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Abstract: This paper tests the traditional monetary model of exchange rates for a 

sample of industrialized and emerging market economies by making use of panel 

techniques that allow for a high degree of heterogeneity across countries. The results 

demonstrated partial support for the monetary model for industrialised market 

economies but not for emerging ones. This constitutes a puzzle as it would expect 

countries with greater monetary instability to show a stronger association between 

exchange rates and monetary fundamentals. 
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Effects of Fundamentals on the Exchange Rate: A Panel Analysis for a 
Sample of Industrialised and Emerging Economies 

 
 
 
Introduction 
 
 

The literature on exchange rate economics over the past three decades has 

witnessed many controversial debates with respect to the most appropriate model to be 

used in empirical studies. A considerable number of studies in recent years has 

developed more sophisticated econometric methods, but the results still continue to be 

at best tentative in explaining exchange rate movements. In fact, many empirical and 

theoretical studies have been unable to give a convincing explanation of exchange rate 

movements. Consequently, exchange rate economics still remains a challenging field for 

researchers [see Flood and Rose (1999) and Rogoff, (1999)].  

Perhaps one of the most important areas of study on exchange rates is the ability 

of economic fundamentals to explain exchange rate behaviour. Despite considerable 

research input and a plethora of empirical results for a range of countries, the results 

leave a number of issues unresolved. 

Some empirical work has focused on the analysis of the cointegrating properties 

between nominal exchange rates and monetary fundamentals using panel data 

techniques [see, for example, MacDonald et al. (2003), Rapach and Wohar (2004), 

Mark and Sul (2001), Groen (2000)]. The results suggest some support for the view that 

economic fundamentals have long-run effects on the exchange rate. Husted and 

MacDonald (1998) also find evidence in favour of the monetary model of the exchange 

rate using multi-country panel data, allowing for a limited amount of cross-country 

heterogeneity. Cushman (2000), on the other hand, using the Johansen (1991) approach, 

concludes that there is no support for the monetary model in US-Canadian data as the 

cointegrating coefficients differ significantly from those predicted by the theory.   

Rogoff (1999) states that inflation rates in industrialised economies such as the 

United States, Germany and Japan have tended to converge downwards towards zero. It 

is more difficult to identify the effects of monetary shocks on exchange rates. In 

contrast, emerging economies are historically more likely to present weak economic 

fundamentals such as ever-expanding budget deficits, high inflation rates, low rates of 

economic growth, excess supply of money etc. As such, the mismanagement of 
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economic aggregates is believed to generate direct effects on exchange rate behaviour 

[see, for example, Rogoff (1996), Bahmani-Oskooee and Kara (2000), Moosa (2000) 

and Civcir (2002)]. Such adverse economic circumstances are believed to be a key 

ingredient in favour of the monetary approach to exchange rates1.  

Table 1 displays some comparative economic figures between emerging and 

industrialised countries. The figures for the inflation rate and budget balance suggest 

that emerging countries are more subject to monetary shocks which should impact on 

exchange rates.  

              Table 1 – Some Economic Indicators for Industrialised  
                                   and Emerging Countries  1975-2000* 

Economic Indicators** Industrialised 
Countries 

Emerging 
Countries 

Domestic Debt (%GDP) 3 4 . 1  4 5 . 7  
Budget Balance (%GDP) - 2 . 9  - 4 . 6  
Economic Growth  2 . 7  3 . 4  
Inflation Rate (CPI) 6 . 8  3 4 . 1  

      S o u r c e :  W o r l d  B a n k  D a t a b a s e .          
*  T h e  f i g u r e s  b e l o n g  t o  c o u n t r i e s  u s e d  i n  t h i s  s t u d y .   

        ** P e r i o d  A v e r a g e s .    
 

The second contribution relies on the use of panel unit roots and panel 

cointegration analyses applied distinctively to the two groups of economies. For panel 

unit root detection, in particular, two types of tests are used: Levin, Lin, and Chu - LLC 

(2002) and Im, Pesaran and Shin - IPS (2003). The basic difference between the LLC 

test and the IPS test is that the former is characterised by constraining the coefficient of 

the lagged variable in the ADF regression to be homogeneous across all units. It means 

that the only relevant source of heterogeneity is the unit-specific fixed effect. The IPS 

test is an extension of the LLC test allowing for heterogeneity of the coefficients on the 

lagged variables and using the group-mean t-student statistics to test the null hypothesis. 

The tests for panel cointegration, in turn, are based on Pedroni (1995, 1997, 1999) and 

assumes the null hypothesis of no cointegration. The main advantage of this method is 

that it allows for considerable heterogeneity in the panel. The heterogeneity in this 

approach includes the possibility of assuming heterogeneous slope coefficients, fixed 

effects and individual specific deterministic trends. All testing procedures are applied 

distinctively to the two sets of economies.   

                                                 
1 Bleaney et al. (1999) show that unit root models are more appropriate to model mean reversion in real 
exchange rates for high inflation countries.  
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The third contribution is associated with the estimation technique, which is 

based on important findings published initially by Robertson and Symons (1992), later 

by Pesaran and Smith (1995) and deepened by Im, Pesaran and Smith (1996). These 

authors, basically, showed the inconsistency of estimates produced by pooled or 

aggregated data when the context is strongly heterogeneous. As this inconsistency can 

lead to spurious regressions, the use of group mean estimators is recommended. This 

procedure aims, fundamentally, at eliminating the bias caused by the covariance 

between the error term and regressors by averaging across groups. The pooled mean 

group (PMG) estimator developed by Pesaran, Shin and Smith (1999), adopted in this 

paper, offers this facility and may overcome problems of inconsistent estimates. This 

estimator offers considerable flexibility being appropriate to a heterogeneous panel 

environment and can model nominal exchange rate movements successfully. The 

objective is essentially to generate unbiased and consistent estimates. Although PMG 

assumes the long-run coefficients to be the same, its statistical properties allow the 

intercept, short-run coefficients and error variances to differ freely across units. 

Furthermore, this econometric method also provides an additional advantage in 

comparison with the mean group (MG) estimation by allowing that certain parameters 

are the same across units [see Pesaran and Smith (1995) for more details].  

The econometric estimation procedure adopted in this paper is also supported by 

results provided in Phillips and Moon (1999) and Kao (1999). These results reveal that 

some panel datasets made of reasonable  N  (number of groups) and T  (length of the 

sample period) can produce consistent estimates of long-run average parameters even if 

panel time series are not cointegrated [error process I(1)] Roughly, Phillips and Moon 

(1999) state that the estimation of a long-run relation among variables is feasible even 

for cases where the use of the pure time series dimension alone suggests that the 

regression may be spurious. The underlying intuition is that the introduction of a cross-

section dimension, as well as the averaging across groups, reduces the noise in the 

relationship, that is, the potential covariance between the error term and regressors. 

Thus, even if no cointegration vectors are found due to, for instance, the presence of 

bubbles, these estimators will still provide consistent estimates of long-run elasticities.     

Four recent studies analyse the monetary approach to the nominal exchange rate 

using panel data techniques. The first one, developed by Groen (2000), applies OLS and 

assumes homogeneity for the money supply and output coefficients. Groen uses dummy 

variables to capture level changes and employs the Levin and Lin (1993) panel unit root 
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test that implies homogeneity in the ADF regression parameters. The second study of 

Mark and Sul (2001) uses a panel dynamic OLS estimator in which, by construction, 

has individual-specific or time-specific effects, but slope coefficients are homogeneous 

across groups. Rapach and Wohar (2004) make an extensive investigation of the long-

run monetary model of exchange rate determination on a country-by-country and panel 

data basis for a large number of industrialised countries. They only find clear evidence 

in favour of the monetary model using panel procedures, and assuming homogeneity of 

cointegrating coefficients. Finally, MacDonald et al. (2003) develop a panel data study 

for six selected Central and Eastern countries with heterogeneous exchange rate regimes 

and show that the monetary model of exchange rates provides an acceptable explanation 

of exchange rate behaviour.  

While using the standard monetary model of exchange rates, the investigation 

strategy of this paper differs from these cited studies by allowing for either homogeneity 

or heterogeneity for panel unit root and panel cointegration tests across units. 

Heterogeneity is assumed for the short-run coefficients and homogeneity for the long-

run coefficients across units. Furthermore, the sample of countries sample in this study 

is based on homogeneous exchange rate regimes according to the criterion provided by 

Reinhart and Rogoff (2002). The analysis for industrialised market economies is based 

on freely floating exchange rate regimes, whereas for emerging market economies is 

based on managed exchange rate regimes.  

In summary, this paper is structured into five distinct sections. Section 2 outlines 

the main features of the theoretical model underlying the empirical analysis. Section 3 

describes the statistical data, variables used and sources. Section 4 presents a theoretical 

overview of the panel unit root test, panel cointegration test and the estimation method 

as well as the empirical results. Finally, Section 5 presents the conclusions. 

 
2 - Theoretical Model 

According to the economic literature, the flexible-price monetary approach, as 

originally developed by Frenkel (1976), Mussa (1976), Johnson (1977) and Bilson 

(1978), assumes the quantity theory of money and PPP condition as the building blocks 

for developing economic models. Although the flexible-price monetary model was the 

dominant model in that period, it rapidly gained unpopularity due to its poor empirical 

performance in explaining exchange rate determination. This weakness led to the 

development of the sticky-price or overshooting exchange rate model of Dornbusch 
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(1976). Nevertheless, this is a controversial issue as there is a significant number of 

studies published on monetary models of exchange rate determination which make use 

of either flexible-price or sticky-price assumptions (see Sarno and Taylor, 2002). This 

paper uses three different monetary model versions in which the exchange rate 

determinants are analysed in flexible-price format following Frankel (1979)2.   

The strategy of this paper is to begin from a simple flexible-price monetary 

model and assume a symmetric treatment between domestic and foreign countries3. As 

usual, the exchange rate is defined as the relative price of two monies. A brief 

description of the flexible-price monetary model in discrete time is presented as 

follows4: 

 tt t tm p y iκ θ= + −        ( 1 )  

* ** * **
t tt tp ym iθκ= + −        ( 2 )  

equations (1) and (2) represent the monetary equilibrium for both domestic and foreign 

countries, in which tm  denotes the money supply, tp  the price level, ty  the income 

level and i  the interest  rate.  

As the PPP condition is assumed to hold continuously (flexible price context), it 

implies that movements in the exchange rate must be directly proportional to 

movements in prices in both the short run and the long run, that is: 

*
t t tp ps = −         ( 3)  

Given the monetary equilibrium expressed by (1), (2) and the PPP condition 

denoted by (3), and if the money supply determines the price level, according to the 

quantity theory of money, then indirectly the nominal exchange rate is also determined 

by the relative money supply, or the money supply differential, represented by: 

( ) ( ) ( )* ** * *
t t t t tt ty y is m m i eκ θκ θ= − − − + − +    (4) 

                                                 
2  The introduction of a sticky-price framework within the flexible-price monetary model aims, on the one 
hand, at taking into account deviations from the PPP condition, and the other hand inserting a mechanism 
which reflects the short-run behaviour of the exchange rate determined by expectations of the long-run 
inflation rate differential. This procedure is not adopted in this paper. 
3 Note that similar theoretical frameworks were used more reecently by Cushman (2000), Mark and Sul 
(2001), Groen (2000), Groen (2002), Rapach and Wohar (2004) to cite a few. This approach can also be 
found in Obstfeld and Rogoff (1996), Hallwood and MacDonald (2000) and Sarno and Taylor (2002). 
4  Note that all variables are in the logarithm form except the interest rate. 
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Equation in (4) is called the fundamental equation of the exchange rate for the 

flexible-price monetary model. Assuming, for simplicity, that the income elasticities 

and interest rate semi-elasticities of money demand do not differ significantly between 

countries ( ** andκ θ θκ= = ) , then equation (4) takes the following form: 

 ( ) ( ) ( )** *
t t t t t tt ty ys m m i i eκ θ= − − − + − +     (5) 

Equation (5) denotes the long-run equation for exchange rate determination, and 

the effects of ,m y  and i  can be explained by taking into account the economic agents’ 

expected behaviour. Note that the uncovered interest rate parity - UIRP condition 
*

1( )e
t t ts i i+∆ = −  does not hold in equation (5)5. Thus, an increase in the domestic money 

stock leads market agents to spend further on goods and services and drives prices up. 

Assuming that the PPP condition always holds, the exchange rate is expected to 

depreciate as a consequence of higher money stock and price level. This depreciation is 

proportional and means that the coefficient on ( )*
t tm m−  equals one if the monetary 

model holds. In contrast, given the domestic money stock, a higher real domestic 

income level implies a corresponding increase in money demand, and a decrease in the 

price level is required to maintain the monetary equilibrium. In this case there will be an 

appreciation of the exchange rate.  

The sign on the interest rate differential coefficient in (5) reflects the price 

regime in which the country is operating. A statistically significant positive coefficient 

on the interest rate differential reveals that the price regime is based on flexible prices. It 

supports a flexible-price context as the exchange rate is affected positively by domestic 

price level changes. On the other hand, if a statistically significant negative coefficient 

on the interest rate differential is found, then the conclusion favours a sticky-price 

context. The negativity of this coefficient implies that the exchange rate is determined 

by monetary policy changes and the sticky price regime holds (see Frankel, 1979). 

Basically, the idea is that a positive sign on the interest rate differential coefficient 

implies the exchange rate depreciates as a result of rises in the domestic price level. 

When the domestic price level increases the real money supply decreases and the home 

nominal interest rate increases relative to the interest rate abroad. If the exchange rate 

                                                 
5  The uncovered interest rate parity (UIRP) condition may not hold in presence of market frictions and 
extraneous noises not associated to exchange rate fundamentals. 
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depreciates at the same proportion to the rise in prices the flexible price regime holds 

(Chicago Theory). On the other hand, a negative sign on the interest rate differential 

coefficient implies the exchange rate appreciates as result of a tight monetary policy and 

a sticky price regime takes place. The rise in the home interest rate relative to the abroad 

one due a tight monetary policy leads to an increase in capital inflow and a consequent 

exchange rate appreciation at least in the short run. If prices are sticky in the short run, 

then a tight monetary policy does not lead an instantaneous fall in the price level and the 

real money supply remains unchanged. The increase in the interest rate generates an 

exchange rate appreciation (Keynesian approach). 

A restricted version of the monetary approach can still be derived if the UIRP 

condition holds. Thus, the UIRP condition can be invoked from equation (5), that is: 

( )*
1

e
t tts i i+∆ = −        (6) 

where the expected change in the exchange rate  ( es∆ ) is proportional to the nominal 

interest rate differential. Equation (5) can be suitably rearranged as follows: 

( ) ( ) ( ) ( ) ( )1 1 1**
11 1 1 e

t t t t tt ty ys m m s eθ κ θ θ θ− − −
+= + − − + − + + +  (7) 

Applying the rational expectations solution to (7) generates the following 

representation: 

( ) ( ) ( )1 **

0
1

1

i

tt t i t i tt i t i
i

y ys m mE
θθ κ ε
θ

∞
−

+ + + +
=

⎛ ⎞ ⎡ ⎤= + − − − +⎜ ⎟ ⎣ ⎦+⎝ ⎠
∑  (8) 

where ( )tt t i t ts s eEφε += − +⎡ ⎤⎣ ⎦ . If no bubbles are present in the stochastic process then 

( )0t Iε → . This means that there is a fundamental solution. Equation (8) constitutes a 

second version of equation (5) assuming that the UIRP condition holds. 

Finally, from equation (5) and following Frankel (1979), it is also possible to 

derive a third version based on the hypothesis of PPP condition holds in the long run. 

The third version considers the use of inflation expectations by market agents to denote 

a second fundamental assumption. It assumes that expected changes in the exchange 

rate are a function of the gap between the current exchange rate and its long-run 

equilibrium value plus the expectations about domestic and abroad inflation rates. In 

practice, the version consists of introducing the expected inflation rate differential 
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( )*π π− in (5) and examining the statistical significance of its parameter. The 

objective of introducing the expected inflation rate is to test if the model is a long-run 

model or a short-run model. This procedure can initially be derived by taking the 

expression as follows: 

( ) *es s sϕ π π∆ = − − + −       (9) 

where π  and *π  are the current expectations of long-run inflation rates at home and 

abroad, respectively. Equation (9) means that expected changes in the exchange rate 

must be proportional to the current gap in the short run ( )s s− , and once s s=  in the 

long run, the expected change must be proportional to the expected long-run inflation 

rate differential ( )*π π− .  

Substituting the UIRP condition into equation (9) and rearranging, the following 

result is obtained: 

( )1 * *[ ( )]s s i iϕ π π−− = − − − −      (10) 

Equation (10) defines the exchange rate gap as a function of the real interest rate 

differential. Thus, in the long-run, when t ts s= , then * *i i π π− = − , where i  and *i  

denote the long-run interest rates. Given that the purchasing power parity (PPP) 

condition holds continuously and * *( ) ( )i i π π− = − , the expression for the long-run 

exchange rate (5) can alternatively be defined as follows: 

*s p p= −  

( ) ( ) ( )** *y ys m m eκ θ π π= − − − + − +    (11) 

If it is also assumed that the equilibrium money supply and income levels are 

defined by their current levels, equation (11) can be introduced into (10) to obtain the 

following final equation: 

           ( ) ( ) ( ) ( )( )* 1 1* * *y ys m m i i eκ θϕ ϕ π π− −= − − − − − + + − +   (12) 

From equation (12) two conclusions can be drawn. Firstly, 1ϕ−  is expected to be 

significantly negative for a sticky-price regime to hold and ( )1 θϕ− +  will equal zero. 
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Secondly, 1ϕ−  is expected to be significantly positive for a flexible-price regime to hold 

and ( )1 θϕ− +  will equal zero6.  

The equations set out in (5), (8) and (12) comprise the economic models 

investigated in this paper: 

Model I :           ner = 1δ (m - m*) – 2δ  (y – y*) +  e     

Model II :         ner = 1δ  (m - mt) – 2δ  (y – y*) + 3δ  (ir – ir*) +  e 

Model III :        ner = 1δ  (m - m*) – 2δ  (y – y*) + 3δ  (ir – ir*) + 4δ  (π – π*) +  e 

 

with 1 21 , 0 ,κδ δ= = < 1
3 0ϕδ −= > for the flexible-price regime and 3 0δ < for the 

stick-price regime, and ( )1
4 0θϕδ −= + = .  

3 - Data 

The data are collected from the International Financial Statistics provided by the 

International Monetary Fund with end-of-quarter periodicity. They consist of two data 

sets: a ten-countries set for industrialised market economies and a seven-countries set 

for emerging market economies. The basic criterion to select countries was based on 

average inflation rate and exchange rate regimes taking into account data availability 

and large exchange rate bands for managed regimes. For the group of industrialised 

market economies the period extends from 1980:1 to 1998:4 as from 1999:1 onwards a 

single currency system (Euro) was in place. For the emerging market economies the 

data extends from 1992:1 to 2002:2 when the non-fixed exchange rate series for most 

countries are available. Particularly, for emerging market economies, the sample period 

is associated with the need to conduct the analysis for a non-fixed exchange rate regime. 

The exchange rate regime follows the classification provided by Reinhart and Rogoff 

(2002). The selected emerging market economies, except Chile, adopt the exchange rate 

regimes based on crawling peg regimes with large bands of exchange rate changes (on 

average 10% bands).  

                                                 
6  Note that 1( )ϕ γ− +  is expected to equal zero as the exchange rate should be entirely determined by 
monetary shocks in the long run. The statistical non-significance of this coefficient implies market 
participants have already incorporated the long run inflation rate into their expectations, and thus the 
equation 3.1.5 is empirically confirmed as the long-run equation for the exchange rate determination. 
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The set of industrialised market economies is composed of Australia, Canada, 

France, Germany, Italy, Japan, Norway, Portugal, Spain, and the United Kingdom. The 

emerging market economies comprise Chile, South Korea, Malaysia, Mexico, South 

Africa, Thailand and Turkey.  

This study conducts the analysis using the nominal exchange rate ( ER ) against 

the US dollar country by country as the endogenous variable.  The regressors denoting 

money supply consist of the logarithm of the broad money supply differential 

( *2 22m Mm− = ) and the narrow money supply differential 1M  constructed in a 

similar way. The use of a broad money supply 2M  allows the examination of its impact 

on the exchange rate based on a concept of lower liquidity assets. The other regressors 

are the logarithm of the real income differential ( *gdp Ygdp− = ) denoted by GDP in 

volume, the interest rate differential ( *ir IRir− = ) based on the money market rate and 

the expected long-run inflation rate differential (π ) formed by the consumer price 

index-CPI ( *π π− = ∏ ).  

The variable denoting the expected long-run inflation rate differential is 

constructed by averaging the quarterly consumer price index over the preceding year, 

that is, a moving average proxy (see Frankel, 1979). Finally, the differentials are 

calculated by assuming the United States as numeraire country denoted by an asterisk7.        

4 – Econometric Methodology 

The procedure of empirical investigation tests the theoretical models as in 

Section 2 by developing the following basic steps: 

- Analysis of unit roots: The panel tests are based on Levin et al. (2002) 

and Im et al. (2003) which allow for panel homogeneity and heterogeneity across units, 

respectively, to the coefficient on the lagged variable; 

- Analysis of cointegration: The panel tests for cointegration follow 

Pedroni (1999) which allows for panel heterogeneity and different cointegranting 

vectors across units;  

- Estimation of cointegration vectors: The econometric estimation 

procedure assumes the results found by Phillips and Moon (1999) and uses the pooled 

                                                 
7  Note that all variables are in logarithm form except the interest rate.  
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mean group (PMG) estimation developed by Pesaran et al. (1999) to estimate the 

cointegration vectors. 

This procedure of investigation is equally applied to the samples of 

industrialised economy countries and emerging economy countries as described in 

Section 2.      

 4.1- Analysis of Unit Roots in Panel Data   

According to Levin, Lin and Chu (2002), inferences about the existence of unit 

roots, and cointegration as well, can be made more powerful by including a cross-

section dimension. The addition of a cross-section dimension can work, in special 

conditions, as repeated draws from the same distribution. Researchers have also 

observed that time and cross-section dimensions together increase the power of the 

panel test statistics and allow distributions of estimators to converge to normality [see 

Baltagi and Kao (2000) and Banerjee (1999)].  

Levin, Lin and Chu (2002) formulated a panel-based unit root test procedure 

which can still incorporate individual specific intercepts and time trends. This procedure 

allows the residual variance and the pattern of higher-order serial correlation to vary 

freely across units. The test is designed to evaluate the null hypothesis that each unit in 

the panel has integrated residuals against the alternative hypothesis that all units have 

stationary residuals. The underlying intuition is that as both cross-section and time 

series dimensions are enlarged, the regression estimators as well as the test statistics 

embody both asymptotic properties of stationary panel data and the asymptotic 

properties of integrated time series data. An interesting feature is that, as opposed to 

non-normal distributions of unit root test statistics for single time series, the panel unit 

root test statistic has a limiting normal distribution.  

Thus, for modelling purposes, it is assumed that the stochastic process is 

composed of a panel of units i = 1,…, N  each of them is observed over time periods 

1,...,t T= . The final objective is to determine whether this process is integrated, that is, 

contains a unit root for each group in the panel. Similarly to the case of a single time 

series (see Dickey and Fuller,1981), an intercept and time trend for each unit can be 

included. Additionally, it is assumed that all units in the panel have identical first-order 

partial correlation, but it is also permitted for all parameters of the disturbance process 

to vary freely across units.  Finally, the rationale of the test consists of analysing, under 
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the null hypothesis, whether each individual time series has a unit root and, under the 

alternative hypothesis, the process { }ity  is trend-stationary for each unit in the panel. 

Nevertheless, the Levin, Lin and Chu’s specification restricts the coefficient on 

the lagged level variable in the unit root test to be homogeneous across units. Im, 

Pesaran and Shin (2003), thus, suggested allowing for heterogeneity related to that 

coefficient under the alternative hypothesis. This suitable modification aims at capturing 

the individual realities in panel studies based on a large number of units8.  

The results of both Levin, Lin and Chu (2002) and Im, Pesaran and Shin (2003) 

tests are reported in Tables 2 and 3 for variables in levels and for variables in first 

difference, respectively.  

 
 
Table 2 – Panel Unit Root Tests: Levels 1 
 

Industrialised 
Economies Emerging Economies Variables         

(In level) LLC test IPS Test LLC test IPS Test 
No trend -1.70639* -3.49072** 2.3702 2.4002 ER Trend -1.70523* -2.45601** -0.22211 -0.07283 
No trend 0.72587 0.47114 0.98656 -0.16911 M2 Trend -0.84174 -1.39407 -0.31366 -0.20887 
No trend 1.40149 -0.06773 -0.95107 -2.13951 M1 Trend -1.29783 -1.69963 -0.44270 -0.75707 
No trend 1.2494 0.06889 -0.12171 -1.91276* Y Trend -0.80508 0.91644 0.06755 -1.13305 
No trend -1.69997* -2.4424** -1.90889* -3.78502** 

IR Trend -1.17553 -1.29126 -2.42927** -5.29192** 
No Trend -0.29289 -1.96485** 2.15877 2.7237 

Π Trend -0.24864 -0.11621 -0.43637 0.44206 
1Critical Values:  * = - 1.645 (5% level) , ** = -1.947 (1% level).  
 
 
 
 
 
 
 
 
 
                                                 
8 The LLC and IPS test procedures were applied by O’Connell (1998) to explain the failure of purchasing 
power parity-PPP to hold in the presence of market frictions.  Also Papell (1997) using data for 21 
industrialised countries from 1973 to 1994 did not reject the unit root null at 10% level for PPP. 
MacDonald (1996), Coakley and Fuertes (1997), O’Connell (1998), Papel and Theodoridis (1998), Ru-
Lin Chiu (2002) also used these test procedures just to cite a few.  The Levin, Lin and Chu test has also 
been employed by Frankel and Rose (1996), Oh (1996) and Lothian (1996). They tested the PPP 
hypothesis using panel data and some of them found evidence supporting this hypothesis. 
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Table 3 – Panel Unit Root Tests: 1st Difference 1 
 

Industrialised 
Economies Emerging Economies Variables        

(In 1st difference) LLC test IPS Test LLC test IPS Test 
No trend Stationary Stationary -7.83054** -10.12823** ER Trend Stationary Stationary -6.27176** -9.54109** 
No trend -7.01133** -9.93503** -8.32932** -10.50587** 

M2 Trend -5.86114** -9.17421** -6.65449** -10.80993** 
No trend -10.1154** -10.76055** -7.14308** -8.94996** M1 Trend -9.36826** -11.99829** -5.48417** -8.00195** 
No trend -11.614** -15.30639** -6.25675** -8.46943** Y Trend -8.97043** -14.09973** -4.77875** -7.61463** 
No trend Stationary Stationary Stationary Stationary IR 

Trend -8.85097** -12.20578** Stationary Stationary 
No Trend -1.71090* -2.35205** -1.78308* -1.96739** Π 

Trend -3.13952** -3.39179** -1.67325* -1.87065* 
1Critical Values:  * = - 1.645 (5% level) , ** = -1.947 (1% level). 

In general, most of the results reported in Table 2 confirmed the expectations. 

The variables in levels were found mostly to be non-stationary at the 5% and 1% levels. 

These results are valid either for panels with trends included or not.  

The exchange rate for industrialised market economies, unexpectedly, was found 

to be stationary in levels for both types of tests.  Some hypotheses arise to explain this 

unexpected result: (1) the power of the cross-section dimension prevailed in order to 

attenuate the non-stationary effects implicit in many time-series; (2) the use of a fixed 

lag order in the ADF regression; (3) the possibility of cross section dependence effects 

take place (see Pesaran, 2003). For emerging market economies the expectation is 

confirmed so that the exchange rate is found to be non-stationary for both versions of 

the panel unit root test9.  

The money supply, based both on the broad concept M2 and the narrow concept 

M1, is found to be non-stationary in levels at the 5% and 1% significance levels, even if 

a heterogeneous trend is included for industrialised and emerging market economies. 

The objective was to examine if the exclusion of lower liquidity assets, included in the 

M2 concept, might bring significant changes to the results. The interest rate differential 

series were found to be stationary for industrialised economies, except when a 

heterogeneous trend is included, and stationary for emerging economies. This finding 

may reveal that the uncovered interest rate parity (UIRP) condition holds, and thus 

models II and III (see section 2) do not hold for both sets of countries. Finally, for the 
                                                 
9  Note, nonetheless, that it is used a fixed lag order 4ip =  in the ADF regression. The tests were also 
applied by using lag order  p = 1, 2, 3, but no significant difference was detected. 
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expected long-run inflation rate series the LLC and IPS tests i nd i ca t e  non - stationary 

behaviour in levels for both types of economies.      

The series in first difference were all found to be stationary with only one 

suitable differentiation. Table 3 reports the results obtained from the LLC and IPS tests 

at the 5% and 1% significance levels10.  

The unexpected stationarity for the nominal exchange rate for industrialised 

market economies suggested that the use of a fixed lag order 4ip =  in the ADF 

regression might lead to misleading conclusions11. Again the IPS test is applied to the 

exchange rate for industrialised market economies, but by allowing different lag orders 

for each country. The traditional procedure to identify the most appropriate lag order 

consists of running successively the ADF regression country by country and obtaining 

the maximum statistically significant lag order ip 12. Next, the standard IPS formula is 

employed for different values of ( ){ }| 0iT iiE pt δ =  and ( ){ }| 0iT iiVar pt δ =  tabulated 

by Im et al. (2003) for different Ts and lag orders.  Table 4 displays the lag order used 

country to country.  

 
Table 4 – Maximum Lag Order in the ADF Regression 
 

E x c h a n g e  R a t e  C o u n t r i e s  
No Intercept Intercept 

Australia 3 3 

Canada 3 3 
France 1 4 
Germany 1 1 
Italy 1 1
Japan 1 1 
Norway 3 3 

Portugal 1 3 

Spain 3 3 

United Kingdom 7 7 
 

                                                 
10  Note also that the inclusion of a trend did not change this conclusion.  
11 The advisable rule is to set a lag order so that it should be relatively small in order to save degrees of 
freedom, but large enough to eliminate a possible autocorrelation in the error process. 
12 The lag order ip  can be different across groups, so the method proposed by Hall (1990) for selecting 
the appropriate lag order can be used. Basically, it consists of , for a given sample length T, choosing a 
maximum lag order using t-statistic on ˆiLθ  to determine if a smaller lag order can be more suitable. 
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The procedure generated the statistics t =Ψ  -2.61586 and t =Ψ -2.37492 without 

and with heterogeneous intercept included, respectively. The results confirmed the 

stationarity in the nominal exchange rate movements for industrialised market 

economies either at the 5% or 1% levels of significance13. Nevertheless, this stationarity 

for nominal exchange rates may be a misleading result as heterogeneous panels are 

supposed to present cross section dependence which affects standard panel unit root 

tests. To deal with this difficulty, Pesaran (2003) proposes a simple testing procedure 

that may asymptotically eliminate the effects of cross sectional dependence in the series. 

Basically, his approach consists of augmenting standard DF and ADF unit root tests 

with cross section averages of lagged levels and first differences of the individual series 

as the following representation:  

, 1 1 ,
0 1

p p

it i i i t i t ij t j i t j it
j j

y b y c y d y yα ε− − − −
= =

∆ = + + + ∆ + ∆ +∑ ∑        ( 13 )  

where 1ty −  and t jy −∆  in (13) are cross section averages of lagged levels and first 

differences, respectively. In essence, by averaging the t-ratios for the coefficient ib  for 

individual series, denoted by individual CADFi statistics, generates a modified version 

of the t-bar test proposed by Im, Pesaran, Shin ( 1

1

N

i
i

CIPS N CADF−

=
= ∑ ) for panel data 

analysis.  

The CIPS test for the exchange rate considering the lag orders displayed in Table 

4 generated CIPS1 = -1.788 and CIPS2 = -1.764 without and with intercept included, 

respectively. Theses results imply the nominal exchange rate for industrialised market 

economies is, in fact, non-stationary at 1% level of significance and the previous results 

of stationarity may be affected by cross section dependence14.  The non-stationarity of 

the series may lead to a long-run relationship between the exchange rate and its 

fundamentals as predicted by the theory. 

 
 

 

                                                 
13   One explanation for this unexpected result may rely on the fact that there may be a very high 
correlation of the nominal exchange rate across countries. When cross-sectional correlation takes place 
the properties of panel tests are violated so that misleading conclusion may emerge.  
14  Pesaran (2003) shows that the limit distribution of the CIPS statistic exists and is free of nuisance 
parameters.  The critical values at 1% level of significance to the present analysis are CIPS1= -1.95 and 
CIPS2= -2.54 without and with intercept included, respectively.  
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4.2 - Analysis of Cointegration in Panel Data   

Additional developments within the empirical and theoretical literature in 

econometrics have led to the development of new methods for testing for cointegration 

in panel data. The Pedroni’s approach (see Pedroni, 1995, 1997) assumes the null 

hypothesis of no cointegration, and it is linked to the ideas of the pioneering work of 

Engle and Granger (1987)15. Pedroni (1997), taking into account the concern for 

working with stationary time series in levels, developed several tests for the null 

hypothesis of no cointegration in panel data. The main contribution of his approach is to 

allow for considerable heterogeneity. Basically, Pedroni (1997) constructed asymptotic 

distributions for test statistics based on heterogeneous dynamics across units, 

endogenous regressors, fixed effects and individual-specific deterministic trends for 

bivariate regressions. Furthermore, Pedroni (1997) reinforces this heterogeneous panel 

approach by including appropriate tests either for common autoregressive roots or for 

heterogeneity across units in autoregressive roots under the alternative hypothesis.  

The Pedroni (1997) method is somewhat limited by focusing only on simple 

bivariate regressions. Thus, Pedroni (1999) extended it and developed a test for the null 

hypothesis of no cointegration for the case with multiple regressors. In fact, the null 

hypothesis of the Pedroni (1999) test statistic is that the variables are not cointegrated 

for each unit in the panel. The alternative hypothesis is that there exists only one 

cointegrating vector for each unit in the panel, although it may differ across units. 

For the analysis proposed in this paper, four statistics out of seven developed by 

Pedroni are selected and reported. The first one is non-parametric and it is analogous to 

the Phillips and Perron (1988) t-statistic, the second is a parametric statistic and it is 

analogous to the familiar augmented Dickey-Fuller t-statistic. The other two statistics 

are based on a group mean approach and they are also analogous to the Phillips and 

Perron t-statistic and augmented Dickey-Fuller t-statistic. The selection criterion 

followed comparative advantage analyses of each statistic based on the underlying data-

generating process (see Pedroni, 1999 for more details)16. 

The statistical properties demonstrated that the test statistics converge to the 

standard normal form ( )0,1N  under the null hypothesis and diverges to negative infinity 

                                                 
15  The general idea of the Engle-Granger method consists of estimating the long-run relationship between 
two (or more) variables, and then inserting the deviations from the long-run path, lagged appropriately, as 
the error correction mechanism into the short-run equation. 
16 Note that, all statistics are constructed using residuals generated by the ADF regression and by the use 
of nuisance parameters estimators. 
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under the alternative hypothesis. In effect, Pedroni (1995, 1997) shows that when both 

the T and N dimensions grow large the individual member statistics of the panel 

cointegration converge to normal distributions by virtue of conditional independence 

across the i members. In practice, the statistics’ interpretation leads to the rejection of 

the null hypothesis of no cointegration whenever large negative values are found.  

The panel cointegration tests are performed on the three different theoretical 

models described in Section 2. The test statistics consider the possibility of two 

alternative statistical approaches. The first one, the panel-test statistic, or the within-

dimension statistic, assumes a common coefficient iγ  in the error process for both 

Phillips-Perron and ADF regressions across units in the panel. The second one, by 

contrast, the group-test statistics, or the between-test statistics, assumes the possibility 

of a different coefficient iγ  across units.  Note once again that as the test statistics 

diverge to negative infinity under the alternative hypothesis, large negative values imply 

the rejection of the null hypothesis. 

The analysis of the results is carried out using the broad and narrow concepts of 

money supply (M2 and M1, respectively). For industrialised market economies, the 

results using M2 demonstrate a clear rejection of the null hypothesis of no cointegration 

at the 5% and 1% significance level, based on the pp-statistics (see Table 5). 

Table 5 – Panel Cointegration Test (M2 for Industrialised Economies) 
                    

Statistics 
Models  Panel   

pp-stat 
Panel 

ADF-stat  
Group 
pp-stat 

Group 
ADF-stat 

No trend -1.7342* -0.8857 -2.7547** -1.20834 Model I1 Trend -1.6847* 0.43146 -2.9997** 0.18148 
No trend -0.50297 -0.10291 -2.6732** -1.16895 Model II2 Trend -2.5121** 0.76852 -4.4698** -0.21497 
No trend -2.6342** 0.21114 -4.1468** -0.32914 Model III3 

Trend -4.9405** -0.84005 -6.8116** -2.12615** 
Critical Values:  * = - 1.645 (5% level) , ** = -1.947 (1% level) . 
1 Model I : er = (m2-m2*) – (y – y*) + e 
2 Model II : er = (m2-m2*) – (y – y*) + (ir – ir*) + e 
3 Model III : er =  (m2-m2*) – (y – y*) + (ir – ir*) + (π – π *) + e 

 
In effect, the panel cointegration tests applied to industrialised market economies 

generated statistically significant Phillips-Perron statistics for all models, except for 

model II with no trend, and based on panel statistics (panel pp-stat) and group statistics 

(group pp-stat). The inclusion of heterogeneous trends did not change the results 

substantially. This result leads to the conclusion that nominal exchange rate movements 

for industrialised market economies are cointegrated with monetary fundamentals. In 
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this case, the monetary approach is appropriate to explain the long-run movements in 

nominal exchange rates. The results revealed that there is a long-run relationship 

between exchange rate movements and monetary fundamentals. It is still important to 

note that the larger absolute values for group statistics may lead to an additional 

conclusion that the cointegrating vectors differ across countries. 

 Nonetheless, this conclusion is entirely based on the Phillips-Perron tests, 

through both the panel PP-statistics and the group PP-statistics. The conclusion for 

cointegration did not hold when the Augmented Dickey-Fuller t-statistic tests (ADF-

stat) were applied to the sample. The panel-statistics and the group-statistics, using a 

fixed lag order ( k =4)17 in the ADF regression, produced results statistically 

insignificant at both levels of significance. It may suggest that a serially correlated error 

process might be present leading to the rejection of the null hypothesis of no 

cointegration in the previous analysis based on the PP-statistics. Hence, the conclusion 

in favour of cointegration between the exchange rate and its fundamentals in 

industrialised market economies may be misleading.  

For emerging market economies, the results displayed in Table 6 demonstrate, 

unequivocally, the non-existence of cointegration between the exchange rate and 

monetary fundamentals for all models tested. The tests, either for panel statistics or 

group statistics, both using the PP-test and ADF-test, revealed that the traditional 

monetary model of the exchange rate does not hold for emerging market economies, 

that is, long-run movements in the exchange rate are not associated with movements in 

monetary fundamentals (see Table 6).  

Table 6 – Panel Cointegration Test (M2 for Emerging Economies)                 
Statistics 

Models  Panel   
pp-stat 

Panel 
ADF-stat  

Group    
pp-stat 

Group 
ADF-stat 

No trend 0.38004 0.31876 1.94724 2.15738 Model I1 Trend 1.65999 1.42158 2.03549 1.67311 
No trend 0.42217 0.64665 1.91327 2.13392 Model II2 

Trend -2.1547** -0.79145 -2.4986** 0.38478 
No trend 0.38861 1.32885 0.5111 0.32414 Model III3 

Trend -1.77286* -0.0158 -0.54592 -0.2304 
Critical Values:  * = - 1.645 (5% level) , ** = -1.947 (1% level) . 
1 Model I : er = (m2-m2*) – (y – y*) + e 
2 Model II : er = (m2-m2*) – (y – y*) + (ir – ir*) + e 
3 Model III : er =  (m2-m2*) – (y – y*) + (ir – ir*) + (π – π *) + e 

                                                 
17  Similar test procedure was applied for lag order k=3, k=2 and k=1, and the results did not differ 
significantly.  
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This is an unexpected result since this class of economies is subject to monetary 

shocks more frequently with adverse effects on the exchange rate. Theoretically, the 

monetary approach to exchange rates should be appropriate to explain exchange rate 

movements in countries with profiles of high inflation rates. Although models II and III 

demonstrated some evidence of cointegration reported by statistically significant panel 

PP-statistics, this result may be due to the inclusion of heterogeneous trends which may 

produce distorted effects on the regression error. The general conclusion is that the null 

hypothesis of no cointegration cannot be rejected for emerging market economies at the 

5% and 1% level of significance.  

The same cointegration tests are also applied to the two sets of countries, but 

now using a narrow concept of money supply M1. Tables 7 and 8 display the results 

obtained for industrialised economies and emerging economies, respectively18. The use 

of M1 as the money supply measure reinforced the hypothesis of no long-run 

relationship between the exchange rate and fundamentals so that no evidence of 

cointegration was found for both sets of industrialised and emerging market economies 

at both levels of significance (see Tables 7 and 8). 

 
Table 7 – Panel Cointegration Test (M1 for Industrialised Economies) 
 

Statistics 
Models  Panel   

pp-stat 
Panel 

ADF-stat 
Group 
pp-stat 

Group 
ADF-stat 

No trend -0.1264 -0.37002 0.24150 -0.48273 Model I1 
Trend -0.13676 1.54556 -0.51128 1.86844 

No trend 0.36883 0.30945 0.59918 0.68433 Model II2 Trend -0.14199 2.32360 -0.79118 2.60654 
No trend 0.81511 2.52654 1.15356 3.33194 Model III3 Trend -0.47995 2.48842 -1.41895 2.84885 

Critical Values:  * = - 1.645 (5% level) , ** = -1.947 (1% level) . 
1 Model I : er = (m1-m1*) – (y – y*) + e 
2 Model II : er = (m1-m1*) – (y – y*) + (ir – ir*) + e 
3 Model III : er =  (m1-m1*) – (y – y*) + (ir – ir*) + (π – π *) + e 
 
 
 
 
 
 
 
                                                 
18 Note that, once again, the lag order for the ADF regression is fixed to be 4k=  in order to keep a 
standard strategy of investigation.   



 21

Table 8 – Panel Cointegration Test (M1 for Emerging Economies) 
 

Statistics 
Models  

Panel   
pp-stat 

Panel 
ADF-stat  

Group    
pp-stat 

Group 
ADF-stat 

No trend -1.83183* 3.37106 -2.12968** 4.34182 
Model I1 Trend -1.88045* -1.04853 -1.03453 -0.59187 

No trend -0.04141 3.84923 -1.03624 4.70848 
Model II2 Trend -1.58517 -0.46867 -0.51591 0.82264 

No trend 0.14393 2.22686 -0.00305 2.18307 
Model III3 Trend -3.0118** -2.51079** -2.91793** -1.57446 

Critical Values:  * = - 1.645 (5% level) , ** = -1.947 (1% level) . 
1 Model I : er = (m1-m1*) – (y – y*) + e 
2 Model II : er = (m1-m1*) – (y – y*) + (ir – ir*) + e 
3 Model III : er =  (m1-m1*) – (y – y*) + (ir – ir*) + (π – π *) + e 

 

4.3 - Method of Econometric Estimation 

The results of the previous section raise an important issue when the hypothesis 

of cointegration does not hold, which relates to the third contribution proposed for this 

paper. Phillips and Moon (1999) demonstrated that long-run average relations between 

integrated panel vectors can be found even if no cointegration is detected by pooling 

data. The pooling data technique appears to meet Phillips and Moon (1999)’s points 

better as data on the different units over several periods of time are gathered within a 

same model.. As compared to a single cross-section, the pooling data procedure 

provides an advantage by relaxing assumptions that are implicit in cross-sectional 

analysis. 

An efficient econometric method of estimation designed to overcome the 

potential bias in panel cointegrated regression models is the pooled mean group (PMG) 

estimator proposed by Pesaran, Shin and Smith - PSS (1999). Basically, the PMG 

estimation method consists of an intermediate procedure between the traditional pooled 

regression method which assumes that the slope coefficients and error variances are 

identical, and the mean group (MG) estimator which estimates N  separate regressions 

and averages the coefficients. Pesaran and Smith (1995) point out that the major 

difficulty related to the MG estimator is that it does not take into account that in panel 

regression models some parameters may be the same across units. Although the MG 

estimator provides consistent estimates of the mean long-run parameters, they will be 

inefficient if long-run homogeneity holds. The PMG estimator imposes constraints on 
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the long-run coefficients by assuming them to be identical, but allows for short-run 

coefficients and error variances to differ freely across units.  

The PMG estimator also offers the possibility of setting different dynamic 

specifications across units, such as the number of lags included in the model for 

example, without imposing equality of the short-run coefficients. Furthermore, it also 

assumes that different units are supposed to be influenced by common factors 

(technologies, budget constraints, arbitrage conditions etc.) set up in a long-run 

homogeneous framework. Thus, it supposes that equilibrium relationships between 

variables are similar across different units in the long run. Accordingly, under a long-

run slope homogeneity assumption, the PMG estimator is able to provide consistent and 

efficient estimates. 

Hence, if there is actually a long-run relationship between the exchange rate and 

its monetary fundamentals, it is expected that the use of the PMG estimation procedure 

is able to produce statistically significant estimates of the long-run coefficients. Section 

4.3.1 presents the main empirical findings from applying the PMG procedure to the 

exchange rate and monetary fundamentals.   

4.3.1 – PMGE and Exchange Rate Fundamentals 

The pooled mean group (PMG) estimation procedure is applied to the theoretical 

model discussed in Section 2. Basically, the empirical model for the monetary approach 

to the exchange rate follows a similar structure to that employed by Pesaran, Shin and 

Smith (1999), who examined the standard consumption function in Davidson et al. 

(1978) for a sample of OECD countries. The proposal is to analyse three different 

empirical models, including also an interpretation of the interest rate and the expected 

future inflation rate differentials in the exchange rate equation. The maximum lag order 

is 3 which allows enough time for monetary fundamentals disturbances to affect 

movements in the exchange rate19. Finally, an empirical autoregressive distributed lag 

(ARDL) equation is constructed for the three specifications presented in Section 2. The 

full long-run exchange rate specification is given by: 

( ) ( ) ( ) ( )** * *
0 1 2 3 4it i i it it i i it it i it it itit ity yer m m ir ir uθ θ θ θ θ π π= + − − − + − + − +    ( 14)              

1, 2,..., 1, 2,...,i N and t T= =  

                                                 
19  Note that the lag orders k=2 and k=1 were also applied and the results did not differ significantly. 
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where iter  is the nominal exchange rate and ( )*
it itm m− ,  ( )*

it ity y− , ( )*
it itir ir−  and 

( )*
it itπ π−  correspond, respectively, to the differential between the domestic and 

foreign money supply, the real income, the interest rate and the expected future inflation 

rate. According to the theory,  the coefficient 1tθ  is expected to be one if the monetary 

approach to the exchange rate holds. Once this hypothesis holds, the PMG estimation 

procedure enables the estimation of a common long-run coefficient and additional tests.  

The general representation of an ARDL (3,3,3,3,3) is denoted as follows: 

3 3 3 3 3

1 2 3 4 5
1 0 0 0 0

it iq it q iq it q iq iq it q iq it q iti it q
q q q q q

yer er m irµ λ δ δ δ δ π ε− − − −−
= = = = =

= + + − + + +∑ ∑ ∑ ∑ ∑  

                ( 15 )  

and the general error correction representation - ECM of (15) is given by: 

( )
3 3

1 0 1 1 2 3 1 4 1 1 21
1 0

it it i i it i i it i it iq it q iq it qi it
q q

yer er m ir er mφ θ θ θ θ θ π δ δ− − − − − −−
= =

= − − + − − + ∆ + ∆∆ ∑ ∑
3 3 3

3 4 5
0 0 0

qi qi it q qi it q itit q
q q q

y irδ δ δ π ε− −−
= = =

− ∆ + ∆ + ∆ +∑ ∑ ∑       ( 16 )  

 

where from (16): 
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From equation (16) three different error correction empirical models can be 

derived, as defined theoretically in Section 2. The three empirical models examined for 

industrialised and emerging market economies are as follows: 
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I -  

( )
3 3 3

1 0 1 1 2 1 2 31
1 0 0

it it i i it i qi it q qi it q qi iti it it q
q q q

y yer er m er mφ θ θ θ δ δ δ ε− − − −− −
= = =

= − − + + ∆ + ∆ − ∆ +∆ ∑ ∑ ∑
 

I I  -  

( )
3 3 3

1 0 1 1 2 3 1 1 2 31
1 0 0

it it i i it i i it qi it q qi it q qii it it q
q q q

y yer er m ir er mφ θ θ θ θ δ δ δ− − − − −− −
= = =

= − − + − + ∆ + ∆ − ∆∆ ∑ ∑ ∑
3

4
0

qi it q it
q

irδ ε−
=

+ ∆ +∑  

I I I -  

( )
3 3

1 0 1 1 2 3 1 4 1 1 21
1 0

it it i i it i i it i it qi it q qi it qi it
q q

yer er m ir er mφ θ θ θ θ θ π δ δ− − − − − −−
= =

= − − + − − + ∆ + ∆∆ ∑ ∑
3 3 3

3 4 5
0 0 0

qi qi it q qi it q itit q
q q q

y irδ δ δ π ε− −−
= = =

− ∆ + ∆ + ∆ +∑ ∑ ∑   

 

The economic literature points out to the existence of a positive relationship 

between the money supply and the exchange rate so that it is expected that the sign on 

the money supply coefficient is positive and statistically equal to one. The idea is that an 

increase in the money supply differential leads to a proportional change in the exchange 

rate. Although the program and the procedures to run the models were the same, some 

results showed unexpected negative signs on the money supply coefficient.  The 

strategy to deal with this problem was to identify countries in the sample which might 

be potentially affecting the results. This procedure produced a substantial improvement 

in the results by dropping Australia and Mexico from the sample for industrialised 

market economies and emerging market economies, respectively. Additionally, a 

common trend was also included for industrialized economies which brought about a 

better result for the estimated coefficients. However, the introduction of a similar 

common trend for emerging market economies did not bring about significant 

improvements.  Although these two devices were successful in promoting econometric 

improvements, the results for M2, the broad money supply measure, did not have a 

coherent economic interpretation. Hence, the outputs for the models I, II, and III, using 

M2 as a regressor for both sets of countries were excluded from the analysis since they 

computed negative signs on the money supply coefficient and positive signs on the real 

income coefficient.  
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The standard econometric procedures used to run all the different empirical 

models also included the use of a common deterministic regressor (an intercept). 

Moreover, in order to prevent the possibility of common factor effects, since lagged 

dependent variables are used as regressors, the data were cross-section demeaned. The 

lag orders adopted for industrialised and emerging market economies were based on the 

Schwarz Bayesian criterion (SBC) on the unrestricted model subject to a maximum lag 

order of three. For industrialised market economies, using M1 as a regressor, the SBC 

revealed that the most common lag order are ADRL (1,1,0), ADRL (1,1,0,0) and ADRL 

(1,1,0,0,0) for the models I, II and III, respectively. For emerging market economies, 

using M1 as a regressor, the lag order was found to be dispersed, but an ADRL (1,1,0) 

and (1,1,0,0) prevailed for the empirical models I and II, respectively. The mean group 

estimates were used as initial estimates of the long-run parameters20.  

The econometric results were organised in three different groups: the first one 

reports country by country long-run estimates based on panel OLS (group-specific 

estimation), the second one reports country by country long-run estimates based on 

PMG, the third one reports the long-run coefficient estimates and long-run relationships 

of the model based on MG and PMG procedures for the summation of countries as 

whole. 

In practice, for a long-run relationship to hold it is required that iφ  (see equation 

16) is statistically negative. Hence, for industrialised market economies, using M1 as a 

regressor and empirical model I, the results based on country by country panel OLS for 

seven countries, excluding Canada, Italy and the United Kingdom which had 

insignificant coefficient iφ , supported a long-run relationship between the money 

supply, real income and the exchange rate at the 5% level of significance. The results of 

country by country PMG, revealed that all countries had long-run relationships as iφ  

was found to be statistically significant (see Table 9). This shows that PMG 

performances better than OLS. Moreover, the long-run relationship estimated by MG 

and PMG was found to be statistically significant for the summation of industrialised 

market economies as whole (see Table 9). The long-run coefficients, estimated by MG 

and by PMG, were positive for M1 and negative for real income for the summations of 

                                                 
20 The pooled mean group (PMG) computations were carried out using the Newton-Raphson algorithm in 
a program written in Gauss language.  
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countries as whole and this result met the expected signs according to the theoretical 

economic model I (see Table 10). 

Table 9  –  Long-run Relationship for Industrialised Economies* 
                                                    (by Country) 

M o d e l  I  M o d e l  I I  M o d e l  I I I  
C o u n t r i e s  

iφ O L S  iφ P M G  iφ O L S  iφ P M G  iφ O L S  iφ P M G  

C a n a d a  - 0 . 0 4 2 3  
( - 0 . 4 1 7 )  

- 0 . 1 2 5   
( - 3 . 5 9 4 )  

- 0 . 0 3 6 5  
( - 0 . 3 3 1 )  

- 0 . 1 3 1   
( - 3 . 4 0 5 )  

0 . 0 8 3 8   
( - 0 . 6 9 9 )  

- 0 . 1 3 1   
( - 3 . 4 0 5 )  

F r a n c e  - 0 . 1 2 3 3  
( - 2 . 4 1 8 )  

- 0 . 0 4 7   
( - 2 . 7 5 7 )  

- 0 . 1 1 8 7  
( - 2 . 0 4 6 )  

- 0 . 0 5 4   
( - 1 . 8 9 6 )  

- 0 2 2 5 5  
( - 3 . 4 0 2 )  

- 0 . 0 5 3   
( - 1 . 8 7 3 )  

G e r m a n y  - 0 . 1 0 5 8  
( - 2 . 1 2 5 )  

- 0 . 1 2 9   
( - 3 . 0 2 2 )  

- 0 . 1 0 8 8  
( - 2 . 1 1 )  

- 0 . 1 2 4   
( - 2 . 9 8 6 )  

- 0 . 1 8 0 2  
( - 2 . 6 7 7 )  

- 0 . 1 1 8   
( - 2 . 8 6 1 )  

I t a l y  - 0 . 0 4 9 4  
( - 1 . 1 2 9 )  

- 0 . 1 0 2   
( - 2 . 6 7 2 )  

- 0 . 1 7 9   
( - 3 . 5 1 4 )  

- 0 . 1 3 8   
( - 3 . 2 4 9 )  

- 0 . 2 0 0 6  
( - 3 . 5 9 8 )  

- 0 . 1 4     
( - 3 . 2 9 4 )  

J a p a n  - 0 . 1 3 9 5  
( - 2 . 9 9 7 )  

- 0 . 1 4 5  ( -
4 . 2 0 4 )  

- 0 . 1 3 5 3  
( - 2 . 7 7 5 )  

- 0 . 1 5 4   
( - 4 . 1 6 9 )  

- 0 . 1 1 4 9  
( - 1 . 8 2 2 )  

- 0 . 1 5 2   
( - 4 . 1 1 3 )  

N o r w a y  - 0 . 4 3 3 1  
( - 4 . 3 9 4 )  

- 0 . 4 2 7  ( -
4 . 4 9 6 )  

- 0 . 4 7 5 6  
( - 5 . 0 4 9 )  

- 0 . 4 1 9  ( -
4 . 7 6 3 )  

- 0 . 4 6 9 4  
( - 4 . 8 7 3 )  

- 0 . 4 1 1  ( -
4 . 6 7 4 )  

P o r t u g a l  - 0 . 0 6 0 9  
( - 2 . 8 8 4 )  

- 0 . 0 3 5  ( -
2 . 8 2 7 )  

- 0 . 0 6 6 2  
( - 2 . 7 1 3 )  

- 0 . 0 4 8  ( -
2 . 1 4 6 )  

- 0 . 0 3 1 7  
( - 0 . 6 5 8 )  

- 0 . 0 5 6  ( -
2 . 1 8 9 )  

S p a i n  - 0 . 1 3 2 2  
( - 3 . 1 1 1 )  

- 0 . 0 7 5  ( -
2 . 4 2 2 )  

- 0 . 1 3 4 8  
( - 3 . 3 1 6 )  

- 0 . 0 8 1  ( -
2 . 6 6 1 )  

- 0 . 0 9 7  ( -
2 . 3 9 2 )  

- 0 . 0 8 2  ( -
2 . 7 0 6 )  

U n i t e d  
K i n g d o m  

- 0 . 3 7 7 4  
( - 1 . 6 3 8 )  

- 0 . 0 7 5  ( -
2 . 5 0 1 )  

- 0 . 1 1 7 4  
( - 1 . 0 0 7 )  

- 0 . 0 8 5  ( -
2 . 7 6 4 )  

- 0 . 1 1 6 8  
( - 1 . 3 9 1 )  

- 0 . 0 8 5  ( -
2 . 7 9 3 )  

*  T h e  s t a t i s t i c s  i n  p a r e n t h e s i s  a r e  t - s t a t i s t i c s .  

 
T a b l e  1 0  –  A l t e r na t i v e s  P o o l e d  E s t i m a t e s  U s i n g  M 1  -  
                         I n d u s t r i a l i s e d  E c o n o m i e s 1  

1 Figures in parentheses and brackets are t-statistics and p-values, respectively. 
*  Hausman Test Statistics. 

 

M o d e l  I  
M G E  P M G E  S t a t i s t i c s  

M 1  y  i r  π  iφ  M 1  y  i r  π  iφ  L R  H - T *  

2 . 6 6 7  
( 1 . 4 7 )  

- 5 . 6 6 6   
( - 1 . 2 2 4 )  -  -  - 0 . 1 4 3   

( - 3 . 5 8 3 )  
1 . 0 1 5  

( 4 . 3 2 2 )
- 0 . 1 6     

( - 1 . 6 9 7 )  -  -  - 0 . 1 2 9   
( - 3 . 2 9 8 )  

3 7 . 2 8  
[ 0 . 0 0 2 ]

1 . 8 5  
[ 0 . 4 0 ]  

M o d e l  I I  
M G E  P M G E  S t a t i s t i c s  

M 1  y  i r  π  iφ  M 1  y  i r  π  iφ  L R  H - T *  

3 . 2 6 4  
( 1 . 9 1 )  

- 2 . 2 5 7  
( - 2 . 2 8 )  

0 . 0 2  
( 1 . 9 1 )  -  - 0 . 1 5 2  

( - 3 . 5 7 )  
0 . 8 8 8  
( 3 . 9 8 )

- 0 . 4 1 9  
( - 2 . 7 5 )  

0 . 0 1 1  
( 3 . 2 5 )  -  - 0 . 1 3 7  

( - 3 . 6 7 )  
5 7 . 4 1  

[ 0 . 0 0 0 ]
5 . 3  

[ 0 . 1 5 ]  

M o d e l  I I I  
M G E  P M G E  S t a t i s t i c s  

M 1  y  i r  π  iφ  M 1  y  i r  π  iφ  L R  H - T *  

2 . 2 2 9  
( 1 . 2 2 )  

- 2 . 4 1 3  
( - 1 . 6 6 )  

0 . 0 2 7  
( 2 . 7 7 )  

- 1 . 5 2 9  
( 1 . 4 1 )  

- 0 . 1 7 4  
( - 4 . 1 1 )  

0 . 9 0 1  
( 3 . 9 )  

- 0 . 4 6 2  
( - 2 . 3 9 )  

0 . 0 1 1  
( 3 . 2 4 )  

- 0 . 0 8 2  
( - 0 . 3 5 )  

- 0 1 3 6  
( - 3 . 7 1 )  

8 6 . 4 6  
[ 0 . 0 ]  

5 . 8 4  
[ 0 . 2 ]  
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The empirical model II includes the interest rate differential as an additional 

regressor, and it implies that UIRP does not hold. The results of country by country 

panel OLS showed that Canada and the United Kingdom do not have a long-run 

relationship between exchange rate movements and monetary fundamentals. In contrast, 

the results of country by country PMG revealed that all countries have a long-run 

relationship. The coefficients iφ  were all found to be statistically significant (see Table 

9). Significant long-run relationships between fundamentals and exchange rate were 

also found for the summation of the countries as a whole by MG and PMG procedures 

(see Table 10). Additionally, a statistically significant positive coefficient was found on 

the interest rate differential by MG and PMG procedures which can be interpreted as 

evidence in favour of a flexible-price regime (see Table 10)21. The other coefficients 

had the signs predicted by the theoretical economic model.  

Empirical model III, which includes the expected future inflation rate differential 

as an additional regressor, and assumes that UIRP does not hold, produced poorer 

results from the country by country panel OLS, revealing the inexistence of a long-run 

relationship for three countries (Canada, Portugal and the United Kingdom). The 

country by country PMG, on the other hand, produced estimates for the coefficient iφ  

statistically significant for all countries investigated (see Table 9 ) .  Furthermore, and 

confirming the results obtained for empirical models I and II, MG and PMG procedures 

revealed once again long-run relationships for industrialised market economies as a 

whole (see Table 10). The coefficient on the interest rate differential had a positive sign 

for the summation of developed economies using MG and PMG, supporting the 

flexible-price context. The other expected signs on coefficients were only correctly 

estimated by PMG. The coefficient on the expected future inflation rate differential 

estimated by MG and PMG for the summation of countries as a whole was found to be 

statistically insignificant (see Table 10). This is an important finding and it reveals that 

the expected future inflation rate may have already been incorporated into the long-run 

fundamental economic model of the exchange rate by market agents and captured by the 

money supply differential. It also confirms the theoretical prediction that expectations of 

future inflation are not relevant to explain exchange rate movements (see Section 2).    

                                                 
21 According to the theoretical literature (see Section 2) a positive sign on the interest rate differential 
coefficient reveals that changes in the price level are accommodated by adjustments on the exchange rate 
for a given money supply. 
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The long-run coefficient on the money supply estimated for the summation of 

industrialised market economies as a whole provided statistically significant values 

close to one for all economic models. This important result confirms the values 

predicted by the theoretical model. The estimates on the M1 coefficient computed by 

PMG were 1.0156 (t-statistic for 1iθ = 1  is 0.0652), 0.888 (t-statistic for 1iθ =1  is -

0.5091), 0.9012 (t-statistic for 1iθ = 1  is -0.4304) for empirical models I, II, III, 

respectively, which were not found to be statistically different from one as predicted by 

the theory (see Table 10).   

Another relevant finding was computed by the likelihood ratio (LR) statistic and 

the Hausman test statistic. The LR statistic, which is distributed as a ( )2 16χ ,   ( )2 24χ  

and  ( )2 32χ   for empirical models I, II and III, respectively, tests for equal long-run 

parameters using M1 as a regressor. This statistic rejected the assumption of equal long-

run parameters supporting the hypothesis that long-run coefficients differ across 

countries. The Hausman statistic also tested the same hypothesis based on 

( ) ( ) 0V MGE V PMGE− =  for the three empirical models having M1 as a regressor. 

The hypothesis of a significant difference for the long-run parameters across countries 

did not hold (see Table 10). The interpretation given by the Hausman test did suggest 

that the long-run coefficients do not differ across countries and that there is long-run 

homogeneity22.  

In relation to emerging market economies, empirical models I and II, using M1 

as a regressor, were considered theoretically relevant given the signs computed on the 

money supply coefficient. Although the results of empirical model III were reported the 

coefficient signs were not theoretically consistent (see Table 11). Note also that 

Mexico’s data were dropped out from the sample. As opposed to industrialised market 

economies, the inclusion of a common trend did not produce substantial improvements 

to the results. Hence, the estimates generated from country by country panel OLS for 

empirical model I demonstrated that only two countries out of six had a long-run 

relationship between the exchange rate and monetary fundamentals. Chile and South 

Africa had coefficients iφ  statistically significant at the 5% level of significance for 

empirical model I with M1 as a regressor. When the data were analysed for the country 

                                                 
22  The literature usually points out the Hausman test as more robust than LR statistic test.  
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by country PMG procedure, the results did not show substantial improvements in 

comparison with panel OLS computations, as just three out of six countries (Chile, 

South Korea and Turkey) had a statistically significant long-run relationship (see Table 

11). For empirical model II, South Korea and South Africa had significant long-run 

relationships estimated by country by country panel OLS. Chile, Malaysia and Turkey 

had significant long-run relationships estimated by country by country PMG. For 

empirical model III only Malaysia did not have a significant long-run relationship for 

both estimation procedures (see Table 11). Chile was the only country that had a long-

run relationship for both estimation procedures, that is panel OLS and PMG, for the 

three empirical models. The other countries had mixed results which do not allow a 

robust conclusion. In contrast to the individual computations country by country, 

significant long-run relationships between exchange rate movements and monetary 

fundamentals were revealed for the panel of countries as whole for empirical models I 

and III. PMG computed the coefficient iφ  as statistically significant for empirical 

models I and III and the MG method for empirical model III, exceptionally. Empirical 

model II did not produce a statistically significant long-run relationship for the 

summation of emerging market economies as whole by both MG and PMG (see Table 

12). The coefficients on the money supply differential were statistically insignificant for 

empirical models I and II. This was an unexpected result and it may be interpreted that 

monetary shocks do not explain exchange rate movements in the long run for emerging 

market economies. Furthermore, empirical model III did not produce the expected sign 

on the money supply coefficient for both estimation procedures (see Table 12). The 

coefficients on the real income differential revealed significant negative signs predicted 

by the theory for both the MG and PMG procedures. The significant positive signs 

found for the interest rate differential confirmed, once again, that the hypothesis of a 

flexible-price context also holds for emerging market economies.    
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Table 11 – Long-run Relationship for Emerging Economies*  
                                               (by Country) 

M o d e l  I  M o d e l  I I  M o d e l  I I I  C o u n t r i e s  
iφ O L S  iφ P M G

iφ O L S
iφ P M G

iφ O L S  iφ P M G  

C h i l e  - 0 . 0 6 4 5  
( - 1 . 8 9 1 )  

- 0 . 0 4 2 3  
( - 2 . 2 8 6 )  

- 0 . 0 4 6 4  
( - 1 . 3 8 9 )  

- 0 . 0 1 5 5  
( - 1 . 8 7 5 )  

- 0 . 4 0 0 3  
( - 2 . 1 6 4 )  

- 0 . 3 4 5 2  
( - 3 . 3 8 4 )  

S .  K o r e a  - 0 . 0 7 4 3  
( - 1 . 6 0 9 )  

- 0 . 0 7 3 5  
( - 1 . 7 5 1 )  

- 0 . 0 7 6 6  
( - 1 . 6 7 9 )  

- 0 . 0 1 4 3  
( - 1 . 3 2 3 )  

- 0 . 7 5 8 2  
( - 7 . 6 1 9 )  

- 0 . 6 8 7  
( - 7 . 5 9 6 )  

M a l a y s i a  - 0 . 0 3 5 2  
( - 1 . 1 2 6 )  

- 0 . 0 3 0 9  
( - 1 . 0 5 3 )  

- 0 . 0 2 5 3  
( - 0 . 9 1 1 )  

- 0 . 0 2 7  
( - 2 . 1 8 3 )  

- 0 . 2 0 4  
( - 1 . 5 6 8 )  

- 0 . 1 1 3 2  
( - 1 . 5 8 1 )  

S .  A f r i c a  - 0 . 3 8 4 6  
( - 2 . 7 5 7 )  

- 0 . 0 0 8  
( - 1 . 0 2 9 )  

- 0 . 3 8 5 1  
( - 2 . 7 0 4 )  

- 0 . 0 0 3 5  
( - 0 . 8 4 3 )  

- 0 . 8 0 1 9  
( - 5 . 7 6 4 )  

- 0 . 1 8 0 6  
( - 1 . 9 6 8 )  

T h a i l a n d  - 0 . 0 1 6 3  
( - 0 . 6 7 6 )  

- 0 . 0 1 7 5  
( - 0 . 9 6 1 )  

- 0 . 0 1 0 2  
( - 0 . 4 2 3 )  

- 0 . 0 1 4 3  
( - 1 . 5 9 8 )  

- 0 . 9 0 2 6  
( - 5 . 8 7 3 )  

- 0 . 4 6 0 4  
( - 4 . 7 6 8 )  

T u r k e y  - 0 . 0 1 4 3  
( - 1 . 3 7 9 )  

- 0 . 0 1 4 9  
( - 1 . 9 5 4 )  

- 0 . 0 1 2 1  
( - 1 . 3 2 9 )  

- 0 . 0 1 6 1  
( - 2 . 9 0 8 )  

- 0 . 5 0 4 5  
( - 3 . 7 1 4 )  

- 0 . 9 0 2 6  
( - 5 . 8 7 3 )  

*  T h e  s t a t i s t i c s  i n  p a r e n t h e s i s  a r e  t - s t a t i s t i c s .  

T a b l e  1 2  –  A l t e r na t i v e s  P o o l e d  E s t i m a t e s  U s i n g  M 1  -  
                             E m e r g i n g  E c o n o m i e s 1  

1 Figures in parentheses and brackets are t-statistics and p-values, respectively. 
*  Hausman Test Statistics. 

It is also of interest to highlight that the likelihood ratio (LR) statistic, 

distributed as a ( )2 10χ ,  did not reject the hypothesis of equal long-run parameters for 

empirical models I and II using M1. This result was confirmed by the Hausman test 

statistic (see Table 12). In essence, it means that the exchange rate movements in 

emerging market economies are affected similarly in the long run.  

Finally, the computations for 2R  and 2R  of the ECM did not 

demonstrate a good performance. The three empirical models generated very low values 

for these two statistics for both sets of economies in the sample. This may lead to the 

M o d e l  I  
M G E  P M G E  S t a t i s t i c s  

M 1  y  i r  π  iφ  M 1  y  i r  π  iφ  L R  H - T *  

0 . 3 2 4  
( 0 . 5 6 )  

- 2 . 6 3 7     
( - 2 . 5 4 3 )  -  -  - 0 . 0 9 8  

( - 1 . 6 9 )  
0 . 0 0 2  
( 0 . 0 5 )

- 2 . 5 4 1   
( - 4 . 4 8 9 )  -  -  - 0 . 0 3 1  

( - 3 . 1 7 )  
1 1 . 6 1 5  

[ 0 . 3 1 1 6 ]  
0 . 8 4  

[ 0 . 6 6 ]  

M o d e l  I I  
M G E  P M G E  S t a t i s t i c s  

M 1  y  i r  π  iφ  M 1  y  i r  π  iφ  L R  H - T *  

1 . 0 3 3  
( 1 . 1 4 )  

- 3 . 3 7 1  
( - 2 . 6 4 )  

0 . 0 6 8  
( 2 . 7 3 )  -  - 0 . 0 1 9  

( - 1 . 3 7 )  
1 . 7 5 1  
( 1 . 6 7 )  

- 3 . 2 9 9  
( - 2 . 9 2 )  

0 . 0 9 5  
( 2 . 3 7 )  -  0 . 0 0 3  

( 0 . 6 8 8 )  
1 5 . 1 4 4  

[ 0 . 4 4 1 1 ]  n . a  

M o d e l  I I I  
M G E  P M G E  S t a t i s t i c s  

M 1  y  i r  π  iφ  M 1  y  i r  π  iφ  L R  H - T *  

- 0 . 4 2 8  
( - 5 . 1 )  

- 0 . 2 0 3  
( - 1 . 2 )  

0 . 0 0 4  
( 1 . 1 2 3 )  

0 . 8 2 1  
( 7 . 0 8 )  

- 0 . 5 9 5  
( - 5 . 4 1 )  

- 0 . 4 2 4  
( - 1 1 . 7 )  

- 0 . 3 7 1  
( - 6 . 6 )  

0 . 0 0 3  
( 3 . 2 4 )  

0 . 8 9 8  
( 7 . 4 7 )  

- 0 . 3 8 1  
( - 4 . 3 8 )  

8 3 . 6 2  
[ 0 . 0 0 ]  n . a .  
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conclusion that the monetary approach to exchange rate determination is not able to 

capture the degree of variation that exchange rate data shows. Tables 13 and 14 present 

these computations for industrialised and emerging market economies, respectively23. 

 
T a b l e  1 3  –  2R  a n d  2R   E s t i m at e d  b y  P M G  U s i n g  M 1  -  
                          I n d u s t r i a l i s e d  E c o n o m i e s  

M o d e l  I  M o d e l  I I  M o d e l  I I I  C o u n t r i e s  
2R  2R  2R  2R  2R  2R  

C a n a d a  0 . 3 9  0 . 3 3 5  0 . 3 8  0 . 3 1 5  0 . 3 8 1  0 . 3 0 4  

F r a n c e  0 . 3 7 3  0 . 3 2 7  0 . 3 7 7  0 . 3 2 2  0 . 3 7 7  0 . 3 1 2  

G e r m a n y  0 . 3 4 6  0 . 2 8 8  0 . 3 4 4  0 . 2 7 6  0 . 3 3 9  0 . 2 5 9  

I t a l y  0 . 2 5 7  0 . 1 4 8  0 . 3 4 4  0 . 2 7 6  0 . 2 5 8  0 . 1 6 8  

J a p a n  0 . 5 4 1  0 . 4 9 1  0 . 5 3 8  0 . 4 8 1  0 . 5 3 8  0 . 4 7 2  

N o r w a y  0 . 2 1 5  0 . 1 7  0 . 3 0 8  0 . 2 4 7  0 . 3 0 7  0 . 2 3 5  

P o r t u g a l  0 . 2 2 2  0 . 1 7 7  0 . 2 3 5  0 . 1 7 9  0 . 3 1 9  0 . 2 3 5  

S p a i n  0 . 1 4 7  0 . 0 8 4  0 . 1 1 8  0 . 0 5 4  0 . 1 2 1  0 . 0 4 3  

U K  0 . 4 4 8  0 . 3 9 8  0 . 4 5 7  0 . 4 0  0 . 4 5 8  0 . 3 9 2  

 

 
T a b l e  1 4  –  2R  a n d  2R   E s t i m at e d  b y  P M G  U s i n g  M 1  -  
                             E m e r g i n g  E c o n o m i e s  

M o d e l  I  M o d e l  I I  M o d e l  I I I  C o u n t r i e s  
2R  2R  2R  2R  2R  2R  

C h i l e  0 . 5 7 6  0 . 4 6 7  0 . 4 9 7  0 . 4 0 6  n . a .  n . a .  

K o r e a  0 . 4 8  0 . 4 0 6  0 . 4 8 5  0 . 4 2 8  n . a .  n . a .  

M a l a y s i a  0 . 5 2 9  0 . 4 4 6  0 . 3 3 7  0 . 2 6 3  n . a .  n . a .  

S .  A f r i c a  0 . 5 2 5  0 . 4 1 7  0 . 5 2 9  0 . 4 4  n . a .  n . a .  

T h a i l a n d  0 . 4 2 8  0 . 3 4 4  0 . 5 6 4  0 . 5 0  n . a .  n . a .  

T u r k e y  0 . 6 5 4  0 . 5 9 3  0 . 5 6 4  0 . 5 0  n . a .  n . a .  

 

 

 

                                                 
23  The investigation developed in this paper differs from Rapach and Wohar (2004) by firstly conducting 
the study for two different categories of economies: industrialised and emerging economies.  Secondly, 
three versions of the monetary model are tested in which two of them assume that UIRP does not hold. 
This hypothesis is important by assuming that factors others than monetary ones may affect the 
performance of the model. Thirdly, the long-run inflation rate differential as a third variable tests the 
validation of the long-run approach.  Finally, in contrast to Rapach and Wohar different exchange rate 
regimes are considered in economic context distinct.   
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5 - Conclusion 

The central aim of this paper was to develop an additional contribution to 

improve the understanding of the relationship between monetary fundamentals and 

exchange rate movements. The research strategy consisted of using the standard 

theoretical monetary model based on traditional variables believed to explain exchange 

rate behaviour and test it for two different economic environments in panel data format. 

It was expected that the monetary approach to the exchange rate would have different 

explanatory power for these distinct economies.  

The panel cointegration tests for industrialised market economies showed 

some evidence, but not robust, of cointegration. The results for emerging market 

economies rejected the hypothesis of cointegration between exchange rate movements 

and monetary fundamentals. Hence, the hypothesis that monetary fundamentals 

determine exchange rate movements was not supported robustly by the cointegration 

method. The econometric estimation procedures based on the pooled mean group 

(PMG) for dynamic heterogeneous panels offered more attractive results. The general 

results for industrialised market economies supported the existence of a long-run 

relationship between the exchange rate and monetary fundamentals and the coefficients 

predicted by the theory were found. For emerging market economies, nevertheless, the 

monetary approach did not provide robust evidence for long-run exchange rate 

movements. One possible reason for this poorer performance might be associated with 

the use of managed exchange rate regimes. The adoption of managed exchange rate 

regimes restricts the performance of the monetary approach in providing an appropriate 

explanation for exchange rate movements. However, estimated lower values for the 

coefficient of determination than the theory predicted suggests that the monetary 

approach is only able to give a partial explanation to exchange rate movements and 

more robust results are still needed.   

In summary, the discussion about the relation between exchange rate 

behaviour and monetary fundamentals remains open. Even though the results were 

somewhat mixed, this paper was able to find some support for the monetary model of 

exchange rate determination. The debate about exchange rate determination has much 

left to explore. The economic literature points to other possible factors that may be able 

to explain exchange rate behaviour, such as the presence of bubbles, news, transaction 

costs, implied risks and other market frictions.  
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