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Portfolio Flows and Exchange Rate Volatility: 

An Empirical Estimation for BRICS Countries 

Dipak R. Chaudhari, Pushpa Trivedi and Prabhat Kumar 

 

Abstract 

This paper examines whether foreign portfolio flows are responsible for exchange 
rate volatility in the BRICS economies. Applying the GARCH (1, 1) model to monthly 
data from January 2000 to July 2021 on exchange rate returns, this paper finds that 
net portfolio flows in bond and equity markets impact exchange rate returns and 
volatility in the returns of the BRICS currencies. However, the BRICS countries have 
been successful in reducing currency volatility through foreign exchange market 
interventions. Further, net inflows are associated with appreciation in the BRICS 
currencies, except for that of Brazil during the post-GFC period.  

JEL Classification: F31, F32, G15  
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currency appreciation, GARCH (1, 1), granger causality  

 
 
  

                                                 

 Dipak R. Chaudhari (dipakrchaudhari@rbi.org.in) and Prabhat Kumar are Assistant Advisers in Reserve Bank 

of India and Pushpa Trivedi is a Professor at Shiv Nadar University, Chennai. The authors thank the anonymous 

referee and Amarendra Acharya for their useful comments on the paper during the DEPR Study Circle. We are 

grateful to the DRG team for their comments and feedback in revising the paper. The views expressed in the paper 

are those of the authors and not of the institutions to which they belong.  

mailto:dipakrchaudhari@rbi.org.in


2 

  

Portfolio Flows and Exchange Rate Volatility:  

An Empirical Estimation for BRICS Countries 

 
Introduction 

Globalisation plays a major role in the modern economic development. Product 

innovations and advancements in information and technology have upgraded 

humankind's living standards. Greater global financial integration has resulted in 

increased international trade in goods and services, labour force migration for better 

employment and capital flows for optimal use and higher returns. However, 

globalisation can also lead to financial instability and associated losses of output and 

employment (Pattanaik, 2001). The inflation pass-through via exchange rate can also 

introduce volatility in commodity prices (Ndou et al., 2019). An increase in cross-border 

capital flows is believed to be an important factor in increased volatility in exchange 

rates (Caporale et at., 2017).  

Capital flows are broadly categorised into foreign direct investment (FDI) and 

foreign portfolio or institutional investment (FPI or FII).1 With the gradual opening of 

the economies around the globe, investors have got an opportunity to invest in other 

countries to maximise their returns, leading to an increase in cross-border FPI flows. 

In the US, cross-border FPI transactions in bonds and equities markets were 4 per 

cent of its GDP in 1975 which increased to 245 per cent by 2000 (Hau and Rey, 2006). 

The growth in FPIs has been much more than FDI flows. FPI flows are considered to 

be most volatile, sometimes called ‘hot money’ (In-Mee Baek, 2006) as these flows 

are motivated purely by returns and are susceptible to economic outlook. 

The speculative nature of the FPI flows, sudden inflows and outflows can create 

volatility in the emerging market economies (EMEs). By contrast, FDI is influenced by 

economic fundamentals and tends to be less volatile (Uctum and Uctum, 2011). Rafi 

and Ramachandran (2018) examined currency volatility in EMEs and observed that 

the FPI flows contributed more than 7 per cent to the exchange rate volatility in these 

economies. In deciding about the policies related to FPI flows, emerging economies 

may account for the impact of these flows on exchange rate variability (Rafi and 

Ramachandran, 2018).  

Exchange rate movements in turn can influence international trade. An 

appreciation in domestic currency can adversely impact exports as domestic goods 

                                                 

1 As per the IMF’s Balance of Payment Manual (6th edition), the FDI is the significant influence that gives the 

investor an effective voice in management (10 per cent or more of voting stock) while FPI is an investment where 

the owner holds less than 10 per cent of a company's shares (IMF, 2012). 
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become more expensive while depreciation can make them cheaper. Multinational 

companies are reluctant to trade with a country whose exchange rate is volatile.  

Finally, exchange rate volatility can affect the financial system, making 

monetary policy objectives more difficult to achieve. In August 2013, Morgan Stanley 

created a term “Fragile Five”2 to symbolise EMEs which had become too reliant on 

unreliable foreign portfolio flows to finance their economic growth aspirations.  

Against this background, this paper analyses the implications of FPI flows for 

exchange rate volatility in the BRICS economies. Studies in this area mainly focus on 

advanced economies (AEs) (Caporale et al., 2017). There are very few studies in the 

context of emerging economies. The BRICS group consists of a) a large population 

along with large-scale production; b) a major economic block accounting 22 per cent 

of gross world product; c) a significant share in emerging market equities value; and 

d) various fund managers that have set up dedicated BRICS investment funds. In sum 

these economies, as they transit from developing to developed countries, are 

important for economic research (Collins, 2005). 

To understand the linkage between portfolio flows in debt and equity markets 

to the exchange rate volatility, the paper uses econometric approach of Generalised 

Autoregressive Conditional Heteroskedasticity (GARCH) estimation technique 

developed by Bollerslev (1986). The rest of the paper is organised into the following 

sections. Section II undertakes a survey of literature on the exchange rate volatility 

and portfolio flows. Section III presents stylised facts related to BRICS and the 

selected variables. Section IV explains the data and the methodology. Section V 

concludes by providing a summary and findings of the study.  

 

II. Literature Review 

 The literature gives vital importance to understanding the empirical relationship 

between foreign capital flows and nominal exchange rates. Dornbusch (1980) has 

argued that exchange rate adjusts instantaneously to clear the asset market while 

other asset classes adjust steadily. Bonser-Neal (1996) provided three main reasons 

for exchange rate volatility – first is the change in market fundamentals, including 

income, interest rates, productivity, and money supply, second is the change in future 

expectations of economic fundamentals and policies; and third is the change driven 

by speculators/hedgers.  

                                                 

2 The five countries of the “Fragile Five” include Brazil, India, Indonesia, South Africa and Turkey. 
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Most of the previous studies on the linkages between exchange rates and FPI 

flows focus on the advanced economies. Hau and Rey (2006) empirically estimated 

the relationship between exchange rates, equity prices, and capital flows using 

multiple frequency data (daily, monthly, and quarterly) for 17 OECD (Organisation for 

Economic Co-operation and Development) countries in comparison with the US. The 

authors found that portfolio flows were closely associated with changes in exchange 

rates, and net equity flows were positively interrelated with appreciation in foreign 

currency. Ali et al. (2014) analysed the effect of bond and equity portfolio flows on 

exchange rate volatility using two-state Markov-switching models for Canada, 

countries in the European Union, Japan and the UK. The authors found that the 

relationship between net portfolio flows and exchange rate volatility was non-linear for 

all currencies, excluding the Canadian dollar. In the case of Canada, net portfolio 

inflows are not found to be impacting the exchange rate volatility. The same group of 

authors extended the analysis for the US against Australia, Canada, the European 

Union, Japan, Sweden, and the UK from January 1988 to December 2011 (Caporale 

et al., 2015) and observed that the effect of exchange rate uncertainty on net equity 

flows is negative in the Euro area, the UK and Sweden. However, it was positive in the 

case of Australia. Overall, the findings suggested that any type of portfolio flows (bond 

or equity) heightened exchange rate uncertainty in the receiving country and led to 

financial instability. 

Using the VAR model, Froot et al. (2001) analysed the relationship among net 

portfolio flows, equities and currency returns. The authors observed a positive and 

contemporaneous relationship between net portfolio inflows and lagged equity and 

currency returns for 44 countries. Similarly, Brooks et al. (2004) observed that the 

portfolio outflows from the euro area to the US led to Euro depreciation against the US 

Dollar. While Siourounis (2003), using monthly data and applying an unrestricted VAR 

model, found that portfolio equity flows rather than portfolio bond flows impacted the 

exchange rates dynamics from 1988 to 2000 for USD vis-à-vis the Pound, Yen, 

Deutsche Mark and Swiss Franc.  

In comparison to AEs, there are a few country-specific studies on EMEs, such 

as for Turkey (Uctum and Uctum, 2011) and South Africa (Frankel, 2007). Most studies 

relating to EMEs include a group of these countries, such as Combes et al. (2012) for 

42 economies, Ananchotikul & Zhang (2014) for 17 economies, Caporale et al. (2017) 

for Asian EMEs, In-Mee Baek (2006) for Latin American economies and Aydoğan et 

al. (2020) for six EMEs. Combes et al. (2012) examined the long-run cointegrated 

inter-relationship between capital flows, exchange rate flexibility and the real effective 

exchange rate for 42 advanced and emerging economies from 1980 to 2006. The 

authors found that all capital inflows were associated with an appreciation of the real 
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effective exchange rate. Among the various capital flows, portfolio inflows had the 

most significant impact on the appreciation of the currencies. 

Ananchotikul and Zhang (2014) examined 17 emerging economies and found 

that global risk aversion is a major factor impacting exchange rate volatility. However, 

the magnitude of the impact was more dependent on country-specific characteristics, 

such as financial openness of the economy, the exchange rate framework, and other 

macroeconomic variables like inflation, current account balance, etc. In line with 

findings of the other studies, the authors confirmed that portfolio flows impact 

exchange rate returns.  

Although the representation of EMEs in the literature is limited, these 

economies offer interesting cases for understanding the relationship between capital 

flows and exchange rate volatility because they are at different stages of openness in 

terms of their regulatory framework, restrictions, sectoral caps, etc. Hence, exchange 

rates may respond differently depending on the size of the economy and the volume 

of flows in EMEs. 

A major obstacle in studying portfolio flows into EMEs is the lack of data 

availability. Very few developing countries provide segment-wise portfolio investment 

data. Usually, researchers source portfolio flows data from US Treasury International 

Capital (TIC) system, which has various limitations described by Caporale et al. 

(2017). Further, the data on net portfolio flows taken from the US TIC System covers 

only transactions involving US residents. Another data source for cross-country FPI 

flows is IIF (Institute of International Finance) dataset, which is comparable with the 

IMF and World Bank database as it follows balance of payments-based methodology. 

Yet another data source is the EPFR dataset (https://epfr.com/), which covers portfolio 

flows related to the mutual fund industry and exchange traded funds, as a subset of 

the overall portfolio flows (Ananchotikul and Zhang, 2014).  

Among the studies focusing on the BRICS economies, Altunöz (2020) 

evaluated the dynamics of net portfolio flows in bond and equity and exchange rates 

for India, Brazil and Russia. The author sourced the portfolio flows data from US TIC 

System for the period 1997 to 2017. Using non-linear two-state Markov switching 

specification, the author got mixed results. He found that the net bond flows led to an 

increase in exchange rate volatility in Russia. However, there was no impact seen in 

the case of Brazil. Overall, the author found that net equity flows from emerging 

economies to the US led to an increase in volatility in domestic exchange rates.  

While studying the BRICS and other economies, Aydoğan et al. (2020) 

examined the role of portfolio flows in the exchange rate volatility in Brazil, Russia, 

India along with Indonesia, Mexico and Turkey. The study found a correlation between 

https://epfr.com/
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the overall portfolio flows and exchange rate volatility. On the other hand, portfolio 

flows in the bond market, and the correlation was only in the case of Brazil and Mexico. 

These results indicated that portfolio flows in bond and equity markets were country 

specific. Gautam et al. (2020) evaluated the relationship between exchange rates and 

capital flows in the BRICS countries for the period 1994:Q1 to 2019:Q2. The authors 

employed the ARDL bound technique and found a positive relationship among the 

BRICS exchange rates. 

Kodongo and Ojah (2012) examined the relationship between net foreign 

portfolio flows and exchange rates in the major countries of Africa. The authors used 

monthly portfolio flows data from IIF for 1997:M1 to 2009:M12. Their findings of 

Granger causality test did not suggest any direction of causality between exchange 

rates and net portfolio inflows. However, in the case of South Africa, the authors found 

a bi-directional causality between exchange rate and portfolio flows.  

International capital flows are also dependent on the exchange rate regime and 

openness of the economy. Jiang (2019) provided a comparative analysis of the 

exchange rate regimes in the BRICS countries and found that Brazil was the only 

country with a free-floating exchange rate system among BRICS countries. In contrast, 

the other four countries followed a managed float exchange rate system, though with 

some differences.  

In the case of India, many studies have explored the relationship between 

foreign capital flows and exchange rate volatility. RBI (2021) analysed the drivers of 

INR-USD volatility for the period 1996:Q2 to 2019:Q4 using vector auto-regression 

framework and found the FPI flows to be most volatile among different instruments of 

capital flows. However, it also found that the INR-USD volatility reduces with an 

increase in net FPI inflows. By contrast, the other types of capital flows increased the 

INR-USD volatility.  

Kohli (2015) evaluated the role of FPI flows and other macroeconomic variables 

in determining the INR volatility. Using generalised method of moments, the author 

observed that financial openness and gross portfolio flows were major external factors 

impacting rupee volatility. Furthermore, after replacing net portfolio flows with gross 

flows, the author observed that the flows reduce exchange rate volatility in the short-

term. Dua and Sen (2013) examined the relationship between real exchange rate and 

volatility of capital flows between 1993 and 2010. The authors identified that net capital 

inflows and their volatility jointly impacted INR-USD exchange rate. Further, the 

findings suggested that capital inflows appreciated the exchange rate, resulting in a 

huge trade deficit.  
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III. Stylised Facts 

BRICS is a dominating group in international trade and finance. Regarding the 

size of these economies, China dominates with a GDP of USD 14.7 trillion followed by 

India having a USD 2.6 trillion economy. Brazil and Russia have a similar economic 

size of USD 1.4 trillion while South Africa’s GDP is USD 0.3 trillion. In terms of foreign 

trade, China dominated the group with USD 2.59 trillion exports in 2020 (Table 1).  

Table 1: BRICS Economies 

Country Income group*  
Share of various sectors in economy 
(% of GDP) 

Economy 
size# 

Foreign 
trade# 

Brazil  Upper-middle 
income  

62.9, 10, 5.9 services, manufacturing 
and agriculture, respectively. 

1.4 0.20 

Russia Upper-middle 
income 

56.3, 13.1, 13, 3.7 services, natural 
resources, manufacturing and 
agriculture, respectively. 

1.4 0.33 

India Lower-middle 
income  

49.3, 13, 18.3 services, manufacturing 
and agriculture, respectively. 

2.6 0.32 

China Upper-middle 
income  

54.5, 26, 7.7 services, manufacturing 
and agriculture, respectively. 

14.7 2.59 

South 
Africa 

Upper-middle 
income  

61.4, 12, 2.4 services, manufacturing 
and agriculture, respectively. 

0.3 0.08 

Note*: As per the World Bank description, the Upper middle-income economies are those 
countries whose per capita income is in the range of USD 4,096 to USD 12,695; while the 
Lower middle-income economies are those whose per capita gross national income is in the 
range of USD 1,046 to USD 4,095. #: USD trillion for the year 2020. 
Source: World Bank (https://datahelpdesk.worldbank.org) 

The BRICS countries started with divergent merchandise trade growth. The 

growth was 5.8 per cent for South Africa and 27 .6 per cent in the case of Russia. 

However, in recent years, they have come to compete very closely, and the growth 

rates during 2015-2020 are seen to be converging (Table 2).  

Table 2: BRICS’ Merchandise Trade Growth Rates, 
 Annual Average Growth Rates 

 1992-1995 1995-2000 2000-2005 2005-2010 2010-2015 2015-2020 

Brazil 9.5 2.4 17.1 9.5 -1.9 3.3 
China 21.6 10.0 26.7 13.5 7.5 3.7 
India 16.0 5.3 19.3 16.3 3.2 2.4 
Russia 27.6 1.6 19.4 8.2 -2.7 3.7 
South Africa 5.8 -0.2 13.0 9.5 -3.1 2.4 

Source: United Nations Conference on Trade and Development (UNCTAD). 

Russia and China are current account surplus economies while other countries 

have mostly experienced deficit in their current accounts. However, South Africa, India 

and Brazil were able to reduce their current account deficits which has resulted in an 

increase in investors’ confidence. For Russia, although current account deficit is not a 

problem as the country has maintained surplus mainly due to higher commodity prices, 

https://datahelpdesk.worldbank.org/
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its main concern has been Ruble volatility that has increased due to geopolitical 

tensions between 2014 and 2022, including the recent conflict involving Ukraine (Chart 

1).  

Chart 1: Current Account Balance 

 
Source: IIF. 

The BRICS countries adopted liberalised economic policies around the same 

time, and gradually allowed foreign portfolio investments into their domestic markets. 

In 1991, Russia enacted the first law to allow foreign investment in domestic market. 

In 1991-92, Brazil enacted a series of legislations to provide access to FPI flows. In 

1998, India allowed FPI flows in the corporate bond market. In 1994, South Africa 

ended Apartheid and implemented reforms related to foreign investments. In 1995, 

China liberalised foreign investment in their mainland, and in 1996, it embarked on 

current account convertibility. The chronology of major policy changes related to the 

FPI flows in the BRICS countries are tabulated in Annex Table A.1.  

Chart 2: FPI Flows as per cent of Nominal GDP 

 
Sources: IIF; World Bank; and Authors’ calculations. 

-6

-3

0

3

6

9

12

15

18

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

2
0

1
2

2
0

1
3

2
0

1
4

2
0

1
5

2
0

1
6

2
0

1
7

2
0

1
8

2
0

1
9

2
0

2
0

2
0

2
1

2
0

2
2

P
e
r 

c
e
n
t 
o
f 

G
D

P

Brazil China India Russia South Africa

-16
-14
-12
-10

-8
-6
-4
-2
0
2
4
6
8

10
12

0
3
-2

0
0

0

1
1
-2

0
0

0

0
7
-2

0
0

1

0
3
-2

0
0

2

1
1
-2

0
0

2

0
7
-2

0
0

3

0
3
-2

0
0

4

1
1
-2

0
0

4

0
7
-2

0
0

5

0
3
-2

0
0

6

1
1
-2

0
0

6

0
7
-2

0
0

7

0
3
-2

0
0

8

1
1
-2

0
0

8

0
7
-2

0
0

9

0
3
-2

0
1

0

1
1
-2

0
1

0

0
7
-2

0
1

1

0
3
-2

0
1

2

1
1
-2

0
1

2

0
7
-2

0
1

3

0
3
-2

0
1

4

1
1
-2

0
1

4

0
7
-2

0
1

5

0
3
-2

0
1

6

1
1
-2

0
1

6

0
7
-2

0
1

7

0
3
-2

0
1

8

1
1
-2

0
1

8

0
7
-2

0
1

9

0
3
-2

0
2

0

1
1
-2

0
2

0

P
e
r 

c
e
n
t

China India Russia South Africa Brazil

GFC 

2008-09

Jan 2017 Fed

rate hike

Major MNCs 

entry



9 

  

It has been observed that the BRICS countries are competing among 

themselves due to the commonalities and the competitive growth potential. The high 

economic growth over the past two decades of the BRICS countries has resulted in 

higher FPI inflows. However, the inflows have been volatile, ranging from (-)17 to (+)10 

per cent of their GDP, respectively (Chart 2).  

Learning from the Global Financial Crisis of 2008-09, many central banks 

started to moderate portfolio flows to curb exchange rate volatility (Mohanty and 

Berger, 2013). The sensitivity of the portfolio flows to the global events has been more 

severe for countries with current account deficits. During the COVID-19 pandemic, the 

portfolio flows declined sharply and then bounced back. The increase in the portfolio 

flows towards emerging economies could be attributed to the easy monetary policies 

adopted by the US and other advanced economies. When market was in a boom 

phase, portfolio flows shifted to emerging market economies in search of high returns, 

while the reverse happened during periods of increased risk aversion. This resulted in 

high volatility and not necessarily reflecting domestic macroeconomic fundamentals.  

As a preliminary attempt to understand the relationship, simple correlations 

were worked out between exchange rate returns and net FPI flows. The negative 

correlation for all five countries indicated that any kind of FPI flows create appreciation 

pressures on the domestic currency (Table 3). The results were in line with the findings 

in the literature (Hau and Rey, 2006). Here, return has been defined in terms of the 

log return, i.e., 

𝑙𝑛𝑟𝑡 = 100 × (𝑙𝑛𝐸𝑡 ÷ 𝑙𝑛𝐸𝑡−1) 

Here, 𝐸t is domestic exchange rate per USD. 

Table 3: Correlation of Exchange Rate Returns and FPI Flows 

 Brazil  Russia India China South Africa 

Bond FPI Flows -0.166 -0.183 -0.241 -0.205 -0.403 

Equity FPI Flows -0.326 -0.149 -0.446 -0.154 -0.156 

Net FPI Flows -0.314 -0.090 -0.472 -0.224 -0.208 

Source: Authors’ calculations. 

 

Any change in the foreign exchange market directly or indirectly impacts the 

economy through various channels, like exports and imports, capital flows, and 

external borrowings. A stable exchange rate lowers the risk for exporters and 

importers, increases international trade, and improves the growth potential, by making 

it easy for an entrepreneur to work on future projects and investments. Thus, ensuring 

orderly conditions in domestic forex market is the primary concern of policymakers. It 

has been observed that during the Global Financial Crisis and Taper Tantrum, 

exchange rate movements in BRICS countries were high resulting in heavy 
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interventions by the central banks of these countries to stabilise their exchange rates 

(Annex Chart A.1).  

After the balance of payments crisis in 1999, the Brazilian economy underwent 

many institutional reforms, including changes in the monetary policy framework. In 

1999, the Brazil Central Bank (BCB) adopted the inflation targeting (IT) framework and 

a floating exchange rate regime. Despite the floating exchange rate regime, BCB 

intervenes in the market more frequently and publishes intervention data on a daily 

basis. Among BRICS central banks, BCB is unique in terms of intervention. To 

illustrate, it invested around USD 50 billion in 2012-13 as interventions in the onshore 

derivatives market (Garcia, 2013).  

Bank of Russia (BoR) has gradually shifted its focus from exchange rate 

targeting to the inflation targeting in 2015. To smoothen exchange rate volatility, the 

BoR intervenes in the foreign exchange market with the buying and selling of USD 

and Euro. During the Global Financial Crisis of 2008-09, when Ruble volatility was 

high, the BoR intervened heavily and sold foreign currency. Further, during the Russia 

and Ukraine conflict in 2014, the Ruble experienced an all-time high volatility.  

Like other BRICS’ currencies, the INR also experienced high volatility during 

the GFC period. However, in comparison to GFC, the magnitude of volatility was quite 

high during the Taper tantrum episode in 2013.  

The Chinese Yuan has been comparatively stable among the BRICS’ 

currencies mainly as the Yuan was pegged with US dollar up to July 2005. As per the 

official statements from the People’s Bank of China (PBOC), it now has a managed 

floating system with reference to a basket of currencies. Further, the PBOC has 

claimed that Renminbi (RMB) is market determined. The PBOC had a fixed daily band 

of RMB/USD +/- 0.3 per cent from 2005 to 2007. Subsequently, the band widened to 

+/- 0.5 per cent from 2007 to 2012 and 2 per cent up to 2014. On August 11, 2015, 

the PBOC surprised market by consecutive three times devaluation of the RMB, 

reducing its value by 3 per cent against USD.  

Regarding currency intervention, China has frequently used exchange rates to 

benefit its export-led economic growth. On the intervention issue, the US treasury has 

often labelled China as a “currency manipulator”. Since January 2020, however, the 

US Treasury lifted its description for China as a currency manipulator. The Phase One 

Trade agreement between China and the US required changes to the former’s policies 

and practices in several key areas, including currency issues. In this settlement, China 

had made upfront commitment to refrain from devaluation of its exchange rate to boost 

exports. 
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Historically, the South African Reserve Bank (SARB) has intervened in the 

foreign exchange market in both spot and derivative markets. The overall objective of 

the SARB’s intervention operations is not to manage the exchange rate but to keep it 

competitive against its trading partners. Its other objective is to build up foreign 

exchange reserves. 

 

IV Data and Methodology  

IV.1 Methodology 

To study the impact of portfolio flows in bond and equity segment on the BRICS’ 

currencies, we have followed Caporale et al. (2017) and used log returns of exchange 

rate as the dependent variable. The log returns are calculated as: 

       𝑙𝑛𝑟𝑡 = 100 × (𝑙𝑛𝐸𝑡 ÷ 𝑙𝑛𝐸𝑡−1)                                   … (1) 

Here 𝑙𝑛𝐸𝑡 is current month’s exchange rate and 𝑙𝑛𝐸𝑡−1 is last month’s exchange rate, 

“𝑙𝑛” indicates log form.  

The conventional ordinary least square (OLS) models assume – 

homoskedasticity (expected values of all error terms are same at any point). However, 

exchange rate returns, and volatility in the returns follow heteroskedastic pattern 

(Huang et al., 2011) – the variance in the error terms are different at any given time, 

called as time-variant variance. Further, the variance shows “volatility clustering”, 

where “large changes tend to be followed by large changes, of either sign, and small 

changes tend to be followed by small changes”, meaning that there are periods of low 

and high volatilities in the sample. This “clustered volatility” is termed as 

autoregressive conditional heteroscedasticity (ARCH) in the literature. Conditional 

heteroskedasticity is an interesting property because it can be exploited for forecasting 

the variance in future periods. In the presence of heteroskedasticity, the regression 

coefficients for an OLS regression are still unbiased. However, the standard errors and 

confidence intervals estimated by OLS regression will be small and may provide a 

false sense of accuracy. Hence, considering the heteroskedastic nature of the data, 

we have used the ARCH and GARCH models. The ARCH and GARCH treat 

heteroskedasticity as a variance to be modelled. The model describes the variance of 

the current error term as a function of the actual sizes of the previous periods' error 

terms. 

The baseline econometric model has the following specification:  

𝑙𝑛𝑟𝑡 = 𝛽0 + 𝛽1𝑟𝑡−1 + 𝛽2𝑙𝑛𝐸𝐹𝑃𝐼𝑡 + 𝜀𝑡                               ...(2) 
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Here,  

         𝜀𝑡 =  𝜀𝑡
†ℎ𝑡

1/2
                                                     ... (3) 

The equation (2) is a mean equation in the GARCH estimation, which shows 

that average returns on exchange rate at time “t” (𝑙𝑛𝑟𝑡) depends on its own lag, total 

net portfolio inflows and error term (𝜀𝑡). Further, 𝜀𝑡 is dependent on some lagged 

information (Ω−1) and assumed to be normally distributed with zero mean and its 

variance (ℎ𝑡). Here, ℎ𝑡 is variance equation, 𝛼1 and 𝛼2 are ARCH and GARCH 

coefficients, respectively. As per the GARCH assumptions, the coefficients should be 

positive, and their sum should be around 1. 

ℎ𝑡 = 𝛼0 + 𝛼1𝜀𝑡−1
2 + 𝛼2ℎ𝑡−1 +  𝛼3|𝑙𝑛𝐹𝑃𝐼𝑡|                         ...(4) 

Further, as the FPI flows are of two types, bond and equity, they are of different 

nature and impact the exchange rate returns and volatility differently. To understand 

the effect of bond and equity flows impact on exchange rate volatility, we have 

examined the following equation: 

𝑙𝑛𝑟𝑡 = 𝛽0 + 𝛽1𝑟𝑡−1 + 𝛽2𝑙𝑛𝐵𝑜𝑛𝑑𝑡 +  𝛽3𝑙𝑛𝐸𝑞𝑢𝑖𝑡𝑦𝑡 + 𝜀𝑡               ...(5) 

In the equation (5), bond and equity flows are taken separately and also the 

variance equation (eq. 7) has been changed accordingly.  

         𝜀𝑡 =  𝜀𝑡
†ℎ𝑡

1/2
                                                ...(6) 

  ℎ𝑡 = 𝛼0 + 𝛼1𝜀𝑡−1
2 + 𝛼2ℎ𝑡−1 +  𝛼3|𝑙𝑛𝐵𝑜𝑛𝑑𝑡 + 𝛼4|𝑙𝑛𝐸𝑞𝑢𝑖𝑡𝑦𝑡|               ...(7) 

In the variance equation (ℎ𝑡), expected signs for 𝛼1 and 𝛼2 are positive and if 

both are combined, the value should be around 1. The | | is absolute value of variance. 

In time series analysis, the first stage of any empirical investigation is to check the 

stationarity of data. The paper uses Augmented Dickey Fuller (ADF) test for the 

stationarity check. The ADF test is based on the idea of testing whether the coefficient 

of lagged values of time series is equal to one i.e., presence of unit root. Therefore, 

the null hypothesis is that the series has unit root implying non-stationarity. 

Furthermore, considering the various other factors impacting exchange rate 

simultaneously, we have extended the empirical analysis by adding other variables in 

the above equation - Central bank intervention and interest rate differential. Although 

the common motive behind intervention is to reduce exchange rate volatility, empirical 

evidence of effectiveness of intervention are mixed. As per the central banks’ stated 

policies, all BRICS central banks use intervention as a major policy instrument to curb 

volatility. The difference between US yield and BRICS countries yield can be a major 

factor impacting exchange rate volatility. However, literature does not provide any 
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unanimous view in this connection. Brooks et al. (2004) found that interest rate was 

not the crucial factor in USD-Yen exchange rate determination post 2000. Further, 

during the Taper tantrum episodes of 2013, when many countries including India were 

witnessing massive capital outflows, Pakistan witnessed inflows. It was ascribed to the 

high interest rate offered on Pakistan securities. Hence, to understand the effect of 

intervention and interest rate differential along with bond and equity flows, we have 

examined the following equations: 

 𝑙𝑛𝑟𝑡 = 𝛽0 + 𝛽1𝑟𝑡−1 + 𝛽2𝑙𝑛𝐵𝑜𝑛𝑑𝑡 +  𝛽3𝑙𝑛𝐸𝑞𝑢𝑖𝑡𝑦𝑡 + 𝛽4𝐼𝑛𝑡𝑣𝑡 + 𝛽5𝐼𝑛𝑡𝑑𝑡 + 𝜀𝑡     ...(8) 

Further,  

    𝜀𝑡 =  𝜀𝑡
†ℎ𝑡

1/2
                                    ...(9) 

ℎ𝑡 = 𝛼0 + 𝛼1𝜀𝑡−1
2 + 𝛼2ℎ𝑡−1 + 𝛼3|𝑙𝑛𝐵𝑜𝑛𝑑𝑡 + 𝛼4|𝑙𝑛𝐸𝑞𝑢𝑖𝑡𝑦𝑡| + 𝛼5|𝐼𝑛𝑡𝑣𝑡 + 𝛼6|𝐼𝑛𝑡𝑑𝑡| …(10) 

IV.2 Data Description  

For our analysis, the dependent variable is the nominal exchange rate, 

exchange rate per US dollar of the respective currency. The study is based on monthly 

data on bonds and equity flows and exchange rate per US dollar (end of the month) 

for the period January 2000 to July 2021. The data on exchange rate are taken from 

International Monetary Fund (IMF)’s International Finance Statistics (IFS). The 

rationale for taking end-of-the-month exchange rate, rather than the monthly average, 

is to understand the impact of portfolio flows of the month on the exchange rate. As 

portfolio flows are volatile varying on a day-to-day basis, taking the average of the 

monthly exchange rate may not be appropriate to gauge the impact on these flows.  

Bond and stock portfolio flows data are obtained from the Institute of 

International Finance. The IIF is an international organisation of market participants 

and policymakers including central banks, investment firms and financial institutions 

from 70 countries. As the dataset follows balance of payments-based methodology 

and constructed using country-wise individual country data sources, it is comparable 

with the IMF or World Bank database.  

Based on the literature (Ishii et al., 2006), the study uses an interest rate 

differential variable. This is the difference between home country and the US 10-year 

government securities yield. The data is sourced from the OECD database. The 

motive behind choosing the interest rate differential variable is to capture possibly the 

US monetary policy spillover effect on local currency. In our dataset, a positive interest 

rate differential between BRICS counties against the US indicates the possibility of 

‘carry trade’ involving borrowing in low interest and investing in a high-interest market. 

These observations are in line with the interest rate parity theory. We observed sudden 

jump in the Russian interest rate differential in the year 2014-15 due to the currency 
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crisis faced by the country. China’s interest rate differential is mostly around zero 

proving the resilient nature of the economy against the US economy. 

In the BRICS countries, actual intervention data is available only in the case of 

Brazil, Russia and India. Among these, Brazil publishes on a daily basis, while Russia 

and India publish on monthly frequency with around 2-month lag. It is a daily frequency 

for Brazil, while it is a monthly frequency for Russia and India. South Africa and China 

do not publish intervention data. In this background, we have used a database recently 

published in an IMF working paper (Adler et al., 2021). The data on intervention is 

calculated as a per cent of GDP. 

We have used log of all the selected variables. However, all the data series are 

not always positive as sometimes exchange rate intervention can be negative due to 

the sale of foreign currency. The interest rate differential between home country and 

the US can be negative also. Hence, considering the common practice in the literature 

(Herrmann and Mihaljek, 2013; Karakaplan et. al., 2020; Behera and Mishra, 2020; 

and Shankar 2002), we have added a constant value to the series. A constant is a 

maximum negative value in the series to make the series non-negative. Adding a 

constant neither changes parameter estimates nor the parameter as coefficient of 

variation is standardised and unit free measure. 

By examining the contemporaneous correlation matrix, it has been observed 

that the returns of the BRICS economies are positively correlated. The positive 

correlation among BRICS currencies indicates that the returns are competitive (Table 

4).  

Table 4: Contemporaneous Correlation Matrix of Returns in BRICS Currencies 

 Real Yuan Rupee Ruble Rand 

Real 1.00     

Yuan 0.18 1.00    

Rupee 0.40 0.20 1.00   

Ruble 0.37 0.23 0.36 1.00  

Rand 0.40 0.21 0.45 0.40 1.00 

 Source: Authors’ calculations. 

The other variables are foreign portfolio investment in bond market and equity 

market- indicated as “𝑙𝑛Bond” and “𝑙𝑛Stock” respectively. The other variable is “𝑙𝑛FPI”, 

which is net FPI flows (Bond + Stock) (descriptive statistics are given in Annex Table 

A.2).  

The descriptive statistics indicates that for the sample period, i.e., January 2000 

to July 2021, returns on BRICS’ currencies were positive indicating depreciation 

against the US dollar, except Chinese Yuan, which was negative showing appreciation 

against the US dollar. Also, the standard deviation of returns on Yuan was less than 
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the other currencies indicating relative stability of the currency among others. Positive 

skewness and high kurtosis suggest potential high gain with low degree of probability 

in the foreign exchange market. Kurtosis value for portfolio flows in bonds, stocks and 

overall FPI showed positive values implying their ‘hot money’ character.  

In order to avoid spurious regression, it is important to carry out a stationary 

test. The stationarity is a property of data with constant mean and constant covariance. 

In other words, series need to be stationary to avoid spurious regression. For this 

purpose, the Augmented Dickey-Fuller (ADF) test has been used, adjusting for serial 

correlation. The ADF test results suggest that all the select variables are I(0), indicating 

that all our variables are stationary at level (Annex Table A.3).  

Further to understand the relationship between exchange rate volatility, FPI 

flows (both in bond and equity) and central bank intervention, we carry out Granger 

causality test (Table 5). As expected, the null hypothesis that FPI flows do not Granger 

cause exchange rate volatility is rejected in the case of Russia, India and China. 

However, for Brazil and South Africa, we did not get significant F-statistic values. The 

null hypothesis that volatility does not granger cause intervention is rejected in the 

case of India and China.  

Table 5: Pair-wise Granger Causality Results 

Null Hypothesis  Brazil Russia India China S. Africa 

FPI does not Granger Cause 

Ex. Rate Volatility 

0.380 

(0.82) 

4.881* 

(0.08) 

13.480** 

(0.00) 

4.745* 

(0.09) 

0.981 

(0.61) 

Ex. Rate Volatility does not 

Granger Cause FPI  

0.255 

(0.88) 

5.410* 

(0.06) 

0.629 

(0.73) 

16.332** 

(0.00) 

3.332 

(0.89) 

Equity FPI does not Granger 

Cause Ex. Rate Volatility 

0.596 

(0.74) 

23.803** 

(0.00) 

9.063** 

(0.01) 

11.86** 

(0.00) 

1.666 

(0.43) 

Ex. Rate Volatility does not 

Granger Cause Equity FPI 

1.700 

(0.42) 

5.043* 

(0.08) 

1.218 

(0.54) 

0.04 

(0.81) 

1.440 

(0.48) 

Debt FPI does not Granger 

Cause Ex. Rate Volatility 

0.300 

(0.86) 

0.807 

(0.66) 

17.701** 

(0.00) 

15.28** 

(0.00) 

0.386 

(0.82) 

Ex. Rate Volatility does not 

Granger Cause Debt FPI 

1.66  

(0.93) 

0.46 

(0.97) 

0.28 

(0.86) 

36.63** 

(0.00) 

1.74  

(0.41) 

Intervention does not Granger 

Cause Ex. Rate volatility 

0.501 

(0.77) 

2.854 

(0.23) 

0.512 

(0.77) 

11.953** 

(0.00) 

2.635 

(0.26) 

Ex. Rate Volatility does not 

Granger Cause Intervention 

0.037 

(0.98) 

1.704 

(0.42) 

4.553* 

(0.10) 

14.173** 

(0.00) 

4.405 

(0.11) 

Note: ** and * indicate rejection of the null hypothesis at 5 per cent and 10 per cent level of 
significance, respectively. Figures in parenthesis are p-values. 

As the granger causality results are inconclusive and country-specific, we 

proceed to our GARCH estimation of the association between FPI flows and exchange 

rate returns.  
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IV.3 Empirical Results 

We estimate the baseline equations (2) to (4) using GARCH (1,1) framework 

developed by Baillie & Bollerslev (1989) (Table 6). 

Table 6: Results of the Baseline Model 

Variable Brazil Russia India China S. Africa 

Mean equation:   𝑙𝑛𝑟𝑡 = 𝛽0 + 𝛽1𝑟𝑡−1 + 𝛽2𝑙𝑛𝐹𝑃𝐼𝑡 + 𝜀𝑡         

𝛽0 28.97** 3.47 6.21** 1.42** 8.90** 

 (0.00) (0.10) (0.00) (0.00) (0.00) 
𝛽1 0.05 0.17** 0.09* 0.46** 0.25** 

 (0.54) (0.00) (0.05) (0.00) (0.00) 
𝛽2 -6.61** -0.86* -1.47** -0.35** -2.39** 
 (0.00) (0.09) (0.00) (0.00) (0.00) 

Variance equation: ℎ𝑡 = 𝛼0 + 𝛼1𝜀𝑡−1
2 + 𝛼2ℎ𝑡−1 +  𝛾1|𝛼3𝑙𝑛𝐹𝑃𝐼𝑡|         

𝛼0 183.70 9.20*** 2.36** 0.42** 1.68 
 (0.00) (0.00) (0.000) (0.00) (0.43) 

𝛼1 0.33** 0.25** 0.19** 0.09** 0.03 
 (0.00) (0.00) (0.02) (0.00) (0.44) 

𝛼2 0.09 0.65** 0.82** 0.74** 0.83** 

 (0.58) (0.00) (0.000) (0.00) (0.00) 
𝛼3 -0.39** -2.14** -0.54** -0.09** -0.38** 

 (0.00) (0.00) (0.00) (0.00) (0.00) 

Diagnostics 

R2 0.028 0.068 0.037 0.062 0.22 
Log likelihood -748.23 -599.27 -497.09 -260.53 -465.31 
ARCH -LM (8) 0.61 (0.76) 0.82 (0.58) 0.62 (0.71) 0.09(0.99) 0.52 (0.83) 

Note: Figures in the parentheses indicate p-values of the respective coefficient; **: indicates 
significance at 5 per cent level and *: indicates significant at 10 per cent level; LM: Lagrange 
Multiplier.  
Source: Authors’ calculations. 

 
The estimation shows that the dataset is suitable for the GARCH framework. 

The statistically significant coefficients for all BRICS countries (except Brazil) [𝛽1, 

which is return on exchange rate (-1) in the mean equation] indicates that past 

exchange rate values can largely decide the present value of the exchange rate return. 

The significant coefficients of 𝛽2 in case of all the countries indicates that the foreign 

portfolio flows are impacting the level of the returns on the exchange rate.  

ARCH and GARCH terms (𝛼1 and 𝛼2 respectively) in the variance equation are 

statistically significant (except for South Africa where only the GARCH term is 

statistically significant), and both coefficients are positive and are close to one (1) 

indicating presence of ARCH and GARCH effects in the model. The FPI coefficients 

in all these countries are found to be statistically significant and negative, pointing out 

that net FPI inflows reduce volatility in the returns. The interpretation of this sign can 

be ambiguous - rooted on the already mentioned granger causality test. Again, one 

possible interpretation could be that in the dynamic forex market FPI inflows, central 

bank interventions can be simultaneous.  
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We have tested the residual diagnostics for all five countries and found that the 

residuals and squared residuals are not serially correlated and have no 

heteroskedasticity in ARCH-LM test. Further, following Meese and Rogoff, (1983) the 

RMSE values have been compared with a random walk model for all five BRICS 

country cases. It has been observed that all the RMSE values of the model are lower 

than its counterpart of random walk models (Annex Table A.4). Hence, it is reasonable 

to conclude that the model offers a good fit. 

Moving to the estimation results of equations 5 to 7, we observed that FPI flows 

– both in bond and equity – have statistically significant coefficients for all the BRICS 

countries (except Russia for bond flows) (Table 7). Further, all the 𝛽3 coefficients signs 

are negative indicating equity flows are creating appreciation pressure on the domestic 

currencies. In the variance equation, both ARCH and GARCH terms are statistically 

significant (except South Africa, where only GARCH term is significant) and close to 

one, indicating that once volatility is high, it remains high for a long period. Further, the 

bond and equity coefficients are statistically significant indicating both types of FPI 

flows have an impact on exchange rate volatility in the returns. The negative 

coefficients of bond flows for Brazil and South Africa indicate that the FPI flows in bond 

segment reduce volatility in returns. However, in the case of India the sign is positive, 

reflecting that the bond flows increase volatility in the exchange rate returns. The 

equity flows coefficient is positive for Brazil and South Africa, indicating that equity 

flows increase volatility in the exchange rate returns whereas the coefficients are 

negative in the case of Russia, India and China signifying that equity flows reduced 

volatility in the returns.  

Table 7: Results of the Main Model 

Variable Brazil Russia India China S. Africa 

Mean equation:   𝑙𝑛𝑟𝑡 = 𝛽0 + 𝛽1𝑟𝑡−1 + 𝛽2𝑙𝑛𝐵𝑜𝑛𝑑𝑡 +  𝛽3𝑙𝑛𝐸𝑞𝑢𝑖𝑡𝑦𝑡 + 𝜀𝑡         

𝛽0 17.37** 6.30** 6.76** 3.04** 11.70** 

 (0.03) (0.00) (0.01) (0.00) (0.00) 
𝛽1 -0.27 0.20** -0.006 0.47** 0.24** 

 (0.67) (0.01) (0.92) (0.00) (0.00) 
𝛽2 6.56** 0.15 3.37** -0.35** -1.68** 
 (0.00) (0.45) (0.00) (0.00) (0.00) 

𝛽3 -11.49* -1.75** -5.04** -0.37** -1.63** 
 (0.00) (0.00) (0.00) (0.00) (0.00) 

Variance equation: ℎ𝑡 = 𝛼0 + 𝛼1𝜀𝑡−1
2 + 𝛼2ℎ𝑡−1 +  𝛾1|𝛼3𝑙𝑛𝐵𝑜𝑛𝑑𝑡 + 𝛼4𝑙𝑛𝐸𝑞𝑢𝑖𝑡𝑦𝑡|         

𝛼0 36.98** 5.51** --0.77** 0.36** 1.73** 
 (0.00) (0.00) (0.00) (0.00) (0.000) 

𝛼1 0.21** 0.35** 0.19** 0.15** 0.03 

 (0.03) (0.00) (0.00) (0.01) (0.46) 
𝛼2 0.55** 0.66** 0.80** 0.58** 0.92** 

 (0.00) (0.00) (0.00) (0.00) (0.00) 
𝛼3 -13.12** 0.06 0.65** -0.03 -0.54** 

 (0.000) (0.39) (0.00) (0.12) (0.00) 
𝛼4 5.91** -1.39** -0.42** -0.04** 0.08 

 (0.00) (0.00) (0.00) (0.00) (0.51) 
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Diagnostics 

R2 0.10 0.06 0.10 0.06 0.21 
Log likelihood -738.14 -598.25 -506.74 -89.07 -464.61 
ARCH -LM (8) 0.43 (0.89) 0.50 (0.85) 0.62 (0.71) 0.29(0.99) 0.41 (0.91) 

Note: Figures in the parentheses indicate p-values of the respective coefficient; ** indicates 
significance at 5 per cent level and * indicates significant at 10 per cent level. 
Source: Authors’ calculations. 

 
The results of the residual diagnostic tests show that the model is a good fit for 

the estimation. The adjusted R-square values range from 0.06 to 0.21, indicating the 

model explains 6 per cent to 21 per cent variation in exchange rate returns. The 

negative signs of the bond flows in Brazil, South Africa and equity flows in Russia, 

India and China indicate that the flows are reducing volatility in the exchange rate 

returns, which contradicts the common perception of portfolio flows increasing 

volatility. Hence, considering the results may be due to omitted variables bias issue, 

we re-estimate the model with additional variables - intervention and interest rate 

differential (Table 8).  

The results show that the additional variables increase predictive ability of the 

model. Here, we have added two new variables - central bank intervention and interest 

rate differential capturing difference in domestic and US interest rates. As all the five 

BRICS central banks undertake interventions to avoid volatility in their exchange rate, 

the intervention variable is crucial (Neely, 2008). The interest rate differential can also 

be the driving factor for FPI flows as higher interest rate differential fetches them higher 

returns. However, the results are mixed for intervention and interest rate differential, 

the impact of bond and equity flows on exchange rate returns (create appreciation 

pressure on domestic currency) remains same as it was in the earlier models in the 

mean equation. The intervention coefficient is statistically significant and carries a 

negative sign for India and China indicating that intervention reduces returns in the 

exchange rate. For Brazil, the positive sign for interest rate differential suggests that 

difference between domestic and US interest rates depreciates Brazilian Real.  

Table 8: Results of Main Model with Additional Variables 

Variable Brazil Russia India China S. Africa 

Mean equation:𝑙𝑛𝑟𝑡 = 𝛽0 + 𝛽1𝑟𝑡−1 + 𝛽2𝑙𝑛𝐵𝑜𝑛𝑑𝑡 +  𝛽3𝑙𝑛𝐸𝑞𝑢𝑖𝑡𝑦𝑡 + 𝛽4𝑙𝑛𝐼𝑛𝑡𝑣𝑡 + 𝛽5𝑙𝑛𝐼𝑛𝑡𝐷 + 𝜀𝑡         
𝛽0 17.76** 4.55** 6.17** 2.48* 13.32** 
 (0.00) (0.00) (0.00) (0.03) (0.00) 

𝛽1 -0.14 0.06 -0.04 0.20* 0.22** 
 (0.67) (0.25) (0.48) (0.02) (0.00) 

𝛽2 6.46** -0.17* 3.65** -0.25 -1.98** 
 (0.00) (0.08) (0.00) (0.00) (0.00) 

𝛽3 -11.36* -0.88* -5.09** -0.34* -1.79* 
 (0.00) (0.04) (0.00) (0.08) (0.02) 

𝛼4 -0.68 -0.70 -1.36** -0.23** -0.47 
 (0.29) (0.00) (0.00) (0.00) (0.14) 

𝛼5 1.22** -0.002 0.02 0.009 -0.31 
 (0.00) (0.18) (0.91) (0.50) (0.19) 
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Variance equation: 
ℎ𝑡 = 𝛼0 + 𝛼1𝜀𝑡−1

2 + 𝛼2ℎ𝑡−1 +  𝛼3|𝑙𝑛𝐵𝑜𝑛𝑑𝑡| + 𝛼4|𝑙𝑛𝐸𝑞𝑢𝑖𝑡𝑦𝑡|+𝛽5|𝑙𝑛𝐼𝑛𝑡𝑣𝑡| + 𝛽6|𝑙𝑛𝐼𝑛𝑡𝐷|         
𝛼0 15.12** 10.15 1.57** 0.41 5.23* 
 (0.00) (0.72) (0.00) (0.35) (0.04) 

𝛼1 0.17* 1.61 0.16** 0.39** -0.02 
 (0.05) (0.13) (0.01) (0.01) (0.48) 

𝛼2 0.69** 0.64** 0.81** 0.48** 0.55** 
 (0.00) (0.00) (0.00) (0.00) (0.00) 

𝛼3 -5.62** -0.72 -0.10** -0.03 -1.75** 
 (0.00) (0.71) (0.00) (0.71) (0.00) 

𝛼4 2.86** 0.85 -0.26** -0.04** 0.58 
 (0.00) (0.90) (0.00) (0.00) (0.43) 

𝛼5 0.27 -1.41 0.09 0.04** -0.51 
 (0.89) (0.12) (0.59) (0.00) (0.23) 

𝛼6 1.55 -0.03** -0.22 0.006 0.80* 
 (0.30) (0.00) (0.30) (0.93) (0.06) 

Adjusted R2 0.18 0.09 0.18 0.11 0.20 
Log likelihood -695.89 -570.11 -466.38 -184.07 -444.65 
ARCH -LM (8) 0.003 (0.95) 0.37 (0.92) 0.44 (0.89) 0.07 (0.99) 1.08 (0.37) 

Note: Figures in the parentheses indicate p-values of the respective coefficient; ** indicates 
significance at 5 per cent level and * indicates significance at 10 per cent level. 
Source: Authors’ calculations. 

In the variance equation, GARCH coefficients are statistically significant and 

less than one for all BRICS countries, indicating the suitability of the model. However, 

the negative signs of bond and equity coefficients of BRICS countries remain the same 

as in the earlier model, except Brazil. Hence, we divide the entire sample period into 

pre-GFC and post-GFC periods to understand the impact of changes in global financial 

system including various regulatory reforms carried out by the individual countries. 

However, in the pre-GFC equation, we have not estimated the equation for China as 

the country had a pegged exchange rate upto 2005. 

Table 9: Results of Pre-GFC Period 

Variable Brazil Russia India S. Africa 

Mean equation:𝑙𝑛𝑟𝑡 = 𝛽0 + 𝛽1𝑟𝑡−1 + 𝛽2𝑙𝑛𝐵𝑜𝑛𝑑𝑡 + 𝛽3𝑙𝑛𝐸𝑞𝑢𝑖𝑡𝑦𝑡 + 𝛽4𝑙𝑛𝐼𝑛𝑡𝑣𝑡 + 𝛽5𝑙𝑛𝐼𝑛𝑡𝐷 + 𝜀𝑡         

𝛽0 17.13 5.94** 192.02* 12.25 

 (0.72) (0.00) (0.05) (0.26) 
𝛽1 -0.084 0.14 -0.04 0.26** 
 (0.47) (0.17) (0.23) (0.00) 

𝛽2 0.17 0.06** -40.40* -5.33** 
 (0.68) (0.04) (0.09) (0.02) 

𝛽3 -4.38 -1.51** -8.67** 1.91 
 (0.68) (0.00) (0.00) (0.40) 

𝛼4 -1.58 -0.45** -0.07 -0.72* 
 (0.16) (0.00) (0.85) (0.09) 

𝛼5 1.27** -0.002 0.30 0.12 

 (0.00) (0.45) (0.23) (0.76) 
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Variance equation: 

 ℎ𝑡 = 𝛼0 + 𝛼1𝜀𝑡−1
2 + 𝛼2ℎ𝑡−1 + 𝛼3|𝑙𝑛𝐵𝑜𝑛𝑑𝑡| + 𝛼4|𝑙𝑛𝐸𝑞𝑢𝑖𝑡𝑦𝑡|+𝛽5|𝑙𝑛𝐼𝑛𝑡𝑣𝑡| + 𝛽6|𝑙𝑛𝐼𝑛𝑡𝐷|         

𝛼0 37.35** 0.14 1.14 1.51** 

 (0.00) (0.16) (0.99) (0.00) 
𝛼1 0.25** 0.10** 0.18* -0.04 

 (0.00) (0.00) (0.07) (0.26) 
𝛼2 0.50** 0.91** 0.49** 0.85** 
 (0.00) (0.00) (0.00) (0.00) 

𝛼3 -9.70** -0.04 -0.08 -0.85** 
 (0.00) (0.26) (0.99) (0.00) 

𝛼4 1.65** -0.06** -0.09** 0.59** 
 (0.00) (0.00) (0.98) (0.00) 

𝛼5 -1.12 0.16 -0.18 -0.45 
 (0.58) (0.15) (0.58) (0.47) 

𝛼6 2.78* -0.006** -0.85** 0.65 
 (0.08) (0.00) (0.00) (0.22) 

Diagnostics 

Adjusted R2 0.17 0.09 0.09 0.12 
Log likelihood -244.29 -122.19 -128.08 -190.77 
ARCH -LM (8) 0.003 (0.95) 0.37 (0.92) 0.44 (0.89) 1.08 (0.37) 

Note: Figures in the parentheses indicate p-values of the respective coefficient; ** indicates 
significance at 5 per cent level and * indicates significance at 10 per cent level. 
Source: Authors’ calculations. 

Table 9 displays the results of pre-GFC period equation. The overall bond and 

equity flows appreciate the currencies of Brazil, India and South Africa but depreciate 

the Russian Ruble. Intervention effectively reduces returns in Russia and South Africa 

while interest rate differential creates appreciation pressure on the Brazilian Real. In 

the variance equation, GARCH terms for all four countries are positive and statistically 

significant. The signs of coefficients of bond and equity flows are negative except for 

Brazil and South Africa, where the equity flows are positive showing that the equity 

flows increases volatility in their currencies. 

For the post-GFC period, the mean equation results re-confirm that bond and 

equity inflows create appreciation pressure on the BRICS currencies (Table 10). The 

intervention coefficient is negative in mean and variance equations implying that all 

the BRICS central banks have been able to successfully reduce the exchange rate 

returns as well as the volatility in the returns through foreign exchange market 

interventions. In the case of interest rate differential, we get mixed results. For India 

and South Africa, the negative sign indicates the interest rate differential appreciates 

their currencies. However, the positive coefficient shows that it depreciates Brazil 

Real.  
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Table 10: Results of the Post-GFC Equation 

Variable Brazil   Russia India China S. Africa 

Mean equation: 𝑙𝑛𝑟𝑡 = 𝛽0 + 𝛽1𝑟𝑡−1 + 𝛽2𝑙𝑛𝐵𝑜𝑛𝑑𝑡 +  𝛽3𝑙𝑛𝐸𝑞𝑢𝑖𝑡𝑦𝑡 + 𝛽4𝑙𝑛𝐼𝑛𝑡𝑣𝑡 + 𝛽5𝑙𝑛𝐼𝑛𝑡𝐷 + 𝜀𝑡         

𝛽0 18.89** 81.45** 5.28** 2.12* 8.63** 

 (0.00) (0.00) (0.00) (0.09) (0.01) 

𝛽1 -0.19* 0.02 -0.09 0.22** 0.14** 

 (0.05) (0.81) (0.28) (0.00) (0.03) 

𝛽2 5.90** -20.26** 2.02 -0.19 -1.61** 

 (0.01) (0.00) (0.16) (0.28) (0.00) 

𝛽3 -11.06** -0.57 -3.23** -0.33 -0.82 

 (0.00) (0.51) (0.04) (0.26) (0.34) 

𝛼4 -1.57 -2.57** -2.55** -0.006 -1.12* 

 (0.20) (0.00) (0.00) (0.99) (0.07) 

𝛼5 1.07** -0.01 -0.78** -0.0005 -0.61* 

 (0.00) (0.70) (0.04) (0.97) (0.05) 

Variance equation: 

 ℎ𝑡 = 𝛼0 + 𝛼1𝜀𝑡−1
2 + 𝛼2ℎ𝑡−1 + 𝛼3|𝑙𝑛𝐵𝑜𝑛𝑑𝑡| + 𝛼4|𝑙𝑛𝐸𝑞𝑢𝑖𝑡𝑦𝑡|+𝛽5|𝑙𝑛𝐼𝑛𝑡𝑣𝑡| + 𝛽6|𝑙𝑛𝐼𝑛𝑡𝐷|         

𝛼0 1.56 19.33** -0.79** 0.57 2.94 

 (0.45) (0.00) (0.00) (0.87) (0.37) 

𝛼1 0.23* 0.25** 0.06** 0.94 0.01 

 (0.09) (0.01) (0.01) (0.41) (0.93) 

𝛼2 0.51** 0.63** 0.91** 0.89** 0.72** 

 (0.01) (0.00) (0.00) (0.00) (0.01) 

𝛼3 -3.29** -5.00** -0.23** -0.06 -0.64** 

 (0.00) (0.00) (0.00) (0.94) (0.00) 

𝛼4 4.33** 0.80** 0.46** -0.06** -0.08 

 (0.00) (0.00) (0.00) (0.00) (0.93) 

𝛼5 -8.15** -2.49 -0.56* -0.14 -0.13 

 (0.00) (0.22) (0.05) (0.39) (0.89) 

𝛼6 -2.11 -0.004 -0.72** -0.004 0.05 

 (0.31) (0.85) (0.01) (0.93) (0.89) 

Adjusted R2 0.16 0.16 0.18 0.08 0.19 

Log likelihood -397.76 -391.08 -289.28 -141.71 -236.61 

ARCH -LM (8) 0.003 (0.95) 0.37 (0.92) 0.44 (0.89) 0.07 (0.99) 1.08 (0.37) 

Note: Figures in the parentheses indicate p-values of the respective coefficient; ** indicates 
significance at 5 per cent level and * indicates significance at 10 per cent level. 
Source: Authors’ calculations. 

In the variance equation, the bond flows coefficients are negative and 

statistically significant indicating that the bond flows reduce volatility in the exchange 

rate returns, while equity flows increase volatility in Brazil, Russia and India. For China, 

we get a negative sign for the equity flow coefficient, although the coefficient size is 

small (0.06) indicating that the equity flows reduce volatility. For South Africa, the 

coefficient was not statistically significant. The intervention coefficient is negative for 

all the BRICS countries but is significant only for Brazil and India, indicating through 

interventions, these countries can reduce volatility in their returns. For the interest rate 

variable, we obtain mixed results.  
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V. Conclusions  

Exchange rate volatility adversely impacts market sentiments and thereby 

foreign trade and economic growth. Since BRICS represent an emerging economic 

block, foreign capital flows get easily attracted to these economies for higher returns. 

However, it has been observed that capital flows are often associated with exchange 

rate volatility. In this context, the paper finds that the foreign portfolio flows impact 

exchange rates and increase volatility in the foreign exchange market. While portfolio 

flows in both debt and equity segments create appreciation pressures on domestic 

currencies, the size of the coefficients differs across countries. Our findings differ from 

the results of some earlier studies that portfolio flows in equity market impact exchange 

rate volatility more than those in bond market (Siourounis, 2011). We observe that 

after the Global Financial Crisis, equity flows increased volatility in the exchange rate 

returns in BRICS currencies, while bond flows reduced it.  

While the interest rate differential has led to an appreciation in the Indian Rupee 

and South African Rand, it has resulted in a depreciation of the Brazilian Real. Our 

findings suggest that intervention by BRICS central banks have been useful in 

reducing volatility, though the effectiveness of such interventions varies from country 

to country. Central banks need to assess the impact of portfolio flows on their 

exchange rate markets. They also need to use a combination of various instruments 

based on their market analysis, which can address the undue volatility in their 

exchange rates.  
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Annex 

Chart A.1: Exchange Rate Volatility and Intervention in BRICS Currencies 

 
Source: Authors’ calculations. 

 

 
 Source: Authors’ calculations. 
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Source: Authors’ calculations. 
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Chart A.1(c): Rupee Volatility and Intervention
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Chart A.1(d): CNY Volatility and Intervention
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Chart A.1(e): Rand Volatility and Intervention
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Table A.1: Major Policy Changes in BRICS Countries for FPI Investment in 

Debt and Equity Markets 
 

Year Brazil 

1991-
1992 

A series of laws enacted to provide access to FPI flows in domestic market. The laws 
allowed FPI in equity market and derivatives markets. The tax structure reformed and 
additional tax on foreign investors abolished. 

2005 Makes provisions on hedge operations made with financial institutions abroad or at 
foreign stock exchanges. 

 Russia 

1991 First legislation on foreign investments was enacted. 

1999 The Foreign Investments Law outlines the legal frameworks for foreign investments, 
as well as the protections and advantages offered to foreign investors who operate in 
Russia. It also specifies the status of a foreign investor. 

2008 Government formed Commission on Monitoring Foreign Investment and control over 
foreign investment. Prime Minister of Russia was a Chairman of the commission. 

 India 

1998 FPI allowed in corporate bond market in unlisted debt securities  

2004  FPI permitted in the Government bond market  

 FPI limit in Government bonds raised to US Dollar 1.75 billion 

2006 
FPI limit in corporate bonds increased to US Doller 1.5 billion. Further, the investment 
was restricted to listed corporate bonds only. 

2007 FPI limit Government bonds raised to US Dollar 2.6 billion 

2008 
 FPI limit Government bonds increased to US Dollar 5.0 billion 

 FPI limit in corporate bonds increased to US Dollar 6.0 billion 

2009 FPI limit in corporate bonds increased to US Dollar 15 billion 

2010 FPI limit in Government bonds enhanced to US Dollar 10 billion. For Corporate bonds 
the limit raised to US Dollar 20 billion 

2011 FPI limit in corporate bonds raised in long-term bonds to US Dollar 25 billion 

2011 
FPI limit in Government bonds increased to US Dollar 15 billion and for corporate 
bonds the limit increased by US Dollar 5 billion 

2012 FPI’s sub-limit in government debt (long-term) enhanced to US Dollar 10 billion 

2013 For Government bonds: 
 Total FPI limit raised to US Dollar 25 billion 
 Sub-limit for long-term segment enhanced to US Dollar 15 billion 
 Further, no investment allowed in Treasury bills 

2013 Total limit in Government bonds enhanced to US Dollar 30 billion 

2013 
FII limit in corporate bonds set at US Dollar 51 billion (by merging all existing sub-
limits) 

2014 Expansion in sub-limit to US Dollar 25 billion within the existing limit of US Dollar 30 
billion for investment in government securities with minimum residual maturity of 3 
years.  

2015 Quarterly enhance in FPI limits for Central government and state development loans 
from October 2015. 

2016 For Corporate bonds, FII limit of US Dollar 51 billion fixed in Rupee terms at Rs. 
2443.23 billion (including masala bonds). 

2019  RBI introduced Voluntary Retention Route (VRR) for FPI with duration of three years. 
The VRR investment exempted from macro-prudential and other regulatory 
requirements. 

2020  FPI limit in corporate bonds raised to 15 per cent of outstanding stock  

2022  FPI limit under the VRR increased Rs.2.5 lakh from Rs.1.5 lakh. 
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 China 

1978 Initiation of “Open door policy” by Chinese government and welcome of foreign 
investment.  

1996 In compliance with IMF article VIII, China allowed current account convertibility.  

2002 Introduction of Qualified Foreign Institutional Investor (QFII) scheme for foreign eligible 
investors allowed to use offshore RMB to be held in outside of mainland China can be 
accessed China’s capital market. The motive was to promote RMB internationally.  

2011 Similar to QFII, Renminbi Qualified Foreign Institutional Investor (RQFII), was initiated 
to allow foreign investment in China’s stock market with less restrictions. 

2012 The amount allotted for Qualified Foreign Investment increased from US Dollar 30 
billion to US Dollar 80 billion. 

2018 China allowed multinational companies to issue Chinese Depositary Receipts (CDRs). 
The CDRs can be traded in the Chinese exchanges. 

2020 China implemented new law known as Foreign Investment Law ("FIL"), indicating that 
China is maintaining its commitment to opening up its market for foreign investment. 
Under the low foreign investors will get preferential treatment in the sectors covered 
by the Encouraged Industries Catalogue while certain sectors have been restricted. 

2022 
May 

Considering global funds slashed their holds of China’s bonds by a record $8 billion in 
March 2022, China will allow foreign investors to trade bonds on its exchanges. This 
step may attract more foreign investment in China. 

 South Africa 

1994 Since the end of apartheid policy in 1994, the South Africa introduced various 
economic reforms including in increase in foreign portfolio investment (Akinboade & 
Makina, 2006). 

1995 Removal of exchange control on foreigners. 

1997 Domestic companies allowed to borrow from foreign land. 

1998 Competition Act of 1998 gives special power to the government to decide any merger 
of companies which impact national security issue.  

2015 Protection of Investment Act, 2015 provides legal protection to the foreign investors.  

2019 Enactment of Competition Amendment Act of 2018 to prohibit abuse of dominance 
and price discrimination by foreign companies. 

Source: Respective Central Bank’s websites, policy papers, etc. 
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Table A.2: Descriptive Statistics 

Country Variable Mean Std Deviation Skewness Kurtosis 

Brazil 𝑙𝑛𝑟𝑡 0.405 5.016 0.893 2.982 

𝑙𝑛Bond 4.162 0.285 -14.112 217.260 

𝑙𝑛𝑆tock 3.892 0.272 -12.260 179.839 

𝑙𝑛FPI 4.352 0.272 -14.382 223.106 

𝐼𝑛𝑡𝑣 0.066 0.389 6.391 -0.017 

𝐼𝑛𝑡𝑑 10.968 4.767 0.306 0.414 

Russia 𝑙𝑛𝑟𝑡 0.365 3.857 1.476 6.734 

𝑙𝑛Bond 4.025 0.471 -8.776 79.999 

𝑙𝑛Stock 3.819 0.475 -6.846 56.727 

𝑙𝑛FPI 4.038 0.491 -7.578 64.992 

𝐼𝑛𝑡𝑣 0.281 0.829 6.472 -0.435 

𝐼𝑛𝑡𝑑 13.037 24.874 3.785 2.112 

India 𝑙𝑛𝑟𝑡 0.207 2.098 0.292 2.764 

𝑙𝑛Bond 3.905 0.266 -14.619 227.726 

𝑙𝑛Stock 3.938 0.257 -13.456 204.490 

𝑙𝑛FPI 4.224 0.428 -14.929 234.482 

𝐼𝑛𝑡𝑣 0.15 0.183 6.067 -0.005 

𝐼𝑛𝑡𝑑 4.401 2.347 -0.81 0.15 

China 𝑙𝑛𝑟𝑡 -0.096 0.803 1.268 8.161 

𝑙𝑛Bond 4.287 0.304 -10.109 139.564 

𝑙nStock 4.145 0.291 -12.588 185.708 

𝑙nFPI 4.296 0.332 -9.297 125.069 

𝐼𝑛𝑡𝑣 0.337 0.604 2.004 0.601 

𝐼𝑛𝑡𝑑 1.321 2.633 0.389 -0.255 

South Africa 𝑙𝑛𝑟𝑡 0.324 4.822 0.624 1.045 

𝑙𝑛Bond 3.516 0.257 -11.303 160.040 

𝑙𝑛Stock 3.444 0.243 -10.483 144.895 

𝑙𝑛FPI 3.644 0.269 -9.258 114.919 

𝐼𝑛𝑡𝑣 0.089 0.265 8.783 2.026 

𝐼𝑛𝑡𝑑 8.277 2.549 0.101 -0.795 

Note: 𝑙𝑛𝑟𝑡 is exchange rate returns, Bond and Stock are net portfolio flows in the 𝑙𝑛Bond and 

𝑙𝑛Stock respectively, while 𝑙𝑛FPI is net foreign portfolio flows. lnBond, lnStock and lnFPI are in 

log form while 𝐼𝑛𝑡𝑣 and 𝐼𝑛𝑡𝑑 are actual. The variables are stationary at level.  

Table A.3: Unit Root Test 

Augmented Dickey-Fuller (ADF) test (t-statistics) 

Variable Brazil Russia India China S. Africa 

𝑙𝑛𝑟𝑡 -16.328** -12.514** -14.834** -11.945** -11.845** 

 (0.00) (0.00) (0.00) (0.00) (0.00) 

𝑙𝑛Bond -15.242** -7.158** -15.274** -12.839** -15.047** 

 (0.00) (0.00) (0.00) (0.00) (0.00) 

𝑙𝑛𝑆tock -13.536** -4.653** -15.367** -15.032** -13.684** 

 (0.00) (0.00) (0.00) (0.00) (0.00) 

𝑙𝑛FPI -14.775*** -5.409*** -15.526*** -11.945*** -14.558*** 

 (0.00) (0.00) (0.00) (0.00) (0.00) 

Note: ** indicates significance at 5 per cent level and * indicates significance at 10 per cent 

level. Figures in the parentheses indicate p-values of the respective coefficient. 
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Table A.4: Root Mean Square Errors 

Variable Brazil Russia India China S. Africa 

Random Walk Model 5.014 3.857 2.098 0.803 1.677 

GARCH Model (Table 5)  4.741 3.772 1.881 0.783 1.513 

 


