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Abstract: In this study, the long run PPP hypothesis was tested considering real effective 
exchange rate dataset for twenty countries provided by the International Monetary 
Fund (IMF). By focusing on a nonlinear approach, the study tests IMF monthly dataset 
for specific nonlinearity. Additionally, the study presents a method to estimate the value 
that real exchange rate may converge in the long run. Linear and nonlinear cases were 
distinguished by the Hansen’s test. The Self-Exciting Threshold Autoregressive (Setar) 
model was applied to estimate potential thresholds to indicate the states turning points 
of the countries competitiveness. Results suggest that real exchange rate for thirteen 
countries are highly nonlinear and subjected to regime switching. The asymptotic 
stability analysis guarantees the data stationarity behavior. Absolute PPP hypothesis 
was supported in five out of thirteen cases. In these few cases the real exchange rate 
converges to a stable equilibrium not far from the value predicted by the PPP hypothesis.
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Resumo: A hipótese da paridade do poder de compra (PPP) absoluta foi testada a partir de 
uma base de dados mensal para vinte países fornecida pelo Fundo Monetário Internacional. 
O estudo apresenta uma metodologia capaz de estimar o valor de equilíbrio para a taxa de 
câmbio real efetiva com dinâmica não linear e determinar sua estacionariedade. O número 
de regimes necessários para descrever o processo autorregressivo foi determinado pelo 
teste de Hansen. O modelo Threshold Autoregressive Self-Exciting (SETAR) foi estimado para 
determinar potenciais limiares que indicam mudanças de regime na competitividade dos 
países. Os resultados sugerem que a taxa de câmbio real efetiva de treze países apresenta 
dinâmica não linear com mudanças de regime. A análise de estabilidade assintótica a 
partir do skeleton sugere a estacionariedade dos dados. A hipótese da PPP absoluta foi 
corroborada em cinco dos treze casos. No geral, a taxa de câmbio real efetiva geralmente 
converge para um equilíbrio estável não muito distante do valor previsto pela hipótese da 
PPP absoluta.
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1 Introdução

Since the adoption of flexible exchange rate regime by different countries in 
the early 1970s, the hypothesis of purchasing power parity and the law of one price 
have been the subject of a large empirical debate employing different methodolo-
gies and databases. Despite its great importance in macroeconomics, the subject 
still is a matter of controversy because no agreement emerged concerning the em-
pirical validity of its assumptions.

A wide variety of models just assume the purchasing power parity (OBS-
TFELD; ROGOFF, 1996) and their broad applications are well known, i.e., the 
equilibrium real effective exchange rate may be used to the choice of initial ex-
change rate to a newly independent country, to forecast average and long-term 
real exchange rate, comparing international incomes, e.g., wages and prices which 
are expressed in different units of measure.

The law of one price states that after a conversion by the exchange rate a 
product sold in different countries must have the same selling price in different 
currencies. Price differentials observed after conversion would be eliminated by 
the arbitrage promoted by the economic agents. Aggregating the different goods 
and services (values), the corollary of the law of one price concludes that the real 
exchange rate should converge to values close to unity in the long run, resulting 
in the hypothesis of the purchasing power parity (PPP). In its relative version, the 
variations in the real exchange rate should follow the same direction, i.e., the di-
rection of the inflation differential between countries. In the absolute version, the 
real exchange rate would be constant in the long run and its value would be the 
central unit.

Despite the clarity with which the hypothesis is formulated, referring explici-
tly to the value that the real exchange rate would take over in the long run (in its 
absolute version), several authors merely interpret the weak stationarity of the real 
exchange rate as evidence of the PPP. For example, after applying the general test 
Dickey-Fuller (GLS) due to Elliot, Rothenberg and Stock (1996), using data for the 
real exchange rate to test the null of unit root hypothesis, Taylor (2002) concludes 
that his results provide a powerful support for the PPP hypothesis in the twentieth 
century in a sample of 20 countries. Additionally, Divino, Teles and Andrade (2009) 
and Kim and Lima (2010) are other examples of recent works using this interpreta-
tion as empirical evidence to validate the hypothesis of PPP.

To verify this theoretical assumption, more formal tests were used which ge-
nerally lie within the unit root approach. Moreover, the specification of the model 
(with or without trend, with or without structural changes), the time window and 
the employed database also vary among them. In general, the main objective of 
these studies was to verify the property of mean reversion of the real exchange rate, 
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for any arbitrary average, including values close to unity postulated by the PPP. The 
weak stationarity of the series was consider as evidence in favor of the PPP, but the 
specific value for which the real exchange rate could converge in the long run was 
not subject to examination.1 Another source of uncertainty in this methodology is 
due to the low power of these tests (TAYLOR; TAYLOR, 2004).

In this sense, the central opposition to the above mentioned methodology is 
that, not considering the power problem of these tests, they fail to report to which 
value the real exchange rate would converge in the long run. Thus, the weak statio-
narity of a time series is only necessary but not a sufficient condition to corroborate 
empirically the hypothesis of PPP. This opposition has emerged in a large survey of 
the literature. For Taylor and Taylor (2004, p. 142):

[…] mean reversion in only a necessary condition for long-run 
PPP: to ensure long-run absolute PPP, we should have to know 
that the mean toward which it is reverting is in fact the PPP real 
exchange rate. Still, since much of this research has failed to re-
ject the hypothesis that even this necessary condition does not 
hold, this has not in general been an issue.

This work adds two contributions to this literature. First, after a detailed se-
arch in the leading journals,2 including The Journal of Economic Perspectives, no 
publication was found which solve the problem posed by Taylor and Taylor (2004). 
Most of works tend to concentrate on half-life calculation or mean reversion pro-
blem by completely avoiding face the issue on the value to which real effective 
exchange rate may reach in the long run.3 In this respect, we are able to inform the 
equilibrium value of real exchange rates prevailing at long run, so the monetary 
authority may use this information in advance and adjust the interest rate pegged 
accordingly.

Second, our methodology accommodates very well the real effective exchan-
ge rate behavior in 65% of our sample of 20 countries. Sollis, Leybourne and New-
bold (2002) analyzed monthly observations ranging from April 1973 to November 

1 This problem cannot be solved by more sophisticated tests, like the unit root test for a Setar model 
developed by Kapetanios and Shin (2006) or Sandberg and Changli (2005), neither Estar, LSTAR, 
or Markov Switching approaches, since these models are not related to the concept of skeleton 
which is the method to infer the equilibrium value of real exchange rate in this paper. The skel-
eton is a concept theoretically valid only for SETAR models designed to test and evaluate their 
asymptotic stability (CRYER; CHAN, 2008). Chan and Tong (1985) showed that under some mild 
conditions, a Setar model is asymptotically stationary if its skeleton is stable. This implies, with 
some regularity conditions, stronger property of ergodicity.

2 Beyond The Journal of Economic Perspectives, the authors examined The Journal of Political Econo-
my, The Journal of Economic Literature, The Journal of Applied Econometrics, The Journal of Money, 
Credit, and Banking and The Journal of Business & Economic Statistics.

3 See, for example, Cerrato, Hyunsok and MacDonald (2010), Shintani (2006) and Rossi (2006).
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1997 on 17 real exchange rates of industrialized countries. Its results demonstrate 
empirically that estimates show stronger mean reversion when the real exchange 
rate is below the mean than when it is above. This type of result can be well accom-
modated in our threshold model. For policy makers, the importance of this issue 
relies upon the intervention policy of central banks.

According with Sollis, Leybourne and Newbold (2002), this asymmetric real 
exchange rate adjustment, characterized by large and persistent deviations from 
PPP long run value is explained by a reactive behavior from the central banks via 
monetary intervention. The reason is that, since the loss of competitiveness implies 
a large and persistent deficit in net exports in the long run, monetary authorities 
often make policy decisions to adjust the real exchange rate towards its long run 
value via monetary policy when the exchange rate is overvalued.

This explains why the velocity of adjustment towards mean is faster when ex-
change rate is below its long run value than when it is above of it. The problem at 
hand is that central banks never know exactly with certainty what may be this value 
in the long run. Thus, taking the question above in a deeper scrutiny, our work adds 
some useful contribution about the observed value of real effective exchange rate 
for a number of countries and for the policy decisions emanated from central banks.

An additional motivation to adopt this approach is the likely presence of tran-
saction costs in trade between countries and their consequences for the long run 
PPP hypothesis (OBSTFELD; TAYLOR, 1997; JUVENAL; TAYLOR, 2008). The exis-
tence of transaction costs implies that adjustment will occur only once deviations 
are higher than the transaction costs (e.g., the threshold value), and hence the 
adjustment should not happen instantaneously and at each time.

Obstfeld and Taylor (1997) observed that in some countries, the transaction 
costs, transport, tariff and nontariff barriers prevent complete arbitrage transaction 
price in the international market for goods and services (law of one price) to certain 
ranges of values of the real exchange rate. In other words, the price differential 
would persist for certain values since the marginal cost of arbitration would be gre-
ater than the profit obtained by an economic agent, in the view of transaction costs.

In this context, it could be experiencing a “band of inaction” (no-arbitrage) 
to the price differential between the countries, which helps explain why the real 
exchange rate is not located on the long run exactly on the unit, i.e., the value of 
threshold parameters directly reflect the transaction costs in the economy.

The intuition behind the threshold model is that the arbitrage transactions 
would take place only after these parameters (thresholds) have been exceeded 
turning the operation profitable for the economic agent. Yet, in other countries 
there would be only two regime processes reflecting the iteration between pools of 
optimizing agents in the goods market (only one threshold).4 As example, consider 

4 See Scheinkman (1990) for a number of examples of models in which the iteration between 



39Análise Econômica, Porto Alegre, v. 36, n. 71, p. 35-62, set. 2018.

the case where a symmetric target for only one threshold, since macroeconomic 
policies are often organized around targets, where the intervention is activated 
only once the deviations from the target are significant.

The most trivial example is monetary policy during the Bretton Woods agre-
ement where the exchange rate were pegged and allowed varies with only +/- 1% 
band. It may be interpreted as the existence of an explicit high and low level of 
exchange rate regimes. In case of without assumption of symmetry, other example 
of the two regimes (low and high) inflation was studied by Marques (2013), in whi-
ch an estimated threshold of 5.14% of inflation per month separates the low and 
hyperinflation processes in Brazil.

Obstfeld and Taylor (1997) presented a seminal study employing the develo-
pments in the field of nonlinear time series based on works of Tong and Lim (1980) 
and Tong (1990) by assuming exogenously three regimes operating in all cases. 
The possibility of a nonlinear behavior for the real exchange rate may help explain 
why the deviations from parity are continuously non-uniform. Additionally, these 
deviations can be asymmetric over the business cycle and their behavior can also 
explain why the speed of adjustment tends to be as higher as greater the deviation 
around the parity. More importantly this approach may be possible to verify not 
only stationarity (necessary condition) but also the value for which the real ex-
change rate would converge in the long run (sufficient condition) with reasonable 
adjustment speed (OBSTFELD; TAYLOR, 1997).

A remarkable contribution was presented by Obstfeld and Taylor (1997) but 
their study presents some empirical limitations. Namely:

a) determining exogenous (arbitrary) number of regimes;
b) to impose (arbitrary) symmetry to the value of the thresholds;
c) to determining exogenous (arbitrary) the number of lags of the each state 

and transition variable and;
d) absence of stability analysis (convergence/stationary).
In this context, the aim of this study is to search for possible nonlinearities in 

the real exchange rate verifying whether the real exchange rate equilibrium con-
verges to values close to unity (sufficient condition for the validity of PPP) and 
its stationarity property for a sample of twenty countries. Concretely, this study 
addresses the following aspects by applying the model Setar (TONG, 1990):

a) to determine the number of regimes necessary to describe the behavior of 
the real exchange rate;

b) relax the assumption of symmetry of thresholds;
c) to determine the best lag for each regime and the threshold parameter 

through an information criterion;
d) to verify the persistence of the regimes, and especially;

optimizing agents may generate nonlinearities, like limit cycles and chaotic trajectories.
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e) to verify the hypothesis of absolute PPP applying a procedure to investigate 
simultaneously the necessary and sufficient condition to validate the PPP 
(convergence to values close to unity).

The main contribution of the paper is to attend the question raised by Taylor 
and Taylor (2004) point out before by estimating the value of real exchange rate 
equilibrium (sufficient condition for PPP) for a number of countries where the non-
linearity of threshold type predominates, beyond the necessary condition of statio-
narity emphasized by unit root tests.

Other approaches have been designed to estimate the equilibrium value of 
real exchange rate for a number of countries by considering the macro fundamen-
tals of the economy. One representative example is the estimates of fundamental 
equilibrium exchange rates (Feers) proposed by Cline and Williamson (2011) at 
Peterson Institute for International Economics5 and the International Monetary 
Fund estimates (IMF, 2013). The main difference between the method proposed 
here and the works cited above relies on the conditionality of macro fundamentals 
and the objective of the study, since that approaches listed above does not seek to 
test PPP hypothesis neither its nonlinearities or evaluate stationary property of real 
exchange rate.

This paper has been divided into four sections. The first section presents the 
problem, its significance and the main hypothesis of this study. Section two presents 
the methodology and theoretical model. The third section presents the results and 
discussions. Finally, the last section summarizes the main outcomes of this study.

2 The Law of One Price and Purchasing Power Parity

The law of one price is the base on which rests the hypothesis of purchasing 
power parity. For the case of internationally tradable goods, the law of one price, 
the absolute version, can be written as:

      (1)

Where  denotes the price of the commodity i in the domestic currency in 
period t.  denotes the price of commodities in foreign currency i at time t, and 

 is the nominal exchange rate (ratio of foreign currency and domestic currency). 
The right hand side of the equation 1 expresses the value of the commodity i sold in 
the domestic country in foreign currency. In most empirical studies,  and  are 
replaced by aggregated price indices of commodities and services. In turn, the real 
exchange rate to the British Standard is defined as:

5 For details of the model used see Cline (2008).



41Análise Econômica, Porto Alegre, v. 36, n. 71, p. 35-62, set. 2018.

        (2)

Where  and  are aggregated price indices. If equation 1 is true, conside-
ring equation 2, which expresses the trajectory of competitiveness of commodities 
and services among countries,  should converge to unity, since  and  have 
their differential reduced to zero in view of arbitrage operations in market.

In the case of price differentials between countries, the agents can profit by 
buying at low prices and selling at higher prices internationally. Traditionally, it is 
assumed that the divergence of parity can be explained by transaction costs and 
trade barriers between countries. Consequently, the PPP hypothesis does not find 
support for a range of values of the real exchange rate, i.e., the agents have higher 
marginal costs than the marginal benefits (“band inaction”).

However, exceeded the threshold value, interpreted as a sign of transaction 
costs, the benefits outweigh the costs and the agents operate in this market leading 
the real exchange rate to converge to its equilibrium value.

The hypothesis of purchasing power parity, in its absolute version, postulates 
that 

 
should converge to unity in the long run, as the transactions of purchase 

and sale of commodities and services tend to validate equation 1.6 Taking the loga-
rithm of equation 2 yields:

       (3)

Where  would have mean and constant variance over time (stationary 
feature). This property ensures that after a shock, the real exchange rate converges 
to any constant in the long run. This is a necessary but not sufficient condition to 
validate the PPP theory, since the theoretical proposition is about the value of the 
variable  and not their mean reversion property.

As mentioned above, a large number of studies investigated the PPP hypo-
thesis interpreting it as an equivalent to the property of mean reversion (necessary 
property) of the real exchange rate. In their studies, the majority of the authors 
used the traditional unit root tests with time series data, increasing its power by 
panel data analysis (TAYLOR, 2002). Details of this approach can be found in the 
works of Taylor and Taylor (2004), and especially in Lothian and Taylor (1997).

The perspective employed in this work part of the claim raised by Taylor and 
Taylor (2004) who observed that PPP theory is an assertion about the value of 
long run real exchange rate and not on its condition of stationarity, as has been 

6 For a more detailed exposition of law of one price and the purchasing power parity, as a corol-
lary, see Sarno and Taylor (2002). The authors also discuss in detail the definition and choice of 
variables to test correctly this hypothesis. In this paper we are following their approach. 
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described in the literature. According to the authors it is necessary an effort to go 
beyond the stationarity tests and, in particular, to incorporate trade barriers and 
transaction costs in this analysis and to inform to which value the exchange rate 
may converge in the long run.

Following the approach of Obstfeld and Taylor (1997) and Juvenal and Taylor 
(2008), the methodology tests the hypothesis of linearity and also the number of 
regimes (thresholds) required to describe the behavior of the real exchange rate, 
absent in the previous works. In addition, a further step is provided at the end, as 
with the proposed method is possible to check the stationarity of exchange rate 
(necessary condition) and also to obtain the value for which it may converge in the 
long run (sufficient condition) to validate the PPP hypothesis. The central idea of 
this study is to answer “[…] the very long run of question: what is the equilibrium 
real exchange rate?” (TAYLOR; TAYLOR, 2004, p. 149).

3 Methodology

In this section, we describe the Hansen’s test used to estimate the number of 
regimes, and we present the theoretical model designed to describe a number of 
regime changes. Besides, we describe the data used in the computations.

3.1 Testing for Nonlinearity

The evidence of a nonlinear behavior can be explored from some formal spe-
cific tests. Despite a large variety of developed tests in this area, this study follows 
the methodology of Hansen (1999). Traditional tools, such Tsay’s (1986) test, can 
capture some types of nonlinearities in the time series behavior. However, it does 
not detect nonlinearity of the threshold type. Alternatively, the Hansen’s (1999) 
test is able to detect the number of regimes (or thresholds) necessary to describe 
the nonlinear behavior of a time series, considering as null hypothesis the linear 
autoregressive model.

Based on bootstrap replications, the method of Hansen is computationally 
intensive. The null hypothesis assumes that the variable is described by an autore-
gressive model of order p (AR (p)), while the alternative hypothesis assumes that 
the data generating process follows a Setar model (j) ( ) with m regimes (m = 
2, 3). The statistic test is expressed by:

             (4)

Where 
 
is the sum of squared residuals from the estimated models. Alike 

Chan’s test, this test requires a minimum percentage of observations in each regi-
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me. In this work, the minimum was set at 15%. In this context, it is important to note 
that Obstfeld and Taylor (1997) only assume the validity of the three regimes, based 
on this assumption, then, their model is estimated.

To Hansen (1999, p. 566), there are favorable arguments supporting the 
adoption of bootstrap method, which provides good approximation and it does 
not requires that the variable of interest to be stationary. Despite showing impro-
vements over the existing empirical literature, the current study was unable to 
analyze the asymptotic behavior for the cases with linear dynamics.

3.2 Theoretical Model for Regime Changes

As specified by Bec, Salem and Carrasco (2004), the theoretical model for the 
case of three regimes can be expressed as:

 

(5)

where , , and  are the intercepts in each regime; , ,  are the 
number of lags in each regime;  and  are the thresholds; d is the delay parame-
ter of transition variable;  is the transition variable; and , ,  
are autoregressive coefficients to be estimated. We assume that  is i.i.d. . 
And, in case of the occurrence of only two regimes (only one threshold case), the 
above model can be simplified to:

 
(6)

The intuition behind the Setar model, according to equation 6 for example, is 
that there are two linear submodels (regimes) and the mechanism described by it 
dictates which of them is operational in time, depending on the threshold position.

The threshold variable is a certain lagged value of the real effective exchange 
rate itself. Thus, for example, when  the lag 1 value of the dependent variable 
is no greater than the threshold, the process is well described by the first linear sub-
model (the low regime is operational); otherwise, the behavior of the dependent 
variable is well described by the second submodel (the high regime is operational).

The estimation process is done by minimizing the sum of squared residuals 
(SSR). The minimization of the SSR is done through a grid search and the Mini-
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mum Akaike Information Criterion is computed each time: the value of the de-
pendent is sorted, a certain percentage of the first and last values are excluded to 
guarantee a minimal number of observations in each regime. For large samples, 
and based on asymptotic arguments, Hansen (1999) and Cryer and Chan (2008) 
suggested a minimum of 10% percentage points. However, for small samples, as is 
the case of this study, we adopt a minimum of 15% percentage points to guarantee 
a minimum about of 60 observations in each regime.

The procedure to the two threshold case is the same one and it searches for all 
combinations of parameters to minimize the AIC criterion. For the two thresholds the 
computational burden is higher and may rapidly become cumbersome. The proper-
ties of this estimator can be found in Chan (1993). The values of p maximum and d 
maximum are somewhat arbitrary. To obtain greater flexibility, this implies we need to 
fix reasonable values of d and p which are higher than the conventional one, but no 
too large. Otherwise, the search algorithm may degenerate and the estimates may be 
subject of multicolinearity problem. Our baseline is the work of Obstfeld and Taylor 
(1997), in which those authors determine exogenously and the values of d and p are not 
allowed to vary accordingly (the authors fix  for all estimates of their study).

In this respect, we follow the suggestion of Cryer and Chan (2008) and allowed d 
and p vary (  and ) and let the minimum AIC criterion to define the 
best fitting and parameters combination. Thus, with this less restrict approach we hope 
our model fitting will be better adjusted, but we fix low values for the maximum p and 
d to pay attention to computational burden as well. To see other alternatives ways to 
define the maximum p and d, see the examples described in Cryer and Chan (2008).

3.3 Data

The dataset used in the study accounts for the availability of monthly data for the 
period post-1973, bearing in mind the search for a measure of the exchange rate that 
would accurately reflect the competitiveness between countries. Overall, the majority 
of studies use real exchange rate without considering the weight of trade between coun-
tries. However, there is well documented evidence which concludes that the trade ba-
lance strongly influences the behavior of the real exchange rate (HELMERS, 1991; OKI-
MOTO; SHIMOTSU, 2010). In a related study, Cline and Williamson (2011, p. 2) assert:

The relevant exchange rate concept is an effective rate, i.e., one 
which in foreign currencies are taken to account and weighted by 
their importance in the foreign trade of the country in question to 
form a single estimate of the exchange rate. The practice of mea-
suring a currency’s value in terms of the currency of single trading 
partner and calling this ‘the exchange rate’ is quite wrong for any 
country with reasonably diversified trade.
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Thus, the variable selected was the real effective exchange rate based on 
consumer price index for each individual country from a CD-ROM of the Interna-
tional Monetary Fund (IMF, 2012). This real effective exchange rate is based on a 
basket of 26 countries and euro as group. These 26 advanced economies include 
Austria, Belgium, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, 
Netherlands, Portugal, Spain, Australia, Canada, Denmark, Hong Kong SAR, Isra-
el, Japan, Korea, New Zealand, Norway, Singapore, Sweden, Switzerland, United 
Kingdom, and United States.

The overall database for this variable computed by the IMF contain 30 coun-
tries, however, there are 10 countries with missing information in several years. 
Beyond those countries listed in the Table 1 with complete information, the following 
countries have missing information, and then they were excluded: Canada, Cyprus, 
Germany, Greece, Ireland, Italy, Netherlands, Portugal, Slovak Republic, and Japan.7

Table 1 - Countries sampled

Country/sample Variable N Country/sample Variable N

1. Austria/1975:01-2011:11 443 11. 
Spain/1980:01-2011:11 383

2. Belgium/1984:01-2011:11 443 12. Brazil/1979:12-2011:11 384

3. Finland/1975:01-2011:11 443 13. Chile/1979:12-2011:11 384

4. France/1979:12-2011:11 384 14. Israel/1975:01-2011:11 443

5. Malaysia/1975:01-2011:11 443
15. Mexi-
co/1979:12-2011:11 384

6. Denmark/1975:01-2011:11 443
16. Switzer-
land/1975:01-2011:11 443

7. Sweden/1975:01-2011:11 443
17. Nor-
way/1975:01-2011:11 443

8. New Zea-
land/1975:02-2011:11 442

18. United 
States/1979:12-2011:11 384

9. Luxem-
bourg/1975:02-2011:11 442

19. United King-
dom/1975:02-2011:11 442

10. China/1979:12-2011:11 384
20. Hunga-
ry/1979:12-2011:11 384

Source: IMF (2012).

7 The dataset is available upon request and with the journal’s editor.
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The total trade weights used by the IMF to construct the nominal and the as-
sociated real effective exchange rates are designed to make them relevant to reflect 
the movement in costs and prices affecting imports and exports of manufactured 
goods. The weights are built up from aggregated trade flows for manufactured 
goods averaged over the period 2004-2006 taking into account the relative impor-
tance of a country’s trading partners in its direct bilateral relations with them, in 
both the home and foreign markets; of the competitive relations with third coun-
tries in particular markets; and of the differences among countries in the importan-
ce of foreign trade to the manufacturing sector.

The Table 1 presents the sample used in the study, identifying the time win-
dow for each country and the sample period. Using this more accurate measure of 
the real exchange rate it is expected that the results will be more favorable to the 
PPP hypothesis.8

A visual inspection of Figure 1 (see Appendix A) allows some comments. Al-
though some countries present marked tendency to decrease its competitiveness 
(appreciation) over the years, such as Denmark, Luxembourg, Austria, Hungary, 
Spain and Brazil, another group of countries present marked tendency to increase 
its competitiveness, with an apparent trend of currency depreciation, e.g., Uni-
ted States, China, Sweden and Malaysia. The other group of countries seems to 
experience moments of appreciation intercalated with moments of depreciation, 
without a clear trend. Additionally, in this group, the volatility of the exchange rate 
may well have been greater than in other cases.

Besides a marked tendency to increase or decrease their competitiveness, 
visual inspection suggests that in the cases of Mexico, Switzerland, Brazil and the 
United Kingdom emerge an apparent asymmetry in the behavior of the series, in 
which the ascending phase (appreciation) of the real exchange rate is markedly 
more gradual than the downward phase (depreciation). While currency apprecia-
tion tends to be gradual, the exchange rate depreciation seems to occur abruptly 
in time. Formal tests below may indicate more accurately whether assumption of 
linearity is reasonable to describe the data generating process of these countries.

4 Results

The results of the tests for specific (threshold) nonlinearities are presented in 
Tables 2. As explained previously, the strategy to test for the number of regimes (or 
thresholds) as the following. To test a SETAR (j) against SETAR (k) (k > j) where k 

8 Note that to interpret the path of the real exchange rate is necessary to consider that, according 
to equation 1, the real exchange rate “appreciated” means a “higher” rate, where many units of 
foreign currency are needed to buy one unit of domestic currency (trajectory ascending). An 
exchange rate “depreciated” means a “lower” rate of exchange, in which a few units of the foreign 
currency purchase many units of domestic currency (downward trend).
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and j are the number of regimes we calculate the statistic defined in equation 4, and, 
thus we use the conventional F distribution to test the null against the alternative.

Table 2 - Hansen’s test

Country H0: AR(p)
H1: SETAR(2)

H0: AR(p)
H1: SETAR(3)

H0: SETAR(2)
H1: SETAR(3) Regimes

1. Austria
24.3383
(0.2533)

41.2058
(0.6167)

15.9680
(0.8467) -----

2. Belgium 28.1625
(0.1933)

16.1136
(0.9967)

-11.3115
(1.000) ------

3. Finland 55.7244***

(0.0033)
77.8724**

(0.0167)
19.6175
(0.6933) 2

4. France 65.2308***

(0.0000)
100.2683***

(0.0000)
29.8222*

(0.0967) 3

5. Malaysia 67.8172**

(0.0167)
109.9351**

(0.0133)
36.4032
(0.1400) 2

6. Denmark 18.2924
(0.6533)

54.3529
(0.1500)

34.5956
(0.0700) -----

7. Sweden 22.9842
(0.4133)

43.9518
(0.5067)

19.9084
(0.6000) -----

8. New Zealand 27.3413
(0.1500)

53.5493
(0.1533)

24.6445
(0.2800) -----

9. Luxembourg
31.5895
(0.1133)

63.9010
(0.1700)

30.1050
(0.3267) -----

10. China 76.0932***

(0.0033)
103.0977**

(0.0500)
22.4290
(0.4633) 2

11. Spain 32.9247*

(0.0867)
61.3935*

(0.0733)
26.1540
(0.3267) 2

12. Brazil 89.6688***

(0.0000)
139.5684***

(0.0000)
40.2287**

(0.0167)
3

13. Chile 40.5367**

(0.0233)
64.9081*

(0.0533)
21.9824
(0.4433) 2

14. Israel
82.9072***

(0.0067)
123.1568***

(0.0100)
33.7688
(0.1567) 2

15. Mexico 119.8482***

(0.0000)
201.0067***

(0.0000)
61.4228***

(0.0000)
3

16. Switzerland 67.3211***

(0.0000)
95.2852***

(0.0000)
24.1939
(0.3767) 2

17. Norway
48.0925***

(0.0067)
84.5210***

(0.0033)
32.7792
(0.1267) 2

continua...
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Country H0: AR(p)
H1: SETAR(2)

H0: AR(p)
H1: SETAR(3)

H0: SETAR(2)
H1: SETAR(3) Regimes

18. United States
30.1626
(0.1033)

56.2777
(0.0867)

24.1614
(0.3067) --------

19. United Kingdom 33.9413**

(0.0200)
62.9186**

(0.0333)
26.8619
(0.2133)

2

20. Hungary 43.5997***

(0.0033)
71.1287**

(0.0167)
24.6480
(0.3533) 2

Source: Author’s elaboration.
Note: The maximum number of lags (AR parameters) allowed in the estimations to produce 
white noise residuals, following Hansen (1999), was set at 11. The p-values of the estimates 
are into brackets. Were adopted 300 bootstrap replications. *** Statistically significant at P 
= 0.01 level; ** statistically significant at P = 0.05 level; * statistically significant at P = 0.10 
level. To choose the significance level, the researcher may follow the suggestion raised by 
Wooldridge (2003, p. 134-136).

For example, in case of Austria, the result shown in the second column of the 
Table 2 indicates that there is no evidence (at 5% of significance) to reject the linear 
AR(p) model against SETAR (m) as the alternative, where m is the number of regi-
mes (m = 1, 2, 3). The same conclusion is valid for the third column. In this case, 
the linear AR(p) well describe the data of the this country better than a SETAR (m) 
model.

However, in case of France the result presented in the second column indi-
cates that there is evidence (at 5% of significance) to reject the null of linear AR(p) 
model against SETAR(2). The same conclusion follows if we observe the third colu-
mn for this country. A step further is needed, then we test the SETAR(2) as the null 
against SETAR(3) as the alternative hypothesis. In this country, if we consider a less 
restrictive degree of significance (at 10% significance), there is enough evidence 
to reject the null of two in favor of a SETAR with 3 regimes to describe the data of 
this country. As the p-value shown into brackets is the level of credibility of the null, 
we have enough evidence to reject it with high degree of probability (0.9033). The 
same sequence of hypothesis testing was made for all countries of the study.

Thus, the results in Table 2 suggest that in the 13 of the 20 countries (65% 
of the sample) the assumption of linearity is rejected in favor of nonlinearity of 
the threshold type. Among these 13 countries, 10 are subject to regime change 
with only one threshold and 3 countries are subject to regime change with two 
thresholds.

Therefore, for this group of 13 countries with a focus on nonlinearity and 
better accuracy when compared to previous studies will be possible to test the hy-
pothesis of purchasing power parity in its absolute version. Additionally, to answer 
the double question posed in this work, i.e., whether the real exchange rate of that 

conclusão.
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economy is stationary (converges or has cyclical behavior around a mean), and if 
so, whether this value would be close to unity in the long run.

Knowing the number of regimes necessary to describe the behavior of 
the real exchange rate of the 13 countries subject to regime switching, the next 
step consisted in selecting the best model. Specifically, the search algorithm for 
the best model requires the definition of the number of thresholds determined 
previously by the Hansen test, setting the maximum lag allowed in each regime 

, setting the maximum lag for the threshold parameter 
, setting the minimum percentage of observations each regime (set at 

15%) and finally the definition of a criterion of information. For all these choice cri-
teria we are following the arguments raised by Cryer and Chan (2008). In this case 
we used the traditional Akaike Information Criterion (AIC).The estimation results 
are displayed in Table 3.

Table 3 - Estimates by country

Country Best model

Two regimes

1. Finland

L: 59.16%; H: 40.84% = 18.83 AIC = 1310

2. Malaysia

L: 63.66%; H: 21.45% = 69.02 AIC = 1886

3. China

L: 78.55% H: 24.16% = 104.9 AIC = 1797

continua...
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Country Best model

Two regimes

4. Spain

L: 77.4% H: 22.6% = 9.086 AIC = 749

5. Chile

L: 83.47% H: 16.53% = 113.7 AIC = 1828

6. Israel

L: 16.28% H: 83.72% = 125.9 AIC = 2152

7. Switzer-
land

L: 24.19% H: 75.81% = 16.18 AIC = 1243

continuação...

continua...
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Country Best model

Two regimes

8. Norway

L: 86.77% H: 13.23% = 9.994 AIC = 1030

9. United 
Kingdom

L: 31.57% H: 68.43% = 24.86 AIC = 1430

10. Hungary

L: 82.57% H: 17.43% = 16.15 AIC = 1078

Three regimes

11. France

L: 52.41% M: 21.39% H: 26.2% = 5.045 AIC = 637 

continuação...

continua...
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Country Best model

Two regimes

12. Brazil

L: 20.32% M: 56.42% H: 23.26% = 188.9 AIC = 2033

13. Mexico

L: 40.59% M: 24.73%H: 34.68% = 93.75 AIC = 1760

Source: Author’s elaboration.
Note: The p-value of the estimates are into brackets.

conclusão.
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Table 3 summarizes the parameters of the equations 9 or 10 for the countries that 
have nonlinear dynamics (13 in total). Besides the constant and autoregressive coe-
fficients estimated for all regimes  
are presented the values for transition variables 

 
and their lags, d. Moreover, are 

also presented information on the persistence of regimes (L, M, H)9 and the variance 
of residuals  together with the value of the information criterion (AIC) used to 
select the best model.

For instance, we observe that all the coefficients are significant at 0.01 proba-
bility for China. The high value of the transition variable (161.20) and high persis-
tence of the system (0.7855) suggest that the China’s regime of high competitive-
ness has high persistence because the number of observations below the threshold 
is high.

Finally, obtained the best model for the real exchange rate of each country, 
the next step was to examine the stationarity of the process calculating its equili-
brium value in the long run. This analysis was performed after obtaining the skele-
ton of the estimated models. The skeleton of the Setar is obtained by suppressing 
the error term in each estimated equation and then through iterations performed 
from its deterministic version.

For any arbitrary initial value (y0), since all other magnitudes all known in 
each estimated model, when we fixed the error tem into zero, by iteration, all va-
lues of y along t periods may be traced back. All these values are shown in the Fi-
gure 2.10 It is demonstrated that for any initial value, if the skeleton converges to an 
equilibrium value (a constant or a closed path – limit cycle), indicating stationary, 
the stochastic model is also asymptotically stable (CHAN; TONG, 1985; CRYER; 
CHAN, 2008; TONG, 1990).

The skeleton time path can be better visualized graphically for each particular 
country. The hypothesis is that, in spite of large exchange rate depreciation, fixed 
around 20% in the short run, in the long run the real exchange rate equilibrium, 
for any initial value has a stable behavior indicating its stationarity.11 All trajecto-
ries of the equilibrium exchange rate exhibit stationary behavior converging to a 
constant, or alternatively, in some cases, have limit cycle behavior with ceiling and 
floor (closed path), independent of exogenous shock. That is, for any depreciation 

9 The measure of persistence of each regime is given by the unconditional probability of occurrence 
of each regime, defined by: where n is the sample size and is the effective sample size in the i-th 
regime.

10 See the examples given in Cryer and Chan (2008).
11 We assume the value of 20% depreciation based on the historical experience in a sample of 54 

countries studied in Fratzscher (2009). The author concludes that, in average, the exchange rate 
of the sample countries depreciated 23% during the crisis against US dollar. For the Asian crisis 
in 1997, see Granger, Huang and Yang (2000, p. 342) in which the median of the exchange rate 
depreciation is 45.52%.
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or appreciation, the exchange rate in the long run is the same. These behaviors can 
be seen in Figure 2 in the Appendix A.

To facilitate understanding, skeleton behaviors were summarized in Table 4, 
where countries were grouped by the number of regimes necessary to describe the 
trajectory of long run real exchange rate. Overall, the results suggest the stationari-
ty of the real exchange rate (convergence to a constant or limit cycle).

Table 4 - Lon run behavior of the real exchange rate after 20% of devaluation

Two regimes Long run behavior

Finland Converges to 109.70

Malaysia Converges to 114.92

China Converges to 112.25

Spain Converges to 94.62

Chile Converges to 100.32

Israel Converges to 120.46

Switzerland Converges to 99.09

Norway Converges to 99.23

United Kingdom Limit cycle: maximum 84.96 and minimum 83.34

Hungary Converges to 103.74

Three regimes Long run behavior

France Limit cycle: maximum 102.68 and minimum 99.99

Brazil Limit cycle: maximum 145.01 and minimum 123.01

Mexico Converges to 94.78

Source: Author’s elaboration.

This table presents the main results achieved in the study, in particular, the va-
lues obtained for which the real effective exchange rate of countries can converge 
in the long run, i.e., its real exchange rate equilibrium. The results suggest that the 
hypothesis of PPP, in the absolute version, is supported by only five of the thirteen 
countries with nonlinear dynamics. In the cases of France, Norway, Switzerland, 
Chile and Hungary the behavior of the skeleton supports the PPP hypothesis be-
cause the exchange rate equilibrium of these countries is very close to unity.

Here, the criterion adopted to assert that this distance is small (or big) to 
corroborate the PPP hypothesis is only an economic one, since to the best of our 
knowledge there is no way to test the value obtained by the skeleton in relation to 
its expected theoretical value, since its asymptotic distribution is unknown.

Indeed, if we adopt the well knowledge Bretton Woods’ criterion to activate 
monetary policy to maintain the level of exchange rate inside the band, the narrow 
rule of +/- 1% exchange rate deviation from unity lead to the conclusion that only 
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in four countries absolute PPP is corroborated: Chile, Switzerland, Norway and 
France.12

However, in a context of floating exchange rate in which the central banks 
operates its policy by the interest rate, the broader criterion seems more reasona-
ble. Thus, we suggest that the occurrence of +/-5% exchange rate deviation from 
unity does not violate the PPP hypothesis; by adopting this economic interpreta-
tion the results indicate that Hungary should be included in the above group of 
countries.

In other cases, there are two groups of countries with the exchange rate equi-
librium far from parity. Some of them have an exchange rate equilibrium appre-
ciated (Brazil, Israel, China, Malaysia and Finland) and the other group (Spain, 
England and Mexico) presents an exchange rate equilibrium depreciated in the 
long run, far from the value postulated by absolute PPP. Accounting for it, would 
be interesting to compare these results with what is expected theoretically on the 
value of the real exchange rate equilibrium in these economies.

Williamson (2008) and Taylor and Taylor (2004) indicate that real exchange 
rate equilibrium of countries tends to be located at some value that may differ from 
parity, especially depending on the net international investment position and the 
countries’ production structure. Therefore, it is expected theoretically that from a 
clash of debt to cover the interest on the debt, the real exchange rate equilibrium 
of an indebted country to be more competitive (depreciated) over the long run, 
aiming the reduction in external purchases and expansion of their exports.

Additionally, it is expected theoretically the opposite trend in countries that 
maintain a creditor’s position in the international context, i.e., these countries 
should exhibit a less competitive appreciated real exchange rate. Lane and Milesi-
-Ferreti (2006) presented evidence that generally supports this assertion.13

These theoretical arguments may help explain the contrast between the re-
sults obtained in this study and the ones we observed in the trajectory of the skele-
tons estimated for each particular country.

The results presented in Table 4 suggest that Brazil, Israel, China, Malaysia 
and Finland would be creditors in the context of the world economy, because their 
real exchange rate equilibrium is appreciated in the long run. On the other hand, 
countries like Spain, England and Mexico would be debtors in this context because 
their real exchange rate equilibrium is depreciated over the long run.

12 See Cohen (2017) for a description of how Bretton Woods’ monetary policy worked in relation to 
exchange rate’s band.

13 The Balassa-Samuelson effect, discussed in Taylor and Taylor (2004) and Balassa (1964), based on 
the configuration of the productive structure of the country is fully consistent with the hypothesis 
of external indebtedness discussed here.
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The current account surplus (percent of GDP) predicted by the International 
Monetary Fund (IMF, 2013) for China, Malaysia, Israel and Spain for the year 2018 
is 4.3%, 4.5%, 2.3% and 3.6% respectively (IMF, 2013).

This forecast is consistent with the less competitive exchange rate regime that 
should prevail in these countries in the future (see Figures 1 and 2 in the Appen-
dix A) since the balance of trade is directly correlated to the real exchange rate 
equilibrium.

According to the same document the forecast is a current account deficit 
of around 3.4% for the year 2018 for the case of Brazil. This result indicates the 
need for a more detailed study for this case, as the results of this study suggest the 
occurrence of a significantly exchange rate appreciated in Brazil. However, with 
persistent deficits, a more competitive (depreciated) regime will be required to 
cover foreign commitments through trade surpluses.

The balance of current account (percent of GDP) deficit forecasted by IMF 
for England, Mexico and Finland is 2.6%, 1.2% and 1.8%, respectively, for the year 
2018. This prediction is consistent with the results presented in Table 4 since the 
occurrence of a current account deficit implies that the exchange rate equilibrium 
of these countries should be depreciated over the long run.

5 Final Considerations

The main objective of the study was to test the hypothesis of purchasing po-
wer parity in the absolute version with a nonlinear approach, consistent with the 
transaction costs. The methodology employed was based on the application of 
general and specific tests for nonlinearity for determining the number of regimes 
from data and search for the best model for each particular country. And finally, to 
identify the real exchange rate long run behavior.

This study contributes to existing knowledge of the exchange rate behavior 
by providing the following outcomes: a) it was possible to determine the number 
of regimes endogenously from the data; b) the best model was obtained without 
imposing symmetry to the value of the thresholds with search algorithm that mi-
nimizes the information criterion to determine endogenously the best lag in each 
regime for the autoregressive coefficients and the threshold parameter; c) through 
the skeleton of the fitted models was possible to determine the stationarity and 
the equilibrium value for the real exchange rate in the long run subject to regime 
change.

The results corroborate the hypothesis of absolute PPP in five sample coun-
tries: France, Norway, Switzerland, Chile and Hungary. In such cases, the equili-
brium exchange rate is very close to unity as postulated theoretically by the PPP. 
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Two other groups of countries emerge with exchange rate equilibrium away from 
parity.

Brazil, Israel, China, Malaysia and Finland can be considered probable credi-
tors in the context of the world economy because its real exchange rate is apprecia-
ted in the long run. On the other hand, countries like Spain, England and Mexico 
can be considered probable debtors in the context of the world economy, because 
its real exchange rate would be depreciated over the long run.
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Appendix A - Path of the Real Effective Exchange Rate and their Skeletons
Figure 1 - Path of real effective exchange rate: sampled countries

Source: Author’s elaboration.

Figure 2 - Path of long run real exchange rate generated by the skeletons from 
fitted models
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Source: Author’s elaboration.
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