sample many different outcomes of a stochastic process (Hull, 2015). It 
has the advantage of considering a wide range of possible outcomes (Hull, 2015). In the context 
of this thesis, the underlying variables are exchange rates. 
 
The underlying stochastic process often assumed for financial variables, notably stock prices 
and exchange rates, is Geometric Brownian Motion (GBM) (Hull, 2015). Under this process, 
the return on an exchange rate in a small period of time is log-normally distributed and the 
returns in two nonoverlapping periods are independent (Hull, 2015). This relationship is 
presented in equation 8, where "%- is some exchange rate at time t and @- is the return on the 
same rate. 
 

 
Δ"% = A ∗ "% ∗ ΔB + C ∗ "% ∗ ϵ ∗ √Δt (10) 

 
The Wiener process HI has the time discretization 1 ∗ √ΔB, where 1	is standardized normally 
distributed and thus constitute the stochastic component in the process (Löffler & Kruschwitz, 
2019). A and C	are assumed constants in the model and are commonly estimated from the return 
process as the sample mean and sample standard deviation (Hull, 2015).  
 
The GBM can be generalized to forecast several correlated processes. This is done through a 
Cholesky decomposition of the correlation matrix of the process returns (Hull, 2015). In the 
multivariate GBM process, 1 is the product of the Cholesky decomposition of the correlation 
matrix and a vector of randomly generated standardized normal variables (Hull, 2015). The 
correlation matrix will be estimated from the returns in our sample. Consequently, the final 

@- = JK L
"%-
"%-0&

M = JK("%-) − JK("%-0&)	~	O(µ, σ) 	(8) 

 
To test the assumption of log-normal returns, the time series of the explanatory variables 
will be fitted to a normal distribution. The fit of the distribution will be assessed through 
visual examination of histograms, P-P plots and Q-Q plots (Thode, 2019). The skewness 
and kurtosis of the return distribution will also be measured by the Jarque-Bera test to test 
the hypothesis of normality (Baltagi, 2011).  
 
The GBM process itself can be described by the stochastic differential equation (SDE) in 
equation 9, where FX is the current exchange rate, H"% is the incremental change in the 
exchange rate at an incremental timestep HB. HI is a random process known as a Wiener 
process which describes the evolution of a normally distributed variable (Löffler & 
Kruschwitz, 2019). 
 

H"% = µ ∗ "% ∗ HB + σ ∗ "% ∗ HI (9) 
 
The time-discrete Euler transformation of equation 9 is presented in equation 10 (Hull, 
2015). 
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cash flow distribution will incorporate information on the interdependencies between the 
explanatory variables in the regression model.  
 
Since many economic figures are presented on a quarterly basis, it will be meaningful to scale 
the CFaR risk measure to a three-month time horizon. The FX rates in the final regression 
model will therefore be simulated daily from a period starting at the end of the data sample in 
December 2019 and 90 days (three months) into the future. The simulations of the FX rates 
will be repeated 10,000 times and the values at timepoints 30, 60 and 90 days (one, two and 
three months) will be collected. To attain a valid cash flow distribution from the Monte Carlo 
simulation, the generated first difference values for the FX rates ∆%,- will consequently be 
reinserted into the regression model (equation 7). If the error term ; in the regression model is 
well behaved and does not violate CLM assumption 4, 5 and 6, it can simply be drawn from a 
normal distribution (;	~	O(0, σ), where σ is the residual sample standard deviation) and added 
to the cash flow simulation. As the regression betas are specified on monthly data, the three-
month cash flow distribution will simply be the sum of the cash flow distributions at month 
one, two and three, as presented in equations 11a, 11b and 11c. In these equations, 4, represents 
the i:th statistical exposure coefficient and ∆%,- signifies the change in the corresponding FX 
rate at time t. 
  

∆!"& =	4' +84,∆%,&
1

,2&
	+ 	;& (11V) 

∆!"* = ∆!"& +	4' +84,∆%,*
1

,2&
+	;* (11W) 

∆!"+ =	∆!"*	 + 4' +84,∆%,+
1

,2&
	+ 		 ;+ (11X) 

 
10,000 simulated values for the Thule Group cash flow is enough to guarantee that the final 
distribution will tend towards normality by the Central Limit Theorem (CLT) (Wood, 2015). 
A normal cash flow distribution is important to ensure a CFaR value that does not only 
represent extreme outcomes. The EB CFaR risk measure will be calculated as the absolute 
distance from the distribution mean to the 5th percentile on the left (shortfall) tail of the 
distribution, as seen in figure 7. This number will specify the maximum loss in cash flow Thule 
Group is expected to suffer during the specified time horizon and given a 95 % confidence 
level. From an economic perspective, the EB CFaR can also be interpreted as the unexpected 
loss Thule Group might experience between two consecutive months. Hereafter, the EB CFaR 
risk measure is simply referred to as CFaR. 
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By CLM assumption 6 (independence of the error terms), it is possible to distinguish between 
the contribution to the cash flow distribution from the error term and from the statistical 
exposure coefficients. This will give an indication of the fraction of operational cash flow risk 
that originates from changes in the macroeconomic risk factors (non-value-adding risk), and 
the fraction of risk that originates from value-adding activities (Andren, Jankensgård & 
Oxelheim, 2010). Therefore, the CFaR number will be presented with and without the addition 
of the error term. 
 
  

Figure 7: The CFaR is the absolute distance between the cash flow distribution mean to the 5th percentile on the left 

(shortfall) tail of the distribution 
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3.5 Evaluating Thule Group FX Hedge Portfolio Performance 
The initial sections of the method chapter have dealt with the first research question of this 
report: the determination of the Thule Group FX exposures and FX risks. In the following 
section the focus will be shifted towards methods of assessing the current Thule Group FX 
hedging program. By investigating how this program affects the cash flow at Thule Group, 
the second research question will be answered.  
 
3.5.1 Variability in Cash Flow 
Academic research suggests several methods of assessing the historical performance of an FX 
hedge portfolio. For example, Brown (2001) compares the mean and volatility of operational 
cash flow before and after the addition of derivative cash flow (profits and losses from financial 
derivates). This analysis reveals to which extent the OCF volatility is reduced by using 
financial derivatives and how much of the potential profit are restricted by hedges, measured 
by changes in the mean. One problem with this approach is that volatility does not distinguish 
between upside or downside movements. Brown also suggests that the correlation between the 
derivative cash flow and the operating cash flow should be negative. This follows from the fact 
that hedges should offset unfavorable cash flow movements.  
 
Interviews with Thule Group treasury representatives reveal that one of the reasons for 
maintaining a FX hedging program is to reduce variability in cash flow (Tufek & Svensson, 
2021). Therefore, it is interesting to measure to which extent this goal is achieved. Analogous 
to Brown (2001), adding the FX hedge portfolio results to OCF time series directly and 
measuring the decrease in variance or standard deviation is one way to do this. However, the 
comparatively small contribution of the hedge portfolio to total OCF makes a potential 
variability decrease hard to detect. Also, the persistent seasonality pattern in OCF data is likely 
to have a larger effect on the cash flow variability compared to the hedge portfolio results. 
Calculating the monthly and quarterly correlation between the FX hedge portfolio results and 
the OCF will give additional clues about the effect of the hedging program. 
 
Another, by the authors of this thesis, proposed method of measuring changes in cash flow 
variability is to exploit the fact of having the Thule Group EBITDA figure in all relevant 
foreign currencies. By multiplying the monthly or quarterly EBITDA contribution in currency 
X with the corresponding monthly or quarterly change in the X/SEK exchange rate, it will be 
possible to measure the extent to which total EBITDA in domestic currency (SEK) has been 
affected by exchange rate movements. As an example, equation 12 shows how to calculate the 
contribution from EUR to Swedish EBITDA in month t. 
 
 7Y5Z[\-./ = Δ7]&/_7 -̀ ∗ 7Y5Z[\-"$% (12) 

 
 

Summing all foreign currency contributions in the same manner yields an FX effect on EBITDA 
time series. Note that this time series will not contain the EBITDA contribution in SEK. The 
standard deviation of this time series with and without the addition of the FX hedge portfolio 
results will be compared.  
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3.5.2 Hedge Portfolio Effect on Statistical Exposure  
Another method of measuring the historical performance of a hedge portfolio is to use 
regression analysis (Bartram, 2008). If data is available for operational and derivatives cash 
flow, analysis can be made on the performance of hedging by comparing the exposure 
coefficients from regressions on operational cash flow and total cash flow as dependent 
variables (Oxelheim & Wihlborg, 2008). One benefit of this approach is that the analysis can 
be done on separate exchange rates instead of on the overall effect of the FX hedging program 
(Bartram, 2008). 
 
Since the dependent variable upon which the final regression model will be estimated will not 
contain the contribution from the results of the Thule Group FX hedge portfolio, it will be 
interesting to investigate how the statistical exposure coefficients change after the addition of 
the hedge portfolio results. If the Thule Group hedge portfolio is appropriately positioned to 
offset the cash flow contributions from the currency associated with the statistical exposures 
in the final model, it would be expected that the significance of the regression coefficients 
decrease after the addition of the hedge portfolio results.  
 
To test if a decrease is statistically significant, the seemingly unrelated regression (SUR) 
approach will be used. The basic principle of SUR is to stack and estimate a number of 
seemingly unrelated linear equations simultaneously using for example a generalized least 
squares (GLS) estimator, since the disturbances ; of the regression equations are assumed to 
be correlated (Baltagi, 2011). In the case of this report, this assumption is reasonable since the 
Thule Group FX hedge results only make up a small fraction of the total OCF. The regression 
models with and without the hedge portfolio results are presented in equation 13 and 14. 
  

a!"- = 4' +84,%,- + ;-	
1

,2&
(13)	

 
 

bcHdc&cefJBe- + a!"- = 4' +84,%,- + ;-4
1

,2&
(14) 

 
Using SUR instead of OLS on the two equations separately has two major advantages. Firstly, 
it yields more efficient estimates of the betas, particularly when the correlation of the 
disturbances is large. However, this only applies when the two equations contain different sets 
of explanatory variables, which is not the case in this thesis (Baltagi, 2011). Secondly, the SUR 
approach produces a variance-covariance matrix of all beta estimates that can be used for 
standard regression inference (Hayashi, 2000). 
 
Given the SUR estimation, the Wald test-statistic in equation 15 follows a g* distribution with 
k = 1 degrees of freedom under the null hypothesis of equality of the betas (Hayashi, 2000). In 
this equation, 4&& and 4*& are the corresponding coefficients in the two regression models, with 
and without the addition of the hedge portfolio results.  
 

I =
(4&& − 4*&)*	

hV@(4&&) + hV@(4*&) − 2 ∗ Xih(4&&, 	4*&)
∼ g*(1) (15)	

 



 42 

If there is a significant decrease in any of the beta-values after the addition of the hedge 
portfolio results, the Wald test-statistic will be larger than the 95th percentile value of the g* 
distribution and the null hypothesis of equality of the betas will be rejected. 
 
3.6 MUST Hedging on 2020 Data  
The final research question of this report - how to improve the current Thule Group FX hedging 
practices – will be approached by the methods presented in sections 3.6, 3.7 and 3.8. If the 
results of the proposed hedging strategies are promising, they will be discussed as components 
in the Thule Group future risk capacity.  
 
As previously stated, the statistical exposure coefficients indicate the nominal value of a hedge 
contract needed to fully offset the potential change in cash flow due to changes in the 
macroeconomic risk factors (Oxelheim & Wihlborg, 2008). What would happen if such a 
hedging strategy was devised and executed for Thule Group in 2020? This type of out-of-
sample analysis make it possible to assess the economic validity and usefulness of the statistical 
exposures coefficients (Oxelheim & Wihlborg, 2008). However, to answer this question, 
certain assumptions about the hypothetical hedge portfolio will have to be made: 
 

1. Forward hedge contracts will only be written on the FX rates included in the final 
regression model 

2. The forward contracts will have the current spot FX rate as the forward price each 
month and a maturity of one month 

 
3. The statistical exposures will be fully hedged, meaning that the nominal value of the 

forward contracts will have the same size as the corresponding beta coefficient, 
however with opposite signs 

 
As FX rates change throughout the year of 2020, the hypothetical hedge portfolio will yield 
monthly profits or losses based on the pay-off functions of the forward contracts. These results 
will then be compared with the results of the actual Thule Group hedge portfolio of 2020.  
 
3.7 Hedge Strategy Optimization  
In the search for an FX forward hedge strategy that is in some sense optimal, one may make 
use of the CFaR risk measure. Y.Lee (1999) recommends the use of a risk-return optimization 
to quantify and compare FX forward hedging strategies. The author proposes that risk 
thresholds can be a good complement to such an analysis. For example, by establishing a limit 
for the minimum acceptable CFaR, a firm can focus on the hedging strategies that avoid 
breaching this threshold. However, as previously discussed the choice of risk measure should 
be based on the strategic goals of the organization (Sharpio & Moles, 2014). For Thule Group, 
one goal of the hedging practices is to minimize the variability in cash flow (Tufek & Svensson, 
2021). Thus, in this case, the CFaR risk measure is chosen since it captures volatility and is 
specified downside risk.  
 
An optimal hedging strategy should also consider potential financial constraints of a firm and 
the cost of the hedging program. Mello & Parsons (2000) find that financial hedges do not 
necessary create their own liquidity, thus, a hedging strategy should also be complemented 
with a borrowing capacity. Moreover, Copeland & Copeland (1999) suggest that optimization 
in terms of cash flow variance minimization should always be complemented with an analysis 
of the costs of such a hedging program.  
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To analyze different hedging strategies for the final regression model, the multivariate GBM 
simulation of the exchange rates will be used. Since exchange rates are simulated for 90 days 
(three months), there is a possibility of intervening with forward hedge contracts of different 
lengths at the start of the simulation and at the end of month one and two. An example of a 
potential hedging strategy is presented in figure 8. In this figure, one two-month forward 
contract is combined with two one-month forward contracts.  
 

 
Figure 8: Potential hedging strategy with maturity in the end of three different months 

In figure 8, t signifies the end of each month and b,56 	denotes the i:th hedge ratio, i.e. the 
percentage of the i:th statistical exposure that is being hedged. k is the end of the time period 
in which the hedge contract matures, and l is the length of the hedge contract. As an example, 
a hedge ratio of b**& = 	0,50	indicates that the second statistical exposure coefficient has been 
hedged with a one-month forward contract in period two. The nominal value of the hedge 
contract is exactly half of the statistical exposure coefficient. As previously described, the 
statistical exposure coefficients could be interpreted as the nominal value of a forward hedge 
contract that would offset an exposure (Oxelheim & Wihlborg, 2008). Therefore, by 
multiplying the hedge ratio b,56 with the corresponding exposure coefficient 4,, one can create 
a hedge position that offsets the statistical exposure. 
 
The quarterly CFaR is subsequently calculated through equations 16a, 16b and 16c below. 
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In these equations, %,- signifies the price of the i:th exchange rate at time t. The cash flow in 
period one, !"&, is the sum of the model intercept 4' and the product of the exposure 
coefficients and the first difference change in the risk factors in time period one 
[∑ 4,(%,& 	− 	%,')]1

,2& . Subtracted is the cash flow contribution from the hedge contracts that 
mature in time period one [∑ b,&&4,(%,& 	− 	%,')]	1

,2& . The sign of the hedge contracts is 
negative since they should offset the exposures. Moreover, since the pay-off function of a 
forward contract is linear, the pay-off is simply the nominal amount (the hedge ratios multiplied 
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by the exposure) multiplied by the change in price of the exchange rate. Added is also the 
regression error term ;&. In time period two the process repeats and !"& is added as an input. 
Hedge contracts with a two-month maturity may now mature and their pay-off should therefore 
be added to !"*. In equation 16c, the final cash flow !"+ is calculated in a similar way. The 
process is repeated for 10,000 simulations of the risk factors to calculate a quarterly cash flow 
distribution.  
 
A hedge cost parameter of m = 0.01 will be multiplied with the summarized nominal amount 
O of all hedge contracts for a given strategy. This parameter can be considered the total cost 
of a particular hedging strategy. It is needed to capture a nominal amount vs risk reduction 
trade-off, and to make sure that the optimization does not only minimize the CFaR. The optimal 
hedging strategy will be the strategy that minimizes the target function Φ	presented in equation 
17.  
 

Φ(!"V&, λ, N) = CFaR + λ ∗ O (17) 
 
All hedging strategies considered will provide Thule Group the option of hedging the 
anticipated cash flow at the end of every month in a given quarter. There are only six 
combination of contract lengths that fulfill this requirement. The reason for fixing the structure 
of the hedge portfolio is to let the optimization algorithm target the hedge ratios, rather than 
the optimal combination of contracts. Furthermore, limiting the degrees of freedom will aid 
with optimization convergence. The six strategies are presented in figure 9 below. 

 
Figure 9: The six hedging strategies used and compared in the optimization 
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The chosen optimization algorithm is based on differential evolution and implemented in R 
software according to Boudt et al. (2014), who use the algorithm on a similar complex 
minimization problem. The details of the optimization are out of scope of this thesis, but the 
result will aid in understanding how an optimal strategy could be conceived. Certain 
assumptions on the simulation and optimization are important to highlight: 
 

1. The hedging instruments are only forward contracts with the FX spot rate in the 
beginning of the month when the contract is initiated as the forward price 
 

2. The statistical exposure coefficients 4, remain constant throughout the simulation 
period 

 
3. The hedge ratio b,56 takes a value in the interval [0, 1], meaning that shorting and over-

hedging is not allowed 
 
3.8 Hedge Contract Scenario Analysis 
As a complement to the Hedge Ratio Optimization, a scenario analysis with the purpose of 
better understanding how the underlying exchange rate correlations affect the CFaR will be 
undertaken. In this analysis, the length of the hedge contracts will be fixed to one-month 
according to figure 10. The simulation is identical to the one presented in the preceding section, 
except that the hedge ratios will be adjusted manually.  
 

 
  

Figure 10: Hedging strategy used in the scenario analysis 
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4. Results & Analysis 
 
The Results & Analysis section follow in large part the structure of the Method chapter. The 
Data Analysis section describes the data used in the model and assesses its properties. After, 
the final regression model is presented together with an analysis of the exposure coefficients. 
Then the final regression model is extended with a monthly and quarterly CFaR analysis to 
answer the first research question of this thesis: what are the FX exposures and FX risks at 
Thule Group? 
 
The succeeding section of the Results & Analysis chapter, Evaluating Thule Group FX Hedge 
Portfolio, targets the second research question: how does this portfolio affect the cash flow at 
Thule Group? MUST Hedging on 2020 Data, Hedge Strategy Optimization and Hedge 
Contract Scenario Analysis are all sections that present the results and analysis of the method 
sections with the same title. With the help of these results, the authors will be able to respond 
to the final research question: how can the Thule Group FX hedging practices be improved? 
To conclude, the total risk profile of Thule Group is investigated. 
 
4.1 Data Analysis 
Before creating a regression model, it is essential to assess whether all variables included in 
the model are stationary. In the case of the regression model (equation 7), especially the first 
differences time series of the operational cash flow and the risk factors need to be stationary.  
 
Firstly, the stationarity of the risk factors is visually examined. The analysis is done by 
examining potential violations of stationarity in the first differenced data and the SACF plots. 
The plots can be found in Appendix 1. The mean function of all plots seems centered around 
zero and to a certain degree constant, which is evidence that the data is stationary in the mean. 
Furthermore, the variance of the series appears relatively constant, even though there are a few 
series with periods of lower and higher volatility. Only select time series have lags significantly 
different from zero in the SACF plots. Two notable exceptions are the GBP/SEK exchange rate 
and the aluminum price index with significant lags at 8 and 13 months respectively. The 
significant lags could be considered a coincidence because of the limited number of 
observations in the data. The result from the visual assessment of stationarity of the data series 
is that all series could be assumed stationary. 
 
To further investigate the stationarity of the risk factors, an augmented Dickey-Fuller test is 
used. For all risk factors except four, the null hypothesis of a unit root in the time series can be 
rejected at a 5 % significance level. The data series showing signs of non-stationarity are the 
EUR/USD and NOK/SEK exchange rates, the aluminum price index and the 10-year US 
government bond yield. However, visual- and SACF-evidence of violations of stationarity is 
not convincing enough to discard these risk factors completely. The results of the test can be 
found in Appendix 1. 
 
Figure 11 shows the sample correlation between the risk factors considered in the regression 
model. The size of the circles in the figure indicates the magnitude of the correlation and the 
color indicates if the correlation is positive or negative. High correlation between variables 
might create multi-collinearity problems in the linear regression analysis. What is evident from 
the correlation graph is that many of the FX rates are correlated to a high degree. The problem 
is particularly apparent for the PLN/SEK, EUR/SEK, and DKK/SEK exchange rates, and in 
CNY/SEK and USD/SEK. The same conclusion can be drawn about the three interest rates. 
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When creating the regression model, these highly correlated variables should not be tested 
simultaneously since this could lead to biased estimators.  

 
As previously stated, EBITDA could be used as a proxy for cash flow. However, because of 
the benefits of using a clean cash flow variable, EBITDA was not used in the regression 
analysis. The dependent variable in the regression is also required to be stationary. Initial data 
investigation reveals that Thule Group’s OCF is plagued by a growing trend and seasonality. 
However, the first differencing of the data removes the trend. The OCF dependent variable is 
exposed to the same stationarity tests as the risk factors, and the detailed results can be found 
in appendix 1. The first difference OCF time series appears stationary apart from spikes in 
months representing the shift from low to high season and vice versa. Analysis of the SACF 
plot suggests that there are significant lags at 1 and 12 months. However, the Dickey-Fuller 
test indicates that the first difference OCF time series does not contain a unit root. The result 
give evidence of stationarity in the first differenced OCF data.  
  

Figure 11: Correlation matrix between first differenced risk factors. The circle colors indicate if there is 

a negative (red) or positive (blue) correlation and the circle size shows the magnitude of the correlation. 
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4.2 Final Regression Model 
The preferred model regresses the EUR/SEK, CNY/SEK, and EUR/USD exchange rates on 
Thule Groups operational cash flow, adjusted for profits and losses in the derivatives portfolio 
and capital expenditure. Included in the model are also the two dummy variables high and low. 
Coded as dummy high are all instances in which the first difference OCF is higher than 90 000 
kSEK. In the dummy low group are all months in which the first difference OCF is lower than 
-130 000 kSEK. The model intercept thus captures the expected first difference change in OCF 
for months that fall in neither of these two categories. In general, the dummy variables capture 
the months with the greatest absolute first difference in OCF. These differences occur at the 
shift from high to low season and vice versa. The structure of the final estimated regression 
model is presented in equation 18. 
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The beta values in front of the exchange rates should be interpreted as the amount of Swedish 
kronor in kSEK that the Thule Group operational cash flow can be expected to change given a 
one unit increase in the exchange rate, holding all other variables constant. The beta value in 
front of the dummy high group should be added to the model intercept in months where the 
first difference OCF is expected to exceed 90 000 kSEK. The beta value in front of the dummy 
low group should be added to the model intercept in months when the first difference OCF is 
expected to fall below -130 000 kSEK. Table 4 presents the point estimate, standard error and 
p-values of the model betas. 
 
Table 4: Results from the final regression model 

Beta value Variable Point estimate Standard error P-value 
=( Intercept -2,605 7,022 0.71 
=) ∆EUR/SEK 204,360 7,865 0.01 
=* ∆CNY/SEK - 924,270 463,064 0.05 
=+ ∆EUR/USD -722,468 504,606 0.16 
=, Low -171,215 18,682 0.00 
=- High 139,069 18,224 0.00 

 
To aid in interpretation, table 5 presents the beta values after they have been rescaled to capture 
the effect of a one percent increase (compared to the spot rate in December 2019) in the 
corresponding exchange rate on the monthly first difference in OCF, holding all other variables 
constant. As an example, a one percent increase in the CNY/SEK exchange rate would roughly 
equal a 12,000 kSEK decrease in OCF, holding all other variables constant. 
 
Table 5: Scaled point estimate given 1% change in the FX rate based on the rates in December 2019 

Beta value Variable Scaled point estimate 
=) ∆EUR/SEK 21,437 
=* ∆CNY/SEK -12,385 
=+ ∆EUR/USD -8,034 

 
Table 6 presents the mean value, standard deviation, correlation and VIF values of the 
regressors in the final model. The adjusted &* of the final model is 0,77 and the number of 
observations is 57. 
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Table 6: Mean, standard deviation and VIF values for the regressors and their correlation 

   Correlation  
Exchange 

rate 
Mean 
value 

Standard 
deviation ∆EUR/SEK ∆CNY/SEK ∆EUR/USD VIF 

∆EUR/SEK 0.02 0.11 1   1.86 
∆CNY/SEK 0.00 0.02 0.48 1  3.41 
∆EUR/USD -0.00 0.02 -0.00 -0.66 1 2.44 

 
The tests for violations of the CLM assumptions indicate that the final model is statistically 
viable. Firstly, all VIF values are below ten, giving no indication of serious multicollinearity 
in the final regression model. The Durbin-Watson and Breusch-Godfrey tests show no serial 
autocorrelation of the residuals at lag one and up to lag three. This conclusion is reinforced by 
visual examination of residual SACF and PACF diagrams. The Breusch-Pagan and White tests 
reject the hypothesis of heteroscedastic error terms. Histograms, Q-Q plots and the Jarque-Bera 
test give evidence of normally distributed residuals. All tests were performed at the 5 % 
significance level. Given these results, no evidence of violation of the CLM regression 
assumptions have been found. A short description and summary of the validity tests performed 
on the final model can be found in Appendix 2.  
 
The beta estimators corresponding to the CNY/SEK and EUR/SEK exchange rates are 
significantly different from zero (p-values of 0,01 and 0,05) and have a sign that match the 
Thule Group transaction exposure in 2019. Furthermore, the EUR/SEK beta coefficient has the 
largest scaled point estimate, indicating that it has the largest effect on the operational cash 
flow. This is expected, as it has been concluded that the Euro-zone is Thule Groups major 
market and the currency in which the company has the largest revenue stream and positive 
EBITDA contribution. Moreover, correlation analysis reveals that the EUR/SEK exchange rate 
is highly correlated with the PLN/SEK, DKK/SEK, USD/SEK and NOK/SEK exchange rates. 
Therefore, it is possible that the EUR/SEK beta coefficient captures the exposure to several 
related currency pairs. The negative exposure to CNY/SEK is likely explained by the large 
mismatch of cost and revenues in the Chinese market. 
 
The EUR/USD beta coefficient has the opposite sign compared to the Thule Group transaction 
exposure in 2019, indicating that it might be mis-specified in the model. However, when this 
rate is added, the CNY/SEK and EUR/SEK exposure betas become more significant. This 
could be a sign that the EUR/USD exchange rate is needed as a control variable in the model. 
In addition, the EUR/USD beta estimator cannot be considered significantly different from 
zero (p-value of 0,16), rendering the point estimate uncertain.  
 
Correlation effects might also help to explain the dubious value of this beta coefficient. As an 
example, the EUR/USD exchange rate is highly correlated with the EUR/CAD and EUR/GBP 
exchange rates. Moreover, Thule Group has large production facilities, warehouses and offices 
in the US and large revenue streams from Canada and Great Britain. As the EUR/USD 
exchange rate appreciates, US produced Thule Group products become cheaper for a Euro-
zone consumer. One would therefore expect the operational cash flow in SEK to increase (i.e. 
the EUR/USD beta coefficient to have a positive sign), since larger OCF contribution in EUR 
eventually mean larger OCF in SEK. However, an appreciation in the EUR/USD exchange rate 
is likely caused by a depreciation in USD, which in turn is probably followed by a depreciation 
in the CAD/SEK and GBP/SEK exchange rates because of the high correlation between these 
exchange rates. Therefore, the cash inflow from Canada and Great Britain might decline, 
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justifying a negative EUR/USD exposure coefficient. Another possible explanation is that USD 
revenue might be affected by a depreciation of the USD, since this could result in a higher cost 
of imported goods to the US from other factories within Thule Group.  
 
A remark should also be made about the high significance of the dummy variables high and 
low (p-values of 0,00). This is likely the number one contributor to the relatively high observed 
goodness of fit value of adjusted &* = 0,77. It is obvious that the Thule Group operational cash 
flow data is plagued by seasonality patterns. To assume constant statistical exposure 
coefficients over all dummy groups might be unrealistic, since the operational cash flow 
contribution of the currencies included in the final model varies significantly over time. 
However, these coefficients simply state the statistical FX exposure for any given month in the 
data sample. In order to use the model for monthly predictions, one has to be careful to include 
the appropriate dummy intercept.  
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4.3 Cash Flow-at-Risk 
To generate a cash flow distribution the explanatory variables in the final regression model are 
first simulated using multivariate GBM. As discussed in the CFaR method chapter, this 
simulation is based on the assumption of log-normally distributed returns of the explanatory 
variables. Visual examination of histograms, PP-plots, QQ-plots and the Jarque-Bera test give 
no conclusive evidence against the hypothesis of log-normally distributed explanatory 
variables. A short description of the tests performed and the complete results are presented in 
Appendix 3. 
 
The generated cash flow distribution and CFaR from the final regression model is presented in 
figure 12 and table 7. Since the inclusion of a dummy variable only has the effect of shifting 
the distribution horizontally along the cash flow axis, the CFaR risk measure will be the same 
for all dummy groups. This is because the difference between the mean value and the 5%-
percentile is not affected by the shifting.  
 

 
Table 7: Monthly CFaR with error term 

Cash Flow-at-Risk calculation Amount 
Mean cash flow 1,638 
5th percentile -75,788 
CFaR at 5% 77,426 

 
The calculated CFaR value is 77,426 kSEK and should be interpreted as the maximum 
unexpected loss of OCF that Thule Group could suffer, given a 95 % confidence level.  In other 
words, in 1 of 20 months will Thule Group experience an unexpected loss of OCF higher than 
77,426 kSEK. In the cash flow distribution in figure 12, both the value-adding risk of the 
exchange rates and the non-value-adding risk of the error term is added. Therefore, the CFaR 
takes into account all risk captured by the final regression model. The cash flow distribution 
and the CFaR without the addition of the error term is presented in figure 13 and table 8. 
 

Figure 12: Monthly cash flow distribution and CFaR value (distance from mean to red line) 
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Table 8: Monthly CFaR without the error term 

Cash Flow-at-Risk calculation Amount 
Mean cash flow 1,051 
5th percentile -28,761 
CFaR at 5% 29,812 

 
The calculated CFaR value has now decreased to 29,812 kSEK. This number can be considered 
the cash flow volatility attributed solely to changes in the exchange rates of the final regression 
model.  
 
Traditionally, corporate performance measures are presented on a quarterly basis. Therefore, 
the CFaR simulation is also extended from one month to one quarter. The cash flow distribution 
of the extended simulation is presented in figure 14. The quarterly CFaR is 135,633 kSEK. The 
quarterly cash flow distribution without the error term is presented in figure 9 and table 15. 
The quarterly CFaR without the error term is 53,375 kSEK.  

Figure 13: Monthly cash flow distribution without the error term 
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Table 9: Quarterly CFaR with and without error term 

Cash Flow-at-Risk 
calculation With error term Without error term 

Mean cash flow 2,675 3,424 
5th percentile -132,958 -49,951 
CFaR at 5% 135,633 53,376 

 

 
  

Figure 14: Quarterly cash flow distribution 

Figure 15: Quarterly cash flow distribution without error term 
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4.4 Evaluating Thule Group FX Hedge Portfolio  
The two initial sections of the Results & Analysis chapter have dealt with the first research 
question of this thesis: the determination of the Thule Group FX exposures and FX risks. In 
the following section the focus will be shifted towards the current Thule Group FX hedging 
program. By investigating how this program affects the cash flow at Thule Group, the second 
research question will be answered.  
 
4.4.1 Variability in Cash Flow 
To understand if the FX hedge portfolio achieves the objective of reducing the variance of 
Thule Group’s operational cash flow, the OCF with and without the addition of the FX hedge 
portfolio results are compared. Table 10 and 11 presents the mean value and standard deviation 
of the monthly and quarterly OCF time series. It also presents the mean, standard deviation and 
percentage change in standard deviation of the OCF time series after the Thule Group FX hedge 
portfolio results has been added. The monthly and quarterly correlation between the Thule 
Group FX hedge portfolio and the OCF is -0,30 and -0,43. 
 
Table 10: Monthly comparison of mean value and standard deviation of OCF with and without the results of the FX hedge 

portfolio 

  Mean value Standard deviation Percentage change 
OCF 83,201 98,340  
OCF + FX hedge 
portfolio results 81,933 97,708 -0.64 % 

 
 
Table 11: Quarterly comparison of mean value and standard deviation of OCF with and without the results of the FX hedge 

portfolio 

 Mean value Standard deviation Percentage change 
OCF 249,602 232,351  
OCF + FX hedge 
portfolio results 245,798 229,812 -1.09 % 

 
The addition of the Thule Group FX hedge portfolio results has a miniscule effect on the total 
variability in the operational cash flow. The comparatively small contribution of the hedge 
portfolio to the total OCF makes a potential variability decrease hard to detect. One probable 
reason for this is that there are persistent seasonality patterns in OCF data resulting in a large 
natural variability. However, there is a notable negative correlation between the Thule Group 
FX hedge portfolio results and OCF. This is an indication that the portfolio is appropriately 
positioned in order to achieve the goal of minimizing cash flow volatility.  
 
Table 12 and 13 presents the mean value and standard deviation of the monthly and quarterly 
FX effect on EBITDA time series. It also presents the mean value, standard deviation and 
percentage change in standard deviation for the FX effect on EBITDA time series after the 
Thule Group FX hedge portfolio results has been added. The monthly and quarterly correlation 
between the Thule Group FX hedge portfolio and the FX effect on EBITDA time series is  
-0,20 and -0,69. 
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Table 12: Monthly comparison of mean value and standard deviation of EBITDA with and without the results of the FX 

hedge portfolio 

 Mean value Standard deviation Percentage change 
FX effect on EBITDA 144 1 737  
FX effect on EBITDA 
+ FX hedge portfolio 
results 

-1,131 2,491 +43 % 

 
Table 13: Quarterly comparison of mean value and standard deviation of EBITDA with and without the results of the FX 

hedge portfolio 

 Mean value Standard deviation Percentage change 
FX effect on EBITDA 2,430 7,221  
FX effect on EBITDA 
+ FX hedge portfolio 
results 

-1,430 5,399 -25 % 

 
Table 12 shows an increase in standard deviation of 43 % after the FX hedge portfolio results 
have been added to the monthly FX effect on EBITDA time series. In contrast, when the results 
are consolidated on a quarterly basis as in table 13, the variability decrease is 25 %. Therefore, 
it is suspected that the timing of the maturity or liquidation of the hedge positions might not be 
optimal in a monthly perspective. A relatively low monthly correlation of -0,20 supports this 
hypothesis. Single months with an exceptionally high or low EBITDA contribution in a 
currency that Thule Group has not hedged might also explain this result. However, with a 
quarterly correlation of -0,69 and a significant quarterly decrease of 25 % in standard deviation, 
it is clear that Thule Group has a hedge portfolio that counteracts exchange rate fluctuations in 
consolidated EBITDA on a quarterly basis. 
 
To better grasp the dynamics of the FX hedge portfolio and the FX effect on EBITDA monthly 
time series, figure 16 is added. It is obvious that the FX hedge portfolio has an offsetting effect 
on large exchange rate movements. For example, the double peaks in the FX effect on EBITDA 
time series in 2018 are met by corresponding troughs. In periods of lower volatility in the FX 
effect on EBITDA time series, for example in 2016, it is more difficult to observe any negative 
correlation. This is an expected result, since the pay-off of a forward contract is linearly 
dependent on the development of the underlying exchange rate.  
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In summary, the Thule Group FX hedge portfolio does not significantly lower the variability 
in the financial results. However, the risk measure of standard deviation does not reveal the FX 
hedge portfolio ability to decrease downside risk. Therefore, it is impossible with these results 
to determine if Thule Group practices successful FX hedging. This hypothesis is reinforced by 
the fact that the FX hedge portfolio data might be misrepresentative of the risk management at 
Thule Group (Tufek & Svensson, 2021). 
 
4.4.2 Hedge Portfolio Effect on Statistical Exposure 
The results in the previous section make the following analysis even more important. When 
adding the Thule Group FX hedge portfolio results to the operational cash flow and running a 
SUR-regression on the resulting time series with the identical explanatory variables as in the 
final regression model, one can observe a disturbance in the point estimates and decrease in 
the significance levels of the regression betas. The point estimates and p-values (in parenthesis) 
of the estimators are presented in table 14 below. The adjusted &* values of the respective 
regressions are 0,79 and 0,76. 
 

Table 14: The results from the SUR regression 

Beta 
value 

Explanatory 
variable 

OCF OCF + FX hedge portfolio 
results 

&" Intercept -2,605 (0.71) - 2,219 (0.77) 
&# ∆EUR/SEK 204,360 (0.01) 193,792 (0.02) 
&$ ∆CNY/SEK - 924,270 (0.05) -781,548 (0.12) 
&% ∆EUR/USD -722,468 (0.16) - 626,602 (0.25) 
&& Low -171,215 (0.00) -172,584 (0.00) 
&' High 139,069 (0.00) 135,105 (0.00) 
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The result of the SUR Wald test for a statistically significant decrease in the beta values 4&, 4* 
and 4+ is presented in table 15 below. The Wald test fails to reject the null hypothesis of 
equality of the betas at the 95 % confidence level, as indicate by p-values larger than 0,05. 
 
Table 15: Results from the Wald test of equality between the coefficients of the two linear equations from the SUR regression 

Beta value Explanatory 
variable 

W-statistic P-value 

&# ∆EUR/SEK 0.29 0.59 
&$ ∆CNY/SEK 1.29 0.26 
&% ∆EUR/USD 0.49 0.48 

 
Even though table 14 appears to reveal disturbances of the point estimates of the regression 
betas, such changes are not statistically significant according to the Wald test. Similar to the 
FX hedge portfolio’s ability to reduce the variance in OCF, the effects might be real but too 
small to discern. It is questionable whether the Wald test approach is applicable in the case of 
the final regression model. Afterall, the hedge contracts in the Thule Group FX hedge portfolio 
are not exclusively aimed at the statistical exposures in this model. This is because Thule Group 
hedges several other FX rates. There is meanwhile a correlation between the FX rates in the 
final model and the FX rates that generate the hedge portfolio results.   
 
An important observation of these results is the impact on the regression when choosing which 
dependent variable to use. As previously stated, many studies have discussed the exchange rate 
puzzle, by which researchers fail to find a relationship between FX exposures and financial 
results. The analysis above point to the importance of using clean cash flow data, without the 
interference of the results of the derivates portfolio. In the case of this thesis, if the financial 
data was only available with the realized P&L of the derivate portfolio, the exposures to the 
FX rates would not have been significant and would probably have been discarded.  
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4.5 MUST Hedging on 2020 Data 
Since it has been proven that the current Thule Group FX hedge portfolio might not achieve 
the goals of the FX hedging program, it is interesting to investigate if the program could be 
improved. Sections 4.5, 4.6 and 4.7 are all attempts of answering the final research question of 
this thesis, how to improve the current Thule Group FX hedging practices.  
 
To compare how well the hedging strategy suggested by the final regression model would 
perform, the profits and losses of the hypothetical MUST hedging portfolio are compared to 
the Thule Group FX hedge portfolio results during 2020. The monthly results, together with 
the monthly percentage changes in FX rates, are presented in table 16 below. 
 

Table 16: Comparison between hypothetical portfolio results and the hedge portfolio results of Thule Group 

Month Changes in 
EUR/SEK 

rate 

Changes in 
CNY/SEK 

rate 

Changes in 
EUR/USD 

rate 

Hypothetical 
portfolio 
results 
(kSEK) 

Hedge 
portfolio 
results 
(kSEK) 

January 0.61% 2.20% -0.16% 13,081 63 

February 0.17% 0.73% -1.72% -8,021 237 

Mars 2.68% 0.87% 1.41% -35,589 -377 

April 0.29% 1.43% -1.66% -1,231 -2,195 

May -2.54% -3.21% 0.18% 16,029 473 

June -1.26% -4.22% 3.30% -114 2,740 

July -1.08% -1.68% 1.76% 17,016 1,149 

August -0.53% -2.59% 3.29% 7,603 3,463 

September 1.11% 3.16% -0.32% 10,686 403 

October -0.21% 1.27% -0.08% 18,987 254 

November -1.60% -0.34% 0.56% 34,702 1,025 

December -0.45% -2.20% 2.78% 6,536 1,489 

Total 
change/amount 

-2.89% -4.76% 9.57% 76,685 8,724 

 
The hypothetical portfolio would require a nominal hedge amount of over 1.8 billion SEK per 
month. This amount is far greater than the average monthly cash flow for Thule Group, 
suggesting an unfeasible hedging strategy. However, hedging according to this strategy during 
2020 would have increased the profits during the year. This result is mainly due to the 
depreciation of the EUR/SEK exchange rate and the appreciation of the EUR/USD exchange 
rate, as seen in table 16 above. The positive effect generated by the depreciation in the 
CNY/SEK exchange rate is partly counteracted by an appreciation in EUR/USD exchange rate. 
This is probably a result of the high correlation between the CNY/SEK and the EUR/USD. The 
overarching positive result of the hypothetical and the actual hedge portfolios is a consequence 
of the undesirable movements in the FX rates. Moreover, the results give evidence of the 
validity of the hypothetical hedge portfolio since the two portfolios are correlated at 25%.  
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To understand if the hypothetical portfolio lowers the variance of the operational cash flow, 
the variance of OCF is compared with and without the addition of the hypothetical hedge 
portfolio results. The outcome is presented in table 17 and shows that the variance of the OCF 
with the addition of the hypothetical hedge portfolio is 2.55% higher than the OCF variance 
alone. This same pattern holds when adding the hedge portfolio of Thule Group. If cash flow 
volatility is the risk measure of choice, there is indeed an increase in risk.  
 
Table 17: Comparison of the mean value, standard deviation of the OCF after adding the hypothetical portfolio and the FX 

hedge results 

Comparison OCF OCF + 
Hypothetical 

portfolio 

OCF + Thule Group 
hedge portfolio 

Mean value 105,71 112,36 106,44 
Standard deviation 211,73 217,14 212,22 
Change in standard 
deviation 

 2.55% 0.23% 

 
The problem with standard deviation as a risk measure is that it does not distinguish between 
upside and downside risk. The hedge portfolios increase the variance because of the positive 
contribution of the results but do not necessarily increase the risk for downside movements. 
The year 2020 can be considered a black swan event. It is evident that hedging during such a 
year is beneficial since it might generate positive cash flow. Therefore, even though both 
portfolios do not lower the standard deviation they still create value in times of financial 
distress. 
 
4.6 Hedge Strategy Optimization  
To find a more realistic hedging strategy, in terms of nominal amount, an optimization is 
undertaken. The summarized results of the hedge strategy optimization are presented in table 
18 below. Figure 9 shows the structure of each strategy scenario. The differences are small in 
the target value between the different strategies, indicating that several forward hedge contract 
combinations have a similar ability to reduce risk.  
 
Table 18: Summary of the results from the optimization of different strategies 

Scenario # Target value Reduction in target value 
0 (no hedges) 135,63 0 

1 130,95 - 3.46 % 
2 128,89 - 4.98 % 
3 129,84 - 4.27 % 
4 129,13 - 4.80 % 
5 129,84 - 4.27 % 
6 130,09 - 4.08 % 

 
The optimal strategy (scenario 2) and the corresponding hedge ratios of this strategy are 
presented in figure 17 and table 19. In the first month, only a small fraction of the statistical 
exposure (1% in CNY/SEK and EUR/USD) should be hedged. With the two-month contract, 
it is suggested to hedge 8% of the CNY/SEK exposure and 1% in the EUR/SEK exposure. 
Three-month contracts should be prioritized for the EUR/SEK exposure, with a hedge ratio of 
45%. 
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Figure 17: Contract lengths and hedge ratios of the optimal strategy 

 
Table 19: Hedge ratios for the contracts of the optimal hedge portfolio 

FX rates Hi11 Hi22 Hi33 
CNY/SEK 1% 8% 3% 
EUR/SEK 1% 1% 45% 
EUR/USD 0% 0% 0% 

 
Across all scenarios tested, there are certain hedge ratio patterns visible. Firstly, the EUR/SEK 
exposure should always be hedged with a ratio of 40 – 45%, meaning between 81 MSEK to 92 
MSEK, preferably with as long a forward contract length as possible. Secondly, neither strategy 
shows a preference for hedging the EUR/USD cross rate exposure, which is also the least 
significant statistical exposure in the final regression model. Even though the suggested hedge 
ratio in CNY/SEK is small, it might still be beneficial to consider operational hedges in this 
market. This is because of the large negative statistical FX exposure, which in turn likely 
derives from large costs compared to revenues in China. 
 
The optimal hedging strategy would decrease the CFaR by 6.5% compared to a scenario with 
no hedging, as presented in table 20. The reduction in CFaR is caused by an increase in the 5th 
percentile, a decrease in tail risk and a lowered mean cash flow. The decrease in mean cash 
flow is likely to be caused by the limitation of upside potential in the EUR/SEK currency by 
the forwards contracts. The total nominal amount of the optimal hedging strategy is 211.6 
MSEK during the quarter. The majority of the nominal amount is tied up in the three-month 
forward contract.  
 
Table 20: Comparison between the optimal hedging strategy and a strategy without hedging (error term included) 

Cash Flow-at-Risk 
calculation (kSEK) Optimal hedging strategy No hedging 

Mean cash flow  -2,167 2,675 
5th percentile -128,933 -132,958 
CFaR at 5%  126,766 135,633 
Decrease in CFaR -6.5 %  
Nominal amount hedge 
(MSEK) 211.6  
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The total OCF variation is mainly caused by the value-adding risk, rather than risk originating 
from changes in the FX rates. As seen in figure 18 below, the change in the cash flow 
distribution of the simulated quarterly cash flow with and without the optimal hedging strategy 
is small. However, when disregarding the error term, the CFaR decreases from 53.3 MSEK to 
33.9 MSEK, thus, a reduction of 36%, as seen in figure 19.  
 

 
 

 

Figure 18: Comparison of the simulated cash flow distribution with and without the optimal portfolio. 

The red dotted lines indicate the 5th percentile cash flow. 

Figure 19: Comparison of the simulated cash flow distribution with and without the optimal portfolio, 

without the error term. The red dotted lines indicate the 5th percentile cash flow. 
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One major shortcoming of the optimization procedure is the assumption of constant statistical 
exposure coefficients. As has been concluded, the Thule Group OCF is heavily seasonalized, 
suggesting that the beta coefficients evolve over time. One postulated consequence of this 
assumption is that the optimization algorithm automatically prefers longer hedge contracts. 
One- and two-month exchange rate changes are simply included in the cumulative three-month 
exchange rates. From a variance minimization perspective, it should therefore always be 
preferable to lock a three-month forward rate over a one-month forward rate. The result of this 
is that the optimal hedging strategy might be an arbitrary solution, since the majority of the 
hedging is always done with longer contracts. The model is therefore restricted in its capability 
to accurately capture the effects of different forward contracts lengths on risk reduction.  
 
4.7 Hedge Contract Scenario Analysis 
To further understand the dynamics of FX exposures and reinforce the analysis of the final 
research question of improving the Thule Group FX hedging strategy, a quarterly scenario 
analysis is conducted. The summarized results of the hedge contract scenario analysis are 
presented in table 21. Presented is the CFaR value, the CFaR value reduction in percent 
compared to the base case and the total nominal amount hedged in every scenario examined.  
 
Table 21: Results of the hedge contract scenario analysis 

Scenario Description CFaR 
(MSEK) 

CFaR 
reduction 

Total nominal 
amount 
hedged 

(MSEK) 
0 (base case) No hedge 135.63 0 0 

1 Hedging all exposures 
fully every month 124.78 -8,00 % 5,553.29 

2 Full hedge of EUR/SEK 
only 131.64 -2,95% 613.08 

3 Full hedge of CNY/SEK 
only 149.75 10,41 % 2,772.81 

4 Full hedge of EUR/USD 
only 141.04 3,99 % 2,167.41 

5 50 % hedge of all 
exposures 126.92 -6,42 % 2,776.65 

6 Full hedge of EUR/SEK 
and CNY/SEK 128.50 -5,26 % 3,385.89 

7 50 % hedge of EUR/SEK 
and CNY/SEK 128.00 -5,63 % 1,692.94 

 
It is evident that hedging all exposures fully every month gives the largest reduction in quarterly 
CFaR (-8,00 %) across all scenarios investigated. However, such a strategy requires hedging 
an amount of roughly 5.5 billion SEK every quarter, which is clearly unreasonable. Given a 
hedging cost of 1 % of the nominal amount, this would result in quarterly hedging costs of 
roughly 55 million SEK. Some risk reduction can also be achieved by hedging the EUR/SEK 
exposure and the CNY/SEK exposures simultaneously. However, hedging these exposures 
fully, as in scenario 6 (-5,26 %), does not necessarily yield a larger risk reduction compared to 
hedging half the exposure, as in scenario 7 (-5,63 %). Meanwhile, the total nominal amount 
hedged between these two scenarios differ significantly, suggesting widely different hedging 
costs.  
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Furthermore, hedging only one exchange rate might prove detrimental to the overall CFaR, as 
demonstrated by scenario 3 and 4. In both these cases, the hedge portfolio constitutes a 
significant increase in risk (up 10,41 % and 3,99 %). At the same time, the total nominal 
amounts hedged are large (roughly 2,8 and 2,2 billion SEK per quarter), meaning significant 
hedging costs. The implication of this observation is that proper knowledge of the underlying 
correlation effects of FX risk factors is fundamental in creating efficient hedges. In the case of 
Thule Group, hedging the CNY/SEK exposure solely would for example not only lead to a 
higher CFaR, but would also require a larger hedge in terms of the nominal amount. The higher 
CFaR is a result of securing the CNY/SEK rate without considering the positive relationship 
with the EUR/SEK rate.  
 
4.8 Thule Group Total Risk Profile 
The final chapter of the Results & Analysis section assesses the value of hedging from an 
academic standpoint in relation to the discovered FX risks at Thule Group. To understand how 
Thule Group would be affected by a sharp decrease in cash flow, equivalent to the CFaR values 
obtained in the cash flow-at-risk analysis, it is important to understand the risk capacity of the 
company. As previously presented, one prominent reason to hedge is to avoid situations in 
which internally generated cash flow cannot cover financial commitments and capital 
expenditure. One way to analyze these types of situations is by studying the company’s total 
risk profile. 
 
The risk capacity at Thule Group consists of three components: liquid assets, spare debt 
capacity, and hedge positions. Thule Group treasury representatives reveal that spare debt 
capacity is the major risk capacity component used to handle situations of cash flow distress. 
Currently, Thule Group has a 300 MEUR revolving credit facility (RCF), out of which roughly 
two-thirds are available today. This facility is not exclusively used to balance cash flow but 
rather a means of ensuring that Thule Group is financially flexible and can act swiftly upon 
investment opportunities. However, the RCF contains covenants, meaning that Thule Group 
must fulfill certain key financial ratios within the loan agreement. If the covenants are 
breached, the borrower could withhold the credit and force Thule Group to pay back the utilized 
credit facility, renegotiate the terms of the contract or possibly raise the interest rate. (Tufek & 
Svensson, 2021) 
 
One of the key financial ratios is the leverage ratio, defined as the net debt divided by EBITDA. 
The leverage ratio indicates how many years it would take the company to repay its debt, given 
the current EBITDA and net debt. Thule Group treasury representatives point out that in order 
to exceed the leverage ratio under the current capital structure, the EBITDA would need to fall 
substantially. Additionally, Thule Group has a stable financial situation and therefore enjoys 
flexibility in terms of upholding the RCF. For example, in 2020, Thule Group renegotiated the 
term of the RCF to add more flexibility in the financial covenants to be better prepared for the 
uncertainties of the covid-19 pandemic. Such an action indicates that the spare debt capacity 
for Thule is extensive and the probability of breaching a covenant is low. (Tufek & Svensson, 
2021) 
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The second risk capacity component at Thule Group is liquid assets. Thule Group’s cash and 
cash equivalents totaled 706 MSEK in 2020 (Thule Group, 2021). The total risk capacity for 
Thule Group at the end of 2020, including liquid assets and spare debt capacity, is displayed in 
table 22 and the total amount is 2,742 MSEK.  
 
Table 22: Available credit facilities and liquid assets as of December 2020 (Thule Group, 2021) 

Type Notional value (MSEK) Utilized (MSEK) Available (MSEK) 
Revolving credit 
facility 3,006 1,020 1,986 

Overdraft facilities 50 0 50 
Total 3,056 1,020 2,036 
Available liquid 
assets   706 

Total   2,742 
 
The third component of risk capacity is the hedge positions. Since hedge positions cannot be 
directly financially compared to the debt capacity and liquid assets, the total risk profile is 
initially evaluated without the hedge positions. The basis of this analysis is to understand if the 
CFaR would entail financial costs for Thule Group. This is done by comparing the simulated 
cash flow distribution with the anticipated cash needs in terms of cash commitments and capital 
expenditures. In this comparison, the generated quarterly cash flow distribution is added to the 
actual cash flow during quarter four of 2019. The resulting distribution will give an indication 
of what the actual cash flow distribution in quarter one of 2020 could have been. Moreover, 
quarter one and four are generally the quarters in which Thule Group has low cash flow since 
most sales occur in the summer half-year. The simulation can therefore be considered a stress 
test or worst-case scenario analysis for Thule Group. Furthermore, the simulation can be used 
to evaluate the need for hedging positions that create liquidity in a black swan event. 
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The cash flow distribution for quarter one in 2020 is presented in figure 20. The 5th percentile 
is 13,064 kSEK, meaning that in a worst-case scenario (occurring on average once every 20th 
month) Thule Group generates as low as, or lower then, 13,064 kSEK in cash flow. 
 

 
The cash flow of a company should at the bare minimum cover the cash commitments, 
including interest and principal. The capital expenditure program should also be covered to a 
certain degree by the cash flow. The CAPEX, interest and principal amounts are based on costs 
from the quarterly report of Thule Group in quarter one in 2020 and it is presented in Table 23 
(Thule Group, 2021). 
 
Table 23: Summation of cash commitments for quarter one, 2020 (Thule Group, 2021) 

Type of costs Amount (kSEK) 
Capex -83,314 
Interest -3,944 
Principle -22,348 
Total -109,606 

 
By comparing the cash commitments and the 5th percentile cash flow of a worst-case scenario 
quarter, one can conclude that the internally generate cash would fail to cover the quarterly 
costs, as seen in table 24. Note that the simulation is performed for quarter one of 2020, but the 
risk capacity is based on numbers from the end of 2020. The reason is the preference for the 
latest available risk capacity and the fact that the simulation is based on data between 2015-
2019.  
 
  

Figure 20: Simulated cash flow distribution for quarter one, 2020 
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In the absence of external financing or cash reserves, a worst-case scenario situation would 
likely entail costly consequences for Thule Group. However, when comparing the 5th percentile 
cash flow and the costs with the total risk capacity of the company, also presented in table 24, 
the total risk profile of Thule Group is low. Hence, there is a low probability that Thule Group 
would fail to meet important financial corporate level objectives in worst-case scenarios. 
Consequently, even conditional threshold risk measures, for example conditional lower partial 
moment, might be of limited use in the case of Thule Group because of a large risk capacity 
compared to the actual risks.  
 
Table 24: The total risk profile for Thule Group 

Total risk profile Amount, kSEK 
5th percentile cash flow 13,064 
Total costs -109,606 
Total -96,542 
Total risk capacity (ex. hedge positions) 2,730,000 
Net 2,633,458 

 
Based on the total risk profile of Thule Group, the academic literature suggests that the value 
of hedging against FX risk is low. The low total risk profile is a result of the financial stability 
of the company, more specifically, the fact that the company’s balance sheet can absorb 
potential losses due to FX rates. Therefore, the suggested optimal hedging strategy obtained in 
the optimization could, from an academic standpoint, be unnecessary. More importantly, this 
also applies to the current hedging program at Thule Group. 
 
However, Thule Group treasury representatives point out that the primary goal of the hedging 
strategy is to minimize the volatility in financial results. They also argue that financial 
predictability is highly valued by the company’s investors and stakeholders. For these reasons, 
there might still be an incentive for Thule Group to continue using FX hedging. (Tufek & 
Svensson, 2021) 
 
Based on the reasoning of Shapiro & Moles (2014), the objectives set by Thule Group should 
be grounded in the company’s overall strategy. Thus, the current hedging program might be 
value-creating if shareholders value the stability of financial results, and shareholder 
satisfaction is the fundamental objective of Thule Group. However, Jankensgård, Alviniussen 
& Oxelheim (2016) advocate that the objectives of a hedging program should be set from a 
risk management perspective rather than be based on volatility minimization. The concept of 
volatility-is-always-bad might be misleading since risk reduction usually comes with the price 
of losing upside potential. Amberg & Friberg (2016) take this argument even further and 
propose a strategy in which FX hedging can be completely replaced by securing external 
financing to cover situations of financial distress. Thus, an improved hedging program at Thule 
Group might be a hedging program without any financial derivatives at all. 
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5. Conclusion 
The purpose of this thesis was to investigate the FX exposure and the FX risk at Thule Group 
by using modeling procedures, assess the current FX hedging strategy and suggest 
improvements on future hedging practices. In order to meet this goal, three research questions 
were devised and answered.   
 
What are the statistical FX exposures and FX risks at Thule Group? 
 
The main statistical FX exposures of Thule Group are in EUR/SEK, CNY/SEK and EUR/USD. 
The EUR/SEK exchange rate is the single most important FX exposure and would require a 
monthly forward hedge contract of roughly 200 MSEK to be fully offset. The EUR/SEK 
exposure is driven by large net OCF contributions in EUR and the highly correlated currencies 
of the Euro-zone.  
 
The statistical FX exposure generally matches the transaction exposure at Thule Group, 
indicating an economically realistic regression model. One exception is the EUR/USD 
exposure, which has the opposite sign compared to the transaction exposure. As a result, Thule 
Group FX hedges in this currency pair might be misdirected and increase the overall FX risk. 
The statistical certainty in this exposure estimate is however questionable.  
 
Only FX rates are found to have a significant effect on the OCF at Thule Group. Estimating 
the regression model on monthly data might neglect the effect of certain longer-term risk 
factors. Another possible explanation is the extensive use of fixed prices on supplier contracts 
by the procurement department, resulting in low exposure to commodity prices. The OCF risk 
is mainly driven by value-adding risk rather than FX risk. This is likely a result of the 
seasonality patterns in revenue which pose a greater threat of OCF shortfalls compared to FX 
risk. The monthly and quarterly CFaR at Thule Group are 77 and 136 MSEK.  
 
How does the current FX hedging program affect the cash flow of Thule Group? 
 
Based on the analysis made in this thesis, the current FX hedging program at Thule Group does 
not significantly lower the FX risk or FX exposure. For example, the Thule Group FX hedge 
portfolio is negatively correlated with OCF but does not necessarily lower OCF volatility. It 
does however have a certain offsetting effect on the quarterly FX volatility in EBITDA. Thule 
Group can therefore be said to partly achieve one of the goals of the hedging practices. This is 
particularly evident in the black swan year of 2020, during which the FX hedge portfolio 
generated liquidity. However, according to the regression model, the Thule Group current FX 
hedging strategy has no significant effect on the statistical FX exposures.  
 
In which ways can the Thule Group FX hedging program be improved?   
 
The results of this master thesis suggest that there are many different potential hedging 
strategies that lower the FX risk at Thule Group. For example, Thule Group could hedge in 
accordance with the statistical FX exposures, but this strategy is not feasible since it would 
require unrealistically large hedging contracts. By taking the nominal amount into account, the 
optimal hedging strategy demonstrates that Thule Group should hedge the EUR/SEK exposure 
with a hedge ratio of 45 %, resulting in monthly hedge contract of around 90 MSEK. Using 
this strategy decreases the quarterly CFaR by 6.5%.  It is not suggested to hedge in EUR/USD 
and barely in CNY/SEK. However, Thule Group could consider operational hedging in China 
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to counteract the large negative FX exposure. Moreover, longer hedge contracts (three months) 
are likely to have the largest risk reduction. Finally, the scenario analysis demonstrates that a 
thorough understanding of the FX exposures and their correlation is fundamental when 
designing an efficient hedge portfolio.  
 
One important finding of this thesis is the need to understand different FX exposures and how 
they translate into FX risk. The current Thule Group FX hedging program is mainly based on 
managing exposures and not risk. The consequences of this is a lacking portfolio perspective 
of risk which might lead to lost diversification opportunities between FX exposures. By 
simulating cash flow scenarios, the outcome of different hedging strategies can be evaluated, 
and individual hedge positions can be assessed. Without such an approach, FX hedging could 
in fact increase the absolute risk of a company. 
 
The risk capacity of Thule Group is high, and the company’s total risk profile is low. The 
obtained CFaR can be well accommodated within the existing debt capacity and liquid assets. 
According to hedging theory, the potential value creation of the Thule Group FX hedging 
program is therefore low. One way the hedging program could be improved is therefore not to 
use FX hedges at all or only to a small extent. The result of such a strategy would not affect 
the overall risk at Thule Group significantly. A benefit of this approach is the ability to capture 
the potential upside of the FX exposures when FX rates change beneficially. Since, as 
previously stated, the cost of using FX forwards is the lost upside potential. In essence, Thule 
Group is well-positioned to take on more value-adding risk or, for example, pay higher 
dividends to shareholders. 
 
5.1 Academic Contribution 
The academic contribution of this master thesis is mainly the application of several research 
methodologies from previous academic studies. Firstly, this master thesis is one of the first 
academic applications of the Exposure-Based Cash Flow-at-Risk methodology to a global 
consumer goods company. Previous studies have focused on the foreign exchange rate 
exposures and risks in heavy industries and natural resource sectors. The main difference 
between measuring FX exposure and FX risk for a global consumer goods company compared 
to the industries in previous studies is the inherent complexity of the business and the 
diversification of risk as a result of the international operations. However, this thesis proves 
the applicability of the methodology to other industries and more specifically its viability on 
MNCs to assess the consolidated risk from all subsidiaries.  
 
This master thesis extends the analysis of FX exposures and FX risks to different FX hedging 
strategies. Few previous studies have used a case example with realistic FX exposures to 
compare how different hedging strategies affect the FX risk and further determine an optimal 
hedging strategy. Moreover, this is first time an EB CFaR has formed the basis of a FX hedge 
strategy optimization. Finally, this master thesis has created a realistic hedging strategy that 
aligns with academic theory and is applicable in a real-world company.  
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5.2 Further Research 
The author’s main recommendation for further research is to use other statistical methods than 
multivariate regression analysis to assess the FX exposures and the FX risks. The choice of 
statistical method in this master thesis resulted in several required, but simplifying, 
assumptions. 
 
For example, the use of multivariate linear regression on time series data could be questioned 
due to the numerus potential pitfalls in the process of creating such a model. The CLM 
assumptions on OLS, required for reliability and trustworthiness, are easily violated when 
using time series data. More specifically, the assumption of stationary variables is problematic 
since financial data usually include both a season and a trend component. Moreover, the claim 
that all variables in the regression model follow random walks is likely inaccurate, as seen in 
the uncertainty of the stationarity analysis of the variables in appendix 1. By using, for example, 
a time series model that can capture the time dependence of different variables, one might 
obtain better FX exposure estimates and therefore also the ability to forecast or simulate cash 
flow data more accurately. This is particularly relevant if the financial results of the company 
experience seasonality, as in the case of Thule Group. When using a linear regression model, 
the exposures to FX rates are assumed constant, when in reality they are likely to vary with the 
season. 
 
Another approach to calculate the FX exposures and risks is to use bottom-up modeling. By 
using this method, one might obtain more accurate and realistic financial estimates. Moreover, 
the method is not relying on statistical analysis to the same degree, thus, there is no need for 
simplifying assumptions. 
 
The simulation of foreign exchange rates could also be improved by using methods that relax 
the assumption of constant variance, covariance and mean value. In this master thesis the FX 
rate variances are estimated as the sample variances over five years, neglecting the fact that 
financial data tend to include periods of higher and lower volatility. By using a more dynamic 
simulation, the time horizon could be extended, and more representative results could be 
obtained for a specified period.  
 
Finally, the optimization could be extended to include dynamic parameters. The optimization 
used in this master thesis is partly static since parameters are not allowed to change arbitrarily. 
Using a more advanced optimization algorithm, for example, one that could make hedging 
decisions continuously, one might generate new insights and more importantly be of more 
practical use for Thule Group. Moreover, the cost parameter of hedging could be improved by 
using data on historical costs for maintaining a hedging program and extrapolating this to 
different nominal amounts.   
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6. Appendices 
 
Appendix 1 – Assessment of Stationarity of Variables 
The following plots show the first difference monthly time series of the dependent and 
explanatory variables tested in the linear regression model. 
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The first difference time series plots are complemented with SACF plots. The dotted blue lines 
show the values beyond which the autocorrelations are significantly different (5%) from zero. 
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The following table shows the p-values of a 3-lag augmented Dickey-Fuller test for the first 
difference time series of the explanatory variables tested in the regression model. The test is 
performed according to Baltagi (2011). The null hypothesis of a unit root in the time series 
can be rejected for all variables except NOK/SEK, EUR/USD, ALU and US10Y at the 5 % 
significance level. 
 
Variable p-value Number of lags 
OCF 0.046 3 
CNY/SEK 0,04892 3 
DKK/SEK 0,01 3 
EUR/SEK 0,01 3 
GBP/SEK 0,01 3 
NOK/SEK 0,08246 3 
PLN/SEK 0,01 3 
USD/SEK 0,04678 3 
EUR/USD 0,1605 3 
ALU 0,3758 3 
OIL 0,01 3 
SE10Y 0,01 3 
US10Y 0,1133 3 
EU10Y 0,06022 3 
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Appendix 2 – Testing the CLM Assumptions on the Final Regression Model 
 
Normality of residuals: 
 
The Q-Q-plots and P-P plots, as well as empirical and theoretical PDFs and CDFs (as suggested 
by Thode (2019)) are presented in the four graphs below. 

 
 
The normality assumption of the final model residuals is also tested with the parametric Jarque-
Bera test, performed according to Baltagi (2011). 
 
Test Description H0 P-value Conclusion 
Jarque-Bera Tests if the kurtosis 

and excess skewness 
of the sample 
distribution matches 
that of a normal 
distribution 

The sample 
skewness and 
excess kurtosis 
is zero 

0,159 The normality 
assumption cannot 
be rejected at the 5 
% significance 
level 
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Serial autocorrelation on residuals: 
 
The following figures show the SACF and PACF of the final regression model residuals. The 
dotted blue lines show the values beyond which the autocorrelations are significantly different 
(5 %) from zero. 
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The SACF and PACF are complemented with the Breusch-Godfrey and Durbin-Watson tests, 
as suggested by Baltagi (2011). 
 
Test Description H0 P-value Conclusion 
Breusch-
Godfrey 

Tests for serial 
autocorrelation in the 
residuals up to lag k 

No serial 
autocorrelation 
up to lag 3 

0,24 No serial 
autocorrelation up 
to lag 3 

Durbin-
Watson 

Tests for presence of 
serial autocorrelation 
at lag 1 in the 
residuals 

No serial 
autocorrelation 
at lag 1 

0,88 No serial 
autocorrelation at 
lag 1 

 
Model heteroscedasticity: 
 
To test for heteroscedasticity in the final regression model, the Breusch-Pagan test and the 
White test are employed (Baltagi, 2011). The results are presented in the table below. 
 
Test Description H0 P-value  Conclusion 
Breusch-
Pagan 

Tests for 
homoscedasticity in 
the linear regression 
model 

The variance of 
the error terms 
is constant  

0,22 Homoscedastic 
error terms 

White Tests for 
homoscedasticity in 
the linear regression 
model 

The variance of 
the error terms 
is constant 

0,38 Homoscedastic 
error terms 
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Appendix 3 – Testing the Normality Assumption on the FX Rates 
 
The normality assumption of the first difference FX rates is tested with the same methods as in 
appendix 2.  
 
EUR/SEK:  

 
 
CNY/SEK: 
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EUR/USD: 

 
Jarque- Bera test: 
 
FX rate P-value Conclusion 
EUR/SEK 0.6666 Cannot reject normality assumption 
CNY/SEK 0.7045 Cannot reject normality assumption 
EUR/USD 0.2374 Cannot reject normality assumption 
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