International Research Journal of Finance and Economics
ISSN 1450-2887 Issue 10 (2007)

© EuroJournals Publishing, Inc. 2007
http://www.eurojournals.com/finance.htm

International Transmission of Volatility in the US Interest Rates
into the Stock Returns: Some Comparative Evidence from
World Equity Markets

Alper Ozun
Market Risk Group, Is Bank of Turkey, Istanbul
E-mail: alper.ozun@isbank.com.tr
Tel: +90 212 316 4009

Abstract

This article empirically tests the effects of the volatility in the time value of the US
dollar on the returns of the world stock markets. By using daily values of fourteen equity
markets and the interest rates on the 10 years treasury bills from 03.01.2002 to 11.07.2006,
WKH *DXVVLDQ DQG 6WXGHQWIfV W *$5&+ PRGHOV DUH W
transmission effects of the US interest rates on the world equity markets. The empirical
findings vary between the sub-economy groups. The equity markets in the Euro Zone and
in the US have strong interest rate effects. The emerging markets are affected by the
volatility in the US interest rates at low levels. On the other hand, impacts of the volatility
in the US interest rates on the domestic mo@DUNHWYV L H ERQG VSUHDGYV
economies are stronger with negative direction.

Keywords: Emerging markets, US interest rates, Stock return volatility, GARCH models,
EMBI Plus.
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1. Motivation

With the increased communication tools and analysis methods, international portfolio investments take
their decisions based on risk-return relationship regardless of physical boundaries of the financial
markets. In parallel to the liberalisation policies and increasing informational efficiency in the,
portfolio investments have focused on the excess earning possibilities in emerging equity markets.

The investment decisions of the international portfolio investments, in rationality boundaries on
the economic decisions, always compare the risk free interest rates and expected return on theil
alternative investments. Therefore, the opportunity of arbitrage in the financial markets is one of the
crucial factors in the decision making process of the international investment funds. The opportunity
derives from the risk-free interest rate in advanced economies, i.e. the interest rate on the US T-Bills,
and profit in emerging markets. In that respect, behaviours of the interest rates on the US T-Bills might
be seen as one of the determinants of the volatility in stock returns in the world capital markets.

The aim of this paper is empirically test if the change in the time value of the US dollar has
explanatory power in stock return volatility. The impacts might have at different levels and in different
directions in the emerging markets and developed markets. In order to see if the changes in the US
interest rates affect the world stock markets in different levels in accordance with the types of the
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economy, i.e.-if it is advanced or emerging market, and to eliminate the country specific dynamics, 14
equity indexes in different economies are examined.

The daily logarithmic returns of the interest rates on 10 years Treasury Bills, and Bovespa
(Brazil), the Istanbul Stock Exchange (Turkey), Seul Kospi (Korea), Moscow Reuters RTS (Russia),
Mexse (Mexico), Merval (Argentina) and Hang Seng (Hong-Kong) as the emerging economies, and
Paris CAC-40, Frankfurt Xetra DAX, Londra FTSE-100, Tokyo Nikkei-225, Dow Jones, S&P-500 and
Nasdaq as the developed markets are used for the period of 03.01.2002 and 11.07.2006. The starting
point of the time-series coincides with the beginning of the inflation expectations in the US.

The aim of the paper is to present empirical results from different types of economies in the
world on the subject under investigation. The methodology is an important issue in such kinds of
researches conducted with time-series of different economies. In this research, the normal and
BWXGHQWYV W GLVWULEXWLRQ *3$5&+ PRGHOV DUH FKRVHC
variance in the returns.

During the empirical trials, different GARCH derivatives such as E-GARCH, PARCH,
FIGARCH models with symmetric and asymmetric distribution assumptions are also tested. However,
the results do not dramatically change and for simplicity the GARCH model is chosen as the
methodology and the results of DO DQG 6 W X G H Q GARCHANd@dIsvane hilegeXted LR Q
the empirical results. The methodological suggestions are discussed in the conclusion part in detail.

The paper continues with a literature review on the interest rates effects on the stock markets.
The emphasis is given on the global interest rates effects in domestic equity indexes. In the third part,
the data and methodology used in the research are introduced. The results of ADF and P-P tests with
descriptive statistics are presented. The GARCH model as a test method in the stock return volatility is
discussed in detail. The empirical results of the research are categorized into types of the economies.
The findings of the research is discussed in terms of both theoretical and portfolio management
perspectives. The concluding remarks include some methodological and empirical suggestions for the
future research on the global interest rate risk in return volatility of the stock markets.

2. Literature Review

In theory, interest rate as a measurement of time value of money is seen as one of the main factors
explaining volatility in stock returns. The interest rate effects in stock returns can be theoretically
examined by expectations theory and valuation theory.

In terms of expectations theory, the stock prices reflect the expected future cash-flows of the
firms affected by the future aggregate demand. Therefore, negative expectations on macroeconomic
recession have important impacts on fundamental values of stock prices. The empirical works in
different economies on the issue have similar results. For instance, in their research, Andreou, Osborn
and Sensier (2000) find out that the prices decrease in S&P before a recession in the US economy; and
in a similar direction, FTSE-100 decreases before recession in the UK economy and reaches its
maximum after 10 weeks from more intense period of the recession.

From the point of view of valuation theory, the dividends growth rate is important in the
valuation of the stocks. The fundamental value of a stock covering the net present values of its
dividends is sensitive to the interest rates, which are crucial in determining dividend growth rate and
hurdle rate in the valuation.

The arbitrage pricing theory suggested by Roll (1977) is the initial attempts on modelling stock
returns with macroeconomic variables. After the critique of Roll (1977), certain macroeconomic
variables are used to model the stock returns with different methodologies. Choi, Elyasiani and
Kopecky (1992), Fama (1991), Evans (1998), Unal and Kane (1987), Ehrhardt (1991), Titman and
Warga (1989), Ramsey and Lampart (1998), Elyasiani and Mansur (1998), Faff and Howard (1999),
Staikouras (1998) find out the empirical fact that the interest rates with other macroeconomic variables
such as GDP growth rate, exchange rates, infla@imhtrade balance are effective on the stock returns.
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Due to liberal policies in the money transfers, diversification requirements of the portfolios and
profit opportunities for the investors with different risk appetite, developing economies might attractive
to the global investors. Some part of the international investments funds has moved into the emerging
markets by considering an arbitrage balance between the risk-free interest rates of the advancec
economies and expected profits from the emerging markets. These developments in international
financial markets have some important results in empirical and methodological points of view.

On the empirical side, the monetary policies of the advanced economies have started to
influence the stock prices in emerging markets. What is more, the emerging markets have moved in
parallel direction with each other. Frankel and Roubini (2003) find out the empirical results that the
IFC Global index of equities declines by 17 points and Emerging Markets Bond Index (EMBI)
decreases 34 % if the real G-7 interest rate increases 1 point. Dailami, Masson and Padou (2005) als
display that a 200 bps increase in US short-term interest rates decreases emerging market spreac
ranging from 6 bps to 65 bps, depending on debt/GDP ratios of examined countries. The research shov
that the time value of the US dollar affects the market's perceived probability of default of emerging
market borrowers. The interest rates also affect the exchange rates, which might have explanatory
power on the stock returns, as well.

On the methodological side, it has become clear that the globalisation of the financial markets
requires advanced econometric models capturing the complexity in the markets and non-linearities in
the return volatility. The ARCH models suggested by Engle (1982) and the GARCH models proposed
by Bollerslev (1986) are used to capture the additional probability mass in the tails within the
distributions.

The GARCH models are extended under different motivation and assumption by researchers.
The GARCH and its derivatives, namely EGARCH (Nelson, 1991), GJR (Glosten, Jagannathan, and
Runkle, 1993), IGARCH (Engle and Bollerslev, 1986), FIGARCH (Baillie, Bollerslev, and Mikkelsen,
1996), FIEGARCH (Bollerslev and Mikkelsen, 1996), FIAPARCH (Tse, 1998) and HYGRACH
(Davidson, 2001), are used in time series with different markets and time periods. Ameer (2005) and
Darrat and Benkato (2003) conclude that the literature review support the fact that the GARCH models
are successful in capturing the volatility in the stock returns.

3. Data and Methodology
3.a. Data

Daily values of the interest rates on the 10 years US Treasury Bills and 14 equity indexes from

03.01.2002 to 11.07.2006 are used for the empirical tests. The logarithmic values of he first difference
(return) are calculated. Except for the US interest rates, the graphical presentations of the log-returns
are not placed in the article due to page restrictions.
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Figure 1: Log-Return Series of the Interest Rates on the 10 Years Treasury Bills

Log-Return Series of the 10 Years T-Bills (04.01.2002-11.07.2006)
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The financial time series are chosen from different emerging markets and advanced markets.
The equity indexes are categorized into three groups:
a. 7 Emerging Markets: Bovespa (Brazil), Istanbul Stock Exchange (Turkey), Seul Kospi
(Korea), Moscow Reuters RTS (Russia), Mexse (Mexico), Merval (Argentina) and Hang
Seng (Hong-Kong)
b. 4 Advanced non-US markets: Paris CAC-40, Frankfurt Xetra DAX, Tokyo Nikkei-225,
Londra FTSE-100
c. 3 US markets: Dow Jones, S&P-500 and Nasdag.
The descriptive statistics and Jarque-Bera test results of all financial time series (log-returns)
are presented on the Table 1.

Table 1. Descriptive Statistics and Jargue-Bera Test Results

Variable Max. Min. Standart Dev. Skewness Kurtosis Jarque-Bera
uUsS T-Bill 0.025936 -0.022106 0.006239 0.336006 3.923406 56.24708
Bovespa 0.026710 -0.029325 0.007788 -0.264966 3.496492 19.20372
Hang Seng 0.025953 -0.021942 0.004639 0.048739 5.472560 246.9633
ISE 0.079841 -0.071370 0.010878 -0.302124 12.29465 3676.267
Kospi 0.031979 -0.037788 0.006939 -0.385746 5.048464 193.0537
Mexse 0.028273 -0.023610 0.005213 -0.024905 5.147991 199.0406
Merval 0.048294 -0.049035 0.009355 -0.264685 6.167587 432.3219
Moscow RTS 0.041773 -0.046057 0.008355 -0.568109 6.628555 596.3679
CAC-40 0.030411 -0.026252 0.006474 0.083329 6.610030 520.7712
FTSE-100 0.025640 -0.024272 0.004966 -0.0072545 7.651539 921.3619
Nikkei-225 0.024908 -0.022697 0.005743 -0.2259684 4.023003 51.80323
Xetra DAX 0.032810 -0.027517 0.007416 0.067104 5.715606 315.7225
Dow Jones 0.023215 -0.020020 0.004534 0.177796 5.517693 278.8129
Nasdaq 0.044204 -0.025968 0.00711 0.301767 5.747294 341.1996
S&P-500 0.024209 -0.018424 0.004647 0.304258 5.800988 354.3074

The Jarque-Bera test statistics point out the finding that the time series satisfy the normality
distribution assumption. The unit root for serial correlation and stationary tests are performed with
Augmented Dickey-Fuller (ADF) and Phillips and Perron (P-P) unit root tests. For ADF test, Schwarz
Information Criterion, for P-P test Newey-West Bandwidth are preferred. The results presented on the
Table 2 show that there do not exit any unit root problem and ties see stationary.
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Table 2. The ADF and P-P Tests Results

Variables ADF Test P-P Test
t-statistics t-statistics
us T-Bill -31.41409 -31.40557
Bovespa -28.18672 -28.15756
Hang Seng -31.18465 -31.18430
ISE -33.02752 -3301138
Kospi -30.81359 -30.83404
Mexse -29.24264 -29.20527
Merval -30.30638 -30.28636
Moscow RTS -28.71535 -28.69489
CAC-40 -31.62101 -32.65081
FTSE-100 -8.537883 -34.39077
Nikkei-225 -31.72088 -31.78099
Xetra DAX -33.29524 -33.36170
Dow Jones -33.81100 -33.99352
Nasdaq -33.59149 -33.89755
S&P-500 -34.42971 -34.16581

3.b. Methodology

The financial markets are sensitive to the time dependent information flows. For that reason, financial
data should be parameterised with Autoregressive Conditional Heteroskedastic (ARCH) models.
ARCH process models a time- varying conditional variance as a linear function of past squared
residuals and of its past values.

ARCH models are introduced by Engle (1982) and generalized as GARCH (Generalized
ARCH) by Bollerslev (1986). Engle (1982) constructs Autoregressive Conditional Heteroscedasticity
(ARCH) model to explicit the time-varying variance.

q
ol=0+) aqel =o+a(l)s] (1)
i=1
In the equation,o; is the time-varying conditional variance ef In the model, the sum of
a;>0 anda should be 1. Bollerslev (1986) constructs Generalized ARCH (GARCH) for estimating

the model with negative variance. The GARCH model captures the linear variance and conditional
variance of the past.

n n
2 2 2
Oy =0 +alzgt—l +:312‘7t-1
t=2 t=2 (2)

GARCH models produce well-fit solutions for both in-sample and out-of-sample volatility
parameter estimates. This paper tests the effects of the US interest rates on stock market volatility in 1
equity markets by GARCH model with alternative symmetric normality assumptions. The GARCH
models tested in this paper are based two different normality assumptions; namely normal and
6WXGHQWITV WftBelevtVtaimE. XWLRQV

In normal distribution, skewness and kurtosis take the value of 0 and 3 respectively (Peters,
2001).

L, = —li[m(z;r)Jr In(c2)+ 22
255 (3)

Bollerslev (1987), Baillie and Bollerslev (1989) and Palm and Vlaar (1997) find out that fat-
tailed distributions capture higher observed kurtosis better. The log-likelihood function of the
6WXGHQWTV W GL VWit lfd-aMd Rsfibltivh B3 faruizedy Saltoglu (2003) as in
Equation 4.
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distribution assumptions are out of research interest of this paper. However, different GARCH
derivatives (E-GARCH, PARCH) with different normality distributions are also tested to see if they
propose additional empirical results. We present the test results of GARCH model with symmetric
normality distributions on the article but it should be emphasized the fact that the test results of E-
GARCH and PARCH models do not improve the R square or coefficients in the regressions. In this
research we reach to our aims at empirical results by using GARCH model. Some intelligent models
like wavelets or wavelet networks might use to test the models based on with more complex
perspectives taking care of scaling of the risk-return relationship in the future researches.

In the lights of the data and methodology discussed above, two GARCH (1;1) models (Model
1: Normal GARCH model; Model 2: GARCH model with symmetricXSSHQWfV W GLVWULE?
tested for capturing the US interest rate effect on the return volatility of the 14 stock markets.

4. Empirical Findings
Model 1 and Model 2 are tested by GARCH withXc8¥ VLDQ GLVWULEXWLRQ DQG *$5&
distribution for each stock market by using E-views5. The test results of the interest rates effect show
deviation between emerging and advanced markets in terms of both level and direction. Therefore, the
empirical findings are discussed in three different categories as specified in the data part.

Table 3 displays the test results with (Gaussian) normal GARCH model for the US interest rate
effects on the return volatility of emerging stock markets.

Table 3: Test Results of GARCH with Gaussian Distribution For Emerging Markets

D\fgr?ggl‘zm Coef. (US IR) Z'(Spt‘;’g';t)'cs Contant | RESID (-1*2 | GARCH (-1) R?
Bovespa 0.139010 | 3.447548 1.15* 0.036303 0.943720 0.017025
Hang Seng 0.086672 | 4.097353 4.07 0.048820 0.932322 0.012134
ISE 0.111705 | 2.082915 1.73 0.078235 0.771342 0.004755
Kospi 0.094074 | 2.885650 1.72 0.073274 0.891404 0.009999
Mexse 0.106369 | 4.323795 1.05 0.082411 0.877465 0.021915
Merval 0017217 | 0.484753* 2.59 0.081629 0.882257 -0.003930
Moscow RTS | 0.107622 | 2.930565 4.24 0.137491 0.803896 0.001263

Test results show that the time value of US dollar has statistically significant positive impact on
the return volatility of emerging stock markets but its effect is relatively at low level. All equity
indexes have similar empirical results both in terms of levels coefficients, R square values and
direction. Argentina is an exception in that general results because the US interest rates do not have
statistically significant effects on the Merval. The reason for this exception might be the fact that
Argentina had a moratorium and the financial markets in Argentina have behaved in accordance with
their own dynamics in a chaotic climate.

On Table 4, the results of normal GARCH estimations for non-US Advanced Markets are
displayed.
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Table 4. Test Results of GARCH with Gaussian Distribution For Non-US Advanced Markets

Dependent | Coef. (US IR) z-Statistics Contant RESID (-1)*2 | GARCH (-1) R?
Variable
CAC-40* 0.171983 7.29394 2.22 0.070205 0.921505 0.094346
FTSE-100 0.021848 5.742988 2.14 0.102143 0.887135 0.016981
Nikkei-225 0.086574 2.829102 5.30 0.060943 0.923393 0.010503
Xetra DAX* 0.196371 7.483275 2.85 0.073619 0.919004 0.108674

*Markets on Euro Zone

The results have distinctive empirical results. The financial markets in Euro Zone are under
strong positive impact of the changes in the US Treasury Bills. 10,86 % and 9,43 % of the volatility in
the returns of Frankfurt Xetra Dax and Paris CAC-40 are respectively explained by the time values of
the US dollar. The percentages are so high. The reason for this distinctive difference might be the
effects of the US monetary policies on the EUR/USD parity. The effects of the EUR/USD parity on the
Frankfurt Xetra Dax and Paris CAC-40 are tested by GARCH models and find that it has strong
negative explanatory power on the stock markets returns. The results are not presented here because
is subject of another empirical research.

Table 5 shows the test results for Dow Jones, Nasdag and S&P-500. The model in this group
test the domestic interest rates affect for the US stock markets. The US interest rates have strong
impact on the return volatility of stock markets. One of the important empirical findings of the research
is that the US interest rates have stronger impacts on the stock returns in the Euro Zone than those i
the US.

Table 5. Test Results of GARCH with Gaussian Distribution For US Markets

Dependent | Coef. (US IR) z-Statistics Constant RESID (-1)*2 | GARCH (-1) R?
Variable
Dow Jones 0.111799 5.955474 2.92 0.066389 0.915600 0.073549
Nasdaq 0.181100 6.575633 8.03* 0.021717 0.974346 0.078103
S&P-500 0.107882 5.836789 1.12* 0.048830 0.944540 0.074381

The Model 2, namely the GARCH model with St@&v VvV W GLVWULEXWLRQ LV
the financial time series of 14 stock markets. The results are similar to those of the Model 1. Though
the coefficients increase, the R squares decrease in the Model 2 as compared to the Model 1 in genere
The test results are presented on the Table 6.
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Table6 7HVW 5HVXOWV RI *$5&+ ZLWK 6WXGHQW{V W 'LVWULEXWLRQ )R
ngﬁ;‘gg”t Coef. (USIR) | z-Statistics Contant | RESID (-1)*2 | GARCH (-1) R?
Bovespa 0.139767 | 3.449426 1.09% 0.035848 0943720 | 0.017025
Hang Seng 0.072162 | 3.509196 3.50% 0.041745 0.942627 | 0.011939
ISE 0.140457 | 3.437314 1.00 0.099452 0.810040 | 0.004714
Kospi 0.099152 | 2.947351 6.67* 0.043290 0.942551 | 0.010173
Mexse 0.070320 | 4.831002 1.38 0.095980 0.850880 | 0.021998
Merval 0.025045 | 0.691869* 2.60 0.083110 0.881541 | -0.004162
Moscow RTS | 0.116403 | 3.568255 2.95 0.117919 0.843113 | 0.001309
CAC-40 0.171460 | 7.342651 1.95% 0.068181 0.924635 | 0.094147
FTSE-100 0.022736 | 5.492865 2.05 0.100114 0.921505 | 0.094346
Nikkei-225 0.095166 | 3.309512 1.88* 0.040608 0.953844 | 0.010713
Xetra DAX 0.196515 | 7.350401 2.65* 0.072671 0.920646 | 0.108733
Dow Jones 0.111665 | 5.957293 2.89* 0.066384 0.915789 | 0.073488
Nasdag 0.178860 | 6.504633 8.24 0.021329 0.974619 | 0.077445
S&P-500 0.107372 | 5.782508 1.10 0.048520 0.944947 | 0.074128

Table 7 includes Akaike comparisons for Model 1 and Model 2. As the Akaike information

displays, the Models do not have important difference in terms of their explanatory powers.

Table 7.. Akaike Comparisons of the Models

Variables Akaike For Model 1 Akaike For Model 2
Bovespa -6.921299 -6.920198
Hang Seng -7.974351 -8.023289
ISE -6.279840 -6.467477
Kospi -7.175362 -7.212426
Mexse -7.812463 -7.827720
Merval -6.702479 -6.725454
Moscow RTS -6.879621 -6.908645
CAC-40 -8.316683 -7.804841
FTSE-100 -8.313525 -8.316683
Nikkei-225 -7.561951 -7.579324
Xetra DAX -7.515031 -7.513556
Dow Jones -8.249177 -8.247355
Nasdaq -7.439286 -7.438880
S&P-500 -8.253822 -8.252043

5. Suggestions For Future Research

The empirical findings have important results. Volatility in the time value of the US dollar has
international transmission effects on the world equity markets. However, the level of explanatory
power of the US interest rates vary on the types of equity markets. The stock markets in the Euro Zone
and the US stock markets (domestic markets) are strongly affected by the volatility in the US interest
rates. The empirical findings for the stock markets in the Euro Zone might be explained by the fact that
the US interest rates also affect the EUR/USD parity. From that perspective, the EUR/USD parity
affects the stock returns in the European markets. In fact, we find a statistically strong relationship
between EUR/USD parity and the stock returns in the European stock markets.

The emerging stock markets and non-EU and non-US financial markets are affected by the US
interest rates at statistically significant but low levels. The direction of the effect is positive. In those
economies, the stock markets are affected by the changes in the US interest rates but they might
behave in accordance with other factors such as domestic interest rates or foreign exchange rates. The
future research might focus on the other international factors such as the parity, business cycles, and
excess liquidity, affecting the equity markets.
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The US interest rates might have stronger effects on the money markets rather than the stock
markets in emerging markets. The future research might examine the issue by using monetary
variables. For a starting point, we test the effects of the changes in the US interest rates on the
Emerging Markets Bond Index Plus for the same time period with the similar data interval. Data from
Argentina is excluded from the EMBI Plus. Test results of normal GARBIKP G 6 W XGHQW IV W
models are displayed on Table 8.

Table 8: Test Results of the Model 1 and Model 2 For EMBI Plus

Variable Coef. (USIR) | z-Statistics | Constant RESID (-1)*2 | GARCH (-1) R’
EMBI+ (Model 1) -0.533973 -13.85190 3.94 0.134249 0.802659 0.119730
EMBI+ (Model 2) -0.554385 -14.42092 3.59 0.140720 0.804066 0.110463

The empirical findings on the Table 8 show that the effects of the US interest rates are negative
and stronger on the money markets than those on the capital markets in emerging economies.

The regression equations in the article might be tested with alternative modeling techniques in
the future research. For example, in order to see the long-term effects of the US interest rates on the
stock returns in the emerging markets wavelets might be employed as a scaling method. In practice, the
US monetary policies might have stronger explanatory power with different directions on the emerging
equity markets.
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