MEHMET AKiF ERSOY UNiVERSITESi
iKTiISADI VE iDARI BiILIMLER FAKULTESI DERGIS] [Iiaetsmis

Cilt: 8 Sayi: 3 5.1394-1406
Volume: 8 Issue: 3 p.1394-1406
Kasim 2021 November

Mehmet Akif Ersoy University
Journal of Economics and Administrative Sciences Faculty

TESTING THE PURCHASE POWER PARITY HYPOTHESIS FOR BRICS: EVIDENCE
FROM FOURIER UNIT ROOT AND COINTEGRATION TEST

BRICS IiCIN SATIN ALMA GUCU PARITESI HIPOTEZININ TEST EDIiLMESIi: FOURIER
BiRiM KOK VE ESBUTUNLESME TESTINDEN KANIT

Tuncer GOVDELI!, Serpil SUMER?

OPEN ACCESS . . . . . . .
BY This study is a review of the purchasing power parity hypothesis applied to BRICS

countries (Brazil, Russia, India, China, and South Africa). For each country, time series
o based on a Fourier perspective was applied. The initial stages of the study analyzed the
1. Dog. Dr., Atatiirk Universitesi, stationarity of the series using Fourier unit root testing. The series was found to be
tgovdeli@gmail.com, stationary at level 1(1), paving the way for the Fourier Shin cointegration test, which
https://orcid.orq/0000-0002-6600-8684 constituted the second stage. The analysis revealed cointegration associations with all

N BRICS countries. Hence, it is understood that the purchasing power parity theory applies
2. Ars. Gor., Atatiirk Universitesi, to all five countries.

serpil.sumer@atauni.edu.tr, . . . . . . .
) Keywords: Purchasing Power Parity, Fourier Unit Root Test, Fourier Cointegration
https://orcid.org/0000-0001-8452-0393 Test. BRICS Countries.

Oz

Bu calismada, BRICS (Brezilya, Rusya, Hindistan, Cin ve Giiney Afrika) tilkelerinin
satin alma giicii parite teorisi incelenmistir. Her tilke i¢in Fourier yaklagimi iceren zaman
serisi kullanilmistir. Caligmanin ilk asamasinda serilerin duraganliklar1 Fourier KPSS
Arastirma Makalesi Research Article testi kullanilmstir. Seriler I(1) diizeyinde duragan olduklari tespit edilerek ikinci asama
olan Fourier Shin esbiitiinlesme testine gegilmistir. Yapilan analiz sonucu tiim BRICS
iilkelerinde esbiitiinlesme iligkisi bulunmustur. Béylece bu bes iilkede satin alma giicii
parite teorisi gecerli oldugu sonucuna ulagilmistir.

Makale Tiiri Article Type

Bagvuru Tarihi Application Date
06.11.2020 11.06.2020 Anahtar Kelimeler: Satin Alma Giicii Paritesi, Fourier Birim Kok Testi, Fourier
Esbiitiinlesme Testi, BRICS Ulkeleri.
Yayina Kabul Tarihi Admission Date
28.07.2021 07.28.2021
DOl

https://doi.org/10.30798/makuiibf.822369

1394


https://orcid.org/0000-0002-6600-8684
https://orcid.org/0000-0001-8452-0393
https://doi.org/10.30798/makuiibf.822369
https://www.budapestopenaccessinitiative.org/
https://creativecommons.org/licenses/by/4.0/deed.en

Testing the Purchase Power Parity Hypothesis for BRICS: Evidence from Fourier Unit Root and Cointegration Test - BRICS I¢in Satin Alma Giicii Paritesi
Hipotezinin Test Edilmesi: Fourier Birim Kok ve Esbiitiinlesme Testinden Kanit
Tuncer GOVDELI Serpil SUMER

GENISLETILMIS OZET
Calismanin Amaci

Bu calismanin amaci BRICS (Brezilya, Rusya, Hindistan, Cin ve Giiney Afrika) iilkelerinde
satin alma giicii paritesinin gecerliligini test etmektir

Arastirma Sorulari

Satin alma giicii paritesi belli bir mal veya hizmet sepeti secilerek her iki iilkede fiyatinin doviz
kuru cinsinden sabitlenmesine denmektedir. Satin alma giicii paritesi sadece arastirmacilar igin degil
ayni zamanda politika yapicilar iginde ¢ok dnemli bir unsurdur. Satin alma giicii paritesi ile ticaret
hadlerinde iilkelerin hangi sektore yogunlasabilecegi dngoriilebilir. Bu sayede iilkelerin rekabet giicii
artacaktir. Uluslararasi arenada rekabet giicilinii artmasi iilkenin gelismislik ve kalkinmiglik seviyesini
de artiracaktir. Gelecekte diinya ekonomisinde onemli bir yere sahip olacagi diisiiniilen BRICS
(Brezilya, Rusya, Hindistan, Cin ve Giiney Afrika) iilkelerinin satin alma gii¢lerinin test edilmesi
gelecek ekonomisi ile ilgili dnem arz eden bir husustur. Calismanin temel sorusu; BRICS {ilkeleri i¢in
satin alma giicii paritesi gegerli midir?

Literatiir Arastirmasi

Son yillarda satin alma giicii paritesi iizerine yapilmis pek ¢ok calisma vardir. Gelismis tilkeler
tizerine yapilan caligmalar; Bahmani-Oskooee ve Ranjbar (2016), Jiang vd. (2015), Narayan (2005),
Kalyoncu ve Kalyoncu (2008), Huang ve Yang (2015), Chen (2017), Batos vd. (2018); Yoon vd. (2019);
Aixala vd. (2019); Nagayasu (2021). Gelismekte olan {ilkeler iizerine yapilan ¢alismalar; Kim (1990),
Drine ve Rault (2008), Hassan vd. (2015), Loukopoulos ve Antonopoulos (2015). Avrupa bolgesi igin
yapilan ¢aligmalar; Jiang vd. (2016), Kavkler vd. (2016), Bergin vd. (2017), Bekd ve Kavkler (2019).
Al-Gasaymeh vd. (2019). Petrol ihrag eden iilkeler i¢in yapilan ¢aligmalar; Eslamloueyan ve Kia (2015),
Lyon ve Olmo (2017). BRICS fiilkeleri iizerine yapilan ¢aligmalar; Chang, Lee ve Hung (2012), Peng
vd. (2016), Chang, Su, Zhu ve Liu (2010), Andre vd. (2017); Seshaiah ve Tripathy (2018); Giiris ve
Tiragsoglu (2018); Rani ve Kumar (2018); Prabheesh ve Garg (2020). Afrika iilkeleri {izerine yapilan
¢aligmalar; Yilanci vd., (2017), Iyke ve Odhiambo (2017), Yapilan bazi ¢alismalarda Papell (1997),
Taylor ve Sarno (1998), Fleissig ve Strauss (2000), Wu ve Wu (2001), Narayan ve Prasad (2005),
Holmes vd. (2012), Li vd. (2015), satin alma giicii paritesi gegerlidir. Ote yandan, yapilan bazi
calismalarda Taylor (1988), Layton ve Stark (1990), Telatar ve Kazdagli (1998), Tiwari ve Shahbaz
(2014), Wang vd. (2017), satin alma giicii paritesi gecerli degildir.

Yontem

Bu caligsmada, satin alma giicii paritesini test edebilmek i¢cin Fourier Shin (FSHIN) esbiitiinlesme
testi kullanilmistir. Bu testi kullanmanin 6nkosulu serilerin hepsinin ayni seviyeden duragan olmasidir.
Serilerin duraganligin1 Becker vd. (2006) tarafindan gelistirilen Fourier Kwiatkowski Phillips Schmidt
Shin (FKPSS) birim kok testi ile analiz edilmistir. Kwiatkowski vd. (1992) testini gelistiren Becker vd.

(2006), Fourier fonksiyonunu kullanmislardir. Bununda nedeni bilinmeyen fonksiyonlarin hareketini
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yakalayabilmesidir (Becker vd. (2006), Gallant (1981), Yilanci ve Eris (2012)). FKPSS testi hem ani
degisimleri hem de yavas degisimleri yakalayabilmektedir. Bu testin giicii yapisal degisimlerin tarihi,
sayist ve bicimlerinden etkilenmez. Calismada, BRICS iilkelerinin aylik verileri kullanilmistir.
Kullanilan veriler IMF’nin (International Money Fund) IFS (International Financial Statistics) veri
tabanindan alinmistir. Veriler mevsimsel etkilerden arindirilarak analize dahil edilmistir. Brezilya ve
Giliney Afrika verileri 1980:1 ile 2017:12 doénemini, Rusya verileri 1995:6 ile 2017:12 donemini,
Hindistan 1980:1 ile 2017:11 dénemini, Cin verileri 1986:1 ile 2017:12 donemini kapsamaktadir.

Sonu¢ ve Degerlendirme

Caligmada, BRICS iilkelerinin satin alma giicii paritesinin gecerliligini analiz edebilmek igin
1980 ile 2018 donemi arast aylik veriler kullanilmistir. FKPSS sonuglarinda serilerin 1(0) diizeyinde
birim kokli oldugu, I(1) diizeyinde duragan oldugu sonucuna ulasilmistir. Serilerin I(1) olmasi ile
FSHIN egbiitiinlesme testi uygulanmistir. Analiz sonucunda bes iilkede de ikili nominal déviz kuru ve
nispi fiyat orani arasinda uzun donemli iligki tespit edilmistir. Boylece satin alma giicii paritesi bu iilkeler
icin gecerlidir. Ulkelerin refah diizeylerini gdsteren etkenlerden birisi de satin alma giicii paritesidir.
BRICS iilkelerinde satin alma giicli paritesinin gecerli oldugundan bu {ilkelerin refah diizeylerini
artirabilmek i¢in istikrarli politikalar ortaya koymasi gerekmektedir. Gelisen ekonomiler olan bu tilkeler
diinya ekonomisinden ciddi pay almaktadirlar. Enflasyondan arindirilmis ve nispi yasam maliyetini
hesaba katmasindan 6tiirii satin alma giicii paritesi BRICS {ilkelerinin diinya ekonomisindeki yerini daha
belirgin bir bi¢imde dl¢ceceginden politika yapicilar daha rasyonel olarak karar verilebilecektir. Analizler
neticesinde BRICS iilkelerinde doviz kuruna gelebilecek soklarin gecici oldugu sonucuna ulasilabilir.
Boylece bu iilkelerin istikrarli doviz kuru politikalart da izledigi sdylenebilir. Finansal krizlere yol
acabilen doviz kuru oynakliklari iilkeleri risk altinda birakmaktadir. Gelisen ekonomilerin ana
problemlerinden birisi olan doviz kuru soklari politika yapicilarin kararlarini ciddi bigimde
etkilemektedir. Calismanin ampirik bulgulari neticesinde BRICS iilkelerinde doviz kuru riskinin
minimuma indirgenecek politika iiretilmesi bu iilkelerin gelismis ilkelerle rekabet edebilirligini
artiracaktir, BRICS iilkelerindeki ticari engellerin kaldirilmasi satin alma giicii paritesini destekleyecek
politikalar olarak karsimiza cikabilir. Sanayisi hizli bigimde artan bu iilkelerde ticari engellerin
kaldirilmasi ile birlikte d6viz kuru oynakliklarinin azalacagi, refah diizeyinin artacagi diisiiniilmektedir.
Bu nedenle politika yapicilarin alacaklari kararlarda bu faktore dikkat etmesi onerilmektedir. Ek olarak
enflasyon ile miicadelede gerekli adimlarin atilmasi saglanmalidir. Kisa donemli kararlar yerine orta ve
uzun donemli kararlarin alinmasi satin alma giicli paritesine olumlu yonde etki edecektir. Politika
yapicilarimin enflasyonla ilgili politikalarinin daha dikkatli karar verilmesi BRICS {ilkelerinin geligmesi

ve kalkinmasina katki saglayacaktir.
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1. INTRODUCTION

Exchange rates serve as the main pillars of international capital movements. Countries set their
terms of trade based on exchange rates. The competitiveness of countries in the international arena
depends on stable exchange rates, and the rates make it easier for economic players to make decisions.
The wealth of nations is often assessed in terms of GDP per capita. However, real economy is too
complex for nominal GDP to offer a meaningful benchmark. Hence, economists are always on the
lookout for alternatives to exchange rates, which are not, on their own, adequate measures to allow for
comparisons between the wealth levels of different countries. The relationship between exchange rates
and prices has long been a matter of debate in the history of economics. Purchasing power parity was
introduced to the literature by Cassel exactly 100 years ago (1918), and it refers to the determination of
a specific basket of goods or services and fixing its price in both countries, compared in a foreign
currency. The purchasing power parity figure does not vary much between two countries, which allows
for free movement of all goods and leads the countries to engage in substantial trade with each other
(Balassa, 1964). Purchasing power parity allows for an analysis without the disruptive effects of price
differences between the countries, and it also serves as a measure of the wealth levels of individual

countries.

Purchasing power parity is crucial for not only researchers but also for policy makers. It allows
an analysis of the prospective sectors that individual countries may focus on with respect to terms of
trade. This helps reinforce the competitive power of countries. An increase in the competitive power of

a country in the international arena will soon translate to increased levels of development.

BRICS is an abbreviation composed of the first letters of the countries of Brazil, Russia, India,
China, and South Africa. According to the BRICS report published by Goldman Sachs in 2003, Brazil,
Russia, India, and China will be more influential in the global economy by the year 2050. Provided that
the current economic trends prevail, in less than 40 years, these four countries will catch up with the G6
economies. As a result, the list of the 10 countries with the highest GDP worldwide may substantially
change by 2050. By then, the total GDP of the countries with the highest per capita figure will be less
than the total GDP of these newcomers (Wilson and Purushothaman, 2003). Estimates and predictions
suggest that the economic positions and rankings are prone to change—and likely will. Countries that

take the correct steps will get ahead in the race.

The present study aims to test the applicability of purchasing power parity for the BRICS
countries. In addition, this study adds a different dimension to the current literature by testing the
purchasing power parity hypothesis of BRICS countries. The empirical techniques used provide more
concrete information than other studies. The first and second parts of the study provides general

information on purchasing power parity along with a summary of the literature. The third part discusses
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the methods employed. The fourth part then reviews the data and empirical findings. Finally, the fifth

part provides a conclusion.

2. LITERATURE REVIEW

Recent years have seen numerous studies on purchasing power parity. Research based on
developed countries include Bahmani-Oskooee and Ranjbar (2016); Jiang et al. (2015); Narayan (2005);
Kalyoncu and Kalyoncu (2008); Huang and Yang (2015); Chen (2017); Batos et al. (2018); Yoon et al.
(2019); Aixala et al. (2019); and Nagayasu (2021). Studies based on developing countries include Kim
(1990); Drine and Rault (2008), Al-Gasaymeh et al. (2019); Doganlar et al. (2020). Studies based on
Europe include Jiang et al. (2016); Kavkler et al. (2016); Bergin et al. (2017); and Beké and Kavkler
(2019).

Research about oil-exporting countries includes Eslamloueyan and Kia (2015) and Lyon and
Olmo (2017). BRICS countries are the focus of studies by Chang, Lee, and Hung (2012); Peng et al.
(2016); Chang, Su, Zhu, and Liu (2010); Andre et al. (2017); Seshaiah and Tripathy (2018); Giris and
Tirasoglu (2018); Rani and Kumar (2018); and Prabheesh and Garg (2020). Yilanci et al. (2017) and

lyke and Odhiambo (2017) conducted studies based on African countries.

Some studies, including those of Papell (1997), Taylor and Sarno (1998), Fleissig and Strauss
(2000), Narayan and Prasad (2005), Holmes et al. (2012), and Li et al. (2015), have found purchasing
power parity to be applicable. Others, however, do not concur, as is the case with Taylor (1988), Layton
and Stark (1990), Telatar and Kazdagli (1998), and Tiwari and Shahbaz (2014).

3. METHODOLOGY

This study employed the Fourier Shin (FSHIN) cointegration test in an attempt to examine
purchasing power parity. As a precondition, the test requires all series to be stationary at the same level.
The stationarity of the series was tested using the Fourier Kwiatkowski-Phillips-Schmidt-Shin (FKPSS)
unit root test developed by Becker et al. (2006). Having built on the test originally developed by
Kwiatkowski et al. (1992), Becker et al. (2006) used the Fourier function. The reason for doing so lies
in its ability to capture the behaviour of unknown functions (Becker et al. (2006); Gallant (1981); Yilanci
and Eris (2012)). The FKPSS test is able to capture both sharp changes and smooth ones occurring over
time. The strength of this test is that it is not dependent on the time, frequency, and forms of structural

changes. This test is based on the following process for data compilation:

}’t:K-éE"" z;-'l"'-l_rt-l_st (1)

Iy = ey T U, 2)
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In the above example, £, refers to static errors, and u, is a term independent of @3, albeit subject
to the same distribution scheme. Here, in the case of X, = 1, the test is one of a stationary process, while
in the case of X, = (1,t)’, it is of a stationary process in a trend. Z, = [sin (2mkt/T), cos (2nkt/T)]’
would help to prevent any rupture of deterministic terms. Finally, k refers to the frequency, t refers to

the trend, and T refers to sample size.

In order to analyze stationarity at a level:

-

m) + Y2 cns(:;m) +e 3)

yt=u[,+1f15111( =

In order to analyze stationarity in a trend:

2k

. 2wk
Ve = uﬂ+|3t+1rf15111(n7)+1,-'3c05( -

) + e 4)
would apply to generate the residuals, and it is possible to come up with the following testing

statistics:

1 EL 5007

T o2

(k) or (k) = (5)

The above ordinary least squares (OLS) residuals take the form 5.k = Eitzl’éi. Nonparametric
estimation of long-term variance is derived from the weight set w;,j = 1,...,1, using @2, 1 cut-off latency
parameter:

G: = ED + 2 E}:l.“'ri gl (6)

Above, Ei reflects the jth sample autocovariance of e, residuals from equation 3 or 4. To assess

the most applicable frequency k, the minimum residual sum of squares was chosen.

Once the same level of stationarity was established for all series, the FSHIN cointegration test
developed by Tsong et al. (2016) was applied. The hypotheses discussed in the FSHIN cointegration

test are as follows:
Ho: Cointegration prevails.
H1: No cointegration.

The FSHIN cointegration test applies the following models:

ve=d, +xB+mn, t=123..T (7)
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Above, 1} = ¥y + Uyr, ¥e = Yi—1 T U and x, = x4 +vy,. Here, u, refers to independent yet
identical distributed processes based on zero average and variance 3. That is why vy, is in random

movement with zero average. The deterministic component of the equation 7 can be expressed as
follows:

d; = Efjéulalt.L +f; (8)

m=1 or m=0, and

f. =y, sin (:;Lﬁ) +v- cns(::_m) 9)

Above, k refers to the frequency, t refers to the trend, and T refers to sample size. The model

specified in the equation 7-9 is reduced to Shin (1994), provided that no Fourier component exists.

Upon combining the equation 7, 8 and 9:
m . . f2mke 2reke ;
Ve = 2,8t + v sin (“T) + v, cns(nT) + 3 B+ vy, (10)

The FSHIN cointegration test statistics are presented below:

Cl =T 2w "X, 8] (11)

Here, S, = XL, vy, refers to the partial sum of OLS derived from equation c, and w; refers to

the consistent predictor of vy, ’s long-term variance.

4. DATA AND EMPIRICAL FINDINGS

In this empirical study, the monthly data of the BRICS countries was used. The data was
obtained from the International Money Fund’s (IMF) International Financial Statistics (IFS) database.
The data for Brazil and South Africa cover the period January 1980 through December 2017, while that
for Russia covers June 1995 through December 2017, for India it covers January 1980 through
November 2017, and for China it covers January 1986 through December 2017. The reason that the data
of the countries are different is that we use the oldest time series data that we can reach for each country.

After adjusting seasonal effects; the data were included in the analysis.
The purchasing power parity calculations were based on the following model:
ner; = f; + Borpry + 1 (12)

Here, ner; refers to the bilateral nominal exchange rate, while rpr: stands for relative price ratio.

When subjected to the natural logarithm of the series, equation 1 evolves into the following form:
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Inner, = By + Bolnrpr, + p, (13)

Here, Inner; refers to the bilateral nominal exchange rate logarithm, while Inrpr; refers to the
relative price ratio logarithm. In the literature, some purchasing power parity analyses are based on
producer prices indices because they cover commodities as well. The present study, however, used
consumer price indices to account for the domestic and overseas price levels. New statistical materials

exhibit more accurate results for the assessment of purchasing power parity.

Tablel. Fourier KPSS stationarity test

Nominal Exchange Rate Relative Price Ratio
Country FREQ MinSSR FKPSS Ft FREQ MinSSR FKPSS Ft
Brazil 1 13064.5 0.968 443.277 1 13604.9 0.960 431.915
Russia 2 87.781 1.181 64.125 1 78.413 0.817 131.091
India 1 78.731 0.970 323.666 1 50.663 0.978 285.069
China 1 9.7226 0.828 354.623 2 11.203 1.199 114.445
South Africa 1 131.824 0.958 256.474 1 77.207 1.001 274.136
DBrazil 1 2.546 0.098 158.637 1 2.254 0.106 179.829
DRussia 3 0.897 0.228 4.015 1 0.132 0.182 9.494
Dindia 1 0.161 0.034 5.127 2 0.035 0.041 5.514
DChina 1 0.213 0.034 5.528 1 0.036 0.099 10.053
DSouth Africa 5 0.594 0.204 4.920 5 0.592 0.212 4.968

Note: %5 Critic values for 1, 2, 3, 4 and 5 frequencies are 0.1696, 0.4075, 0.4424, 0.4491 and 0.4571.

Table 1 presents the FKPSS stationarity test results. Nominal exchange rate and relative price
ratio series have unit roots at level 1(0). The margins of the series reveal stationarity at level 1(1). As I(1)
for both series, the precondition for the FSHIN cointegration test is met, followed by the actual

application of the FSHIN cointegration test.

Table 2. Fourier KPSS and Shin Cointegration Tests

Country FREQ Min SSR FSHIN-test CIf* Frast

Brazil 2 11.096 0.127(%) 37.186(*)
Russia 1 2.902 0.079(*) 25.720(*)
India 1 2.084 0.050(*) 67.349(*)
China 1 2.020 0.094(*) 24.641(*)
South Africa 2 4.105 0.084(*) 34.636(*)

Note: * 5% critical values for the FSHIN cointegration for 1 and 2 frequencies are 0.124 and 0.276.

The results of the FSHIN cointegration tests are presented in Table 2. The cointegration
relationship between the bilateral nominal exchange rate (ner:) and the relative price ratio (rpr;) for the
BRICS countries is evident, and the test statistics for the BRICS countries were found to be

nonsignificant. Therefore, one can argue that a cointegration relationship exists for all five countries.
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5. CONCLUSION

This study employed monthly data for the period 1980-2018 to analyse the validity of
purchasing power parity for the BRICS countries. The FKPSS results show that the series have a unit
root at level 1(0) and exhibit stationarity at level 1(1), and for this reason, the FSHIN cointegration test
was applied. The analysis revealed long-term associations between the log of bilateral nominal exchange
rate and the log of relative price ratio for all five countries. Therefore, one can strongly argue that
purchasing power parity is applicable for these countries.

The purchasing power parity means that a commaodity is calculated at the same value in all
countries. Since the BRIC countries have a purchasing power parity, it is a good policy decision to
consider the purchasing power parity in monetary policy decisions in these countries. Also, as a result
of the analyzes, the shocks that may arise in exchange rates in BRICS countries are temporary.

One of the factors that show the welfare level of countries is purchasing power parity. Since
purchasing power parity is valid in BRICS countries, these countries need to put forward stable policies
to increase their welfare level. These countries, which are developing economies, take a serious share
of the world economy. Purchasing power parity Adjusts for inflation and takes into account the relative
cost of living. Therefore, policymakers will be able to make rational decisions by measuring the place

of BRICS countries in the world economy more clearly.

As a result of the analysis, it can be concluded that the shocks to the exchange rate in the BRICS
countries are temporary. Thus, these countries can follow a stable exchange rate policy. Exchange rate
volatility, which can lead to financial crises, puts countries at risk. Exchange rate shocks, one of the
main problems of developing economies, seriously affect the decisions of policymakers. The production
of policies that will minimize the exchange rate risk in BRICS countries will increase the

competitiveness of these countries with developed countries.

The removal of trade barriers in the BRICS countries may appear as policies to support
purchasing power parity. It is thought that with the removal of trade barriers in these countries, exchange
rate volatility will decrease and the level of welfare will increase. For this reason, we recommend that
policymakers pay attention to this factor in their decisions. In addition, necessary steps should be taken
to combat inflation. Taking medium and long-term decisions instead of short-term decisions will have
a positive effect on purchasing power parity. More careful decision-making of policy makers' inflation-

related policies will contribute to the development and development of BRICS countries.
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