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ABSTRACT: The study examines whether the long-run validity of PPP holds in some

major advanced and developing economies. The study employed the smooth time-
varying cointegration (TVC) and time-varying detrended fluctuation analysis (DFA)
methodology, and we are not aware of any study that has applied TVC and DFA to
investigate the long-run validity and determinants of the PPP. Using both the US and
Japan as base countries, the empirical results from the univariate unit root tests
show that PPP does not hold and thus invalidates PPP. The study finds strong
evidence for both the VAR model and the TVC. Our results show that PPP can be
used for determining equilibrium exchange rates for these 15 countries, under both
methods. The results of DFA and the Hurst exponents for real exchange rates (RERs)
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This paper analyses the long-run validity of PPP in
some major advanced and emerging economies
from 1 January 1980 to 31 December 2018 in a
smooth time-varying cointegration model and
the time-varying detrended fluctuation analysis
framework. The results of various specification
tests indicate that data in developed and devel-
oping countries favourable to the VAR method
and the time-varying cointegration approach.
However, the time-varying detrended fluctuation
analysis methodology has mixed results. These
results have risen due to different techniques
apply and also the long period of data used in this
study. This study will be of public interest as it
provides insight into the long-run validity of PPP
can be used to determine the equilibrium
exchange in most of the countries in this study
based on the VAR method and the time-varying
cointegration technique. If PPP holds and thus the
differential inflation rate between countries is
precisely offset by exchange rate changes, coun-
tries’ competitive position in the world export
market will not be thoroughly affected by
exchange rate variations. Nevertheless, if there
are deviations from PPP changes in nominal
exchange rates cause variations in the real
exchange rates upsetting the international com-
petitive position of countries.
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in absolute values showed that the Hurst exponent is greater than 0.5 in any
country, thus persistent and not mean-reverting but in a rolling window form RERs
provide mixed results about the validity of PPP in these countries. These results
might be different from earlier works due to different techniques applied and also
the long period of data used in this study.

Subjects: Political Economy; Environmental Economics; Economics; Finance

Keywords: Purchasing power parity; unit root; exchange rates; time-varying co-integration,
detrended fluctuation analysis; Johansen’s test

Subject: C12; C22; F31

1. Introduction

Purchasing power parity (PPP) is based on an economic theory that compares the purchasing power
of numerous world currencies to one another. PPP is an economic theory that states that the prices of
goods and services should be the same between countries, as one of the main theories in macro-
economics and international economic models. It also postulates a theoretical exchange rate that
allows people to purchase the same amount of goods and services everywhere globally. PPP origi-
nated after World War 1. Following World War I, the Swedish economist Cassel (1918, 1922) proposed
multiplying each currency’s pre-war value by its inflation rate to form the new parity. Hence, that
formed the basis for today’s PPP. PPP is positioned on the law of one price. The law of one price is an
economic proposition that claims that a basket of goods must sell for the same price in each country.
Intuitively, this law is initiated from the concept of the inevitable removal of all arbitrage. One primary
source for model misspecification is parameter instability. The parameter unpredictability can be
significant in cointegrated models since they explain long-run relationships. It is estimated using data
whose life span is typically lengthy. A long-run equilibrium level of the real exchange rate is an
essential circumstance for the long-run absolute PPP to hold.

The purpose of this study is to provide an overview of existing and newly developed methodol-
ogies, a time-varying cointegration (TVC) model due to C. Park and Park (2015), Y. J. Park and Hahn
(1999) and detrended fluctuation analysis (DFA) by C.-K. Peng et al. (1994) to investigate on the
long-run validity of the PPP theory. Over the past decades, researchers have used different
methodologies to examine the long-run validity and determinants of the PPP. Many techniques
and econometric tools have been used to investigate the long-run validity of PPP. A major
limitation of conventional unit root tests such as the Augmented Dickey-Fuller (ADF) test has
low power in validating PPP and this has resulted in the use of unit root tests based on linear and
nonlinear models to examine the PPP. While other engaged panel unit root tests have been
involved in the literature in testing the long-run validity of PPP. Despite a substantial body of
research, no consensus has been reached regarding the model to use.

PPP is expected to hold in the long run, but nominal exchange rates may not reflect the domestic
and foreign price differences in the short run. The current paper aims to examine the long-run
validity of PPP in the major developed and major developing economy relationships that fluctuate
smoothly over time, similar to Y. J. Park and Hahn (1999) using the smooth time-varying cointe-
gration (TVC) model and time-varying detrended fluctuation analysis (DFA) methodology. The
important feature of this method is developments in terms of Chebyshev time polynomials. Our
innovation of the current study is the use of two newly developed methodologies, that is. TVC
model and DFA approach. An advantage of using these countries is that it is global and it reflects
activity in such major developed and major African emerging economies.

The purpose of the study is three folds. First, this paper aims to test the long-run validity of PPP
in the major developed and major developing economies using a time-varying cointegration
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(TVC) model due to C. Park and Park (2015) and Y. J. Park and Hahn (1999). The time-varying
cointegration (TVC) model detects the measurement error caused by the instability of para-
meters in a conventional time-invariant cointegration model established by Engle and Granger
(1987). This unpredictability may be caused by discrete regime shifts, which may be running to
slow changes in the long-run relationship. Y. Chang et al. (2014) show that in the case of time-
varying long-run coefficients, the standard cointegrating regressions would be biased even in
amalgamation with a rolling methodology. One advantage of the TVC method is that it allows for
works devoid of additional unit-root or cointegration tests for the diverse sub-samples. Previous
studies focus on either the short-run or long-run and used either major developed economies or
major developing economies. Our study will investigate the long-run validity of PPP in both
developed and developing economies for a specific country. The long-term approach also allows
us to examine real exchange rate adjustment for the major developed and some developing
economies using time-varying cointegration (TVC) techniques. The model will capture the
dynamic information provided by the speed of adjustment toward the long-run equilibrium. A
novelty of our model is to estimate the nature of the adjustment towards the long-run
equilibrium.

Second, we used time-varying detrended fluctuation analysis (DFA) to estimate Hurst’s expo-
nents to discover whether RERs are stationary and mean-reverting. The DFA is a scaling analysis
method used to investigate long-range in the estimation of Hurst exponents. Hu et al. (2001) used
Hurst’s analysis (R/S analysis) and show that the DFA is a superior method to quantify the scaling
behaviour of noisy signals. The DFA was essentially designed to investigate long-range in station-
ary and non-stationary time series (C.-K. Peng et al., 1994; Hu et al., 2001; Z. Chen et al., 2002). The
DFA technique has been effectively pragmatic in research fields in economics and finance. The
estimated Hurst exponent has values 0 and 1 for DFA. When the RER has a Hurst exponent close to
0, the RER is mean-reverting and should be stationary and mean-reverting; hence, PPP holds when
the real exchange rate is a stationary process. When the calculated RER has a Hurst exponent
greater than 0.5, PPP does not hold. When the estimated RER has a Hurst exponent close to 1, it
means that the RER is not stationary and mean-reverting. In other words, H comes close to 1 and
explains a signal of smooth appearance, typically denoting those high values are followed by high
values. Using the US as a base country, we plot Hurst exponents from the three window lengths of
178, 268 and 358 for RERs throughout the sample period for each country and yielded inconclu-
sively. One advantage of the DFA method is that it accepts the detection of long-range power-law
correlations in noisy signals with entrenched polynomial trends that can mask the valid correla-
tions in the fluctuations of a movement. It also shuns the spurious detection of apparently long-
range correlations that are the object of non-stationarity (Yue et al., 2010). Among various
prevailing techniques to estimate the self-similarity and scaling property in fractal signals,
detrended fluctuation analysis is one of the most fashionable (Arsac & Deschodt-Arsac, 2018).

Third, we used parametric tests, such as the Augmented Dickey—Fuller (ADF) test and non-
parametric tests, such as the Phillips and Perron (PP) test and the VAR model, to explore the
validity of PPP in these advanced and developing countries. Finally, earlier works have applied TVC
and DFA methodologies to investigate PPP in different settings. However, we are not aware of any
study that has applied TVC and DFA to investigate the long-run validity and determinants of the
PPP. Hence, our paper extends the application of this quantitative method to investigate the long-
run validity and determinants of the PPP in some major advanced and African emerging countries.

The paper is organized as follows. Section 2 briefly presents the literature review. Section 3
provides a discussion of the econometric methodologies of the smooth time-varying cointegration
(TVC) model. The time-varying detrended fluctuation analysis (DFA) methodology and the data.
Section 4 reports the empirical results of the study. Section 5 presents the discussion. Section 6
concludes the study.
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2. Literature review

One of the key theories that describe exchange rate determination is PPP. By convention, two
hypotheses are usually used to explain PPP. In the absolute version of the PPP, the bilateral
exchange rate would be the ratio of the price levels between countries. The second theory explains
the relative version of the PPP as a change in the nominal exchange rate equalizing with the
inflation differential in the relative change in prices of the two countries. Among the two central
concepts associated with such a phenomenon (PPP), we usually used the relative version of PPP in
empirical studies owing to the complex structure of the economy and dissimilarities between
countries. A vast majority of empirical studies has found it extremely difficult to use the absolute
method. This absolute PPP method has created many difficulties supporting the hypothesis of
long-run PPP using floating rate period data (T. Y. Chang et al,, 2012).

Some studies have used nonlinear techniques to test for PPP and estimate the speed of adjust-
ment toward the long-run equilibrium based on these tests. Enders and Chumrusphonlert (2004);
Oh et al. (2018) have proved that these tests have more power than the conventional Engle and
Granger (1987) test when there are asymmetric adjustments toward equilibrium. Oh et al. (2018)
amend the threshold cointegration tests to increase the testing power. They follow the approach
developed by Lee and Lee (2015) and augment the original testing regressions with stationary
covariates, which are readily available. Oh et al. (2018) found that their test tends to enhance the
testing power. The simulation results indicate that the tests increase the power of the current
threshold cointegration tests. Enders and Chumrusphonlert (2004) used a threshold cointegration
approach to examine the long-run PPP in Pacific countries. They report that symmetric or asym-
metric adjustment with a zero rate for the threshold; two-sided tests of long-run PPP normally
reject long-run PPP. Zayed et al. (2018) using Johansen’s long-run cointegration test, document
that there exists a long-run relationship among the variables, thus preventing PPP to hold in the
long run in Bangladesh. Nevertheless, Yildirm (2017)stated that the use of nonlinear unit root tests
produces stronger evidence in support of PPP, which is contrary to the non-rejection of unit roots
obtained from a standard Dickey—Fuller test. However, the rejection of the PPP assumption does
not invalidate the unit root method. It only probably causes the problem of under-specification to
the standard unit roots obtained from a standard Dickey—Fuller test.

Nonetheless, with asymmetric adjustment, a consistent estimate of a threshold, long-run PPP
holds between Japan and five countries. Furthermore, using the USA as the base country, they find
evidence of long-run PPP for all nations except Japan. Vo and Vo (2022) also find that PPP holds in
the long-run equilibrium adjustments. C. W. Su et al. (2012) and H. F. Peng et al. (2017) study the
PPP in BRICS countries to determine whether PPP holds in these countries. They find that PPP holds
in all the countries. C. Park and Park (2015) used time-varying cointegration models. They show
that the time-varying PPP outperforms models based on constant cointegration coefficients when
forecasting future exchange rate deviations in the long run. Lee and Lee (2015) proposed a
straightforward modification of the Engle and Granger (1987) test to increase its testing power.
The asymptotic distribution of the modified Engle and Granger (1987) test is analogous to that of
the unit root test with stationary covariates. The modified tests improve the power properties of
the Engle and Granger (1987) cointegration test considerably. Using the cointegration test, Zayed
and Zahan (2017) investigate the Korea-US exchange rate and prices and the Bangladesh econ-
omy. They find that a long-run relationship exists between the exchange rate and inflation. In
estimating the PPP, if a specific measurement error is made in one country can impact entire series
of poverty estimates, as well as other countries, since those errors are transmissible.
Notwithstanding the important role of PPP, by the formation of the PPP rates, any measurement
errors in one country influence the PPP estimate of all other countries (Moatsos, 2020).

Based on the Dickey-Fuller (DF) test, which is found to be little support for PPP. J. J. Su et al.
(2014) add their voice to the debate. To overcome this problem, J. J. Su et al. (2014) used wild-
bootstrapped nonlinear unit root tests of KSS (2003) and demonstrated that their new evi-
dence provides strong support against PPP. Furthermore, using unit root testing techniques:
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ADF, PP and KPSS, Musa et al. (2021) investigated the existence of long-run PPP in Naira real
exchange rates against the Chinese Yuan, British Pound and US Dollar. The study finds that the
real exchange rates are not stationary, signifying that the series are not cointegrated in the
long run, thus disproving the reality of PPP. Using ADF and PP tests, Al-Gasaymeh and Kasem
(2015) test nonstationary RERs between Jordan and its major trading partners specifically,
Japan, the United Kingdom, Turkey, and the United States. These authors find that the non-
stationary RERs in each country cannot be rejected. This infers that the long-run PPP invalidate
any country. Ma et al. (2017) found that the validity of the PPP holds in three countries.
Bahmani-Oskooee et al. (2015) found strong support for the validity of the PPP hypothesis in
the 11 emerging market economies. One strand of the literature investigates time-varying
coefficient models with stationary regressors (B. Chen & Hong, 2012; Giraitis et al., 2014; Z.
Zhou & Wu, 2010; Zhang & Wu, 2012) and may be viewed as an extension of that work to
adapt non-stationary and trending regressor components. Previous studies used univariate unit
root tests, multivariate cointegration, panel unit root tests, and panel cointegration tests.
When performing a cointegration analysis of time series, it is essential to have a model of
whether the underlying process is stationary. Many of the techniques used on a time series to
estimate unit root tests make assumptions about whether the process is stationary or non-
stationary.

It has been argued that, in theory, perpetual shifts in volatility can seriously upset linear unit
root conclusions and unlimited samples asymptotically. Under these circumstances, if the assump-
tions linked with the estimation method do not hold, then decisions based on the results may be
inaccurate. Macroeconomic variables are cautiously significant since a finding of stationarity
signifies those shocks to the variable have an enduring influence on the future path of the variable
(Kyei-Mensah, 2019). Hence, these factors have motivated us to study the accounts for latent long-
run PPP tests in major developed and major developing countries’ exchange rates. Using the panel
unit root test, Huang and Yang (2015) find weaker evidence for PPP following the Euro launch in
European countries. Behera (2019) finds empirical backing for strong PPP. The study also reports
tremendous support for the long-run PPP during the period 1980-1990, but the speed of adjust-
ment in the real exchange rate return to equilibrium is comparatively slow. Likewise, Arize et al.
(2010) find strong validation that PPP holds in the long run in the high inflation African countries;
thus, statistically significant long-run equilibrium association among nominal exchange rates,
domestic prices and foreign prices. T. Chang et al. (2011) revisited the long-run PPP hypothesis
with asymmetric adjustment for G7 countries using the threshold cointegration tests. They
reported convincing support for the long-run PPP hypothesis in G7 countries, except Canada.
Morley and Lo (2015) used the Bayesian technique and find that the exchange rate from the G7
countries indicates the overall support for nonlinearity in the exchange rate. Jiang et al. (2016)
apply a nonlinear threshold unit root test to examine the validity of PPP and find it holds for seven
Central Eastern European countries. One method to answering the PPP perplexes rests in permit-
ting nonlinear dynamics in real exchange rate adjustment. Several new features in the literature
seek to address nonlinear dynamics in real exchange rate adjustment. As evident from earlier
works, a record number of empirical scholars that study PPP theory used nonlinear models such as
T. Y. Chang et al. (2012); S. Zhou and Kutan (2014); Apergis (2015); Jiang et al. (2016); Yildirm
(2017).

3. Econometric methodology
3.1 Purchasing power parity formulation

The real exchange rate of a country defines as the relative price levels of the foreign and domestic
economy, which is defined as follows

_ GitPt (1)
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where r;is the real exchange rate; ej;is the nominal exchange rate in terms of national currency per
unit of the foreign currency (i.e. in the US and Japan); p;: is the consumer price index (CPI) indices
for the domestic country and p;is the consumer price index (CPI) for the foreign country. Taking
logarithms of both sides of equation 1 and rearranging the terms we obtained:

fie = €jt + P; — Pit (2)

From equation (2), the nominal exchange rate, domestic price and foreign price indices are
typically ordered one I (1). The nominal exchange rate, domestic price, and foreign price must
be stationary under the PPP. They can be cointegrated with a cointegration vector (1, -1, 1).
Therefore, the long-run PPP may be validated if a cointegration vector (1, -1, 1) establishes the
nominal exchange rate and domestic and foreign price indices. If the long-run PPP holds, then
deviations from the PPP in the short run are temporary.

The PPP relationship can be tested using an unrestricted equation as follows:

e = a+ 1Pt + foP; + uy (3)

where e; is the logarithm of the nominal exchange rate, « is constant, $; and j, are two positive
parameters, where p; and p; are the logarithm of domestic and foreign price, respectively, and y; is
a stochastic error term capturing deviations from PPP. The relative version of PPP requires that g, =
1 and g, =-1. Similarly, the absolute version of PPP obliges that a=0. This relative version of PPP
reflects the positive and negative dynamic relationship between the exchange rate and price in
Dornbusch’s (1976) overshooting model of the exchange rate. This highlights the changes between
money growth and prices in the short-run adjustment and long-run equilibrium relationship.

From the unrestricted equation (3), the values of g; and j, are supposed not to vary proportio-
nately in the presence of measurement errors in prices (M. Taylor 1988). As long asy; Eq. (3) is
stationary, there is an existent long-run equilibrium between the nominal exchange rate and
relative prices.

3.2 Econometric methodologies of time-varying Cointegration

The time-varying cointegration (TVC) model detects the measurement error caused by the instabil-
ity of parameters in a conventional time-invariant cointegration model established by Engle and
Granger (1987). This instability might produce by discrete regime shifts, leading to slow fluctua-
tions in the long-run relationship. When the regressors are cointegrated, a global rotation method
is requested to split out the stationary and non-stationary components, which carry the related
signals in kernel estimation with opposing strengths (Li et al., 2017).

When fluctuations in the coefficients are slow, time-varying coefficients can be produced by a

smooth parallel function. Y. J. Park and Hahn (1999) presume polynomials and trigonometric
functions and concentrate on the single cointegration relation.

Equation (3) can be written as a PPP relationship based on the time-varying cointegration
coefficient,

et =a+ p(Pe — Pr) + pt (4)

where g;is the cointegration coefficient, which varies smoothly over time, capturing the effect of
slow adjustments in the economic situation on the PPP relationship?
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Following Y. J. Park and Hahn (1999) and C. Park and Park (2015) and adopt the time-varying
coefficient cointegration to modelled the nonlinear long-run validity of PPP. Assume that the
following time-varying cointegration association holds between

X1t, and Xt

et = ag + P1tX1t + PatXot + g (5)

where py:and are the time-varying cointegration coefficients andu; denote the cointegration
residuals.

Define smooth functionsp; and p,on them (0, 1) such that p,; = p,($)and, whereT is the sample
size. Y. J. Park and Hahn (1999) assume trigonometric functions. Under the assumption that p,and
are smooth sufficient to be approximated by a series of polynomials and trigonometric functions,
Equation (5) is written by C. Park and Park (2015) as follows.

t t
e = ao + PrXe + PacXar + iy = a0 + Pr(@)Xae + Pa () Xae 4t (6)
e 19 t 2.9
=0‘0+Z‘91 X1t+29 X2f+,llt
a8 T T

= ao + XiyeWin + XioeWin + e

where, we assume that ¢} and ¥? are the corresponding series of functions that can be approxi-
mated by P; and P, as P; an P, increase (Y. J. Park & Hahn, 1999)

1 _ 91t 1 t1 2 92t 2 t1
XMlti’&lT",777‘,7777/l9MlT X1t7XM2t71917'”777777’-,3779M2T X2t7

Vin —91777’7577,M1vwnfm1:sz 0%771777’7f71777’7’7’7791%427 and
Hmt = t+P1 > 91191 TX1t+P2 292191 TXZt

ii=1
Then,x;: andx,; are non-stationary. To achieve valuable estimators and a suitable inferential
source for the parameters in the TVC model, we utilize the canonical cointegrating regression
(CCR) developed by J. Y. Park (1992) and which was extended by Y. J. Park and Hahn (1999).
Equation (6) was transformed by Y. J. Park and Hahn (1999); hence, we obtain

el =ao +XM1tV/M1 +XM2tV’M2 + Hpt 7)
where

1+ 1 1 |t ' "
Xmlt 79 T’Hmwmas'&mlf Xlt*
Xooe = 9% GJHwawwﬁrznzHJ . And the superscript +represents CCC transformed vari-
ables. We obtained the OLS estlmators foryl, and y?,in equation (7). We can approximateP;
and P,
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M1 A M2 A

Y 01 wlby and Y 6? y?in that order. We approximate P;and P,use Fourier Flexible Form (FFF) series
i=1 i=2

functions, incorporating polynomials and trigonometric functions.

From the ongoing discussion and evidence before us, we conduct a time-varying cointegration
method for the PPP and perform a model specification test put forward by Y. J. Park and Hahn
(1999). To determine whether can use major developed and developing countries’ data with the
time-varying cointegration methodology. For further detail and explanation, see Y. J. Park and
Hahn (1999) and C. Park and Park (2015).

3.3 Detrended fluctuation analysis

The Detrended fluctuation analysis (DFA) denotes a valuable tool for understanding patterns in
long-range autocorrelations in non-stationary time series with distributed data. The DFA was an
approach essentially invented to explore long-range correlation in non-stationary time series
(C.-K. Peng et al., 1994; Hu et al,, 2001). The main interest of the DFA is to look at the long-run
validity of PPP. The DFA method can also help examine the long-range and short-range correla-
tion in non-stationary and stationary processes. The technique is momentous and supersedes
other methods. Hu et al. (2001) stated that “the advantages of DFA over many methods are
that it permits the detection of long-range correlations embedded in seemingly non-stationary
time series and avoids the spurious detection of apparent long-range correlations are an
artefact of non-stationarity”. The DFA is a straightforward mathematical approach; however,
highly effective in examining long-range correlations of non-stationary time series (Marton et
al., 2014).

We followed C.-K. Peng et al. (1994), who proposed the DFA methodology

The DFA approach has become a used method to determine a fractal scaling property and the
detection of long-range correlations in stationary and non-stationary time series. DFA is a simple
mathematical approach nonetheless incredibly proficient to examine the power law of long-term
correlations of non-stationary time series (Marton et al., 2014).

We used DFA in computing the Hurst exponent, H, of the RERs in absolute form and through time
in a rolling window method. Using the US as a base country, we plot Hurst exponents from the
three window lengths of 178, 268 and 358 for the RERs throughout the sample period for each of
the countries.

The time series to be analyzed Y(i) with N samples; i=1 ... N is first integrated with a standard
deviation of ¢ = 1. The integrated time series is divided into boxes of even length, n. In each
segmentation, the integrated least-squares line is fit to the data locally, typically, the linear trend
in that segment. The ordinary least-squares approach is used to assess the trend in each block. The
Y coordinate of the straight-line segments is denoted by Yn(i). We detrend the integrated time
series, Y(i), by subtracting the local trend, Yn(i), in each box. We calculate the root-mean-square
fluctuation of this integrated and detrended time series is found by:

1N . .
ODFA = NZ Y(I) — Yn(i)2 (8)

i=i

We repeat this procedure for different box sizes n (different scales) and to estimate the Hurst
exponent, which provides a relationship, and indicates the presence of scaling property:

OpFAQ nt (9)
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The parameter a, called the scaling exponent or fluctuation exponent, symbolizes the correlation
properties of the data. Equation (9) can be written as:

Log(opra)aH log(n) (10)

The linear relationship between opes and n, If power-law scaling is present then a double loga-
rithmic in the log — log plot. This technique tests for self-similarity (fractal properties) as it performs
a measure at different window sizes. The slope of the linear relationship represents the estimation
of the Hurst exponent. A scaling exponent a can be estimated from ordinary least-squares fit. This
scaling exponent a is a measure of correlation in stationary and non-stationary time series and is
simply an estimate of the Hurst exponent H. For a further detailed explanation of the DFA method,
see, e.g. Yue et al. (2010); Marton et al. (2014); Arsac and Deschodt-Arsac (2018).

3.4 Data

This study examines the long-run purchasing power parity (PPP) in major developed and develop-
ing countries. The monthly data for the nominal exchange rates against the US dollar, Japanese
yen and consumer price indices (CPI) for Canada, Denmark, the Euro area, Japan, Norway, Sweden,
Switzerland, the UK, Algeria, Cote d’Ivoire, Egypt, Mauritius, Morocco, Nigeria and South Africa for
our empirical analyses from NaN Invalid Date to NaN Invalid Date as the entire sample period. The
available monthly data for the Euro area was between NaN Invalid Date to NaN Invalid Date . The
introduction of the Euro by the European Central Bank (ECB) increased its direct interventions on
the foreign exchange market to achieve a severe fall of the Euro against the major currencies, the
British pound, the US dollar and the Japanese yen. All the data are obtained from the International
Financial Statistics of the International Monetary Fund Web site. The price indices used are the
consumer price index (CPI) in these countries. In all cases, the US and Japan are considered the
base countries. All the series are transformed into natural logarithms before performing the
econometric analysis.

4. Empirical results

4.1 Coefficient of variation

Table 1 shows the coefficient of variations (CV) of the real exchange rate, the nominal exchange
rate, the domestic price, the price ratio and the skewness, the kurtosis and the Jarque-Bera
statistic for real exchange rates. Panel A of Table 1, using the US as a base country, the real
exchange rates reveal evidence of significant and widespread inconsistency and substantial
deviation from normality. The results are consistent with Arize et al. (2010). The coefficient of
variations of the nominal exchange rates is generally more significant than the domestic price and
the price ratio. Similarly, the domestic price is mostly larger than that of the price ratios. Skewness
is primarily positive and significant for the sample period. Only Japan, Sweden and Cote d’Ivoire
have negative and insignificant for the sample period. Excess kurtosis is significant (p-value <0.10)
during the period under review. Most kurtosis is less than 3; the distribution is flat (platykurtic)
relative to the normal distribution. Overall, the presence of kurtosis presents testimony for volatility
clustering and fat-tailedness (see Joseph et al, 2020). Based on those determines, it is not
shocking that the Jarque-bera statistic is highly significant except for Cote d’Ivoire, which is
insignificant.

Comparative values for Panel B of Table 1, using Japan as a base country, the real exchange
rates show testimony of significant and extensive variation and considerable abnormality from
normality. The real exchange rates are most highly significant than real exchange rates using the
US as a base country. The coefficient of variation of the real exchange rates is mostly bigger than
that of the domestic and price ratios. The domestic prices are generally bigger than the price
ratios. The coefficients of variation of the real exchange rate and the nominal exchange rate for
Cote d’Ivoire are negative. Skewness is positive and significant except for the Euro area, which is
negative and significant. Kurtosis is always positive and significant. The Jarque-bera statistics
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Table 1. Coefficient of variation of the variables

Jarque-
Country RER EXR Pd Pd/Pf Skewness | Kurtosis Bera
PANEL A
Canada 0.6580 0.5470 0.0656 0.0114 02049° | 222667 | 14.9706°
Denmark 0.0865 0.0950 0.0657 00117 09010° | 332427 | 655132°
Euro 0.0922 0.1119 00187 0.0091 03213° | 1.9294° | 15.6566°
Japan 00418  0.0630 00171 00601 | -0.0091 | 23975° | 7.0995°
Norway 00728 0.0781 0.0779 0.0160 04158° | 22056° | 25.8487°
Sweden 0.0963 0.0907 00741 00214 | -01004 | 24059° | 7.6867°
Switzerland | 0.9638 0.8917 0.0402 0.0361 07819° | 35135° | 52.9365°
UK 0.1150 0.1031 0.0787 00112 07956° | 4.0781° | 72.1926°
Algeria 01203 | 03463 02754 02190 | -0.8213° | 2.0561° | 70.1427°
Cote 00328 0.0520 01133 00444 | -01230 | 2.6965° 2.9834
d’Ivoire
Egypt 01211 | 04513 03110 02532 | 05109° | 2.5633° | 24.1311°
Mauritius 0.0363 0.1373 0.1758 01068 | -0.6600° | 4.1884° | 61.6500°
Morocco 0.0609 0.0889 0.0877 00239 | -12714° | 69731° | 434.8390°
Nigeria 0.1166 0.5029 0.5740 05370 | -0.6492° | 22403° | 442192°
South 0.0711 0.3459 02391 0.1787 042827 | 2.8655° | 14.6873°
Africa
PANEL B
Canada 0.0996 0.0658 0.0655 0.0514 11076° | 3.0469° | 95.9352°
Denmark 01273 0.0751 0.0657 0.0517 10158° | 3.8799° | 95.7810°
Euro area 0.0367 0.0273 0.0187 00181 | -0.6441° | 2.6367° | 17.9882°
Norway 01777 | 01103 0.0779 00637 | 1.0959° | 3.5012° | 98.7860°
Sweden 0.2007 0.1346 00741 0.0591 11964° | 3.5235° | 117.2370°
Switzerland | 0.0470 0.0371 0.0402 0.0250 05637° | 29970° | 24.8384°
UK 01211 00716 0.0787 00643 | 07882° | 2.7340° | 49.9475°
Algeria 1.0885 1.0512 02754 0.2646 07235° | 1.8824° | 653253°
Cote ~10779 | -04237 01133 0.1000 06768° | 1.9584° | 57.0077°
d’Ivoire
Egypt 0.4554 0.2750 03110 03010 03704° | 21963° | 233477°
Mauritius 05226 | 03795 0.1758 01636 | 04957° | 20175° | 380711°
Morocco 0.2366 0.1580 0.0877 00733 14005° | 41074° | 177.2750°
Nigeria 12377 1.5070 0.5740 0.5695 04406° | 1.7487° | 457717°
S(f)uth 04407 | 02801 02391 02278 | 0.6243° | 22468° | 41.5484°
Africa

Note: a, b and c indicate statistical significance at 1%, 5% and 10% respectively. Columns RER, EXR, Pd, and Pd/Pf are
in logged terms and relate to the real exchange rate, the nominal exchange rate, the domestic prices, and the price
ratio respectively.

reject the normality test of all the series at the 1% significance level. The real exchange rates
during the sample period indicate substantial proof of exchange rate pass-through as prices adjust
(M. Chen & Hu, 2018) to economic reforms in most countries, especially African countries, a region
in the world that academic researchers over the years have ignored. The region has experienced
unprecedented overvalued exchange rates, high nominal exchange rate changeability, record
increased volatility of real exchange rates and depreciation of the national currency, high inflation
and macro-economic instability. An indication of overvalued currency is one for which the ratio of
price indices exceeds the exchange rate. Using the US as a base country, Nigeria has been
consistently overvalued throughout the period. However, using Japan as the base country, Cote
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d’Ivoire and Egypt have been consistently overvalued during the sample period. In the long-run
over-valuation could have some implications on these economies because an over-valuation of
these currencies indicates that importation of goods becomes cheaper. This hurts the local
industries as consumers shift from the consumption of local goods to foreign goods. With the
overvalued syndrome, it is not understandable that there is a tendency for deviations to vanish
anytime soon.

4.2 Stationarity test

We used Augmented Dickey-Fuller (ADF) test, and the Phillips Perron (PP) test for both constant
and constant trend are used to analyze the hypothesis that each country’s real exchange rate
series have a unit root. We incorporated the appropriate lag structures of the dependent variable
in ADF and PP tests. We select the appropriate lag structures for the Schwartz Information Criterion
(SIC) for ADF and Newey West using the Bartlett kernel for the PP test. The unit root test of ADF and
PP are shown in Table 2.

Panel A of Table 2 uses the US as a base country. The univariate unit root of ADF and PP tests fail
to reject the null of non-stationarity of the real exchange rate for all the 15 countries except
Morocco, thus supporting the PPP. Panel B of Table 2, using Japan as a base country, ADF and PP
tests fail to reject the null of a unit root of non-stationarity of the real exchange rate for all the 14
countries, constant and constant and trend but for the result of Denmark. Empirical tests for the
stationarity of time series, notably macroeconomic variables, are cautiously significant since the
finding of stationarity means that shocks to the variable have a long-lasting effect on the future
path of the variable. We show that RERs have a unit root and all the series in the analysis are non-
stationary except Morocco and Denmark. Thus, the series contains a unit root, and economic
shocks permanently affect the data-generating process. This finding is consistent with J. J. Su et al.
(2014) and Al-Gasaymeh and Kasem (2015).

Critical values of the ADF constant test are —3.450, —2.870 and -2.571 at 1%, 5% and 10%
significance levels, respectively. Critical values of the ADF constant and trend test are —3.986,
-3.423 and -3.135 at 1%, 5% and 10% significance levels, respectively.

Critical values of the PP constant test are —3.450, —2.870 and -2.571 at 1%, 5% and 10%
significance levels, respectively.

Critical values of the PP constant and trend test are-3.986, —3.423 and —3.135 at 1%, 5% and
10% significance levels, respectively.

4.3 Cointegration test

Before analyzing our time-varying cointegration, we used a vector autoregression (VAR) model to
investigate the validity of the [1, —1, 1] cointegration vector among the nominal exchange rate,
and domestic and foreign price levels. All the variables in equation 1, the nominal exchange rate
and domestic and foreign price levels are assumed to be endogenous since they are all ordered
one I(1). We used the optimal lag structure of the equation for the VAR based on the Akaike
Information Criterion (AIC). We can test the validity of the PPP in the long run by using the
cointegration methodology. Johansen’s (1988; 1990) multivariate cointegration methodology
tests the existence of a long-run cointegration relationship between nominal exchange rate, and
domestic and foreign price levels. This test permits the testing of a restricted version of the
cointegrating vector(s) and the speed of adjustment parameters. The Johansen test relies on
several cointegrating vectors and is conducted using two test statistics, that is, trace statistics
and maximum eigenvalue statistics.

Whenever a long-run PPP holds, the VAR model can examine the movement of variables to the
long-run equilibrium relationship. The cointegration test results with the US and Japan as the base

countries are reported in Tables 3 and 4, respectively. In Table 3 using the US as the base country, the
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Table 2. ADF and PP Unit Root Test for Mean stationery of RERs of 468 Obs

ADF Constant and Constant and PP Constant and Constant and
Trend Trend
Constant and Constant and
Country Constant Trend Constant Trend

PANEL A

Canada -1.5022 -1.5346 -1.4265 -1.4574
Denmark -2.1721 -2.3901 -2.3251 -2.5750
Euro -1.9482 -1.9805 -1.9505 -1.9833
Japan -1.7129 -1.7890 -1.8766 -1.9850
Norway -2.2488 -2.2511 -2.3683 -2.3701
Sweden -2.0918 -2.2915 -2.3242 -2.5811
Switzerland -2.2523 -2.7821 -2.2523 -2.8500
UK -2.1663 -2.1168 -2.2903 -2.2406
Algeria -1.5079 -1.4813 -1.5162 -1.6045
Cote d'Ivoire -2.9591° -2.8785 -2.9598° -2.8806
Egypt -2.5739¢ -2.5215 -2.5061 -2.4029
Mauritius -3.2431° -3.0703 -3.2424° -3.0682
Morocco -4.3219° ~4.0658° -4.3100° -4.0789°
Nigeria -2.1845 -1.9405 -2.2457 -2.0601
South Africa -2.3991 -2.4510 -2.4792 -2.5244
Stationary # 4 1 2 1
PANEL B

Canada -2.2645 -2.2947 -2.2513 -2.3353
Denmark -3.6805° -3.6192° -3.6127° -3.6309°
Euro -1.8194 -1.7652 -1.8803 -1.9128
Norway -3.1027° -3.0357 -2.9939° -3.0439
Sweden -3.6231° -2.7230 -3.3894° -2.7222
Switzerland -2.9621° -2.3859 -2.9735° -2.4149
UK -2.5526 -1.9662 —2.4474 -2.0297
Algeria -2.2141 -0.3691 -2.2361 -0.2900
Cote d’Ivoire -2.5880¢ -1.7730 -2.5195 -1.8480
Egypt -0.4794 -1.5331 -0.4867 -1.4455
Mauritius -3.4015° -1.1017 -3.5385° -1.0490
Morocco —4.8054° -3.0267 -4.6831° -2.9934
Nigeria -1.2685 -0.6159 -1.1854 -0.8386
South Africa -2.6023°¢ -1.3289 -2.6357¢ -1.3219
Stationary # 8 1 7 1

Note: g, b and c indicate statistical significance at the 1%, 5% and 10%, respectively.

null hypothesis of no cointegrating vector is rejected for any country at the 1% and 5% significance
for trace and maximum eigenvalue tests. The nominal exchange rate and domestic and foreign price
levels for these countries are cointegrated when Johansen’s maximum likelihood technique is used.

In Table 4 using Japan as the base country, the hypothesis of no cointegrating vector is rejected
at the 1% and 5% levels of significance for Canada, Denmark, Euro area, Norway, Sweden,
Switzerland, UK, Algeria, Cote d’Ivoire, Egypt, Mauritius, Morocco and South Africa based on the
trace and maximum eigenvalue tests. We cannot find any cointegrating vectors for Nigeria at the
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Table 3. Estimation results of Time Varying-Cointegration Coefficients for CPI

R?/adjR* of CCC cointegration

Country Coefficients results of TVC estimation
Panel A

Canada 84.604 0.997/0.997
Denmark 11.083 0.984/0.983
Euro 91.889 0.988/0.987
Japan 15.506 0.994/0.994
Norway 38.029 0.996/0.996
Sweden 38.337 0.991/0.991
Switzerland 29.973 0.998/0.998
United Kingdom 24.671 0.998/0.995
Algeria .071 0.987/0.986
Cote d’Ivoire 32.480 0.960/0.959
Egypt 64.557 0.971/0.971
Mauritius 74.731 0.973/0.972
Morocco 22.818 0.945/0.943
Nigeria 16.917 0.969/0.967
South Africa 36.213 0.985/0.985
Panel B

Canada 97.138 0.996/0.995
Denmark 38.024 0.881/0.879
Euro 28.962 0.987/0.986
Japan n/a n/a
Norway 35.695 0.996/0.996
Sweden 69.175 0.985/0.984
Switzerland 19.323 0.995/0.995
United Kingdom 25.795 0.998/0.998
Algeria 42.640 0.984/0.983
Cote d’Ivoire 21.544 0.987/0.984
Eqypt 81.254 0.825/0.824
Mauritius 78.571 0.916/0.915
Morocco 37.454 0.949/0.948
Nigeria 17.782 0.955/0.954
South Africa 13.196 0.980/0.980

1% and 5% significance levels for the maximum eigenvalue test. Nevertheless, the hypothesis of
no cointegrating vector is rejected at the 1% and 5% levels of significance for Nigeria based on the
trace test.

4.4 Time-varying cointegration

Table 5 reports the estimated results of the time-varying cointegration (TVC) coefficient. We
follow Y. J. Park and Hahn (1999) and C. Park and Park (2015) and adopt the time-varying
cointegration coefficient to modelled the nonlinear long-run validity of PPP. To achieve valu-
able estimators and a suitable inferential source for the parameters in the TVC model, we
utilize the canonical cointegrating regression (CCR) developed by J. Y. Park (1992) and which
was extended by Y. J. Park and Hahn (1999). The null hypothesis is that there exists a time-
varying cointegration relationship, whilst the alternative hypothesis is that there is no
cointegration
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Panel A of Table 5 is the CPI, using the US as a base country, the null hypothesis of the TVC
coefficient at 5% levels of statistical significance is rejected for every country. Panel B of Table 5 is
the corresponding CPI, using Japan as a base, the results show that the test statistics of all the
countries are bigger than their critical values. This means that the null hypothesis of the TVC
coefficient at 5% level of statistical significance is rejected for all the countries. Regardless of
whether the US or Japan is the base country, the null hypothesis of the TVC coefficient at 5% levels
of statistical significance is rejected for all the countries and these observations validate PPP in
these countries

The 5% critical value of 9.49 according to Table 2 in Y. J. Park and Hahn (1999)

Panel A of Table 4 is the exchange rate, using the US as a base country, the null hypothesis of
the TVC coefficient at 5% levels of statistical significance is rejected for eleven countries, precisely

Table 4. Estimation results of Time Varying-Cointegration Coefficients

R?/adj.R?of CC cointegration
Country Coefficients results of TVC estimation
Panel A
Canada . 938 -1.183/-1.197
Denmark -11.444 0.044/0. 038
Euro -27.437 0.397/0. 390
Japan -17.286 0.736/0.734
Norway 43.412 —-0.244/-0.252
Sweden —-42.065 0.025/0.018
Switzerland 44511 0.753/0.752
United Kingdom 20.621 —0.447/-0.457
Algeria 3.813 0.982/0.982
Cote d’Ivoire -7.311 0.657/0.655
Egypt 8.141 0.837/0.836
Mauritius 4.757 0.935/0.935
Morocco 56.404 0.544/0.541
Nigeria 0.960/0.959 -12.101
South Africa 12.375 0.927/0.927
Panel B
Canada 105.962 0.741/0.740
Denmark 107.883 0.649/0.647
Euro .835 —0.058/-0.071
Japan n/a n/a
Norway 66.203 0.844/0.843
Sweden 138.479 0.784/0.783
Switzerland 469.357 0.255/0.250
United Kingdom 150.753 0.786/0.785
Algeria 40.101 0.970/0.970
Cote d’Ivoire 93.721 0.754/0.753
Egypt 8.559 0.949/0.949
Mauritius 94.710 0.954/0.953
Morocco 163.846 0.896/0.895
Nigeria 60.146 0.904/0.904
South Africa 17.161 0.975/0.975
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Table 5. Hurst exponents of the real exchange rate in absolute form

Hurst exponents Japan as

Country Hurst exponents US as base base
Canada 0.8122 0.8409
Denmark 0.7832 0.8225
Euro 0.8052 0.8346
Japan 0.8330 n/a

Norway 0.7707 0.8394
Sweden 0.7952 0.8341
Switzerland 0.7727 0.8264
United Kingdom 0.8196 0.8451
Algeria 0.8620 0.8575
Cote d’Ivoire 0.7904 0.8402
Egypt 0.7765 0.8578
Mauritius 0.8004 0.8446
Morocco 0.7204 0.8356
Nigeria 0.8064 0.8488
South Africa 0.7943 0.8457

Canada, Denmark, the Euro area, Japan, Norway, Sweden, Switzerland, the UK, Morocco, Nigeria
and South Africa. The null hypothesis of the TVC coefficient cannot be rejected at 5% levels of
statistical significance for Algeria, Cote d’Ivoire, Egypt and Mauritius Panel B of Table 4 is the
corresponding exchange rate, using Japan as a base country, the results show that the null
hypothesis of the TVC coefficient at 5% levels of statistical significance is rejected for 12 countries,
namely Canada, Denmark, Norway, Sweden, Switzerland, the UK, Algeria, Cote d’Ivoire, Mauritius,
Morocco, Nigeria and South Africa. We cannot find any TVC coefficient for both the Euro area and
Egypt at the 5% levels of significance.

The 5% critical value of 9.49 according to Table 2 in Y. J. Park and Hahn (1999)
Figures 1 and 2

We estimate the TVC parameters with the 95% confidence bands under the PPP with the
approach of Y. J. Park and Hahn (1999). These estimations reveal that the long-run PPP varies
considerably over time. Using the US as the base country, the results are reported in Figures 1 and
2. Figure 1 captures the collapse in the consumer price index (CPI). The time-varying coefficients of
CPI had a downward trend until 2000, when they started upwards. CPI designates an overall flat
rate of inflation, consistent with low and moderate CPI in some major advanced and developing
countries from 1980 to 2018. The periods between 1980 and 2000 when the time-varying coeffi-
cients CPI seems to flatten out in line with weaknesses in these countries. Using the US as a base
country, we also estimate the TVC parameters of the real exchange rate and the results are
reported in Figure 2 The upward-sloping trend in the time-varying coefficient indicates a deprecia-
tion of the real exchange rate leading to a slowdown in major advanced and developing countries
with a peak of approximately 2013 and 2018.

Using Japan as the base country, we also show the results in Figures 3 and 4. Figure 3 is the TVC
parameter of the consumer price index (CPI). From 1980: 01 to 2018: 12, the time-varying
coefficients of CPI experienced an upwards and downward trend, demonstrating that the flat
rate of inflation is weak in these countries. Notwithstanding the slow upward trend of the CPI in
the 1990s, the relative upsurge against the export prices continued. The global financial crisis of
2007-2009 and the Eurozone crisis of 2010-2018 denote economic uncertainty with financial
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linkages. We estimate the TVC parameters of the real exchange rate and the result is shown in
Figure 4 It captures the collapse of a foreign exchange rate. It falls from 1980 to 1992 and then
rises before it fell again in 2001. From then onward, it has an upward trend until 2013 when it had
a downward slope. Between 1995 and 1996, the interest rate cuts in Japan stopped the yen’s
appreciation and created economic growth in Japan. These figures show that the time-varying
cointegration regressions seem to be stable and stationary in the restricted cointegration vectors.
This finding is consistent with Table 4.

4.5 Detrended fluctuation analysis

Table 5 shows the result of the time-varying detrended fluctuation analysis (DFA). The Hurst
exponents for real exchange rates in absolute values using the US as the base country indicated
that the Hurst exponent is greater than 0.5 in any country, thus persistent and not mean-reverting.
The null hypothesis is firmly rejected in all countries universally. The real exchange rates do not
return to equilibrium after an exogenous shock. The PPP did not hold for these 15 countries during
the sample period.

Hurst exponents for real exchange rates using the US and Japan as a base. When H> 0.5, thus
persistence; PPP is thus rejected.

The real exchange rates do not return to equilibrium after an exogenous shock. PPP does not
hold.

The corresponding results for using Japan as a base country show no difference. The Hurst
exponents for real exchange rates in absolute values show that the calculated value of Hurst
exponents is greater than 0.5 in all the countries used in this study; thus, PPP is persistent and not
mean-reverting.

5. Discussion

The results of Panel A of Table 2 imply that we cannot reject the unit root null hypothesis of the
ADF and PP test series are non-stationary for constant and constant trends for those 14 countries
except Morocco. The corresponding results from Panel B of Table 2 show that ADF and PP test
series are non-stationary for constant and constant and trend and cannot reject unit roots in all
series but is significant for Denmark for constant and constant and the trend. These results have
risen due to the low power of conventional tests in validating PPP and the volatile and flexible
exchange rate schemes in these advanced and African emerging countries. The results in Table 2
show that the RERs have a unit root using ADF and PP tests except for Morocco and Denmark.
These findings are consistent with J. J. Su et al. (2014) and Al-Gasaymeh and Kasem (2015), who
provide strong evidence against PPP and Kim (2011) also indicate that the ADF test does not reject
the null of non-stationarity for any country. Overall, these results keenly indicate that all the series
under the PPP can typically be considered to be integrated of order one.

The results in Table 6 indicate that the null hypothesis of no cointegrating vector is rejected for
any country at the 1% and 5% significance for trace and maximum eigenvalue tests. The results
show that there is cointegration between nominal exchange rates and relative prices and similar
cointegration between nominal exchange rates, US CPI, Japan CPI and the CPI of each of the 14
countries. This finding is strong validation that PPP holds in the long run in these countries, thus,
statistically significant long-run equilibrium association among nominal exchange rates and
domestic and foreign price levels. Overall, the PPP with the restriction on the cointegration vector
[1, -1, 1] has some backing from the data in its power to explain the exchange rate.

In Table 7, the hypothesis of no cointegrating vector is rejected at the 1% and 5% levels of
significance for 13 out of 14 countries based on the trace and maximum eigenvalue tests. The
result implies that one deviation from the PPP of the 14 individual countries is persistent. The
results of this study are similar to the empirical results provided by Enders and Chumrusphonlert
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(2004), who show that long-run PPP holds for most Asian countries. There is more evidence
supporting PPP using both the US and Japan as the base countries. Johansen’s trace test displays
more robustness to cointegrating relationships than Johansen’s maximum eigenvalue test. We
obtained a piece of evidence in favour of the valid existence of long-run PPP for both developed
and developing countries, but PPP invalidate for Nigeria at the 1% and 5% significance levels for
the maximum eigenvalue test. The results in Tables 6 and 7 are consistent with the findings of
Morley and Lo (2015); H. F. Peng et al. (2017); Zayed et al. (2018); Behera (2019); Vo and Vo (2022)
who documented that PPP holds in the long run.

Panel A and Panel B of Table 5 show the consumer price index (CPI). The results of the null
hypothesis of the TVC coefficient at 5% of statistical significance are rejected for all the countries,
both developed and developing countries. Thus, the results of the TVC coefficient always have
positive coefficients and are significant regardless of the US as a base or regardless of Japan as a
base. Hence, these countries have a long-run association ship or move together. This implies that
the US CPI, Japan CPI and the CPI of each of the 14 countries move toward long-run equilibrium
over time. This result is similar to Vo and Vo (2022) who find that PPP holds in the long-run
adjustments. Moreover, according to Rogoff (1996), PPP is more likely to hold in countries with
higher inflation. But most African countries have two-digit inflation. The positive coefficient of the
TVC sign shows movement away from equilibrium conditions. It appears evident that the data
strongly support the cointegrated model with TVC. The goodness-of-fit measured by the adjusted
R2 is very high. The time-varying long-run equilibrium relationship may be due to unpredictable
parameters in the PPP relationship.

Panel A of Table 4, the null hypothesis of the TVC coefficient at 5% levels of statistical significance is
rejected for eleven countries and these observations validate PPP in these countries. Therefore, the
nominal exchange rate and domestic and foreign price levels in these eleven countries have a long-
run association ship or move together. In four countries, explicitly Algeria, Cote d’'Ivoire, Egypt and
Mauritius, the TVC coefficient of the nominal exchange rate, and domestic and foreign price levels
have a unit root, which invalidates PPP. This means that we cannot reject the null hypothesis of TVC at
5%. The alternative hypothesis is that there is no TVC coefficient relationship for Algeria, Cote d’'Ivoire,
Egypt and Mauritius. The goodness-of-fit measured by the adjusted R2 in most cases is pretty high.
Hence, using a time-varying approach in analyzing the validity and determinants of the PPP theory so
that we can scrutinize the dynamic forces of the RERs over time.

Panel B of Table 4, the null hypothesis is rejected at the 5% level for 12 countries. Twelve of
these countries are TVC, and these observations validate PPP in these countries. In the Euro area
and Egypt, we cannot reject the null hypothesis of TVC at 5%. The empirical results of the TVC
relationship between the nominal exchange rates and domestic and foreign price levels, using
Japan as the base country, outperformed using the US as the base country. A tentative explanation
is that the Bank of Japan has managed a lot of foreign exchange market interference throughout
the entire sample period, which might have helped improve the TVC relationship. The positive
coefficient of the TVC sign indicates movement away from equilibrium conditions. It is pretty to
suggest that the speed of adjustment towards long-run equilibrium is quicker for the US than for
Japan.

Using the US as a base country, TVC results show that deviations from PPP for 4 of 15 countries
are prolonged. Also, using Japan as a base country, TCV results show that deviation from PPP for 2
out of 14 countries is persistent. Even though we cannot reject the null hypothesis of TVC at 5%,
that is, there was no TVC between nominal exchange rates and domestic and foreign price levels,
there was a long-run effect of relative prices on the exchange rates in these developed and
developing countries.

The results from Table 5 strongly show that PPP is invalid as the Hurst exponents of RERs in
absolute forms are higher than 0.5 which means persistent. These observations invalidate PPP in
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Figure 1. Time-varying cointe-
gration coefficient on the CPI
using the US as a base country.

Figure 2. Time-varying cointe-
gration coefficient on a foreign
exchange using the US as a
base country.

Figure 3. Time-varying cointe-
gration coefficient on the CPI
using Japan as a base country.

Figure 4. Time-varying cointe-
gration coefficient on a foreign
exchange using Japan as a base
country.
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these countries. These findings are in line with those reported by Gyamfi and Appiah (2018) for
Hurst exponents for real exchange rates in the absolute form are greater than 0.5 in any country.

Indeed, DFA detachment data over a wide-ranging range through different window sizes and
then executes the plots within the segmentation windows. To do this, using the US as a base
country, we plot Hurst exponents from the three window lengths of 178, 268 and 358 for RERs
throughout the sample period for each of the countries and yielded mixed results. These results
are not shown but are obtainable upon request. The PPP, therefore, might be strong in some
countries but weak in others, resulting in misleading results. In some cases, PPP holds, and in some
cases, PPP does not hold. For instance, Canada, Denmark, the Euro area, Japan, Norway, Sweden,
Switzerland, the UK, Cote d’Ivoire, Mauritius, Morocco, Nigeria and South Africa upward and down-
ward movement of RERs throughout the sample period.

In these countries, as mentioned above, a careful look at the plots of RERs throughout the
sample period for the individual window lengths indicates that PPP does not hold from the start of
the period when the RER has a Hurst exponent greater than 0.5, then PPP holds in the middle of the
period when the Hurst exponent close to 0, and PPP does not hold at the end of the period when
the RER has a Hurst exponent close to 1. When the Hurst exponent comes close to 1 this explains a
signal of smooth appearance, typically denoting those high values are followed by high values.
Given the evidence before us, we can say that PPP is improbable to hold unceasingly through time.
If you remove the trend from a time series, patterns such as cyclical ones are removed. So, you
cannot compare the results of detrended data with those of data that are not detrended. However,
using the Akaike Information Criterion (AIC) to determine a better fit, the Detrended fluctuation
analysis (DFA) model is better. We suggest that detrending the data is preferred and that future
research should use detrended data in your setting, or at least as a benchmark for other tests.

In addition, the segmentation windows plot for Algeria and Egypt exhibited persistence through-
out the sample period; hence, PPP did not hold for these countries. A long-run equilibrium level of
the real exchange rate is an essential circumstance for long-run absolute PPP to hold. However, the
absolute PPP method has created many difficulties supporting the hypothesis of long-run PPP using
floating rate period data (T. Y. Chang et al., 2012).

Overall, these findings are strong validation that PPP holds in the long run in most of these
countries. These findings are in line with the findings of Bahmani-Oskooee et al. (2015); Morley and
Lo (2015); H. F. Peng et al. (2017); Zayed et al. (2018); Behera (2019) and Vo and Vo (2022) but
differ from the findings of Ma et al. (2017) and Huang and Yang (2015).

6. Conclusion

This paper analyses the long-run validity of PPP in some major advanced and African emerging
economies from NaN Invalid Date to NaN Invalid Date in a smooth time-varying cointegration
model, and the time-varying detrended fluctuation analysis framework has not been used in any
research paper regarding the long-run validity of PPP. Using data for the nominal exchange rates
against the US dollar and Japan yen and consumer price indices for 14 countries. Using both the US
and Japan as base countries, the results from the univariate unit root tests show that RERs have a
unit root and that all the series in the analysis are non-stationary except Morocco and Denmark.
Thus, the observation invalidates PPP in these countries but for Morocco and Denmark.

The Johansen approach shows that all the null hypothesis of no cointegrating vector is rejected
for any country at the 1% and 5% levels of significance for trace and maximum eigenvalue tests.
The results show that there is cointegration between nominal exchange rates and relative prices
and similar cointegration between nominal exchange rates, US CPI, Japan CPI and the CPI of each
of the 14 countries. This finding has strong validation that PPP holds in the long run in these
countries. The TVC coefficient shows that most countries there exit the TVC relationship between
them and these observations validate PPP in these countries. This result is consistent with Oh et al.
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(2018), who find that the null hypothesis is rejected for every country in which long-run PPP holds.
Also, Vo and Vo (2022) indicate that “In the long run, PPP holds with a greater degree of certainty
as exchange rate changes are more likely to move in tandem with economic fundamentals. The
DFA results show that the results are inconclusive in 13 countries, whilst PPP does not hold in
Algeria and Egypt. We conclude that the long-run validity of PPP can be used to determine the
equilibrium exchange in most of the countries in this study based on the VAR method and the
time-varying cointegration technique. The results of various specification tests indicate that data in
developed and developing countries favourable to the VAR method and time-varying cointegration
approach. However, the time-varying detrended fluctuation analysis methodology has mixed
results. These results have risen due to different techniques apply and also the long period of
data used in this study.

Imagine, for instance, whether PPP holds or not has significant implications for international
trade. If PPP holds and thus the differential inflation rate between countries is precisely offset by
exchange rate changes, countries’ competitive position in the world export market will not be
thoroughly affected by exchange rate variations. Nevertheless, if there are deviations from PPP
changes in nominal exchange rates cause variations in the real exchange rates upsetting the
international competitive position of countries. Thus, one of the significant implications of this
study is that our results show that PPP can be used for determining equilibrium exchange rates for
these 15 countries, under the TVC method, while under the Hurst method, the PPP cannot be used
to determine the equilibrium exchange rates for some of these 15 countries. Therefore, we rely on
the results of TVC more in favour of validating PPP than the results of the Hurst approach. Again, a
simple idea is that the Hurst exponent may grow too quickly or slowly for the FX rates of certain
countries. This may be an issue for FX rates in some developed or some developing countries. This
gives an idea whether the state of economic development has a material effect on the size of the

economies in the Hurst approach.
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