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1. Introduction 

The exchange rate misalignment is a crucial topic for policymakers due to the fact that persistent deviations can erode current account and usually 

provoke currency crisis. For this reason, avoiding real exchange rate (RER) misalignments is understood as a matter of macroeconomic stabilization 

to generate optimal output and employment (Obstfeld and Rogoff, 1996; Acemoglu et al., 2003 or Easterly and Levine, 2003). 

Conceptually, a RER is misaligned when it deviates from the underlying RER that would have been in the absence of price rigidities, frictions and 

other short run factors. It is usually associated with internal and external balance. Specifically, when the economy is under full employment and at 

full capacity output (internal balance) and when simultaneously is characterized by a sustainable current account position. 

According to Razin and Collins (1997), Dufrenot and Yehoue (2005), among others, there is neither a consensus indicator of misalignment, nor an 

agreed upon methodology for constructing such indicator. Driver and Westaway (2005) specify that there is not a single definition of the equilibrium 

real exchange rate1, in which they distinguish 14 different approaches. Specifically, this equilibrium can be treated as a long-run, medium-run or 

short-run concept, which can be considered as a stock or flow equilibrium. This measure is sensitive to the variables and model implemented 

(Cheung et al., 2009) and the data source used (Cheung and Fujii, 2014). Part of the literature is based on deviations from PPP while other studies 

focus on distortions of the equilibrium real exchange rate. 

To the best of my knowledge, this is the first time a study provides empirical evidence on the impact of deviations from the long-run sustainable 

real exchange rate equilibrium on real economic growth rate applying panel ARDL for the 27 European countries during 2000-2016 period. I apply 

the EQCHANGE database developed by Couharde et al. (2017) to obtain the RER misalignments according to the BEER approach for each 

country. One of the main objectives is to determine the relationship between RER misalignments and  economic performance trying to differentiate 

between short- and long-run effects.  

The rest of the paper is structured as follows. Section 2 provides a literature review.  Section 3 presents the data and variables used in this study. 

Section 4 provides the panel ARDL. Section 5 reports the empirical results for the 27 European countries during 2000-2016 period. Finally, in 

Section 6 the main conclusions are provided. 

                                                           
1 See Lee et al. (2008) for a recent survey on this topic. 
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2. Literature review  

There have been a huge literature analyzing the impact of RER misalignment on economic growth (see for instance, Sekkat and Varoudakis, 2000; 

Gala, 2008; MacDonald and Vieira, 2010; Bhalla, 2012; to name a few).  

On the one hand, some monetary authorities argue that the real exchange rate below its equilibrium can trigger more inflation which leads to 

overheating the economy (Krugman and Taylor, 1978; Calvo et al., 1995; Goo, 2006; Haddad and Pancaro, 2010). On the contrary, authors such 

as Bhalla (2012), Couharde and Sallenave (2013), Aflouk and Mazier (2013) maintain that an undervalued real exchange rate can promote exports 

and employment and consequently higher economic growth.  

On the other hand, the real overvaluation can erode exports because of the lower competitiveness of home products which supposes current account 

deficits and therefore currency crises (Easterly, 2005; Gala and Lucinda, 2006; Toulaboe, 2006; Gala, 2008; Elbadawi and Soto, 2008; Sallenave, 

2009; Couharde and Sallenave, 2013). Rodrik (2008a,b) claims that an overvalued exchange rate restrict economic activity leading to a balance of 

payment emergencies and conducting black-market practices. Other studies such as Sekkat and Varoudakis (2000), Aguirre and Calderón (2005), 

MacDonald and Vieira (2010), Schröder (2013) support that undervaluation and overvaluation both are harmful for economic performance. 

Rodrik (2008) find negative relationship between exchange rate misalignments and economic growth, nevertheless these results hold mainly for 

the less developed countries and it is not supported for economies at higher levels of economic development.   

The RER misalignment is defined as the deviations of the exchange rate from its long-run sustainable equilibrium level. Nevertheless, there is no 

consensus in the way to determine its equilibrium (see for instance, Gandolfo et al., 1993; Meese and Rogoff, 1983; Cheung et al., 2010 or Cheung 

et al., 2017; among others). The are two main procedures: the structural and the direct approach. The former is relying on a macroeconomic model 

and the equilibrium is determined based on internal and external balance. On the contrary, the direct approach uses ad-hoc fundamentals. Along 

literature we can find four main approaches: the Purchasing Parity Power (PPP) introduced by Cassel (1918), the Natural Rate of Exchange Rate 

(NATREX) proposed by Stein and Allen (1998), the Fundamental Equilibrium Exchange Rate (FEER), introduced by Williamson (1994), the 

Behavioral Equilibrium Exchange Rate (BEER) proposed by Clark and MacDonald (1998).  
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The most traditional method is the PPP which is based on the prediction that the REER does not vary over time and is equal to one since the price 

levels are equal when measured in the same currency (Froot and Rogoff, 1995; MacDonald, 1995). According to Cavallo et al. (1990) or Ghura 

and Grennes (1993) higher misalignments can generate lower economic growth rate. Given that many authors such as Rogoff (1996), MacDonald 

(2000), and Taylor and Taylor (2004) have proved that the PPP hypothesis does not hold, it can not be a proxy for the long-run equilibrium.  

The NATREX model was created by Nurkse (1945) and developed by Stein (1990, 1996) and it is considered as a moving equilibrium that varies 

over time in response to shocks in the current real macroeconomic factors. It guarantees the equilibrium of the balance of payments in absence of 

changes in international reserves, speculative capital movements and cyclical factors. This procedure examines the transition between the medium-

run to long-run equilibrium (see for instance Gandolfo and Felettigh, 1998; van Eden et al., 2001; Siregar and Rajan, 2006; Detken and Martinez, 

2001 or Federici and Gandolfo, 2002; among others). 

Another relevant technique was developed by Williamson (1994). The FEER approach, based on the fact that the real effective exchange rate 

fluctuates around a time-varying equilibrium which is defined depending on the relationship with the long-run real factors or the so-called 

fundamentals. This procedure was widely implemented by several authors along the empirical literature (see for instance Zhou, 1993; Barisone et 

al., 2006; Cline, 2008; Lee et al., 2008; Cline and Williamson, 2010, 2011; Jeong et al., 2010; You and Sarantis, 2011; Carton and Hervé, 2012; 

Duwicquet et al., 2013; Saadaoui, 2017a, b). According to Wren-Lewis (1992), Edwards (1989), Faruqee et al. (1999), Wren-Lewis (2003), the 

equilibrium is achieved when both internal and external equilibrium are achieved. This methodology is considered as a medium-term approach (or 

structural approach) given that the equilibrium exchange rate is consistent with the medium-run equilibrium of the macroeconomic factors.  

The BEER approach is introduced by MacDonald (1997) and developed by Clark and MacDonald (1998). In this case, the RER is estimated against 

its determinants and then it considers the estimated coefficients from the previous regression and the permanent components of RER factors to 

compute the corresponding equilibrium. Thereafter, the misalignment is computed as the difference between the actual and the equilibrium RER. 

This method is understood as a direct approach. Several studies have been applied this approach (see for instance, Alberola, 2003; Berg and Miao, 

2010; Bénassy-Quéré et al., 2009, 2010; Naseem et al., 2013; Conrad and Jagessar, 2018; among others). One of the main advantages is that it 

captures not only real exchange movements in the medium or long-term equilibrium level but also movements over time.  
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Not only there is no consensus in the way to compute the ERER misalignment but also there is no consensus on the impact of ERER misalignments 

on economic growth. Concretely, Habib et al. (2017), MacDonald and Vieira (2010), Berg and Miao (2010) detect little evidence of asymmetry 

analyzing the impact of overvaluation and undervaluation. On the other hand, authors such as Aguirre and Calderón (2005), Bajo-Rubio and Díaz-

Roldán (2009), Schröder (2013) suggest that both positive and negative misalignments can harm the economy. Ramos-Herrera and Sosvilla-Rivero 

(2021) analyze whether the nexus between per capita economic growth and deviations from its equilibrium exchange rate might differ across 

different groups of countries applying the GFE method proposed by Bonhomme and Manresa (2015) identifying heterogeneous relationships. 

Considering a panel data of around 200 countries, Rodrik (2008a) ensures that undervaluation provide growth rather than overvaluation which can 

hurt the economic growth. Applying a system GMM model for 58 economies, Gala and Lucinda (2006) highlights that real appreciation can erode 

growth rates controlling for some macroeconomic factors.  

According Krekó and Oblath (2020), the results depend on the way of calculating the RER misalignments. For instance, Balassa (1962) applies a 

simple linear functional form, Rodrik (2008) a log-log form, Bhalla (2012) a S-shaped exponential model, using cross-sectional data for each year 

(Johnson et al. 2007) or using panel data techniques (Prasad et al., 2007 or MacDonald-Vieira, 2010). 

3.  Data  

In this study, the 27 European countries have been considered during the period 2000-2016 to analyze the relationship between real exchange rate 

misalignments and the real economic growth rate controlling for the usual macroeconomic variables. The ERER misalignments have been extracted 

form Couharde et al. (2017). The real economic growth as well as the gross capital formation, degree of openness, inflation rate, human capital 

and population growth rate are removed from the World Development Indicators Database (see Appendix 1 for more details).  

4. Econometric Methodology 

According to Loayza and Ranciere (2006), the static panel estimations are not able to estimate the short and the long-term relationships, since they 

do not capture the dynamic nature of data. Additionally, the standard panel models only deal with the structural heterogeneity considering fixed or 

random effects, however they impose homogeneous slope across countries. The dynamic panel models such as the GMM-difference estimator 

proposed by Arellano and Bond (1991) or the GMM-system estimator proposed by Arellano and Bover (1995) overcome some weaknesses, 
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nevertheless the GMM only reflects the short-run dynamics.  In order to overcome these shortcomings, this study applies the panel ARDL 

considering three different estimators: Mean Group estimator (hereafter MG), Dynamic Fixed Effects estimator (hereafter DFE) and the Pooled 

Mean Group estimator (hereafter PMG). One of the main advantage of this procedure is that this methodology is capable of estimating 

simultaneously the short- and long-term effects. In this study, I consider the same generalized empirical ARDL (1, 1, 1) equation proposed by 

Ramos-Herrera (2021):  

∆𝑔𝑟𝑜𝑤𝑡ℎ𝑖𝑡 = 𝛽0𝑖 + 𝛽1𝑡𝑔𝑟𝑜𝑤𝑡ℎ𝑖𝑡−1 + 𝛽2𝑡𝑀𝑖𝑠𝑖𝑡−1 + 𝛽3𝑡𝑃𝑜𝑝𝑖𝑡−1 + 𝛽4𝑡𝐻𝐾𝑖𝑡−1

+ 𝛽5𝑡𝐼𝑁𝐹𝑖𝑡−1 + 𝛽6𝑡𝑂𝑃𝐸𝑁𝑖𝑡−1 + 𝛽7𝑡𝐺𝐾𝐹𝑖𝑡−1 + ∑ 𝛾𝑖𝑗∆𝑔𝑖𝑡−𝐽

𝑀−1

𝐽=0

+ ∑ 𝛾𝑖𝑗∆𝑀𝑖𝑠𝑖𝑡−𝐽

𝑁−1

𝐽=0

+ ∑ 𝛾𝑖𝑗∆𝑃𝑜𝑝𝑖𝑡−𝐽

𝑂−1

𝐽=0

+ ∑ 𝛾𝑖𝑗∆𝐻𝐾𝑖𝑡−𝐽

𝑃−1

𝐽=0

+ ∑ 𝛾𝑖𝑗∆𝐼𝑁𝐹𝑖𝑡−𝐽

𝑄−1

𝐽=0

+ ∑ 𝛾𝑖𝑗∆𝑂𝑃𝐸𝑁𝑖𝑡−𝐽

𝑅−1

𝐽=0

+ ∑ 𝛾𝑖𝑗∆𝐺𝐾𝐹𝑖𝑡−𝐽

𝑆−1

𝐽=0

+ 𝜇𝑖

+ 𝜀𝑖𝑡 

(1) 

 

where 𝑔𝑟𝑜𝑤𝑡ℎ𝑖𝑡 refers to real economic growth rate, 𝑀𝑖𝑠𝑖𝑡 are exchange rate misalignments, 𝑃𝑜𝑝𝑖𝑡 is the population growth rate, 𝐻𝐾𝑖𝑡 represents 

the human capital, 𝐼𝑁𝐹𝑖𝑡 is the inflation rate measured by the consumer price index, 𝑂𝑃𝐸𝑁𝑖𝑡 captures the degree of openness, 𝐺𝐾𝐹𝑖𝑡  is the physical 

capital (gross capital formation),  i=1, 2,…N and time by t=1, 2, …T; 𝜇𝑖 represents the fixed effects and 𝜀𝑖𝑡 denotes the error term. The ARDL lag 

structure is determined by the Schwartz Bayesian criterion. 
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One of the main strengths of this recent methodology is that not all variables need to show the same order of integration to guarantee a long-run 

relationship. For this reason, the panel ARDL does not require unit roots testing (see for instance Fang et al., 2015; Kim et al., 2010). Besides, 

another strong point is that PMG and MG estimators are consistent even in the presence of endogeneity (Pesaran et al. (1999)). 

This methodology proposed three different estimators. I will focus on the main differences between them. The MG estimator was developed by 

Pesaran and Smith (1995) and it does not impose any restrictions. In particular, all coefficients are allowed to be country-specific (i.e. 

heterogeneous) and time-varying both in the short- and the long-run. One of the requirements to implement this approach is that time-series need 

to be large. The PMG estimator assumes homogeneity for the long-term slope coefficients across economies, however, it allows heterogeneity 

across countries for short-term coefficients, the speed of adjustment, error variances and the intercepts. The coefficient on the error-correction term 

must be negative and not lower than -2 in order to corroborate consistency and efficiency. Eberhardt and Teal (2011) argue that the treatment of 

heterogeneity is crucial to understand the growth process. One of the basic assumptions is that the error correction term is not correlated with 

regressors and is normally distributed meaning that the explanatory factors can be treated as exogenous variables. The DFE estimator was developed 

by Pesaran et al. (1999), which is similar to PMG estimator, nonetheless, the DFE assumes that the slope coefficient and the error variances are 

the same across countries in the long run. The speed of adjustment and the short-run coefficient are also homogeneous while the intercepts are 

country-specific. 

The Hausman test is applied in order to identify which is the best estimator. When the null hypothesis is rejected  (i.e. the difference between PMG 

and DFE or between PMG and MG is not significant), the best option is to estimate applying the PMG estimator given that it is more efficient than 

others. 

5. Empirical Results 
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Table 1 shows the estimation results of PMG, MG and DFE for the 27 European countries during the period 2000-2016. According to the Hausman 

test, the PMG estimator is identified as the best estimator since the null hypothesis of homogeneity assumption on regressors is rejected meaning 

that it is the most efficient estimator compared to MG and DFE. Therefore, I focus my interpretations on these estimations. A negative and highly 

significant relationship is detected between the real exchange rate misalignments and the real economic growth, nevertheless a positive and 

significant impact is shown in the short-run.    

Analyzing the usual macroeconomic control variables, the gross capital formation ratio and the human capital are the most important explanatory 

factors. The results highlight that these variables clearly contribute to a higher economic growth rate in the long run. Besides, population growth 

rate provides higher economic growth.  On the contrary, inflation erodes the economic growth in the long term. Paying attention to the short-term, 

a positive and highly significant effect on real economic growth is achieved by the degree of openness and the gross capital formation ratio in the 

short run. Additionally, one can be seen that any shock in the short run could reach the long-run equilibrium at a speed of 68% per year, given that 

the error correction term (ECT) is negative and statistically significant at the 1% significance level.  

Table 1. Panel ARDL results 

 Pooled Mean Group Mean Group Dynamic Fixed Effects 

 Coef. Std. 

Error 

Coef. Std. 

Error 

Coef. Std. 

Error 

Long-run 

coefficients  

      

Mis186 -0.0665*** 0.0117 -0.3656 0.2474 -0.1205*** 0.0201 

Pop 0.0044* 0.0025 0.0246 0.2719 -0.0077* 0.0043 

HK 0.5676*** 0.0912 9.6246 8.5725 0.8859*** 0.1979 

INF -0.0101*** 0.0010 -0.0178*** 0.0208 -0.0030* 0.0017 

OPEN 0.0110 0.133 0.0495 0.1536 0.0632 0.0292 

GKF 0.0480*** 0.0071 -0.0154* 0.1482 0.0344** 0.0178 

Error-correction 

coefficient 

      

ECT (-1) -0.6844*** 0.0484 -1.0560*** 0.0871 -0.7077*** 0.0413 
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∆Mis186 0.0569** 0.0301 -0.0339 0.1215 0.0402 0.0353 

∆Pop -0.0035 0.0084 0.0363 0.0301 0.0007 0.0057 

∆HK -0.5593 0.7417 1.4355* 2.4559 -1.3304*** 0.4359 

∆INF 0.0040*** 0.0008 0.0001*** 0.0052 0.035*** 0.0012 

∆OPEN 0.2120*** 0.0239 0.0850* 0.1006 0.1840*** 0.0265 

∆GKF 0.0513*** 0.0189 0.0620 0.0598 0.0228 0.0148 

Intercept 1.5876*** 0.1112 -8.9121 7.3162 2.4814*** 0.5197 

BIC -2947.14 -4031.31 -3056.58 

AIC -3005.58 -4089.74 -3111.62 

Observations 432 432 432 

Hausman Test  0.09(i) 

(1.0000) 

0.00(ii) 

(1.0000) 

Note: *, ** and *** indicate significance at 10%, 5% and 1%, respectively. (i) Under the null hypothesis, PMG is a more efficient estimation than MG. (ii) PMG is a more efficient 

estimation than DFE under the null hypothesis. In brackets are the associated p-values. 

6. Conclusions 

To the best of my knowledge, this is the first time a study provides empirical evidence on the impact of deviations from the long-run sustainable 

real exchange rate equilibrium on real economic growth rate applying panel ARDL model (PMG, MG and DFE estimators) for the 27 European 

countries during 2000-2016 period. I apply the EQCHANGE database developed by Couharde et al. (2017) to obtain the RER misalignments 

according to the BEER approach for each country. One of the main objectives is to determine the relationship between RER misalignments and 

economic performance trying to differentiate between short- and long-run effects. 

The results of the panel ARDL model detect a negative and highly significant relationship between the real exchange rate misalignments and the 

real economic growth, nevertheless a positive and significant impact is shown in the short-run. Analyzing the usual macroeconomic control 

variables, the gross capital formation ratio and the human capital are the most important explanatory factors. The results highlight that these 

variables clearly contribute to a higher economic growth rate in the long run. Besides, population growth rate provides higher economic growth.  

On the contrary, inflation erodes the economic growth in the long term. Paying attention to the short-term, a positive and highly significant effect 

on real economic growth is achieved by the degree of openness and the gross capital formation ratio in the short run. Additionally, one can be seen 
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that any shock in the short run could reach the long-run equilibrium at a speed of 68% per year, given that the error correction term (ECT) is 

negative and statistically significant at the 1% significance level.  
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Appendix 1: Definition of the explanatory variables in the panel regression and data sources 

Variable Description Source 

Real economic growth rate 
(g) 

Growth rate of real Gross Domestic 
Product (annual %). 

World Development 
Indicators (World 

Bank) 

Population growth rate 
(POPGR) 

Population growth (annual %). 
Annual population growth rate for 

year t is the exponential rate of 
growth of midyear population from 

year t-1 to t. 

World Development 
Indicators (World 

Bank) 

Gross capital formation ratio 
(GKR) 

Gross fixed capital formation (% of 
GDP). It includes equipment 

purchases, land improvements, 
schools, hospitals, construction of 
roads, plant, offices, industrial and 

commercial buildings, railways, 
private residential dwellings. 

World Development 
Indicators (World 

Bank) 

Inflation rate 
(INF) 

Inflation measured by the consumer 
price index (annual %). 

World Development 
Indicators (World 

Bank) 

Human capital 
(HK) 

Human capital using life expectancy 
at birth (years) as a proxy. This 

variable is considered by World Bank 
to elaborate the Human Capital 

Index, however its data availability is 
scarce to our database, so for this 

reason I use life expectancy at birth. 

World Development 
Indicators (World 

Bank) 

Degree of openness 
(OPEN) 

It is the sum of exports and imports 
of goods and services (% of GDP). 

World Development 
Indicators (World 

Bank) 

Misalignment 
(MIS) 

It is the difference between the real 
effective exchange rates and their 

equilibrium real effective exchange 
rates which is calculated against 186 

trading partners based on the 
behavioral equilibrium exchange 

rate (BEER) approach. 

Couharde et al. 
(2017) 
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