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Abstract 
 

 Exchange rates have always been a field of interest for economists, fund 

managers, investors, specialized traders, companies, as well as merchants who would 

like to buy or sell commodities and other products outside their country, hedge their 

positions or even speculate from their fluctuations. 

 The EUR/USD is one of the most important exchange rates; if not the most 

important globally, owing to the fact that it is the most actively traded currency pair and 

the huge number of funds and the investors that exist in the Eurozone and in North 

America. Furthermore, we shall not forget that the price of oil is determined in dollars 

so a great number of transactions daily take place between these two economic zones 

involving significant values. 

The purpose of this dissertation is to study, based on the theory that determines 

exchange rates, the effects of macroeconomic and financial factors in the EUR/USD 

exchange rate. First of all, after a brief literature review that reviews the work that has 

been already done from researchers concerning our exchange rate, the econometric 

methodology that we will use is referred. Afterwards, we will move to the empirical 

analysis where we will study meticulously the relationship between macroeconomic and 

financial factors and the EUR/USD exchange rate and we will form both the long-term, 

as well as, the short-term model with independent variables chosen after many tests, 

mainly with the trial and error method and dependent variable first the logarithm of 

EUR/USD rate and then the first difference of the latter for our short-term model. 

Moreover, we will try to forecast with the help of our econometric model this exchange 

rate after the 2008 financial crisis that led to a great global recession in order to realize 

the predictability and reliability of our model, its capability to beat the random walk in 

the short-term level and if there is a possibility for this specific model to be used for 

future forecasts. Finally, we will conclude our project evaluating our model and 

analyzing how it could be used for predictions with greater reliability. 
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1. Introduction 
 

 

As it was previously referred, the purpose of this project is to analyze and predict 

the time series of EUR/USD exchange rate after August 2008 based on a set of 

macroeconomic and financial variables that we have chosen. Our data set is monthly, 

separated into two parts; the first one contains information regarding the exchange rate 

from March 2001 until July 2008 and the second one from August 2008 until May 

2016. 

For the purpose of our analysis we will use modern econometric methodology 

including Cointegration Analysis and the Error Correction Model in order to determine 

the way our model and more specifically our variables in our long term model approach 

the short-term fluctuations of our exchange rate and what is the degree of the correction 

between our model and the actual prices per month. 

 

 

1.1  A brief history of euro and dollar currencies, as well 

as their exchange rate 
 

On the one hand dollar is one of the most historical currencies in the history of 

economics. Back in the 1500s in Bohemia (modern Czech Republic) a switch in the 

usual until then monetary establishment occurred. From tiny gold coins people started to 

exchange with bigger silver coins in their transactions. Most of these coins came from 

the Bohemian town of St Joachimsthal, located on today's Czech-German border. This 

brand new type of coin was called “The Thaler”. Soon enough, this coin was so popular 

that other countries also started to create an equivalent of the above. Such equivalent in 

English could be called “the dollar”. In the meantime, Spaniards were really powerful in 

creating colonies all over the world so their currency “pesos” was widely used for 

commercial purposes in North America too, with the name “Spanish Dollar” because of 

the equivalence of “pesos” to the Bohemian coin. It was more popular at this period 

than the British Pound, which was the official currency, among the North Americans, 

due to their transactions. After the popularization of “The Thaler” at about 1770s 

colonies in North America declared their independence. They had to choose between 

two currencies the British pound as these territories were mainly British and the 

currency that people used to use all this time there, the dollar. In 1792 the decision had 

been made and the United States confirmed that from that time “the money of account 

of the United States shall be expressed in dollars” (Baer, 2015) 
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On the other hand, the history of the Euro is much more recent. The beginning was 

noted at the Maastricht Treaty where 12 countries agreed about the creation of the 

European Union which promoted the development of the Eurozone, the economic and 

monetary union among many European countries. (The Editors of Encyclopedia 

Britannica, 2007). The Euro as an existence firstly appeared on January 1
st
 1999 in 11 of 

the 15 EU member states and began trading at $1.1747 and on the 1
st
  of January  2002 

the Euro notes and coins become legal tender in the 12 Eurozone countries - Greece is 

the 12th member. (Telegraph Media Group, 2010) 

From this point, until now, many fluctuations for this major exchange rate have 

been noted. The most significant was on the 26
th

 of October 2000, when Euro hits a 

record low of $0.8225. On the other hand on February 27, 2008 Euro traded above 

$1.50 after the statement of FED’s chairman Ben Bernanke that rates would be cut due 

to upcoming risks. Below, there is a figure presenting the history of our exchange rate 

and its significant fluctuations from 1990 until 2016.  

 

 

 

 

 

Figure 1: Euro (EUR) to U.S. dollar (USD) average exchange rate from 1999 to 2016 (ECB, 2017) 
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2. Literature Review 
 

 

There has been a great research among scientists about the EUR/USD as it is one of 

the most important exchange rates in the forex market. The main reason for this is the 

financial zones that these two currencies represent as on the one hand we have the euro 

that represents the Eurozone, or else the economy of Europe in a significant degree, and 

on the other hand, the US dollar that represents the economic and financial situation of 

the USA. Consequently, by currency pairs, the EUR/USD is the most actively traded. 

Of course, we cannot afford to neglect that the US dollar is the representative of oil as 

the demand and supply of barrels of oil are referred in US dollars. 

One of the first attempts to describe the EUR/USD exchange rate and the driving 

forces, in the medium and long term, between these two currencies was made from Jorg 

Clostermann and Bernd Schnatz, who constructed a “synthetic” euro for the period from 

1975 to 1998 to compare it with the US dollar and how this hypothetical exchange rate 

would conduct. This synthetic euro was calculated as a geometrically weighted average 

of the dollar exchange rates of individual EMU currencies. The variables that delineated 

this exchange rate were the international real. Interest rate differential, relative prices in 

the traded and non-traded goods sectors, the real oil price and the relative fiscal 

position. With the help of an equation error correction model they came to some really 

interesting conclusions like that except the prices of goods-services and their differential 

between these two economic zones, interest rates and their differentials as well as price 

of oil can affect this exchange rate. Moreover, for the medium and long term the single 

equation error correction model outperformed the random walk in terms of prediction. 

(Schnatz, 2000) .  

 

A different approach has been noted from Dunis and Williams who used the fixed 

EUR/DEM conversion rate agreed in 1998, combined with the USD/DEM daily market 

rate, analyzing their ex- Euro data sets. Their methodology was innovative as they used 

neural network models for their study, despite the limitations and potential 

improvements; it produced more reliable results, in terms of forecasting, than the 

traditional ways that had been studied until that point (Christian Dunis, 2002). Another 

econometric approach has been conducted from Weisang and Awazu who tried to 

investigate the exchange rate with the help of ARIMA models providing a framework 

for researchers to practice the above mentioned methodology. Completing their project 

they concluded that their model does not contradict the efficient market hypothesis 

exhibiting characteristics close to the random walk theory but unfortunately doesn’t 

succeed in terms of making valid and accurate forecasts (Guillaume Weisang, 2008).  

 

Furthermore, Sartore, Trevisan, Trova and Volo constructed a EUR/USD 

econometric -area wide- model in Vector Error Correction form for forecasting 

purposes. Interest rate differential, differential between US and Euro GDP annual 

growth and this of the real public debt were the main variables in this model that 

produced satisfactory results. The synthetic US dollar/Euro nominal exchange rate that 

was used was the one produced by Warburg Dillon Read an investment bank created by 

the Swiss Bank Corporation as the data sets they analyzed were before the 1st of 

January of 1999 (Domenico Sartore, 2002). To continue, Paul de Grauwe investigated 

our exchange rate from the start of 1999 until May 2000 when Euro marked a 
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significant decline of almost 25%. De Grauwe noticed that this phenomenon was caused 

neither by the economic fundamentals (growth of GDP, production, inflation rate) that 

had been regarded as the major driving factors of the exchange rates, nor by bad news 

for the Eurozone concluding that EUR/USD exchange rate is a much more complex 

system to forecast. The psychology of investors including their fears and expectations 

and uncertainty about future events and how will they be translated in economic terms, 

play an important role for him (Paul De Grauwe, 2000).  

 

The subject was approached theoretically too, by Li Wenhao who analyzed the 

determinants of EUR/USD exchange rate, the competition between Euro and Dollar 

after the emergence of Euro. Concluding, he made some brief predictions about the 

future of Euro, as well as of our exchange rate (Wenhao, 2004).  Moreover, Lazos 

Thomas studied the validity of three basic theories regarding exchange rates and the 

application of one of them in the EUR/USD rate. The uncovered interest parity, the 

covered interest parity and the efficiency of forex market were analyzed and the latter 

one was tested from January 2002 until December 2010. The efficiency of forex market 

declares that the forward exchange rate is an unbiased estimator of the future spot 

exchange rate. Comparing these two pairs he concluded that we cannot accept the 

efficient forex market hypothesis as there are many factors such as interest rates, the 

psychology of investors from everyday news that are not included (Thomas, 2011). 

 

 In addition to the above, Asmarah Jamaleh introduced a linear error correction 

model based on fundamentals like short interest rates, gross domestic product growth 

expectations and inflation differentials and a non-linear model in order to explain and 

predict the behavior of the EUR/USD exchange rate. The conclusion of the researcher 

was that both the linear and non-linear model worked in a satisfactory way and that 

indeed some rather important fundamentals drive this rate, interestingly, in a non-linear 

mechanism (Jamaleh, 2002). Another attempt from Sartore, Trevisan, Trova and Volo 

has been made for predicting the EUR/USD exchange rate with the help of a multi 

country area econometric model, instead of the area wide first model. This specific 

model was built in Vector Error Correction form and used data from three European 

countries only: Germany, France and Italy and common variables like: annual real GDP 

growth rate, consumer price index to producer price index, ratio of government surplus 

or deficit and the GDP, ratio of export unit value to import unit value and finally annual 

real M3 growth rate. The above mentioned scientists came to the conclusion that the 

multi country model outperformed both the area wide model and the random walk in 

terms of predictability. The real exchange rate was the same as in their previous paper 

that is to say the synthetic US dollar/Euro nominal exchange rate by Warburg Dillon 

Read (Domenico Sartore, 2003).  

 

Ghalayini later deviated from the above and constructed an ARIMA model 

studying the volatility of EUR/USD exchange rate time series in the long run using the 

inflation differential, interest rate differential, business cycles and the money aggregates 

differential. As far as the short run is concerned he used a Vector Error Correction 

Model acquiring satisfactory results (Ghalayini, 2014). To continue, Karfakis 

investigated the existence of an empirical link between the dollar price of the Euro and 

monetary fundamentals using VAR analysis and an Error Correction Model for the 

short run and managing to outperform the random walk (Karfakis, 2007) 
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3. Econometric Methodology 
 

 

In this section we will investigate the econometric methodology that we will utilize 

later in the EUR/USD exchange rate time series model and our macroeconomic and 

financial variables that we are planning to use for it. Long term equilibrium will be 

established between our dependent and independent variables if they are simultaneously 

integrated of the same order (usually of order 1) (Engle & Granger, 1987). In order to 

check the above scenario we must perform a stationarity test in our variables with the 

aid of the unit root test (David Dickey, 1979) . To continue, discovering the existence of 

cointegration among our variables enables us to perform the Ordinary Least Squares 

(OLS) Method and our regression in order to determine the connection between our 

exchange rate and the variables we chose by examining the sign of the coefficients, their 

statistical significance and if they agree with our known, so far, economic theory.  

Afterwards, we shall try to analyze the short-run dynamics of this relationship by using 

an Error Correction Model and checking the residuals from our long-term model. The 

residuals will help us understand the connection between the variables we used in the 

long term model and the actual fluctuations in the short-term level and how closely our 

model can approach the real price changes of every month since we use monthly data 

sets in our project. We will explain later in our project the specific process we follow in 

detail.  

 

3.1  Stationarity  
 

 

It is essential for our econometric analysis that the time series under consideration is 

stationary. A time series is called stationary if the mean and the variance are constant 

over time and the value of covariance between two time periods depends only on their 

distance and not on the time during which the covariance is calculated (Gujarati, 2004). 

Although we cannot perform econometric analysis in non-stationary time series, as it is 

characterized by a trend, with the help of the Cointegration method we can “combine” 

the non-stationarity of our variables, also called integrated of order 1 (usually), and 

present a stationary time series which can be analyzed as long as its residuals are 

integrated of order 0, which means stationary.  
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Below there is an example of a time series where a non-stationary deterministic process 

becomes stationary after removing the trend: 

 

 

Figure 2: Detrending a non-stationary process (Iordanova, 2007) 

 

 

Why is stationarity important after all? 

First of all, in stationary time series one shock (unexpected event) declines in the 

passage of time whereas in non-stationary series a shock at time t is followed by 

equivalent changes in the future periods. Moreover, it is really often that non-stationary 

variables may produce a spurious regression with invalid    (unexpectedly high) which 

is the estimator of our model. Last but not least in the case of non-stationarity the 

assumptions of linear regression cannot be applied and we cannot use t and F statistic 

distributions.  

 Later on this chapter we will study the test for stationarity with the help of the unit root 

method and cointegration more meticulously.  
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3.2  Unit Roots and Cointegration  
 

 

Let us that    and    are the logs of the levels of the variables    and    which are 

linked by the following linear model: 

  

                  

If both variables are not stationary, they contain unit root and we cannot use an OLS 

estimator to obtain the parameter values α, β because the estimator is not efficient. In 

this case we should use cointegration analysis to test hypothesis about α, β (before 

conducting cointegration analysis we must test for unit roots). 

To test for non stationarity we employ the following model suggested by Dickey- 

Fuller: 

  

                                           

 

and test the null hypothesis that     against the alternative that     . This is the so 

called Dickey Fuller (DF) unit root test. 

If the error term is serial correlated then we augment the equation (2) with lagged first 

difference, that is                                        of the dependent 

variable in order to absorb serial correlation and then we conduct the unit root test. This 

is the, so called, augmented Dickey Fuller test (ADF). 

Given non stationarity for both    and    then we run regression (1) and test whether    

are integrated of order 1 against the alternative hypothesis that    are I(0). If    are I(0) 

independent and normally distributed, it is implied that    and    are cointegrated series. 
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3.3  Error Correction Model 
 

 

As we previously mentioned with the cointegration method we can estimate the long 

term relationship between two or more variables. Precisely, if two variables are 

cointegrated there is long term equilibrium between them (Engle & Granger, 1987). On 

the contrary in the short-term these variables may be in disequilibrium. This 

disequilibrium can be expressed with the help of the Error Correction Model (ECM). 

The error of our disequilibrium can be used to connect the short-term with the long-term 

period. 

To continue, under cointegration there exists an error correction model of the following 

form: 

                                 

 

where          are the first differences of variables    and    which are integrated of 

order 1. The first differences are I(0), as well as, the error term   , so we can estimate 

the above equation with the help of linear regression. 

Practically, we are moving to the first differences connecting the long-term with the 

short-term model with the help of the error term and its coefficient. We are examining if 

the variables in our long term model are able to explain the short-term fluctuations and 

how quickly is corrected the divergence between actual exchange rates with our models’ 

ones in the short-term. 
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4 Empirical Analysis 
 

 

4.1  The relationship between EUR/USD and 

macroeconomic – financial factors 
 

 

It is well known from economic theories that there are many macroeconomic and 

financial factors that can affect an exchange rate like the EUR/USD which is the most 

actively traded exchange rate in the forex market. 

 First of all the price differential between the USA and the Eurozone is really 

essential for the researchers, who try to analyze EUR/USD and its fluctuations. It is 

more than obvious nowadays, after so much research, that the country with lower 

consumer prices is more competitive and causes an increase in its currency in 

correspondence to other currencies. We shall not forget that the first logarithmic 

differences of the index CPI (consumer price index) are the inflation rate.   

Moreover, the differential in interest rates can be really influential as higher interest 

rates attract the foreign capital and cause the exchange rate to rise. Suppose ECB 

decides to increase the deposit interest rate of Euro relative to what FED has decided for 

US dollar. Capitals will move from many countries, as well as the USA, to Europe and 

in the short term our exchange rate will rise. After some period of time, funds will 

return and the exchange rate will gradually decrease. 

Another crucial macroeconomic factor for the determination of the exchange rate is 

the balance of trade between a country and its trading partners. In our case, we analyze 

countries that compose the Eurozone and the USA trading activities. When, for 

instance, countries from Eurozone export more and import less than the USA, Euro will 

appreciate against dollar and vice versa. In this point, we shall not forget that the price 

of oil is expressed in US dollars and its fluctuations in prices can affect significantly our 

exchange rate.  

To continue, there are other macroeconomic factors as well that can play an 

important role in determining the EUR/USD exchange rate, such as public debt, 

governmental long term bond rates (along with their yield curves), unemployment and 

political stability. The higher the bond rates the more insecure a country is regarded 

from investors and this can lead to a depreciation of one currency against another. 

Finally, stock markets and various indices in Euro land, as well as in the USA, can 

affect in a significant way the EUR/USD rate. A surge of the Dow Jones or the SP500 

can cause an appreciation of US Dollar against Euro, due to psychological reasons 

mainly among investors. Similarly, an increase of the DAX index or the CAC can cause 

an appreciation of Euro against the US Dollar. To conclude, of equal meaning are 



 10 

indices like the VIX, the index that represents the volatility of SP500 options, the 

Russell 3000, which is a capitalization weighted stock market index that functions as a 

benchmark for the entire US stock market and the NASDAQ index for Eurozone which 

represents the financial situation of this area.   

4.2  Data 
 

 

The data we used for our project has been taken from www.quandl.com and 

https://fred.stlouisfed.org/ and the software we used is Gretl econometric packet 

http://gretl.sourceforge.net/  . We took monthly data from March 2001 until May 2016 

in order to have a sufficient sample and derive reliable results. 

According to theory and following numerous attempts we used macroeconomic and 

financial variables both for our long term and our short term model in order to have a 

satisfactory econometric model that could determine and even forecast the EUR/USD 

exchange rate time series. 

The two models we finally decided to investigate for the EUR/USD time series analysis 

are: 

 

                                            

 

For our long term model, where: 

 Misery index stands for USA unemployment + inflation rate 

 3month differential interbank rate stands for the differential interest rate 

between Euro deposits and US Dollars deposits as defined by the ECB and 

the FED (Euro Rate – US Dollar Rate) 

 Nasdaq index for Eurozone stands for a float adjusted market capitalization-

weighted index designed to track the performance of securities assigned to 

the Eurozone 

 10year German bond rates stand for the rate of 10year governmental 

German bonds 

 SP500 stands for the well-known index 

    stands for the error term of our model 

                  parameters 

 

All variables are expressed in logarithmic scale excluding these which contain rates. 

http://www.quandl.com/
https://fred.stlouisfed.org/
http://gretl.sourceforge.net/
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For our short-term model where we now have first differences the equation is the 

following: 

                                                     

                            

 Δ Imports USA stands for the first logarithmic differences of Imports price 

Index of USA 

 Δ sp500 stands for the first logarithmic differences of sp500 

 Δ DowJonesIndex stands for the first logarithmic differences of Dow Jones 

with time lag of 1 period 

 Δ Nasdaq Index For Eurozone stands for the first logarithmic differences of 

Nasdaq Index for Eurozone along with  time lag of 1 period 

 Δ 10year German bond rates stands for the first differences of 10 year 

governmental German bond rates 

 Δ     stands for the first logarithmic difference of our exchange rate with 

time lag of 1 period 

     stands for the residuals of our long term model (with time lag of 1 

period) that have to be accompanied with negative coefficient for purposes 

of dynamic stability  

    stands for the error term of our model 

              parameters 

 

It will be shown later that there is lag in our dependent variable as well as in the Dow 

Jones index variable and the Nasdaq Index variable which is not strange as past 

performances of our mentioned above variables can definitely affect their future 

performances. 

 

 Below, there is a series of graphs representing our exchange rate during this 

period, the variables we used to determine it and their first differences. Some variables 

are used only in the long-term model or in the short term model for purposes of 

correlation. In this point it is important to note that for our econometric analysis it is 

crucial to have the logarithm of our dependent and independent variables (except that 

from the interest rates) for our model for scaling purposes mainly (have them expressed 

in a similar way, in other words) as we have variables with different sizes, indices and 

we would like, somehow, to create a linear regression among them. As far as our short 

term model is concerned we can have an image by computing the first differences of 

these logarithms. As we will see later, our long-term model is non-stationary and our 

short-term stationary. 
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Figure 3: EURO/DOL exchange rate from March 2001 to May 2016 

 

 

Figure 4: First Differences of EUR/USD exchange rate logarithm 
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Figure 5: Nasdaq Index for Eurozone  

 

 

Figure 6: First Differences of Nasdaq Index Logarithm 
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Figure 7: 10 Year German Bond Interest Rates 

 

 

Figure 8: First Differences of 10 Year German Bond Interest Rates 
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Figure 9: 3moth differential Interest rate between Euro and US Dollar (Euro - USD) 

 

 

Figure 10: Misery Index for the USA 
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Figure 11: SP500 index 

 

Figure 12: First Differences of SP500 index logarithm 
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Figure 13: Dow Jones Index 

 

 

Figure 14: First Differences of Dow Jones Index logarithm 
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Figure 15: Imports price index for USA (all commodities) 

 

Figure 16: First Differences of logarithm of Imports price index for USA (all commodities) 
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4.3  Unit Root Test 
 

 

Having our variables plotted, we can notice that, if not all of them, at least most of 

them are not stationary in their levels since their mean does not seem to be zero, the 

variance does not look like stable and the covariance depends on the specific time that 

the observation is made.   

Consequently, we need a test for the stationarity of our variables in order to 

confirm our hypothesis. The test augments the examined equation by adding the lagged 

values of the dependent variable for purposes of clearing the autocorrelation of the 

residuals. The null hypothesis of this test is that there is a unit root so the variable is 

non-stationary. At this point we will examine each of the variables that we used both in 

the long-term model as well as in the short-term model and for the following tables we 

will check the test with the constant and trend model. Keeping in mind that our null 

hypothesis is that there is a unit root and that prices for p-value below 5% or in some 

cases 10% we reject the null hypothesis and accept the alternative one or similarly for 

price of ADF t-statistic below -3,90 we act likewise. 

 

Table 1: ADF Test for EUR/USD exchange rate 

 

 We can affirm with certainty that there is a unit root as p-value is 0.8263 and 

ADF t-statistic is -1.51092 so our variable is non-stationary. 
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Table 2: ADF Test for Nasdaq Index for Eurozone 

 

 We can declare that there is a unit root as the p-value is 0.403 and the ADF t-

statistic -2.35584 respectively so the variable is non stationary.  

 

 

 

Table 3: ADF Test for German Bond Rates 

 

In the above case we can see that there is no unit root since p-value is 0.0416 and 

ADF t-statistic -3.47906 which means a little higher than the critical price of -3.90 so 

the variable is stationary and we reject the null hypothesis. However this, as it will be 

examined later causes no problem in our cointegration analysis. 
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Table 4: ADF Test for Interbank 3 Month Differential Interest Rate 

 

The 3 month differential interest rate variable is non-stationary as we can notice 

from the table above since its p-value is 0.1528 and the ADF t-statistic is -2.93009. 

Thus, we accept the null hypothesis.  

 

Table 5: ADF Test for Misery Index 

 
 

Misery index is a non-stationary variable with unit root, as we observe from the 

table above. Its p value is 0.9919 and its ADF t-statistic price -0.255012. Therefore we 

accept the null hypothesis. 
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Table 6: ADF Test for SP500 

 
 

Another variable that is non-stationary in our long term model is the SP500 index 

since according to the table above, its p-value is 0.6917 and ADF t-statistic -1.82724. 

Therefore we must accept the null hypothesis of the existence of a unit root. 

 

In this point of our project, it is worth mentioning that the following unit root tests 

with the ADF methodology will conclude to stationary variables since we have the first 

logarithmic differences of non-stationary variables, except the variable for German 

bond rates which is already stationary. The tables below will confirm the above 

mentioned theory. 

 

Table 7: ADF Test for First Differences of EUR/USD exchange rate 
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Table 8: ADF Test for First Differences of USA Imports Price Index for all commodities 

 
 

 

 

 

 

 

 

Table 9: ADF Test for First Differences of SP500 index 
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Table 10: ADF Test for First Differences of Nasdaq Index for Eurozone 

 
 

 

 

 

 

 

 

 

Table 11: ADF Test for First Differences of Dow Jones Index 
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Table 12: ADF Test for First Differences of German Bond Rates 

 

 

 

 

 

 

 

4.4  Cointegration Results – Long Term Model 
 

 

After testing the stationarity of our variables, both dependent and independent, and 

realized that most of the variables except those of them containing rates are non-

stationary in our long-term model, we must check our residuals from this model in order 

to be able and certify that the variables are cointegrated, they obey a long term 

relationship and they move in a way that can be expressed with the help of a linear 

equation. 

In order to do the above mentioned processes we must run our linear regression 

firstly with the method of ordinary least squares, analyze it and from this model save the 

residuals in order to check them for unit root with the ADF test. If the residuals have no 

unit root that is they are stationary then the two variables are linked together with a 

linear combination. 
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Table 13: Long Run Model from 3/2001 - 5/2016 

    

Before starting to comment about the results of the Ordinary Least Squares method 

and our model we must check the residuals in order to certify that the variables are 

cointegrated, so we can proceed with further analysis. In order to do this we must check 

the stationarity of them and how they advance as a time series. 

Below, the graph of the residuals is presented and we will analyze their stationarity 

with the help of the ADF test. 

 

Figure 17: Residuals of our long term model 
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It is obvious from the figure above that the residuals have a white noise form as 

their mean seems to be close to zero and the variance stable, so proceeding with the 

ADF test we expect a stationarity. 

 

Table 14: ADF Test for Residuals of our Long Term model 

 

Investigating the table above and looking at the test with constant and trend we can 

confirm that our residuals are stationary and that there is no unit root since our p-value 

is 0.008393 and the tau_ct is -4.06 which is significantly below our critical price for the 

existence of unit root which is -3,90 so we can reject the unit root hypothesis with 

certainty. 
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 Consequently, now we can further analyze our model since the variables are 

cointegrated. First of all, it is worth mentioning that we used the HAC standard errors 

methodology that manages to eliminate autocorrelation and heteroscedasticity in our 

model. Without this option we can conclude with significant standard deviation errors in 

our variables. On the other hand, we notice from the table above that all six std. errors 

in our variables are negligible.  

 In a linear estimating model like this the first characteristic to notice is its   . 

Consequently, we can be satisfied enough having a     high scoring 0,837. Practically, 

according to this number, 83,7% of the real exchange rate from March 2001 until May 

2016 can be justified from the variables we used, in other words from some 

macroeconomic and financial indices. The next thing to examine is the variables of our 

model, their statistical significance and whether their coefficients agree with the 

economic and financial theory. In the chapter 4.1 we thoroughly analyzed the roles of 

some of the most important factors that affect an exchange rate like the EUR/USD. 

To begin with, Nasdaq Index for Eurozone coefficient is positive that is 

theoretically correct as a rise in this index can lead to an increase of our EUR/USD 

exchange rate and statistically significant as it has a p-value<1% so we can be assured 

that it is  essential for our model. Moreover, sp500 coefficient index is negative which 

again agrees with the theory as it is an American stock market index based on 

the market capitalizations of 500 large companies having common stock listed on 

the NYSE or Nasdaq so an increase of the index may lead to a decrease of the 

EUR/USD exchange rate Its p-value is <1%, so we definitely know that the variable is 

important to our model. To continue, misery index for the USA has a positive 

coefficient as we were expecting considering that an increase of this index which 

contains the inflation rate and the unemployment rate in the USA may as well lead to an 

increase of the EUR/USD exchange rate. The variable is essential for our model too and 

we can notice this from its p-value which is well below <1%. Furthermore, the 

differential between the 3month interest rates of Euro and US Dollar is a factor affecting 

significantly the exchange rate and it has a p-value <1% too. The coefficient is positive 

as we were expecting that an increase in the Euro deposit interest rate will attract 

foreign funds to Eurozone, the demand for Euro will increase similar to exchange rate. 

In addition, we have, as a variable to our model, the 10year German bond rates and 

along with their statistical significance their coefficient is negative that is more than 

expected, as an increase in these rates (we used Germany as a benchmark for Eurozone) 

would be able to cause a decrease in our exchange rate, as insecurity about the German 

economy in the future usually leads to higher governmental bond rates, that could cause 

a decline in the EUR/USD exchange rate.  
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4.5  Error Correction Model – Short Term Model 
 

We know from the econometric theory that if two, or more, variables are 

cointegrated, the relationship between them can be expressed as an ECM (Engle & 

Granger, 1987). With the help of the ECM we can combine the short run dynamics with 

the long run relationship using the error correction term that shows us the monthly 

adjustment in our exchange rate model and how “fast” our model approaches the real 

prices every month. 

We now move from levels to differences to analyze the validity of our model, 

check if it can follow these changes in the short term which is in our case the monthly 

fluctuations of our exchange rate. Of course it is obvious that these adjustments are 

much more difficult in this case as we are studying the fluctuations of the dependent and 

independent variables and in the short term there are unpredictable factors that can 

affect the exchange rate such as the psychology of the investors or even some positive 

or negative shocks in the global economy. 

Below there is a table and a figure of our model and how well it can fit the real, 

monthly, fluctuations of the EUR/USD exchange rate. Finally, we will comment on our 

residuals and the adjustments that are made every month in order to approach the real 

prices as well as the lag effect that is observed in one of our variables. 

 

 

 

Table 15: Short Run Model from 5/2001 - 5/2016 

 

First of all, we shall consider the    of our model as well as the statistical 

significance of the variables we have used. Of course in the Error Correction Model we 
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must pay thorough attention to our residual (uhat) its coefficient and its statistical 

significance too. Also, we have used HAC standard error methodology that manages to 

get rid of autocorrelation and homoscedasticity in our model.  

To begin with, we have a    scoring 50,33% that is satisfactory enough regarding 

to what has been already recorded in the literature review. Moreover, we can see from 

its p-value that our residuals from the long term model are statistically significant and 

its coefficient is -0.066. Negativity is really important for our econometric methodology 

and for purposes of dynamic stability in our model and the coefficient shows that every 

month the model “fixes” and reaches the actual prices for about 6,6 %. In addition, 

imports price index is important for our model too since its p-value is 0.0004 and the 

coefficient is positive showing us that, ceteris paribus, Euro will appreciate as long as 

the imports price index increases. Furthermore, SP500 and Dow Jones index are 

statistically important in our model according to their p-value, both variables have 

negative coefficient, as expected and an increase in these indices may lead to a 

depreciation of Euro against US dollar for the reasons that have been mentioned above. 

We shall not neglect to note that the variable Dow Jones is used with 1 period of time 

lag showing us that its past values affect the present values of the exchange rate. To 

continue, we have used the Nasdaq Index for Eurozone for our short term model as well 

both with time lag of 1 period and the present. After performing the test (table 16) we 

can conclude that these two variables are connected and there is a time lag effect 

between them and our exchange rate. In other words, both the past and the present value 

of this index affect the EUR/USD rate we are studying. One more variable that we have 

already used in the long term model is the 10year German bond rates. As we can see 

from the table of the regression it is statistically significant (the level of confidence is 

10% for this variable) in the short term as well indicating that an increase and more 

precisely a positive change in the German bond rates may lead, ceteris paribus, to a 

depreciation of the Euro against the US dollar. Finally, we can see that the previous 

EUR/USD itself exchange rate affects as well the EUR/USD present exchange rate at 

about 12%   with the level of confidence again at 10% for this variable.  

 

Table 16: Test for Lag Effect for Nasdaq Index of Eurozone 
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 Below, we present the actual fluctuations of our exchange rate and the fitted 

ones produced by our short-term error correction model. Though, in most cases the 

predicted prices follow satisfactory the real ones and especially during the financial 

crises of 2008 we cannot be one hundred per cent satisfied as there are many factors that 

cannot be expressed in numbers and we have not included affecting the short-term 

flactuations. 

 

 

Figure 18: Actual and Fitted Short Term EUR/USD Time Series 
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4.6 Forecasts 
 

The final part of our empirical analysis includes forecasts. We are testing our short 

term model from August 2008 until May 2016 in order to investigate its validity and 

reliability. Moreover, we will compare our short term error correction model with the 

random walk to investigate which one is more accurate. 

 

As far as our model is concerned we derive the following results: 

 

Figure 19: Forecasts for the Short Term Model 

 

As we notice the forecast catches the trend of our exchange rate most of the times 

and some of its changes but, as expected, it cannot follow every fluctuation. Moreover, 

our error correction model does not follow the trend until the end in some cases and 

changes direction or changes its trend earlier or later than our EUR/USD exchange rate. 

As we have already mentioned above, predicting for the short term with great accuracy 

is really difficult because generally there are many factors that affect the exchange rate, 

some of which cannot be represented with indexes and some of which are really 
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and psychology of the investors. 
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The following table contains the characteristics of our forecasts and shows us the 

quality of our predictions. 

Table 17: Forecast Statistics of our model 

 

We will compare the result of our forecast evaluation statistics with the results that 

derive from the random walk theory that has been discussed a lot in the past literature 

for being the most suitable methodology to explain the short term fluctuations of 

exchange rates. In order to make this comparison we will run a linear regression of our 

first logarithmic difference of our exchange rate with a constant as the only regressor in 

order to analyze and comment the results. 

After performing the Ordinary Least Square method we conclude to the following 

results. 

 

Table 18: Forecast Statistics of random walk for the same period 
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Comparing the characteristics of the two different forecasts we can claim with 

certainty that our model beats the random walk. First of all, the Root Mean Squared 

Error in the first case of our model is 0.017432 which is significantly less that the 

RMSE of random walk which is 0.025424. Moreover, the Mean Error in our model is 

0.0010753 that is better than the Mean Error of random walk’s that is -0.0045259. 

Finally, Theil’s U a relative accuracy measure is lower in the former model scoring 0.76 

rather than in the latter that is 1.022. It is known that the lesser this index is the better 

the model for predictions.  

To conclude, we present the figure of the forecasts of random walk for the period 

from August 2008 until May 2016. As it can be clearly seen, not only random walk is 

not functional but also in many cases the prices of EUR/USD in the short term and the 

fluctuations are outside the shaded area which is the 95% confidence interval comparing 

to figure 19 where as we can see this does not apply.  

 

 

 

 

Figure 20: Forecasts according to random walk for the same period 
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5 Conclusions 
 

To conclude, we can sum up with the major points of this research. We studied and 

thoroughly analyzed the exchange rate of EUR/USD for the period of March 2001 until 

May 2016. The specific exchange rate is of great importance not only for investors but 

also for traders, managers and merchants. We divided our sample into two periods, the 

first one from March 2001 to July 2008 and the second from August 2008 to May 2016, 

in order to perform some forecasts for the latter period.  

From a short review of the empirical literature we noticed that there is a great 

number of papers that use various models (linear and non-linear) and methodologies to 

explain exchange rate movements. Precisely, a part of them have used theoretical 

models and another part more applied ones with variables chosen following the 

econometric theory in both cases. 

Collecting the monthly time series data of the EUR/USD exchange rate was the 

first step of this research. Afterwards, we studied theoretically the factors that affect 

generally the forex market and more specifically this complicated exchange rate. After 

testing many variables with the Ordinary Least Squared method we came to a rather 

satisfactory result according to the grade that our variables can explain the exchange 

rate. We would not have proceeded with the research if the independent variable (the 

exchange rate) and the dependent (our regressors) had not been cointegrated since 

nearly none of them were stationary, except from the residuals of the model that helped 

us to reach the above conclusion, so the t-student distribution and the classic 

econometric analysis would not be useful. Their stationarity is tested with the ADF Test 

for unit roots. According to the theory, two cointegrated variables can be expressed with 

the help of the error correction model (with the help of the error term) and from the long 

run model we move to the short run model where instead of having the logarithms of 

our variables (we made this transformation for scaling purposes) and their levels, we 

now have the first differences of them as at this point of our project we are interested in 

the monthly changes and fluctuations of the exchange rate. Both the long-run and the 

short-run model are decent and their results truly agree with the already known theory, 

managing to explain in a significant degree the evolution of the EUR/USD time series 

for this period. 

 Finally, we performed forecasts for the second period of our sample in order to test 

our model with satisfactory results and far better than the ones derived from the random 

walk model/theory. Obviously, there is always room for further improvement but the 

enhancement of the above models is quite difficult at this point since there are 

unexplained factors that can affect the EUR/USD time series as well as other that can be 

explained but cannot be easily expressed in a mathematical form. 
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