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Abstract 

Earlier research has suggested a non-linear relationship between the Brent crude oil price and 

the Norwegian krone. This was proven by constructing a dynamic monetary exchange rate 

model that outperformed a driftless random walk model at short term out-of-sample 

forecasting. These results contradict much of the literature on exchange rate modeling, and 

for the Norwegian krone, at least, they reject the infamous Meese-Rogoff puzzle. It is worth 

noting that this research was conducted on a mix of fixed and managed floating exchange 

rate regimes, whilst the Meese-Rogoff puzzle was derived from a period of floating exchange 

rates following the collapse of the Bretton Woods agreement.   

Our research on the other hand is conducted on a floating krone exchange rate. It shows that 

dynamic equilibrium-correction models, following the monetary approach and including the 

oil price as a predictor, are able to outperform a driftless random walk model at short term 

out-of-sample forecasting of the EURNOK exchange rate in terms of root mean square errors. 

We also find that the oil price is an efficient predictor of the krone exchange rate, and that 

the predictive power of the oil price is stronger when dependent on falling oil prices. That is, 

we find asymmetric oil price effects. Consequently, it is concluded that there is evidence for 

a non-linear oil price-krone relationship. Lastly, we only find evidence for short term oil price 

effects on the exchange rate. This is consistent with previous research on the topic. 

 

 

 

 

 

 

 

      



Oil Money: Short-term exchange rate prediction of the Norwegian krone 

Page 2 of 138 
 

1 CONTENTS 

2 Introduction and Motivation ...................................................................................................... 4 

2.1 Problem Statement ............................................................................................................ 5 

2.2 Delimitations ...................................................................................................................... 6 

2.3 Structure of the Paper ........................................................................................................ 6 

2.4 Research Design and Philosophy ......................................................................................... 8 

2.5 Scientific Quality ................................................................................................................ 9 

3 Background: Foreign Exchange Markets and the Krone ............................................................ 11 

3.1 Determinants of Foreign Exchange Rates.......................................................................... 11 

3.2 The Norwegian Economy, Oil and the Krone ..................................................................... 18 

3.3 Implications of Being a Small Currency ............................................................................. 20 

4 Literature Review .................................................................................................................... 24 

4.1 Previous Literature on Exchange Rate Modeling ............................................................... 24 

4.2 Previous Literature on Commodity Prices as Exchange Rate Predictors ............................. 33 

5 Methodology ........................................................................................................................... 37 

5.1 Autoregressive Distributed Lag Models ............................................................................. 37 

5.2 Equilibrium-Correction Models ......................................................................................... 38 

5.3 HAC-Standard Errors ........................................................................................................ 40 

5.4 Non-Linear Regression...................................................................................................... 41 

5.5 Time Series Regression Assumptions ................................................................................. 42 

5.6 Regression Diagnostics and Descriptive Statistics ............................................................. 46 

5.7 Forecasting Methodology ................................................................................................. 54 

6 Data ......................................................................................................................................... 57 

6.1 Databases ........................................................................................................................ 58 

6.2 Time Frame ...................................................................................................................... 59 

6.3 Variables .......................................................................................................................... 59 

6.4 Testing Variables for Stationarity ..................................................................................... 63 

7 Multivariate Model Specification ............................................................................................. 65 

7.1 Oil Prices and Exchange Rates: Norwegian Evidence ......................................................... 65 

7.2 Economic Assumptions ..................................................................................................... 66 

7.3 Bivariate Analysis ............................................................................................................. 67 

7.4 A General Equilibrium-Correction Model for the Krone Exchange Rate .............................. 73 

7.5 The EqCM with Linear Oil Price Effects .............................................................................. 77 

7.6 The EqCM with Non-Linear Oil Price Effects ...................................................................... 80 

7.7 The New EqCM with Non-Linear Oil Price Effects .............................................................. 85 



Oil Money: Short-term exchange rate prediction of the Norwegian krone 

Page 3 of 138 
 

7.8 Summary.......................................................................................................................... 92 

8 Hypotheses .............................................................................................................................. 94 

9 Empirical Results...................................................................................................................... 96 

10 Conclusion ......................................................................................................................... 100 

10.1 Research Question 1 ....................................................................................................... 100 

10.2 Research Question 2 ....................................................................................................... 100 

10.3 Research Question 3 ....................................................................................................... 101 

10.4 Conclusion ...................................................................................................................... 101 

11 Discussion and Final Remarks ............................................................................................. 102 

11.1 Discussion of Findings..................................................................................................... 102 

11.2 Weaknesses and Biases .................................................................................................. 104 

11.3 Topics for Further Research ............................................................................................ 105 

12 References ......................................................................................................................... 106 

13 Appendices ........................................................................................................................ 111 

13.1 Appendix A: Model Estimation ........................................................................................ 111 

13.2 Appendix B: Model Diagnostics....................................................................................... 122 

13.3 Appendix C: Pseudo Out-of-Sample Regressions ............................................................. 132 

13.4 Appendix D: Forecast Performance ................................................................................. 135 

13.5 Appendix E: Explanation of Variables .............................................................................. 138 

 

 

 

 

 

 

 

 

 

 

 

 

 



Oil Money: Short-term exchange rate prediction of the Norwegian krone 

Page 4 of 138 
 

2 INTRODUCTION AND MOTIVATION  

It is commonly believed that the Norwegian krone exchange rate is closely linked to the price 

of Norway’s biggest export, Brent crude oil. However, the relationship may be more 

ambiguous than what is often commonly believed. When the oil price basically collapsed due 

to excessive shale oil production from mid-2014 to the first quarter of 2016, few market 

participants were surprised to see the Norwegian krone severely depreciate towards the 

euro. By the end of 2017, however, many investors were puzzled that after seeing recovering 

oil prices through the second half of the year the krone exchange rate did not appreciate 

(Messelt, 2019). In fact, it further depreciated against the euro. As of 2019 the oil price is back 

to quite high levels, yet the krone is still exceptionally weak. This apparent source of 

disconnection between common perceptions and reality has motivated us to conduct an 

empirical study of the predictability of the EURNOK exchange rate. 

On the subject of exchange rate prediction, there is substantial disagreements within 

academia on whether empirical models can predict exchange rates better than random walk 

model forecasts in the short to medium term, see Frankel and Rose (1995) and Rossi (2013). 

The infamous Meese-Rogoff puzzle (Meese & Rogoff, 1983) states that no empirical model 

can consistently do better than the driftless random walk model in out-of-sample forecasting. 

Nevertheless, now director of analysis at the Norwegian Central Bank Farooq Akram (2004), 

produced compelling evidence that a monetary approach model which accounted for non-

linearities in the krone-oil price relationship could outperform a driftless random walk model 

in the short term, out-of-sample. Effectively reaching the opposite conclusion of Meese and 

Rogoff (1983). It should however be noted that Akram (2004) performed his tests on a time 

period where the krone exchange rate was mostly subjected to fixed or managed floating 

exchange rate regimes. While the Meese-Rogoff puzzle was derived from tests on floating 

exchange rate data. Since 2001, however, Norway has maintained a floating exchange, after 

having switched to an inflation targeting regime on March 29, 2001. This makes studies on 

the Norwegian krone today better suited for comparison with the Meese-Rogoff puzzle. 

In order to examine whether a monetary exchange rate model in fact can disprove the Meese-

Rogoff puzzle on Norwegian data, and in addition investigate the seemingly ambiguous 
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relationship between the EURNOK exchange rate and oil prices, we have derived the following 

problem statement:   

2.1 Problem Statement 

Can a monetary approach exchange rate model which accounts for the oil price holding 

predictive power over the EURNOK exchange rate still outperform a driftless random walk 

model in short-term out-of-sample forecasting? 

This monetary approach exchange rate model will be based on the modeling approach by 

Akram (2004), which is explained in greater detail later in the paper. In order to answer the 

problem statement, we also pose the following research questions: 

1. How do currency markets work and what fundamental assumptions and methodology 

underpin our research and modeling approach? 

In order to conduct a coherent, reliable and valid experiment we need to present the 

applied methodology as well as clearly state the economic assumptions underlying our 

analysis and, consequently, our conclusions. This is done in sections 4 through 6. In 

addition, we summarize our economic assumptions in subsection 7.2.   

2. Does empirical evidence support a non-linear relationship between the EURNOK 

exchange rate and the Brent crude oil price?  

If we are going to explore a non-linear modeling approach it should be properly 

justified. Hence, we investigate whether there exists evidence to support the 

assumption of non-linearity in the krone-oil price relation. This is done in subsections 

7.3 through 7.8 by conducting a bivariate analysis in accordance with Akram (2004) as 

well as by regression analyses.  

3. Which exchange rate model minimizes the root mean square errors?   

In order to answer the problem statement presented above, we need to test whether 

our empirical models are able to outperform a driftless random walk model at short-

term forecasting of the exchange rate. The measurement criterion which is most 

commonly applied in the literature is root mean square errors. Hence, we also apply 

this measurement to test out-of-sample forecasting ability. Applying this 

measurement the empirical models engage in a forecasting competition with the 

driftless random walk model. The results of which are presented in section 9.  
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2.2 DELIMITATIONS 

The topic of exchange rate modeling is a wide and complicated field of research that includes 

both economic and financial theory. Hence, we need to state the boundaries of our research 

in order to be able to provide a focused and coherent paper. Said delimitations are presented 

in this subsection.  

It is assumed that the reader is familiar with macroeconomic and international finance theory 

as well as econometrics. Although, this does not imply that we exclude explanations and 

discussions of the methodology and theory within these respective fields if it is included in 

our research.  

Our empirical research is limited to studying the Norwegian krone, its relationship with Brent 

crude oil prices and the exchange rate with the euro. Other studies have included broader 

samples of currency pairs and attempted to draw general conclusions in order to generate 

stylized facts about exchange rate modeling as a whole. Due to the limitation of researching 

only one currency pair we will not be able to generate such general theory. However, earlier 

research suggests that the predictability of currencies not only varies from country to country, 

but the results are also unstable over time. Our findings will primarily be applicable to the 

Norwegian krone exchange rate. They may also apply to other oil exporting countries, but this 

is not investigated and rather discussed as a topic for further research.   

Data cut-off for quantitative data is set to April 31 2019. Note that no quantitative data was 

gathered after this date. Academic literature published after May 10 2019 can neither be 

accounted for. As earlier research has shown that economic fundamentals lack in predictive 

power over floating exchange rates, we have limited the number of new explanatory variables 

to the ones we deem most likely to hold such qualities. 

2.3 STRUCTURE OF THE PAPER 

To give the reader an overview this subsection describes how the remaining part of the paper 

is structured:  

The next two subsections, 2.4 and 2.5, outline our research design and philosophy in addition 

to the establishment of scientific quality. 
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Section 3 is dedicated to background information on the Norwegian krone and economy, as 

well as macroeconomic and international finance theory and concepts. The section starts by 

giving and introduction to how foreign exchange markets work. Then we describe some 

important theoretical concepts that underpin our modeling approach and present different 

approaches to modeling exchange rates. Subsection 3.2 presents some background on the 

Norwegian economy and how it, and the Norwegian krone, is connected to oil prices, whereas 

subsection 3.3. is dedicated to discussing the implications of liquidity in foreign exchange 

markets. 

In section 4 we review the literature that forms the theoretical foundation of the paper. The 

objective is to present existing exchange rate literature on short-to-medium-term exchange 

rate modeling in order to make clear how we can contribute with further insights on the 

subject. 

Section 5 contains our methodology and regression theory. First we define the model types 

that we employ in our research. Then in subsection 5.5 we present the underlying 

assumptions of time series regression. Subsection 5.6 presents our diagnostics tests and their 

respective purposes. Lastly, our forecasting methodology is presented in subsection 5.7. 

Section 6 presents our data gathering process. The section contains disclosure of databases 

and data sample time frame. Furthermore, we discuss the reliability of the data as well as 

present how each variable included in our estimated exchange rate models were constructed.  

Section 7 contains our analysis and specification of the multivariate exchange rate models. 

Subsection 7.1 briefly extends the discussion of the article Oil Prices and Exchange Rates: 

Norwegian Evidence from subsection 4.2.1. In subsection 7.2 we summarize the economic 

assumptions underlying the modeling approach and analysis. Subsection 7.3 is dedicated to 

analyzing oil price data as well as its relationship with the EURNOK exchange rate. In 

subsection 7.4 we derive a general equilibrium-correction model for the krone exchange rate. 

Subsections 7.5 through 7.7 is dedicated to specifying one linear and two non-linear 

equilibrium-correction models, respectively. Finally, subsection 7.8 is a summary of the 

specification results and model diagnostics.     

Section 8 presents the hypotheses that are tested in order to adequately answer the problem 

statement presented above. 
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Section 9 contains a presentation and analysis of the empirical results obtained in the 

forecasting competition between the different exchange rate models. 

Section 10 contains our conclusions. It is in this section that the research questions are 

summarized and the problem statement is answered. Having answered the problem 

statement we go on to discuss the results, their implications, weaknesses and biases, and 

possible topics for further research in section 11.  

Sections 12 and 13 contain references (bibliography) and appendices, respectively.   

2.4 RESEARCH DESIGN AND PHILOSOPHY 

The purpose of this paper is to answer the problem statement introduced in subsection 2.1, 

by testing the hypothesis that the dependent variable, the exchange rate, can be predicted 

more accurately by the independent variables of the different empirical models than by a 

random walk model. In this respect, the research strategy can be classified as what Saunders 

et al. (2016) refer to as an experiment.  

Academic research can be designed to fulfill either an exploratory, descriptive, explanatory 

or evaluative purpose, or it may be a combination of the aforementioned alternatives 

(Sounders, Lewis, & Thornhill, 2016). In the case of this paper, we are studying the causal 

relationship between a series of economic and financial variables and the krone exchange 

rate. Thus, our research design has an explanatory purpose. In addition, we seek to evaluate 

the model presented by Akram (2004), thus one might say that our paper in fact is a 

combination of explanatory and evaluative research involving exchange rate modeling.  

As our research is mainly quantitative, and comprises of predetermined and highly structured 

data collection techniques, our research philosophy is naturally positivistic. It therefore 

follows that ontologically our view is that there exists one true reality (Sounders, Lewis, & 

Thornhill, 2016). In our study this can be translated into meaning that the foreign exchange 

market exists independently of whether individuals believe it to exist or not. Epistemologically 

we work with numbers and apply scientific methods to observe and measure effects of 

various explanatory variables. The role of values, or axiology, in the positivistic philosophy is 

that we as researchers are detached from the data and maintain an objective stance 

throughout the research process (Sounders, Lewis, & Thornhill, 2016). Because our research 
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is based on the premises of the theory applied in foreign exchange rate modeling, mainly the 

monetary approach, which is widely cited in the academic world, our reasoning is said to be 

deductive (Sounders, Lewis, & Thornhill, 2016). 

2.5 SCIENTIFIC QUALITY 

With respect to the solidity and credibility of our research, it is important to assess the 

scientific quality of the paper. The most important factors for assuring this is to evaluate the 

reliability and validity of one’s research (Saunders, Lewis, & Thornhill, 2016). Accordingly, this 

subsection is dedicated to discussing the establishment of reliability and validity.    

2.5.1 Reliability 

In the scientific context, reliability refers to the extent to which one’s data collection 

techniques and analysis procedures will yield consistent results. We evaluate reliability by 

posing the following three questions (Sounders, Lewis, & Thornhill, 2016, p. 156): 

1. Will the measures yield the same results on other occasions? 

2. Will similar observations be reached by other observers? 

3. Is there transparency in how sense was made from the raw data? 

First, our measurement techniques comprise of widely used econometric methodology such 

as ordinary least squares estimation. All measurements are conducted using commonly 

utilized packages in R. In addition, our data is collected from Thomson Reuters DataStream, 

Bloomberg and Statistics Norway, which we deem to be very reliable data sources as they are 

used by researchers and market practitioners alike. Therefore, given that we use the same 

data and the estimation techniques, we assess that our research would yield similar results 

on other occasions.       

Second, the estimations themselves provide concrete quantitative answers that can be 

considered objective. By this we mean that, the sign, and the numerical and statistical 

significance of a given predictor in any of our models can only be observed correctly in one 

way, giving little room for biased interpretations. The field of exchange rate modeling is very 

complex and several different predictors can be applied. Hence, the possibility exists that 

other observers may observe other market dynamics that we have missed. However, since 
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we have limited resources and work within a limited time frame, we assess that this does not 

hurt the reliability of our research. 

Third, it is clearly stated that our modeling approach follows the monetary paradigm of 

exchange rate modeling. The economic assumptions underlying this approach are explicitly 

stated in subsection 7.2, whereas econometric assumptions are stated in subsection 5.5. 

Therefore, we assess that the way in which we make sense of data is sufficiently transparent.       

2.5.2 Validity 

Validity is concerned with whether the findings are really about what they appear to be about 

(Sounders, Lewis, & Thornhill, 2016, p. 157). That is, can we really infer a causal relationship 

between two variables and do data sufficiently cover the phenomena that are the subject of 

analysis? 

The data included in this paper comprise of economic and financial data, gathered from what 

we deem to be very trustworthy sources. In addition, the types of variables included are 

selected based on previous academic literature on exchange rate modeling as well as 

economic and financial intuition attained through our master’s studies at Copenhagen 

Business School. For a more detailed presentation of data and data sources see section 6. 

Based on the discussion above we assess that there is a high degree of validity in our data, 

analysis, and the resulting findings.  
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3 BACKGROUND: FOREIGN EXCHANGE MARKETS AND THE KRONE 

In this section, we explain how currency markets work and present some general theory and 

market dynamics. Furthermore, we discuss the Norwegian economy, its connection to the 

petroleum industry, the Norwegian krone, as well as effects of liquidity and market 

uncertainty. This is done to establish a foundation of basic theory and realities about the 

krone and currency markets in general before we embark on the task of specifying our 

predictive models in section 7. 

3.1 DETERMINANTS OF FOREIGN EXCHANGE RATES 

This subsection is dedicated to the discussion of general foreign exchange market dynamics 

and concepts. First we discuss how foreign exchange markets work, herein market making 

and bid-ask spreads, before we present the theoretical concepts underpinning our modeling 

approach as well as the most common exchange rate modeling approaches. Lastly, we specify 

which of these approaches we base our assumptions on.  

3.1.1 Foreign Exchange Markets 

With a daily trading volume exceeding US $5 trillion, the foreign exchange market is by far 

the most actively traded market in the world. By comparison, the foreign exchange trading 

volume is 25 times larger than the trading volume of global equities (Nasdaq, 2019). 

Furthermore, foreign exchange markets are not organized with fixed opening hours, 

standardized contracts, official publication channels and centralized mechanisms to match 

supply and demand, like equities and futures markets are. Instead, currencies are mostly 

traded over-the-counter and due to the existence of wholesale markets on every continent, 

the worldwide exchange market is open around the clock (Sercu, 2009).     

Many of the large players in the wholesale market, i.e. large banks, act as market makers by 

making credit agreements amongst each other, guaranteeing to provide bid and ask quotes, 

without even knowing whether the other party intends to buy or sell. Market makers 

undertake to effectively buy and sell at the indicated prices (Sercu, 2009), thus they keep 

markets liquid.    

When exchanging currencies the price you pay (ask) to purchase the currency is invariably 

higher than the price you get (bid) if you sell the same currency at the same point in time.  
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The difference between the bid and ask rates is called spread, and contains the bank’s 

commission for exchanging currencies (Sercu, 2009). In times of low trading volumes, i.e. 

decreased liquidity, the spread widens. This can be explained by the risk involved with market 

making. Notably, when a trader hits a market maker, the latter wants to close out the position 

as soon as possible because quotes constantly move. In a low liquidity environment, it takes 

more time to close a position, thus the market maker risks that the quotes have moved 

against the market maker by the time he or she has been able to close out (Sercu, 2009). We 

return to the topic of liquidity and bid-ask spreads in subsection 3.3.     

3.1.2 Theoretical Concepts 

This subsection is dedicated to explaining some key concepts underlying the models 

presented by Akram (2004), upon which we will base our models in section 7. The concepts 

in question are purchasing power parity (PPP), uncovered interest parity (UIP) and quantity 

theory of money (QTM). 

3.1.2.1 Purchasing Power Parity 

Purchasing power parity (PPP) is a measure of the relative price levels between two countries. 

In practice, it is measured by comparing the price of a standard consumption bundle for two 

different countries. The PPP implied spot rate is defined as: 

�̂�𝑡
𝑃𝑃𝑃 =

Π𝑡

Πt
∗ (1) 

Where, Π𝑡 denotes the price for the consumption bundle at home and Πt
∗ is the same bundle 

abroad (Sercu, 2009). The PPP rate serves as a benchmark for the nominal spot rate, and many 

economists believe that in the long run, the nominal rate of two similar economies should 

converge towards the PPP rate, and not wander too far above or below it (Sercu, 2009). Using 

PPP as a benchmark we can measure how far the nominal rate deviates from PPP by 

calculating the real exchange rate (RER): 

𝑅𝐸𝑅𝑡 =
𝑆𝑡

�̂�𝑡
𝑃𝑃𝑃

(2) 

Differences in price levels between two economies are reflected in the real exchange rate’s 

deviation from unity with PPP. The country used as home currency is cheaper when RER < 1 

and more expensive when RER > 1. This ratio can also be viewed as over- and undervaluation 
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of the respective currencies. When comparing RERs globally there is a strong (imperfect) 

relationship between real exchange rate and economic development. Developing economies 

tend to be undervalued, whilst industrialized/developed ones tend to be overvalued (Sercu, 

2009).  

As absolute PPP is a theoretical concept, which normally does not hold in reality, it is common 

to look at relative PPP and the percentage change in RER over time. The general relation that 

often is used for this is:  

Δ%𝑅𝐸𝑅 = (1 + 𝑠𝑡0,𝑡) ∗
1 + 𝑖𝑛𝑓𝑙𝑡0 ,𝑡

∗

1 + 𝑖𝑛𝑓𝑙𝑡0 ,𝑡
− 1 ≈ 𝑠𝑡0 ,𝑡 + [𝑖𝑛𝑓𝑙𝑡0 ,𝑡

∗ − 𝑖𝑛𝑓𝑙𝑡0,𝑡] (3) 

Where, the percentage change in nominal spot rate between times 𝑡0 and 𝑡 is given by 𝑠𝑡0,𝑡  

and inflation, at home and abroad, is denoted by 𝑖𝑛𝑓𝑙𝑡0 ,𝑡  and 𝑖𝑛𝑓𝑙𝑡0,𝑡 
∗ , respectively (Sercu, 

2009). Relative PPP holds if the RER is constant over time, and the percentage change in RER 

is used as a standard measure for deviations from relative PPP.  

3.1.2.2 Quantity Theory of Money 

In short, quantity theory of money (QTM) states that the quantity of money in circulation 

determines the value of money. Mathematically it can be specified in the following way; first 

we have the velocity of money, 𝑣, which is the number of times the stock of money is turned 

over in a given period of time: 

𝑣 ≔
𝑌 ∗ 𝛱

𝐿
(4) 

Where, 𝑌 denotes real economic output, 𝛱 is the price level and 𝐿 is the stock of money held 

by the public (Sercu, 2009). The above definition can be turned into a theory on price level by 

assuming that 𝑣 is constant, or at most exogenously determined by interest rates and the 

payment technology available. Furthermore, real economic activity, 𝑌 , is not affected by 

monetary policy (Sercu, 2009). Thus we get: 

𝛱 = 𝑣 (
𝐿

𝑌
) (5) 

From equation (5) we can conclude that according to QTM, prices rise when money supply is 

increased faster than real economic activity, given constant velocity of money. 
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3.1.2.3 Uncovered Interest Parity 

An important assumption of macroeconomic theory for analysis of open economies is the 

uncovered interest parity (UIP). It provides a simple connection between interest rates, 

current and expected future exchange rate (Isard, 2006). The introduction of forward rate 

trading led to the notion of covered interest parity (CIP), which relates the differential 

between foreign and domestic interest rates to the difference between spot and forward 

exchange rates. In perfect markets, where arbitrage can be ruled out, the forward exchange 

rate is given by (Sercu, 2009): 

𝐹𝑡,𝑇 = 𝑠𝑡 ∗
1 + 𝑟𝑡,𝑇

1 + 𝑟𝑡,𝑇
∗ (6) 

Because forward rates also reflect perceptions about future spot rates, there is a short way 

from CIP theory to UIP, which postulates that market forces essentially drive the forward rate 

into equality with the expected future spot rate (Isard, 2006).  

Conceptually, interest rate parity builds on the notion that a portfolio investor at any time t 

has the opportunity to hold assets in either domestic or foreign currency, earning interest at 

rate 𝑟𝑡 and 𝑟𝑡
∗, respectively. Therefore, an investor holding a unit of domestic currency should 

consider whether to exchange his or her unit of domestic currency for the foreign currency 

denominated asset. The investor’s alternatives are accumulating 1 + 𝑟𝑡 or 𝑠𝑡(1 + 𝑟𝑡
∗) at time 

t+1 and then reconverting back to domestic currency. If the currency denomination is the only 

difference between the foreign and domestic asset, and the investor has the opportunity to 

cover exchange rate risk by arranging to reconvert to domestic currency at time t+1 at the 

forward rate 𝐹𝑡, then market equilibrium is given by (Isard, 2006): 

1 + 𝑟𝑡 = 𝑠𝑡

(1 + 𝑟𝑡
∗)

𝐹𝑡

(7) 

This is a rearranged version of the no-arbitrage forward rate equation (6) given above, and 

thus if the condition does not hold investors have the opportunity to make a risk-free profit.  

Alternatively, the investor can leave the foreign currency denominated position uncovered at 

time t and wait until t+1 before exchanging at the prevailing spot rate 𝑠𝑡+1. The assumption 

of UIP suggests that the market will equilibrate the return on the domestic asset with the 
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expected value at time t (𝐸𝑡) of the yield on an uncovered position in the foreign currency 

denominated asset: 

1 + 𝑟𝑡 = 𝐸𝑡 [
𝑠𝑡(1 + 𝑟𝑡

∗)

𝑠𝑡+1

] = 𝑠𝑡(1 + 𝑟𝑡
∗)𝐸𝑡 (

1

𝑠𝑡+1
) (8) 

This is in principal the same as combining CIP with an assumption that foreign exchange rates 

are driven, at the margin, by risk-neutral investors who are ready to take on uncovered spot 

or forward positions whenever the forward rate deviates from the expected future spot rate 

(Isard, 2006).  What the UIP assumption does is add a layer of dynamics to the CIP condition. 

It does so by hypothesizing a relationship between actual observed values at time t and the 

expected value of the spot rate that at time t is expected to prevail at t+1 by market 

participants. The conditions can be written for any duration between t and t+1, and as such 

has been embedded in numerous multi period models of open economies (Isard, 2006).   

3.1.3 Approaches to Modeling Foreign Exchange Rates 

There are a multitude of factors that can influence exchange rates; interest rate and inflation 

differentials, current account, public debt and economic performance, to name a few. The 

forces that affect these variables are also abundant, and thus it is practically impossible to 

build a model that explicitly accounts for all possible variables. Thus, as we frequently do in 

economic and financial modeling, we have to simplify reality and make explicit assumptions 

about markets and the world in general in order to model exchange rate movements.  

Since the inception of the simple purchasing power parity model, a number of models have 

come up that try to relate fundamentals, other than price levels, with exchange rates. Most 

of this literature have been macroeconomic, but compared to older models they are more 

financial in nature, as they try to price exchange rates as discounted expectations (Sercu, 

2009). Sercu (2009) outlines three common approaches for modeling exchange rates; the 

monetary or asset approach, real business cycle models, and Taylor rule models. Below, we 

briefly present the three approaches, and subsequently determine which one of them we 

apply in this paper.    

3.1.3.1 The Monetary Approach 

First, the monetary approach – the currency is regarded as an asset, not a relative price – is 

based on two building blocks: purchasing power parity (PPP) as a long-run attractor for the 
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exchange rate, and the quantity theory of money (QTM) as a theory about the price levels in 

the PPP equation (Sercu, 2009). In short, this model says that everything else equal, in the 

long run the spot rate converges to the PPP rate. This in turn reflects real economic activity 

and monetary policy. The monetarist prediction can mathematically be described by the 

formula below: 

�̂�𝑚𝑜𝑛 =
𝑣

𝑣∗
∗

𝐿𝑠

𝐿𝑠
∗

∗
𝑌∗

𝑌
(9) 

Where, 𝐿𝑠  represents money supply, 𝑌 represents transaction volume per period, and the 

velocity of money is denoted by 𝑣. Variables denoted with an asterisk represent values for 

the foreign country in the exchange relation. 

The prediction given by equation (9) should only be viewed as a long-term attractor, as it is 

not realistic to assume that exchange rates adjust immediately to changes in any of the 

explanatory variables. Therefore, we need to specify the link between current spot rate and 

long-run value. It is suggested that one should view velocity, price level and real economic 

activity as expectations for long-run values. Lastly, current spot rate is linked to its expected 

future value via long-term interest rates, as suggested by UIP (Sercu, 2009):  

𝑆𝑡 =
1 + 𝑟𝑡,𝑇

∗

1 + 𝑟𝑡,𝑇
∗

𝑣

𝑣∗
∗

𝐿𝑠

𝐿𝑠
∗

∗
𝑌∗

𝑌
(10) 

Where, t to T represents the long run. In this view, changes in long-term interest rates and 

rumors about long-term inflation and economic health would affect the current spot rate.   

3.1.3.2 Real Business Cycle Models 

Second, real business cycle models, is based on the theory that exchange rates should be the 

ratio of marginal utility of spending abroad versus at home. This in turn depends on the 

inflation and marginal utility of real spending. For a simple utility function featuring constant 

relative risk aversion, the marginal utility of real spending depends on real consumption and 

time preferences (Sercu, 2009). The model predicts that when a country’s consumption is 

increasing relative to another country’s consumption, the “booming” country’s exchange rate 

should fall. The rationale is that when a country does well, marginal utility of consumption 

falls relative to that in the poorer performing country. Therefore, the fortunate country’s 

currency must depreciate. This enables less developed countries to import from the lands of 
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plenty. The negative link between the exchange rate and consumption is opposite of what 

the monetary approach and modern-day folklore says about exchange rate dynamics (Sercu, 

2009). 

3.1.3.3 Taylor Rule Models 

Third, we have the Taylor rule model, which specifies how the central bank should respond, 

by changing the nominal interest rate, to divergences in log actual GDP (𝑦) to log potential 

GDP (�̅�) and actual inflation’s (𝜋) divergence from target inflation (�̅�). For a small, open 

economy with an inflation target, such as Norway, the Taylor rule can be defined as: 

ln(1 + 𝑟𝑡,𝑡+1) = 𝜋𝑡
∗ + 𝑅𝑅𝑡 + 𝛼𝜋(𝜋𝑡 − �̅�𝑡

∗) + 𝛼𝑦(𝑦𝑡 − �̅�𝑡) + 𝛼𝑠(𝑙𝑛𝑆�̅� − 𝑙𝑛𝑆𝑡) (11) 

This rule is then plugged into an exchange rate pricing model. There are numerous versions 

of the model, which often differ in how they model risk premium, real rates, whether the 

alphas are the same internationally, and whether and how they further amend the Taylor rule 

(Sercu, 2009).   

3.1.3.4 Monetary Equilibrium-Correction Models  

The three aforementioned approaches are all lacking in proven performance, and according 

to Sercu (2009), affirmative evidence that they can outperform a driftless random walk model 

in predicting exchange rate movements out-of-sample is scarce, see e.g. Meese and Rogoff 

(1983), Frankel and Rose (1995), and Rossi (2013). 

As mentioned in the introduction, the models we are going to test in this thesis will be based 

on the modeling approach presented by Akram (2004). This modeling approach is quite 

practical in nature, and it falls under a class of models called equilibrium-correction models, 

testing for both linearity and non-linearity in the krone-oil price relation. The models assume 

that the exchange rate over time converges towards PPP-equilibrium. Normally researchers 

reject PPP on countries that are affected by large real shocks, e.g. large movements in oil 

price, however Akram (2002) has shown evidence for PPP in the medium term for Norway. 

Thus, the approach applied in this paper is monetary or assets based. As described above, 

convergence towards PPP-equilibrium is assumed to hold. Choice of economic variables and 

mathematical model specifications is presented in detail in section 7. 
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3.2 THE NORWEGIAN ECONOMY, OIL AND THE KRONE 

In this subsection, we discuss the Norwegian economy and how it has been impacted by the 

discovery of oil in the late sixties. Furthermore, we discuss the relationship between oil prices 

and krone exchange rate before we present the exchange rate regime of the Norwegian 

Central Bank. This is done in order to give the reader an understanding of the fundamental 

economic situation in Norway and why we investigate the oil price as a potential predictor of 

the krone exchange rate.  

Following the discovery of oil in 1969, petroleum related industry began to significantly 

contribute to economic growth in Norway and the country has since amassed immense 

wealth from its petroleum exports. Since the early 1970s petroleum activities alone, excluding 

related supply and service industries, have contributed more than 14 000 billion NOK to 

Norway’s GDP (Norwegian Government, 2019). By the end of the 1990s the country had 

entered its most prosperous period in recorded history. Around this time, Norway frequented 

the top of human development indices and the catchphrase “the richest country in the world” 

was popularized among Norwegians (Eitrheim, Klovland, & Øksendal, 2016).  

For the national budget of 2019, it was estimated that the petroleum industry, not including 

supply and service industries, would account for 17% of Norway’s GDP, 21% of government 

revenues, 19% of total investment and 43% of total exports (Norwegian Petroleum, 2019). 

With one industry accounting for such a substantial portion of the economy one can easily 

draw the conclusion that oil is an extremely important commodity for Norway. Consequently, 

oil price shocks have the potential to affect the economy to a great extent. Take for example 

the event that partly inspired us to write this thesis; the massive drop in oil price that began 

in mid-2014. By the time the decline had bottomed out, the price of a barrel of Brent crude 

oil had dropped by approximately 70%. As a result, the Norwegian unemployment rate shot 

up, from 3.4% in the second quarter of 2014 to 5.1% in the first quarter of 2016. Oil companies 

figured that they had to cut costs and thousands of workers were laid off. The chart below 

illustrates this development, with unemployment in percent on the left axis and oil price in 

US dollars on the right:  
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Figure 1: Oil price versus unemployment – Data source: DataStream 

Naturally, as the Norwegian economy was hurt quite significantly, krone exchange rates 

dramatically depreciated against Norway’s major trading partners; the United States, the 

Eurozone and Denmark, Great Britain and Sweden.   

 

Figure 2: Krone exchange rates against largest trading partners – Data source: DataStream 



Oil Money: Short-term exchange rate prediction of the Norwegian krone 

Page 20 of 138 
 

As we can see, the drop in oil price seems to trigger the depreciation of the krone exchange 

rates. In the one and a half year long period in which the oil price falls, from above 110 to 

below 30 US dollars per barrel, the correlation between EURNOK and Brent crude is 

approximately -0.8. As a natural consequence, it is often thought by market participants 

that the direction of the krone exchange rate is very dependent on the direction of the oil 

price. Yet, if we consider the period from 01-01-2016 through 2017 on figure 1, the 

correlation is very weak at only -0.12. This suggests that the relationship may not be as 

strong as many market participants think, or that it changes over time or is dependent on 

trend or level.  

Following the collapse of the Bretton Woods agreement in 1971, the Norwegian Central Bank 

has presided over both floating and fixed exchange rate regimes. Though, in the period 1971 

to 2001, for the most part, the exchange rate was either pegged or kept within a managed 

floating regime in order to stabilize the exchange rate (Alstadheim, 2016). However, Svein 

Gjedrem’s succession to the post of Governor of the central bank in 1999 was followed by the 

announcement that Norway would shift its policy towards an inflation targeting regime 

(Kleivset, 2012). The new regime, which meant that the central bank would have to allow the 

exchange rate to float freely, has been in effect since March 29, 2001 (Alstadheim, 2016).   

Due to the combination of the deviations from the common perception of the oil price being 

a good predictor of krone exchange rates and the shift to a floating exchange rate regime, we 

believe it is interesting to once again examine whether an oil price dependent exchange rate 

model can be useful in predicting EURNOK movements. As the exchange rate now floats, such 

an experiment will yield results that are more valid for comparison with the Meese-Rogoff 

puzzle (Meese & Rogoff, 1983).   

3.3 IMPLICATIONS OF BEING A SMALL CURRENCY  

In this subsection, we will discuss the implications of being a small currency in the global 

foreign exchange market. The emphasis of the subsection is directed towards the impact that 

liquidity constraints and preferences have on smaller currencies. Since this paper 

fundamentally views currencies as assets, we suspect that liquidity affects the value of 

currencies and thus possibly holds predictive power over exchange rates.  
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As stated in subsection 3.1.1, the daily turnover of foreign exchange instruments added up to 

more than US $5 trillion in 2016 (Bank for International Settlements, 2016). Which is more 

than 25 times the size of the global equities market. The largest currencies are responsible 

for the majority of total turnover. According to the 2016 Bank for International Settlements 

foreign exchange triennial survey, the Norwegian krone accounted for 1.7% of the global 

foreign exchange trading. Whereas the same numbers for the largest currencies, the US 

dollar, the euro, Japanese yen and the pound, were 87.6%, 31.3%, 21.6% and 12.8%, 

respectively (Bank for International Settlements, 2016)1. 

Andrade and Prates (2013) argue that in times of high volatility in international financial and 

monetary markets, investors tend to allocate their portfolios away from assets denominated 

in the currencies of peripheral economies and towards assets denominated in currencies with 

higher turnover, i.e. key and central currencies such as the dollar and euro. An explanation 

for this phenomenon is that the larger currencies hold a higher liquidity premium, and in times 

of high uncertainty investors’ liquidity preferences increase. Consequently, demand for the 

most liquid assets, i.e. safe havens, is amplified as investors attempt to shelter their portfolios 

from market turbulence.  

The krone’s turnover in the global foreign exchange market as a whole is quite small in terms 

of trading volume. It is in fact dwarfed compared to the largest currency pairs, i.e. USDEUR, 

USDJPY and EURJPY. Therefore, in the global currency hierarchy, the Norwegian krone is 

regarded as a ‘peripheral’ currency (Bernhardsen & Røisland, 2000). Consequently, the 

market puts a low liquidity premium on the krone, which makes it vulnerable to increased 

market uncertainty. This can have a significant impact on currency value, as increasing risk 

leaves investors more exposed to substantial losses on their foreign investments (Lund, 2011).  

In order to provide the reader with a sense of the liquidity conditions that apply to the krone, 

we have compared the liquidity of EURNOK, EURSEK, EURCHF, USDEUR and USDGBP in figure 

3 below. Liquidity is a complex concept that can be difficult to measure, and consequently 

different proxies have been implemented in the effort to successfully capture liquidity in the 

                                                             
1 Note that there are two currencies involved in each transaction, so the total sum of 

percentage shares is 200. 
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foreign exchange market, e.g. turnover, volatility and transaction costs (Mancini, Ranaldo, & 

Wrampelmeyer, 2013). The bid-ask spread can conceptually be thought of as transaction 

costs (Lund, 2011), and we will be using it as a proxy for liquidity in this paper. A wide spread 

between bid and ask rates indicates weak liquidity conditions and, consequently, high 

transaction costs. 

 

Figure 3: Bid-ask spreads – Data source: DataStream 

Figure 3 displays the 30-day moving average of the respective bid-ask spreads, as a 

percentage of the arithmetic mean of bid and ask rates. The EURNOK stands out as the 

currency pair with the worst liquidity conditions throughout the observed period. During the 

financial crisis of 2008, the EURNOK had the widest spread out of all of the observed currency 

pairs. The spread on the second least traded currency pair, the EURSEK, also widened 

considerably during the end of 2008 and appears to move almost parallel with the EURNOK. 

The two Scandinavian countries share some characteristics and are quite closely linked 

economically and culturally. Naturally, one would expect that there are similar liquidity 

conditions for these countries. The matching movements could in large part be caused by 

international investors overestimating the strength of the relationship between the two 

economies, that they are simply regarded as extremely similar, or that this is simply a 

common theme for peripheral currencies. As discussed in subsection 3.2, the Norwegian 

economy is heavily dependent on the country’s petroleum industry. The relatively volatile 



Oil Money: Short-term exchange rate prediction of the Norwegian krone 

Page 23 of 138 
 

period of 2014 through the third quarter of 2016 was therefore likely a result of the low Brent 

crude oil prices in that period. 

The Swiss franc is often considered a European safe haven currency (Hossfeld & MacDonald, 

2015) and the relatively stable and narrow spread indicates that this is the case. The exception 

is the large spike of 2015, which coincides with the Swiss National Bank’s decision to unpeg 

the franc from the euro, resulting in rapid appreciation of the Swiss franc. According to the 

Swiss Federal Statistical Office (2018), exports accounted for over 60% of Swiss GDP in 2015. 

Hence, a strengthened franc would pose a threat to the Swiss economy, resulting in increased 

uncertainty and thus worsened liquidity conditions.  

The USDJPY and USDGBP have remained the most liquid currency pairs, measured by bid-ask 

spread, throughout the observed period. As previously mentioned, the dollar, euro, yen and 

pound are the largest currencies in terms of turnover. Hence, it follows that these are the 

most liquid of all traded currencies. The EURUSD, although relatively liquid, display’s weaker 

liquidity conditions from around the time of the financial crisis to the end of the first quarter 

of 2013. This can be attributed to the European debt crisis which brought economic 

uncertainty to the Eurozone. 

From studying the liquidity conditions of these currency pairs, we can conclude that the krone 

is a relatively illiquid currency that is more susceptible to uncertainty in the global financial 

and money markets than key and central currencies. We find it likely that liquidity in the 

market for EURNOK affects the currency pair’s exchange rate. Therefore, we will investigate 

the bid-ask spread as a potential explanatory variable in the empirical analysis in section 7. 

As discussed above, liquidity preferences affect asset allocation, hence proxying liquidity may 

help predict currency fluctuations. An alternative measure to the bid-ask spread, which 

indirectly is a proxy for liquidity preferences, is market uncertainty. In the equity markets, 

uncertainty is measured by the VIX – commonly referred to as the fear index. In international 

money markets, however, no such index is readily available. Nevertheless, such an index does 

in fact exist and have been adopted globally (Bernhardsen & Røisland, 2000). It is called the 

Global Hazard Index or Indicator and will be explained in greater detail in subsection 6.3.7.  
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4 LITERATURE REVIEW 

The purpose of this section is to review a selection of existing literature on the subject of 

exchange rate modeling and commodity prices as predictors of exchange rates. In essence 

one can say that there exist two different conclusions reached by academics studying short 

to medium term exchange rate prediction: 1) the Meese-Rogoff puzzle cannot be rejected, 

i.e. random walk model forecasts perform at least as well as empirical exchange rate models, 

or alternatively 2) that the Meese-Rogoff puzzle can indeed be rejected, i.e. it is possible to 

effectively predict exchange rates in the short to medium term using empirical models. 

Accordingly, this section reviews a selection of literature on the subject; including Meese and 

Rogoff (1983), Diebold and Nason (1990), Meese (1990), Meese and Rose (1991), Frankel and 

Rose (1995), Rossi (2013), Moosa and Burns (2014), Akram (2004), Golub (1983), Chen, Rogoff 

and Rossi (2010), and Papadamou and Markopoulos (2012). 

4.1 PREVIOUS LITERATURE ON EXCHANGE RATE MODELING  

In this subsection, we review each of the selected papers on exchange rate modeling that 

form the theoretical basis of our research. This includes first reviewing the methodology and 

subsequently the findings of each paper. The subsection includes Meese and Rogoff (1983), 

Diebold and Nason (1990), Meese (1990), Meese and Rose (1991), Frankel and Rose (1995), 

Rossi (2013), and Moosa and Burns (2014). 

4.1.1 Meese and Rogoff 1983 

This subsection reviews the paper Empirical Exchange Rate Models of the Seventies which is 

the origin of the Meese-Rogoff puzzle. Since its publication it has been widely accepted that 

exchange rates are difficult to predict.  

4.1.1.1 Approach and Methodology  

The study compares the out-of-sample forecasting accuracy of various structural and time 

series exchange rate models. For this purpose, three different types of structural exchange 

rate models are derived for the dollar/pound, dollar/deutsche mark, dollar/yen and for trade 

weighted dollar exchange rates. The models include the flexible-price (Frenkel-Bilson) and 

sticky-price (Dornbusch-Frankel) monetary models and a sticky-price model which 

incorporates the current account (Hooper-Morton). All of which can be considered ‘asset’ or 
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‘monetary’ approach models. By the early eighties, the monetary paradigm had come to 

dominate the literature on exchange rate modeling (Meese & Rogoff, 1983). In reduced and 

generalized form the three aforementioned models can be specified by the equation below: 

𝑠 = 𝛼0 + 𝛼1(𝑚 − 𝑚∗) + 𝛼2(𝑦 − 𝑦∗) + 𝛼3(𝑟𝑠 − 𝑟𝑠
∗) + 𝛼4(𝜋𝑒 − 𝜋∗𝑒) + 𝛼5𝑇𝐵̅̅ ̅̅ + 𝛼6

∗
𝑇𝐵̅̅ ̅̅ + 𝑢𝑡(12) 

Where s is the log of the dollar exchange rate, 𝑚 − 𝑚∗ the log of US money supply to foreign 

money supply. 𝑦 − 𝑦∗ is the log of the ratio of US to foreign real income, 𝑟𝑠 − 𝑟𝑠
∗ is the short-

term interest rate differential and 𝜋𝑒 − 𝜋∗𝑒 is the expected long-run inflation differential. 𝑇𝐵̅̅ ̅̅  

and 
∗

𝑇𝐵̅̅ ̅̅  represent the cumulated US and foreign trade balances, and 𝑢 is a disturbance term. 

The Frenkel-Bilson model assumes PPP (𝛼4 = 𝛼5 = 𝛼6 = 0), the Dornbusch-Frankel model 

allows for deviations from PPP (𝛼5 = 𝛼6 = 0), while the Hooper-Morton is unrestrained and 

allows for current account effects. 

In addition to the monetary models, Meese and Rogoff (1983) employ an unconstrained 

vector autoregression (VAR) as well as other univariate time series models. Coefficients are 

estimated by ordinary and general least squares as well as the instrumental variable method. 

In contrast to our approach – applying the Gets package in R – they do not employ algorithms 

to reduce the number of estimates entered into the models.  

Data consists of monthly and seasonally unadjusted observations, which makes it possible to 

estimate seasonal and structural parameters. The estimation period stretches from March 

1973 through June 1981, where the interval starting in November 1976 is reserved for 

forecasting. There is consequently a quite short time frame reserved for estimating the initial 

model. The forecast experiment is conducted on a one to twelve months basis, and 

parameters are re-estimated by applying rolling regressions for each model every forecast 

period. Since the structural models require forecasts of their explanatory variables in order 

to generate forecasts of the exchange rate, the experiment is performed on out-of-sample 

realized values. 

Out-of-sample forecasting accuracy is measured by three statistics: Mean error (ME), mean 

absolute error (MAE) and root mean square error (RMSE), where RMSE is the principal 

criterion for comparing forecasts. ME is included in the evaluation if exchange rates are 

governed by a non-normal stable Paretian process with infinite variance. MAE is useful when 
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the exchange rate distribution has fat tails, even if the variance is finite. Comparing MAE and 

ME can be useful for ascertaining whether a model systematically over- or underpredicts. 

Thus, from a methodological standpoint, the paper supports the view that out-of-sample fit 

is an important criterion to consider when evaluating empirical exchange rate models.  

4.1.1.2 Findings 

Meese and Rogoff (1983) finds that none of the structural models achieves lower RMSE, MAE 

or ME than the driftless random walk model at any horizon. The VAR model also fails to 

outpredict the random walk model. These results do not answer the question of whether the 

random walk is significantly better than the other models in terms of RMSE. However, given 

the finding that the random walk model almost invariably obtains the lowest RMSE over all 

horizons and across all exchange rates, it can unambiguously be asserted that the other 

models do not perform significantly better than the random walk model – take into 

consideration that the random walk does not predict well.      

Meese and Rogoff (1983) points to simultaneous equation bias, sampling error, stochastic 

movements in true underlying parameters, or misspecification as the most likely causes for 

the disappointing performance of the structural models. They also mention not attempting 

to correct for possible non-linearities in the underlying models as a possible explanation.  

4.1.2 Diebold and Nason 1990 

In this subsection, we review the article Nonparametric Exchange Rate Prediction. 

4.1.2.1 Approach and Methodology  

The paper by Diebold and Nason provides additional literature on solving the exchange rate 

puzzle by investigating whether exchange rates can be forecasted using a conditional-mean 

function nonparametrically. More precisely, they attempt to predict exchange rates using a 

locally-weighted regression procedure. The study is directed at ten New York interbank dollar 

spot rates from the first week of 1973 until the thirty-eight week of 1987, yielding 769 weekly 

observations. The currencies that are the subjects of this study are; Canadian dollar, French 

franc, German mark, Italian lira, Japanese yen, Swiss franc, British pound, Belgian franc, 

Danish kroner and Dutch guilder. The exchange rates were collected from the Federal Bank 

Board database.  
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4.1.2.2 Findings 

The study assesses the in-sample and out-of-sample performance of the locally-weighted 

regressions, for all currency pairs, against a random walk model. The nonparametric exchange 

rate modeling technique outperforms the random walk in the in-sample analysis. However, 

their findings support the superiority of the random walk model out-of-sample. This is true 

for all the different lag lengths tested, no matter the forecasting horizon. The results of this 

research act as evidence against structural models of exchange rate prediction and implicates 

that significant structural non-linearities in exchange rates are unlikely to exist. 

4.1.3 Meese 1990 

In this subsection, we review the paper Currency Fluctuations in the Post-Bretton Woods Era. 

4.1.3.1 Approach and Methodology  

In the paper Meese engages in a discussion of the literature on exchange rate modeling. First, 

fundamental variables such as price levels and money supplies are discussed based on their 

correlation with exchange rate movements. Then the reader is introduced to the ‘asset 

market approach’, i.e. monetary approach, and the maximizing paradigm which adapts the 

highly abstract model of Lucas (1982). Subsequently to defining the two different model 

types, estimation of the model, estimation problems and misspecification in current models 

are discussed. The review includes models that are strictly fundamental, as the structural 

models discussed in Meese and Rogoff (1983), as well as models that take expectations of 

market participants, and consequently behavior into consideration.  

4.1.3.2 Findings 

Meese (1990) concludes that economists do not yet understand the determinants of short- 

to medium run movements in exchange rates. The floating exchange rates that followed the 

collapse of the Bretton Woods agreement cannot be explained significantly better by 

macroeconomic fundamentals nor forward rates or survey data of market expectations than 

by a naïve approach such as the random walk model. Thus, Meese (1990) affirms the view 

postulated by the Meese-Rogoff puzzle. 

Meese offers two possible explanations for why the above conclusion is reached by so many 

scholars: 1) Economists have not yet discovered the appropriate set of fundamentals, 2) 

insufficient speculation based on directly observable macroeconomic fundamentals, e.g. 



Oil Money: Short-term exchange rate prediction of the Norwegian krone 

Page 28 of 138 
 

inflation rates and interest differentials, provides a solution to the puzzle. It is reported that, 

at the time, forecasters of foreign exchange rates relied more on technical analysis than 

models based on fundamentals. 

4.1.4 Meese and Rose 1991 

This subsection is dedicated to reviewing the article An Empirical Assessment of Non-

Linearities in Models of Exchange Rate Determination. 

4.1.4.1 Approach and Methodology  

Meese and Rose (1991) investigate whether empirical exchange rate models that account for 

non-linearity can improve on already existing linear models. In their study, five existing 

exchange rate models are considered. Three of the models are based on monetary exchange 

rate modeling, while the latter two are based on explicit maximization behavior. The 

exchange rate models are applied to a battery of parametric and non-parametric techniques, 

in an attempt to improve on existing linear exchange rate models by capturing a non-linear 

relationship. The respective currencies, vis-à-vis the US dollar, in addition to economic 

fundamentals for Canada, Germany, Japan and U.K. are considered in this research. 

4.1.4.2 Findings 

Two possible sources of non-linearity are considered, namely that observable data may be 

related in some non-linear fashion to an intrinsic linear but unobservable data generation 

process. Alternatively, the data generation process may be intrinsically non-linear. From their 

results, Meese and Rose concludes that they cannot find any evidence that time-deformation 

causes significant non-linearities in structural exchange rate models. Furthermore, there is 

little to no evidence that supports the idea that inappropriate functional form can explain the 

poor performance of structural exchange rate models. In conclusion, this study provides 

evidence that accounting for non-linearities in current exchange rate models does not 

improve the accuracy in predicting movements of exchange rates between major OECD 

countries. 

4.1.5 Frankel and Rose 1995 

In this subsection, we review the National Bureau of Economic Research working paper A 

Survey of Empirical Research on Nominal Exchange Rates. 
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4.1.5.1 Approach and Methodology  

The paper is intended as a critical survey and interpretation of research on exchange rate 

determination in floating exchange rate regimes, where the emphasis is on major 

industrialized country rates. The paper also examines the issue of speculative bubbles and 

discusses research focused on the micro-structures in foreign exchange markets. 

4.1.5.2 Findings 

Frankel and Rose (1995) states that after reviewing recent literature on fundamental 

exchange rate models, they find that many of the empirical regularities seem to be consistent 

with the findings of Mussa (1979); that is 1) the log of the spot rate is approximately a random 

walk; 2) changes in exchange rates are usually unexpected (without unexpected news, only 

gradual change occurs); 3) high inflation tends to depreciate a country’s currency; and 4) 

actual exchange rate movements appear to overshoot movements in smoothly adjusting 

equilibrium exchange rates.  With regards to forecasting performance, prominent papers such 

as Meese and Rogoff (1983) and Meese and Rose (1991) find little evidence to support the 

forecasting ability of models with fundamentals. However, Woo (1985), Somanath (1986), 

Finn (1986), MacDonald and Taylor (1993, 1994), and Schinasi and Swamy (1989) all found 

evidence that monetary models can indeed outpredict the driftless random walk model. 

Furthermore, Frankel and Rose (1995) points out that a number of scholars have found that 

structural models appear to dominate the random walk’s forecasting accuracy at relatively 

long time horizons. This result is consistent with the common impression of trends in 

exchange rates and fundamentals. Nevertheless, the Meese-Rogoff puzzle of the failure of 

fundamentals on short time horizons has not been convincingly overturned. Therefore, they 

find that the attitude towards exchange rate modeling within the field of international finance 

is pessimistic.  

As an alternative, there exists some literature that produces some evidence that speculative 

bubbles are important in exchange rate determination, e.g. Meese (1986), Evans (1986). 

However, the evidence is not convincing. Market microstructures are proposed as a solution 

to solving the problems with speculative bubble theory. Alas, this theory is found to be a long 

way from achieving that goal. 
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4.1.6 Rossi 2013 

In this subsection, we review the findings of the paper Exchange Rate Predictability by Barbara 

Rossi. 

4.1.6.1 Approach and Methodology  

Similarly to Frankel and Rose (1995), this paper offers a critical survey of the literature on 

exchange rate prediction. The article’s main goal is to answer the question: does anything 

forecast exchange rates, and if so, which variables? In the pursuit of answering this question, 

the article provides a critical analysis of more recent literature on the subject, relative to 

Frankel and Rose (1995). Due to substantial disagreements in the literature regarding 

whether exchange rates are forecastable, Rossi (2013) performs empirical tests using a 

selection of the most commonly used predictors and successful methods. The predictors 

considered are interest rate differentials, price differentials, money and output differentials, 

Taylor-rule fundamentals, and such variables as current account and trade balance. With 

regards to the models, linear single equation models such as PPP, UIP and the flexible price 

monetary model, in addition to Taylor-rule and portfolio balance models are considered. The 

monetary model is specified either with variables in first differences or as an error-correction 

model (ECM). In addition Bayesian model averaging (BMA), where forecasts from competing 

models are combined by applying weights estimated by posterior probabilities, and vector 

error-correction models (VECM) are considered.  

Empirical model forecast accuracy is measured in RMSE relative to the driftless random walk 

model. Rolling recursive parameter re-estimation is applied through the forecast periods. In 

order to investigate the robustness of the model forecasts, tests are performed on out-of-

sample data as well as in-sample data. Rossi (2013) asserts that out-of-sample forecasting 

tests are highlighted as important across much of the literature.    

4.1.6.2 Findings  

The analysis of the literature on exchange rate predictability leads to the following five main 

conclusions: Firstly, the literature seems to have established a consensus that Taylor-rule and 

net foreign assets fundamentals (i.e. deviation from trend of a weighted combination of gross 

assets, gross liabilities and gross trade imbalance) yields better out-of-sample forecasts than 

traditional fundamentals (i.e. inflation, money supply and interest differentials). However, 
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some papers have found that interest rates have some forecasting ability in the short run 

while money supply display some forecasting ability in the long run.  

Secondly, linear model specifications are the most successful of the specifications considered 

in the literature. The most successful model is typically the single-equation ECM, which is 

good for longer time frames. Nevertheless, there exists significant disagreement with regards 

to the robustness of these results. Usually, explanatory variable choice matters more than 

whether the modeler uses lagged, contemporaneous or realized fundamentals. Among 

multivariate models, the panel ECM is the most successful. 

Thirdly, filtering, detrending, seasonal adjustments, and other data transformations might 

markedly affect predictive ability, and thus may explain some of the variability in results 

across studies. However, data frequency or whether forecasted or realized fundamentals are 

used does not seem to impact predictive ability.  

Fourth, among benchmark models the random walk without drift is the best choice and the 

toughest for economic models to beat. It has been shown that empirical results depend upon 

sample choice, forecast horizon and choice of evaluation as explanatory variables often 

display unstable predictive ability over time.   

Fifth, several predictors fit well on in-sample data but lack in out-of-sample predictive ability 

of future exchange rates. Taylor-rules seem to work for short horizons, while fundamentals 

display predictive power for longer horizons. However, monetary (fundamental) models show 

substantial instability in forecasting performance. Not only do the predictive ability of 

fundamentals vary across countries, but it also varies over time. Although some predictors 

show predictive power, systematic evidence to convincingly overturn the Meese-Rogoff 

puzzle cannot be found. The article concludes by postulating that an answer to the puzzle may 

be resolved by researching whether instabilities can explain poor forecasting performance.     
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4.1.7 Moosa and Burns 2014 

In this subsection, we review the article the unbeatable random walk in exchange rate 

forecasting: Reality or myth? 

4.1.7.1 Approach and Methodology  

This paper revisits the random walk puzzle, as introduced in the highly sited paper by Meese 

and Rogoff (1983). It addresses whether the failure to outperform the random walk model in 

out-of-sample forecasting constitutes failure of international monetary economics and if the 

random walk truly is unbeatable in exchange rate prediction. The paper introduces dynamics 

and time varying parameters as alternatives to a basic flexible-price monetary model and 

examines the forecasting results by measuring directional accuracy and profitability, in 

addition to root mean squared errors. 

4.1.7.2 Findings 

The results show that the flexible-price monetary model is outperformed by the random walk 

model in terms of RMSE, however it is able to forecast directional movement and profitability 

with higher accuracy than the random walk model. This can explain why profit maximizing 

companies pay for professional forecasts, even though they are inferior to the random walk 

when measured by RMSE. The dynamic empirical models are also outperformed by the 

random walk in terms of RMSE, however introducing dynamic components to the static 

monetary model significantly improves the RMSE measured. These models perform worse 

than the static monetary model when measured by profitability, which, as the authors 

explain, is due to the random walk component of these models. Lagged values of the 

dependent value are considered random walk components, and so the dynamic models are 

no more than augmented random walks. Hence, a random walk beating a random walk does 

not provide any groundbreaking proof. The evidence from the time varying parameter (TVP) 

version of the monetary model is similar to that of the dynamic error correction model. Once 

more, the random walk is superior in terms of RMSE, however it is beaten when measured by 

profitability. 

In conclusion, Moosa and Burns (2014) argues that the failure of macroeconomic models in 

terms of RMSE can be explained by their inability to predict movements in exchange rates, 

e.g. movements caused by bubbles followed by crashes and volatility clustering. Furthermore, 

the paper shows how the macroeconomic models are better at predicting the direction of 
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exchange rates. As direction is more important than magnitude, with regards to profitability, 

models based on macroeconomic fundamentals can be of great value to investors. Based on 

their findings the authors argue that the Meese-Rogoff puzzle is not really a puzzle at all. They 

conclude that the superiority of the random walk model in terms of RMSE should be expected. 

Note that this opinion does not constitute the scientific consensus on the matter.  

4.2 PREVIOUS LITERATURE ON COMMODITY PRICES AS EXCHANGE RATE PREDICTORS 

In this subsection we review a selection of papers that deal with commodity prices as 

predictors of exchange rates. As in subsection 4.1 we first present the methodology before 

we move on to reviewing the papers’ findings. The subsection includes Akram (2004), Golub 

(1983), Chen, Rogoff and Rossi (2010), and Papadamou and Markopoulos (2012). 

4.2.1 Akram 2004 

In this subsection, we review the article that forms the main methodological and inspirational 

foundation for our thesis, namely; Oil Prices and Exchange Rates: Norwegian Evidence. Note 

that we return to discuss the modeling approach in further detail in subsection 7.1. 

4.2.1.1 Approach and Methodology  

This paper explores the possibility of a non-linear relationship between the Brent crude oil 

price and the Norwegian krone exchange rate. Akram (2004) states that there appears to be 

an asymmetric relationship between the oil price and the krone exchange rate dependent on 

level and trend. From a bivariate analysis, it appears that the oil price and the krone exchange 

rate are relatively strongly correlated at levels beneath what is considered to be normal oil 

prices and when the oil price exhibits a negative trend. 

In order to control for other variables that possibly influence the Norwegian krone exchange 

rate, the oil price and macroeconomic fundamental values are used to construct dynamic 

equilibrium-correction models (EqCM). These models employ fundamentals and assume 

convergence towards PPP, in accordance with the monetary approach (see subsection 

3.1.3.1). The data sample is based on quarterly observations from the second quarter of 1971 

to the fourth quarter of 2000. However, the last twelve observations are reserved for out-of-

sample forecasting. Both a model that accounts for a non-linear relationship and one that 

does not are derived for the purpose of forecasting. The aforementioned non-linear 

relationship is derived mathematically using the framework introduced by Ozkan and 
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Sutherland (1998), where the non-linear relationship between the exchange rate and demand 

shocks is expressed as: 

𝐸 = 𝐸(𝑋) − Φ𝑂𝐼𝐿𝑃 ∗ 𝐹(𝑂𝐼𝐿𝑃) (13) 

and demand shocks are assumed to be proportional to oil prices.  

4.2.1.2 Findings 

Akram’s (2004) findings implicate a strong non-linear relationship between the Norwegian 

krone and oil prices in level and trend. Furthermore, oil prices are found to have statistically 

insignificant effects on the exchange rate in the long run. The non-linear relationship is partly 

attributed to the behavior of policymakers during the examined period. As discussed in 

subsection 3.2, the sample period (1971-2000) was partly characterized by a managed float 

exchange rate regime, meaning that Norwegian monetary authorities attempted to maintain 

a stable exchange rate, e.g. by changing interest rates. In conclusion, it seems that 

policymakers act more firmly when facing appreciation pressure than when facing 

depreciation pressure. Another way to interpret the results presented in this paper, is that 

appreciation pressure arising from high and rising oil prices is weaker, relative to depreciation 

pressure caused by low and falling prices (Akram, 2004). 

4.2.2 Golub 1983 

In this subsection, we review the article Oil Prices and Exchange Rates. 

4.2.2.1  Approach and Methodology  

The paper starts by introducing a theoretical framework for analyzing the relationship 

between oil prices and exchange rates, and subsequently applies macroeconomic theory to 

explain the behavior of the foreign exchange market. The motivation for this paper is the 

ambiguous effects on the US dollar stemming from rising oil prices in the 1970s to the early 

1980s. 

The analysis is based on macroeconomic flows, i.e. incomes, current-account balances and 

savings. The idea being that a rise in oil prices may generate a current account surplus for oil 

exporting countries and a current account deficit for oil-importing countries. The resulting 

reallocation of wealth may influence exchange rates because of differential portfolio 

preferences. For instance, if the oil exporting countries’ increased demand for a certain 
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currency falls short of the reduction in demand for the same currency by the oil-importing 

countries, there will be an excess supply of that currency in the foreign exchange market, 

hence it will depreciate. 

4.2.2.2 Findings 

In conclusion, the author is able to provide an explanation for the ambiguous relationship 

between rising oil prices and exchange rates based on a model that accounts for wealth 

transfer effects associated with a rising oil price and the implications for these wealth 

transfers on portfolio equilibrium, as exchange rates adjust to clear asset markets (Golub, 

1983). The results from the empirical analysis imply that the movement in the foreign 

exchange rates in fact can be explained by macroeconomic fundamentals. 

4.2.3 Chen, Rogoff and Rossi 2010 

In this subsection, we review the paper Can Exchange Rates Forecast Commodity Prices? The 

article is relevant because it also investigates the predictive power commodities can have on 

exchange rates.  

4.2.3.1 Approach and Methodology  

The authors conduct a series of regressions and forecast tests on quarterly data for the 

Australian, Canadian, New Zealand dollars, the South African rand and the Chilean peso – all 

of which are floating currencies. Thus, price fluctuations in commodities exported by these 

countries represent exogenous shocks. To test for exchange rate determination they run 

reverse regressions, forecasts and test for Granger causality. Whether commodity prices can 

predict exchange rates follows the literature by Meese and Rogoff (1983) review above.  

4.2.3.2 Findings 

There is found robust evidence that exchange rates of commodity exporting countries can 

Granger cause and be used to predict commodity prices out-of-sample. The reverse 

relationship, on the other hand, is not so clear. The in-sample results are positive when 

allowing for structural breaks. However, in terms of out-of-sample forecasting ability, 

commodity currencies exhibit the same Meese-Rogoff puzzle as other major currencies 

studied in economic and international finance literature. 
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4.2.4 Papadamou and Markopoulos 2012 

In this subsection, we review the article The Monetary Approach to the Exchange Rate 

Determination for a "Petrocurrency": The Case of Norwegian Krone. 

4.2.4.1  Approach and Methodology 

This paper attempts to explain movements in the NOKUSD exchange rate by modeling 

popular economic fundamental value based models using a vector error correction modeling 

approach. The models considered are the flexible-price monetary model (Frenkel, 1976), the 

sticky-price model (Dornbusch, 1976) and the real differential model (Frankel J. A., 1979).  

4.2.4.2 Findings 

Their findings imply that the oil price has a significant negative effect on the short-run 

exchange rate, however this relationship is numerically and statistically weak in the long run. 

The weak long-run relationship may be attributed to effective economic policies that 

counteract the effect of high oil prices on the Norwegian economy. Specifically, the 

Norwegian sovereign wealth fund prevents a large portion of the revenues generated by the 

oil industry from entering the Norwegian economy which, in turn, would have put 

appreciation pressure on the Norwegian krone (Papadamou & Markopoulos, 2012). This 

arrangement may explain why the long-run effects of the oil price on the Norwegian krone 

are apparently non-existent. 
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5 METHODOLOGY   

In this section we present and explain the econometric theory and methodology applied in 

the analysis in section 7. This is done to provide the reader with a proper understanding of 

our research methodology, as well as to clarify the underlying econometric assumptions 

behind it. The models that were developed for our empirical analysis can generally be 

considered equilibrium-correction models, or more specifically be classified as autoregressive 

distributed lag (ADL) models that were estimated using HAC-standard errors. In subsections 

5.1-5.3 we will elaborate on the concepts of ADL and equilibrium-correction models, and HAC-

standard errors. Since our research involves investigating a non-linear relationship between 

the oil price and the EURNOK exchange rate, we have included subsection 5.4 in order to 

explain non-linear regression. 

The models that are applied in our empirical analysis are based on regressions of time series 

with multiple predictors, which were estimated using the ordinary least squares (OLS) 

method. Accordingly, subsection 5.5 is dedicated to the six underlying assumptions of OLS-

estimation with time series. We will provide a description of the assumptions before we go 

on to explain how we have made sure that the assumptions are not likely to be violated 

through econometric reasoning and testing. 

Throughout subsection 5.6 we will explain the underlying theory behind the diagnostic tests 

that we have applied to our models in addition to the descriptive statistics that were derived 

from the estimated models. 

Finally, subsection 5.7 provides the reader with an explanation of our forecasting 

methodology and how we measure the forecasting accuracy of our models. 

5.1 AUTOREGRESSIVE DISTRIBUTED LAG MODELS 

An autoregressive distributed-lag (ADL) model is a model that contains lagged values of the 

dependent variable as regressors in addition to multiple lags of additional independent 

variables. In general, an ADL model has p lags of the dependent variable Yt and qk lags of the 

other predictors Xtk (Stock & Watson, 2015). Below we display a general ADL model: 

𝑌𝑡 = 𝛽0 + 𝛽1𝑌𝑡−1 + 𝛽2𝑌𝑡−1 + ⋯ 𝛽𝑝𝑌𝑡−𝑝 + 𝛿𝑋𝑡𝑘−1 + 𝛿𝑋𝑡𝑘−2 + ⋯ 𝛿𝑋𝑡𝑘−𝑞𝑘
+ 𝑢𝑡 (14) 
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The model assumes that the conditional mean of the error term is zero for all past (lagged) 

values of 𝑌𝑡  and 𝑋𝑡𝑘 . This implies that the lag lengths of p and q are the true lag lengths, and 

thus coefficients on further lags equal zero (Stock & Watson, 2015). Hence, the residuals are 

assumed to be white noise. In the next subsection we discuss how ADLs can be defined as 

equilibrium-correction models – the model type that we are working with in this paper.  

5.2 EQUILIBRIUM-CORRECTION MODELS 

In this subsection we define equilibrium-correction models, hereafter often referred to as 

EqCMs. An equilibrium is defined as the state that occurs when there is no inherent tendency 

to change from the current state. Dealing with stochastic processes, the equilibrium is the 

expected value of the variable in a proper representation, because that is the state the 

process would revert to in the absence of additional shocks (Hendry, 2010). From this 

definition of what an equilibrium is, an EqCM can be defined as a model which has a well-

specified equilibrium and which adjustments takes place towards that equilibrium (Hendry, 

2010). In the case of the Akram-models (2004) this well-specified equilibrium is, as mentioned 

in subsection 4.2.1, purchasing power parity-equilibrium.  

A central aspect of an EqCM is that deviations from equilibrium are decreased, and ultimately 

eliminated if no further external influences impinge. Because of their definition, equilibrium-

correction models as a class comprise of a very broad selection of models. For this reason, it 

is in practice often not realized that the model being used is in fact a member of the EqCM 

class. The class comprises of all regressions, autoregressions, autoregressive-distributed lag 

models (ADL), autoregressive conditional heteroscedastic (ARCH) and generalized ARCH 

(GARCH) processes,  dynamic stochastic general equilibrium systems (DSGE), linear 

simultaneous equations, vector autoregressions (VAR), vector equilibrium-correction systems 

based on cointegration (VEqCM), to name a few (Hendry, 2010). Which equilibrium the 

models converge to (steady-state or level) is determined by their formulation.  

Below we illustrate how regressions can be classified as equilibrium-correcting: 

Consider a conditional linear equation of the form in (15) for t = 1,…, T: 

𝑦𝑡 = 𝛽0 + ∑ 𝛽𝑖𝑧𝑖,𝑡 + εt = 𝛽0 + 𝛽′𝒛𝒕 + 휀𝑡  

𝑘

𝑖=1

(15) 
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With 휀𝑡  ~ 𝐼𝑁[0, 𝜎𝜀
2] , i.e. independently and normally distributed, with mean zero and 

variance 𝜎𝜀
2. Therefore: 

𝐸[(𝑦𝑡 − 𝛽0 − 𝛽′𝒛𝒕)|𝒛𝒕] = 0 (16) 

is the definition of the conditional equilibrium, where convergence to that equilibrium is 

instantaneous as entailed by equation (15). By re-formulating (15) in differences (Δ𝑥𝑡 = 𝑥𝑡 −

𝑥𝑡−1  for any 𝑥 ) and lagged deviations from (16) we obtain the (isomorphic) EqCM 

formulation: 

Δ𝑦𝑡 = 𝛽′Δ𝒛𝒕 − (𝑦𝑡−1 − 𝛽0 − 𝛽′𝒛𝒕−𝟏) + 휀𝑡 (17) 

Where the feedback coefficient is -1. Then the equilibrium-correction term in the EqCM (17) 

is (𝑦𝑡−1 − 𝛽0 − 𝛽′𝒛𝒕−𝟏) (Hendry, 2010).  

Regarding equation (16), its existence does not require that 𝑦𝑡  and 𝒛𝒕 are stationary, given 

that the linear combination is; and could hold, e.g. for growth rates rather than for the original 

levels if the variables were differences of the originals (Hendry, 2010).      

Extending the above definitions, we show how EqCMs apply to autoregressive distributed-lag 

models. As described above we have that a first order ADL model is: 

𝑦𝑡 = 𝛽0 + 𝛽1
′𝒛𝒕 + 𝛽2𝑦𝑡−1 + 𝛽3𝒛𝒕−𝟏 + 휀𝑡 (18) 

where 휀𝑡~𝐼𝑁[0, 𝜎𝜀
2].  

Here, the error term {휀𝑡} is an innovation against the available information, and its serial 

definition is part of the model definition, whereas homoskedasticity and normality are just 

for convenience. To ensure levels’ equilibrium, the condition |𝛽2| < 1 must hold. Equation 

(18) is considered for both stationarity and integrated {𝒛𝒕}, the latter denoting that some of 

the regressors {𝒛𝒕}  have unit roots in their level representations, but are stationary in 

differences (Hendry, 2010). 

First, under stationarity, taking expectations in equation (18) where 𝐸[𝑦𝑡] = 𝑦∗ and 𝐸[𝒛𝒕] =

𝒛∗ ∀𝑡: 

𝐸[(1 − 𝛽2)𝑦𝑡 − 𝛽0 − (𝛽1 + 𝛽3)′𝒛𝒕] = 0 (19) 

Thus, equilibrium is given by:       
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𝑦∗ =
𝛽0

1 − 𝛽2
+

1

1 − 𝛽2

(𝛽1 + 𝛽3)′𝒛∗ = 𝜅0 + 𝜅1
′ 𝒛∗ (20) 

Since partial long-run equilibria like the one in (20) are quite common in economic theory, 

they can be modeled by class (Hendry, 2010). By combining the equilibrium-correction term 

(𝑦 − 𝜅0 − 𝜅1
′ 𝒛)𝑡−1 and transformation of (18) to differences we get: 

Δ𝑦𝑡 = 𝛽1
′Δ𝒛𝒕 + (𝛽2 − 1)(𝑦𝑡−1 − 𝜅0 − 𝜅1

′ 𝒛𝒕−𝟏) + 휀𝑡 (21) 

The immediate impact of a change in 𝒛𝒕 on 𝑦𝑡  is 𝛽1, and the speed at which Δ𝑦𝑡  converges to 

equilibrium under stationarity, i.e. zero, depends on the magnitude of (𝛽2 − 1) < 0 (Hendry, 

2010). When the changes and the error term are equal to their expectations, zero, the result 

is (19).    

If 𝑦𝑡  and 𝒛𝒕  are integrated of the first order, i.e. they are stationary in differences, the 

reformulation in (21) remains valid so long as |𝛽2| < 1 in which case the term (𝑦 − 𝜅0 −

𝜅1
′ 𝒛𝒕) is a cointegrated relation (Hendry, 2010). Now let 𝐸[Δ𝒛𝒕] = 𝛿 so that 𝐸[Δ𝑦𝑡] = 𝜅1

′ 𝛿 =

𝑔𝑦 where 𝐸[𝑦𝑡 − 𝜅1
′ 𝒛𝒕] = 𝜇, then taking the expectations in (21) applying (19):      

𝑔𝑦 = 𝛽′
1

𝛿 + (𝛽2 − 1)(𝜇 − 𝜅0) (22) 

Subtracting (22) from (21) yields: 

Δ𝑦𝑡 = 𝑔𝑦 + 𝛽1
′(Δ𝒛𝒕 − 𝛿) + (𝛽2 − 1)(𝑦𝑡−1 − 𝜅1

′ 𝒛𝒕−𝟏 − 𝜇) + 휀𝑡 (23) 

Re-specification of deterministic terms, as we have done in (23) is central to equilibrium-

correction models, since it helps to orthogonalize the regressors and because of pernicious 

effects of shifts in mean (µ), see Hendry (2010). Lastly, if 𝛽2 = 1 in (21) then equilibrium 

corrects in differences. The special case where 𝛽1 = 𝛽3 = 0 is an autoregression, and so is 

also an equilibrium-correction model; and another special case is partial adjustment where 

𝛽3 = 0 (Hendry, 2010).    

5.3 HAC-STANDARD ERRORS 

If a model suffers from heteroskedasticity and/or autocorrelation, there are methods that can 

be used to correct the standard errors. In this paper we have used heteroskedastic and 

autocorrelation consistent standard errors (HAC-standard errors) to compute the standard 

errors of our models. HAC-standard errors, based on the framework presented by Newey and 
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West (1987) are available in most economic time series modeling software. The HAC-standard 

errors can be expressed mathematically as: 

𝑠𝑒(�̂�1) = [
"se(�̂�1)"

�̂�
]

2

√𝑣  (24) 

Where “𝑠𝑒(�̂�1)” is the non-corrected OLS estimated standard error of 𝛽1and 𝑣 is: 

𝑣 = ∑ �̂�𝑡
2

𝑛

𝑡=1

+ 2 ∑ [1 −
ℎ

𝑔 + 1
] ( ∑ �̂�𝑡�̂�𝑡−ℎ

𝑛

𝑡=ℎ+1

)

𝑔

ℎ=1

(25) 

The estimated parameter, �̂�𝑡, is a function of the error term of the original regression and the 

error term of the auxiliary regression of the independent regressor 𝑥𝑡1  on 𝑥𝑡2, 𝑥𝑡3, … , 𝑥𝑡𝑘 , 

expressed as �̂�𝑡 = �̂�𝑡�̂�𝑡 , 𝑡 = 1, 2, … , 𝑛 . The purpose of the term [1 −
ℎ

𝑔+1
] is to ensure that 𝑣 

is non-negative (Wooldridge, 2018). 𝑔 is referred to as the truncation lag and determines how 

much autocorrelation we are allowing for in the standard errors and the larger 𝑔 is, the more 

terms are included to correct for autocorrelation (Wooldridge, 2018). How to choose the level 

of the truncation lag 𝑔  based on the type and number of periods has been researched 

thoroughly, see e.g. Newey and West (1994), Andrews (1991). For our econometric analysis, 

we are using a package in R called Sandwich which provides a function called VcovHAC that 

can be used to estimate HAC-standard errors. This package estimates the truncation lag using 

a variant of the method derived by Andrews (1991). 

5.4 NON-LINEAR REGRESSION 

Since some of the models in this paper are non-linear regressions we find it necessary to 

explain how non-linear regressions are different from linear regressions. This is done in order 

for the reader to have a firm grasp of the mechanics behind the reasoning for applying non-

linear models as presented in section 7. 

In linear regression a change in any of the regressors 𝑥𝑡, … , 𝑥𝑘 is expected to have the same 

effect on the dependent variable 𝑦𝑡  over the entire distribution. In other words, the effect is 

symmetric. However, in some cases, exogenous variables display asymmetric effects 

depending on their position in the distribution (Stock & Watson, 2015). As an example we can 

use the models presented later in this paper. As we will see in the bivariate analysis (adapted 
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from Akram (2004)) one may argue that the effect of oil prices on the EURNOK exchange rate 

is dependent on price intervals and the directional movement of the price. There exists 

several models for analyzing non-linear relationships. Nevertheless, “the single most 

important step in specifying non-linear regression functions is to ‘use your head.’ Before you 

look at the data, can you think of a reason, based on economic theory or expert judgement, 

why the slope of the population regression function might depend on the value of that, or 

another, independent variable? If so, what dependence might you expect? And which 

nonlinearities could have major implications for the substantive issues addressed by your 

study?” (Stock & Watson, 2015, pp. 344-345).         

5.5 TIME SERIES REGRESSION ASSUMPTIONS 

The models we have derived in section 7 are based on OLS-estimates. The Ordinary least-

squares (OLS) regression is one of the most widespread statistical techniques used in 

economic research (Stock & Watson, 2015). The method is used to explain values of a variable 

by using one or more explanatory variables and to identify the strength of the relationships 

amongst these variables. In practice, the OLS method has become a common language for 

econometricians and financial analysts. Hence, presenting results using the OLS is 

advantageous as other practitioners understand the “language” of OLS. 

In this subsection we will explain the underlying assumptions of the OLS estimate of time 

series as presented in Wooldrigde (2018) and how we have tested that the assumptions hold 

in our model estimates. 

5.5.1 Assumption 1 – Linearity, Weak Dependence and Stationarity 

“The stochastic process {(𝑥𝑡1, 𝑥𝑡2, … , 𝑥𝑡𝑘, 𝑦𝑡): 𝑡 = 1,2, … , 𝑛} follows the linear model 

𝑦𝑡 = 𝛽0 + 𝛽1𝑥𝑡1 + ⋯ +  𝛽𝑘𝑥𝑡𝑘 + 𝑢𝑡 (26) 

where {𝑢𝑡: 𝑡 = 1,2, … , 𝑛} is the sequence of errors or disturbances. Here, 𝑛 is the number of 

observations (time periods)” (Wooldridge, 2018, p. 339). In addition, “we assume that 

{(𝑥𝑡1, 𝑥𝑡2, … , 𝑥𝑡𝑘 , 𝑦𝑡): 𝑡 = 1,2, … , 𝑛} is stationary and weakly dependent. This ensures that 

the law of large numbers and central limit theorem holds for time series, i.e. the time series 

are normally distributed when they are weakly dependent and stationary” (Wooldridge, 2018, 

p. 370).  
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A time series process is said to be weakly dependent if the observations become 

independently distributed when the amount of time separating them becomes large (Stock & 

Watson, 2015).  

In mathematical terms, a time series is said to be stationary if the joint distribution of 

(𝑌𝑠+1, 𝑌𝑠+2, … , 𝑌𝑠+𝑇) does not depend on 𝑠 for all values of 𝑇 (Stock & Watson, 2015). The 

purpose of time series regression is to investigate whether observations from previous 

periods can be used to quantify historical relationships. This relationship can then be used to 

forecast future values, given that the values exhibit constant probability distribution over 

time. In other words, if future data differs fundamentally from past values, then the historical 

relationship is not a good indicator of the future and the data is non-stationary (Stock & 

Watson, 2015). 

Most economic time series are non-stationary, i.e. they exhibit exponential growth and a 

variance that changes over time. That is why this assumption often fails to hold in applications 

(Stock & Watson, 2015). Non-stationarity of data poses a challenge to time series regressions 

in the sense that the forecasts can be biased or insufficient, that is, there exists an alternative 

forecast based on the same data that has a lower root mean square error. Furthermore, 

conventional OLS-based statistical inferences can be misleading (Stock & Watson, 2015).  

In this paper we require that the variables are covariance stationary and not strictly 

stationary, consequently, when we state that a time series process is stationary we are 

referring the covariance stationarity. Covariance stationarity implies that a time series 

process has constant mean and variance over time, and that the correlation between 𝑥𝑡 and 

𝑥𝑡+𝑇  depends solely on the distance between the terms, 𝑇, and not on the location of the 

initial time period, 𝑡 (Wooldridge, 2018). 

To investigate whether the variables that are included in the empirical analysis of section 7 

are stationary or not, we have employed the Augmented Dickey-Fuller test (ADF-test). The 

variables that were found likely to be non-stationary were applied the appropriate technique 

in order to make them weakly dependent and covariance stationary. That is, the first 

difference of the non-stationary variables was taken with respect to time. The ADF test will 

be explained in greater detail in subsection 5.6.4, and ADF test results for explanatory 

variables are presented in subsection 6.4. 
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5.5.2 Assumption 2 – No Perfect Collinearity 

“In the sample, and therefore in the underlying time series process, no independent variable 

is constant and neither a perfect linear combination of the others” (Wooldridge, 2018, p. 340).  

Consider a model where the EURNOK exchange rate is the dependent variable. If regressors 

representing both positive and negative trend in the oil price with the variable specified at 

the same time 𝑡 were included as predictors, perfect collinearity would arise. These variables 

are perfectly correlated and are exact linear functions of each other. A more common source 

of perfect collinearity is of the typographical kind (Stock & Watson, 2015). Suppose you 

wanted to regress the spot EURNOK exchange rate on the spot Brent crude oil price and the 

3-month interbank interest rate, except that instead of including the 3-month interbank 

interest rate of Norway as the second regressor, you include the spot Brent crude oil price 

twice. This is an illogical mathematical function as the two are perfect linear functions of each 

other and, depending on what software you are using, it will exclude either one of the two 

occurrences of the spot Brent crude oil price, or it will simply refuse to calculate the 

coefficients and an error message will be displayed (Stock & Watson, 2015). 

5.5.3 Assumption 3 – Zero Conditional Mean 

“For each 𝑡, the expected value of the error 𝑢𝑡, given the explanatory variables for all time 

periods, is zero. This can be expressed mathematically as: 

𝐸(𝑢𝑡|𝑥1𝑡, … , 𝑥𝑘𝑡) = 0, 𝑡 = 1, 2, … , 𝑛" (27) 

(Wooldridge, 2018, p. 340). 

𝑢𝑡, has a conditional mean equal to zero, given all the regressors and the additional lags of 

the regressors beyond those included in the regression (Stock & Watson, 2015). In other 

words, in the event that some unexplained factor causes the explanatory variables to be 

correlated with the unobservables, this assumption is violated. The most common sources 

that cause violations of zero conditional mean is omitted variables or measurement errors in 

some of the regressors, however, violation may be caused by less obvious sources 

(Wooldridge, 2018).  

In the empirical analysis of section 7, we considered other variables than those included in 

the final model (see subsections 7.7.1.2 and 7.7.1.3). However, as we will see none of which 

proved to be statistically and numerically significant. Furthermore, the data used in this paper 



Oil Money: Short-term exchange rate prediction of the Norwegian krone 

Page 45 of 138 
 

was collected from what we consider to be reliable sources (see section 6). In order to assure 

that this assumption holds, we control for white noise in the residuals by employing ACF plots 

in R. 

5.5.4 Assumption 4 – Homoskedasticity 

“Conditional on 𝑥𝑡, the variance of 𝑢𝑡 is the same for all 𝑡: 

𝑉𝑎𝑟(𝑢𝑡|𝑥1𝑡, … , 𝑥𝑘𝑡) = 𝑉𝑎𝑟(𝑢𝑡) = 𝜎2, 𝑡 = 1,2, … , 𝑛" (28) 

(Wooldridge, 2018, p. 342). 

When this is not true, the errors are said to be heteroskedastic, i.e. the variance of the 

conditional distribution of 𝑢𝑖  given 𝑋𝑖  differs across observations (Stock & Watson, 2015). 

Heteroskedasticity does not affect the OLS-estimated coefficients, however it causes bias in 

the variance of the OLS-estimators. Hence, descriptive statistics, such as the t-statistic and F-

statistic, are not reliable (Wooldridge, 2018). 

To identify whether the standard errors of our regressions can be characterized as 

homoskedastic, we have applied the Breusch-Pagan (BP) test for heteroskedasticity. We have 

provided a detailed explanation of the BP-test in subsection 5.6.5. The test statistic is included 

in the regression diagnostics for each model in section 7.  

5.5.5 Assumption 5 – No Serial Correlation 

“Conditional on (𝑥1𝑡, … , 𝑥𝑘𝑡) , the errors in two different time periods are uncorrelated: 

𝐶𝑜𝑟𝑟(𝑢𝑡 , 𝑢𝑠|𝑥1𝑡, … , 𝑥𝑘𝑡) = 0, (29) 

for all 𝑡 ≠ 𝑠” (Wooldridge, 2018, p. 343). 

By serial correlation, we are referring to the serial correlation in the error term 𝑢𝑖 with lagged 

variables. Under serial correlation the OLS-estimates are consistent, however in general, the 

standard errors are not. Just as with heteroskedasticity, the t-test and thereby confidence 

intervals and hypothesis tests will have misleading results (Stock & Watson, 2015). 

In modern day econometrics, it is common to check the residuals of a model in order to 

determine whether they appear to exhibit a white noise process. “The residuals, or the error 

term, is said to be a white-noise process if each value in the sequence has a mean equal to 

zero, has constant variance and is uncorrelated with all other realizations” (Enders, 2014, p. 
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49). To check for white noise in the residuals of a function, one can plot the autocorrelation 

function (ACF) of the residuals (see appendix B.4). In short, the ACF is a tool used for 

investigating if there is any correlation between values separated by time. If the values 

expressed by the ACF plot appears to be randomly assigned and close to zero, it is likely that 

the residuals are white noise.  

A more quantitative approach to determining whether serial correlation is present in the 

standard errors, is to conduct a Box-Ljung Q-test. We have given a description of the 

underlying mathematics of this test in subsection 5.6.6, and the test results are included in 

the regression diagnostics for each model in section 7.  

5.5.6 Assumption 6 – Normality 

“The errors 𝑢𝑡 are independent of 𝑥1𝑡, … , 𝑥𝑘𝑡 and are independently, identically and normally 

distributed (0, 𝜎2).“ (Wooldridge, 2018, p. 344). 

If this assumption is violated, then the standard errors of the OLS estimator will be biased, 

resulting in inefficient descriptive statistics. From the central limit theorem and the law of 

large numbers, see Wooldridge (2018, pp. 721-724), we know that the errors will be normally 

distributed for a sufficiently large sample size. 

The regression analysis in section 7 is based on a sample of 64 quarterly observations. This 

sample size is not large enough for us to confidently conclude that the errors are likely to be 

normally distributed, and so we have run a robust Jarque-Bera test for normality on the 

residuals of the estimated models. A detailed explanation of the Jarque-Bera test can be 

found in subsection 5.6.7, and the test results are included in the regression diagnostics for 

each model in section 7. 

5.6 REGRESSION DIAGNOSTICS AND DESCRIPTIVE STATISTICS 

This subsection is dedicated to explaining the regression diagnostics that we have applied in 

the process of deriving and testing our final models. In addition to the different diagnostic 

tests already mentioned in subsection 5.5, we have applied Ramsey’s RESET to test for correct 

functional form specification. Other descriptive statistics that are considered are the adjusted 

R-squared, information criteria score and the F-statistic.  
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5.6.1 Adjusted R-Squared 

The R-squared is a measure of how well the regression line fits the observed values, expressed 

as a number between zero and one. A high R-squared implies that the regression line fits the 

observations well. The R-squared is mathematically expressed as a fraction of the explained 

sum of squares (ESS) and the total sum of squares (TSS), that is, the sum of squared deviations 

of the predicted values from the mean value divided by the sum of squared deviations of the 

actual observed values from the mean value (Stock & Watson, 2015). 

𝐸𝑆𝑆 = ∑(�̂�𝑖 − �̅�)
2

𝑛

𝑖=1

(30) 

𝑇𝑆𝑆 = ∑(𝑌𝑖 − �̅�)2

𝑛

𝑖=1

(31) 

𝑅2 =
𝐸𝑆𝑆

𝑇𝑆𝑆
(32) 

Alternatively, the R-squared can be expressed as one minus the sum of squared residuals 

(SSR) divided by the total sum of squares. 

𝑆𝑆𝑅 = ∑(𝑌𝑖 − �̂�𝑖)
2

𝑛

𝑖=1

(33) 

𝑅2 = 1 −
𝑆𝑆𝑅

𝑇𝑆𝑆
(34) 

When adding an additional regressor to a regression, the R-squared will strictly increase 

unless the estimated coefficient of the added variable is exactly zero, giving an inflated 

estimate of the goodness of fit (Stock & Watson, 2015). As the R-squared does not penalize 

the complexity of a model, an alternative measure for the goodness of fit is recommended. 

The “adjusted 𝑅2”, or “�̅�2”, accounts for the complexity of a model by penalizing the model 

for its number of included regressors. 

�̅�2 = 1 −
𝑛 − 1

𝑛 − 𝑘 − 1

𝑆𝑆𝑅

𝑇𝑆𝑆
(35) 

In our analyses of the regression output in section 7, adjusted R-squared is applied rather 

than the unadjusted R-squared. This is because we want to generate a model that is as 
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parsimonious as the congruence with data allows, i.e. the model has the highest degree of 

explanatory power with as few predictors as possible.  

5.6.2 Information Criteria 

Information criteria are often used to model time series and is a method for deciding the 

optimal number of lags included in a model. It is also a measure used to calculate the loss of 

information, and by minimizing the information criterion score, we get the optimal lag length 

of a model. Using information criteria to determine the lag length of ADL models can be 

computationally demanding as one has to estimate the number of lagged variables on 

multiple variables simultaneously (Stock & Watson, 2015). Nevertheless, the Bayes 

information criterion (BIC) and the Akaike information criterion (AIC) can be great tools when 

selecting the optimal lag length of an ADL model.  

The BIC can be explained as:  

𝐵𝐼𝐶(𝐾) = 𝐿𝑁 [
𝑆𝑆𝑅(𝐾)

𝑇
] + 𝐾

ln(𝑇)

𝑇
(36) 

In subsection 5.6.1 we explained how the adjusted R-Squared penalizes a model for additional 

regressors. This is also true for the information criteria. As more lags are added to a model, 

the SSR(K) decreases, unless their coefficients are estimated to zero. This implies that the first 

part in equation (36) decreases when additional lags are added to the model. The second part 

of the equation penalizes additional lags and increases the BIC score. Because of this trade-

off, we get a BIC score that is a consistent estimator of the true lag length of a given model. 

In other words, we get a model that has a good fit as well as a minimum number of lags, thus 

yielding a parsimonious model. The AIC is similar to the BIC, except that it differs from the BIC 

in the second part of the equation in the sense that it has less power than that of the BIC. 

𝐴𝐼𝐶(𝐾) = 𝐿𝑁 [
𝑆𝑆𝑅(𝐾)

𝑇
] + 𝐾

2

𝑇
(37) 

Take for instance a sample of 64 observations, as is the number of observations in our sample. 

The numerator in the second part of the AIC equation is equal to 𝐾 ∗ 2 , whereas the 

numerator of the second part of the BIC equation will be equal to 𝐾 ∗ 4.159. Because of this, 

the BIC tends to select an optimal model with fewer lags than the AIC. Since AIC and BIC are 



Oil Money: Short-term exchange rate prediction of the Norwegian krone 

Page 49 of 138 
 

used for model comparison, we discuss the calculated scores for each model relative to each 

other in the summary of the model specification and analysis – subsection 7.8.   

5.6.3 Granger Causality 

Granger causality is a popular method for causality analysis when working with economic and 

financial time series data. It is based on the axiom that the past and the present cause the 

future, but the future cannot cause the past (Kuersteiner, 2010). In this subsection we outline 

what Granger causality is and how it should be interpreted. 

Mathematically Granger causality can be defined as follows; assume that you have a vector 

𝜒𝑡 = (𝑦𝑡 , 𝑥𝑡, 𝑧𝑡) , which contains all relevant information and its values are observed at 

equally spaced intervals in discrete time t. The discrete time assumption can be relaxed, but 

we maintain it here for the sake of convenience. Furthermore, when working empirically with 

times series data, one is usually working within a discrete time frame. Now, the variable 𝑥𝑡 is 

said to not Granger cause 𝑦𝑡+1 if: 

𝑃(𝑦𝑡+1 ∈ 𝐴|𝑌−∞
𝑡 , 𝑋−∞

𝑡 , 𝑍−∞
𝑡 ) = 𝑃(𝑦𝑡+1 ∈ 𝐴|𝑌−∞

𝑡 , 𝑍−∞
𝑡 ) (38) 

for all values of 𝑡 and any set of 𝐴 for which conditional probabilities are well defined. It is 

worth mentioning that under this definition there is no need to assume stationarity 

(Kuersteiner, 2010). The definition is appealing because it is directly testable on a sample of 

observed data. The simplicity of the approach has made it popular, especially because it can 

be applied to settings where real world experiments are not feasible, such as the effects of 

monetary policy on exchange rates. That being said, Granger causality is a purely statistical 

means of measuring causality, and therefore we need additional assumptions regarding the 

exogeneity of the regressors to link statistical causality with real cause and effect 

(Kuersteiner, 2010). 

In the OLS regression output, the F-statistic is the statistic which is testing for Granger 

causality. Note that Granger causality should only be inferred from the OLS estimated F-

statistic when working with times series data (Stock & Watson, 2015). In practice, our 

software (R) tests the null hypothesis that the coefficients on our regressors and their lagged 

values are zero. When assessing the OLS results we would like a high F-statistic in combination 

with low a p-value in order to infer Granger causality (Stock & Watson, 2015). 
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5.6.4 Augmented Dickey-Fuller Unit Root Test 

A time series that contains a unit root is said to be non-stationary. The concept of unit roots 

in an AR(p) model can be explained mathematically as: 

𝑌𝑡 = 𝛽0 + 𝛽1𝑌𝑡−1 + ⋯ + 𝛽𝑝𝑌𝑡−𝑝 + 𝑢𝑡 (39) 

(1 − 𝛽1𝐿 − ⋯ − 𝛽𝑝𝐿𝑝)𝑌𝑡 = 𝛽0 + 𝑢𝑡 (40) 

where 𝐿 represents the lag operator of 𝑌. The AR(p) model is stationary if the roots of the 

polynomial (1 − 𝛽1𝐿 − ⋯ − 𝛽𝑝𝐿𝑝) = 0 lies outside of the unit circle, that is, the solution to 

the polynomial is 𝐿 > 1 (Stock & Watson, 2015). 

There are different ways to test for unit roots in time series. The most common of these tests 

is the Dickey-Fuller unit root test. In this paper, we will be using the Augmented Dickey-Fuller 

(ADF) test, which is a version of the Dickey-Fuller test that captures the higher order 

autocorrelations of a time series. The Augmented Dickey-Fuller test is based on a null 

hypothesis that 𝐻0: 𝛿 = 0 against the one-sided alternative 𝐻1: 𝛿 < 1 in the regression, 

∆𝑌𝑡 = 𝛽0 + 𝛿𝑌𝑡−1 + 𝛾1∆𝑌(𝑡−1) +  𝛾2∆𝑌𝑡−2 + ⋯ + 𝛾𝑝∆𝑌𝑡−𝑝 + 𝑢𝑝 (41) 

where 𝛿 = 1 − 𝛽1 (Stock & Watson, 2015). 

The null hypothesis states that 𝑌 has a unit root and thus is non-stationary, whereas the 

alternative hypothesis states that 𝑌 does not have a unit root and is stationary. The ADF test 

statistic is derived from the OLS t-statistic, however the ADF test statistic does not have a 

normal distribution. That is why we must use the ADF specific critical values for 1%, 5% and 

10% confidence interval, respectively; -4.040, -3.450 and -3.150. When testing for the 

deterministic time trend 𝛼𝑡, the critical values are; -3.96, -3.41 and -3.12 (Stock & Watson, 

2015). 

The reason why unit root processes are undesirable is that they violate assumption 1 

(subsection 5.5.1) of OLS-estimation and can cause spurious regressions. A unit root process 

is said to be integrated of order one, however it can be made weakly dependent by taking the 

first difference of the series. A time series that is integrated by first order is often referred to 

as a difference-stationary process, which is somewhat misleading as the first difference of a 

unit root process is not necessarily strictly stationary, but weakly dependent.  
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5.6.5 Breusch-Pagan Test for Heteroskedasticity 

The BP-test is designed to detect the presence of heteroskedasticity, hence it relates to time 

series assumption 4 (subsection 5.5.4). Before conducting the test, one should make sure that 

the error terms are not serially correlated, as this will generally invalidate the BP-test. Hence, 

it is recommended to test for autocorrelation using heteroskedastic robust standard errors 

previous to running this test (Wooldridge, 2018).  

Consider equation (42), where the squared error term is expressed as: 

𝑢𝑖
2 = 𝛿0 + 𝛿1𝑥𝑡1 + ⋯ + 𝛿𝑘𝑥𝑡𝑘 + 𝑣𝑡 (42) 

The BP-test is a two-sided hypothesis test that tests the null hypothesis that  

𝐻0: 𝛿1 = 𝛿2 = ⋯ = 𝛿𝑘 = 0. 

We assume that the error terms 𝑣𝑡 are homoskedastic and serially uncorrelated, in order to 

compute an F-statistic that is consistent (Wooldridge, 2018). If the calculated F-statistic is 

higher than the critical value, we reject the null hypothesis of homoskedastic standard errors. 

5.6.6 Box-Ljung Test for Serial Correlation 

A quantitative approach to determining whether the residuals of a model exhibits white noise, 

i.e. assumption 5 (subsection 5.5.5) is the Box-Ljung Q-test. The Q-statistic can be used to 

examine if a set of autocorrelations is significantly different from zero. Box and Ljung (1978) 

proposed the following method for calculating the Q-statistic (Enders, 2014): 

𝑄 = 𝑇(𝑇 + 2) ∑
𝑟𝑘

2

𝑇 − 𝑘

𝑠

𝑘=1

(43) 

Under the null hypothesis that: 

𝐻0: 𝑟1 = 𝑟2 = ⋯ = 𝑟𝑘 = 0 

The Q-statistic is asymptotically 𝜒2 distributed with s degrees of freedom. The idea behind 

the Q-statistic is that in the presence of high autocorrelation, the computed Q-statistic grows 

large. In a true white-noise process, the Q-statistic should be equal to zero (Enders, 2014). 

However, for econometric modeling purposes, we are interested in whether the calculated 

Q-statistic is higher than the corresponding critical value derived from the 𝜒2 table. If this is 
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the case, then we have enough evidence to reject the null hypothesis of no significant serial 

correlations (Enders, 2014).  

5.6.7 Robust Jarque-Bera Test for Normailty 

The Jarque-Bera (JB) test for normality is a goodness-of-fit test popularly applied in 

economics, and is therefore related to assumption 6 (subsection 5.5.6). In this paper, we have 

used a robust version of the test as derived in the paper by Gel and Gastwirth (2008). The JB 

test is known to be sensitive to large outliers (Gel & Gastwirth, 2008). Therefore, even though 

we cannot observe any large outliers in the residuals of any of the EqCMs (see appendix B.1), 

we have chosen to use the robust Jarque-Bera (RJB) version of the test for good measure. The 

RBJ statistic can be expressed mathematically as: 

𝑅𝐵𝐽 =
𝑛

𝐶1

(�̂�1)2 +
𝑛

𝐶2

(�̂�2 − 3)2 (44) 

where the robust sample estimates of skewness and kurtosis are  �̂�1 and �̂�2, respectively. 𝐶1 

and 𝐶2 are positive constants which are obtained through Monte Carlo simulations (Gel & 

Gastwirth, 2008). The RBJ test statistic follows the asymptotically distributed 𝜒2-distribution 

with two degrees of freedom. This test regards the null hypothesis of normality versus the 

one-sided alternative that it is not. In other words, 

𝐻0: normality if 𝑅𝐵𝐽 < 𝜒1−𝛼,2
2  vs 𝐻1: reject normality if 𝑅𝐵𝐽 ≥ 𝜒1−𝛼,2

2  

If the calculated RBJ test statistic is higher than the critical 𝜒2-value, then we reject the null 

hypothesis of normality. 

5.6.8 Ramsey’s RESET  

A multiple regression model is said to have functional form misspecification when it is unable 

to sufficiently account for the relationship between the dependent and observed explanatory 

variables (Wooldridge, 2018). For instance, if there exists a non-linear relationship between 

the dependent and the explanatory variable(s) and this relationship is not correctly specified 

in the regression, then there exists a model with different specifications that can explain the 

relationship more accurately. 
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Ramsey’s RESET is a test that can be used to detect general functional form misspecification. 

In order to explain this test conceptually, we first regard a linear regression with 𝐾 

explanatory variables: 

𝑦 = 𝛽0 + 𝛽1𝑋1 + ⋯ + 𝛽𝐾𝑋𝐾 + 𝑢 (45) 

The RESET adds polynomials in the OLS fitted values to equation (45), in order to uncover any 

types of functional form misspecification (Wooldridge, 2018). To apply the RESET, we must 

decide on the number of functions of the fitted values that are to be included in the expanded 

regression. There is no definitive answer to how many functions of the fitted values to include 

in the test. For the RESETs we have conducted as part of the model diagnostics in section 7, 

we have decided to include the squared and cubic terms of the fitted values. In the following 

equation, �̂� is the OLS fitted values derived from equation (45): 

𝑦 = 𝛽0 + 𝛽1𝑋1 + ⋯ + 𝛽𝐾𝑋𝐾 + 𝛿1�̂�2 + 𝛿2�̂�3 + 𝑣 (46) 

We are not interested in the estimated coefficients of equation (46) and we will only use this 

regression to decide whether equation (45) is correctly specified or not (Wooldridge, 2018). 

One thing to keep in mind is that �̂�2  and �̂�3  are non-linear functions of the explanatory 

variables. Now, the next step is to test the null hypothesis that equation (45) is correctly 

specified against the alternative hypothesis that it is not correctly specified. Hence, RESET is 

the standard F-statistic derived from testing: 

𝐻0: 𝛿1 = 0, 𝛿2 = 0 

If the computed F-statistic is significant, then equation (44) suffers from functional form 

misspecification (Wooldridge, 2018). 

Researchers have advocated the idea that the RESET can be implemented to uncover general 

model misspecification. For example, Thursby (1979) showed in a comparative study of 

alternative specification error tests that the RESET is an effective tool for detecting omitted 

variable bias, yielding superior results when compared to other specification error tests.  

Although some research indicate that the RESET can be used to identify general model 

misspecification, other research, e.g. (Wooldridge, 2001), argues that this is not the case and 

that the RESET should only be used as a functional form test. Because of the contradictory 
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findings of research on the applicability of RESET, we will only regard the test as a functional 

form misspecification test in this paper. 

5.7 FORECASTING METHODOLOGY 

In this subsection we present the forecasting methodology applied in the paper. The ultimate 

test of the EqCMs is whether they can effectively be applied in forecasting of the exchange 

rates. This subsection contains methodology while section 9 contains our forecasting output.  

5.7.1 Pseudo Out-of-Sample Forecast 

There are different ways of testing the validity of an econometric forecasting model, however, 

the ultimate test is its out-of-sample performance. In this paper, we have tested the 

forecasting precision of our model by what is referred to as pseudo out-of-sample forecasting. 

This method allows us to simulate the real-time performance of the model and to measure 

the pseudo forecast errors. “The reason why it is called “pseudo” out-of-sample forecasting 

is that it is not true out-of-sample forecasting. True out-of-sample forecasting is done in real-

time, without the benefit of knowing the future values of the series” (Stock & Watson, 2015, 

p. 614).  

The methodology of pseudo out-of-sample forecasting presented in Stock and Watson (2015, 

p. 614) is as follows: 

1. Choose a number of observations, 𝑝 , for which you will generate pseudo out-of-

sample forecasts. In this paper we have chosen a period of 𝑝 =  8 as our out-of-

sample forecasts. 

2. Estimate the forecast using the reduced number of observations for 𝑡 = 1, … , 𝑠. We 

are using the period from the second quarter of 2017 to the first quarter of 2019. 

3. Compute the forecast for the period beyond the reduced sample, 𝑠 + 1 ; the 

observation is denoted �̂�𝑠+1|𝑠. 

4. Compute the pseudo forecast error, �̂�𝑠+1 = 𝑌𝑠+1 − �̂�𝑠+1|𝑠 . 

5. Repeat the steps 2 through 4 for the remaining periods, 𝑠 = 𝑇 − 𝑃 + 1 to 𝑇 − 1. Re-

estimate the model at each date. 
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5.7.2 Random Walk Forecast 

Many economic time series exhibit what resembles a random walk process. As already stated, 

the driftless random walk model is often considered a superior predictor of exchange rates, 

when compared to empirical models. Since this paper compares the performance of our 

estimated EqCM models with that of a driftless random walk. It is deemed appropriate to also 

give a brief description of the underlying theory of a random walk forecasting. 

A random walk is a time series process where the expected value of the determinant at time 

𝑡 is the sum of its initial value and accumulated error terms. 

𝑦𝑡 = 𝑦0 + 𝑒𝑡 + 𝑒𝑡−1 + ⋯ + 𝑒1 (47) 

The error terms {𝑒𝑡: 𝑡 = 1,2, … } are independent and identically distributed with mean zero 

and variance 𝜎𝑒
2 . We also assume that 𝑦0  is independent of 𝑒𝑡  for all 𝑡 ≥ 1 (Wooldridge, 

2018). These assumptions imply that the expected value of 𝐸(𝑦𝑡) = 𝑦0, hence the expected 

value of a random walk does not depend on 𝑡 (Wooldridge, 2018). However, this is not the 

case for the variance of a random walk. The variance can be expressed as the accumulated 

variances of the error term, or 

𝑉𝑎𝑟(𝑒𝑡) = 𝑉𝑎𝑟(𝑒𝑡) + 𝑉𝑎𝑟(𝑒𝑡−1) + ⋯ + 𝑉𝑎𝑟(𝑒1) (48) 

Equation (48) points to the variance of a random walk as being a linear function increasing in 

time, hence the process is non-stationary as it breaks with the condition of constant variance 

over time. A random walk displays highly persistent behavior, in terms of the value of 𝑦𝑡  being 

a central predictor of its future values (Wooldridge, 2018). Therefore, the best predictor of 𝑦𝑡  

is simply 𝑦𝑡−1. In other words, random walk theory implies that the best estimate of future 

values, is today’s value. That is, a no-change forecasting strategy. 

5.7.3 Measuring Forecasting Accuracy 

In order to evaluate the forecasting experiment involving the dynamic equilibrium-correction 

model forecasts we need to apply a statistical measure of accuracy. Following the evaluation 

method applied by Akram (2004) we use root mean square errors (RMSE). RMSE is a measure 

of the size of forecast errors, i.e. the magnitude of a typical forecasting mistake produced by 

the model (Stock & Watson, 2015). RMSE is calculated as follows: 

𝑅𝑀𝑆𝐸 = √𝐸 [(𝑌𝑇+1 − �̂�𝑇+1|𝑇)
2

] (49) 
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There are two sources of uncertainty in RMSE: First, the error that arises because the values 

of residuals are unknown and the estimation error in the coefficients 𝛽0  and 𝛽𝑖 . For large 

sample sizes the first error source may be much larger than the second, consequently RMSE 

is approximately the square root of the residual variance, i.e. the standard deviation of the 

residuals in the sample population. The standard deviation of the residuals is estimated in the 

population autoregression. Therefore, if the uncertainty arising from estimating the 

regression coefficients is small enough to be ignored, one can estimate the RMSE by standard 

error of the regression (Stock & Watson, 2015). As we will see, this is not the case in any of 

our regressions, and thus we need to apply the formula above.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Oil Money: Short-term exchange rate prediction of the Norwegian krone 

Page 57 of 138 
 

6 DATA 

The type and quality of data is of great importance to our empirical research and will set the 

foundation for the analysis in section 7. The data used in this paper is strictly secondary data, 

which means that it was collected by other parties than the authors, for other initial purposes 

(Saunders, Lewis, & Thornhill, 2016). For the data selection procedure, the framework 

presented by Saunders et al. (2016) for evaluating secondary data sources was implemented. 

The framework prescribes the three following steps: 

Overall suitability of data to research question(s) and objectives 

Measurement validity 

coverage including unmeasured variables  

(if not suitable, then do not proceed) 

 

 

Precise suitability of data for analysis 

Reliability and validity 

Measurement bias 

(If not suitable, then do not proceed) 

 

 

Assessment of costs and benefits 

(If costs outweigh benefits, do not proceed) 

Figure 4 – Source: Adapted from Sounders et al. (2016) 

First, we consider the overall suitability of the data collected in light of the research question. 

The use of secondary data is a common practice within the field of empirical finance. Large 

amounts of empirical economic and financial data have been recorded and are available from 

reliable databases. The data for this research was collected from the databases of Thomson 

Reuters, Bloomberg and Statistics Norway. This data was originally collected for financial, 

empirical and statistical purposes. Consequently, we deem the overall suitability of the data 
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to be sufficient with respect to our research purpose. In subsection 6.1 the databases are 

evaluated. Hence, that subsection serves as the assessment of source reliability for the 

collected data. Subsection 6.2 discusses our time frame. An individual description of the 

variables we have applied in our empirical analysis will be provided in subsection 6.3. Testing 

for variable stationarity is conducted in subsection 6.4.  

Finally, with regards to the cost and benefit aspect of our data collection, we have set the 

criteria that the data has to be available from the Thomson Reuters, Bloomberg or the 

Statistics Norway databases.  

6.1 DATABASES 

As stated, the data is collected from the databases Thomson Reuters DataStream and 

Bloomberg via Copenhagen Business School’s Bloomberg terminals at Solbjerg Plads 3. In 

addition, some of our data was gathered directly from Statistics Norway. The Bloomberg and 

Thomson Reuters databases are major economic and financial databases that hold current 

and historical data. Some of the available data from these databases is initially collected by 

third party providers and not by Bloomberg or Reuters themselves. Consequently, we expect 

this data to be more prone to measurement bias than the data originally collected by the 

respective news agencies. Even though Bloomberg and Reuters do not take responsibility for 

any error or inaccuracy in measurement, the respective organizations make reasonable 

endeavors to ensure the reliability of the data collected2. Furthermore, these databases are 

widely used by researchers, financial professionals and other market participants for their 

respective purposes. As major financial news agencies, their reputations depend largely on 

the reliability of the information that they provide. Thus, we consider the Bloomberg and 

Thomson Reuters databases as sources of sufficient quality for our research purposes.  

Statistics Norway, the Norwegian census bureau, follows the European Statistics Code of 

Practice, a framework intended to ensure the quality of data. The framework consists of 15 

principles that are meant to ensure good practice for institutions that produce official 

statistics. In addition to the principles, the code explicitly states requirements of 

independence, objectivity and protection of respondents (Statistics Norway, 2019). 

                                                             
2 See (Reuters, 2019) and (BloombergNEF, 2019) for the news agencies’ respective disclaimers. 
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Government institutions provide high quality data, based on surveys that are well defined and 

well documented (Saunders, Lewis, & Thornhill, 2016), and Statistics Norway is no exception. 

Hence, we deem this database to be of sufficient quality for our research purposes. 

6.2 TIME FRAME 

As stated in subsection 3.2, the Norwegian government replaced its managed float regime 

with a floating exchange rate regime March 29 2001. Thus, the second quarter of 2001 serves 

as a natural starting point for this analysis. In order to test whether empirical exchange rate 

models can outperform a driftless random walk model in short-term forecasting, we will 

require an out-of-sample period. Hence, the estimation period for the regression analysis 

stretches from the second quarter of 2001 to the first quarter of 2017, while the second 

quarter of 2017 to the first quarter of 2019 is reserved for the out-of-sample forecasts. This 

time frame yields 64 quarters for the regression analysis and 8 quarters for the out-of-sample 

forecasts.  

6.3 VARIABLES 

Some of the raw data collected for this research was rebased to the desired base date in order 

to fit our regressions. Other measurements had to be constructed by applying a formula to 

raw data, when there were no available data or when it made sense to derive the variables 

from available raw data. The methods for deriving these variables will be provided in the this 

subsection. 

6.3.1 EURNOK Spot Exchange Rate 

The EURNOK spot exchange rate was gathered from Thomson Reuters DataStream. The 

quotes were collected by Reuters at 16:00 in London, which represents the middle of the 

global day and is the time of day when the foreign exchange market has the highest liquidity 

on average (Refinitiv, 2018). The spot rate referred to in this paper is based on the arithmetic 

mean of bid and ask rates. The exchange rate is quoted directly and shows how many units 

of Norwegian krone you get for one euro.  

6.3.2 Brent Crude Oil Price 

The Brent crude oil price was collected from EIA via DataStream. The US Energy Information 

Administration (EIA) is a United States government agency tasked with collecting and 



Oil Money: Short-term exchange rate prediction of the Norwegian krone 

Page 60 of 138 
 

analyzing energy information. The Brent crude oil prices are published by EIA based on 

numbers collected by Refinitiv, the former financial and risk business of Thomson Reuters 

(United States Energy Information Administration, 2019). EIA adheres to a set of principles, 

standards and guidelines designated by the United States government, in order to ensure the 

quality and integrity of data (United States Energy Information Adminstration, 2019). Hence, 

we consider the data to be reliable for our research purposes. 

6.3.3 Consumer Price Index (CPI), Norway and the European Union 

The CPIs for Norway and the countries of the European Union were collected from their 

respective national census bureaus via DataStream, and then rebased to the first quarter of 

2000. Note that Malta and Romania were both excluded from the sample, due to 

unavailability of data. Over the course of our sample period, these two countries have jointly 

never accounted for more than 0.74% of the total trade volume between Norway and the 

countries of the European Union. Hence, we deem this omission not likely to have any 

significant impact on our final results.  

In order to create a single trade-weighted CPI for the European Union, a set of weights were 

generated based on each individual country’s trade volume with Norway as a percentage of 

the total trade volume. The trade volume data was collected directly from Statistics Norway. 

The CPI of each individual country was then multiplied by its respective trade weight to create 

the final trade weighted CPI for the European Union. Equation (50) illustrates how the 

calculations of the trade-weighted CPI for 𝑛 number of observations were made.  

(

𝐶𝑃𝐼𝑡
𝐸𝑈

𝐶𝑃𝐼𝑡−1
𝐸𝑈

𝐶𝑃𝐼𝑡−𝑛
𝐸𝑈

) = (

𝑇𝑊𝑡
[𝑥1]

, … , 𝑇𝑊𝑡
[𝑥𝑖]

𝑇𝑊𝑡−1
[𝑥1]

, … , 𝑇𝑊𝑡−1
[𝑥1]

𝑇𝑊𝑡−𝑛
[𝑥1]

, … , 𝑇𝑊𝑡−𝑛
[𝑥𝑖]

) ∗ (

𝐶𝑃𝐼𝑡
[𝑥1]

, … , 𝐶𝑃𝐼𝑡
[𝑥𝑖]

𝐶𝑃𝐼𝑡−1
[𝑥1]

, … , 𝐶𝑃𝐼𝑡−1
[𝑥𝑖]

𝐶𝑃𝐼𝑡−𝑛
[𝑥1]

, … , 𝐶𝑃𝐼𝑡−𝑛
[𝑥𝑖]

) (50) 

𝐶𝑃𝐼𝑡
𝐸𝑈  denotes the trade-weighted CPI, 𝑇𝑊𝑡

[𝑥𝑖]
 denotes the trade-weight of country 𝑥𝑖 and 

𝐶𝑃𝐼𝑡
[𝑥𝑖]

 denotes the CPI of country 𝑥𝑖. 

6.3.4 Three-Month Interbank Rate, Norway and the European Union 

Quarterly observations of the 3-month interbank offered rate for Norway (3-month NIBOR) 

and the European Union (3-month EURIBOR) was collected from the Norwegian Central Bank 

and the European Banking Federation via DataStream. 
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These rates serve as benchmarks for what interest rate level banks will require for unsecured 

money market lending, in their home currency, to other banks. We have included this as the 

money market rate for Norway and the European Union. 

6.3.5 Ten-Year Government Bond Yield, Norway and the European Union 

The 10-year government bond yield of Norway and the countries of the European Union were 

gathered from the Organization for Economic Co-operation and Development (OECD) via 

DataStream, and then rebased to the first quarter of 2000.  Bulgaria, Croatia, Cyprus, Estonia, 

Luxembourg, Malta, Slovenia and Romania were excluded from the sample due to 

unavailability of data. These countries have never jointly accounted for more than 1.85% of 

the total trade volume between Norway and the European Union (Statistics Norway, 2019a) 

in our sample period. Therefore, we do not deem this omission to have any significant impact 

on our final results. 

In order to create a single trade weighted 10-year government bond yield for the European 

Union, a set of weights were generated, as with the trade weighted CPI. The only difference 

is that the weights were made from the total trade volume of the 20 European countries 

included in this sample. Equation (51) illustrates the calculations behind the trade-weighted 

10-year government bond yield of the European Union, for  𝑛 number of periods 

(

𝑅𝐵𝑡
𝐸𝑈

𝑅𝐵𝑡−1
𝐸𝑈

𝑅𝐵𝑡−𝑛
𝐸𝑈

) = (

𝑇𝑊𝑡
[𝑥1]

, … , 𝑇𝑊𝑡
[𝑥𝑖]

𝑇𝑊𝑡−1
[𝑥1]

, … , 𝑇𝑊𝑡−1
[𝑥𝑖]

𝑇𝑊𝑡−𝑛
[𝑥1]

, … , 𝑇𝑊𝑡−𝑛
[𝑥𝑖]

) ∗ (

𝑅𝐵𝑡
[𝑥1]

, … , 𝑅𝐵𝑡
[𝑥𝑖]

𝑅𝐵𝑡−1
[𝑥1]

, … , 𝑅𝐵𝑡−1
[𝑥𝑖]

𝑅𝐵𝑡−𝑛
[𝑥1]

, … , 𝑅𝐵𝑡−𝑛
[𝑥𝑖]

) (51) 

Where 𝑅𝐵𝑡−𝑛
𝐸𝑈  denotes the trade weighted 10-year government bond yield of the European 

Union, 𝑇𝑊𝑡−𝑛
[𝑥𝑖]

 denotes the trade-weight of country 𝑥𝑖  and 𝑅𝐵𝑡−𝑛
[𝑥𝑖]

denotes the 10-year 

government bond yield of country 𝑥𝑖. 

6.3.6 Norwegian Current Account Deficit/Surplus as a Percentage of GDP 

The Norwegian current account surplus as a percentage of GDP was collected via DataStream 

from Statistics Norway and is based on quarterly reports. This data is then accumulated over 

four quarters so that the explanatory variable current account deficit/surplus to GDP 

represents the change from year to year.  
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6.3.7 Global Hazard Indicator 

The Global Hazard Indicator (GHI) is, as mentioned in subsection 3.3, a measurement of 

uncertainty in the foreign exchange market. This indicator has been adopted internationally 

as a measurement of uncertainty in global financial markets (Bernhardsen & Røisland, 2000). 

The GHI is constructed from the implied volatility of three currency pair forward rates. We 

have included end of quarter observations of the 3-month implied volatility on forward rates 

for EURUSD, EURJPY and USDJPY. The data was collected from the Bloomberg database, via 

the CBS Bloomberg terminals. In international financial markets the dollar, euro and yen are 

the most liquid of all currencies, respectively (Bank for International Settlements, 2016). Thus, 

they should give the best representation of overall market uncertainty. The formula for 

constructing the GHI was developed by two economists at the European Central Bank; 

Brousseau and Scacciavillani in 1999. The variables 𝜎𝑈𝐸 , 𝜎𝑈𝐽 and 𝜎𝐸𝐽 represent the implied 

volatility of the currency pairs USDEUR, USDJPY and EURJPY respectively. 

𝐺𝐻𝐼 =
𝜎𝑈𝐸𝜎𝑈𝐽𝜎𝐸𝐽

√(σUE + σUJ + σEJ)(−σUE + σUJ + σEJ)(σUE − σUJ + σEJ)(σUE + σUJ − σEJ) 

(52)
 

The weakness of this formula, is that it treats all currencies as equally weighted, when in fact 

yen has a smaller turnover than the dollar. Although the formula is not perfect, no other 

measurement of market uncertainty is more widely accepted internationally (Bernhardsen & 

Røisland, 2000). Since the indicator is employed by professionals at the Norwegian Central 

Bank we deem the Global Hazard Indicator reliable and sufficient for our research purposes. 

6.3.8 Bid-Ask Spread on EURNOK  

In order to construct the bid-ask spread of the spot EURNOK exchange rate, bid and ask rates, 

as well as the mid-point of bid and ask, were collected from the Thomson Reuters database 

via DataStream. The rates are collected at the middle of the global day. The spread was 

derived by subtracting the bid from the ask rates and dividing the difference by the 

corresponding mid rates for all historical values. As explained in subsection 3.3, the bid-ask 

spread can be regarded as a proxy for the liquidity in the market for EURNOK.  

Historical bid and ask quotes are available from the larger financial databases, such as Reuters 

and Bloomberg. Other liquidity proxies, such as volatility and trading volume, however, are 

not readily available.  Thus, using the bid-ask spread as a liquidity proxy implied a higher 
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degree of data reliability. We assess that there is little reason to believe that either volatility 

or trading volume would serve as better measurements of liquidity in the foreign exchange 

market, or display considerably different movements than the bid-ask spread. Thus, we deem 

the bid-ask data as a sufficient proxy for liquidity. 

6.4 TESTING VARIABLES FOR STATIONARITY 

In this subsection, we present the results from the Augmented Dickey-Fuller test as described 

in subsection 5.6.4.  

We cannot reject the null hypothesis that the variables are stationary at the conventional 

levels of significance for any of the included variables, except for the term [𝑒𝑢𝑟𝑛𝑜𝑘 − (𝐶𝑃𝐼 −

𝐶𝑃𝐼𝑓)]. However, the theoretical economic assumptions that are introduced in subsection 

7.2, allows for non-stationarity in this term.  

See table 1 on the next page for ADF test scores and critical values for conventional levels of 

significance. 
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Table 1.  Augmented Dickey-Fuller test scores 

 

 

 

Variables t-ADF Significance

-2.093 -

-5.485 ***

-1.523 -

4.775 ***

-2.704 -

-6.714 ***

-0.219 -

-4.955 ***

-2.454 -

-2.939 -

-5.558 ***

-1.807 -

-6.112 ***

-3.288 *

-6.473 ***

-3.939 **

-4.118 ***

-3.107 -

-3.323 *

-5.391 ***

-5.489 ***

-3.952 **

-2.606 -

-6.962 ***

-4.124 ***

Significance level 1%*** 5%** 10%*

Critical values -4.040 -3.450 -3.150
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7 MULTIVARIATE MODEL SPECIFICATION 

Now that we have established the appropriate theoretical, empirical and contextual 

foundation we can specify the three models which are used in order to answer the problem 

statement. First, we extend our description of the modeling approach applied by Akram 

(2004) and the appropriate economic assumptions underlying our analysis and exchange rate 

models. Second, we perform a bivariate analysis of the relationship between the EURNOK 

exchange rate and the price of Brent crude oil in order to adjust the models to fit our data 

sample. Third, we specify and re-estimate the linear and non-linear models presented by 

Akram (2004). Finally, we specify a second non-linear model in an attempt to improve model 

parsimony and forecasting ability. Later the three models introduced in this section are tested 

against the hypotheses presented in section 8. The empirical results are then presented in 

section 9. 

7.1 OIL PRICES AND EXCHANGE RATES: NORWEGIAN EVIDENCE 

The Econometrics Journal article Oil prices and exchange rates: Norwegian evidence (Akram, 

2004) presents an equilibrium-correction model for the krone exchange rate that is able to 

outperform a random walk model in out-of-sample forecasting of NOKECU3 (NOKEUR post 

the first quarter of 1999) in the short to medium term. In this subsection we briefly extend on 

the discussion from subsection 4.2.1 as it makes up the framework from which the modeling 

approach in this section is adapted.  

As already stated in subsection 4.2.1; in order to derive a non-linear relationship between oil 

prices and exchange rates, Akram (2004) adapts the framework from Ozkan and Sutherland 

(1998). This particular framework describes how non-linearities can arise when a welfare 

maximizing policymaker is being forced, or chooses to abandon a fixed exchange rate regime 

as a response to adverse demand shocks (Ozkan & Sutherland, 1998). If it can be established 

that there are asymmetric oil price effects on the krone exchange rate, then a non-linear 

modeling approach can be justified. It entails that for extreme values for the oil price, the 

relationship between krone and the Brent crude oil price becomes linear because the cost of 

                                                             
3 ECU: European currency unit, was the precursor to the euro. The common currency unit was composed of a 
basket of currencies from the European Communities Member States and served as the standard measure of 
market value of assets, cost of goods and services in the European Communities (Eurostat, 2019).  
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maintaining a managed exchange rate supersedes the benefits. As we have discussed in 

subsection 3.2, the Norwegian Central Bank has maintained a floating exchange rate regime 

since 29 March, 2001. Hence, one might question whether a model that builds upon a 

framework originally intended for fixed exchange rate regimes can even be applied under the 

present one. Nevertheless, in subsection 7.3 we apply the same type of analysis as Akram 

(2004) to argue that one still may justify using a non-linear model due to potential asymmetric 

oil price effects on the Norwegian krone. The model specification of the Akram-models shows 

that the non-linear model in fact has a higher goodness of fit on the in-sample data compared 

to the linear one. In addition, we find that accounting for non-linearity has a positive effect 

on the numerical and statistical significance of the oil price variables.     

7.2 ECONOMIC ASSUMPTIONS  

Before we present our analysis and model specification, we first summarize the economic 

assumptions underlying our multivariate models. As stated in subsection 3.1.3.4, the 

underlying economic view of currency market dynamics in this paper is the monetary 

paradigm. The key assumptions of this approach is (Sercu, 2009): 

1. Currencies are viewed as assets, and thus investors choose between investing in 

assets denominated in currencies which usually differ in their interest rate levels.  

2. Purchasing power parity is assumed to hold and acts as the long-run attractor for the 

exchange rate. Therefore, higher inflation in country X than in country Y puts 

depreciation pressure on country X’s currency. 

3. Uncovered interest parity links the current spot rate with future expected spot rate 

through long-term interest rates.     

4. Quantity theory of money forms the theoretical foundation for differences in price 

levels. 

For a more detailed elaboration on these economic concepts and related exchange rate 

theory see section 3: Background: Foreign Exchange Markets and the Krone and section 4: 

Literature Review.   

In addition to the above assumptions, we reiterate that the exchange rate regime of the 

Norwegian Central Bank in our sample period is inflation targeting where the exchange rate 

must be allowed to float. In contrast, during the time period when the original exchange 
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rate model was created by Akram (2004) the central bank presided over several different 

regimes and often actively intervened to affect the exchange rate, see Alstadheim (2016) for 

specific regimes in the period the second quarter of 1971 to the fourth quarter of 2000 

(Akram, 2004).  

7.3 BIVARIATE ANALYSIS  

Our analysis in this subsection is based on daily observations of the EURNOK and Brent crude 

oil price over the period spanning from the second quarter of 2001 through the first quarter 

of 2017. As stated in subsection 7.1 the approach applied for analysis of possible non-

linearities in the EURNOK-oil price relation is adapted from Akram (2004). First we determine 

what we consider a ‘normal’ oil price range, and investigate the covariance between the two 

variables within and outside of the upper and lower bounds of this range. Then, we analyze 

correlation and cross plots of oil price on EURNOK and argue that one indeed can make the 

case for applying non-linearities in an exchange rate model of EURNOK that includes the oil 

price as a predictor.  

7.3.1 Normal Price Range 

In order to determine what constitutes the normal price range we start by introducing some 

simple descriptive statistics of daily Brent crude oil prices spanning the sample period 23-03-

2001 to 31-03-2017:  

Table 2.   Brent Crude Oil Prices 

 

Data source: DataStream 

Given that the range within which the price has varied over the last 17 to 18 years spans US 

$123.05, from US $18.02 to US $141.07, we can conclude that oil is a highly volatile 

commodity. Moving forward we start by assuming that the median price of US $61.72 is 

roughly the midpoint of the normal price range. In the cross plot below the time dimension is 

disregarded and exchange rates are plotted towards the oil price:  

Number of observations 4,177 Mean 67.45

Minimum 18.02 Median 61.72

Maximum 141.07 Standard deviation 31.63

Descriptive statistics 
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Figure 5: Cross plot of EURNOK and oil price – Data source: DataStream 

Overall it looks as if, in accordance with common perceptions, there exists a negative 

relationship between EURNOK and the oil price, although a quite weak one. About half of the 

observations lie within the interval US $40 and $80 per barrel. The dispersion of observed 

EURNOK values is also much wider in this interval than above and below. Furthermore, 

observations outside of the US $40 and $80 interval seem to occur under more extraordinary 

circumstances. Observations below US $40 have not been commonplace since 2004, and have 

only been observed for very brief periods during the financial crisis of 2008 and in 2016 

following the oil price collapse which began in 2014. On the other hand, values above US $80 

per barrel also occur in the months leading up to and during the financial crisis of 2007 and 

2008 as well as in the period from late 2010 through 2014. During the latter period, high oil 

prices were fueled by, inter alia, disrupted supply caused by the Arab Spring of 2010-2012 in 

combination with stronger than expected oil demand from non-OECD countries such as India 

and China (Darbouche & Fattouh, 2011). 

Looking forward, the International Monetary Fund expects world economic growth to slow 

down to its lowest level since 2009 (Mayeda, 2019). Because global economic growth is a key 

driver for oil demand, we expect that this will put a damper on the oil price in the years to 

come. In addition, renewables are expected to grow their share in global energy consumption 

by 20% by 2023, reaching 12.4% of total energy consumption (International Energy Agency, 

2018). As with the weaker outlook for economic growth, we expect that the replacement of 

fossil fuels with renewables will have a cooling effect on the oil market. Ensuring that we in 

the next years will not see runaway prices like what we saw between 2010 and 2014. This 
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view is consistent with the US Energy Information Administration’s forecast for 2019 and 

2020, where Brent crude is expected to average at US $65 and $62 per barrel respectively 

(United States Energy Information Administration, 2019). 

Based on the analysis above we think it is reasonable to conclude that the interval between 

US $40 and $80 per barrel of Brent crude oil (approximately ± US $20 or ± 33% from the 

median) is what constitutes a normal price range. Normal in the sense that the market is fairly 

balanced, there are no super profits and exogenous shocks such as wars and extreme global 

financial distress are not the standard mode of the market and the economy. In the following 

parts of the analysis the three intervals are defined as; low when the price is below US $40, 

normal when the price is between US $40 and $80, and high when the price is above US $80. 

Since our model forecasts in the short term and the normal price range might change over 

time, we would like to emphasize that future tests of the models presented in this paper 

should reinvestigate this part.      

7.3.2 Graphical Analysis 

Having defined the normal price interval in accordance with Akram (2004), this subsection 

extends the bivariate analysis by adding the time dimension to analyze the data more closely. 

Possible non-linearities are investigated for our three price intervals (low, normal, high) and 

for trend dependent asymmetric oil price effects. The graph below displays oil price and 

exchange rates for the sample period with Brent crude oil in US dollars on the left axis and 

EURNOK on the right. 

 

Figure 6: Oil price plotted against EURNOK – Data source: DataStream 
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The financial crisis and the tighter oil market described above clearly stand out as spikes 

outside of the upper bound. At first glance, the relationship within the normal range seems 

quite linear with increases in the oil price resulting in appreciation of the krone. Outside of 

the normal range it is a little harder to tell, however. Furthermore, the effect looks as if it may 

be stronger for downward trends than for upward trends. In the plots below we have 

classified the data by trend and position, i.e. low, normal and high.    

 

Figure 7 – Cross plots of oil price and EURNOK, where r = correlation – Data source: DataStream 
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Figure 8: Trend plots displaying the movement in oil price – Data source: DataStream 

Figure 7 displays cross plots and correlation between oil price and EURNOK, whereas figure 8 

displays the movement in oil price over the corresponding intervals. The selection of data 

samples is based on level and trend within the total sample. Thus, the 15 samples are not of 

equal size. The reason for this is that we suspect trends of having a more pronounced effect 

than price level.   

For all plots, except sample (2) and (6), correlation is negative. Plots (1) and (2) are the only 

samples where the price lies beneath the lower bound for a significant period of time. It is 

notable that for this level the oil price has negligible correlation with EURNOK and the sign is 

opposite for the two samples. This leads us to conclude that we can see no clear linear effect 

beneath the lower bound of US $40. 
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Plots (3), (4), (5), (8), (9), (13), (14), and (15) all lie firmly within the normal range. Correlations 

of all samples are negative and quite strong, ranging between -0.66 and -0.88. We assess that 

there seems to be quite strong evidence for linear effects within the normal range. However, 

as we move past the upper bound of US $80 the relationship is more ambiguous. Whereas 

plots (6) and (11) display virtually no correlation, plots (7), (10) and (12) present non-negligible 

to high correlation.    

Both upward and downward trend effects are present in the data, yet the effects of 

downward trends seem to be the only one that is consistently negatively correlated with the 

exchange rate. For example, the upward trend in (6) when the oil price moved from US $90 

to $140 is completely disconnected from the EURNOK exchange rate. This was notably taking 

place during the buildup to the financial crisis. From this we can infer that in periods of high 

uncertainty and extreme values in financial and commodity markets, a disconnect between 

the oil price and the krone exchange rate may occur. As discussed in subsection 3.3; in times 

of high volatility or uncertainty, investors tend to balance their portfolios towards assets 

denominated in so called reserve currencies. The by far most prominent of which is the United 

States dollar, followed by the euro. Whether the Norwegian krone should be considered a 

safe haven is debatable. On the one hand the Norwegian government is financially robust and 

is thus able to absorb shocks, but on the other hand the economy is very exposed towards 

the cyclical oil and offshore industries. Furthermore, a high oil price is positive for Norwegian 

economic growth, but it also puts inflationary pressure on the economy. Under the monetary 

approach to exchange rate modeling, assuming PPP, this should lead to the depreciation of 

the krone exchange rate. 

From the above discussion, the following insights about the relationship between the oil price 

and the EURNOK exchange rate are derived: 

Low oil price: 

Below the lower bound no linear relationship between the oil price and EURNOK can be 

inferred. The reason for this may be that when extremely low oil price values have been 

observed in our sample period, the financial markets have been quite chaotic and due to 

disruptions one cannot derive symmetric effects. 
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Normal oil price: 

Within the normal range we find ambiguous evidence for the existence of a linear 

relationship, however it can be argued that such a relationship exists. Since there exists a 

common perception that the oil price is a key determinant of Norwegian krone exchange 

rates, it is reasonable to assume that under normal circumstances, this market perception can 

become self-fulfilling. 

High oil price: 

Above the upper bound there are several different factors pulling in each direction. 

Consequently, the effects are ambiguous and no linear relationship can be derived. 

Trend in oil price: 

Lastly, downward sloping trends seem to have the clearest linear relationship with the 

exchange rate. The same cannot be said for upward sloping ones. 

To close the bivariate graphical analysis, it is concluded that changes in oil price can be 

assumed to have asymmetric effects on the EURNOK exchange rate dependent on level and 

trend. Thus, a non-linear modeling approach can be justified.  

The analysis in this subsection does not account for other exchange rate determinants than 

the oil price. Hence, it offers potentially biased conclusions of the oil price EURNOK 

relationship. In order to correct for this, more specified exchange rate models are derived in 

subsections 7.4 through 7.7. 

7.4 A GENERAL EQUILIBRIUM-CORRECTION MODEL FOR THE KRONE EXCHANGE RATE 

In this subsection we present the general dynamic linear model in equilibrium-correction 

form which serves as reference model in the article by Akram (2004). The general model is 

derived from a wide set of macroeconomic variables which are interpretable within different 

exchange rate theories, see Akram (2000) for further elaboration on the exact approach. The 

model is generated by applying a general-to-specific modeling strategy. In short this strategy 

can be described as an explicit modeling design which aims to mimic reduction theory. The 

modeler starts out with a general model containing a wide set of explanatory variables and 
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works towards obtaining a superior parsimonious model by reducing it as far as its 

congruence with the data permits (Campos, Ericsson, & Hendry, 2005). 

The general dynamic linear model specification in equilibrium-correction form is presented in 

equation (53) below: 

Δ𝑒𝑡 = 𝛼0 − 𝜙[𝑒 − (𝑐𝑝𝑖 − 𝑐𝑝𝑖𝑓)]𝑡−1 + 𝛽1[𝑅 − 𝑅𝑓]𝑡−𝑗 + ∑ [𝛼Δ𝑒𝑡−1−𝑗 + 𝜋1𝑗Δ𝑐𝑝𝑖𝑡−𝑗 −
𝑝
𝑗=0

𝜋2𝑗Δ𝑐𝑝𝑖𝑡−𝑗
𝑓

− 𝛽2𝑗Δ𝑅𝑡−𝑗 + 𝛽3𝑗Δ𝑅𝑡−𝑗
𝑓

+ 𝜇𝑗Δ𝐹𝐼. 𝑌𝑡−𝑗 + 𝛤𝑗𝒁𝑡−𝑗] +

𝑓𝑡[Ω1𝑜𝑖𝑙𝑝𝑡−1, ∑ Ω2𝑗Δ𝑜𝑖𝑙𝑝𝑡−𝑗] + 𝑣𝑡
𝑝
𝑗=0   (53) 

All lower case denoted variables are natural logs of the independent variable. The model 

regressors are the spot exchange rate (𝐸), domestic and trade weighted foreign consumer 

price index (𝐶𝑃𝐼 and 𝐶𝑃𝐼𝑓), domestic and trade weighted foreign interest rates (𝑅 and 𝑅𝑓), 

Norwegian current account deficit/surplus relative to GDP (Δ𝐹𝐼. 𝑌), as well as the subvector 

𝒁  which includes growth in domestic and foreign GDP and productivity, and growth in 

government expenditures relative to GDP (Akram, 2004). A change over one quarter is 

denoted 𝛥  while 𝑝  represents the number of lags which are determined in the model 

estimation. Lastly, the error term ( 𝑣𝑡 ) is assumed to be independently, identically and 

normally distributed with zero mean and constant variance.  

As we have already stated, this model follows the monetary approach where the exchange 

rate is assumed to converge towards PPP-equilibrium. Thus, the equilibrium-correction term 

is given by [𝑒 − (𝑐𝑝𝑖 − 𝑐𝑝𝑖𝑓)]𝑡−1 , possibly with the addition of the constant 𝛼0 , which 

represents a deviation from equilibrium level spot exchange rate. Consequently, the spot rate 

reflects the ratio between long-run foreign and domestic price levels. As mentioned in section 

3, absolute PPP does generally not hold in the real world and the empirical evidence for the 

PPP-hypothesis is mixed, see e.g. Rogoff (1996). However, Akram (2002) has shown evidence 

for PPP on Norwegian data in the medium term.  

The demand for domestic assets relative to foreign assets can help to explain short-run 

fluctuations in exchange rates. When demand for domestic assets increases relative to 

demand for foreign assets, the domestic currency tends to appreciate. This is likely to happen 

when a country runs a current account surplus, or when the expected opportunity cost of 

holding foreign assets increases. In line with monetary reasoning, this will take place when 
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foreign interest rates fall, domestic interest rates rise, or when domestic currency is expected 

to appreciate (Akram, 2004). 

In the reference model, Norwegian current account surplus is controlled for with the variable 

Δ𝐹𝐼. 𝑌. In accordance with PPP theory, expected depreciation is proxied by the differential of 

change in consumer price index between Norway and its trading partners (Δ𝑐𝑝𝑖 − Δ𝑐𝑝𝑖𝑓). 

These variables do not need to be symmetric and may also represent short-run effects, and 

are therefore included unrestrictedly (Akram, 2004). In addition, the interest rate spread 𝑅 −

𝑅𝑓  is, in line with uncovered interest parity, a proxy for expected depreciation. Since this 

spread also might reflect the opportunity cost of holding foreign versus domestic assets, the 

changes in domestic and foreign interest rates Δ𝑅 and Δ𝑅𝑓  are included in the general model.  

For domestic and foreign interest rates, we use 10-year government bonds, 𝑅𝐵 and 𝑅𝐵𝑓 , as 

well as money market rates in both Norway and in Europe, 𝑅𝑆  and 𝑅𝑆𝑓 . Akram’s (2004) 

motivation for using the government bond rate is that exchange rate stabilization policy 

should have ensured a tight connection between Norwegian and European interest rates. In 

our case, where the policy now is inflation targeting it is reasonable to expect this connection 

to be less significant than before. However, the EEA4 agreement ensures that Norway is very 

closely linked through trade and regulations with the European Union. Hence, the interest 

rate level might not be completely disconnected, although likely significantly weaker.  

The variables contained in the subvector 𝒁; relatively higher growth in domestic productivity 

and GDP, and rising government expenditures are often believed to have significant effects 

on exchange rates. The first two are assumed to cause domestic currency to appreciate, while 

the latter is often said to have the opposite effect (Akram, 2004). However, in empirical 

exchange rate models the effect of such variables tend to be ambiguous and studies offer 

little support for significant effects on exchange rate variability (Frankel & Rose, 1995). Adding 

to this, Akram (2004) found none of these variables to be significant at the 10% level. Hence, 

they are excluded from the parsimonious models. 

                                                             
4 European Economic Area (EEA): Trade agreement entered on January 1 1994 that brings the non-EU member 
states Iceland, Lichtenstein and Norway in to the European Union’s “Internal Market”. The agreement 
guarantees equal rights and obligations within the Internal Market for individuals and economic operators in the 
EEA. It entails that the member countries follow EU legislation and are covered by the four freedoms – Free 
movement of goods, services, people and capital (European Free Trade Association, 2019a).     
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Oil price effects in the general model are denoted by the function 𝑓𝑡[. ]. In the next two 

subsections we specify the models presented by Akram (2004) with linear and non-linear oil 

price effects. The variables included in the models are maintained, however the non-

linearities are changed to fit with our data sample and therefore must draw upon the 

conclusions from the bivariate analysis in subsection 7.3. After having empirically specified 

the models presented in the article, we modify the non-linear model in order to obtain a 

better specified model with a higher degree of parsimony.  
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7.5 THE EQCM WITH LINEAR OIL PRICE EFFECTS 

The linear equilibrium-correction model, where oil price effects are assumed to be 

symmetric, i.e. not dependent on level and/or trend, is formulated by inserting the 

following specification of the oil price into the general model (53): 

𝑓𝑡[Ω1𝑗𝑜𝑖𝑙𝑝𝑡−1, ∑ Ω2𝑗Δ𝑜𝑖𝑙𝑝𝑡−𝑗] = Ω1𝑗𝑜𝑖𝑙𝑝𝑡−1 + ∑ Ω2𝑗Δ𝑜𝑖𝑙𝑝𝑡−𝑗
𝑝
𝑗=0

𝑝
𝑗=0

(54)  

Then the general model is estimated by OLS for a common lag length of 𝑝 = 4 (Akram, 2004). 

More lags were also considered to allow for possible non-linear oil price effects. To account 

for the distortive effects stemming from the rapid depreciation of the Norwegian krone 

during the financial crisis of 2008, we added an impulse dummy id08q4 to the model. Our re-

estimated linear model on quarterly data and its diagnostics are displayed in table 3 below: 

Table 3.  Re-estimated EqCM with linear oil price effects 

Δ�̂�𝑡 = 0.286
(0.194)

− 0.132
(0.092)

[𝑒 − (𝑐𝑝𝑖 − 𝑐𝑝𝑖𝑓)]𝑡−1 − 0.208
(0.208)

Δ𝑒𝑡−1 − 1.911
(1.200)

𝛥𝑐𝑝𝑖𝑡
𝑓

+ 0.002
(0.011)

Δ𝑅𝑆𝑡 − 0.003
(0.013)

Δ(𝑅𝐵𝑡−1 − Δ𝑐𝑝𝑖𝑡−2) + 0.030
(0.012)

Δ2𝑅𝐵𝑡−1
𝑓

+ 0.001
(0.001)

Δ4𝐹𝐼. 𝑌𝑡 + 0.150
(0.035)

 𝑖𝑑08𝑞4 − 0.055
(0.033)

Δ𝑜𝑖𝑙𝑝𝑡 − 0.002
(0.027)

Δ𝑜𝑖𝑙𝑝𝑡−1

+ 0.020
(0.027)

𝑜𝑖𝑙𝑝𝑡−2 

Sample: 2001q2 – 2017q1; k = 11; Method: OLS 

 

 

Observations = 64

Adjusted R^2 = 0.432

Residual Std. Error (df = 52) = 0.029

F Statistic (df = 11 ; 52) = 5.348

BP Test (df = 11) = 14.856

Box-Ljung χ^2 (df = 8) = 10.841

Jarque-Bera χ^2 (df = 2) = 1.133

RESET (df = 22 ; 30) = 2.040

AIC = -256.593

BIC = -228.527

Diagnostics



Oil Money: Short-term exchange rate prediction of the Norwegian krone 

Page 78 of 138 
 

7.5.1 Regression Output Analysis 

In this and the following subsections we analyze and discuss the regression output, herein the 

effects and significance of the explanatory variables as well as the goodness of fit and model 

specification.  

The data sample contains quarterly observations and stretches from the second quarter of 

2001 through the first quarter of 2017. There are 11 regressors plus an intercept included in 

the model. As stated in subsection 5.3, we use HAC-standard errors to correct for 

heteroskedasticity and autocorrelation in the error term (𝑣𝑡 ), see appendix (B.2, B.3) for 

Breusch-Pagan and Box-Ljung Q-Test output. The residuals appear to be white noise, which is 

consistent with the assumptions underlying ADL. See appendix (B.4) for ACF residual plot. 

The equilibrium-correction term [𝑒 − (𝑐𝑝𝑖 − 𝑐𝑝𝑖𝑓)]𝑡−1  in addition to the constant 𝛼0 

represent, as stated, the assumption of convergence towards purchasing power parity. In this 

estimation of the model the terms seem to have quite numerically significant values. 

However, they are not statistically significant, even at the 10% level. This breaks with the PPP-

hypothesis that the spot rate reflects the ratio between domestic and foreign long-run price 

levels. In addition to the equilibrium-correction term, European trade weighted inflation 

(𝛥𝑐𝑝𝑖𝑡
𝑓

) is also linked to PPP theory. The sign on the estimated coefficient supports the claim 

of PPP theory that increased foreign inflation will appreciate the domestic currency. Yet, its 

estimate is highly insignificant and consequently cannot be used as empirical evidence.  

The lagged exchange rate Δ𝑒𝑡−1 is numerically significant, but statistically insignificant. 

Apart from the yield curve on trade weighted European government bonds ( Δ2𝑅𝐵𝑡−1
𝑓

), 

interest rate variables are insignificant both numerically and statistically. The yield curve 

variable is also quite numerically weak, but statistically significant at the 5% level. The sign 

makes sense under the monetary approach – increased interest rates on euro denominated 

assets should appreciate the euro by increasing the demand for said assets. 

Norwegian current account deficit/surplus relative to GDP (Δ4𝐹𝐼. 𝑌𝑡) is highly insignificant, 

both numerically and statistically. This is likely because Norway’s largest exports – petroleum 

and natural gas products – are all denominated in US dollars. Since a large portion of oil 

revenues are placed in the Norwegian Sovereign Wealth Fund, which is strictly comprised of 

foreign currency denominated assets (see Papadamou and Markopoulos (2012)), increased 
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demand for Norwegian exports does not necessarily increase the demand for Norwegian 

kroner.    

Oil price effects on the krone seem to be very weak. None of the lagged values are significant, 

and oil prices only seem to have an effect in the very short term, i.e. the change in the current 

period. The coefficient on Δ𝑜𝑖𝑙𝑝𝑡  is statistically significant, however only at the 10% level. The 

linear model’s failure to capture oil price effects on the krone exchange rate may point to the 

conclusion drawn in the bivariate analysis being correct, that there indeed exists a non-linear 

relationship. 

7.5.2 Regression Diagnostics 

The regression diagnostics show an adjusted R-squared of 0.432, which is relatively poor 

compared to the same model estimated by Akram (2004); adjusted R-squared equal to 0.494. 

Since this model was originally estimated on a sample period with differing exchange rate 

regimes, we do not find this surprising. The estimated F-statistic, which is significant at the 

1% level, indicates that the explanatory variables are likely to Granger cause the changes in 

the dependent variable, i.e. change in EURNOK. In this respect the model fit seems quite good. 

The F-statistic derived from the Breusch-Pagan test for homoskedasticity is below its critical 

value, hence we cannot reject the null hypothesis, which means that assumption 4 is not 

violated (appendix B.2). 

The estimated 𝜒2 of 10.841 means that we cannot reject the null hypothesis of the Box-Ljung 

Q-test of no serial correlation in the residuals (appendix B.3). Hence assumption 5 is not 

violated. 

The estimated robust Jarque-Bera 𝜒2 statistic of 1.133 implies that we cannot reject the null 

of normality in the standard errors at any conventional level of significance and that 

assumption 6 holds (appendix B.5).  

The model is rejected by RESET for correctly specified functional form, see appendix (B.6). In 

light of the low number of significant coefficients, we believe it is reasonable to conclude that 

this model is indeed incorrectly specified for our sample period. We deem that the failure is 

likely due to overspecification, i.e. too many inefficient predictors causing noise in the 

regression.  
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Information criteria are used to compare different models estimated on the same data 

sample. Therefore, we will comment on this in the section summary after having analyzed 

and specified all three models. 

7.6 THE EQCM WITH NON-LINEAR OIL PRICE EFFECTS 

The non-linearities in the oil price exchange rate relationship as suggest by the bivariate 

analysis can be characterized by following specification of 𝒇𝒕[. ]:  

𝑓𝑡[. ] = [𝜙𝑖𝑜𝑖𝑙𝑝𝑡−1 + ∑ 𝜙�̃�Δ𝑜𝑖𝑙𝑝𝑡−𝑖

𝐿

𝑖=0

] ∗ 𝐹𝑡,𝐿𝑜𝑤  

+ [𝜃𝑖𝑜𝑖𝑙𝑝𝑡−1 + ∑ 𝜃�̃�

𝑁

𝑖=0

Δoilpt−i] ∗ 𝐹𝑡,𝑁𝑜𝑟𝑚𝑎𝑙  

+ [𝜓𝑖𝑜𝑖𝑙𝑝𝑡−1 + ∑ 𝜓�̃�

𝐻

𝑖=0

Δoilpt−i] ∗ 𝐹𝑡,𝐻𝑖𝑔ℎ  

+ [𝛾𝑖 𝑜𝑖𝑙𝑝𝑡−1 + ∑ 𝛾�̃�

𝐷

𝑖=0

Δoilpt−i] ∗ 𝐹𝑡,𝐹𝑎𝑙𝑙 (55) 

Where 

𝐹𝑡,𝐿𝑜𝑤 = [1 + exp{𝜆1(𝑂𝐼𝐿𝑃𝑡 − 𝑐1)}]−1 , 𝜆1 > 0 (56) 

𝐹𝑡,𝑁𝑜𝑟𝑚𝑎𝑙 = [1 + exp{−𝜆1(𝑂𝐼𝐿𝑃𝑡 − 𝑐1)} + exp{𝜆2(𝑂𝐼𝐿𝑃𝑡 − 𝑐2)}]−1, 𝜆𝑖 > 0 (57) 

𝐹𝑡,𝐻𝑖𝑔ℎ = [1 + exp{−𝜆2(𝑂𝐼𝐿𝑃𝑡 − 𝑐2)}]−1, 𝜆2 > 0 (58) 

𝐹𝑡,𝐹𝑎𝑙𝑙 = [1 + exp{𝛿(𝑂𝐼𝐿𝑃𝑡 − 𝑂𝐼𝐿𝑃𝑡−𝑑)}]−1, 𝛿 > 0 (59) 

The level and trend of the oil price is assumed to be reflected by the logistic functions 𝐹𝑡,𝐿𝑜𝑤, 

𝐹𝑡,𝑁𝑜𝑟𝑚𝑎𝑙 , 𝐹𝑡,𝐻𝑖𝑔ℎ , 𝐹𝑡,𝐹𝑎𝑙𝑙. That is, whether the price is below 𝑐1, between 𝑐1 and 𝑐2, above 𝑐2 

or whether the price has increased or decreased from 𝑡 − 𝑑 to 𝑡. The Greek letter signs in 

(55)–(59) denote coefficients on the lagged oil price variables. The constant terms 𝑐1 and 𝑐2 

are the upper and lower bounds of the normal oil price range from the bivariate analysis – 40 

and 80, respectively.  
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For finite values of 𝜆1, 𝜆2 and 𝛿; 

𝐹𝑡,𝐿𝑜𝑤 → 1 𝑤ℎ𝑒𝑛 𝑂𝐼𝐿𝑃 ≪ 𝑐1; 𝐹𝑡,𝐿𝑜𝑤 → 0 𝑤ℎ𝑒𝑛 𝑂𝐼𝐿𝑃 ≫ 𝑐1 

𝐹𝑡,𝑁𝑜𝑟𝑚𝑎𝑙 → 1 𝑤ℎ𝑒𝑛 𝑐1 ≪ 𝑂𝐼𝐿𝑃 ≪ 𝑐2; 𝐹𝑡,𝑁𝑜𝑟𝑚𝑎𝑙 → 0 𝑤ℎ𝑒𝑛 𝑐1 ≫ 𝑂𝐼𝐿𝑃 ≫ 𝑐2 

𝐹𝑡,𝐻𝑖𝑔ℎ → 1 𝑤ℎ𝑒𝑛 𝑂𝐼𝐿𝑃 ≫ 𝑐2; 𝐹𝑡,𝐻𝑖𝑔ℎ → 0 𝑤ℎ𝑒𝑛 𝑂𝐼𝐿𝑃 ≪ 𝑐2 

𝐹𝑡,𝐹𝑎𝑙𝑙 → 1 𝑤ℎ𝑒𝑛 (𝑂𝐼𝐿𝑃𝑡 − 𝑂𝐼𝐿𝑃𝑡−𝑑) ≪ 0; 

𝐹𝑡,𝐹𝑎𝑙𝑙 → 0 𝑤ℎ𝑒𝑛 (𝑂𝐼𝐿𝑃𝑡 − 𝑂𝐼𝐿𝑃𝑡−𝑑) ≫ 0. 

In addition, note that for sufficiently large values of 𝜆1 and 𝜆2; 

𝐹𝑡,𝐿𝑜𝑤 → 0 𝑎𝑛𝑑 𝐹𝑡,𝐻𝑖𝑔ℎ → 𝑓𝑜𝑟 𝑐1 < 𝑂𝐼𝐿𝑃 < 𝑐2 

𝐹𝑡,𝑁𝑜𝑟𝑚𝑎𝑙 → 0 𝑓𝑜𝑟 𝑐1 > 𝑂𝐼𝐿𝑃 > 𝑐2. 

Hence, this controls for the states when the oil price is either inside or outside of the normal 

price range, i.e. between 𝑐1 and 𝑐2. The larger the values of the lambda parameters are, the 

stricter the function adheres to the transitions between the intervals. 

Akram (2004) determines the values of the constant terms by employing a mix of maximum-

likelihood estimation with trial and error. These estimates were quite uncertain, however 

Akram (2004) concludes that the values of 𝜆1, 𝜆2 and 𝛿 are equal to 4, 4, and 1, respectively. 

In our re-estimation of the model we tried with different parameter values but found that it 

did not improve the fit. Furthermore, as in Akram’s (2004) original estimation we find 

relatively weak level effects of the oil price. Table 4 specifies the EqCM with non-linear oil 

price effects and its diagnostics. This is the same model as in the linear EqCM except that the 

oil price term 𝑓𝑡[. ] has been replaced with the non-linear approximation in (55)–(59).  
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Table 4.   Re-estimated EqCM with non-linear oil price effects 

Δ𝑒�̂� = 0.270
(0.182)

− 0.127
(0.086)

[𝑒 − (𝑐𝑝𝑖 − 𝑐𝑝𝑖𝑓)]𝑡−1 − 0.237
(0.206)

Δ𝑒𝑡−1 − 0.532
(1.010)

Δ𝑐𝑝𝑖𝑡
𝑓

+ 0.003
(0.011)

Δ𝑅𝑆𝑡 − 0.003
(0.014)

Δ(𝑅𝐵𝑡−1 − Δ𝑐𝑝𝑖𝑡−2) + 0.024
(0.013)

Δ2𝑅𝐵𝑡−1
𝑓

+ 0.0003
(0.001)

Δ4𝐹𝐼. 𝑌𝑡 + 0.103
(0.033)

 𝑖𝑑08𝑞4 − [ 0.109
(0.042)

Δ𝑜𝑖𝑙𝑝𝑡

− 0.029
(0.021)

Δoilpt−2] [1 + exp{−4(𝑂𝐼𝐿𝑃𝑡 − 40)} + exp{4(𝑂𝐼𝐿𝑃𝑡 − 80)}]−1

− [ 0.031
(0.044)

Δ𝑜𝑖𝑙𝑝𝑡−1] [1 + exp{1(𝑂𝐼𝐿𝑃𝑡 − 𝑂𝐼𝐿𝑃𝑡−1)}]−1 

 Sample: 2001q2 – 2017q1; k = 11; Method: OLS 

 

 

7.6.1 Regression Output Analysis 

Data sample and course of action for the re-estimation of the non-linear model is equal to 

that of the re-estimated linear model discussed above. We also find that the residuals appear 

to be white noise, which is in accordance with the assumptions of ADL. See appendix (B.4) for 

ACF residual plot. 

As in the linear model, the terms linked to inflation and thus PPP, i.e. the equilibrium-

correction term ([𝑒 − (𝑐𝑝𝑖 − 𝑐𝑝𝑖𝑓)]𝑡−1) and trade weighted European inflation (Δ𝑐𝑝𝑖𝑡
𝑓

), are 

still numerically quite significant and the signs are in accordance with PPP. But they are still 

Observations = 64

Adjusted R^2 = 0.460

Residual Std. Error (df = 52) = 0.029

F Statistic (df = 11 ; 52) = 5.887 

BP Test (df = 11) = 12.679

Box-Ljung χ^2 (df = 8) = 12.901

Jarque-Bera χ^2 (df = 2) = 0.469

RESET (df = 26 ; 26) = 2.273

AIC = -259.926

BIC = -231.861

Diagnostics
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statistically insignificant. The lagged exchange rate Δ𝑒𝑡−1  is numerically significant, but 

statistically insignificant in this model as well. 

The yield curve on European government bonds (Δ2𝑅𝐵𝑡−1
𝑓

) have a slightly weaker effect and 

is only statistically significant at 10% in the non-linear model. Just as in the linear model, the 

other interest rate terms are very insignificant both numerically and statistically. Another 

variable that has become even less significant is the current account surplus relative to GDP 

(Δ4𝐹𝐼. 𝑌𝑡) – its estimated coefficient is practically zero. 

Lastly, the result of accounting for possible non-linearities has led current changes in the oil 

price to becoming significant at the 1% level. The effect itself is also more pronounced as it 

has numerically doubled. This supports the conclusion drawn in the bivariate analysis and is 

consistent with Akram’s (2004) findings – accounting for non-linearity better captures oil price 

effects on the krone. Contrary to what Akram (2004) finds, i.e. tail dependence in the lower 

end of the distribution, the non-linear relationship for our data sample occurs within the 

normal range. Lagged values do not appear to have any obvious effect. This is true for both 

level and trend effects. 

7.6.2 Regression Diagnostics  

The non-linear model obtains an adjusted R-squared of 0.46, which is certainly an 

improvement from the linear model ( 𝑅2 = 0.432 ). But compared to Akram’s (2004) 

estimation (𝑅2 = 0.597), our re-estimated non-linear model fits the data quite poorly. As 

with the linear model, and even though we have modified for altered non-linear dynamics, 

this was expected. The F-statistic is statistically significant at the 1% level and has been slightly 

improved. Thus, we can conclude that the re-estimated non-linear model is a better fit to the 

in-sample data than the linear one.     

From the Breusch-Pagen F-statistic we conclude that the null hypothesis of homoskedasticity 

cannot be rejected (appendix B.2), hence OLS assumption 4 holds. 

The estimated 𝜒2 of 12.901 leads us to accept the null hypothesis of the Box-Ljung Q-test of 

no serial correlation in the regression residuals (appendix B.3), thereby testifying to the 

validity of OLS assumption 5. 
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The calculated Robust Jarque-Bera 𝜒2-statistic of 0.469 indicates that OLS assumption 6 holds 

and we keep the null hypothesis of normality (appendix B.5). 

RESET rejects the models functional form, see appendix (B.6) for RESET output. Hence, we 

reject the null hypothesis that the model is correctly specified. Just as with the linear model 

(subsection 7.5), we assess that this is most likely caused by overspecification.  

Information criteria are used for model comparison for in the summary of this section.  
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7.7 THE NEW EQCM WITH NON-LINEAR OIL PRICE EFFECTS  

In this subsection, we first present the model which we have simply named New EqCM with 

non-linear oil price effects, hereafter often referred to as simply New EqCM. Then we explain 

how we arrived at this specification of the parsimonious model before we comment on and 

conduct an analysis of the regression output and diagnostics.  

Based on the findings from the bivariate analysis as well as the analysis of the regression 

output in the previous two model specification subsections, we conclude that there is 

sufficient empirical evidence for assuming asymmetric oil price effects on the Norwegian 

krone exchange rate. Hence, we commence with a non-linear model design. Using the non-

linear exchange rate model presented by Akram (2004), and discussed throughout this paper, 

as reference model resulted in the following model specification: 

Table 5.  New EqCM with non-linear oil price effects 

Δ𝑒�̂� = 0.262
(0.118)

− 0.120
(0.055)

[𝑒 − (𝑐𝑝𝑖 − 𝑐𝑝𝑖𝑓)]𝑡−4 − 0.230
(0.103)

Δ𝑒𝑡−1 + 0.019
(0.009)

Δ2𝑅𝐵𝑡−1
𝑓

+ 0.147
(0.040)

 𝑖𝑑08𝑞4 − 0.131
(0.055)

BidAskSpreadt

− 0.116
(0.042)

Δ𝑜𝑖𝑙𝑝𝑡  [1 + exp{1(𝑂𝐼𝐿𝑃𝑡 − 𝑂𝐼𝐿𝑃𝑡−1)}]−1 

Sample: 2001q2 – 2017q1; k = 6; Method: OLS 

 

 

Observations = 64

Adjusted R^2 = 0.561

Residual Std. Error (df = 57) = 0.026

F Statistic (df = 6 ; 57) = 14.399

BP Test (df = 6) = 10.109

Box-Ljung χ^2  (df = 13) = 18.408

Jarque-Bera χ^2 (df = 2) = 1.159

RESET (df = 14 ; 43) = 0.731

AIC = -277.204

BIC = -259.933

Diagnostics
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7.7.1 Variable Choice 

This subsection first presents the variables that made the final model before we briefly discuss 

the ones that did not make the final model. The latter variables consist of both some of the 

ones already discussed in addition to other variables that we, based on economic reasoning, 

thought might be good exchange rate predictors.  

7.7.1.1 Final Parsimonious Model  

In order to obtain a more parsimonious model we followed the general-to-specific modeling 

strategy discussed above. This can be done either manually or by employing an algorithm (see 

R package Gets). Since we are writing under the monetary paradigm of exchange rate 

modeling, the model should still contain variables that are proxies for PPP convergence and 

at least one interest rate term to account for UIP. Since the Gets algorithm would not 

necessarily include these variables in the parsimonious model, we chose to combine the 

manual and algorithmic procedures (appendix A.2, A.3). Furthermore, in the spirit of Stock 

and Watson (2015) we want to apply our economic intuition to derive the best possible non-

linear model specification. In the remainder of this subsection we go through the reasoning 

behind each variable. For algorithmic output see appendix (A.3). 

The equilibrium correction term ([𝑒 − (𝑐𝑝𝑖 − 𝑐𝑝𝑖𝑓)]𝑡−4) is kept in the New EqCM to maintain 

the equilibrium-correction form and to account for convergence towards PPP. However, 

running the input variables through the Gets algorithm, returns that it is better to lag the term 

by four quarters (𝑝 = 4) rather than the original one quarter lag (𝑝 = 1). This implies that 

deviations from PPP equilibrium are corrected yearly rather than quarterly. This makes sense 

economically if one considers that real economic adjustments, such as price levels, cannot 

occur immediately. Note that this variable was not statistically significant at any conventional 

level in the other model estimations (appendix A.1).   

Next, the change in the EURNOK exchange rate in the previous period, i.e. 𝑝 = 1, is included. 

This is required for the model to still be considered an ADL EqCM. Since this paper views 

currencies as assets, and because behavioral heuristics such as the bandwagon effect may 

lead to trend persistence in currencies (see e.g. work on behavioral economics by Richard 

Thaler). Also, considering the EURNOK time series plot in figure 6 and in accordance with the 

bivariate analysis it seems reasonable to assume that some degree of trend persistence is 

present. We note that this variable was not statistically significant at any conventional level 
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in the other model estimations (appendix A.1). It is thus included based on economic 

reasoning.  

In accordance with the monetary approach and the assumption of uncovered interest parity, 

see subsection 3.1.2.3, the proxy for the yield curve on trade weighted European 10-year 

government bonds (Δ2𝑅𝐵𝑡−1
𝑓

) is included. Furthermore, this variable was also significant in 

both re-estimated EqCMs.  

As earlier stated the impulse dummy id08q4 is included in the model to correct for the 

extreme volatility of the financial crisis in 2008. Obviously, as we are working with exactly the 

same data sample, it has to be included in all models. The variable is statistically significant 

across all regressions (appendix A.1), which implies that there are significant effects in this 

quarter that are not successfully captured by the other included regressors. 

As discussed in subsection 3.3, volatile and uncertain markets normally affect the bid-ask 

spread for any given currency pair. Therefore, the effect of market uncertainty may be proxied 

by employing the bid-ask spread as an explanatory variable (BidAskSpreadt). Over the course 

of the out-of-sample period (2017:q2 – 2019:q1), financial markets have been quite volatile. 

Factors such as Brexit and the US-China trade dispute have made investors more vary, in 

addition the IMF recently slashed world economic growth estimates (Mayeda, 2019). As we 

discussed in subsection 3.3, the bid-ask spread should be a fairly good proxy for liquidity 

preferences. 

The last variable we have included in the New EqCM is the trend dependent current period 

change in oil price (Δ𝑜𝑖𝑙𝑝𝑡  [1 + exp{1(𝑂𝐼𝐿𝑃𝑡 − 𝑂𝐼𝐿𝑃𝑡−1)}]−1). As discovered in the bivariate 

analysis downward sloping trends in oil price is always (in our sample) relatively strongly 

correlated with depreciation of the krone. In fact, the trend component is more obvious than 

level. As we established in the re-estimated non-linear EqCM, adjusting for non-linearity 

increases the effect of changes in oil prices. Since only the change in the current period were 

found to have any statistically significant effect we had to choose between whether to include 

the level or the trend effect. This is because if we had included Δ𝑜𝑖𝑙𝑝𝑡  for both 𝐹𝑡,𝑁𝑜𝑟𝑚𝑎𝑙  and 

𝐹𝑡,𝐹𝑎𝑙𝑙  it would have caused multicollinearity which breaks with assumption 2 from subsection 

5.5.2 After assessing several different model specifications we found that the effect was at its 

most numerically and statically significant when the falling trend was included (appendix A). 
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7.7.1.2 Excluded Variables 

Some of the variables included in the re-estimated EqCMs were simply never found to be 

statistically significant, neither in the re-estimation nor when included in our attempts at 

improving the models. The change in Norwegian money market rates (Δ𝑅𝑆𝑡), change in the 

trade weighted European real interest rate ( Δ(𝑅𝐵𝑡−1 − Δ𝑐𝑝𝑖𝑡−2) ), Norwegian current 

account surplus/deficit relative to GDP (Δ4𝐹𝐼. 𝑌𝑡), as well as lagged values of the Brent crude 

oil price ( Δ𝑜𝑖𝑙𝑝𝑡−𝑖 ) were all found to be both numerically and statistically insignificant. 

Therefore, we assessed that these variables should be excluded due to their apparent lack of 

predictive power. Trade weighted European inflation (Δ𝑐𝑝𝑖𝑡
𝑓

) was numerically significant, but 

it too failed to show any statistical significance. Consequently, it was also excluded. 

As discussed in the previous subsection we assumed that liquidity preferences and risk 

aversion may be a good predictors of asset prices. Thus, we included the bid-ask spread on 

EURNOK as a proxy for this. In addition, we tried the variable Global Hazard Indicator (see 

subsection 6.3.7) as a proxy for liquidity preferences. Research have pointed to GHI as the 

best proxy for financial uncertainty in exchange rate modeling (Bernhardsen & Røisland, 

2000). In our regressions, however, the GHI was consistently numerically and statistically 

insignificant. Naturally, it was excluded, and the bid-ask spread was applied instead.         

7.7.1.3 Other Variables That Were Considered But Not Included 

In this subsection we discuss excluded variables that were not included in the re-estimated 

EqCMs as well as variables that were considered but that we were unable to include.  

Traditionally monetary models have included differentials of macroeconomic fundamentals 

(Meese & Rogoff, 1983). The classical reduced form monetary model can be defined as it is 

displayed in equation (12), subsection 4.1.1. In line with theory the reference model for the 

krone exchange rate (equation (53), subsection 7.4) includes interest rate differentials, 

however, neither of the re-estimated EqCMs do so. Consequently, we decided to try two 

different interest rate differentials for which we could gather reliable data. These are the 

differentials on Norwegian and trade weighted European 10-year government bonds (𝑅𝐵 −

𝑅𝐵𝑓) and the Norwegian and trade weighted European 3-month money market rates (𝑅𝑆 −

𝑅𝑆𝑓). In our regressions, none of these were ever found to be numerically nor statistically 

significant and were promptly excluded (appendix A.2, A.3). 
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Another variable, which would certainly be in line with quantity theory of money, is relative 

money supply ( 𝑚 − 𝑚𝑓 ). However, such variables are generally treated as exogenous 

variables in the underlying theoretical models, yet it might be more realistic to regard money 

supply as an endogenous variable (Meese & Rogoff, 1983). For this reason, it is difficult to 

obtain consistent coefficient estimates in the OLS- estimation. In addition, researchers have 

only found evidence supporting the predictive power of money supply in the long term (Rossi, 

2013). Consequently, we did not include relative money supply.         

7.7.2 Regression Output Analysis  

As with the original EqCMs, the New EqCM is estimated on the same data sample and the 

residuals appear to be white noise (appendix B.4). In addition, numerically, none of the 

estimated coefficients differ considerably from the other two models. This indicates that all 

of the included variables are efficient predictors of the dependent variable, i.e. changes in the 

EURNOK exchange rate.     

In contrast to the previous estimations we now obtain a statistically significant (at 5%) 

equilibrium-correction term ( [𝑒 − (𝑐𝑝𝑖 − 𝑐𝑝𝑖𝑓)]𝑡−4 ), however the estimated effect is 

approximately the same (appendix A.1). As stated in the previously the statistical significance 

has been achieved by lagging the variables four quarters rather than one. The sign on the 

coefficient is negative, hence in accordance with the PPP-hypothesis relatively higher 

European inflation depreciates the euro – and vice versa.       

The change in the exchange rate lagged one quarter (Δ𝑒𝑡−1) is numerically and statistically 

significant, at 5% (appendix A.1). The negative sign means that a positive change in the 

previous quarter tends to be followed by a negative change in the current period. This means 

that in the short term exchange rates tend to fluctuate and display no clear trend. To some 

extent this invalidates our assumption of some degree of trend persistence. However, if we 

extend the time frame to the medium term we argue that this assumption indeed has some 

credence. It is worth noting that this discovery may in part explain why short- to medium term 

exchange rate modeling is such a difficult task.  

As in the re-estimated linear EqCM the yield curve proxy (Δ2𝑅𝐵𝑡−1
𝑓

) is statistically significant 

at the 5% level (appendix A.1). Its coefficient, however, is marginally smaller. The sign is 

positive, which makes perfect sense within the monetary paradigm – increased foreign 
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interest rates yield a higher return on foreign currency denominated bonds, this increases the 

demand for euro relative to krone and hence the euro appreciates.      

Our liquidity proxy, the bid-ask spread ( BidAskSpreadt ), is numerically and statistically 

significant at the 5% level. The sign is negative, which means that a wide spread tends to 

appreciate the krone against the euro – and vice versa. What this seems to point at is that 

during the sample period, the krone was considered a safe haven compared to the euro. 

However, note that we do not capture the effects of the financial crisis since it has been 

corrected for with the impulse dummy. Removing the dummy yields numerically and 

statistically insignificant coefficient estimates (appendix A.5). As discussed earlier in this 

paper, the Norwegian krone’s status as a safe haven currency is debatable. But considering 

that Norway was relatively unscathed by the financial crisis and that the sample period 

contains the European debt crisis it is reasonable to assume that many investors have a 

favorable view of the krone compared to the euro. It is worth noting that safe haven status 

for a small currency like the Norwegian krone might shift more often than for larger 

currencies, i.e. market perceptions are easier to shift and more volatile with regards to a 

smaller currency. Therefore, the apparent safe haven status might not persist in the future. 

The implication is that the variable may improve our model fit to in-sample data, and at the 

same time yield deteriorating effects on our model’s forecasting ability.  

The current period change in oil price (Δ𝑜𝑖𝑙𝑝𝑡) conditional on a negative trend in oil prices 

over the previous quarter ([1 + exp{1(𝑂𝐼𝐿𝑃𝑡 − 𝑂𝐼𝐿𝑃𝑡−1)}]−1) is statistically significant at the 

1% level. The negative sign indicates an inverted relationship between Brent crude oil prices 

and the EURNOK exchange rate, i.e. when oil prices fall the Norwegian krone tends to 

depreciate against the euro. Disregarding the trend component, this effect is consistent with 

common perceptions of the krone-oil price relationship. As we have discussed in this paper, 

the Norwegian economy is heavily dependent on the petroleum industry and its tangential 

offshore industries. Therefore, the negative sign on the coefficient was also expected by the 

authors. In the conclusion and the following discussion, we will return to deliberate on 

whether the oil price indeed is an efficient predictor of the Norwegian krone exchange rate. 

Our preliminary finding thus far is that it very well may be, yet only in the short term. 
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7.7.3 Regression Diagnostics 

The improved non-linear model has the highest adjusted R-squared out of all the models 

estimated in this paper, although it exhibits lower goodness of fit than measured for Akram’s 

(2004) original non-linear model.  

From the high F-statistic we can assume that the explanatory variables Granger cause the 

dependent variable.  

The Breusch-Pagan test returns an F-statistic that is lower than the critical rejection value for 

all conventional levels of significance, hence assumption 4 of homoskedasticity holds 

(appendix B.2) 

The Box-Ljung Q-test does not reject the null hypothesis of no serial correlation in the 

residuals of the model. The 𝜒2-statistic derived from the Box-Ljung Q-Test is relatively high, 

18.408, compared to the other models we have estimated. However, this model has further 

degrees of freedom than any of the other models, and so it passes the test at all conventional 

levels of significance and OLS assumption 5 holds (appendix B.3). In order to correct for 

possible serial correlation and heteroskedasticity, we have applied HAC-standard errors in our 

final estimates and so there is no reason to believe that there are large inconsistencies in the 

error terms of our regression. 

The Jarque-Bera test returns a 𝜒2-statistic of 1.159. Consequently, we are not able to reject 

the null hypothesis of normality and assumption 6 holds (appendix B.5). 

The F-statistic derived from the RESET test is lower than the critical value at all conventional 

levels of statistical significance, hence, we cannot reject the null hypothesis of correctly 

specified functional form (appendix B.6). Recall that the RESET rejected both re-estimated 

models as originally specified by Akram (2004). This leads us to believe that the asymmetric 

relationship between the oil price and the EURNOK exchange rate can best be explained as 

conditional on negative trends rather than conditional on the ‘normal’ oil price level. It is 

worth noting that the RESET performance of the re-estimated models could be due to some 

of the variables included in the original models being inefficient predictors of the dependent 

variable. Inefficient predictors potentially bring unwanted noise, thereby affecting diagnostic 

tests performance. Although it is true that inefficient predictors potentially affect model 

diagnostics, it is not necessarily the case. RESET is only used to detect and reject models that 
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are misspecified in functional form, and cannot conclude on whether a model is overspecified. 

Therefore, it can only be derived, that the New EqCM has the highest probability of being 

correctly specified (Kacapyr, 2015). 

7.8 SUMMARY 

In this subsection, we summarize the models and their diagnostics in the table below. As we 

have already concluded above, it is now easier to see that the New EqCM is clearly superior 

with respect to parsimony and explanatory power in comparison to the re-estimated EqCMs 

on in-sample data. 

Table 6.  Summary of model specification 

 

 

Regressors New Non-linear EqCM Re-estiamted Non-linear EqCM Re-estimated Linear EqCM

0.262 0.270 0.286

-0.127 -0.132

-0.120

-0.230 -0.237 -0.208

-0.532 -1.911

-0.003 0.002

-0.003 -0.003

0.019 0.024 0.030

0.000 0.001

0.147 0.103 0.150

-0.055

-0.002

0.020

-0.109

-0.029

-0.031

-0.116

-0.131

New Non-linear EqCM Re-estiamted Non-linear EqCM Re-estimated Linear EqCM

0.561 0.460 0.432

0.026 (df = 57) 0.029 (df = 52) 0.029 (df = 52)

14.399 (df = 6 ; 57) 5.887 (df = 11 ; 52) 5.348 (df = 11 ; 52)

10.109 (df = 11) 12.679 (df = 11) 14.856 (df = 11)

18.408 (df = 13) 12.901 (df = 8) 10.841 (df = 8)

1.159 (df = 2) 0.469 (df = 2) 1.133 (df = 2)

0.731 (df = 14 ; 43) 2.273 (df = 26 ; 26) 2.040 (df = 22 ; 30)

-277.204 -259.326 -256.593

-259.933 -231.861 -228.527

Coefficients

Diagnostics
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As stated in the previous analyses of regression diagnostics, we now return to commenting 

on the information criteria AIC and BIC. Since these parameters measure information loss, we 

would like the criteria to be as low as possible. Consequently, more negative values are good. 

As we see from Table 6 above the values become more negative as we move from the re-

estimated linear to the New Non-linear EqCM. Hence we can conclude that information loss 

is minimized in the New EqCM. This implies that the lags chosen for this model are better 

suited to capture exchange rate fluctuations.    
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8 HYPOTHESES  

In order to answer the problem statement, we need to derive a test for whether any of the 

EqCMs are able to outperform a driftless random walk model at forecasting the EURNOK 

exchange rate in the short term, out-of-sample. 

Based on research question 3, the preceding methodological and theoretical discussions as 

well as the economic and econometric analyses we present the following hypotheses to be 

tested in the next section: 

𝐻0: 𝑅𝑀𝑆𝐸𝑅𝑎𝑛𝑑𝑜𝑚𝑊𝑎𝑙𝑘 ≪ ∀𝑅𝑀𝑆𝐸𝐸𝑞𝐶𝑀𝑖
 

𝐻1: 𝑅𝑀𝑆𝐸𝑅𝑎𝑛𝑑𝑜𝑚𝑊𝑎𝑙𝑘 ≫ 𝑅𝑀𝑆𝐸𝐸𝑞𝐶𝑀𝑖
 

The null hypothesis states that the out-of-sample forecast accuracy, measured by root mean 

square errors (RMSE), of the random walk model is strictly smaller than the accuracy for any 

and all of the three equilibrium-correction models. Note that forecasting accuracy is 

maximized when RMSE is minimized.  

The null hypothesis is based on the assertion of Meese and Rogoff (1983) that in the short- to 

medium-run the driftless random walk model performs as well as, or better, than any 

estimated empirical exchange rate model in out-of-sample forecasting. The criteria for 

rejecting the null is defined as any one of the empirical exchange rate models, i.e. EqCMs, 

obtaining a smaller estimated RMSE than the random walk model. A rejection of the null 

implies that we accept the alternative hypothesis.  

Furthermore, if the empirical exchange rate models, i.e. EqCMs, perform well and the oil price 

effects remain consistently significant predictors through the out-of-sample period, it will 

allow us to discuss whether the oil price can be considered an efficient predictor of the 

EURNOK exchange rate. Consistent with this and the problem statement, we also test the 

following hypotheses: 

𝐻0: Changes in the Brent crude oil price is not an efficient predictor of short-term changes in 

the EURNOK exchange rate. 

𝐻1: Changes in the Brent crude oil price is an efficient predictor of short-term changes in the 

EURNOK exchange rate.    
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By testing the empirical exchange rate models, we are effectively controlling for the effect of 

other variables affecting the EURNOK exchange rate and are able to obtain a more accurate 

estimation of the isolated effect of the Brent crude oil price on the EURNOK exchange rate. 

By applying pseudo out-of-sample forecasting, we are enabled to observe whether the effect 

of the Brent crude oil price variable remains stable and significant throughout the forecasted 

period. If so, it can be considered an efficient predictor. We reject the null hypothesis if our 

findings indicate that the oil price is an efficient predictor of the EURNOK exchange rate. 
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9 EMPIRICAL RESULTS  

In this section we, present the results from the ‘forecasting competition’ between the 

exchange rate models and the random walk model. The methodology applied is discussed in 

detail in subsection 5.7 – in short, for the EqCMs we apply a strategy of rolling recursive re-

estimation of the coefficients throughout the forecasting period, whereas the driftless 

random walk employs a simple no-change forecast strategy. Our original data sample is 

extended by 8 quarters to include the period 2017:q2 to 2019:q1. Note that due to the 

unavailability of trade data, the out-of-sample period for the re-estimated models had to 

exclude the first quarter of 2019. However, we tried removing the last quarter from the 

random walk and the New EqCM and the results obtained are same as when forecasting 8 

periods. Over the course of this period the oil price fluctuated within the normal range 

between US $40 and $80. It entails that we will not be able to properly test for level 

dependent non-linearities, but from the estimation of the New EqCM with non-linear oil price 

effects we have determined that level effects are less likely to exist than trend effects.  

Figure 9 below presents logarithmic values of the realized exchange rate (eurnok) on the left 

axis versus actual values of Brent crude oil price on the right axis. In the first four quarters the 

graph seems to imply a relationship that is opposite of what conventional perceptions assume 

– rising oil prices coincide with depreciation of the krone. In the latter part of the data sample, 

in response to the drop in oil price, this relationship seems to have returned to normal, i.e. 

rising oil prices appreciates the krone and falling oil prices depreciates it.     

 

Figure 9: Oil Price versus logged krone exchange rate – Data source: DataStream 
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Figure 10: Forecasts versus realized values for logged EURNOK exchange rate – DataSource: DataStream and 
Bloomberg 

Figure 10 displays forecasted logged changes in the exchange rate (grey lines) versus the 

actual logged changes (deurnok – dashed blue lines) on the left hand side for the New EqCM 

with non-linear oil price effects, the EqCM with non-linear oil price effects, the EqCM with 

linear oil price effects, and the random walk model, respectively. On the right hand side, we 

have applied the forecasted changes to obtain a comparison of forecasted and realized 
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eurnok (logged) values. In these plots, dashed lines also represent observed values whilst the 

forecast line is colored grey. 

The forecasts implied by the New EqCM seems relatively accurate. But, with the exception of 

the third quarters of 2017 and 2018 the model undershoots the actual currency movements, 

i.e. displays less volatility. Directional movement, measured by whether the sign on the 

change is equal to realized change, is accurate in 4 of the 8 forecasted quarters. Interestingly, 

it is noted that in 2018q4, the model underestimates the depreciation of the krone. At this 

point in time the oil price dropped from around US $80 per barrel to below US $60. If we 

assume that the coinciding depreciation of the krone was caused mainly by this drop in price, 

it entails that the model may not entirely capture the extent of depreciation of the krone 

towards the euro. An explanation might be that the size of the drop also matters. In the 

current model the logistic oil price function, 𝐹𝑡,𝐹𝑎𝑙𝑙 , is fully activated when the drop in price 

exceeds US $4 (see graph below). 

 

Figure 11: Effect of logistic function Ft, Fall with change in oil price on x-axis – Data source: DataStream 

The re-estimated EqCM with non-linear effects and the linear EqCM produces accurate 

directional predictions in 3 out of 7 quarters and are thus less accurate and robust than the 

New EqCM with non-linear effects in their predictive ability. In addition, deviations from 

realized values are larger. Lastly, the driftless random walk model produces even more 

inaccurate results with respect to estimating the direction of change from quarter to quarter. 

It is directionally accurate in 3 of 8 forecasted quarters. Since the krone exchange rate exhibits 

a tendency to fluctuate from quarter to quarter, this result is expected.  
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Table 7.  Forecast performance: Root Mean Square Errors 

 

For methodology and calculations of RMSE see subsection 5.7.3 and appendix (D). 

When performance is measured by root mean square forecast errors, the New EqCM with 

non-linear oil price effects clearly outperforms the other models, including the random walk. 

In fact, the New EqCM also outperforms Akram’s (2004) original EqCM which obtains a RMSE 

of 0.0360. Keep in mind however, the original model was tested on four more quarters of out-

of-sample data, hence Akram’s (2004) results are more robust than ours. Nevertheless, we 

think this is worth mentioning. In addition, both of the re-estimated EqCMs derived from 

Akram (2004) outperform the random walk in short-term forecasting accuracy.  

Comparing the two re-estimated EqCMs, the model with non-linear oil price effects slightly 

outperforms its counterpart with linear effects. On the surface this is consistent with our 

findings of non-linear oil price effects within the normal range. However, the difference is not 

very significant at 0.0359 against 0.0366, meaning that we cannot confidently draw any 

conclusion on the level effect.   

Lastly, the oil price effects are found to be more numerically and statistically significant when 

conditional on non-linearities. In addition, we note that as in the regression, only current 

period changes in oil price hold any significant predictive power (appendix A). Importantly, 

we find that the oil price variable yields stable and statistically significant coefficients 

throughout the forecasting period (appendix C). Another finding, which is consistent with 

(Rossi, 2013), is that we find instability in the significance of one of our predictors. The 

equilibrium-correction term, which proxies PPP deviations, is not a stable predictor over the 

out-of-sample period (appendix C).  

Based on the preceding analyses and empirical results we can now move on to the conclusion 

and answer the problem statement outlined in subsection 2.1.  

 

 

Model EqCM Linear EqCM Non-linear New EqCM Non-linear Random Walk (without drift)

RMSE 0.0366 0.0359 0.0290 0.0526
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10 CONCLUSION  

Based on our hypothesis tests and empirical results above we present summarized 

conclusions to the research questions, before we present the main conclusion of the thesis 

by answering the problem statement introduced in subsection 2.1. A more detailed discussion 

of our findings and their implications is reserved for section 11.  

10.1 RESEARCH QUESTION 1 

How do currency markets work and what fundamental assumptions and methodology 

underpin our research and modeling approach? 

For currency market dynamics the reader is referred to section 3 of the paper. Our 

fundamental economic assumptions follows the monetary approach and in short they are: 1) 

Currencies are viewed as assets; 2) Purchasing power parity is assumed to hold and acts as 

the long-run attractor for the exchange rate; 3) Uncovered interest parity links the current 

spot rate with future expected spot rate through long-term interest rates; 4) Quantity theory 

of money forms the theoretical foundation for differences in price levels.  

The econometric methodology of the paper is comprised of time series regression, ordinary 

least squares estimation and dynamic linear and non-linear equilibrium-correction models. In 

addition, we apply pseudo out-of-sample forecasting in order to test our hypotheses.   

10.2  RESEARCH QUESTION 2 

Does empirical evidence support a non-linear relationship between the EURNOK exchange 

rate and the Brent crude oil price? 

By conducting a bivariate analysis of the EURNOK-oil price relationship we find that it is 

reasonable to assume asymmetric oil price effects on the krone exchange rate. The effect of 

negative trends in oil price is found to be the most pronounced in the bivariate analysis of 

subsection 7.3. This finding is reaffirmed when running the regressions in subsections 7.5 to 

7.7. 
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10.3 RESEARCH QUESTION 3 

Which exchange rate model minimizes the root mean square errors?   

The empirical results presented in section 9 shows that the New EqCM with non-linear oil 

price effects minimizes the root mean square errors on the out-of-sample forecasts. It is 

followed by the re-estimated non-linear EqCM and the linear EqCM. The driftless random 

walk model is clearly inferior to all of the EqCMs in terms of short-term forecasting accuracy.  

10.4 CONCLUSION 

Recall the problem statement:    

Can a monetary approach exchange rate model which accounts for the oil price holding 

predictive power over the EURNOK exchange rate still outperform a driftless random walk 

model in short-term out-of-sample forecasting? 

Based on the empirical results presented above we can reject the null hypothesis that the 

driftless random walk model yields strictly lower root mean square errors (RMSE) than all of 

the dynamic equilibrium-correction models on out-of-sample forecasting. In addition, we 

reject the null from the second hypothesis test. Consequently, we accept the alternative 

hypothesis that the oil price is an efficient predictor of the EURNOK exchange rate in the short 

term. Our findings show that the effects of the oil price on the Norwegian krone exchange 

rate towards the euro is stronger when the oil price is falling. Supporting a non-linear krone-

oil price relationship as suggest by earlier studies. Note that this conclusion only holds for 

short-term changes in oil price. This is consistent with Akram (2004). 

Based on these findings we conclude that the dynamic monetary approach exchange rate 

model, which accounts for the oil price holding predictive power over the krone exchange 

rate, can indeed outperform a driftless random walk model at short-term out-of-sample 

forecasting of the EURNOK exchange rate.  

Interestingly, this finding affirms the results obtained by Akram (2004), on a floating krone 

exchange rate. Yet, it contradicts much of the literature on short to medium term exchange 

rate modeling, most notably Meese and Rogoff (1983). This makes our findings an interesting 

subject for discussion. Hence, the next section is dedicated to exactly that.        
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11 DISCUSSION AND FINAL REMARKS 

This section is structured as follows; first we discuss our findings and how they contribute to 

existing literature, then we discuss potential weaknesses and biases that may have influenced 

our research. Lastly, we discuss topics for further research which relate to ours. 

11.1 DISCUSSION OF FINDINGS 

Our findings that the monetary equilibrium-correction models convincingly outperforms the 

driftless random walk model at short-term forecasting of the Norwegian krone exchange rate 

towards the euro, diverges from much of the existing literature on exchange rate prediction. 

Most notably, according to our findings, the Meese-Rogoff puzzle (Meese & Rogoff, 1983) 

does not hold for the Norwegian krone. Frankel and Rose (1995) refers to a few studies that 

have reached similar results to ours, see Woo (1985), Somanath (1986), Finn (1986), 

MacDonald and Taylor (1993, 1994), and Schinasi and Swamy (1989). However, the opposite 

conclusion seems to weigh more heavily in academic circles, see e.g. Meese and Rogoff 

(1983), Diebold and Nason (1990), Meese (1990), Rossi (2013), and Chen, Rogoff and Rossi 

(2010).  

Furthermore, we find that accounting for non-linearities in the Brent crude oil price relation 

further increases both the in-sample and out-of-sample predictive ability of the models. In 

contrast, Meese and Rose (1991) finds little to no evidence that accounting for non-linearities 

improves forecasting accuracy for the exchange rates between major OECD countries. Chen, 

Rogoff and Rossi (2010) were unable to prove that commodity prices hold any out-of-sample 

forecasting power over exchange rates. However, our findings of the New EqCM 

outperforming the random walk model in terms of directional accuracy are consistent with 

the findings of Moosa and Burns (2014). In addition, our RMSE estimates improves on the 

results presented by Akram (2004). Not only for the non-linear models, but also the linear 

equilibrium-correction model outperforms the random walk model in terms of RMSE. 

The contradictions outlined above leads us to question; why do fundamentals and monetary 

approach modeling of the Norwegian krone exchange rate yield the results presented above, 

when a substantial part of the academic literature suggests that it should not be possible? 
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This is a question that is difficult to answer, however we suggest that the following factors 

may at least partly explain why.  

First, we suspect that Norway’s oil dependency, which affects fundamentals such as inflation 

and consequently interest rates, as well as the krone’s liquidity conditions, as described in 

subsections 3.2 and 3.3, play an important role. If we further assume that the monetary 

approach to valuation of currencies is common among investors and other market 

participants, we can deduct that due the relatively low liquidity of the krone, investors’ beliefs 

in oil price effects and subsequent effects on macroeconomic fundamentals can be expected 

to affect the exchange rate. In other words, monetary models have predictive ability because 

a sufficient portion of market participants believe that fundamentals hold predictive 

properties. 

Second, according to Moosa and Burns (2014) superior predictive ability of empirical models 

that use dynamics can be expected because the lagged dependent variable makes the 

underlying model some sort of augmented random walk. The lagged dependent variable, 

which represents the random walk component, often dominates the effect of the explanatory 

variables in such models. Excluding trade weighted European inflation, we find this to be 

somewhat true. However, the combined effect of the other explanatory variables in our 

models greatly outweighs the effect of the lagged exchange rate. Hence, we are not able to 

conclusively say that our models are merely augmented random walks, but we do not dismiss 

that this may partly explain our results.      

Third, we suspect the time span on which one estimates the initial exchange rate models to 

be a significant factor. In much of the literature the period reserved for the initial model 

estimation is much shorter than the estimation period from Akram (2004), as well as our own. 

Take for instance Meese and Rogoff (1983), their estimation period is only about three years 

long, whilst we estimate our initial models on approximately 17 years of data. Given that 

market conditions and exchange rate regimes are somewhat consistent over the whole 

sample period, i.e. in- and out-of-sample, and that extreme outliers are controlled for, it can 

be inferred that the estimation period is of some importance to model performance. 

However, we do not have empirical evidence to support a robust conclusion on this matter.  
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11.2 WEAKNESSES AND BIASES 

As stated in the delimitation (2.2) our research is limited to modeling of the EURNOK exchange 

rate. Hence, we will not be able to draw general conclusions for the foreign exchange markets 

or exchange rate modeling in general. However, this was never the intention. In this 

subsection we address some of the weaknesses and biases pertaining to our research.    

There are a few weaknesses which relates to the robustness of our findings. The most obvious 

one being the length of the out-of-sample data period. It is acknowledged that our results 

may have been altered if we extended this period to include more than just 8 quarters. For 

the re-estimated EqCMs this is even worse with only 7 quarters, due to the unavailability of 

certain trade data for the first quarter of 2019. The reason why we chose a longer in-sample 

estimation period, on the expense of the out-of-sample period, is that we assumed that 

model performance would increase with a longer initial estimation period. This choice was 

consistent with Akram (2004). 

Another weakness is that we do not explore forecasting for other time frequencies than 3 

months. Akram (2004) found that the results should be the same for 3 months and 1 month 

forecasts, however, in hindsight we could have tried longer time horizons like 6 and 12 

months to improve the reliability and generalizability of the results. Given the limited scope 

of the paper such tests were, however, not conducted as it would have dramatically increased 

the time spent gathering data and modeling. 

Lastly, with respect to weaknesses, it is noted that the forecasts are based on realized values 

of the explanatory variables. Consequently, practical forecasting application of our models 

would require the researcher or market participant to produce forecasts of the independent 

variables. However, this is not unique to our paper, but seems to be a recurring theme in the 

literature and it may be one of the reasons why accurate exchange rate prediction is so 

difficult in real time. It is worth noting that, compared to Akram (2004) we have reduced this 

problem by specifying a more parsimonious model.     

With respect to bias we acknowledge that it is impossible to completely eliminate. Even if we 

are working within the positivistic philosophy and our experiments should be regarded as 

objective, our assumptions and beliefs still affect the choices we have made with regards to 

choosing explanatory variables. However, we would like to note that before having conducted 
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the empirical forecasting tests, we expected the models to fail. Consequently, we deem that 

this may have helped to reduce our bias. 

11.3 TOPICS FOR FURTHER RESEARCH 

In this subsection we would like to briefly present related topics for further research. This 

includes topics related to the Norwegian krone exchange rate in particular as well as more 

general topics on exchange rate prediction. 

Akram (2002) found evidence for PPP on Norwegian data in the medium run. However, as 

stated in section 9, we find that the equilibrium-correction term is unstable in terms of 

variability in numerical and statistical significance in the out-of-sample estimations. Hence, 

it would be a relevant topic for further research to study the sources of PPP instability, i.e. 

the equilibrium-correction term, on Norwegian data. Our suspicion is that the inefficiency of 

the PPP proxy is caused by the variable being a unit root process, i.e. it is found to be non-

stationary (see subsection 6.4).      

Another possible topic for further research relates to the presence of non-linearities. The non-

linearities derived by Akram (2004) can be explained through the Ozkan and Sutherland 

(1998) framework which postulates that non-linearities arise because an intervening central 

bank has to stop intervening in the exchange market due to external shocks. In our case this 

explanation does not have any credence, as the Norwegian Central Bank no longer intervenes 

in the market to affect the krone exchange rate. Therefore, we suggest that the origin of the 

non-linearities found in this paper makes for a highly relevant topic for further research.    

Extending on the research conducted in this paper, it would also be of interest to investigate 

whether the approach yields the same results for other comparable currencies, e.g. the 

Canadian dollar. If so, can one infer a general theme for currencies of commodity exporting 

countries? In addition, it would have been interesting to examine how different empirical 

models, other than the ADL style equilibrium-correction models, would fare against the 

driftless random walk. 

Finally, given the disparity regarding initial estimation period, discussed above (11.1). We 

deem that it would be relevant to research the effects which the length of the in-sample 

period has on the out-of-sample predictive ability of empirical models.  
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13 APPENDICES 

13.1 APPENDIX A: MODEL ESTIMATION 

13.1.1 Appendix A.1: Final Models  
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13.1.2 Appendix A.2: General to Specific Manual Approach 

 

Linear Model 1-2 
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Linear Model 3-6 

 

Linear Model 3-6 

Models 3-6 
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Linear Model 7-9 
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Non-Linear model 1-2 
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13.1.3 Appendix A.3: GETS (Algorithmic Model Specification) 
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13.1.4 Appendix A.4: Models Without Intercept 
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13.1.5 Appendix A.5: Models Without Impulse Dummy 
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13.1.6 Appendix A.6: New Linear Model 
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13.2 APPENDIX B: MODEL DIAGNOSTICS 

13.2.1 Appendix B.1: EqCM Residuals 
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13.2.2 Appendix B.2: Breusch-Pagan 

 

 

Critical values for the BP test are derived from Stock and Watson (2015, p. 807) 
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13.2.3 Appendix B.3: Box-Ljung 

 

 

Critical values for Box-Ljung are derived from Stock and Watson (2015, p. 806) 
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13.2.4 Appendix B.4: ACF Plot of Residuals 
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13.2.5 Appendix B.5: Jarque-Bera 

 

 

Critical values for Jarque-Bera are derived from Stock and Watson (2015, p. 806) 
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13.2.6 Appendix B.6: Ramsey’s RESET 

 

 

Critical values for RESET are derived from Stock and Watson (2015, pp. 808-810) 
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13.2.7 Appendix B.7: Information Criterion 
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13.2.8 Appendix B.8: Augmented Dickey-Fuller  
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13.2.9 Appendix B.9: Augmented Dickey-Fuller Summary 

 

 

 

Variables t-ADF Significance

-2.093 -

-5.485 ***

-1.523 -

4.775 ***

-2.704 -

-6.714 ***

-0.219 -

-4.955 ***

-2.454 -

-2.939 -

-5.558 ***

-1.807 -

-6.112 ***

-3.288 *

-6.473 ***

-3.939 **

-4.118 ***

-3.107 -

-3.323 *

-5.391 ***

-5.489 ***

-3.952 **

-2.606 -

-6.962 ***

-4.124 ***

Significance level 1%*** 5%** 10%*

Critical values -4.040 -3.450 -3.150
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13.3 APPENDIX C: PSEUDO OUT-OF-SAMPLE REGRESSIONS 

13.3.1 Appendix C.1: Re-Estimated Linear EqCM  
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13.3.2 Appendix C.2: Re-Estimated Non-Linear EqCM  
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13.3.3 Appendix C.3: New Non-Linear EqCM  
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13.4 APPENDIX D: FORECAST PERFORMANCE  

13.4.1 Appendix D.1: Re-Estimated Linear Model  

 

 

 

 

End Date of Regression 2017Q1 2017Q2 2017Q3 2017Q4 2018Q1 2018Q2 2018Q3

-0.132 -0.113 -0.101 -0.066 -0.079 -0.083 -0.071

-0.208 -0.228 -0.221 -0.228 -0.237 -0.231 -0.239

-1.911 -1.920 -1.861 -1.841 -1.726 -1.701 -1.498

0.002 0.002 0.002 0.003 0.002 0.002 0.002

-0.003 -0.001 0.000 -0.003 -0.003 -0.003 -0.004

0.030 0.028 0.027 0.029 0.028 0.028 0.027

0.001 0.001 0.001 0.001 0.001 0.001 0.001

0.150 0.144 0.145 0.149 0.148 0.148 0.147

-0.055 -0.059 -0.056 -0.051 -0.052 -0.052 -0.052

-0.002 -0.005 -0.005 0.003 0.000 0.001 0.001

0.020 0.024 0.023 0.024 0.021 0.020 0.019

Constant 0.286 0.246 0.221 0.149 0.175 0.183 0.157

Forecast Exchange Rate 2017q2 2017q3 2017q4 2018q1 2018q2 2018q3 2018q4

-0.00584 -0.03797 -0.01318 -0.01272 0.00303 -0.01981 0.01082

0.03854 -0.00952 0.05483 -0.03659 -0.00365 0.00239 0.04028

Square Error 0.00197 0.00081 0.00463 0.00057 0.00004 0.00049 0.00087

RMSE 0.03661

EqCM Linear

Forecasted Exchange Rate 2017q2 2017q3 2017q4 2018q1 2018q2 2018q3 2018q4

eurnok 2.24591 2.23639 2.29122 2.25463 2.25098 2.25337 2.29365

Forecasted eurnok 2.20153 2.20794 2.22321 2.27850 2.25766 2.23117 2.26419

Forecasted EURNOK 9.03884 9.09693 8.57634 9.77669 9.56070 9.31071 9.62330

EURNOK 9.44900 9.35950 9.88700 9.53175 9.49700 9.51975 9.91100

Coefficients



Oil Money: Short-term exchange rate prediction of the Norwegian krone 

Page 136 of 138 
 

13.4.2 Appendix D.2: Re-Estimated Non-Linear Model  

 

 

 

End Date of Regression 2017Q1 2017Q2 2017Q3 2017Q4 2018Q1 2018Q2 2018Q3

-0.127 -0.106 -0.093 -0.059 -0.065 -0.062 -0.053

-0.237 -0.257 -0.245 -0.265 -0.266 -0.270 -0.277

-0.532 -0.530 -0.462 -0.308 -0.282 -0.299 -0.148

-0.003 -0.002 -0.002 -0.001 -0.001 -0.001 -0.001

-0.003 -0.002 -0.004 -0.002 -0.002 -0.002 -0.002

0.024 0.023 0.021 0.023 0.023 0.023 0.022

0.000 0.000 0.001 0.001 0.001 0.001 0.001

0.103 0.093 0.098 0.100 0.100 0.100 0.980

-0.109 -0.115 -0.107 -0.099 -0.099 -0.098 -0.099

-0.029 -0.023 -0.023 -0.022 -0.024 -0.023 -0.024

-0.031 -0.036 -0.036 -0.037 -0.038 -0.039 -0.039

Constant 0.270 0.227 0.200 0.129 0.141 0.135 0.115

Forecasted period 2017q2 2017q3 2017q4 2018q1 2018q2 2018q3 2018q4

-0.00607 -0.04532 -0.01534 -0.02738 -0.00946 -0.01372 0.01865

0.03854 -0.00952 0.05483 -0.03659 -0.00365 0.00239 0.04028

Square Error 0.00199 0.00128 0.00492 0.00008 0.00003 0.00026 0.00047

RMSE 0.03594

EqCM NL

Forecasted Exchange Rate 2017q2 2017q3 2017q4 2018q1 2018q2 2018q3 2018q4

eurnok 2.24591 2.23639 2.29122 2.25463 2.25098 2.25337 2.29365

Forecasted eurnok 2.20130 2.20059 2.22105 2.26385 2.24517 2.23726 2.27202

Forecasted EURNOK 8.74993 9.03032 9.21700 7.86561 9.44196 9.36112 9.81576

EURNOK 9.44900 9.35950 9.88700 9.53175 9.49700 9.51975 9.91100

Coefficients
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13.4.3 Appendix D.3: New Non-Linear Model 

 

 

 

 

 

 

 

 

 

 

End Date of Regression 2017Q1 2017Q2 2017Q3 2017Q4 2018Q1 2018Q2 2018Q3 2018Q4

-0.120 -0.092 -0.087 -0.069 -0.078 -0.081 -0.076 -0.067

-0.230 -0.215 -0.208 -0.203 -0.221 -0.220 -0.220 -0.216

0.019 0.019 0.019 0.021 0.020 0.020 0.020 0.020

0.147 0.151 0.152 0.159 0.155 0.155 0.156 0.154

-0.131 -0.149 -0.153 -0.165 -0.156 -0.155 -0.158 -0.162

-0.116 -0.117 -0.116 -0.112 -0.114 -0.114 -0.113 -0.118

Constant 0.262 0.206 0.196 0.161 0.179 0.184 0.174 0.156

Forecasted Period 2017q2 2017q3 2017q4 2018q1 2018q2 2018q3 2018q4 2019q1

-0.00862 -0.02020 -0.00250 -0.01274 0.00236 -0.01172 0.02265 -0.01719

0.03854 -0.00952 0.05483 -0.03659 -0.00365 0.00239 0.04028 -0.02049

Squared Error 0.00222 0.00011 0.00329 0.00057 0.00004 0.00020 0.00031 0.00001

RMSE 0.02905

Forecasted Exchange Rate 2017q2 2017q3 2017q4 2018q1 2018q2 2018q3 2018q4 2019q1

eurnok 2.24591 2.23639 2.29122 2.25463 2.25098 2.25337 2.29365 2.27316

Forecasted eurnok 2.19875 2.22571 2.23389 2.27848 2.25699 2.23926 2.27602 2.27645

Forecasted EURNOK 9.40333 9.17231 9.86233 9.41105 9.51944 9.40883 10.13803 9.54450

EURNOK 9.44900 9.35950 9.88700 9.53175 9.49700 9.51975 9.91100 9.71000

Coefficients
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13.5 APPENDIX E: EXPLANATION OF VARIABLES 

 

Variables Description

Spot EURNOK

Brent Crude Oil Spot Price

Norwegian CPI, 2000 = 1

Trade-Weighted European CPI, 2000 = 1

Norwegian Ten-Year Government Bond Rate

Trade-Weighted European Ten-Year Government Bond Rate

Three-month Norwegian Interbank Offered Rate

Three-month Euro Interbank Offered Rate

Norwegian Current Account Deficit/Surplus as a percentage of GDP

Global Hazard Indicator 

EURNOK Bid-Ask Spread 

Dummy Variable with a value equal to 1 in 2008:q4 and zero otherwise 


