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Abstract: 

Exchange rate forecasting has always been a key issue for scholars all over the world. 

In recent years, scholars have focused on the study of exchange rate forecasting 

through economic fundamentals, especially on the forecasting methods based on the 

interest rate parity theory and Taylor rules. The existing researches are usually 

restricted by the time span and single choice for variables, considering the better 

performance in the long-run prediction. Based on the fact, this paper focuses on the 

explanatory power of different variables in forecasting the change in Euro exchange 

rates and makes contributions through the diversity of variables and the extended time 

span on regression sample. What’s more, it emphasizes on the impact of the 2008 

global financial crisis on Euro exchange rate fluctuations.  
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1. INTRODUCTION 

1.1. Background 

The fluctuations of exchange rate plays a decisive role in the development of a country's 

economy and its internal and external equilibrium. Therefore, exchange rate forecasting has 

always been a key issue for scholars all over the world. Early exchange rate forecasting 

methods were majorly based on macroeconomic theories, but the method had no significant 

effect on short-term exchange rate forecasting. In recent years, scholars have focused on the 

study of exchange rate forecasting through economic fundamentals, especially on the 

forecasting methods based on interest rate parity and Taylor rules (Li and Yu, 2015). Not 

only because interest rate parity is a classic in exchange rate determination theory, but also 

the fact that after the 1990s, the authority of many countries adopted interest rate policy 

based on the Taylor rules.  

The existing researches in this filed is quite diversified while there are still a few deficiencies. 

First of all, the literature usually focuses on the fluctuations of US dollar and British pound, 

while puts less emphasis on Euros. Secondly, the time span of the sample is relatively short, 

therefore, impacts of specific economic events, such as the 2005 exchange rate reform of 

CNY, may not be taken into account (Li et al., 2016; Jiang et al., 2018). Last but not least, 

some researches only test the predictive power of a single factor/model, while ignore the fact 

the fluctuations in exchange rate is a product of factors from multiple dimensions (Wang and 

Yang, 2017). 

Therefore, this paper extends the Uncovered Interest Parity – Taylor Rules (UIP-TR) 

forecasting model in Engel et al. (2019)’s work by including seven other variables to study 

the forecasting power of different variables in the change of Euro exchange rate. The sample 

is selected from February 2000 to October 2020, accounting to 249 observations. 

1.2. Research purpose 

The research focuses on the explanatory power of different variables in forecasting the 

change in Euro exchange rates. More specifically, it aims to find out which variables are 

more suitable for predicting the fluctuations of Euro exchange rate when targeting at 

different economies. It extends the standard uncovered interest parity regression by 

including variables such as inflation, output gap, economic policy uncertainty, reserves and 

capital flow, and formulates an original linear model to estimate the coefficients.  
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Through sufficient OLS regression analysis, the research intends to explore the most suitable 

linear model for the specific currency pair. What’s more, it attempts to compare the 

regression results to Engel et al. (2019)’s work and figure out why the estimations are similar 

or vary a lot. The estimates using EUR/USD exchange rate are set as the benchmark for 

other currency pairs due to the significant role of US dollar in the global market.  

The research not only focuses on the entire time span, also splits the sample into three 

periods to examine the impact of 2008 global financial crisis on Euro exchange rate 

fluctuations. It aims to find out if there is significant change in the parameters, especially for 

interest rate differential, considering the fact that interest rate was subject to the zero lower 

bound after the recession.  

1.3. Motivation 

First of all, the research makes its own contribution through the richness and diversity of 

variables. In the extended UIP-TR model, it includes additional seven variables to explain for 

the fluctuations in Euro exchange rate. The choice of variables not only refers to the finding 

of existing literature, but also depends on the selection of countries and their economic 

conditions.  

Secondly, motivated by Engel et al. (2019)’s work, the research follows its methods, while 

uses different datasets with varying time span to forecast the change of exchange rate. This 

research extends the sample from June 2006 to October 2020 to enrich the data and take the 

impact of 2008 financial crisis into account. In order to compare to Engel et al.’s results, it 

used the estimations on EUR/USD exchange rate as the benchmark for other currency pairs.  

Last but not least, the research focuses on the effect of large economic crisis on Euro 

exchange rate fluctuations and hence, splits the sample into three periods to carry out the 

regressions. Through out-of-sample rolling regression using EUR/USD, the results show a 

significant gap between the predicted and actual value of exchange rate around the 

beginning of 2009. Therefore, it splits the sample into before 2008, 2008 to 2009 and after 

2009, to further verify the impact of 2008 financial crisis on the change of Euro exchange 

rate. 

This paper includes six sections. In Section 1 Introduction, it briefly introduces the research 

background, research purposes and motivation. Section 2 is Literature Review, which 

summarizes the related literatures based on three different research paths, including 

exchange rate forecasting models based on different theoretical frameworks, factors affecting 

exchange rate fluctuations and variables explaining for Uncovered Interest Rate Parity (UIP) 
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puzzle. Section 3 and Section 4 are Data and Methodology, which give a detailed description 

to the data and methods used in the empirical analysis. Section 5 is Empirical Analysis, 

which demonstrates the results of OLS regression on the entire sample and spit subsample. 

In Section 6 Conclusions, it concludes the main findings in the research and compares the 

results to the existing findings. 
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2. LITERATURE REVIEW 

According to the different research path of the references, firstly, I divide all the literature 

into three parts, including exchange rate forecasting models based on different theoretical 

frameworks, factors affecting exchange rate fluctuations and variables explaining for 

Uncovered Interest Rate Parity (UIP) puzzle. Next, I review and summarize the strengths 

and weaknesses of each reference based on the year of publication. Last but not least, I will 

review the literature as a whole and give some comments 

2.1. Exchange rate forecasting models based on different theoretical 

frameworks 

The purchasing power parity theory proposed by the Swedish economist Cassel (1922) is 

considered as the earliest quantitative exchange rate determination theory. The theory 

believes that the exchange rate is mainly determined by the purchasing power of the 

currencies of two countries, and the ratio of the purchasing power of the two currencies 

determines the exchange rate of the currency. When the price level of home country rises, 

the purchasing power of the domestic currency decreases, as a result, the domestic currency 

will experience a depreciation. Purchasing power parity theory reveals the quantitative 

relationship between exchange rates and relative price levels, in other words, the purchasing 

power of currencies.  

British economist Keynes (1924) then put forward a new point of view. He believed that 

exchange rate fluctuations are related to the difference in interest rates between two 

countries, thus establishing the theory of interest rate parity. Compared with the purchasing 

power parity theory, the interest rate parity theory does not start with the purchasing power 

of commodities or the price levels, instead it analyzes the reasons for exchange rate 

fluctuations from the international capital flight model. The theory is divided into uncovered 

interest rate parity and covered interest rate parity theory. Covering interest rate parity 

theory reveals the effect of reverse investment behaviors of arbitrageurs and hedgers in 

foreign exchange transactions on exchange rate determination; while uncovered interest rate 

parity theory further describes the role of investors in the foreign exchange market under 

rational expectations and the impact of speculation on exchange rate decisions.  

The Balassa-Samuelson model proposed by Balassa (1964) and Samuelson (1964) 

highlighted the role of currency in exchange rate determination. More importantly, it 

suggests predicting exchange rate fluctuations based on the supply and demand relationship 

of currency. The Balassa-Samuelson model integrates multiple currency exchange rate 

models and extends the relative price of two countries to a function of the relative 
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productivity of two countries, which further reveals the relationship between exchange rate, 

relative interest rate, relative real output, and relative money supply.  

Since the collapse of the Bretton Woods system in the 1970s, most countries have chosen to 

implement a floating exchange rate regime to cope with the current turbulent economic 

situation. Before 1980s, the mainstream exchange rate research was to use traditional 

expectations theories to analyze the formation of exchange rate expectations, while after 

1980s, the macroeconomic fundamentals have been applied into the study of exchange rate 

determination. The research focus started to shift from the parity theory to the monetarism 

theory. The most representative models are the flexible price model proposed by Frenkel 

(1976) and Mussa (1982) in the 1970s, and the sticky price model in the same period. The 

flexible price model effectively combines the uncovered interest rate parity and the 

purchasing power parity theory to obtain the relationship between the exchange rate and the 

relative price level, the interest rate spread and the relative output.  

Dornbusch (1976) took the sticky characteristics of prices into account, and included the 

dynamic properties to form the Dornbusch model. The model focuses on daily forecasts. 

When the money supply undergoes an unexpected increase, due to the short-term price 

stickiness, the nominal exchange rate will overshoot in the short run; in the long run, due to 

the clearing mechanism of the good market, the nominal exchange rate will gradually fall 

and recover to the equilibrium level.  

The asset portfolio theory of exchange rates extends the research focus from currency to all 

financial assets. The theory states that due to the risk and return gap between different 

financial asset investment, risk-averse investors will tend to enrich their financial asset 

investment types to diversify risks. Therefore, the exchange rate is determined by the 

equilibrium of the stock structure of all financial assets and monetary assets. Frankel et al. 

(1982) constructed an asset portfolio balance model based on this theory. The model focused 

on the balance between the supply and demand of financial assets and combined the current 

account balance with changes in foreign net assets held by China.  

However, the asset portfolio theory is hard to be verified, and the monetarism theory is more 

suitable for determining long-term exchange rates. These theories have shortcomings in the 

dynamic process of predicting spot exchange rates. Therefore, scholars after the 1990s 

constructed the exchange rate expectation theory and carried out more in-depth based on 

the theory. Exchange rate expectation theory combines market effectiveness and rational 

expectations of investors. It no longer predicts exchange rate fluctuations from a single 

determinant of exchange rate, but instead uses effective information and information 
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feedback in the market as the basis of forecast, combined with research methods of statistics 

and econometrics to study the changes of spot exchange rate.  

In addition to the rational expectation exchange rate theory, the Taylor rules proposed by 

Taylor (1993) provides a theoretical basis for monetary policy adjustment in the new 

situation. According to the Taylor rules, central banks should adjust home nominal interest 

rates based on the inflation gap and output gap between the two countries to achieve long-

term stability of real interest rates and prevent the negative impact resulting from the real 

interest rate fluctuations.  

Globalization has brought rapid development to the international trade among various 

countries, so the economists accordingly expanded the research scope from closed economic 

models to open economic models. Obstfeld (1995) and Rogoff (1996) pioneered the 

introduction of monopolistic competition and nominal rigidity into the dynamic general 

equilibrium model of the two countries to study exchange rate. Since then, many economists 

have studied international financial issues based on this framework. Combinig the research 

framework of the new open economy and Calvo (1983)’s staggered price setting, Clarida et al. 

(2001 and 2002) expanded the research field to the open economy and studied the issues of 

international monetary policy in depth.  

Entering the 21st century, some scholars began to combine purchasing power parity, interest 

rate parity, and flexible price monetary model with the Taylor rules to analyze the dynamic 

determination of exchange rates. For example, Clark and West (2006) found that through 

out-of-sample forecasts, the Taylor rule model which includes macroeconomic fundamentals 

has stronger ability to predict exchange rates. Molodtsova and Papell (2009) used the Taylor 

rule model to analyze the USD/EUR exchange rate and found that in both in-sample and 

out-of-sample forecasting, the Taylor rule model can better explain the dynamic trend of 

exchange rate. Wilde (2012) used the Taylor rule model to perform out-of-sample forecasts 

on the real exchange rate of emerging market countries and Latin American countries. The 

results consistently showed that the Taylor rule model is significantly better than the random 

walk model, monetary model, and purchasing power parity model. Lansing and Ma (2017) 

considered the impact of exogenous shocks, hence they included exchange rates to the 

monetary policy rules to further extend the Taylor rules model.  

Since then, the research on exchange rate determination theory and related models has 

rarely been innovative in recent years. The existing literature are mostly based on the 

existing models and the predecessors’ findings to make improvements. For example, Wilde 

(2012) discussed the failure of Taylor rule, which occurs when short-term interest rates 
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constantly deviate from the interest rate path conformed to Taylor rule, and conducted an in- 

depth study of the effect of the deviation on Deutsche mark against US dollar and Japanese 

yen.  

2.2. Factors affecting exchange rate fluctuations 

Harrod (1933), Balassa (1964) and Samuelson (1964) assumed that changes in real economic 

factors have an impact on real exchange rate fluctuations and established the Harrod- 

Balassa-Samuelson (HBS) model based on the theory. The model believes that countries with 

rapid economic growth have a relatively higher rate of trade productivity, and the increase in 

productivity will further raise the country’s real exchange rate and cause currency 

appreciation. De Gregorio and Wolf (1994) included the terms of trade factor and expanded 

the traditional HBS model. In the mid-to-late 20th century, the theoretical research on 

exchange rate forecasting was mostly based on the HBS model, but there were also doubts 

about the authenticity of the HBS effect.  

Yi and Fan (1997) analyzed factors such as price levels, interest rates, balance of payments, 

and central bank’s monetary policy, and came to the following conclusions: the prediction 

accuracy based on purchasing power parity theory needs to be improved and it requires 

further revise; while interest rate parity theory has relatively strong explanatory power in 

forecasting the fluctuations of Chinese yuan. Furthermore, due to the fact that the capital 

account surplus helps maintain the balance of supply and demand in the foreign exchange 

market and stability of exchange rate, China should take the balance of trade into account.  

Ehrmann and Fratzscher (2005) analyzed the real-time data of local economic news and 

found out the significant role of macroeconomic news in promoting the development of the 

euro exchange rate in the euro area from 1993 to 2003. Particularly, they pointed out the 

advantage of the US macroeconomic news through the earlier release time, compared with 

Germany and other euro countries. When the country's economic conditions are extremely 

unstable or there are major changes and negative impacts, the current news has an 

increasingly significant effect on the exchange rate.  

Moore and Roche (2012) believe that consumption risk and currency volatility may have an 

impact on currency transaction returns, which in turn affects the interpretation of exchange 

rate models based on monetarism theory. They utilized certain artificial economic methods 

to test the structural models on 56 currency systems and came to the conclusion that 

different degrees of currency fluctuations have certain influence on the establishment of the 
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uncovered interest rate parity theory, while the consumption risk is not significant for any 

forecasting model.  

Cao (2018) selected the annual data from 1992 to 2015 to explore factors that affect the 

fluctuation of Chinese yuan. Through VAR model and variance decomposition analysis 

method, economic factors such as foreign direct investment, foreign exchange reserves, 

money supply (M2) and total imports and exports, have been tested for their effects on the 

fluctuation of Chinese yuan. The empirical results showed that the change in Chinese yuan is 

significantly affected by the previous exchange rate, followed by foreign direct investment 

and M2. The total amount of imports and exports has a small impact on Chinese yuan 

fluctuations, and there is no direct evidence of the impact of foreign exchange reserves.  

Engel (2019) combines the theory of uncovered interest rate parity and Taylor rules to obtain 

an extended UIP model with better forecasting power of exchange rates than the traditional 

exchange rate model based on single theory. In the research, Engel believes that the home 

inflation rate is the core variable for predicting exchange rate fluctuations. The empirical 

results of the euro area and non-euro area representative countries also prove that the 

inflation differential outperforms the interest rate differential in the predication of USD 

exchange rates. Additionally, the out-of-sample rolling regression is verified to be critical in 

minimizing the impacts caused by the lagged interest rates on the forecast of exchange rate 

fluctuations.  

Gao (2018) obtained similar empirical results as Engel (2019) when analyzing CNY/USD 

exchange rate based on the sticky price model. Among various factors, the money supply 

growth rate, the GDP growth rate, and interest rate differential all have negative impact on 

the CNY/USD exchange rate. Only the inflation difference has a positive impact on the 

exchange rate. Among the four variables, the growth rate of money supply and GDP are 

statistically significant, while the interest rate differential and inflation differential are not.  

2.3. Variables explaining for Uncovered Interest Rate Parity (UIP) puzzle  

Engel et al. (2019) chosen USD as the home currency and other eight countries’ national 

currencies as the foreign currencies and formed exchange rate pairs. The authors proposed a 

dynamic model attempting to explain for the UIP puzzle. The dynamic model consists of 

three equations: (1) a model of liquidity to include liquidity shocks; (2) Taylor rule type 

monetary policy to include monetary shocks; (3) a standard New Keynesian Phillips curve to 

combine relative inflation and real exchange rate. By solving the model analytically, they got 
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the relationships between relative interest rate, relative inflation, change of exchange rates 

and the two type of shocks.  

Engel et al.’s research pointed out that inflation, especially home inflation has the ability to 

predict the change of exchange rate when using USD as the home currency. This finding 

overturns the idea that compared to inflation, interest rate differential has the explanatory 

power in forecasting exchange rate fluctuations. The empirical results showed that higher 

inflation in time t will lead to an appreciation of home currency in time t+1, which was 

proven in all selected countries. What’s more, the research further verified the negative  

relationship between the change of exchange rate and relative inflation.  

Based on Engel (2016) and Nagel (2016), Engel et al. extended the standard UIP regression 

by adding liquidity shocks and construct the model of liquidity. They found that when home 

interest rate rises, agents will value more for home bonds’ liquidity, as a result, the liquidity 

return of home bonds increases, leading to a fall in the expected monetary return in home 

bonds. The model also revealed that the relative interest rate is endogenous and negatively 

correlated to liquidity shocks, therefore explaining why the coefficient in font of interest rate 

differential is negative in accordance with the empirical findings and accounting for the UIP 

puzzle.  

In the research, Engel et al. (2019) adopted Taylor rule to set monetary policy and took the 

impact of monetary shocks into account. They described the money shocks as a serially 

correlated variable and combined it with the relative interest rate and relative inflation. The 

last equation of the dynamic model is the New Keynesian Phillips curve, which illustrates the 

relationship between the real exchange rate gap and expected changes in relative inflation. It 

can be told that the higher real exchange rate will lead to higher home inflation, i.e. lower 

relative price level in home country. Solving the model analytically, the authors found that 

the relative interest rate and relative inflation are endogenous and both of them are 

negatively corelated to liquidity shocks. Relative interest rate is positively while relative 

inflation is negatively correlated to monetary shocks.  

Similar to Engel et al., Park C. and Park S. (2017) used a typical open macroeconomic model 

to study whether the (Taylor rule type) monetary policy can lead to UIP puzzle. The 

empirical results showed that UIP puzzle becomes more pronounced when the monetary 

policy rule was stricter against inflation, i.e. put higher weights on inflation. More 

importantly, the research pointed out that large economic crisis could influence the 

establishment of UIP through a shift in the focus of monetary policy. Taking Iceland as an 

example, the research found that for inflation targeting economies, UIP puzzle has been 
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mitigated after the 2008 global financial crisis when weights were reduced on inflation in the 

monetary policy.  

Research by Vasilyev and Busygin (2017) also confirmed that large financial crisis has 

significant impacts on the establishment of UIP. They proved that during the crisis period 

(10.2008 - 2.2009), both CIP and UIP did not hold. Evidence shows that the failure of CIP 

might be the consequence of losing faith in the Russian government since 1998. The ruble 

crisis in August 1998 resulted in the Russian Central Bank devaluing the ruble and defaulting 

on its debt, which severely affected the economies of many neighbor countries. Many of the 

Latvia's biggest banks suffered heavy losses in 1998. The devaluation in ruble and the 

weakness in the Russian economy led to the decline in purchasing power of the Russian 

government and restrained Baltic countries exports to Russia for years (Taro, 1999). 

What’s more, Vasilyev and Busygin focused on why UIP holds in Russia better than in other 

emerging market economies and found out the reason can be attributed to the volatility of 

countries’ risk premium. For Russia, the risk premium is constant. The research proposed a 

solution which includes a constant 𝛼 into the UIP regression to represent for the risk 

premium. A statistically significant 𝛼 implies that the forward premium cannot fully explain 

for the changes in the Ruble exchange rate, therefore, 𝛼 has the explanatory power towards 

the fluctuations. A constant 𝛼 reflects a constant risk premium and it can be considered as 

returns of carry trade. Referring to Burnside (2015)’s research, the authors made further 

conclusions: in advanced economies, volatile risk premium accounts for returns on carry 

trade financial portfolio, while in emerging market economies, constant risk premium 

explains for that.  

Similarly, Xiao and Liu (2016) mentioned that the excessive return (risk premium) has 

significant explanatory power for the UIP puzzle. Unfortunately, the hypothesis was not 

verified choosing Russia as the home country. Meanwhile, the research focused on the 

intervene of central banks on foreign exchange market and its impact on how CNY exchange 

rate responds to the change of interest differential. They found that CB’s intervene will 

aggravate the degree of deviation from the UIP theory when studying CNY exchange rate. 

Apart from that, the empirical results indicated that agent’s expectations will also influence 

the establishment of UIP and result in the UIP puzzle. Former research usually used the spot 

rate for time t+1 at time t as the expected exchange rate, assuming agents are all holding 

rational expectations, and therefore led to biased results. The research suggested using the 

market investigated exchange rate at time t as the expected rate for time t+1 to reduce 

mistakes.  
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It is worthwhile to be mentioned that Xiao and Liu (2016) also pointed out that transaction 

costs will change the way (direction) in which exchange rate responds to interest rate 

differential. UIP tends to hold in countries with lower transaction costs. In China, the 

amount of transaction costs mainly depends on the degree of capital control. They followed 

the measurement methods adopted by Ma and McCauley (2008) and used the difference 

between the onshore and offshore interest rate differential to measure the degree of capital 

control.  

Other methods have also been mentioned in the aim of quantifying capital control. For 

instance, the method of measuring actual capital flow was popularized after 1980s. The idea 

is to calculate the proportion of direct investment, securities investment, and other 

investments under the capital account to GDP in order to obtain a country’s capital market 

development scale, thereby showing the degree of openness and the country’s capital control 

intensity. Kraay (1998) referred to the idea of measuring a country's foreign trade openness 

through the scale of cross-border transaction activities in international trade, and used the 

Capital Flows indicator of the cross-border investment (the sum of capital inflow and 

outflow) to measure the openness of the capital account.  

2.4. Review 

In the study of different exchange rate forecasting models, early scholars used to put forward 

theoretical hypotheses, and then construct models based on hypothetical theories. Entering 

the 21st century, empirical methods based on modern statistics and econometrics were 

introduced, which aim to test and innovate the early exchange rate forecasting models. 

Generally, the exchange rate determination theory can be divided into three categories: the 

parity theory in the early stage, the mid-term monetarism theory, and the exchange rate 

expectations theory in late period. Besides, the model has developed from single forecasting 

model to more integrated forecasting model, and the predictive factors have also evolved 

from single factor to multifactor.  

While the existing literature in this research field is quite diversified, it is imbalanced 

between different countries and currencies. For instance, the literature targeted at currency 

of developing countries such as Chinese yuan is quite limited compared to currency of 

developed countries such as US dollar. What’s more, the literature simply followed the 

classical exchange rate determination theory, while did not effectively extend or improve the 

model according to the special development path and economic conditions in China, due to 

the fact that Chinese yuan has been included in the SDR currency basket after the exchange 

rate reform in 2015. In addition, including too many variables can be a problem. The 
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diversification of predictors helps to improve the model, while too many predictors will affect 

the accuracy of estimation and lead to biased regression results. Therefore, finding proper 

ways to detect and correct the error in parameter is also essential. 

 

Table 1 summarize the models of exchange rate determination, with the predictors in the 

model.  

Table 1:  Models of Exchange Rate Determination 

Model Author Predictor Meaning 

Purchasing Power 

Parity model 
Cassel (1922) 𝑝𝑡

𝑑 − 𝑝𝑡
𝑓
 Difference of price level 

Uncovered Interest 

Parity model 
Keynes (1924) 𝑖𝑡

𝑑 − 𝑖𝑡
𝑓

 Difference of interest rate 

Balassa-Samuelson 

model 

Balassa (1964) 

and 

Samuelson 

(1964) 

𝑖𝑡
𝑑 − 𝑖𝑡

𝑓
, 𝑦𝑡

𝑑 − 𝑦𝑡
𝑓

, 𝑚𝑡
𝑑 − 𝑚𝑡

𝑓
, 𝑧𝑡 

Difference of interest rate, 

output and money supply, 

productivity 

Flexible Price 

model  

Frenkel (1976) 

and Mussa 

(1982) 

𝑖𝑡
𝑑 − 𝑖𝑡

𝑓, 𝑦𝑡
𝑑 − 𝑦𝑡

𝑓, 𝑚𝑡
𝑑 − 𝑚𝑡

𝑓
 

Difference of interest rate, 

output and money supply 

Sticky Price/ 

Dornbusch model 

Dornbusch 

(1976) 

𝑖𝑡
𝑑 − 𝑖𝑡

𝑓 , 𝑦𝑡
𝑑 − 𝑦𝑡

𝑓 , 𝑚𝑡
𝑑 − 𝑚𝑡

𝑓,   

𝑝𝑡
𝑑 − 𝑝𝑡

𝑓
 

Difference of interest rate, 

output, money supply and 

price level 

Asset Portfolio 

Balance model 

Frankel et al. 

(1982) 
𝑖𝑡

𝑑 − 𝑖𝑡
𝑓, 𝑏𝑡

𝑑 − 𝑏𝑡
𝑓
 

Difference of interest rate 

and asset value 

Taylor Rules model Taylor (1993) 𝑖𝑡
𝑑 − 𝑖𝑡

𝑓, 𝜋𝑡
𝑑 − 𝜋𝑡

𝑓, 𝑔𝑎𝑝𝑡
𝑑 − 𝑔𝑎𝑝𝑡

𝑓
 

Difference of interest rate, 

inflation and output gap 
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Table 2 summarize the main findings in the existing literature. 

Table 2:  Summary of Literature Findings 

Paper Variable Main findings 

Engel et al. (2019) 

 

Relative inflation, relative interest 

rate, 

liquidity shocks, monetary policy 

shocks, 

large financial crisis (U.S.) 
 

1. Relative inflation can predict the 

change of ex. using USD as home 

currency; 2. Home inflation has better 

forecasting power than intest rate 

through in-sample regression. 

2. Relative interest rate is positively 

while relative inflation is negatively 

related to monetary shocks. 

3. Spilt around (12.2007- 1.2008), 

there is little differnce between the 

regression results. 

Xiao and Liu (2016) 

Central bank intervenes, 

transaction costs, 

Risk premium, rational 

expectation 

1. During the crisis period (10.2008-

2.2009), CIP/UIP does not hold in 

Russia even they hold for periods 

before and after the crisis.  

2. Transaction costs change the way 

(direction) that exchange rate responds 

to interest differential; UIP tends to 

hold better with lower transaction costs 

using CNY as home currency.  

3. The excessive return has siginificant 

explanatory power for UIP; when the 

absolue value of Sharp Ratio is larger 

than 1.86, the estimated coefficient of 

interest differential is close to 1.  

4. Former reasearch used the spot rate 

at time t+1 as the expected exchange 

rate, assuming investors hold rational 

expecation (biased)  
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Vasilyev and 

Busygin (2017) 

Risk premium, central bank 

reserves, 

large financial crisis (Russia) 

1. UIP holds better in Russia than in 

other emerging market economies 

(EMEs) due to a constant risk 

premium; In AEs, volatile risk 

premium accounts for returns on carry 

trade financial portfolio, while in 

EMEs, constant risk premium explains 

for that.  

2. High reserves of CB act as insurance 

against foreign exchange risk for 

economic agents. Insured by CB, 

currencies are considered equally risky, 

investors will demand higher interests 

on the currency expected to fall.   

3. During the crisis period (10.2008- 

2.2009), CIP\UIP does not hold in 

Russia even they hold for periods 

before and after the crisis.  

Park, C. and Park, S 

(2017) 

Monetary policy (shock), large 

financial crisis (Iceland) 

1. UIP puzzle becomes more 

pronounced when the monetary policy 

rule is stricter against inflation. 

 2. For inflation targeting economies, 

UIP puzzle has been mitigated after the 

2008 financial crisis when weights 

were reduced on inflation in the 

(Taylor Rule type) monetary policy.  

Engel (2016) and 

Nagel (2016) 
Liquidity shocks 

1. Relative interest rate and inflation 

are endogenous and negatively 

correlated to liquidity shocks.  

2. Home bond is more liquid as the 

shock is larger to liquidity return. 
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3. DATA 

3.1. Data description 

In the research. the numerical data is collected from St. Louis Federal Bank (FRED), 

Archival Economic Data St Louis Fed (ALFRED), International Financial Statistics of 

International Monetary Fund (IFS), Policy Uncertainty website and Global Financial 

Development sector of World Bank. The data for each variable are chosen based on monthly 

frequency, the time span ranges from February 2000 to October 2020, accounting to 249 

observations.  

The research mainly focuses on the fluctuations of Euro exchange rate, therefore, it selects 

Euro area as the home country. As for the foreign countries, the research chooses Canada, 

China, Japan, Russian Federation, Sweden, the United States and The United Kingdom, up 

to seven countries.  

The variables used to carry out further empirical tests are exchange rate, interest rate, 

inflation, output gap, monetary policy shocks, reserves,capital control and oil price. The 

variables are described as follows:  

(1) Exchange rate  

The numerical data of exchange rate is collected from IMF and FRED and expressed in the 

form of the national currency per USD, at monthly average frequency. The original data will 

be used to calculate the cross rates between different national currencies and euros, and 

denoted under the direct quotation. Exchange rates are described as: the Canadian dollar, 

Chinese yuan, Japanese yen, Russian ruble, Swedish korona, British pound and US dollar. 

(2) Interest rate  

The research chooses the 3-month or 90-day interbank rates and yields as the interest rate. 

The data is collected from FRED. 

(3) Inflation 

Inflation is built by the ratio of the difference of current and last period’s Consumer Price 

Index (CPI) to last period’s CPI, expressed in the percentage. Inflation is calculated as:  

𝜋𝑡 =
𝐶𝑃𝐼𝑡 − 𝐶𝑃𝐼𝑡−1

𝐶𝑃𝐼𝑡−1
∗ 100% 
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𝐶𝑃𝐼𝑡 and 𝐶𝑃𝐼𝑡−1 are the monthly Consumer Price Index for the current and last period. using 

2010 (=100) as the base year. What needs to be mentioned is that for Euro Area, the research 

uses the monthly Harmonized Index of Consumer Prices (HICP) as the indicator for CPI. 

HICP is collected from FRED and CPIs are collected from IMF.  

(4) Output gap  

The research follows the method used in Engel et al. (2019) to obtain output gap. Due to the 

fact that data of Gross Domestic Production (GDP) are only announced on quarterly basis, 

industrial production are used as the proxy of monthly GDP. The values are collected from 

FRED, using total industry excluding construction as the indicator and 2015 as the base year. 

The output gap is defined as the cyclical component of Hodrick-Presoctt filtering method 

filtered output (described in detail in Methodology). 

(5) Monetary policy shocks  

To specify the variable of monetary policy shocks. the research use the index of Economic 

Policy Uncertainty (EPU) as the measurement of the indicator. EPU measures the degree of 

volatility related to the economic uncertainty. brought by macroeconomic policies. The data 

is sourced FRED and compiled by Baker et al. (2015) based on the statistics, weight 

distribution and calculation of the report frequency of specific words such as economy, 

uncertainty, Congress, deficit, and Federal Reserve in local newspapers in the United States. 

The index is reported on monthly basis.  

(6) Reserves  

Indicators for reserves are selected as the total reserves excluding Gold in USD from IMF, 

reported in millions. 

(7) Capital control 

In an open economy, the central bank always wants to smooth exchange rate, considering its 

significant impact on international (foreign) trade. The local authority in a larger country is 

more likely to conduct foreign exchange rate intervention, but with a minimal degree of it. 

The Swiss National Bank maintained a “currency floor” of 1.20 in EUR/CHF exchange rate, 

which prevents the excessive appreciation of the Swiss franc while damages the 

competitiveness of Swiss exports (Batsaikhan, 2015). Foreign trade is intimately related to 

international capital flow, which measures the balance of capital in a country. When there is 

a surplus (deficit) in capital flow, it is believed that the country has more exports (imports) 
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than imports (exports) in the last period. Furthermore, the home currency has depreciated 

and makes the good cheaper and more affordable to consume, which results in the higher 

exports. Therefore, capital flow is an important measurement of capital control and degree of 

openness in an open economy. 

Capital control is measured by the Capital Flows method introduced by Kraay (1998) and 

calculated by the total value of imports and exports.  

𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝐹𝑙𝑜𝑤𝑠 (𝐶𝐹) =  𝐼𝑀𝑡 + 𝐸𝑋𝑡 
 

𝐸𝑋𝑡 and 𝐼𝑀𝑡 are the values of imports and exports. Exports and imports are collected on 

monthly basis from IMF, reported in millions. 

(8) Oil price 

Oil price is selected as the monthly average spot price of Brent, Dubai and West Texas 

Intermediate for crude oil.  It is equally weighed by the three benchmarks, quoted by US 

Dollars per Barrel. The data is collected from World Bank. 
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3.2. Descriptive statistics  

In order to explore the distribution of data and find out possible extreme values, this paper 

uses Gretl to perform descriptive statistical analysis on the unprocessed original data. It 

selects four statistical indicators, including mean, standard deviation, skewness and kurtosis. 

The results are shown in Table 3. 

By comparing the mean and standard deviation of the sample data, it can be determined 

whether there are extreme values or outliers. The criteria are as follows: if the standard 

deviation is much greater than the mean, there is a possibility of the existence of extreme 

values, and further processing of the data is required; if there is no significant difference 

between the standard deviation and the mean, the original data can be used without post-

processing. 

Skewness measures the degree of asymmetry of the probability distribution density function 

relative to the average value. When the skewness is less than zero, the data distribution has a 

negative deviation or left skewness, suggesting the number of observations on the left side of 

the mean is less than the right side. When there are a few variables with extremely small 

values, the data distribution will be left skewed. Similarly, when there are a few variables 

with extremely large values, the data distribution will show a right skew; when the variables 

do not have extreme values, the data distribution will be demonstrated in a normal or 

symmetrical form. Brown (2006) pointed out that the skewness is acceptable from a range of 

-3 to +3 utilizing SEM. 

Kurtosis represents the sharpness of the peak of the probability density distribution function 

at the average value and the shape of its tails. Positive values of kurtosis indicate that a 

distribution is peaked and possess thick tails, meanwhile negative values of kurtosis indicate 

that a distribution is flat and has thin tails. The kurtosis of normal distribution is three. 

When the sample’s kurtosis is larger than three, it is called as excess kurtosis; contrarily, 

when the kurtosis of a sample is smaller than three, it is called as negative kurtosis. A 

kurtosis is acceptable between -10 and +10 utilizing SEM, according to Brown. 
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Note: Oil price is equally weighed by the average spot price of Brent, Dubai and West Texas 

Intermediate; therefore, the test statistics and p-value are the same for each country. 

First of all, by comparing the mean value and standard of different variables, it can be told 

that expect for inflation and cash flow, the standard deviation of the rest of variables 

(exchange rate, interest rate, industrial production, economic policy uncertainty and 

reserves) is smaller than their mean. This result indicates that there is little possibility of 

Table 3:  Descriptive statistics 

Country Indicator 
Exchange 

rate 
Interest Inflation 

Industrial 

production 
EPU Reserves 

Capital 

flow 
Oil price 

Canada Mean 0.686 2.19 % 0.16 % 97.9 172.8 5.72E+04 3.04E+07 0.65% 

 St.d 0.046 1.49 % 0.38 % 6.603 114.5 2.09E+04 3.56E+07 9.47% 

 Skewness 0.290 0.862 -0.167 0.026 1.289 0.134 0.364 -0.449 

 Kurtosis -0.540 -0.267 0.157 0.063 1.812 -1.628 -1.785 3.48 

China Mean 0.118 3.16 % 0.18 % 104.9 123 2.10E+06 2.29E+05 0.65% 

 St.d 0.015 1.13 % 0.63 % 4.678 102.3 1.33E+06 1.25E+05 9.47% 

 Skewness -0.127 1.033 0.322 -0.379 2.048 -0.27 -0.168 -0.449 

 Kurtosis -1.115 0.972 0.498 1.258 4.604 -1.544 -1.404 3.48 

Euro Area Mean - 1.60 % -1.86 % 99.11 157.2 2.85E+05 3.21E+05 0.65% 

 St.d - 1.78 % 68.92 % 4.992 70.7 6.48E+04 9.49E+04 9.47% 

 Skewness - 0.500 -1.126 -0.406 0.822 0.082 -0.565 -0.449 

 Kurtosis - -1.110 35.270 1.736 0.924 -1.318 -0.984 3.48 

Japan Mean 0.008 0.25 % 0.01 % 103 107.5 9.72E+05 1.05E+05 0.65% 

 St.d 0.001 0.24 % 0.29 % 8.854 33.4 3.12E+05 2.45E+04 9.47% 

 Skewness 0.396 1.244 1.298 -0.027 1.003 -0.858 -0.327 -0.449 

 Kurtosis -0.058 0.639 8.990 0.79 1.544 -0.535 -0.866 3.48 

Russia Mean 0.024 8.79 % 0.76 % 89.72 149.7 3.04E+05 4.39E+04 0.65% 

 St.d 0.008 3.69 % 0.64 % 15.68 116.6 1.67E+05 2.03E+04 9.47% 

 Skewness 0.103 1.910 1.430 -0.258 2.377 -0.586 -0.141 -0.449 

 Kurtosis -0.737 5.981 2.893 -0.642 8.373 -1.146 -1.081 3.48 

Sweden Mean 0.107 1.47 % 0.11 % 104.7 92.3 3.78E+04 2.30E+04 0.65% 

 St.d 0.007 1.71 % 0.42 % 11.37 20.02 1.69E+04 5.92E+03 9.47% 

 Skewness -0.447 0.301 -0.594 -0.436 0.722 -0.091 -0.491 -0.449 

 Kurtosis -0.135 -1.288 0.994 0.039 1.29 -1.619 -0.696 3.48 

UK Mean 1.318 2.53 % 0.17 % 103.7 211.9 8.90E+04 7.84E+04 0.65% 

 St.d 0.177 2.23 % 0.29 % 6.438 158.6 3.94E+04 1.61E+04 9.47% 

 Skewness 0.425 0.438 -0.684 -0.245 1.665 0.404 -0.543 -0.449 

 Kurtosis -1.229 -1.539 0.695 1.589 4.911 -1.33 -0.855 3.48 

US Mean 0.846 1.93 % 0.18 % 95.78 111.7  9.43E+04 2.65E+05 0.65% 

 St.d 0.124 1.91 % 0.37 % 5.56 67.06 3.12E+04 6.55E+04 9.47% 

 Skewness 0.872 1.025 -0.856 -0.101 2.797 -0.011 -0.429 -0.449 

 Kurtosis 0.219 -0.135 3.717 -0.836 11.83 -1.653 -1.247 3.48 
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extreme values or outliers in these variables.  For all countries excluding Russia Federation, 

the standard deviation of inflation is larger than its mean, especially in the example of Euro 

Area, the difference between these two indicators reaches 70.78%, when the difference of 

other countries ranges from 0.12% to 0.45%. Therefore, it can be inferred that for inflation in 

Euro Area, there is relatively high possibility of the existence of extreme values or outliers, 

and the variable requires to be further processed (as inflation differential between home and 

foreign country). As for cash flow, the standard deviation is larger than mean only in Canada, 

the difference is 0.52E07, while considering the variable’s magnitude (E07), it can be 

concluded that there is low possibility of the existence of extreme values in cash flow. 

Secondly, the skewness of intertest rate and economic policy uncertainty in various countries 

are all greater than zero, indicating that the data distributions of the two variables are 

positively skew, and local maximum may exist. The skewness of industrial production and 

cash flow are less than zero in all countries excluding Canada, indicating that the 

distributions of the two variables are negative skewness, and there may be local minimum. 

Except for Canada and Euro Area, where the skewness of reserves is positive; in other 

countries it is negative. Exchange rate is positively skew in most countries except for China 

when Euro Area is selected as the home country. The skewness of all variables lies between -

3 and +3, hence all of them are acceptable. 

Last but not least, by observing kurtosis, it can be seen that the kurtosis of the same variable 

does not varies much in different countries, while the only exception is inflation rate. The 

kurtosis of inflation in Euro Area is much higher than +10, which is 35.270, implying that 

there might be anomalies in the distribution of inflation in Euro Area. Furthermore, it can be 

told that the distribution of EPU in most countries has excess kurtosis since they are slightly 

higher than three. Inversely, the kurtosis of interest rate and inflation in most countries are 

less than three, resulting in negative kurtosis. For the rest variables including exchange rate, 

industrial production, reserves and cash flow, the kurtosis is less than zero but higher than -

10, indicating relatively flat distribution and thin tails. 

3.3. Data processing 

(1) Exchange rate  

The exchange rate is first calculated in logarithm and then in first differences. The change of 

the log exchange rate between time t and t+1 is expressed as: 𝑆𝑡+1 − 𝑆𝑡. 

(2) Interest rate  
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The variable is constructed as the difference of interest rate in the home and foreign country, 

reported in percent form. The interest rate differential at time t is denoted as: 𝑖𝑡 − 𝑖𝑡
∗. 

(3) Inflation 

Inflation is unprocessed and reported in percentage. 𝜋𝑡 and 𝜋𝑡
∗ is the inflation rate in home 

and foreign country. 

(4) Output gap  

As the proxy of monthly GDP, industrial production index firstly takes logarithm, and then 

uses the Hodrick-Presoctt filtering method to obtain the cyclical component as output gap. �̃�𝑡 

and �̃�𝑡
∗ is the output gap in home and foreign country. 

(5) Monetary policy shocks  

Economic Policy Uncertainty (EPU) index is first calculated in logarithm and then in first 

differences. 𝐸𝑃𝑈𝑡 and 𝐸𝑃𝑈𝑡
∗ represents the shocks led by monetary policy in home and 

foreign country. 

(6) Reserves  

Reserves is first calculated in logarithm and then in first differences. 𝑅𝑡 and 𝑅𝑡
∗ refers to the 

reserves (in millions) in home and foreign country. 

(7) Capital control 

As the indicator of capital control, capital flow is first calculated in logarithm and then in 

first differences. 𝐶𝐹𝑡  and 𝐶𝐹𝑡
∗ refers to the total capital flow (in millions) in home and foreign 

country. 

(8) Oil price 

Oil price is denoted by growth rate. 𝑂𝐼𝐿𝑡 refers to the average spot price for crude oil, 

reported in percentage. It is calculated as: 

𝑂𝐼𝐿𝑡 − 𝑂𝐼𝐿𝑡−1 

𝑂𝐼𝐿𝑡−1 
∗ 100% 

𝑂𝐼𝐿𝑡 and 𝑂𝐼𝐿𝑡−1 is the monthly average price for crude oil for the current and last period. 
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3.4. Stationarity test 

Stationarity refers to the situation in which the statistical properties, e.g., means, variance 

and covariance do not change over time. Stationarity of variable data has significant impact 

on the econometric analysis, what’s more, the traditional econometric methods are only 

effective and precise when the variables are stationary. When time series cannot be proved as 

stationary, the estimation and test statistics based on traditional methods will be 

meaningless and thereby lead to biased conclusions. Therefore, it is crucial to make sure that 

the data, especially the data of dependent variable is stationary under various stationarity 

tests. In the thesis, I chose two of the unit root tests: Augment Dickey-Fuller (ADF) test and 

Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test. 

The ADF test is used to determine if a unit root exists in the sequence. The existence of a unit 

root means that the time series is not stationary, contrarily, if the unit root cannot be 

detected, the conclusion that the sequence is stationary holds. The null hypothesis of ADF 

test is that the time series has a unit root; the alternative hypothesis is the series does not 

have a unit root. If the null hypothesis can be rejected (on certain significance level), then it 

is reasonable to draw the conclusion that the series is stationary; If the null hypothesis 

cannot be rejected, then it proves that the series is non-stationary. 

The KPSS test is another test to determine the stationary of time series. What needs to be 

mentioned is that the null hypothesis and alternative hypothesis of KPSS test are opposite to 

the ADF test. In the KPSS test, the null hypothesis assumes that the series is stationary, 

namely, the series does not have a unit root; the alternative hypothesis is that there is a unit 

root in the series, i.e., the time series is non-stationary. 

The result of the ADF test and KPSS test is given in Table 4 and Table 5. 

Table 4:  Augment Dickey-Fuller test  
 

(Euro Area as home country)  

 (1) (2) (3) (4) (5) (6) (7) (8) 

 𝑆𝑡+1 − 𝑆𝑡  𝑖𝑡 − 𝑖𝑡
∗ 𝜋𝑡 − 𝜋𝑡

∗ �̃�𝑡 
𝐸𝑃𝑈𝑡+1

− 𝐸𝑃𝑈𝑡  
𝑅𝑡+1 − 𝑅𝑡 

𝐶𝐹𝑡+1

− 𝐶𝐹𝑡 
𝑂𝐼𝐿𝑡 

Canada -13.835 -2.482 -12.060 -5.005 -8.148 -13.601 -15.356 -9.581 

 

(1.341e-31) (0.120) (6.655e-

26) 

(1.998e-

05) 

(1.829e-

13) 

(4.56e-28) (3.261e-

36) 

(7.226e-

18) 

China -11.652 -1.673 -12.055 -5.221 -5.074 -2.626 -3.607 -9.581 
 

(1.431e-

24) 

(0.4451) (6.907e-

26) 

(7.045e-

06) 

(1.437e-

05) 

(0.088) (0.006) (7.226e-

18) 
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Euro area - - - -4.939 -9.033 -7.500 -3.924 -9.581 

 

(-) (-) (-) (2.711e-

05) 

(3.764e-

16) 

(1.373e-11) (0.002) (7.226e-

18) 

Japan -11.833 -1.603 -12.079 -6.113 -8.240 -6.437 -3.964 -9.581 
 

(3.673e-

25) 

(0.4808) (5.759e-

26) 

(6.389e-

08) 

(9.789e-

14) 

(9.921e-

09) 

(0.002) (7.226e-

18) 

Russia -10.482 -4.859 -12.034 -4.321 -8.789 -6.455 -3.221 -9.581 
 

(9.277e-

21) 

(3.939e-

05) 

(8.087e-

26) 

(0.0004) (2.132e-

15) 

(8.951e-

09) 

(0.019) (7.226e-

18) 

Sweden -6.496 -2.670 -12.063 -2.998 -9.383 -6.290 -3.943 -9.581 
 

(7.027e-

09) 

(0.07929) (6.511e-

26) 

(0.035) (3.042e-

17) 

(2.33e-08) (0.002) (7.226e-

18) 

UK -15.126 -1.955 -12.058 -3.310 -7.246 -8.812 -4.214 -9.581 
 

(1.546e-

35) 

(0.307) (6.749e-

26) 

(0.014) (7.03e-11) (1.81e-15) (0.0006) (7.226e-

18) 

US -11.575 -3.153 -10.242 -5.684 -12.073 -7.428 -4.059 -9.581 
 

(2.537e-

24) 

(0.023) (5.534e-

20) 

(6.634e-

07) 

(6.056e-

26) 

(2.186e-

11) 

(0.001) (7.226e-

18) 

Notes: Table 4 reports the ADF test statistics and the corresponding p-value in the parathesis. The ADF test is a 

left tailed test, and the test critical values are -3.433, -2.863 and -2.567 on the significance level of 1%, 5% and 

10%, respectively. It tests down from 12 lags, criterion AIC, with the null hypothesis: there is a unit root in the 

sequence. Oil price is equally weighed by the average spot price of Brent, Dubai and West Texas Intermediate; 

therefore, the test statistics and p-value are the same for each country. 

Take variable (1), first differences of logarithm exchange rate as an example, for all exchange 

rate pairs, the ADF test statistics are smaller than the critical value of 1% (-3.433), hence the 

null hypothesis: there is a unit root in the sequence can be rejected on the significance level 

of 1%, namely the possibility of accepting the null hypothesis (there is a unit root) is less than 

1%. The p-values reported in the parathesis also shows the same results since all p -values for 

variable (1) is less than 0.01. As a result, the conclusion that variable (1) is stationary on the 

significance level of 1% holds and there is no unit root in series (1). For variables (3) to (8), 

they are all stationary on the significance level of 1%, 5% or 10%, implying that the possibility 

of these variables having a unit root is less than 1%, 5% and 10%. 

As for variable (2), the difference of interest rates is stationary on the level of 1%, 5% and 

10% when the foreign country is selected as Russian Federation, the United States and 

Sweden, respectively. When the foreign country is chosen as Canada, China, Japan and the 

United Kingdom, the interest rate differential is non-stationary and the corresponding p-

value is relatively large (>0.1), implying that the possibility of the existence of a unit root in 

sequence (2) is higher than 10%. 
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 Table 5:  Kwiatkowski-Phillips-Schmidt-Shin test 
 

(Euro Area as home country) 

 (1) (2) (3) (4) (5) (6) (7) (8) 

 

𝑆𝑡+1 − 𝑆𝑡 𝑖𝑡 − 𝑖𝑡
∗ 𝜋𝑡 − 𝜋𝑡

∗  �̃�𝑡 
𝐸𝑃𝑈𝑡+1

− 𝐸𝑃𝑈𝑡 
𝑅𝑡+1 − 𝑅𝑡 

𝐶𝐹𝑡+1

− 𝐶𝐹𝑡 
𝑂𝐼𝐿𝑡 

Canada 0.049 0.880 0.104 0.029 0.036 0.138 0.194 0.174 

China 0.101 1.840 0.108 0.020 0.073 0.474 0.045 0.174 

Euro area - - - 0.026 0.041 0.396 0.065 0.174 

Japan 0.107 1.942 0.107 0.023 0.035 0.447 0.096 0.174 

Russia 0.119 0.502 0.089 0.029 0.050 0.213 0.142 0.174 

Sweden 0.061 0.142 0.104 0.029 0.044 0.136 0.064 0.174 

UK 0.059 0.695 0.106 0.027 0.070 0.125 0.070 0.174 

US 0.135 0.494 0.184 0.031 0.067 0.098 0.045 0.174 

Notes: Table 5 reports the KPSS test statistics. The KPSS test is a right tailed test, and the test critical values are 

0.348, 0.462 and 0.740 on the significance level of 10%, 5% and 1%, respectively. The lag truncation 

parameter=10. The null hypothesis is that the process is trend stationary. Oil price is equally weighed by the 

average spot price of Brent, Dubai and West Texas Intermediate; therefore, the test statistics and p-value are the 

same for each country. 

Exemplifying with variable (1), first differences of logarithm exchange rate, for all exchange 

rate pairs, the KPSS test statistics are smaller than the critical value of 10% (0.348), hence 

the null hypothesis: The process is trend stationary should be accepted on the significance 

level of 10%, in other words, the possibility of accepting the null hypothesis (the series is 

stationary) is higher than 10%. Therefore, the conclusion that variable (1) is stationary on the 

significance level of 10% holds and there is no unit root in series (1). For variables (3) to (8), 

they are all stationary on the significance level of 10%, 5% or 1%, implying that the possibility 

of these variables to be stationary is higher than 10%, 5% and 1%. 

For variable (2), the difference of interest rates is stationary on the level of 10% when 

Sweden is selected as the foreign country. Additionally, the variable is stationary on the level 

of 1% when Russian Federation, the United Kingdom and the United Stated are selected as 

the foreign country. As for other foreign countries, such as Canada, China and Japan, the 

KPSS statistics are higher than the critical value of the significance level of 1% (0.740), 

implying that the possibility of interest rate differential being stationary is less than 1%. 



 

 25 

What needs to be noticed is that the interest rate differential of British pound is statistically 

significant at the 5% significance level under the ADF test while it is significant at 1% level 

under the KPSS test. The test statistics (0.695) is lower than the critical value at 1% (0.74), 

therefore, the null hypothesis: the process is trend stationary cannot be rejected and the 

sequence is stationary. The inconsistency also occurs in US dollars. The interest rate 

differential of US dollar is significant at the significance level of 5% under ADF test while it is 

significant at 1% under KPSS test. Besides, most of the variable is not stationary in both tests. 

The poor stationarity of interest rate differential might be one of the reasons for the variable 

being insignificant in the empirical test. 
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4. METHODOLOGY 

4.1. In-sample: OLS linear regression  

In the research, the changes in Euro exchange rate are regressed on a variety of predictors. 

which are derived from the UIP theory, Taylor-rule fundamentals and variables explaining 

for the UIP puzzle. The empirical analysis in Section 5 is based on the Ordinary Least 

Squares (OLS) linear regression.  

4.2. Out-of-sample: Rolling regression 

The main difference between in-sample and out-of-sample forecasts is that in-sample 

regression makes prediction based on the observed samples while out-of-sample regression 

predicts for the future (data not included in the sample), which can be further compared to 

the observed data. This also explains why out-of-sample forecasts are more suitable for 

examining model’s credibility. 

Using data of the research as example to illustrate the process to carry out the rolling 

regressions. The data are chosen based on monthly frequency and the time span ranges from 

February 2000 to October 2020, so in all there are 249 observations. 

The first step is to build a rolling window, consisting of 96 observations from February 2000 

to January 2008. Next, we remove the 1st observation (February 2000) and add the 97th 

observation (February 2008) to the first window and form the second rolling window. This 

step is called as “one roll forward”. Then we keep rolling the second window forward and 

form the third window. The rolling process ceases when the the 154th rolling window, i.e. the 

last rolling window occurs, which consists of data from November 2012 (154th observation) 

to October 2020 (249th observations). Until then, we will have 154 regression results from 

154 rolling windows. The final step is to use the estimated coefficients to predict output from 

February 2008 (97th observation) to October 2020 (249th observation) and compare to the 

realized output based on observation. 

4.3. Detrending Method: Hodrick-Presoctt filtering method  

The Detrending Method considers the operation of macroeconomic as a certain combination 

of potential growth and short-term fluctuations, therefore, econometric methods can be used 

to decompose the realized output sequence into two components: trend and cycle. The trend 

component is the potential output and the cycle component is the output gap. Hodrick and 

Prescott (1997) published Hodrick-Prescott filtering method (HP filtering method). they 
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believed that economic variables are neither invariable nor random, and their trends change 

slowly. The detrending method of HP filtering is briefly introduced below.  

Assuming that the time series 𝑦𝑡 is composed of the trend part 𝑔𝑡 and the cyclical fluctuation 

part 𝑐𝑡. therefore the time series can be expressed in the form of: 𝑦𝑡 = 𝑔𝑡 + 𝑐𝑡. Hodrick and 

Prescott adopted the symmetric moving average method to design a filter, i.e. HP filter. The 

filter obtains a smooth sequence 𝑔𝑡 (the trend part) from the time sequence 𝑦𝑡. 𝑔𝑡 is the 

solution to the following problem:  

𝑀𝑖𝑛 {∑(𝑦𝑡 − 𝑔𝑡)2

𝑇

𝑡=1

+ λ ∑[(𝑔𝑡 − 𝑔𝑡−1) ∗ (𝑔𝑡 − 𝑔𝑡−2)]2

𝑇

𝑡=3

} 

The first term of the polynomial is a measure of the cyclical component and the second term 

is a measure of the "smoothness" of the trend component. λ is a positive smoothing 

parameter and used for adjusting the weights of the two components.  

An important issue of the HP filtering method is the value of the smoothing parameter λ. 

Different values of λ determine the choices of filter. which further decides on the different 

periodic modes and degree of smoothness. When dealing with quarterly data, economists 

have more or less reached a consensus to use Hodrick and Prescott’s value of 1600. 

According to the default vale in Gretl, the value of λ is calculated by 100 times the square of 

the data frequency, therefore, the value yields 14400 for monthly data in this paper. 

4.4. Partial F-test 

In this paper, the UIP model and UIP-TR model are the nested models of the extended UIP-

TR model. Therefore, the extended model can be called as the complete/full model, and the 

nested models are called as the reduced models. The reduced models are special cases of the 

full model, for instance, as shown in the following equations, by setting 𝑐6~𝑐12  in (3) to zero, 

we get the reduced model (2); by setting 𝑐2~𝑐12) to zero, we get the reduced model (1). 

UIP model: 

𝑆𝑡+1 − 𝑆𝑡 = 𝑎0 + 𝑎1(𝑖𝑡 − 𝑖𝑡
∗) + 𝜁𝑡+1 (1) 

UIP-TR model: 

𝑆𝑡+1 − 𝑆𝑡 = 𝑏0 + 𝑏1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑏2𝜋𝑡 + 𝑏3𝜋𝑡

∗ + 𝑏4�̃�𝑡 + 𝑏5�̃�𝑡
∗ + 𝜁𝑡+1 (2) 
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Extended UIP-TR model: 

𝑆𝑡+1 − 𝑆𝑡 = 𝑐0 + 𝑐1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑐2𝜋𝑡

+ 𝑐3𝜋𝑡
∗ + 𝑐4�̃�𝑡 + 𝑐5�̃�𝑡

∗ + 𝑐6𝐸𝑃𝑈𝑡 + 𝑐7𝐸𝑃𝑈𝑡
∗ + 𝑐8𝑅𝑡 + 𝑐9𝑅𝑡

∗ + 𝑐10𝐶𝐹𝑡 + 𝑐11𝐶𝐹𝑡
∗

+ 𝜁𝑡+1                                                                                             (3) 

The F-statistic is used to compare nested models and test whether the coefficients are 

nonzero. The full model should satisfy the 5 regression assumptions: linear relationship, 

multivariate normality, no or little multicollinearity, no autocorrelation and 

homoscedasticity. The F-statistic is calculated as 

𝐹 =
[𝑆𝑆𝐸(𝑅) − 𝑆𝑆𝐸(𝐹)]/∆𝑝

𝜎𝐹
2  

where 𝑆𝑆𝐸(𝑅) is the Sum of Squared Error (SSE) of the reduced model, 𝑆𝑆𝐸(𝐹) is the SSE of 

the full model. ∆𝑝 is the number of coefficients being tested and 𝜎𝐹
2 is the estimate of the 

random error variance 𝜎 2. 

The null hypothesis of F-test is 𝐻0: all coefficients are zero, and the alternative hypothesis is 

𝐻1: at least one of the coefficients is nonzero. Larger value of F-statistic provides strong 

evidence against the null hypothesis and proves that the reduced variable(s) is (are) useful. 
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5. EMPIRICAL ANALYSIS 

5.1. Model 

The research refers to the method of Engel (2019) to build the basic Uncovered Interest 

Parity – Taylor Rules (UIP-TR) model, and by adding variables such as economics policy 

uncertainty, reserves and capital flow to extend the model. Eventually, it obtains the 

extended UIP-TR model to predict the change in Euro exchange rate. 

The UIP-TR model is derived from two fundamental exchange rate forecasting theories: the 

uncovered interest parity theory and Taylor rules. Keynes (2013) believed that the interest 

rate parity theory is crucial for studying the effect of relative change in two countries’ interest 

rate on the exchange rate. Interest rate parity is divided into Covered interest parity (CIP) 

and Uncovered interest parity (UIP). This research mainly focuses on the UIP theory. The 

theory describes the impact of speculative behavior of investors in the foreign exchange 

market on exchange rate changes under rational expectations. When the uncovered 

investment income that investors can raise equals to the risk-free return, the UIP theory 

holds. The changes in exchange rate between time t and t+1 can be predicted through the 

interest rate differential between home and foreign country. The linear expression of UIP is 

shown as follows:  

𝑆𝑡+1 − 𝑆𝑡 = 𝑎0 + 𝑎1(𝑖𝑡 − 𝑖𝑡
∗) + 𝜁𝑡+1 (1) 

where 𝑆𝑡 and 𝑆𝑡+1 are the logarithm nominal exchange rates of different foreign currencies in 

time t and t+1, quoted in euro prices. 𝑖𝑡 − 𝑖𝑡
∗ is the interest rate difference between home and 

foreign country in time t. 𝑎1  is the coefficient and 𝜁𝑡+1is random disturbance.  

Another important theory is the Taylor rules. After the US Federal Budget Law was passed in 

the 1990s, the US federal government can no longer use fiscal policy to conduct 

macroeconomic regulation, and the government's role has been greatly weakened. Under 

such circumstance, Taylor (1993) based on the actual experience of the US monetary policy 

at that time and proposed a rule that uses short-term interest rate adjustment as a means 

and regulates nominal interest rate as the goal, namely, the Taylor rules. According to the 

Taylor rules, the relationship between a country’s short-term interest rate, inflation rate, and 

output gap can be expressed as follows: 

𝑖𝑡 = 𝛾0 + 𝛾1𝜋𝑡 + 𝛾2�̃�𝑡 (2) 

𝑖𝑡
∗ = 𝛾0

∗ + 𝛾1
∗𝜋𝑡

∗ + 𝛾2
∗�̃�𝑡

∗ (3) 
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where 𝜋𝑡 and 𝜋𝑡
∗ , �̃�𝑡 and �̃�𝑡

∗ are the home and foreign inflation, output gap at time t. 𝛾1, 𝛾2, 𝛾1
∗ 

and 𝛾2
∗ are the coefficients, 𝛾0 and 𝛾0

∗ are the constant terms. 

The Taylor-rule fundamentals includes two crucial elements, one is inflation, the other is 

output gap. It is found that the Taylor-rule fundamentals can predict the change in exchange 

rate, while in the opposite direction that emerges when the UIP theory holds (Engel, 2019). 

Normally, the higher home inflation should predict home currency to depreciate. However, 

Molodtsova and Papell found that the coefficient on home inflation is negative and positive 

for foreign inflation, which is consistent with the empirical finding of UIP puzzle. According 

to Engel, if the UIP puzzle and Taylor-rule fundamentals both predict exchange rate in the 

opposite directions, interest rates might be perfectly correlated with Taylor-rule 

fundamentals. That means if interest rate is positively (negatively) correlated with the 

change in exchange rate, the Taylor-rule fundamentals should show the same correlation.  

However, in Engel’s paper, the Taylor rules is restricted in a closed economy, therefore, 

exchange rate is not utilized as a predictor. What’s more, during the process of combining 

the UIP theory and Taylor rules, interest rates have been replaced, while they are 

inextricably linked to exchange rate fluctuations, and the changes of exchange rate will also 

indirectly affect policies related to interest rate. In view of the irreplaceability of interest rate 

in predicting exchange rate fluctuations and the predictor of UIP theory (i.e., exchange rate), 

I modify equation (2) by including the change of exchange rate and forms the Taylor rules in 

an open economy: 

𝑖𝑡 = 𝛾0 + 𝛾1𝜋𝑡 + 𝛾2�̃�𝑡 + 𝛾3(𝑆𝑡+1 − 𝑆𝑡) (4) 

Then, combing equation (3), we get the UIP-TR model in an open economy: 

𝑆𝑡+1 − 𝑆𝑡 = 𝑏0 + 𝑏1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑏2𝜋𝑡 + 𝑏3𝜋𝑡

∗ + 𝑏4�̃�𝑡 + 𝑏5�̃�𝑡
∗ + 𝜁𝑡+1 (5) 

where 𝑏0 = 𝛾0 + 𝛾0
∗ , 𝑏1 =

1

𝛾3
, 𝑏2 = −

𝛾1

𝛾3
, 𝑏3 =

𝛾1
∗

𝛾3
, 𝑏4 = −

𝛾2

𝛾3
, 𝑏5 =

𝛾2
∗

𝛾3
. 𝑏0 is the constant term, 𝑏1  

to 𝑏5 are the coefficients. 

Next, by adding variables: economic policy uncertainty, reserves, capital flow and oil price as 

the explanatory variables to the right-hand side of equation (5), we get the extended UIP-TR 

model for linear regression: 
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𝑆𝑡+1 − 𝑆𝑡 = 𝑐0 + 𝑐1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑐2𝜋𝑡

+ 𝑐3𝜋𝑡
∗ + 𝑐4�̃�𝑡 + 𝑐5�̃�𝑡

∗ + 𝑐6𝐸𝑃𝑈𝑡 + 𝑐7𝐸𝑃𝑈𝑡
∗ + 𝑐8𝑅𝑡 + 𝑐9𝑅𝑡

∗ + 𝑐10𝐶𝐹𝑡 + 𝑐11𝐶𝐹𝑡
∗

+ 𝜁𝑡+1                                                                                             (7) 

where 𝐸𝑃𝑈𝑡 an  𝐸𝑃𝑈𝑡
∗, 𝑅𝑡 and 𝑅𝑡

∗ and  𝐶𝐹𝑡  are the home and foreign economic policy 

uncertainty, reserves, cash flows and risk premiums, respectively. 𝑐0  is the constant term, 𝑐1  

to 𝑏11  are the coefficients. 

In the end, the insignificant variables will be removed and only the significant ones will be 

kept to formulate the best model. The best models are summarized and compared in Table 

14. 

5.2. In-sample forecasting 

This section focuses on the in-sample forecasting power of interest rate differential, Taylor-

rule fundamentals and other variables in the change in Euro exchange rate. 

Under the null hypothesis of the uncovered interest parity (UIP) test, 𝑎1 = 1, if uncovered 

interest parity holds, interest rate differential should have the power in forecasting exchange 

rate changes. The UIP puzzle refers to the empirical finding which is opposite to the theory. 

According to the empirical result, the slope coefficient is usually found to be significant but 

negative, which indicates that the interest rate differential has ability to predict changes in 

exchange rate, while in the opposite direction. 

The first panel of Table 6 (“UIP”) is the standard UIP regression, which estimates the 

following equation: 

𝑆𝑡+1 − 𝑆𝑡 = 𝑎0 + 𝑎1(𝑖𝑡 − 𝑖𝑡
∗) + 𝜁𝑡+1 

It reports the slope coefficient (“𝑎1”) under the test of UIP when Euro Area and the United 

States is selected as the home country and foreign country, respectively. The point 

estimation of  𝑎1  is negative for US dollar. It is not significantly different from zero at any 

significance level, therefore indicates that the interest rate differential does not have in-

sample forecasting power in the change in EUR/USD exchange rate. What’s more, the null 

hypothesis: 𝑎1 = 1 cannot be rejected for US dollar, as a result, the UIP puzzle does not hold. 

Table 6 

Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑼𝑺𝑫). 

UIP regression: 𝑆𝑡+1 − 𝑆𝑡 = 𝑎0 + 𝑎1(𝑖𝑡 − 𝑖𝑡
∗) + 𝜁𝑡+1.  

UIP-TR: 𝑆𝑡+1 − 𝑆𝑡 = 𝑏0 + 𝑏1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑏2𝜋𝑡 + 𝑏3𝜋𝑡

∗ + 𝑏4�̃�𝑡 + 𝑏5 �̃�𝑡
∗ + 𝜁𝑡+1.  
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Extended UIP-TR: 𝑆𝑡+1 − 𝑆𝑡 = 𝑐0 + 𝑐1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑐2𝜋𝑡 + 𝑐3𝜋𝑡

∗ + 𝑐4�̃�𝑡 + 𝑐5�̃�𝑡
∗ + 𝑐6𝐸𝑃𝑈𝑡 + 𝑐7𝐸𝑃𝑈𝑡

∗ + 𝑐8𝑅𝑡 + 𝑐9𝑅𝑡
∗ +

𝑐10𝐶𝐹𝑡 + 𝑐11𝐶𝐹𝑡
∗ + 𝑐12𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 . 

Best model: 𝑆𝑡+1 − 𝑆𝑡 = 𝑑0 + 𝑑3𝜋𝑡
∗ + 𝑑5𝐸𝑃𝑈𝑡 + 𝑑9 𝑅𝑡

∗ + 𝑑10𝐶𝐹𝑡 + 𝜁𝑡+1 . 

 

Table 6:  Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑼𝑺𝑫) 

(Euro Area as home country) 

 UIP UIP-TR Extended UIP-TR Best Model 

𝑖𝑡 − 𝑖𝑡
∗ -0.12 -0.11 -0.055 - 

 (0.11) (0.11) (0.10)  

𝜋𝑡 - 0.00055 0.00097 - 

 
 

(0.002) (0.0020)  

𝜋𝑡
∗ - -1.28*** -0.80* -0.91** 

  (0.39) (0.45) (0.37) 

�̃�𝑡  - -0.042 -0.035 - 

 
 

(0.72) (0.059)  

�̃�𝑡
∗ - 0.010 0.039 - 

 
 

(0.085) (0.085)  

𝐸𝑃𝑈𝑡  - - 0.019*** 0.018*** 

 
  

(0.0057) (0.0055) 

𝐸𝑃𝑈𝑡
∗ - - -0.0028 - 

 
  

(0.0058)  

𝑅𝑡  - - -0.015 - 

   (0.094)  

𝑅𝑡
∗ - - -0.18*** -0.19*** 

   (0.055) (0.035) 

𝐶𝐹𝑡 - - -0.071*** -0.051*** 

   (0.020) (0.37) 

𝐶𝐹𝑡
∗ - - 0.051 - 

   (0.035)  

𝑂𝐼𝐿𝑡 - - -0.018 - 

   (0.018)  

Durbin- 

Watson 
1.40 1.46 1.69 1.62 

R-squared 0.0048 0.055 0.21 0.20 

Note: The standard errors are reported in the parathesis. *, ** and *** indicate that the alternative 

model is significantly different from zero at significance level of 10%, 5% and 1%, respectively, based 

on standard normal critical values for the two-sided test. Sample period are monthly data from 

February 2000 to October 2020 (up to 249 observations). 
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The second panel of Table 6 (“UIP-TR”) includes inflation rate and output gap in Euro Area 

and the United States in the standard UIP regression, which estimates the following 

equation: 

𝑆𝑡+1 − 𝑆𝑡 = 𝑏0 + 𝑏1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑏2𝜋𝑡 + 𝑏3𝜋𝑡

∗ + 𝑏4�̃�𝑡 + 𝑏5�̃�𝑡
∗ + 𝜁𝑡+1 

The idea of including inflation rate is motivated by two facts: one is the verified forecasting 

power of Taylor rule fundamentals on exchange rate, the other is the fact that many central 

banks have adopted inflation targeting rules for monetary policy. Furthermore, inflation rate 

is a good predictor in terms of monetary policy, hence it may capture information that is not 

included in the interest rate itself.  

𝑏1  is the estimated coefficient on interest rate differential between Euro Area and U.S. The 

sign of 𝑏1  remains the same as 𝑎1, which is negative and not significantly different from zero 

at any significance level when U.S. is chosen as the foreign country. Under the UIP-TR 

model, the null hypothesis: 𝑏1 = 1 cannot be rejected for US dollar.  

The coefficient on home inflation, 𝑏2, is positive and insignificant at any significance level. 

The coefficient on foreign inflation,  𝑏3, shows the opposite direction to home inflation and 

proves to be significant on the significance level of 1%. The result shows that inflation in the 

United States has certain forecasting power in explaining the change in EUR/USD exchange 

rate. The coefficient on home output gap, 𝑏4, is insignificant. The coefficient on foreign 

output gap, 𝑏5, has the opposite sign to 𝑏4 and it is insignificant at any significance level. 

In the third panel (“Extended UIP-TR”), other variables such as EPU, reserves, capital flows 

and oil price are included to formulate a more sophisticated model. The extended UIP-TR 

model estimates as follows: 

𝑆𝑡+1 − 𝑆𝑡 = 𝑐0 + 𝑐1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑐2𝜋𝑡

+ 𝑐3𝜋𝑡
∗ + 𝑐4�̃�𝑡 + 𝑐5�̃�𝑡

∗ + 𝑐6𝐸𝑃𝑈𝑡 + 𝑐7𝐸𝑃𝑈𝑡
∗ + 𝑐8𝑅𝑡 + 𝑐9𝑅𝑡

∗ + 𝑐10𝐶𝐹𝑡 + 𝑐11𝐶𝐹𝑡
∗

+ 𝑐12𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 

It reports the estimated coefficient on interest rate differential (“𝑐1”), home and foreign 

inflation (“𝑐2” and “𝑐3”), output gap (“𝑐4” and “𝑐5”), EPU (“𝑐6” and “𝑐7”), reserves (“𝑐8” and 

“𝑐9”), capital flows (“𝑐10 ” and “𝑐11 ”) and oil price (“𝑐12 ”). The results share certain similarity 

compared to the second panel. The point estimation of 𝑐2  remains negatively significant 

while only at the significance level of 10%. Meanwhile other coefficient estimations are still 



 

 34 

insignificant at any significance level. In addition, the signs of those estimations remain 

unchanged.  

Among variables 𝑐5~ 𝑐12, 𝑐5, the coefficient on home EPU, is significantly positive at the 

significance level of 1%. 𝑐9 and 𝑐10 , the coefficients on foreign reserves and home cash flow, 

they are both significantly negative at the significance level of 1%. As for the rest of variables, 

none of them is significant. Besides, the coefficients on the same variable country in Euro 

Area and U.S. are in the opposite direction. 

Based on the results of Table 6, it can be summarized that for the United States, variables 

including home EPU and capital flow, foreign inflation and reserves have the most 

outstanding forecasting power towards the change in EUR/USD exchange rate. The 

regression of changes in exchange rate on those variables are shown in the fourth panel 

(“Best Model”), which estimates the following model: 

𝑆𝑡+1 − 𝑆𝑡 = 0.001 − 0.811𝜋𝑡
∗ + 0.019𝐸𝑃𝑈𝑡 − 0.071𝑅𝑡

∗ − 0.181𝐶𝐹𝑡 + 𝜁𝑡+1 

The Durbin-Watson (DW) statistic and R-squared are also reported in the table. DW statistic 

tests for autocorrelation in the residuals from a statistical regression analysis, which values 

from 0 to 4. The values between 0 to 2 indicate positive autocorrelation and values between 

2 to 4 indicate negative autocorrelation. Values range from 1.5 to 2.5 indicates little concern 

towards autocorrelation. The DW statistics for extended UIP-TR model and the best model 

are around 1.5~1.7, therefore, it can be concluded that there is no serial correlation in the 

models. However, the statistics for UIP and UIP-TR model shows the possibility of having 

positive serial correlation in the variables. 

R-squared is a statistical measure which stands for the proportion of the variance for a 

dependent variable that can be explained by the independent variables in a regression 

model. It values between zero to one, usually higher the value is, better the fit for the model. 

Based on the last row of Table 6, it can be seen that with more variables included, r-squared 

grows in multiples. For the extended UIP-TR model and best model, r-squared reaches 0.21 

and 0.20, respectively, which indicates that approximately 20% of the data fits the regression 

model. 

Table 7  

Estimates for  ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑪𝑨𝑫).  

UIP regression: 𝑆𝑡+1 − 𝑆𝑡 = 𝑎0 + 𝑎1(𝑖𝑡 − 𝑖𝑡
∗) + 𝜁𝑡+1.  

UIP-TR: 𝑆𝑡+1 − 𝑆𝑡 = 𝑏0 + 𝑏1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑏2𝜋𝑡 + 𝑏3𝜋𝑡

∗ + 𝑏4�̃�𝑡 + 𝑏5 �̃�𝑡
∗ + 𝜁𝑡+1.  
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Extended UIP-TR:  𝑆𝑡+1 − 𝑆𝑡 = 𝑐0 + 𝑐1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑐2𝜋𝑡 + 𝑐3𝜋𝑡

∗ + 𝑐4�̃�𝑡 + 𝑐5�̃�𝑡
∗ + 𝑐6𝐸𝑃𝑈𝑡 + 𝑐7𝐸𝑃𝑈𝑡

∗ + 𝑐8𝑅𝑡 + 𝑐9𝑅𝑡
∗ +

𝑐10𝐶𝐹𝑡 + 𝑐11𝐶𝐹𝑡
∗ + 𝑐12𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 . 

Best model: 𝑆𝑡+1 − 𝑆𝑡 = 𝑑0 + 𝑑4 �̃�𝑡 + 𝑑5 �̃�𝑡
∗ + 𝑑12𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 . 

 

Table 7:  Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑪𝑨𝑫) 

(Euro Area as home country) 

 UIP UIP-TR Extended UIP-TR Best Model 

𝑖𝑡 − 𝑖𝑡
∗ -0.050 -0.041 -0.025 - 

 (0.15) (0.15) (0.15)  

𝜋𝑡 - -0.00032 0.00025 - 

 
 

(0.002) (0.0020)  

𝜋𝑡
∗ - 0.15 -0.44 - 

  (0.37) (0.44)  

�̃�𝑡  - -0.083* -0.098** -0.097** 

 
 

(0.049) (0.048) (0.047) 

�̃�𝑡
∗ - 0.054 0.102** 0.84** 

 
 

(0.041) (0.042) (0.039) 

𝐸𝑃𝑈𝑡  - - 0.0019 - 

 
  

(0.0053)  

𝐸𝑃𝑈𝑡
∗ - - -0.0072 - 

 
  

(0.0054)  

𝑅𝑡  - - -0.083 - 

   (0.058)  

𝑅𝑡
∗ - - -0.077 - 

   (0.051)  

𝐶𝐹𝑡 - - -0.0228 - 

   (0.0179)  

𝐶𝐹𝑡
∗ - - -0.00021 - 

   (0.0022)  

𝑂𝐼𝐿𝑡 - - 0.058*** 0.044*** 

   (0.018) (0.014) 

Durbin- 

Watson 
1.73 1.74 1.81 1.77 

R-squared 0.0007 0.0158 0.0997 0.0514 

Note: The standard errors are reported in the parathesis. *, ** and *** indicate that the alternative model is 

significantly different from zero at significance level of 10%, 5% and 1%, respectively, based on standard normal 

critical values for the two-sided test. Sample period are monthly data from February 2000 to October 2020 (up to 

249 observations). 

The first panel of Table 7 (“UIP”) is the standard UIP regression. The point estimation of  𝑎1  

is negative for Canadian dollar. It is not significantly different from zero at any significance 
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level, therefore indicates that the interest rate differential does not have in-sample 

forecasting power in the change in Euro exchange rate. What’s more, the null hypothesis: 

𝑎1 = 1 cannot be rejected for Canadian dollar. 

The second panel of Table 7 (“UIP-TR”) includes inflation rate and output gap in Euro Area 

and Canada in the standard UIP regression. The sign of 𝑏1  remains the same as 𝑎1, which is 

negative and not significantly different from zero at any significance level when Canada is 

chosen as the foreign country. Under the UIP-TR model, the null hypothesis: 𝑏1 = 1 cannot 

be rejected for Canadian dollar. The coefficient on home inflation, 𝑏2, is positive and 

insignificant at any significance level. The coefficient on foreign inflation,  𝑏3, shows the 

opposite direction to home inflation and remains negative. The coefficient on home output 

gap, 𝑏4, is negatively significant at the significance level of 10%. The result proves that the 

output gap in Euro Area has certain forecasting power in explaining the change in EUR/CAD 

exchange rate. The coefficient on foreign output gap, 𝑏5, has the opposite sign to 𝑏4 and it is 

insignificant at any significance level. 

The third panel of Table 7 reports the estimated coefficients. The estimates are similar to the 

results using UIP-TR model. The point estimation of 𝑐4  is negatively significant but at the 

significance level of 5%, meanwhile this time the point estimation of 𝑐5  is positively 

significant at the level of 5%. Other coefficients remain insignificant at any significance level. 

In addition, the signs of those estimations remain unchanged. Among variables 𝑐6~ 𝑐12 , only 

𝑐12 , the coefficient on oil price, is significantly positive at the significance level of 1%. As for 

the rest of variables, none of them is significant. The coefficients on capital flows and the 

coefficients on reserves in Euro Area and Canada are in the same direction. 

Based on the results of Table 7, it can be summarized that for Canada, variables such as 

output gaps and oil price have the most outstanding forecasting power towards the change in 

EUR/CAD exchange rate, compared to other variables. The regression of changes in 

exchange rate on those variables are shown in the fourth panel (“Best Model”), which 

estimates as follows: 

𝑆𝑡+1 − 𝑆𝑡 = 0.006 − 0.096�̃�𝑡 + 0.098�̃�𝑡
∗ + 0.058𝑂𝐼𝐿𝑡 + 𝜁𝑡+1  

In Table 7, the DW statistics for all regressions are around 1.7~1.8, therefore, it can be 

concluded that there is no serial correlation in the variables. The increasing r-squared shows 

improvements in the fitness of model with more variables included. For the extended UIP-

TR model, r-squared reaches 0.0997, which reveals that approximately 10% of the data fits 

the regression model. 
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Table 8  

Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑪𝑵𝒀).  

UIP regression: 𝑆𝑡+1 − 𝑆𝑡 = 𝑎0 + 𝑎1(𝑖𝑡 − 𝑖𝑡
∗) + 𝜁𝑡+1.  

UIP-TR: 𝑆𝑡+1 − 𝑆𝑡 = 𝑏0 + 𝑏1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑏2𝜋𝑡 + 𝑏3𝜋𝑡

∗ + 𝑏4�̃�𝑡 + 𝑏5 �̃�𝑡
∗ + 𝜁𝑡+1.  

Extended UIP-TR: 𝑆𝑡+1 − 𝑆𝑡 = 𝑐0 + 𝑐1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑐2𝜋𝑡 + 𝑐3𝜋𝑡

∗ + 𝑐4�̃�𝑡 + 𝑐5�̃�𝑡
∗ + 𝑐6𝐸𝑃𝑈𝑡 + 𝑐7𝐸𝑃𝑈𝑡

∗ + 𝑐8𝑅𝑡 + 𝑐9𝑅𝑡
∗ +

𝑐10𝐶𝐹𝑡 + 𝑐11𝐶𝐹𝑡
∗ + 𝑐12𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 . 

Best model: 𝑆𝑡+1 − 𝑆𝑡 = 𝑑0+𝑑8𝑅𝑡 + 𝑑9𝑅𝑡
∗ + 𝑑10𝐶𝐹𝑡 + 𝑑12𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 . 

 

Table 8:  Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑪𝑵𝒀) 

(Euro Area as home country) 

 UIP UIP-TR Extended UIP-TR Best Model 

𝑖𝑡 − 𝑖𝑡
∗ -0.044 -0.043 0.085 - 

 (0.053) (0.054) (0.059)  

𝜋𝑡 - 0.00053 0.00039 - 

 
 

(0.0021) (0.0019)  

𝜋𝑡
∗ - -0.059 -0.0083 - 

  (0.23) (0.25)  

�̃�𝑡  - 0.042 0.033 - 

 
 

(0.045) (0.042)  

�̃�𝑡
∗ - 0.041 0.080  

 
 

(0.059) (0.057) - 

𝐸𝑃𝑈𝑡  - - 0.0092  

 
  

(0.0059)  

𝐸𝑃𝑈𝑡
∗ - - -0.0043 - 

 
  

(0.0034)  

𝑅𝑡  - - -0.17*** -0.20*** 

   (0.052) (0.05) 

𝑅𝑡
∗ - - -0.35*** -0.30*** 

   (0.092) (0.077) 

𝐶𝐹𝑡 - - -0.033* -0.027* 

   (0.017) (0.015) 

𝐶𝐹𝑡
∗ - - -0.0045 - 

   (0.013)  

𝑂𝐼𝐿𝑡 - - -0.027* -0.025* 

   (0.015) (0.014) 

Durbin- 

Watson 
1.41 1.42 1.55 1.53 

R-squared 0.002 0.009 0.19 0.15 

Note: The standard errors are reported in the parathesis. *, ** and *** indicate that the alternative model is 

significantly different from zero at significance level of 10%, 5% and 1%, respectively, based on standard normal 
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critical values for the two-sided test. Sample period are monthly data from February 2000 to October 2020 (up to 

249 observations). 

 

The first panel of Table 8 (“UIP”) is the standard UIP regression. The point estimation of  𝑎1  

is negative for Chinese yuan. It is not significantly different from zero at any significance 

level, therefore indicates that the interest rate differential does not have in-sample 

forecasting power in the change in EUR/CNY exchange rate.  

The second panel of Table 8 (“UIP-TR”) includes inflation rate and output gap in Euro Area 

and China in the standard UIP regression. The sign of 𝑏1  is the same as 𝑎1, which is negative 

and not significant at any significance level. When China is selected as the foreign country, 

the coefficient on home and foreign inflation, 𝑏2 and 𝑏3, shows the opposite direction to each 

other and both of them are insignificant. The coefficient on home and foreign output gap, 𝑏3 

and 𝑏4 share the same sign direction and neither of them is significant. The result indicates 

that inflations and output gaps have no significant forecasting power in explaining the 

change in EUR/CNY exchange rate. 

The third panel (“Extended UIP-TR”) reports the estimations on different variables. This 

time, the results have improved a lot. Although 𝑐1~ 𝑐5  remains insignificant at any 

significance level, other estimated coefficients such as 𝑐8  and 𝑐9, the estimations of home and 

foreign reserves, are both negatively significant at the significance level of 1%. In addition, 

the point estimations of 𝑐9 and 𝑐12, the coefficient on home cash flow and oil price, they are 

negatively significant while at the significance level of 10%.  

According to Table 8, it can be summarized that when targeting at EUR/USD exchange rate, 

variables such as home and foreign reserves, home capital flow and oil price have the most 

significant forecasting power. The regression of changes in exchange rate on those variables 

are shown in the fourth panel (“Best Model”), which estimates the following model: 

𝑆𝑡+1 − 𝑆𝑡 = 0.007−0.173𝑅𝑡 − 0.352𝑅𝑡
∗ − 0.032𝐶𝐹𝑡 − 0.027𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 

The DW statistic values for UIP and UIP-TR model are between 1.4 to 1.5, representing for 

the possibility of having positive serial correlation in the variables; while the statistic values 

between 1.5 to 1.6 for the extended and best model, implying that there is no serial 

correlation in the variables. r-squared increases with more variables included. For the 

extended UIP-TR model, r-squared reaches 0.19, which indicates that approximately 19% of 

the data fits the extended regression model. 
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Table 9  

Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑱𝑷𝒀). 

UIP regression: 𝑆𝑡+1 − 𝑆𝑡 = 𝑎0 + 𝑎1(𝑖𝑡 − 𝑖𝑡
∗) + 𝜁𝑡+1.  

UIP-TR: 𝑆𝑡+1 − 𝑆𝑡 = 𝑏0 + 𝑏1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑏2𝜋𝑡 + 𝑏3𝜋𝑡

∗ + 𝑏4�̃�𝑡 + 𝑏5 �̃�𝑡
∗ + 𝜁𝑡+1.  

Extended UIP-TR: 𝑆𝑡+1 − 𝑆𝑡 = 𝑐0 + 𝑐1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑐2𝜋𝑡 + 𝑐3𝜋𝑡

∗ + 𝑐4�̃�𝑡 + 𝑐5�̃�𝑡
∗ + 𝑐6𝐸𝑃𝑈𝑡 + 𝑐7𝐸𝑃𝑈𝑡

∗ + 𝑐8𝑅𝑡 + 𝑐9𝑅𝑡
∗ +

𝑐10𝐶𝐹𝑡 + 𝑐11𝐶𝐹𝑡
∗ + 𝑐12𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 . 

Best model: 𝑆𝑡+1 − 𝑆𝑡 = 𝑑0 + 𝑑6𝐸𝑃𝑈𝑡 + 𝑑10𝐶𝐹𝑡+𝑑12𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 . 

 

Table 9:  Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑱𝑷𝒀) 

(Euro Area as home country) 

 UIP UIP-TR Extended UIP-TR Best Model 

𝑖𝑡 − 𝑖𝑡
∗ 0.020 -0.028 -0.013 - 

 (0.10) (0.11) (0.10)  

𝜋𝑡 - -0.00039 0.00051 - 

 
 

(0.0025) (0.0024)  

𝜋𝑡
∗ - -1.15* -0.77 - 

  (0.50) (0.59)  

�̃�𝑡  - 0.037 0.059  

 
 

(0.052) (0.054) () 

�̃�𝑡
∗ - 0.038 0.017  

 
 

(0.029) (0.041) () 

𝐸𝑃𝑈𝑡  - - 0.029*** 0.028*** 

 
  

(0.0075) (0.0075) 

𝐸𝑃𝑈𝑡
∗ - - -0.0059 - 

 
  

(0.0089)  

𝑅𝑡  - - -0.055 - 

   (0.075)  

𝑅𝑡
∗ - - -0.089 - 

   (0.10)  

𝐶𝐹𝑡 - - -0.055** -0.051** 

   (0.025) (0.025) 

𝐶𝐹𝑡
∗ - - 0.017 - 

   (0.037)  

𝑂𝐼𝐿𝑡 - - -0.055*** -0.050*** 

   (0.019) (0.018) 

Durbin- 

Watson 
1.45 1.52 1.53 1.50 

R-squared 0.0002 0.03 0.15 0.13 

Note: The standard errors are reported in the parathesis. *, ** and *** indicate that the alternative model is 

significantly different from zero at significance level of 10%, 5% and 1%, respectively, based on standard normal 
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critical values for the two-sided test. Sample period are monthly data from February 2000 to October 2020 (up to 

249 observations). 

The first panel of Table 9 (“UIP”) is the standard UIP regression. The point estimation of  𝑎1  

is negative for Japanese yen. It is not significantly different from zero at any significance 

level, therefore indicates that the interest rate differential does not have in-sample 

forecasting power in the change in Euro exchange rate.  

The second panel of Table 9 (“UIP-TR”) includes inflation rate and output gap in Euro Area 

and Japan in the standard UIP regression. The sign of 𝑏1  becomes opposite to 𝑎1, which is 

negative and insignificant at any significance level. 𝑏2 is negative and insignificant, while the 

coefficient on foreign inflation,  𝑏3, is negatively significant at the significance level of 10%. 

𝑏4 and 𝑏5 are both negative and insignificant. The regression results indicate that the 

inflation in Japan has predictive ability towards the change in EUR/JPY exchange rate, 

though it is relatively weak.  

The third panel of Table 9 reports the estimated coefficients. The foreign inflation loses its 

forecasting power in the extended model while the estimated coefficient on home inflation 

changes its direction. Apart from that, other coefficients remain insignificant at any 

significance level. Among variables 𝑐6~ 𝑐12 , 𝑐6  is significantly positive at the significance level 

of 1%. 𝑐10  and 𝑐12  is negatively significant on the level of 5% and 1%, respectively. As for the 

rest of variables, they are insignificant.  

Based on the results of Table 9, it can be told that for Japan, variables such as home EPU, 

home capital flow and oil price have the most outstanding forecasting power towards the 

change in EUR/JPY exchange rate. The regression of changes in exchange rate on those 

variables are shown in the fourth panel (“Best Model”), which estimates as follows: 

𝑆𝑡+1 − 𝑆𝑡 = 0.007 + 0.029𝐸𝑃𝑈𝑡 − 0.066𝐶𝐹𝑡−0.055𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 

In Table 9, the DW statistics for all regressions are around 1.4~1.5, therefore, there might 

have positive serial correlation in the selected variables. The increasing r-squared shows 

better fit in the model with more variables included. For the extended UIP-TR model, r-

squared reaches 0.15, which reveals that approximately 15% of the data fits the regression 

model. 

Table 10  

Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑹𝑼𝑩).  

UIP regression: 𝑆𝑡+1 − 𝑆𝑡 = 𝑎0 + 𝑎1(𝑖𝑡 − 𝑖𝑡
∗) + 𝜁𝑡+1.  

UIP-TR: 𝑆𝑡+1 − 𝑆𝑡 = 𝑏0 + 𝑏1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑏2𝜋𝑡 + 𝑏3𝜋𝑡

∗ + 𝑏4�̃�𝑡 + 𝑏5 �̃�𝑡
∗ + 𝜁𝑡+1.  
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Extended UIP-TR: 𝑆𝑡+1 − 𝑆𝑡 = 𝑐0 + 𝑐1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑐2𝜋𝑡 + 𝑐3𝜋𝑡

∗ + 𝑐4�̃�𝑡 + 𝑐5�̃�𝑡
∗ + 𝑐6𝐸𝑃𝑈𝑡 + 𝑐7𝐸𝑃𝑈𝑡

∗ + 𝑐8𝑅𝑡 + 𝑐9𝑅𝑡
∗ +

𝑐10𝐶𝐹𝑡 + 𝑐11𝐶𝐹𝑡
∗ + 𝑐12𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 . 

Best model: 𝑆𝑡+1 − 𝑆𝑡 = 𝑑0 + 𝑑3𝜋𝑡
∗ + 𝑑7𝐸𝑃𝑈𝑡

∗ + 𝑑8𝑅𝑡 + 𝑑12𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 . 

 

Table 10: Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑹𝑼𝑩) 

(Euro Area as home country) 

Variable UIP UIP-TR Extended UIP-TR Best Model 

𝑖𝑡 − 𝑖𝑡
∗ 0.14** 0.14** 0.097 - 

 (0.050) (0.055) (0.055)  

𝜋𝑡 - -0.0023 -0.0021 - 

 
 

(0.0033) (0.0032)  

𝜋𝑡
∗ - -0.53* -0.73** -0.70** 

  (0.35) (0.35) (0.33) 

�̃�𝑡  - 0.055 0.0098 - 

 
 

(0.077) (0.075)  

�̃�𝑡
∗ - -0.055 0.019 - 

 
 

(0.044) (0.048)  

𝐸𝑃𝑈𝑡  - - 0.00055 - 

 
  

(0.094)  

𝐸𝑃𝑈𝑡
∗ - - -0.0059** -0.0054* 

 
  

(0.0035) (0.003) 

𝑅𝑡  - - -0.18* -0.17* 

   (0.099) (0.097) 

𝑅𝑡
∗ - - 0.024 - 

   (0.051)  

𝐶𝐹𝑡 - - -0.0059 - 

   (0.030)  

𝐶𝐹𝑡
∗ - - -0.014 - 

   (0.021)  

𝑂𝐼𝐿𝑡 - - 0.13*** 0.13*** 

   (0.025) (0.022) 

Durbin- 

Watson 
1.35 1.39 1.50 1.49 

R-squared 0.023 0.043 0.17 0.15 

Note: The standard errors are reported in the parathesis. *, ** and *** indicate that the alternative model is 

significantly different from zero at significance level of 10%, 5% and 1%, respectively, based on standard normal 

critical values for the two-sided test. Sample period are monthly data from February 2000 to October 2020 (up to 

249 observations). 

The first panel of Table 10 (“UIP”) is the standard UIP regression. The point estimation of  𝑎1  

is positive for Russian ruble, and surprisingly, it is positively significant on the significance 
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level of 5%. The result indicates that the interest rate differential has in-sample forecasting 

power in the change in EUR/RUB exchange rate, which is also the only case among the seven 

selected currency pairs.  

The second panel of Table 10 (“UIP-TR”) includes inflation rate and output gap in Euro Area 

and Russian Federation in the standard UIP regression. Similarly, 𝑏1  is positively significant 

on the significance level of 5%. The coefficient on home and foreign inflation, 𝑏2 and 𝑏3, 

shows the same direction to each other.  𝑏2 is insignificant while 𝑏3 is negatively significant 

on the significance level of 10%. 𝑏3 and 𝑏4 shows the opposite direction and neither of them 

is significant. It can be told that in the UIP-TR model, foreign inflation and interest rate 

differential have certain forecasting power in explaining the change in EUR/RUB exchange 

rate. 

The third panel (“Extended UIP-TR”) reports the estimations on different variables. 

Compared to the second panel, interest rate differential becomes insignificant while foreign 

inflation performs better, the coefficient of which is significant on the significance level of 

5%. 𝑐7  and 𝑐8  is negatively significant on the level of 5% and 10%, respectively. What needs to 

be mentioned is that, as one of the representative variables of Russian Federation, 𝑐12, the 

coefficient of crude oil price, it is positively significant on the level of 1%.   

Based on Table 10, it can be summarized that when targeting at EUR/RUB exchange rate, 

variables such as foreign inflation, foreign EPU, home reserves and oil price have forecasting 

power, among which, oil price performs the best using the extended model. The regression of 

changes in exchange rate on those variables are shown in the fourth panel (“Best Model”), 

which estimates the following model: 

𝑆𝑡+1 − 𝑆𝑡 = 0.007 − 0.734𝜋𝑡
∗ − 0.007𝐸𝑃𝑈𝑡

∗ − 0.182𝑅𝑡 + 0.132𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 

The DW statistic values are between 1.3 to 1.5, representing for the possibility of having 

positive serial correlation in the variables. r-squared in the extended UIP-TR model reaches 

0.17, indicating that approximately 17% of the data fits the extended regression model. 

Table 11 

Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑺𝑬𝑲). 

UIP regression: 𝑆𝑡+1 − 𝑆𝑡 = 𝑎0 + 𝑎1(𝑖𝑡 − 𝑖𝑡
∗) + 𝜁𝑡+1.  

UIP-TR: 𝑆𝑡+1 − 𝑆𝑡 = 𝑏0 + 𝑏1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑏2𝜋𝑡 + 𝑏3𝜋𝑡

∗ + 𝑏4�̃�𝑡 + 𝑏5 �̃�𝑡
∗ + 𝜁𝑡+1.  

Extended UIP-TR: 𝑆𝑡+1 − 𝑆𝑡 = 𝑐0 + 𝑐1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑐2𝜋𝑡 + 𝑐3𝜋𝑡

∗ + 𝑐4�̃�𝑡 + 𝑐5�̃�𝑡
∗ + 𝑐6𝐸𝑃𝑈𝑡 + 𝑐7𝐸𝑃𝑈𝑡

∗ + 𝑐8𝑅𝑡 + 𝑐9𝑅𝑡
∗ +

𝑐10𝐶𝐹𝑡 + 𝑐11𝐶𝐹𝑡
∗ + 𝑐12𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 . 

Best model: 𝑆𝑡+1 − 𝑆𝑡 = 𝑑0 + 𝑑2𝜋𝑡 + 𝑑7𝐸𝑃𝑈𝑡
∗ + 𝑑8𝑅𝑡 + 𝑑10𝐶𝐹𝑡 + 𝑑11𝐶𝐹𝑡

∗ + 𝑑12𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 . 
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Table 11:  Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑺𝑬𝑲) 

(Euro Area as home country) 

 UIP UIP-TR Extended UIP-TR Best Model 

𝑖𝑡 − 𝑖𝑡
∗ -0.19 -0.21 -0.20 - 

 (0.14) (0.14) (0.13)  

𝜋𝑡 - 0.0018 0.0022* 0.0024** 

 
 

(0.0012) (0.0011) (0.0011) 

𝜋𝑡
∗ - 0.25 -0.050 - 

  (0.21) (0.21)  

�̃�𝑡  - -0.040 -0.018 - 

 
 

(0.027) (0.025)  

�̃�𝑡
∗ - -0.010 -0.0089 - 

 
 

(0.0091) (0.010)  

𝐸𝑃𝑈𝑡  - - -0.0045 - 

 
  

(0.0035)  

𝐸𝑃𝑈𝑡
∗ - - -0.012** -0.012*** 

 
  

(0.048) (0.0045) 

𝑅𝑡  - - 0.14*** 0.15*** 

   (0.037) (0.035) 

𝑅𝑡
∗ - - 0.0052 - 

   (0.015)  

𝐶𝐹𝑡 - - -0.028** -0.032** 

   (0.013) (0.013) 

𝐶𝐹𝑡
∗ - - 0.029** 0.023** 

   (0.013) (0.011) 

𝑂𝐼𝐿𝑡 - - 0.032*** 0.035*** 

   (0.0093) (0.0084) 

Durbin- 

Watson 
1.58 1.74 1.81 1.79 

R-squared 0.007 0.032 0.23 0.21 

Note: The standard errors are reported in the parathesis. *, ** and *** indicate that the alternative model is 

significantly different from zero at significance level of 10%, 5% and 1%, respectively, based on standard normal 

critical values for the two-sided test. Sample period are monthly data from February 2000 to October 2020 (up to 

249 observations). 

The first panel of Table 11 (“UIP”) is the standard UIP regression. The point estimation of  𝑎1  

is negative and not significantly different from zero for Swedish korona. Therefore, the 

interest rate differential does not have in-sample forecasting power in the change in Euro 

exchange rate.  
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The second panel of Table 11 (“UIP-TR”) includes inflation rate and output gap in Euro Area 

and Sweden in the standard UIP regression. The sign of 𝑏1  is the same as 𝑎1 , which is 

negative and insignificant at any significance level. 𝑏2 to 𝑏5 are all insignificant, indicating 

that the inflations and output gaps in home and foreign country has no significant 

forecasting power in the change in EUR/SEK exchange rate. 

The third panel of Table 11 reports the estimated coefficients. The point estimation of home 

inflation,  𝑐2  becomes positively significant at the significance level of 10%. Apart from that, 

𝑐7  and 𝑐10  are negatively significant while 𝑐11  is positively significant at the level of 5%. 𝑐8  

and 𝑐12  are positively significant at the level of 1%. Other coefficients remain insignificant. 

Based on the results of Table 11, it can be told that for Sweden, variables including home 

reserves and capital flow, foreign EPU and capital flows, and oil price have significant 

forecasting power towards the change in EUR/SEK exchange rate. Home inflation also have 

certain explanatory power, though being relatively weak. The regression of changes in 

exchange rate on those variables is shown in the fourth panel (“Best Model”), which 

estimates as follows: 

𝑆𝑡+1 − 𝑆𝑡 = −0.0008 − 0.2𝜋𝑡

− 0.012𝐸𝑃𝑈𝑡
∗ + 0.145𝑅𝑡 − 0.028𝐶𝐹𝑡 + 0.0291𝐶𝐹𝑡

∗ + 0.032𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 

In Table 11, the DW statistics for all regressions are around 1.5~1.8, therefore, it can be 

concluded that there is no serial correlation in the variables. r-squared increases with more 

variables included. For the extended UIP-TR, r-squared reaches 0.23, which reveals that 

approximately 23% of the data fits the regression model. 

Table 12 

Estimates for  ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑮𝑩𝑷). 

UIP regression: 𝑆𝑡+1 − 𝑆𝑡 = 𝑎0 + 𝑎1(𝑖𝑡 − 𝑖𝑡
∗) + 𝜁𝑡+1.  

UIP-TR: 𝑆𝑡+1 − 𝑆𝑡 = 𝑏0 + 𝑏1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑏2𝜋𝑡 + 𝑏3𝜋𝑡

∗ + 𝑏4�̃�𝑡 + 𝑏5 �̃�𝑡
∗ + 𝜁𝑡+1.  

Extended UIP-TR: 𝑆𝑡+1 − 𝑆𝑡 = 𝑐0 + 𝑐1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑐2𝜋𝑡 + 𝑐3𝜋𝑡

∗ + 𝑐4�̃�𝑡 + 𝑐5�̃�𝑡
∗ + 𝑐6𝐸𝑃𝑈𝑡 + 𝑐7𝐸𝑃𝑈𝑡

∗ + 𝑐8𝑅𝑡 + 𝑐9𝑅𝑡
∗ +

𝑐10𝐶𝐹𝑡 + 𝑐11𝐶𝐹𝑡
∗ + 𝑐12𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 . 

Best model: 𝑆𝑡+1 − 𝑆𝑡 = 𝑑0 + 𝑑10𝐶𝐹𝑡 + 𝑑11𝐶𝐹𝑡
∗ + 𝜁𝑡+1 . 

 

Table 12:  Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑮𝑩𝑷) 

(Euro Area as home country) 

 UIP UIP-TR Extended UIP-TR Best Model 

𝑖𝑡 − 𝑖𝑡
∗ -0.0035 -0.020 -0.015 - 

 (0.15) (0.15) (0.14)  
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𝜋𝑡 - -0.0019 -0.0015 - 

 
 

(0.0018) (0.0017)  

𝜋𝑡
∗ - 0.48 0.53 - 

  (0.42) (0.43)  

�̃�𝑡  - -0.012 -0.041 - 

 
 

(0.041) (0.040)  

�̃�𝑡
∗ - -0.011 0.033 - 

 
 

(0.028) (0.037)  

𝐸𝑃𝑈𝑡  - - 0.0035 - 

 
  

(0.0054)  

𝐸𝑃𝑈𝑡
∗ - - -0.0070 - 

 
  

(0.0051)  

𝑅𝑡  - - -0.021 - 

   (0.057)  

𝑅𝑡
∗ - - -0.044 - 

   (0.032)  

𝐶𝐹𝑡 - - -0.20*** -0.19*** 

   (0.035) (0.033) 

𝐶𝐹𝑡
∗ - - 0.17*** 0.17*** 

   (0.034) (0.033) 

𝑂𝐼𝐿𝑡 - - 0.015 - 

   (0.014)  

Durbin- 

Watson 
1.93 1.90 1.85 1.84 

R-squared 2E-05 0.012 0.15 0.12 

Note: The standard errors are reported in the parathesis. *, ** and *** indicate that the alternative model is 

significantly different from zero at significance level of 10%, 5% and 1%, respectively, based on standard normal 

critical values for the two-sided test. Sample period are monthly data from February 2000 to October 2020 (up to 

249 observations). 

The first panel of Table 12 (“UIP”) is the standard UIP regression. The point estimation of  𝑎1  

is negative and insignificant for British pound. Hence, the interest rate differential does not 

have in-sample forecasting power in the change in EUR/GBP exchange rate.  

The second panel of Table 12 (“UIP-TR”) includes inflation rate and output gap in Euro Area 

and Sweden in the standard UIP regression. The sign of 𝑏1  is the same as 𝑎1 , which is 

negative and insignificant at any significance level. 𝑏2 to 𝑏5 are all insignificant, indicating 

that the inflations and output gaps in home and foreign country has no significant 

forecasting power in the change in EUR/GBP exchange rate. 
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The third panel of Table 12 reports the estimated coefficients. Similarly, 𝑐1  to 𝑐5  remains 

insignificant in the extended UIP-TR model. The only difference lies in the sign direction of 

foreign output gap, 𝑐5, which turns into positive. For the rest of variables, the coefficients on 

home and foreign capital flows, 𝑐10  and 𝑐11 , they are both significant at the significance level 

of 1%. 𝑐10  is positive while 𝑐11  is negative. Other estimated coefficients are insignificant. 

Based on the results of Table 12, it can be summarized that for the United Kingdom, only 

capital flows have significant forecasting power in the change in EUR/GBP exchange rate. 

The regression of changes in exchange rate on those variables is shown in the fourth panel 

(“Best Model”), which estimates as follows: 

𝑆𝑡+1 − 𝑆𝑡 = −0.002 + −0.198𝐶𝐹𝑡 + 0.172𝐶𝐹𝑡
∗ + 𝜁𝑡+1 

In Table 12, the DW statistic for all regressions are between 1.8 and 1.9, which is quite close 

to 2. Therefore, it can be inferred that there is no serial correlation in the variables. r-

squared increases with more variables included. It reaches the highest value, 0.15, in the 

extended UIP-TR, indicating that approximately 15% of the data fits the regression model. 

5.3 Partial F-test for nested models 

To compare the nested models and test whether the coefficients are nonzero, the F statistic is 

reported in Table 13. In the partial F-test, the UIP model and UIP-TR model are tested 

against the extended UIP-TR model. 

Table 13  

Results of partial F-test. 

UIP (reduced model 1): 𝑆𝑡+1 − 𝑆𝑡 = 𝑎0 + 𝑎1(𝑖𝑡 − 𝑖𝑡
∗) + 𝜁𝑡+1 .  

UIP-TR (reduced model 2): 𝑆𝑡+1 − 𝑆𝑡 = 𝑏0 + 𝑏1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑏2𝜋𝑡 + 𝑏3𝜋𝑡

∗ + 𝑏4�̃�𝑡 + 𝑏5�̃�𝑡
∗ + 𝜁𝑡+1.  

Extended UIP-TR (full model): 𝑆𝑡+1 − 𝑆𝑡 = 𝑐0 + 𝑐1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑐2𝜋𝑡 + 𝑐3𝜋𝑡

∗ + 𝑐4 �̃�𝑡 + 𝑐5 �̃�𝑡
∗ + 𝑐6𝐸𝑃𝑈𝑡 + 𝑐7𝐸𝑃𝑈𝑡

∗ +

𝑐8𝑅𝑡 + 𝑐9𝑅𝑡
∗ + 𝑐10𝐶𝐹𝑡 + 𝑐11𝐶𝐹𝑡

∗ + 𝑐12𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 . 

 

Table 13: Results of partial F-test 

(Euro Area as home country) 

 UIP UIP-TR 

U.S. 5.726 6.812 

 (3.512E-08) (2.255E-07) 

Canada 2.359 3.138 

 (0.00888) (0.00346) 

China 4.989 7.547 

 (5.608E-07) (3.301E-08) 
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Japan  3.993 5.184 

 (2.379e-05) (1.644E-05) 

Russian 

Federation 
3.784 5.132 

 (5.186E-05) (1.886E-05) 

Sweden 6.219 8.667 

 (5.70E-09) (1.827E-09) 

U.K. 3.892 5.650 

 (3.471E-05) (4.801E-06) 

Notes: The test statistic is F (11, 236) and F (7, 236) for reduced model 1 and reduced model 2, respectively. The 

critical value for F (11, 236) at the probability level of 1% is 2.32, and the critical value for F (7, 236) at the 

probability level of 1% is 2.72. P-values are reported in the parenthesis. 

Compared the test statistic to the critical value, it can be found that all of the test statistic is 

larger than its critical value at the probability level of 1%, therefore, the null hypothesis that 

all coefficients equal to zero can be rejected. Hence, the results indicate that the reduced 

variables in the reduced model 1 and reduced model 2 are useful predictors, in other words, 

the full model has better forecasting power compared to the reduced models. 

Table 14 summarizes the best model for each country. 

Table 14: Comparison between the best models 

(Euro Area as home country) 

 U.S. Canada China Japan 
Russian 

Federation 
Sweden U.K. 

𝑖𝑡 − 𝑖𝑡
∗ -       

𝜋𝑡 -     **  

𝜋𝑡
∗ **    **   

�̃�𝑡  - **      

�̃�𝑡
∗ - **      

𝐸𝑃𝑈𝑡  ***   ***    

𝐸𝑃𝑈𝑡
∗ -    * ***  

𝑅𝑡  -  ***  * ***  

𝑅𝑡
∗ ***  ***     

𝐶𝐹𝑡 ***  * **  ** *** 

𝐶𝐹𝑡
∗ -     ** *** 

𝑂𝐼𝐿𝑡 - *** * *** *** ***  
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R-squared 0.20 0.051 0.15 0.13 0.15 0.21 0.21 

RMSE 0.0204 0.0209 0.0205 0.0253 0.0330 0.0120 0.0178 

Note: The standard errors are reported in the parathesis. *, ** and *** indicate that the alternative model is 

significantly different from zero at significance level of 10%, 5% and 1%, respectively, based on standard normal 

critical values for the two-sided test. Sample period are monthly data from February 2000 to October 2020 (up to 

249 observations). 

Among the twelve selected variables, cash flow in Euro area and oil price have the most 

outstanding forecasting power in the change of Euro exchange rate. The estimation of both 

variables is significant for five of the seven countries. Reserves in home country also shows 

certain predictive ability in the in-sample regression, although the estimation is only 

significant for three of the seven countries. The rest of variables show relatively poor 

significance. What needs to be mentioned is that interest rate differential is not significant at 

any significance level in any regression, indicating that interest rate differential has no in-

sample forecasting power towards the change in Euro exchange rate. What’s more, among 

the seven selected currency pairs, surprisingly that instead of EUR/USD, EUR/SEK 

performs better. Targeting at the change in EUR/SEK exchange rate, half of the variables are 

significant at the significance level of 5% or 1%. Followed by EUR/USD, EUR/CNY and 

EUR/RUB, four of twelve variables are significant. 

It is not surprising that oil price has significant impact on EUR/RUB exchange rate 

fluctuations, considering the large proportion of Russian exports, while oil price also greatly 

influences the exchange rate in other countries. The point estimation of oil price is positively 

significant for Canada, Russian Federation and Sweden, and it is negatively significant for 

China and Japan. The opposite direction can be the result of the roles of different countries 

in international oil trade. Canada and Russia are known for the large amount of oil exports 

while China and Japan rely on oil imports, therefore, the directions are opposite. The 

increase of oil price is profitable for countries rely on oil exporting while unprofitable for oil 

importing countries. However, the coefficient on oil price for Sweden is also positive while its 

oil reserves are majorly imported from Russia. It implies that the increase of oil price will 

lead to the deprecation of Swedish krona. The possible reason may be that for Sweden, 

inflation is also positively significant on EUR/SEK exchange rate. Higher oil price may 

reduce economic growth and raise inflation, which further increases EUR/SEK exchange rate 

in next period and leads to depreciation in Swedish krona (Mckillop, 2004). 
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5.3. Measure of accuracy 

In this research, two indicators are used to measure forecast accuracy, which is Root Mean 

Squared Error (RMSE) and R-squared (𝑅2). 

RMSE is the most common and reliable indicator examining prediction accuracy, which 

reflects the deviation between the actual value and the predicted value of data. Compared 

with Mean Absolute Error, RMSE is more sensitive to extreme values. When regression 

times increase, the prediction results will be more related to larger values and ignore smaller 

values. Therefore, it needs to be combined with other indicators to take the impact of outliers 

into consideration. The indicator is calculated as: 

𝑅𝑀𝑆𝐸 = √
1

𝑇
∑ 𝑒𝑡

2

𝑇

𝑡=1

 

where 𝑒𝑡  is the forecast error, defined as 𝑒𝑡 = 𝑦𝑡 − 𝑓𝑡.  𝑦𝑡  and 𝑓𝑡 is the actual value and the 

precited value of a variable. 𝑇 is the number of observations. 

R-squared is a statistical measure which stands for the proportion of the variance for a 

dependent variable that can be explained by the independent variable(s) in a regression 

model. R-squared values between zero to one, usually the higher the value is, the better 

explanatory power for the variable(s) chosen. The indicator is calculated as: 

𝑅2 = 1 −
𝑅𝑆𝑆

𝑇𝑆𝑆
 

where 𝑅2 is the coefficient of determination, 𝑅𝑆𝑆 and 𝑇𝑆𝑆 is the sum of squares of residuals 

and the total sum of squares, respectively. 

From Table 14, it can be seen that the highest r-squared occurs in the best model for the 

United States, Sweden and the United Kingdom, which is 0.20, 0.21 and 0.21, respectively. 

The result indicates that nearly 20% of the data fits the regression model for those countries. 

R-squared in China, Japan and Russian Federation ranges from 0.13 to 0.15, implying that at 

least 10% of the data fits the regression model. The r-squared for Canada is 0.051, which is 

quite low compared to other countries. RMSE for all seven countries are below 0.1, which 

indicates a quite satisfactory result towards the overall accuracy for the forecasts.  
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5.4. Out-of-sample forecasting 

The out-of-sample regression is used to study the effect of 2008 financial crisis on EUR/USD 

exchange rate fluctuations, by comparing the actual and predicted exchange rate after 

February 2008. The results of rolling regression using EUR/USD exchange rate is shown in 

Figure 1. 

 

Figure 1:  Rolling Regression: EUR/USD 

The results show a significant gap between the predicted and actual value of exchange rate in 

August 2009, right after the global financial crisis come to an end. Therefore, it can be 

summarized that the 2008 financial crisis did influence the EUR/USD exchange rate to a 

great extent. The sample will be split into three periods: before 2008, 2008 to 2009 and 

after 2009, to further verify the impact of 2008 financial crisis on the change of Euro 

exchange rate. The regression results are shown in Table 15. 

Table 15 

Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑼𝑺𝑫): Sample split. 

The regression is based on the extended UIP-TR: 𝑆𝑡+1 − 𝑆𝑡 = 𝑐0 + 𝑐1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑐2𝜋𝑡 + 𝑐3𝜋𝑡

∗ + 𝑐4�̃�𝑡 + 𝑐5�̃�𝑡
∗ +

𝑐6𝐸𝑃𝑈𝑡 + 𝑐7𝐸𝑃𝑈𝑡
∗ + 𝑐8𝑅𝑡 + 𝑐9𝑅𝑡

∗ + 𝑐10𝐶𝐹𝑡 + 𝑐11𝐶𝐹𝑡
∗ + 𝑐12𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 . 

 

Table 15: Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑼𝑺𝑫): Sample split 

(Euro Area as home country) 

 Before 2008 2008-2009 After 2009 Whole sample 

𝑖𝑡 − 𝑖𝑡
∗ -0.17 -1.98 0.085 -0.055 

 (0.17) (2.13) (0.13) (0.10) 

𝜋𝑡 0.037 0.0013 0.00023 0.00097 

 (0.024) (0.0039) (0.0027) (0.0020) 

𝜋𝑡
∗ -0.33 0.18 -0.72 -0.80* 

 (0.74) (2.95) (0.66) (0.45) 
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�̃�𝑡  -0.22 -0.058 0.071 -0.035 

 (0.17) (0.41) (0.088) (0.059) 

�̃�𝑡
∗ 0.093 0.32 -0.055 0.039 

 (0.16) (0.62) (0.10) (0.085) 

𝐸𝑃𝑈𝑡  0.022** -0.018 0.0076 0.019*** 

 (0.0097) (0.045) (0.0090) (0.0057) 

𝐸𝑃𝑈𝑡
∗ -0.00039 0.051 0.0017 -0.0028 

 (0.00087) (0.046) (0.0075) (0.0058) 

𝑅𝑡  -0.20 -0.27 0.15 -0.015 

 (0.14) (0.46) (0.15) (0.094) 

𝑅𝑡
∗ -0.36*** 0.045 -0.68*** -0.18*** 

 (0.11) (0.25) (0.12) (0.055) 

𝐶𝐹𝑡 -0.055 -0.17* -0.030 -0.071*** 

 (0.038) (0.081) (0.022) (0.020) 

𝐶𝐹𝑡
∗ 0.045 0.017 -0.047 0.051 

 (0.053) (0.21) (0.075) (0.035) 

𝑂𝐼𝐿𝑡 -0.0017 -0.063 -0.0028 -0.018 

 (0.031) (0.14) (0.021) (0.018) 

Durbin- 

Watson 
1.95 1.58 1.99 1.69 

R-squared 0.33 0.66 0.33 0.21 

RMSE 0.0191 0.0183 0.0163 0.0202 

Note: The standard errors are reported in the parathesis. *, ** and *** indicate that the alternative model is 

significantly different from zero at significance level of 10%, 5% and 1%, respectively, based on standard normal 

critical values for the two-sided test. Sample period are monthly data from February 2000 to October 2020 (up to 

249 observations). 

From Table 15, it can be seen that when the sample are split into three periods, the 

explanatory power of variables is decreasing overall. Especially for the crisis period between 

2008 to 2009, only the point estimation on the foreign capital flow is significant on the 

significance level of 10%. In spite of the high r-squared in the regression between 2008 and 

2009, the DW statistics is relatively low compared to regressions carried out in other 

periods. More importantly, the standard error of interest rate differential and foreign 

inflation is extremely high, reaching 2.13 and 2.95, respectively. The high standard error 

indicates that that sample means is widely spread around the population mean, therefore the 

sample may not closely represent the population, which further proves the conclusion that 

the crisis has negatively influenced Euro exchange rate fluctuations, especially during the 

crisis period. 
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Additionally, it is noticed that after 2009, the sign direction of interest rate differential has 

changed into the opposite. Before and during the crisis period, higher interest differential led 

to an appreciation of home currency in next period, which corresponds to those literature 

findings (Engel et al., 2019). To some extent, interest rate has lost the predictive ability after 

the 2008 financial crisis. Interest rates reached zero lower bound during the 2008 recession, 

when the conventional monetary policy lost its ability to stimulate the economy (Rogoff, 

2017). Compared to the change in exchange rate, there is little fluctuation in interest rates, 

which may explain for the anomaly in the sign direction and insignificance of variable.  

The conclusions are applicable for most of the countries. The regression results on split 

samples are demonstrated in Table A.1~A.6 in the Appendices. For four of the six countries, 

the sign of interest rate differential changed during or after the crisis period, and the only 

two exceptions are Japan and Russia Federation. Proved by Vasilyev & Busygin (2017), in 

Russia, both CIP and UIP did not hold for the crisis period mainly due to the trust issue 

towards its government since the ruble crisis in 1998. Therefore, it is not surprised to find 

out that the sign remains positive, i.e., UIP does not hold after the crisis period. As for Japan, 

the consistently positive coefficient on interest rate, i.e., continual failure of UIP, during and 

after the crisis led to the conclusion that Japan was more responsive to output shocks in the 

advanced markets of the United States and Western Europe, as a result of the structural 

changes in Japan’s trade and industrial structures (Kawai and Takagi, 2011). What needs to 

be noticed is that, although the variables lost the predictive ability and became insignificant 

during the crisis period for most countries, there is one exception, the United Kingdom. For 

UK, more variables are statistically significant during the crisis, and surprisingly, interest 

rate differential was negatively significant, which is the only case among all the selected 

countries. 
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6. CONCLUSIONS 

The research focuses on the explanatory power of different variables in forecasting the 

change in Euro exchange rates. The research makes contribution in three aspects: the 

richness and diversity of explanatory variables, the extended time span on sample and 

emphasis on the impact of large economic crisis. 

In OLS regressions, there are two major findings. First of all, cash flow in home country and 

oil price have the most outstanding forecasting power in the change of Euro exchange rate. 

The estimation of both variables is significant for five of the seven countries. Secondly, 

interest rate differential is not significant at any significance level, indicating little in-sample 

forecasting power towards the change in Euro exchange rate. The similar conclusion is 

reached by Engel et al. (2019), they found that interest rate differential is significant for only 

two of the eight currencies when studying the change in USD exchange rate. The poor 

predictive ability of UIP is also confirmed by Cheung et al. (2005), Alquist and Chinn 

(2008). The authors pointed out that although UIP performs better in the long-run 

prediction, the estimates are not consistently significant.  

The 2008 global financial crisis is proven to have a significant impact on Euro exchange rate 

fluctuations through out-of-sample rolling regression, especially on interest rate differential.  

When the sample is split, it is noticed that after 2009, the sign direction of interest rate 

differential has changed into the opposite. Before 2009, higher interest differential led to an 

appreciation of home currency in next period, which corresponds to Engel et al.’s finding. 

Interest rates reached zero lower bound during the 2008 recession and hence lost the 

predictive ability. Similarly, during the crisis period, Rogoff (2017) found out that the 

conventional monetary policy lost its ability to stimulate the economy in the same period; 

Vasilyev and Busygin (2017) proven that CIP and UIP do not hold in Russia. 

More importantly, the research clarifies the impact of oil prices on the exchange rate of the 

euro. Oil price not only has significant impact on EUR/RUB fluctuations, it also greatly 

influences the exchange rate in other countries. Countries rely on oil exports usually 

demonstrate positive parameter while oil importing countries show the opposite. The only 

exception is Sweden, whose oil reserves are majorly imported while has a positive 

estimation. Referred to Mckillop (2004), the reason may be related to the significance of 

inflation during the regression. 

 

  



 

 54 

REFERENCE 
 
[1]. Alquist, R., & Chinn, M. D. (2008). Conventional and unconventional approaches to 

exchange rate modelling and assessment. International Journal of Finance & 

Economics, 13(1), 2-13. 

[2]. Baker, S. R., Bloom, N., & Davis, S. J. (2016). Measuring economic policy 

uncertainty. The quarterly journal of economics, 131(4), 1593-1636. 

[3]. Balassa, B. (1964). The purchasing-power parity doctrine: a reappraisal. Journal of 

political Economy, 72(6), 584-596. 

[4]. Burnside, C. (2015). The carry trade in industrialized and emerging markets. Series on 

Central Banking Analysis and Economic Policies no. 20. Park, C., & Park, S. (2017). Can 

monetary policy cause the uncovered interest parity puzzle?. Japan and the World 

Economy, 41, 34-44. 

[5]. Cao Qiuju. (2018). An Empirical Test of the Influencing Factors of RMB Exchange Rate 

Fluctuations in the New Situation. Journal of Yunnan University of Finance and 

Economics, 34(12), 48-57. 

[6]. Cassel, G. (1922). Money and foreign exchange after 1914. Constable and Company 

Limited, London. 

[7]. Cheung, Y. W., Chinn, M. D., & Pascual, A. G. (2005). Empirical exchange rate models of 

the nineties: Are any fit to survive?. Journal of international money and finance, 24(7), 

1150-1175. 

[8]. Clark, T. E., & West, K. D. (2006). Using out-of-sample mean squared prediction errors 

to test the martingale difference hypothesis. Journal of econometrics, 135(1-2), 155-186.  

[9]. Dornbusch, R. (1976). Expectations and exchange rate dynamics. Journal of political 

Economy, 84(6), 1161-1176. 

[10]. Ehrmann, M., & Fratzscher, M. (2005). Exchange rates and fundamentals: new 

evidence from real-time data. Journal of International Money and Finance, 24(2), 317-

341. 

[11]. Engel, C., Lee, D., Liu, C., Liu, C., & Wu, S. P. Y. (2019). The uncovered interest parity 

puzzle, exchange rate forecasting, and Taylor rules. Journal of International Money and 

Finance, 95, 317-331.  

[12]. Engel, C. (2016). Interest rates, exchange rates and the risk premium. American 

Economic Review, 106, 436-474. 

[13]. Frankel, J. A. (1982). In search of the exchange risk premium: A six-currency test 

assuming mean-variance optimization. Journal of international Money and finance, 1, 

255-274. 

[14]. Frenkel, J. A. (1976). A monetary approach to the exchange rate: doctrinal aspects 

and empirical evidence. The scandinavian Journal of economics, 200-224. 



 

 55 

[15]. Kawai, M., & Takagi, S. (2011). Why was Japan hit so hard by the global financial 

crisis. The impact of the economic crisis on East Asia: Policy responses from four 

economies, 131-148. 

[16]. Keynes, J. M. (1923). A tract on monetary reform. London, Macmillan.  

[17]. Lansing, K. J., & Ma, J. (2017). Explaining exchange rate anomalies in a model with 

Taylor-rule fundamentals and consistent expectations. Journal of International Money 

and Finance, 70, 62-87. 

[18]. McKillop, A. (2004). Oil price trends through 2004–2010. Petroleum World. 

[19]. Moore, M. J., & Roche, M. J. (2012). When does uncovered interest parity 

hold?. Journal of International Money and Finance, 31(4), 865-879. 

[20]. Mussa, M. (1982). A model of exchange rate dynamics. Journal of political 

economy, 90(1), 74-104. 

[21]. Nagel, S. (2016). The liquidity premium of near-money assets. The Quarterly Journal 

of Economics, 131(4), 1927-1971. 

[22]. Park, C., & Park, S. (2017). Can monetary policy cause the uncovered interest parity 

puzzle?. Japan and the World Economy, 41, 34-44. 

[23]. Rogoff, K. (2017). Dealing with monetary paralysis at the zero bound. Journal of 

Economic Perspectives, 31(3), 47-66. 

[24]. Samuelson, P. A. (1964). Theoretical notes on trade problems. The review of 

economics and statistics, 145-154. 

[25]. Taro, L. (1999). Baltic economies in 1998-1999: effects of the Russian financial crisis. 

[26]. Taylor, J. B. (1993, December). Discretion versus policy rules in practice. 

In Carnegie-Rochester conference series on public policy (Vol. 39, pp. 195-214). North-

Holland. 

[27]. Vasilyev, D., Busygin, V., & Busygin, S. (2017). Testing and interpreting uncovered 

interest parity in Russia. Russian Journal of Economics, 3(2), 158-173.  

[28]. Wilde, W. (2012). The influence of Taylor rule deviations on the real exchange 

rate. International Review of Economics & Finance, 24, 51-61. 

[29]. Xiao Lisheng, & Liu Yongyu. (2014). Why does RMB non-covering interest rate parity 

not hold: A test of four hypotheses. Institute of international currency, Renmin 

University of China. (eds.), International Monetary Review, 934-956. 

[30]. Yi Gang, & Fan Min. (1997). The determinants and trend analysis of the RMB 

exchange rate. Economic Research, 10, 26-35. 

  



 

 56 

APPENDICES 

Appendix 1 

Table A.1 

Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑪𝑨𝑫): : Split sample. 

The regression is based on the extended UIP-TR: 𝑆𝑡+1 − 𝑆𝑡 = 𝑐0 + 𝑐1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑐2𝜋𝑡 + 𝑐3𝜋𝑡

∗ + 𝑐4�̃�𝑡 + 𝑐5�̃�𝑡
∗ +

𝑐6𝐸𝑃𝑈𝑡 + 𝑐7𝐸𝑃𝑈𝑡
∗ + 𝑐8𝑅𝑡 + 𝑐9𝑅𝑡

∗ + 𝑐10𝐶𝐹𝑡 + 𝑐11𝐶𝐹𝑡
∗ + 𝑐12𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 . 

 

Table A.1: Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑪𝑨𝑫): Split sample 

(Euro Area as home country) 

 Before 2008 2008-2009 After 2009 Whole sample 

𝑖𝑡 − 𝑖𝑡
∗ -0.36 0.11 0.28 -0.025 

 (0.31) (2.14) (0.23) (0.15) 

𝜋𝑡 0.025 0.0036 -0.0051 0.00025 

 (0.025) (0.0042) (0.0031) (0.0020) 

𝜋𝑡
∗ -1.11 1.81 -0.38 -0.44 

 (0.77) (3.40) (0.58) (0.44) 

�̃�𝑡  -0.20 -0.20 -0.0089 -0.098** 

 (0.14) (0.18) (0.067) (0.048) 

�̃�𝑡
∗ 0.16** 0.060 0.038 0.102** 

 (0.062) (0.27) (0.059) (0.042) 

𝐸𝑃𝑈𝑡  0.0042 0.029 -0.00051 0.0019 

 (0.0089) (0.030) (0.0093) (0.0053) 

𝐸𝑃𝑈𝑡
∗ -0.013 0.025 -0.0081 -0.0072 

 (0.0082) (0.032) (0.0072) (0.0054) 

𝑅𝑡  -0.13 -0.13 -0.28** -0.083 

 (0.13) (0.20) (0.14) (0.058) 

𝑅𝑡
∗ -0.19** 0.074 -0.11 -0.077 

 (0.089) (0.28) (0.10) (0.051) 

𝐶𝐹𝑡 0.017 -0.22*** -0.016 -0.0228 

 (0.030) (0.065) (0.025) (0.0179) 

𝐶𝐹𝑡
∗ 0.00089 0.38 -0.0053* -0.00021 

 (0.0031) (0.25) (0.0031) (0.0022) 

𝑂𝐼𝐿𝑡 0.028 -0.013 0.067*** 0.058*** 

 (0.031) (0.10) (0.022) (0.018) 

Durbin- 

Watson 
1.61 2.95 1.84 1.81 

R-squared 0.22 0.63 0.17 0.0997 

RMSE 0.0190 0.0164 0.0183 0.0204 

Note: The standard errors are reported in the parathesis. *, ** and *** indicate that the alternative model is 

significantly different from zero at significance level of 10%, 5% and 1%, respectively, based on standard normal 
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critical values for the two-sided test. Sample period are monthly data from February 2000 to October 2020 (up to 

249 observations). 

 

Table A.2 

Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑪𝑵𝒀): Split sample. 

The regression is based on the extended UIP-TR: 𝑆𝑡+1 − 𝑆𝑡 = 𝑐0 + 𝑐1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑐2𝜋𝑡 + 𝑐3𝜋𝑡

∗ + 𝑐4�̃�𝑡 + 𝑐5�̃�𝑡
∗ +

𝑐6𝐸𝑃𝑈𝑡 + 𝑐7𝐸𝑃𝑈𝑡
∗ + 𝑐8𝑅𝑡 + 𝑐9𝑅𝑡

∗ + 𝑐10𝐶𝐹𝑡 + 𝑐11𝐶𝐹𝑡
∗ + 𝑐12𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 . 

 

Table A.2: Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑪𝑵𝒀): Split sample 

(Euro Area as home country) 

 Before 2008 2008-2009 After 2009 Whole sample 

𝑖𝑡 − 𝑖𝑡
∗ 0.46 -0.86 -0.13 0.085 

 (0.28) (1.44) (0.18) (0.059) 

𝜋𝑡 0.017 -0.0013 -0.00089 0.00039 

 (0.026) (0.0034) (0.0030) (0.0019) 

𝜋𝑡
∗ 0.42 0.43 -0.28 -0.0083 

 (0.41) (0.88) (0.40) (0.25) 

�̃�𝑡  -0.29* 0.27 0.035 0.033 

 (0.17) (0.16) (0.058) (0.042) 

�̃�𝑡
∗ 0.15 -0.27 0.076 0.080 

 (0.10) (0.38) (0.085) (0.057) 

𝐸𝑃𝑈𝑡  0.0068 0.016 0.0026 0.0092 

 (0.0092) (0.026) (0.0090) (0.0059) 

𝐸𝑃𝑈𝑡
∗ -0.0019 -0.026 -0.0015 -0.0043 

 (0.0052) (0.015) (0.0056) (0.0034) 

𝑅𝑡  -0.32** -0.057 -0.22* -0.17*** 

 (0.15) (0.11) (0.15) (0.062) 

𝑅𝑡
∗ -0.22 -1.32** -0.28 -0.35*** 

 (0.18) (0.50) (0.14) (0.091) 

𝐶𝐹𝑡 -0.29 -0.044 -0.0075 -0.032* 

 (0.032) (0.073) (0.024) (0.018) 

𝐶𝐹𝑡
∗ -0.0014 0.039 -0.0059 -0.0045 

 (0.025) (0.065) (0.017) (0.013) 

𝑂𝐼𝐿𝑡 -0.013 -0.022 -0.025 -0.027* 

 (0.031) (0.057) (0.020) (0.015) 

Durbin- 

Watson 
1.62 1.87 1.61 1.55 

R-squared 0.23 0.74 0.12 0.19 

RMSE 0.0202 0.0157 0.0183 0.0201 

Note: The standard errors are reported in the parathesis. *, ** and *** indicate that the alternative model is 

significantly different from zero at significance level of 10%, 5% and 1%, respectively, based on standard normal 
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critical values for the two-sided test. Sample period are monthly data from February 2000 to October 2020 (up to 

249 observations). 

 

 

Table A.3 

Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑱𝑷𝒀): Split sample. 

The regression is based on the extended UIP-TR: 𝑆𝑡+1 − 𝑆𝑡 = 𝑐0 + 𝑐1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑐2𝜋𝑡 + 𝑐3𝜋𝑡

∗ + 𝑐4�̃�𝑡 + 𝑐5�̃�𝑡
∗ +

𝑐6𝐸𝑃𝑈𝑡 + 𝑐7𝐸𝑃𝑈𝑡
∗ + 𝑐8𝑅𝑡 + 𝑐9𝑅𝑡

∗ + 𝑐10𝐶𝐹𝑡 + 𝑐11𝐶𝐹𝑡
∗ + 𝑐12𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 . 

 

Table A.3: Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑱𝑷𝒀): Split sample 

(Euro Area as home country) 

 Before 2008 2008-2009 After 2009 Whole sample 

𝑖𝑡 − 𝑖𝑡
∗ 0.14 0.23 0.60 -0.013 

 (0.31) (1.11) (0.52) (0.10) 

𝜋𝑡 -0.00099 0.0022 -0.0032 0.00051 

 (0.026) (0.0046) (0.0039) (0.0024) 

𝜋𝑡
∗ -0.088 -2.20 -0.79 -0.77 

 (0.89) (3.36) (0.83) (0.59) 

�̃�𝑡  -0.10 -0.21 0.063 0.059 

 (0.20) (0.50) (0.076) (0.054) 

�̃�𝑡
∗ -0.036 0.18 0.00070 0.017 

 (0.074) (0.23) (0.061) (0.041) 

𝐸𝑃𝑈𝑡  0.030*** 0.041 0.015 0.029*** 

 (0.0089) (0.035) (0.013) (0.0075) 

𝐸𝑃𝑈𝑡
∗ -0.024* 0.040 -0.00060 -0.0059 

 (0.012) (0.039) (0.013) (0.0089) 

𝑅𝑡  -0.084 0.070 -0.0013 -0.055 

 (0.15) (0.17) (0.19) (0.075) 

𝑅𝑡
∗ -0.00016 -0.66 -0.063 -0.089 

 (0.11) (0.67) (0.19) (0.10) 

𝐶𝐹𝑡 -0.072* -0.072 -0.046 -0.055** 

 (0.039) (0.11) (0.037) (0.025) 

𝐶𝐹𝑡
∗ 0.10* -0.14 0.018 0.017 

 (0.059) (0.23) (0.059) (0.037) 

𝑂𝐼𝐿𝑡 0.016 -0.14 -0.048* -0.055*** 

 (0.032) (0.092) (0.027) (0.019) 

Durbin- 

Watson 
1.73 2.02 1.58 1.53 

R-squared 0.21 0.79 0.12 0.15 

RMSE 0.0202 0.0196 0.024 0.0253 
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Note: The standard errors are reported in the parathesis. *, ** and *** indicate that the alternative model is 

significantly different from zero at significance level of 10%, 5% and 1%, respectively, based on standard normal 

critical values for the two-sided test. Sample period are monthly data from February 2000 to October 2020 (up to 

249 observations). 

 

Table A.4 

Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑹𝑼𝑩): Split sample. 

The regression is based on the extended UIP-TR: 𝑆𝑡+1 − 𝑆𝑡 = 𝑐0 + 𝑐1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑐2𝜋𝑡 + 𝑐3𝜋𝑡

∗ + 𝑐4�̃�𝑡 + 𝑐5�̃�𝑡
∗ +

𝑐6𝐸𝑃𝑈𝑡 + 𝑐7𝐸𝑃𝑈𝑡
∗ + 𝑐8𝑅𝑡 + 𝑐9𝑅𝑡

∗ + 𝑐10𝐶𝐹𝑡 + 𝑐11𝐶𝐹𝑡
∗ + 𝑐12𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 . 

 

Table A.4: Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑹𝑼𝑩): Split sample 

(Euro Area as home country) 

 Before 2008 2008-2009 After 2009 Whole sample 

𝑖𝑡 − 𝑖𝑡
∗ 0.11 0.91** 0.041 0.097 

 (0.090) (0.30) (0.11) (0.055) 

𝜋𝑡 0.040* -0.0050 -0.00069 -0.0021 

 (0.024) (0.0043) (0.0038) (0.0032) 

𝜋𝑡
∗ -0.33 -2.30 -0.30 -0.73** 

 (0.40) (1.57) (0.78) (0.35) 

�̃�𝑡  -0.061 -0.29 -0.0059 0.0098 

 (0.17) (0.25) (0.097) (0.075) 

�̃�𝑡
∗ -0.051 -0.075 0.061 0.019 

 (0.060) (0.23) (0.065) (0.048) 

𝐸𝑃𝑈𝑡  0.0032 -0.035 -0.0023 0.00055 

 (0.0087) (0.037) (0.017) (0.094) 

𝐸𝑃𝑈𝑡
∗ -0.0017 0.0014 -0.0097* -0.0059** 

 (0.0034) (0.013) (0.0056) (0.0035) 

𝑅𝑡  -0.51*** -0.10 -0.17 -0.18* 

 (0.15) (0.013) (0.14) (0.099) 

𝑅𝑡
∗ -0.0017 -0.53 0.39** 0.024 

 (0.049) (0.36) (0.19) (0.051) 

𝐶𝐹𝑡 0.0057 0.086 -0.012 -0.0059 

 (0.032) (0.092) (0.046) (0.030) 

𝐶𝐹𝑡
∗ -0.031 -0.068 -0.0035 -0.014 

 (0.029) (0.072) (0.031) (0.021) 

𝑂𝐼𝐿𝑡 -0.0047 0.037 0.20*** 0.13*** 

 (0.032) (0.098) (0.038) (0.025) 

Durbin- 

Watson 
1.65 1.87 1.64 1.50 

R-squared 0.20 0.70 0.29 0.17 

RMSE 0.0190 0.0186 0.0366 0.0330 
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Note: The standard errors are reported in the parathesis. *, ** and *** indicate that the alternative model is 

significantly different from zero at significance level of 10%, 5% and 1%, respectively, based on standard normal 

critical values for the two-sided test. Sample period are monthly data from February 2000 to October 2020 (up to 

249 observations). 

 

Table A.5 

Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑺𝑬𝑲): Split sample. 

The regression is based on the extended UIP-TR: 𝑆𝑡+1 − 𝑆𝑡 = 𝑐0 + 𝑐1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑐2𝜋𝑡 + 𝑐3𝜋𝑡

∗ + 𝑐4�̃�𝑡 + 𝑐5�̃�𝑡
∗ +

𝑐6𝐸𝑃𝑈𝑡 + 𝑐7𝐸𝑃𝑈𝑡
∗ + 𝑐8𝑅𝑡 + 𝑐9𝑅𝑡

∗ + 𝑐10𝐶𝐹𝑡 + 𝑐11𝐶𝐹𝑡
∗ + 𝑐12𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 . 

 

Table A.5: Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑺𝑬𝑲): Split sample 

(Euro Area as home country) 

 Before 2008 2008-2009 After 2009 Whole sample 

𝑖𝑡 − 𝑖𝑡
∗ -0.046 -2.35 0.11 -0.20 

 (0.14) (1.54) (0.26) (0.13) 

𝜋𝑡 0.032*** 0.0030 0.0026 0.0022* 

 (0.011) (0.0024) (0.0019) (0.0011) 

𝜋𝑡
∗ -0.26 0.50 -0.34 -0.050 

 (0.33) (0.87) (0.29) (0.21) 

�̃�𝑡  -0.17** -0.0084 -0.029 -0.018 

 (0.069) (0.10) (0.035) (0.025) 

�̃�𝑡
∗ -0.0026 -0.050 -0.014 -0.0089 

 (0.012) (0.058) (0.015) (0.010) 

𝐸𝑃𝑈𝑡  -0.0077** 0.0030 -0.0036 -0.0045 

 (0.0038) (0.018) (0.0059) (0.0035) 

𝐸𝑃𝑈𝑡
∗ -0.17** 0.0040 -0.0083 -0.012** 

 (0.0069) (0.024) (0.0065) (0.048) 

𝑅𝑡  0.13** 0.094 0.14 0.14*** 

 (0.060) (0.086) (0.090) (0.037) 

𝑅𝑡
∗ 0.031 -0.027 0.013 0.0052 

 (0.024) (0.037) (0.090) (0.015) 

𝐶𝐹𝑡 0.0052 -0.15** -0.010 -0.028** 

 (0.016) (0.051) (0.021) (0.013) 

𝐶𝐹𝑡
∗ 0.019 0.071 -0.013 0.029** 

 (0.014) (0.073) (0.021) (0.013) 

𝑂𝐼𝐿𝑡 -0.00014 0.075* 0.036*** 0.032*** 

 (0.014) (0.038) (0.013) (0.0093) 

Durbin- 

Watson 
2.04 2.40 1.59 1.81 

R-squared 0.34 0.79 0.17 0.23 

RMSE 0.00853 0.0105 0.0117 0.0120 
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Note: The standard errors are reported in the parathesis. *, ** and *** indicate that the alternative model is 

significantly different from zero at significance level of 10%, 5% and 1%, respectively, based on standard normal 

critical values for the two-sided test. Sample period are monthly data from February 2000 to October 2020 (up to 

249 observations). 

 

Table A.6 

Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑮𝑩𝑷): Split sample. 

The regression is based on the extended UIP-TR: 𝑆𝑡+1 − 𝑆𝑡 = 𝑐0 + 𝑐1(𝑖𝑡 − 𝑖𝑡
∗) + 𝑐2𝜋𝑡 + 𝑐3𝜋𝑡

∗ + 𝑐4�̃�𝑡 + 𝑐5�̃�𝑡
∗ +

𝑐6𝐸𝑃𝑈𝑡 + 𝑐7𝐸𝑃𝑈𝑡
∗ + 𝑐8𝑅𝑡 + 𝑐9𝑅𝑡

∗ + 𝑐10𝐶𝐹𝑡 + 𝑐11𝐶𝐹𝑡
∗ + 𝑐12𝑂𝐼𝐿𝑡 + 𝜁𝑡+1 . 

 

Table A.6: Estimates for ∆ 𝒍𝒐𝒈 (𝑬𝑼𝑹/𝑮𝑩𝑷): Split sample 

(Euro Area as home country) 

 Before 2008 2008-2009 After 2009 Whole sample 

𝑖𝑡 − 𝑖𝑡
∗ -0.14 -4.73* 0.39 -0.015 

 (0.22) (2.28) (0.33) (0.14) 

𝜋𝑡 0.0080 -0.0069* -0.0013 -0.0015 

 (0.017) (0.0038) (0.0038) (0.0017) 

𝜋𝑡
∗ 0.337 3.62* -0.53 0.53 

 (0.62) (1.72) (0.64) (0.43) 

�̃�𝑡  -0.113 -0.46** -0.061 -0.041 

 (0.104) (0.19) (0.059) (0.040) 

�̃�𝑡
∗ -0.040 -0.23 0.12** 0.033 

 (0.052) (0.21) (0.050) (0.037) 

𝐸𝑃𝑈𝑡  0.0030 -0.018 -0.0024 0.0035 

 (0.0070) (0.036) (0.011) (0.0054) 

𝐸𝑃𝑈𝑡
∗ 0.00011 0.011 -0.012 -0.0070 

 (0.0062) (0.027) (0.0081) (0.0051) 

𝑅𝑡  -0.080 0.28 0.0035 -0.021 

 (0.096) (0.16) (0.13) (0.057) 

𝑅𝑡
∗ -0.037 -0.33** -0.088 -0.044 

 (0.040) (0.14) (0.053) (0.032) 

𝐶𝐹𝑡 -0.055 -0.36** -0.24*** -0.20*** 

 (0.046) (0.16) (0.053) (0.035) 

𝐶𝐹𝑡
∗ 0.068 0.47** 0.17*** 0.17*** 

 (0.043) (0.18) (0.050) (0.034) 

𝑂𝐼𝐿𝑡 -0.028 -0.10 0.031 0.015 

 (0.021) (0.067) (0.019) (0.014) 

Durbin- 

Watson 
1.84 1.77 1.98 1.85 

R-squared 0.11 0.76 0.22 0.15 

RMSE 0.0131 0.0145 0.0170 0.0174 
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Note: The standard errors are reported in the parathesis. *, ** and *** indicate that the alternative model is 

significantly different from zero at significance level of 10%, 5% and 1%, respectively, based on standard normal 

critical values for the two-sided test. Sample period are monthly data from February 2000 to October 2020 (up to 

249 observations). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


