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ABSTRACT

The relationship between share prices and macroeconomic variables is well documented for the
United States and other major economies. However, what is the relationship between share prices
and economic activity in emerging economies? The goal of this study is to investigate the time-
series relationship between stock market index prices and the macroeconomic variables of
exchange rate and oil price for Brazil, Russia, India, and China (BRIC) using the Box-Jenkins
ARIMA model. Although no significant relationship was found between respective exchange rate
and oil price on the stock market index prices of either BRIC country, this may be due to the
influence other domestic and international macroeconomic factors on stock market returns,
warranting further research. Also, there was no significant relationship found between present
and past stock market returns, suggesting the markets of Brazil, Russia, India, and China exhibit
the weak-form of market efficiency.
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1. INTRODUCTION

mentioned this shortfall could be made up by adding investors from emerging economies. However, for

this to happen, continued growth in the emerging financial markets (EFMs) needs to continue their
respective expansion, pushed by external investors. Wilson and Purushothaman (2003) identified four emerging
markets (Brazil, Russia, India, and China or BRICs) which together could be larger in U.S. dollar terms than the G6
within the next forty years. The BRICs are the four biggest emerging economies combined they account for two-
fifths of the total Gross Domestic Product (GDP) of all emerging economies. Recently revised GDP statistics by the
World Bank based on purchasing-power parity (PPP) showed GDP for China in 2005 was $5.3 trillion, compared
with $2.2 trillion using market exchange rates (which can understate GDP figures) and $8.9 trillion using previous
PPP estimates in contrast India’s GDP has also been slashed by almost 40%. With Brazil's GDP also down a bit, the
share of emerging economies in world output (including Asia's newly industrializing economies) has been cut to
46% in 2005, compared with over 50% using previous numbers. However, GDP in PPP terms, all four still rank
among the world’s top ten economies, with China and Brazil ranking among the top ten when market exchange rates
are taken into account. Also, in terms of PPP, Brazil and Russia both produce more than India, which is expected to
grow at the rate of five percent per year for the next thirty years. Tarzi (2000 and 2005) researched the flow of both
foreign portfolio equity investments (FPEI) and foreign direct investment (FDI) to emerging markets. Between
1986 and 1995 stock market capitalization in emerging countries grew ten-fold from $171 billion to 1.9 trillion and
market share held in capitalization increased from 4 percent to 11 percent, mostly to the nine major emerging
markets including Brazil, India, and Hong Kong (now a province of China). In the 1990s FDI in developing
countries as a ratio of GDP increased from 7 to 21 percent. Most of the increase in FDI went to developing
countries like Brazil, China, and India. Russia, since the dissolution of the Soviet Union and the financial crisis of
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1997, has achieved more price and currency stabilization, orderly elections, and seen its inflation rate drop from
215% in 1994 to 8.3% in 1998, making it an attractive target for diversifying asset holdings.

Given the background previously provided leads to the questions: Can time-series analysis of stock market
indices be explained significantly by corresponding macroeconomic variables of exchange rate and oil prices? If so,
then how significant are the relationships and how can they be described? And do the respective stock markets of
Brazil, Russia, India, and China exhibit the weak, semi-strong, or strong form of market efficiency?

To answer these related questions this study will examine the monthly averages of respective stock market
indices, foreign exchange rates, and oil price between 1999 and 2006. The Box-Jenkins Autoregressive Integrated
Moving Average (ARIMA) time-series process will be used to determine the relationship between the dependent
variable (stock market index) to the independent variables (exchange rate and oil price).

Other than serving as a primer for analyzing the time-series correlation between the BRIC stock market
indices and foreign exchange rates and oil prices, this study will provide an assessment of the market efficiency of
each country, allowing investors to make an assessment of market risks for each respective BRIC country involving
past market prices and macroeconomic variables. The remainder of this paper is set out as follows. The next
section provides a brief overview of the literature of similar studies conducted on stock market prices and
macroeconomic variables for other EMFs. Section 3 outlines the methodology for the ARIMA model used for the
individual BRIC companies. Sections 4 and 5 provide an analysis of results and conclusion of the study,
respectively.

2. LITERATURE REVIEW

Research into the relationship between stock market returns and multiple macroeconomic variables for
EFMs has been limited. These studies include, but are not limited to, Goodhart, Mahadeva, and Spicer’s (2003)
research into the effect of monetary policy changes on asset prices in the foreign exchange and equity markets,
which attributed failure to find monetary policy effectiveness during a crisis to policy failure and the risk premia in
the financial markets of Brazil and Korea. Basher and Sadorsky’s (2006) exploration of the impact of oil price
changes on the stock market returns of 21 emerging economies found strong evidence of the effect of oil prices
being positive and statistically significant at the 10% level to stock market returns for most of the countries studied.

One of the earliest studies to provide an assessment of stock market behavior and various multiple
macroeconomic variables for an EMF was conducted by Kwon, Shin, and Bacon (1997) for the South Korean stock
market between January 1980 and December 1992. The independent variables consisted of a production index,
inflation and expected inflation, risk premium, term structure, dividend yield, trade balance, foreign exchange rate,
oil price, and money supply that were time-series regressed on monthly returns of the value-weighted Korea
Composite Stock Price Index (KOSPI). Their results showed that the Korean stock market was more sensitive to
real economic and international trading activities, measured in terms of foreign exchange rates, trade balance, the
money supply, and the production index, than that of the U.S. and Japanese stock indexes. These markets that have
been shown to be sensitive to inflationary variables such as the change in unexpected inflation, expected inflation,
the risk premium, and term structure [Chen, Roll, & Ross (1986), Burmeister & Wall (1986), Hamao (1988), and
Chen (1991)].

The most comprehensive research into the linkage of stock prices and macroeconomic factors was
conducted by Muradoglu, Taskin, and Bigan (2000), Diacogiannis, Tsiritakis, and Manolas (2001), and
Wongbangpo and Sharma (2002), and Mukhopadhyay and Sarkar (2003). Muradoglu et al. investigated possible
causality between 19 emerging market returns and exchange rates, interest rates, inflation, and industrial production
from 1976 to 1997. Their results revealed that the relationship between stock returns and macroeconomic variables
were mainly due to the relative size of the respective stock market and their integration with world markets. In their
study of the Greek stock market between 1980 and 1992 and its relationship to 18 macroeconomic variables,
Diacogiannis et al. found significant high loadings between stock returns and 13 of the 19 macroeconomic variables
for both periods, 1980-1986 and 1986-1992. Wongbangpo and Sharma explored the relationship between the stock
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returns for the ASEAN-5 countries of Indonesia, Malaysia, the Philippines, Singapore, and Thailand and five
macroeconomic variables. By observing both short and long run relationships between respective stock indexes and
the macroeconomic variables of gross national product (GNP), the consumer price index (CPI), the money supply,
the interest rate, and exchange rate they found that in the long-run all five stock price indexes were positively related
to growth in output and negatively to the aggregate price level. But a negative long-run relationship between stock
prices and interest rates was noted for the Philippines, Singapore, and Thailand, and was found to be positive for
Indonesia and Malaysia. In the end, causality tests detected an overall relationship between macroeconomic
variables and stock prices for all five ASEAN equity markets. Lastly, Mukhopadhyay and Sarkar conducted a
systematic analysis of the Indian stock market returns prior to and after market liberalization and the influence of
macroeconomic factors on returns. Specifically for the post-liberalization period (since 1995), real economic
activity, inflation, money supply growth, FDI, and the NASDAQ-index were significant in explaining variations in
Indian stock return. Nominal exchange rate, while significant during the pre-liberalization period (1989-1995), was
found to not be significant after liberalization.

3. METHODOLOGY

The empirical question is whether macroeconomic factors of EMFs such as the foreign exchange rate and
oil price significantly explain stock market returns. The Box-Jenkins ARIMA model used to describe the
relationship will use the moving-averages at the one-month MA(1), three-month MA(3), six-month MA(6), and
twelve-month MA(12) for the lagged dependent of stock market price and the two intervening variables of exchange
rate and oil price.

Available monthly data for stock market price index, exchange rate, and oil price between 1999:03 to
2006:06 for Brazil, Russia, India, and China from the Organization for Economic Cooperation and Development
(OECD) will be used in this study, which will provide 90 observations per variable for each BRIC for a total of
1,080 observations.

This paper hypothesizes a positive relation between the exchange rate and the stock market index. Among
others, Solnik (1987), Soenen and Hennigar (1988), Ma and Kao (1990), and Mukherjee and Naka (1995) indicate
that both the levels of and changes in exchange rate levels affect the performance of a country’s stock market. Ma
and Kao (1990) and Mukherjee and Naka (1995) suggest that for an export-orientated economy a currency
depreciation will have a favorable impact on the domestic stock market. They found that as ASEAN currencies
depreciated against the U.S. dollar their respective exported products became comparatively cheaper on the world
market, thus increasing aggregate demand for them. If demand is elastic export volume would increase, causing
increased cash flows and profits and generally increase the stock price of domestic firms (or vice versa for currency
appreciation against the U.S. dollar or USD). For the purpose of this study the average monthly foreign exchange
per USD will be used in the model.

The relationship between crude oil prices and stock prices is hypothesized to be negative in nature. As
energy prices rise, production and input costs will generally increase, decreasing firm gross profits and cash flows.
This perceived risk will further erode investor confidence and increase their search for alternative investments or
cost-cutting activities, through lowered production. Toloui (2007) researched the effect of oil prices and the cash
reserves of oil exporters and found a $10 increase in the price of crude oil brought by exporters increased their
revenue between $90 billion to $100 billion annually, with at least 40% of the increase in cash reserves being
invested in bank deposits and short-term securities. This study will be using the average monthly North Sea Brent
crude oil price as the other time-series independent variable.

The Box-Jenkins time-series modeling process requires discrete time-series data which is equally spaced
over time with no missing values and stationary in the mean, variance, and autocovariance. The presence of
nonstationarity was confirmed using the Dickey-Fuller test, with subsequent transformations to stationarity using
first-order differencing. First-order differencing removed any stochastic trend, with the variable series exhibiting a
constant mean.
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4. ANALYSIS AND PRESENTATION OF FINDINGS

In conducting the Dickey-Fuller test on the original time-series datasets it was found that the null
hypothesis could not be rejected for the dependent (stock price) and both independent variables (exchange rate and
oil price) for Brazil, China, and India, with the same null hypothesis not being rejected for both stock and oil price
for Russia at the one and five percent confidence level. By taking the first-order differencing for all three variables
the null hypothesis for nonstationarity was rejected for all variables across all four countries at the same confidence
levels, lending continuity in the modeling process.

The results of the Box-Jenkins ARIMA models for each country with MA(1), MA(3), MA(6), and MA(12)
intervening variables of exchange rate and oil price are detailed in Tables 1-4. As mentioned earlier, the first-order
differencing of each variable was used to ensure both continuity and stationarity. Both the Durbin-Watson and the
modified Ljung-Box Q-statistic were used to test for autocorrelation. More emphasis should be placed on the
modified Q-statistic, as it does not inflate the autocorrelation under conditions of short series or short lag times as
the Portmanteau statistic.

The Durbin-Watson statistic showed no presence of autocorrelation for Brazil, Russia, and China at the one
and five percent significance levels. With India the Durbin-Watson statistic revealed negative autocorrelation after
the MA(1) level. For the BRICs the significance value of the Ljung-Box modified Q-statistic of each country was
not less than 0.05 for each model, except for India at MA(3) and MA(12). Further examination on the India dataset
using the Durbin-Watson statistic showed no autocorrelation at the MA(1) level for both significance values using
the exchange rate and oil price, respectively, but positive correlation for both variables at the MA(3), MA(6), and
MA(12) levels. Using time-series regression of the dependent variable and its MA values the same result was found
as with the other Durbin-Watson statistical tests for India. However, none of the Q-statistical tests for the India
dataset were found to be less than the 0.05 significance level. This indicates all of the other observed
autocorrelations were white noise.

The relationship between exchange rates and stock prices was hypothesized to be positively related,
showing that an appreciation (depreciation) of the domestic currency in terms of USD would have an unfavorable
(favorable) impact on the domestic stock market. This relationship was found to exist between the stock index price
and exchange rate for Brazil, Russia, and China. An interesting point in the results of the study was the relationship
observed between respective stock market prices and monthly oil prices. As expected the relationship would be
inverse, with an increase in oil prices having an unfavorable effect on stock market prices.

The analysis of the effect of international macroeconomic factors of exchange rate and oil price on the
stock market exchange price of Brazil, Russia, India, and China did not reveal a significant relationship. This is
based on the parameter values for the independent variables and their corresponding p-values of significance value
and the R? parameter for each model.

5. SUMMARY AND CONCLUSIONS

The analysis of the effect of international macroeconomic factors of exchange rate and oil price on the
stock market exchange price of Brazil, Russia, India, and China did not reveal a significant relationship. This is not
unexpected, as other international and domestic macroeconomic variables (e.g., production, inflation, dividend yield,
interest rates, trade balance, rate structure) may also have a role in the determination of stock price expectations.
Further research into the relationship between these other macroeconomic variables and stock prices is warranted.
As the horizon of exchange rate and oil prices was extended by using their respective three- and six-month moving
averages the R? continued to decrease significantly.

As hypothesized, the relationship between exchange rates and stock prices should be positively related.
This hypothesis was found to exist between the stock index price and exchange rate for Brazil, India, and China but
not for Russia until the MA(12) level, which is possibly explained by the slight decreasing trend in the RBL/USD
rate in the latter stages of 2003. With India in the infancy of its emerging economy, this relationship appears to not
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have had a chance to manifest itself as in the other countries already researched. Whereas for China, although it
adheres to a fixed exchange rate regime, the exchange rate appears to have experienced dramatic increase at the
MA(6) and MA(12) levels, more than likely due to the strong downward shift of about 0.270 CNY/USD after mid-
2005.

Another interesting point of the results is the relationship observed between respective stock market prices
and monthly oil prices. As hypothesized, the relationship would be inverse. However this relationship was not
consistent for all of the BRIC countries, which alternated between a positive or negative relationship as the time-
frame was carried forward, with significance value only for India at MA(1). Since this study did not include other
macroeconomic variables, such as inflation, it may be that oil prices themselves may not have as much of a profound
effect as expected. Instead, the change in oil prices may be better reflected in the inflation rate, which may have a
more profound effect on stock market prices. Also the exponential growth in oil prices did not occur until after the
beginning of 2004, which is towards the end of the timeframe of this study.

The same alternation between positive or negative relationships was observed for the dependent variable
and its moving average except for Russia at MA(1). It appears past stock market prices overall did not have a
significant impact on current stock prices, as their respective regression parameters appeared to be considerably low
in nature.

Although the explanatory values of both exchange rate, oil prices, and the lagged stock market prices were
not significant, this study has shown the effect of other macroeconomic factors, both domestic and international,
should also be explored for their relationship with stock market prices. Further research into this area may prove
significant in explaining and possibly forecasting the direction of respective country stock market prices to both
internal and external shocks.

Table 1
Summary of Results for Box-Jenkins MA(1)

Country/Coefficient Brazil Russia India China
Constant 1.91 8.35** 1.78* 0.35

MA(1) -0.02 -0.06 -0.44%** 0.01
Exchange Rate -16.03* 1.94 -2.92 -14.82

Oil Price 0.21 0.67 1.05* -0.06

N 88 88 88 88

R-squared 0.06 0.02 0.31 0.02
Lyung-Box Q Significance 0.784 0.427 0.670 0.938

Table 2
Summary of Results for Box-Jenkins MA(3)

Country/Coefficient Brazil Russia India China
Constant 2.17 8.23* 1.93 -0.12

MA(1) 0.05 0.01 0.28 -0.09
Exchange Rate -15.54 481 -5.41 -14.81

Oil Price -0.36 -0.18 -0.12 0.52

N 87 87 87 87

R-squared 0.03 0.00 0.03 0.03
Lyung-Box Q Significance 0.698 0.409 0.023 0.877
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Table 3
Summary of Results for Box-Jenkins MA(6)

Country/Coefficient Brazil Russia India China
Constant 2.00 8.49* 1.58 -0.51

MA(1) 0.01 -0.02 -0.09 -0.12
Exchange Rate -23.86 5.71 -3.13 -82.10

Oil Price -0.02 -0.60 0.00 0.40

N 84 84 84

R-squared 0.03 0.00 0.00 0.04

Lyung-Box Q Significance 0.502 0.457 0.063 0.441
Table 4
Summary of Results for Box-Jenkins MA(12)

Country/Coefficient Brazil Russia India China

Constant 1.59 5.65 2.87 -0.50

MA(1) -0.01 -0.06 0.11 -0.08
Exchange Rate -49.91 -1.10 -18.92 -152.70

Oil Price 0.49 5.56 -1.82 0.51

N 78 78 78 78

R-squared 0.06 0.02 0.03 0.06

Lyung-Box Q Significance 0.447 0.419 0.044 0.592

*p<.05, **p<.01, ***p<.001
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