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Testing for the purchasing power parity (PPP) hypothesis between South Africa and its 
main trading partners: application of  the quantile approach 
 

Abstract 

 

This paper tests  whether the PPP theory holds between trading partners, depending on the volume 

of  trade and the existence of  trade friction, such as exchange control.  The test is applied between 

South Africa, a country that applies exchange control policy, and its trading partners. The paper makes 

use of  the quantile unit root test and quantile cointegration regression approach to test for  the strong 

and weak-form PPP hypothesis. Strong evidence of  the weak-form PPP hypothesis is found for high 

export countries over all quantiles. Specifically, the existence of  weak-form PPP is found for China, 

the United States, Japan and for the United Kingdom, whereas evidence of  PPP in general was found 

to be lacking. The paper finds evidence that PPP is more likely to exist between countries that share 

greater trade volumes. 

 

Keywords:  Purchasing Power Parity, Quantile unit root test, Quantile cointegration regression, 

trade volumes 

 
1. Introduction 

A number of  studies have attempted to test the PPP hypothesis, be it for  bilateral or 
multilateral exchange rates  (See Alba et Papell, 2007)).  The PPP hypothesis stipulates that the 
exchange rate between two countries reflect their price differential or the difference in their consumer 
price index. It is assumed that when the purchasing power parity (PPP) hypothesis holds between two 
countries, a given basket of  goods will be the same price in both countries after controlling for the 
exchange rate. The validity of  the PPP hypothesis can act as a catalyst to assess the degree of   bilateral 
or multilateral financial and economic integration between  countries (see Tagushi, 2010). 

 
Controversial results have arised from testing the PPP hypothesis with some supporting the 

hypothesis and other refuting it. The controversy in the results of  the PPP test is often attributed to 
the use of  inadequate statistical and econometric techniques. For example, Taylor aand Taylor (2004 ) 
pointed that theoretical work on the PPP hypothesis might be elegant but the empirical studies using 
traditional unit root and cointegration tests have failed to bring relaible results. There is an agreement 
among scholars that the test of  the PPP hypothesis is conducted  by using two general types of  tests, 
one involving the stationarity of  the real exchange rate, and another using the cointegration 
relationship  of  the nominal exchange rate and prices difference (Chang et al.,2011). However, 
disagreement reside on the apprioate type of  ststionary or cointegration technique to be used. 
Traditional stationarity and cointegration techniques developed by Granger (1984), Engle and Granger  
(1987) and  Johansen and Juselius (1990)  are usually associated with these tests. However, studies are 
challenged the use of  these techniques arguing that the mean reverting process related to the PP theory 
is nonlinear, rather than linear (see Chang, 2002; Lyon and Olmo, 2017).  

On the theoretical basis, the validity of  the PP is often attributed to free flow of  goods and 
services between trading partners. It is in that context that studies have shown that the hypothesis 
holds between trading partners or countries that belong in a regional grouping or integration (see  
Yildirim, 2017). However, Tiwari and Shahbaz (2014) show that PPP hypothesis does not exist for 



      3 

all major trading partners in case of  India. The authors attribute this failure to the fact that that 
intermediate goods face high barriers to trade between India and its trading partners. This finding 
may reveal that friction to trade may hamper the validity of  the PPP theory. However, friction to 
trade may come up in different forms. it may occur in the form of  quota or exchange rate control. 
For example,  Wei and Zhang (2007) show that exchange controls have  negative effects on trade as 
they increase the cost of  conducting trade due to the intensification of  inspections at the borders 
and other related control to avoid possible evasion.   

While friction to trade in the form of  exchange control may be an impediment for the PPP 
theory in bilateral trade, however, no study has ever tested the PPP hypothesis in the case a bilateral 
trade with countries that apply exchange control. To fill this gap, this paper will test the PPP hypothesis 
between South Africa and its main trading partners. The  paper assesses whether PPP hypothesis holds 
between South Africa and its trading partners, depending on their trade volume. The South African’s  
five top trading partners chosen for this paper are China, the United States of  America, Botswana, 
Japan and the United Kingdom. The low trade volume countries are Indonesia, Egypt, Czech 
Republic, Sri Lanka and Morocco (see Global Edge, 2016). To this end, the paper uses the quantile 
unit root test derived by (Koenker & Xiao, 2004) and the quantile cointegration regression method by 
(Xiao, 2009) . Following Pedroni (2001) and Robertson, et al.( 2014), the weak-from PPP hypothesis 
is tested based on the stationarity of  the real exchange rate using quantile unit root approach. The 
strong form of  PPP, which considers the relationship between exchange rates and relative prices to 
be one-to-one, is tested using the quatile cointegration approach. 
 
The paper is structured as follows. Section 2 discusses previous studies on PPP and relevant statistical 
methods. Section 3 considers the definition of  PPP and the methodology developed by (Koenker & 
Xiao, 2004) and (Xiao, 2009) that is used in the paper. Section 4 discusses the data that is used for this 
study and Section 5 the empirical results. Section 6 summarises the main findings and concludes the 
paper. 

  
 
 
 
 
 

2. Literature Review 

The testing of  the PPP hypothesis has been done for many currencies over time. Some early 
examples include (Kovoes & Seifert, 1985) where the PPP is tested for black-market currencies using 
the efficient market version of  PPP developed by (Roll, 1979), and (Darby & Lothian, 1983) that 
tested the PPP hypothesis over the short and long run. 

After the introduction of  the unit root and cointegration tests by the likes of  (Said & Dickey, 
1984),  (Granger, 1984),  (Engle & Granger, 1987) and (Phillips & Perron, 1988), and the multivariate 
cointegration methodology proposed by (Johansen, 1988), the studies of  PPP grew extensively with a 
leading example being (Corbae & Ouliaris, 1988) which failed to find evidence for the PPP by testing 
the stationarity of  the real exchange rate and cointegration of  the nominal exchange rate and price 
differences between the United States of  America and Canada. This was accompanied by numerous 
studies on the same data that also failed to find evidence of  PPP, for example (Mark, 1987) and (Taylor, 
1988). Interestingly enough, studies emerged that did find evidence of  PPP, for example (Johnson, 
1990), when a considerable amount of  data is used. 
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This spurred the development of  additional empirical tests of  how one can better assess the 
existence of  PPP, specifically with the consideration of  nonlinear models. For example, (Pippenger & 
Goering, 1993) showed the low power of  traditional unit root tests if  the underlying processes are 
threshold processes and (Sercu, et al., 1995) studied the effect of  transaction costs in international 
arbitrage on PPP by considering nonlinear models. Whilst (Lopez, et al., 2005) disproved the findings 
of  (Taylor, 2002) by using superior lag selection models, (Kim & Moh, 2010) finds evidence for the 
findings of  (Taylor, 2002) by utilizing the nonlinear models exponential smooth transition 
autoregression (ESTAR), band logistic smooth transition autoregression (BLSTAR), and band 
threshold autoregression (BTAR). 

Further development in nonlinear models introduced the concepts of  quantile unit root tests 
introduced by (Koenker & Xiao, 2004) and quantile cointegration regression by (Xiao, 2009) which 
utilizes the fact that a time series can act differently over varying quantiles. Using these techniques, 
(Ma, et al., 2017) studied PPP for East Asian countries. One of  their findings is that PPP held for 
Japan and the United States of  America only when the Japanese yen is either strongly appreciating or 
strongly depreciating with respect to the US dollar. (Bahmani-Oskooee, et al., 2016) used the quantile 
unit root test to consider PPP in 20 African countries and found evidence that it holds between South 
Africa and the United States. They also found that shocks to the real exchange rate adjust faster when 
the South African Rand is appreciating with regards to the US Dollar. (Peng & Chang, 2017) 
specifically utilized the quantile unit root tests on the BRICS nations and found that the PPP holds 
for all of  the BRICS nations. 

 
could group literature in terms of  theoretical and practical contributions.. 
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3. Methodology 

The PPP hypothesis states that the nominal exchange rate between two countries should be 
equal to their relative prices. This implies 

 St = A PtPt∗          (1) 

 

with St being the nominal exchange rate (the domestic price of  foreign currency), A a constant 

number, Pt the domestic price level and Pt∗ the foreign price level. When the natural logarithm is taken, 

St= A PtPt∗          (1) is 

transformed into 
 𝑠𝑡 = 𝛼 + 𝑝𝑡 − 𝑝𝑡∗         (2) 
 

with 𝑠𝑡, 𝛼, 𝑝𝑡 and 𝑝𝑡∗ being the natural logarithms of  St, A, Pt and Pt∗, respectively. This can 
be rewritten to 

 𝑟𝑡 = 𝑠𝑡 − (𝑝𝑡 − 𝑝𝑡∗)         (3) 
 

where 𝑟𝑡 is referred to as the real exchange rate. To test for the strong and weak form of  PPP, 
o
n
e
 
c
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�𝑡 = 𝑠𝑡 − (𝑝𝑡 − 𝑝𝑡∗)         (3) in 
the form of 

 𝑟𝑡 = 𝑠𝑡 − β(𝑝𝑡 − 𝑝𝑡∗)         (4) 
 

where β is the coefficient to be estimated. The strong-form PPP states that there is a one-to-
one relationship between the exchange rate and the price difference, implying that the real exchange 

rate should be stationary if  β = 1, as in equation (3). The weak-form PPP states that the nominal 
exchange rate and price difference are cointegrated, implying that there exists a linear relationship 

between the two variables such that 𝑟𝑡 is stationary and β ≠ 0. 
 

To test the PPP hypothesis in different economic conditions, quantile approaches are 
considered. Considering the manner in which the nominal exchange rate and real exchange rate is 
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To test for the strong-form of  PPP within the quantile methodology, the quantile unit root 

test of  (Koenker & Xiao, 2004) is considered. The conditional quantile autoregression model is given 
by 

 𝑄𝑟𝑡(𝜏|𝑟𝑡−1, … , 𝑟𝑡−𝑞−1) = 𝛼0(𝜏) + 𝛼1(𝜏)𝑟𝑡−1 + ∑ 𝛼𝑗+1∆𝑟𝑡−𝑗𝑞𝑗=1 + 𝜀𝑡  (5) 

 

with 𝑄𝑟𝑡(𝜏|𝑟𝑡−1, … , 𝑟𝑡−𝑞−1) being the conditional quantile of  𝑟𝑡 for the defined quantile level 𝜏 ∈ (0,1) and 𝜀𝑡 the error term. The solution for �̂�0, �̂�1, … , �̂�𝑞 is obtained using quantile regression. 

The null hypothesis conditional on the quantile level 𝜏 is then given by 
 𝐻0: 𝛼1(𝜏) = 1�𝑣𝑠�𝐻1: 𝛼1(𝜏) ≤ 1 
 
with a t-ratio statistic defined by 
 𝑡𝑛(𝜏) = 𝑓(𝐹−1(𝜏))(𝜏(1−𝜏))12� (𝑹`−1𝑷𝑿𝑹−1)12(𝛼1(𝜏) − 1)     (6) 

 

where 𝑓(𝑢) and 𝐹(𝑢) are the probability and cumulative density functions of  𝜀𝑡, 𝑹−1 is the 

vector of  lagged real exchange rates used and 𝑷𝑿 is the projection matrix onto the space orthogonal 

to (1, ∆𝑟𝑡−1, ∆𝑟𝑡−2, … , ∆𝑟𝑡−𝑞). The t-ratio statistic is estimated and its critical values are found using 

a bootstrap approach outlined in (Koenker & Xiao, 2004). A Kolmogorov-Smirnov type test for 

stationarity over an interval of  quantiles [𝜏0, 1 − 𝜏0] is also suggested and has the form 
 𝑄𝐾𝑆 = max𝜏∈[𝜏0,1−𝜏0]|𝑡𝑛(𝜏)|        (7) 

 
where critical values are also estimated with a bootstrap approach given in (Koenker & Xiao, 

2004). 
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To test for the weak-form of  PPP within the quantile methodology, the quantile cointegration 

regression framework of  (Xiao, 2009) is considered. The model takes the form 
 𝑄𝑠𝑡(𝜏|Ft) = 𝛽0(𝜏) + 𝛽1(𝜏)(𝑝𝑡 − 𝑝𝑡∗) + ∑ 𝛽𝑗+1∆(𝑝𝑡−𝑗 − 𝑝𝑡−𝑗∗ )𝑞𝑗=−q + 𝜀𝑡   (8) 

 

where (𝑝𝑡 − 𝑝𝑡∗) is the price difference and Ft refers to information that is known prior to 
time t. The parameters are solved using quantile regression and the null hypothesis conditional on the 

quantile level 𝜏 is of  the form 
 𝐻0: 𝛽1(𝜏) = 0�𝑣𝑠�𝐻1: 𝛽1(𝜏) ≠ 1 
 
with test statistic 
 𝑌𝑇(𝜏) = max𝑘=1,…,𝑇 1�̂�𝜓∗ √𝑇 |∑ 𝜓𝜏(𝜀𝑗𝜏)𝐾𝑗=1 |       (9) 

 

where 𝜓𝜏(𝑢) = 𝜏 − 𝑰(𝑢 < 0), 𝜀𝑗𝜏 = 𝑠𝑡 − 𝑄𝑠𝑡(𝜏|𝐹𝑡), and �̂�𝜓∗  is the long-run variance of  𝜓𝜏(𝜀𝑗𝜏). The critical values are obtained through a bootstrap method. These results will, however, be 

displayed visually with confidence intervals for 𝛽1(𝜏). In this manner, one can test for strong and 

weak form PPP. If  the confidence interval of  𝛽1(𝜏) does not contain 0, one rejects the conditional 

null hypothesis and weak-form PPP holds for the quantile level 𝜏. If  the confidence interval contains 

1 as well, one cannot reject the hypothesis that 𝛽1(𝜏) = 1 and the strong-form PPP holds for the 

quantile level 𝜏. 
 

4. Data 

The data considered for this study was collected from the International Monetary fund 
(International Monetary Fund, 2018) and consists of  varying date lengths depending on the availability 
of  both monthly Consumer Price Index (CPI) values and monthly exchange rates. South Africa is 
considered the domestic country. 

The countries that are considered as high volume and low volume trade partners are given in 
Table 1: Countries with high export volume and Table 2: Countries with low export volume 
respectively, with the corresponding dollar amount in exports and percentage exports that was 
observed in the 2016 period. 
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Table 1: Countries with high export volume 

 
Table 2: Countries with low export volume 

By considering the latter tables, one should note that the aggregate percentage exported of  
the high export countries tally up to 31.5% of  South Africa’s exports, whereas the low export countries 
only account for 1.43% of  total exports. 

Figure 1: Exchange rates and CPI of  considered countries provides the exchange rate and CPI 
time series plots of  the considered countries with high export countries being on the left column and 
low export countries on the right. 

For all high export countries except Botswana, one should note that a depreciating local 
currency is observed. Since the Botswana Pula is a weighted average of  the South African Rand and 
other international currencies, one would expect the Pula to be similar to the Rand to some extent. 
Also, Japan is the only country that observed considerable drops in CPI over the considered period. 

One should note the sudden devaluation of  the Egyptian Pound that gained extreme 
momentum in 2016. This occurred at the backdrop of  the IMF’s demand that Egypt devaluate their 
currency as a prerequisite of  an estimated $12bn loan that was provided over three years. After that 
period, one observes a steeper gradient for the CPI of  Egypt, matching up to what one would consider 
in the PPP context. 
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Whilst the CPI figure for South Africa is omitted here, for completeness it is stated that one 
observes a constant increase in the CPI figures for South Africa. 

 

Figure 1: Exchange rates and CPI of  considered countries 
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5. Empirical Results 

For the strong-form PPP hypothesis, quantile unit root tests are performed over the quantiles 𝜏 ∈ (0.1, 0.2, … , 0.9). Table 3: Quantile unit root test for high export volume countries represents 
the results for high export volume countries. 

 

 
Table 3: Quantile unit root test for high export volume countries 

The prevalence of  strong-form PPP is not as clear when the QKS statistics are considered. In 
none of  the cases could we find evidence that the strong-form PPP holds over all quantiles. The first 
case where it is observed is with Botswana at the 10th quantile at a 10% level of  significance. This 
implies that when the real exchange rate appreciates with regards to the Botswana Pula, the existence 
of  strong-form PPP is present. We also observe the existence of  strong-form PPP with China at the 
30th, 50th and 60th quantile of  the real exchange rate, implying that in stable conditions the strong-form 
PPP holds between China and South Africa. Lastly, one observes that at the 90th quantile, the strong-
form PPP holds for Japan, indicating that the strong-form PPP holds when the rand is depreciating 
in real terms. 

Next, the results of  the low export volumes are considered in Table 4.  
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Table 4: Quantile unit root test for high export volume countries 

If  one considers the QKS test, one can observe that, at an aggregate level, there seems to be 
some evidence of  strong-form PPP for the Czech Republic. Also, for Indonesia we observe the 
existence of  strong-form PPP in all quantiles except the 60th and 90th quantiles. The reason for this 
might be that although South Africa does not export a considerable amount of  goods to Indonesia 
per say, South Africa is one of  Indonesia’s largest trade partners, and its largest trade partner in Africa. 

Figure 2 considers the results of  the quantile cointegration regression methodology. Countries 
with high export volume are again considered on the left-hand side of  the figure whereas countries 
with low export volume are considered on the right-hand side of  the figure. 
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Figure 2: Quantile Cointegration Regression 
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Using the latter argument, one should note that the weak-form PPP holds over all quantiles 
for China, the United States, Japan and the United Kingdom. Similar results are obtained for the weak-
form PPP of  the United States by (Bonga-Bonga, 2011) who used a VAR-X approach. Botswana 
violates the weak-form PPP when the nominal interest rate is either appreciating or depreciating and 
Japan may have strong-form PPP when the nominal exchange rate is depreciating. 

We do however observe violations for all countries over all low export countries, the worst of  
which is observed for Indonesia and Egypt. 

 
Conclusion 

This paper attempted to study whether countries with higher export volumes with the 
domestic country have additional evidence of  PPP when compared with countries with lower export 
volume. The paper made use of  the quantile unit root test and quantile cointegration regression 
approach to test the strong and weak-form PPP over different quantiles of  the exchange rate. Whilst 
not a considerable amount of  evidence of  the strong-form PPP hypothesis was found, the weak-form 
PPP hypothesis was proven over all quantiles for China, the United States, Japan and for the United 
Kingdom. Japan also shows the existence of  strong-form PPP when the nominal exchange rate is 
depreciating. Although this cannot be deemed an exhaustive study, the paper does find strong evidence 
that countries with greater financial integration with respect to their import and export relations tend 
to have greater evidence for the existence of  PPP. 
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