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Abstract: This study provides evidence of the US implied volatility’s effect on international equity
markets’ returns. This evidence has two main implications: 1) investors may find that foreign equity
returns adjusting to US implied volatility may not provide true diversification benefits, and ii) foreign
equity returns may be predicted using US implied volatility. Our sample includes US volatility index
(VIX) and major equity indexes in twenty countries for the period between January, 2000 through
July, 2017. VIX leads eighteen of the international markets and Granger causes seventeen of the
markets after controlling for the S&P-500 index returns and the 2007/2008 US financial crisis. US
investors looking to diversify US risk may find that international equities may not provide intended
diversification benefits. Our evidence provides support for predictability of international equity returns
based on US volatility.
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1. Introduction

Portfolio theory suggests that investors can lower their risk and increase their returns through
diversification. Different security types (ex. bonds, commodities, real estate and etc.) as well as
international equities are commonly used to diversify equity portfolios (Solnik and Noetzlin, 1982;
Qrauer and Hakansson, 1987; Levy and Lerman, 1988; Eichholtz, 1996; Benartzi and Thaler, 2001).

Despite research evidence for the benefits of diversification, investors are reported to be rather
reluctant to truly diversify their portfolios. For instance, French and Poterba (1991) show that investors
in the US, Japan and the UK prefer to invest in their own domestic markets. More recently, Goetzmann
and Kumar (2008) show that US investors are not too keen on diversification and often tend to own
under-diversified portfolios. However, “...benefits from international diversification are so large that
they should rapidly resuscitate the development in the U.S. of successful international mutual funds...”
(Solnik, 1995).
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Figure 1. Risk and return chart for all indexes included in the study. Period begins with January,
2000 and ends on July, 2017. End of day closing values for indexes are obtained from Yahoo!
Finance (via http://finance.yahoo.com) and confirmed by the data obtained from Google
Finance (via http://google.com/finance). Index names and notations are used as provided
by Yahoo! Finance. Daily (d) returns are calculated as log difference of daily closing values.

There are many international investment opportunities that would be appealing to investors.
Comparisons of twenty international indexes along with the S&P-500 index are provided in Figure 1.
It is evident that at least five of these indexes provide higher returns than S&P-500 at a lower risk.
There are indexes that offer much higher returns at a slight increase in risk. Why then, investors
under-diversify, especially internationally?  According to Goetzmann and Kumar (2008), the
reasoning could be related to over-confidence or investor bias for domestic investment choices.

We are not arguing that there is no international diversification. In fact, we note that there is a
growing population of international mutual funds and ETFs as predicted by Solnik (1995). For
instance, a US ETF, EEM (iShares MSCI Emerging Markets ETF),* has assets totaling about $32
billion. Similarly, another popular US ETF, EFA (iShares MSCI EAFE ETF)," has assets totaling

*More information is available via https://finance.yahoo.com/quote/EEM?p=EEM
"More information is available via https://finance.yahoo.com/quote/EFA?p=EFA
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about $76 billion. Many of the US corporations have international operations that provide US
investors with international risk and return exposure (Agmon and Lessard, 1977; Choi, 1989; Nance
et al., 1993).

We therefore question whether the reasoning behind under-diversification through
international equities is because of the quick adjustments in international returns for US
implied volatility. In other words, if international equity returns adjust to US risk quickly, then the
investors may be perceiving these markets as highly integrated with the US and thus not offering
potential diversification benefits. While in the long run, several of these markets prove to be valuable
diversification alternatives, future looking investments may ignore past performances and focus on
short-term market reactions.

Equity indexes from twenty countries are evaluated with this study for the period that begins with
January, 2000 and ends on July, 2017. US implied volatility leads seventeen of the twenty
international index returns with two trading days lag. Statistically significant coefficients for the
lags of one and two trading days are all negative. It is therefore evident that international equity
returns adjust quickly to US implied volatility.

Earnings yield (i.e. earnings to price, E/P, ratio) is an important measure of risk and return trade
off (Basu, 1983; Rogers, 1988; Jaffe et al., 1989; Dicle, 2017). It is based on the idea that stocks, like
bonds, provide returns to investors. The earnings per share (realized or expected) for a stock divided
by the trading price of the stock results in a measure similar to the bond yield. Within the concept of
earnings yield, as risk increases, stock price would be expected to decrease to adjust for risk. This is
not a violation of the risk-return tradeoff theory. In fact, Dicle (2017) argues that investors, assuming
rational behavior, try to maximize return for given level of risk. At the time of their investment,
investors predict the future return and risk levels. Thus, ex-ante, the risk-return tradeoff would be
intact. However, ex-post, the risk and return levels can be quite different than the predicted levels.
During the investment period, the prices can adjust to changes in risk and they can deviate significantly
from their predicted levels. Thus, the return response for increased risk would be negative. This is the
response we report with international indexes’ returns to US implied volatility. Given this evidence,
investors looking to diversify their US equity risk with international equities may find that US
risk is adjusted in international equity returns.

In addition to the diversification implication, the evidence also has implications for predictability of
returns. Based on the earnings yield adjustments of returns to volatility, it may be possible to predict
international equity returns using US implied volatilities.

Random walk theory posits that the security prices do not follow a predictable pattern (Fama, 1965b;
Horne and Parker, 1967; Levy, 1967; Jensen and Benington, 1970; Malkiel, 1999). It would imply that
neither historic returns or returns of other assets should be able to predict future returns. It would also
mean that securities in other countries would have no predictive power. Similarly, market efficiency
theory argues that security prices reflect all available information (Fama, 1965a; Malkiel and Fama,
1970; Fama, 1998). Thus, if there is any information that would help investors to predict future prices
then, according to the market efficiency theory, it would already be priced. Accordingly, it would not
be possible to predict future prices.

There is however extensive research into prediction of returns. For instance, evaluating mean
reversion, Poterba and Summers (1988) find that “stock returns exhibit positive serial correlation over
short periods and negative correlation over longer intervals”. Further evidence of return predictability
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is offered by Fama and French (1988) analyzing return autocorrelations, by Fama and French (1988b)
based on dividend yields, by Fama and French (1989b) based on economic conditions and
business-cycles and by Campbell and Shiller (1988) using excess volatility. In fact, in his survey
Cochrane (1999) notes that “Now we recognize that stock and bond returns have a substantial
predictable component at long horizons”. Lewellen (2004) provides evidence of return predictability
using dividend yield as well as earnings yield. In a similar analyisis, Campbell and Yogo (2006)
provide evidence of return predictability with variables such as earnings to price ratio (i.e. earnings
yield), dividend to price ratio (i.e. dividend yield) and measures of interest rates. Our earnings yield
discussion about returns adjusting to volatility draws directly from the findings of Lewellen (2004)
and Campbell and Yogo (2006) that are based on yield variables. As yields would be expected to react
to changes in risk so would the returns. Return reaction to risk is not solely based on risk to return
trade-off but also based on earnings yield explanation for stocks. On a contrasting note however
Hjalmarsson (2010) provide evidence against the predictive power of yield based variables (i.e.
earnings yield). Their evidence is in favor of predictability using interest rate measures similar in part
to the findings of Campbell and Yogo (2006).

There is also evidence that international returns can be predicted with US equity returns. For
instance, Rapach et al. (2013) “...show that lagged U.S. returns predict returns in numerous non-U.S.
industrialized countries substantially better than the countries’ own economic variables...”.* There
could be many reasons for the US markets to lead the markets in other countries and therefore to have
predictive power over foreign equity returns. For instance, Rapach et al. (2013) “...posit that many
investors focus more intently on the U.S. market...”. They also recognize that the explanations that are
based on risk could also be the reasons for the US markets’ lead. Similarly, Morana and Beltratti
(2008) find strong evidence for the correlations across equity markets in terms of returns as well as
volatility. They also report that these comovements have a positive trend. These findings are in line
with earlier evidence (Karolyi and Stulz, 1996; Ang and Bekaert, 1999; Ball and Torous, 2000). In
fact, Ang and Bekaert (1999) report “high volatility-high correlation regime which tends to coincide
with a bear market”. Similarly, Ball and Torous (2000) report dynamically changing correlation
structures.

Evidence of the relationship between international return correlations and volatility is provided by
Solnik et al. (1996) among others. In fact, they conclude that benefits of international diversification are
reduced because of the increased correlations across countries. Ramchand and Susmel (1998) confirm
these findings and report increased correlations between the US markets and other international markets
during the times of high volatility.

It is therefore well established that several yield based variables can predict returns. It is also
established that there is high correlation between international equity returns and in fact these
correlations are higher during the times of high volatility. Based on these correlations, US equity
returns predict international equity returns and this predictability would be expected to be higher with
higher volatility. We argue that the foreign equity markets’ returns respond not only to the
contemporaneous US returns but also to the US implied volatility. In effect, this is to argue that US
implied volatility can predict international equity returns.

Supporting evidence, in part, to our argument is provided by Sarwar (2012a) in terms of US

A detailed summary of the literature on prediction of returns for the US markets as well as for the international markets is provided
by Rapach et al. (2013a, b).
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implied volatilities and US market returns. He reports contemporaneous (not predictive) and negative
correlations between the volatility and returns. The negative coefficients are further evidence of the
earnings yield argument. Sarwar (2012b) extends these findings to evaluate US implied volatility and
returns for equities in Brazil, Russia, India, and China (BRIC). Similarly he reports negative
contemporaneous correlations for BRIC countries. Furthermore, he confirms the earlier findings by
Ramchand and Susmel (1998) that volatility-return relationship is stronger during times of high
volatility. Evaluation of the US volatility (VIX) vs. international equity returns is extended to several
European markets by Sarwar (2014). Previously reported negative contemporaneous relationship is
further confirmed for the European countries. In support of our argument that international equity
returns adjust to US volatility, Sarwar (2014) finds that VIX can predict equity returns in the analyzed
European counties. However, this predictive ability is limited to the financial crisis periods.
Interestingly, the coefficients for the leads and lags provided in Sarwar (2014) (Table 3) have mixed
signs. Any proof for our argument would require all negative coefficients for all countries. We also
note that since it is well established in the literature that US returns predict foreign equity returns,
controlling for US market returns within these estimations would provide more robust results for the
predictive power of the VIX. More recent study Sarwar and Khan (2017) extend a similar analysis to
emerging markets and report similar results.

Our contribution to the related literature is unique for multiple reasons: i) we analyze lead and lag
relationships as well as causality, i1) list of countries analyzed is the most extensive in the related
literature, ii1) sample period includes the 2007/2008 US financial crisis which is controlled using a
binary variable, iv) empirical analysis recognizes the predictive power of the S&P-500 which is
controlled in all estimations, and finally, v) empirical analysis recognizes the robustness of
GARCH(1,1) model for the lead-lag relationship even in the case of implied volatilities. We also
believe that in light of the evidence for the predictive power of S&P-500, any analysis of predictive
power for any other variable would fall short of robustness. In fact, a general market model for
estimating market correlations would require S&P-500 as the market portfolio.

Our evidence is also unique because: 1) the results point to overwhelming return reaction to US
implied volatility, ii) estimated coefficients between implied volatility and returns are consistently
negative, and iii) there is consistent and almost uniform Granger causality from US implied volatility
towards international returns.

This evidence is important for investors who are looking to diversify US volatility as they create
doubt for the importance of international equity markets as a diversification vehicle. It also provides
strong support for predictability of returns as well as for the earnings yield arguments.

2. Data

Following the common practice of using publicly available (for all investors and academics) data
(Christensen and Prabhala, 1998; Aggarwal et al., 1999) in the volatility literature, we also obtain
our data from public sources. Data include twenty international equity indexes (Index,), the implied
volatility index (VIX,) for the S&P-500 index and the S&P-500 index itself (S P500,). Frequency of
the data is daily (d) for all variables. The time span begins with January 2000 except for Chile (2002)
and New Zealand (2003). Ending period is July, 2017. End of day closing values for the indexes are

Quantitative Finance and Economics Volume 1, Issue 4, 388—402



393

obtained from Yahoo! Finance® (YF) and confirmed by the data obtained from Google Finance.! Index
names and symbols are used as provided by YF. End of day closing values for the implied volatility
index (VIX) are obtained from Chicago Board Options Exchange (CBOE).!

Daily returns are calculated as log difference of daily closing values and denoted with A. A binary
variable, Crisis, is created to control for the 2007/2008 US financial crisis. This variable is assigned
a value of one for the period January 1%, 2007 through March 9, 2009 and zero otherwise. Since the
financial crisis began on February 28", 2007**, our crisis binary variable begins with the calendar year
of 2007. Also, since the financial crisis began to fade on December 19", 2008, our crisis variable
extends a few more months to mark the lowest point S&P-500 index has seen after the financial crisis
began.

Descriptive statistics for the variables are provided in Table 1. Based on the augmented Dickey-
Fuller (Dickey and Fuller, 1979; Fuller, 2009) unit root tests, all variables are stationary at their log
difference returns.

3. Econometric Models and Empirical Results

The lead-lag relationship between the VIX and the international markets’ returns is evaluated using
a Granger non-causality model (Granger, 1969). Just as causality is important to establish for the US
volatility effect (i.e. the Wald test results), the sign of the effect is also important. A positive coeflicient
would mean flight from US volatility towards international markets. A negative coefficient would mean
international returns adjusting for US expected risk (i.e. earnings yield). Thus, we estimate the lead-
lag coeflicients using a GARCH model (Engle, 1982; Bollerslev,1986) and then estimate the Granger
model for the causal relationships. For the GARCH model, both GARCH and ARCH terms are used
as one (i.e. GARCH (1,1)) following Hansen and Lunde (2005) and estimated as follows:

Alndexd = ,80 +,81Alndexd_] +B2Alndexd_2 +ﬁ3AVIXd_1 +,84AVIXd_2
+ﬁ5AS P500, +ﬁ(,C7'iSiSd + €& ()

0'31 =ay+ alej_l + a/zofi_l where €;0,-1 ~ N(O, 0'31)

Equation 1 is estimated for each of the twenty international equity indexes. Alndex is assigned
a different index for each of the estimations. Table 2 provides the results for the estimation of the
Equation 1 for each of the twenty indexes.

The autoregressive components for index returns (Alndex,_;) for almost all of the indexes are
statistically significant at 5% or better. The sign however is not as uniform. While seven of the
indexes have positive autoregressive coefficients, ten have negative coefficients.

The effect of contemporaneous S&P-500 index returns (AS P500,) is statistically significant at 1%
and positive for all of the indexes tested. These results suggest the importance of the US markets’
returns over the international markets’ returns. Countries such as Brazil, Argentina and Germany
have the highest coefficients with the S&P-500 index. On the other hand, Malaysia, Indonesia and

% Available via http://finance.yahoo.com

TAvailable via http://google.com/finance

Il Available via http://cboe.com
“*“Freddie Mac Tightens Standards” available on http://www.nytimes.com/2007/02/28/business/28mortgage.html
T“Bush announces auto rescue” available on http://money.cnn.com/2008/12/19/news/companies/auto_crisis/
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Taiwan have the lowest coefficients. The statistical significance of the S&P-500 index returns prove
that omission of this variable in econometric models of implied volatility would clearly lead to omitted
variable bias.

Interestingly, the results for the binary variable for the the 2007/2008 US financial crisis (Crisis)
are quite insignificant. We posit that the lack of statistical significance for the US financial crisis binary
variable is due to having S&P-500 index as a control variable. The impact of the 2007/2008 crisis on
international equity returns is captured by the market model that includes the daily US market returns.

In terms of the US volatility index (AVIX), eighteen of the twenty indexes are statistically significant
at 5% or better for the one day lag (AVIX,_,). All significant coeflicients are negative which implies
return adjustment (earnings yield) by international equities for US implied volatility. Similarly for two
days lag (AVIX,_,), eleven of the twenty indexes are statistically significant at 1% level and negative.

Now that we established the lead-lag coefficients between US implied volatilities and international
equity returns, we turn our attention to causality. The Granger non-causality model is estimated as
follows:

AVIX,; = Yo + )/IAVIXd_l + )/zAVIXd_z + y3AIndexd_1 + y4AIndexd_2

+ ’)/5AS PSOOd + ’)/6CI’iSiSd + €14 (2)
Alndex; = wo + wiAlndexy_| + wrAlndexy_» + w3 AVIX,_ | + wsAVIX, >
+ wsAS P500, + weCrisisy + €4 3)

Similar to the Equation 1, Equations 2 and 3 are estimated with trading day lags of two. Also,
effect of the S&P-500 index returns on international equity returns is controlled with the
contemporaneous S P500, returns. Even though the estimation results for Equation 1 did not provide
any evidence of importance for the US financial crisis of 2007/2008, we still control for the crisis
using the Crisis binary variable. Equations 2 and 3 are estimated as a system using seemingly
unrelated regressions.(Zellner, 1962; Geweke, 1982) Causality of US implied volatilities and
international equity returns are tested with Wald test (Engle, 1984) as follows:

Alndex; — AVIX,; :y3 =7y, =0 €))
AVIX; — Alndex; : w3 = ws =0 ®))

The results for Equations 4 and 5 are provided in the Table 3. We find that seventeen of the twenty
indexes have a statistically significant (at 5% or better) causal relationship from US implied volatility to
international equity markets’ returns. This important evidence, coupled with the evidence from Garch
(1,1) Equation 1, imply that international equity markets’ returns adjust to US implied volatility
with a very short lag. The responsiveness of these markets to US expected risk shows how integrated
these international markets are to the US financial markets. Investors who seek to diversify US risk
may not able able to find shelter with international equity markets as they seem to adjust to US risk
fairly quickly.
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Table 3. Granger type causality estimation results for US implied volatility and international
markets’ returns. Estimated model is as follows: AVIX, = yo + viAVIX,_| + y,AVIX; , +
viAlndex, | + ysAlndex, o + ysAS P500, + y¢Crisis, + €14 and Alndex,; = wy + wiAlndex,_ | +
wrAIndexy_»+w3AVIX ;| +wsAVIX, 5 +wsAS P500,+weCrisis,+e,,. Wald tests are as follows:
Alndex, — AVIX,; : vz = yv4 = 0and AVIX,; — Alndex, : w; = ws = 0. End of day closing
values for indexes are obtained from Yahoo! Finance (viahttp://finance.yahoo.com) and
confirmed by the data obtained from Google Finance (via http://google.com/finance).
Index names and notations are used as provided by Yahoo! Finance. Daily (d) returns are
calculated as log difference of daily closing values and denoted with A. *, ** and *** refer to
statistical significance at the 10%, 5% and 1% respectively.

Country Index (y) VIX (x) Fy_, Froy
Argentina AMERV, AVIXy, 1.6352 3.1867

Australia AAORD, AVIX, 3.2358 433.9916 ok
Belgium ABFX; AVIX, 4.1014 241.9900 wokE
Brazil ABVS P, AVIX, 6.1516 woE 7.0556 woE
Canada AGSPTSE, AVIX, 27.0668 Hokk 34.9830 Hokk
Chile AIPS A, AVIX, 2.3663 17.4938 Hokk
France AFCHI, AVIX, 5.6285 * 348.7822 Hokx
Germany AGDAXIy AVIX, 4.2677 264.5841 HoAE
Hong Kong AHS 1, AVIXy, 0.1643 580.2403 wAE
India ABSESN, AVIX, 6.0031 ok 165.6883 Hokk
Indonesia AJKSE, AVIX, 1.0822 235.3652 HoAE
Japan AN225, AVIX, 59154 * 667.4963 HoAK
Malaysia AKLSE, AVIX, 0.2587 293.2344 ok
Mexico AMXX, AVIX, 8.3291 *k 4.1649

New Zealand ANZ50,4 AVIX,; 0.7931 1.6962

Singapore ASTI, AVIX, 1.8026 407.6022 ko
South Korea AKS 11, AVIX, 0.6222 386.3308 Hokk
Switzerland ASTOXXS50E, AVIX, 10.4257 HokE 312.5596 wokE
Taiwan ATWII, AVIX, 3.3380 330.6689 wkx
United Kingdom AFTSE, AVIX, 9.1058 * 411.4937 Hkok

4. Economic Significance

In terms of the application of financial research it is imperative that our findings are economically
significant as well as statistically significant. Our final empirical analysis tests the economic
significance of US implied volatility as a predictor of international returns. We employ a simple
trading strategy* based on our econometric results to test for economic significance.

The trading rule has a buy signal when the US implied volatility (VIX) falls more than 2.5%. As

#The strategy provided here is for educational and informational purposes only. It is not financial advice and should not be employed
for any purpose other than education and further research. We disclaim any and all liability.
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risk goes down, we would expect the yield on the indexes to go down as well. For yield on the index
to go down, we would need the stock price to go up. Thus, a drop in the VIX would be expected to
produce positive returns. The trading rule is implemented on a daily basis for each of the 18 years
included in our study. Trading rule returns are summed into annual returns. To compare the trading
rule returns for economic significance, we also calculate the total annual returns for each year as a
buy-hold strategy.

Table 4 provides the t-test results comparing total annual returns for the trading rule and for the
buy-hold strategy. All of the indexes, except for Argentina, Brazil, Chile, Mexico and New Zealand,
show significantly higher returns for the trading rule compared to the buy-hold strategy returns. We
note that among the indexes that do not have significantly higher returns, only the returns for Argentina
and for New Zealand are actually lower compared to the returns for the buy-hold strategy. For indexes
such as Hong-Kong and Japan, average annual returns for the trading strategy are above 40%. These
economically significant results are in support of our previous econometric evidence.

5. Concluding Remarks

Is it possible to predict returns? This study provides evidence that, in the case of equity returns
in twenty countries, US implied volatility has predictive power. There are two main implications for
this finding: 1) international equities may not offer much of a diversification benefit for US volatility,
i1) returns may be predictable using volatility. We argue that the channel in which returns react to
volatility is based on the earnings yield argument. If the earnings yield for stocks is treated similar
to bond yields then it would be natural to expect bond like reaction to higher risk for stocks. As risk
increases, higher yields would compensate investors for the higher risk. This happens through lower
bond prices. Based on the earnings yield argument then higher risk would lead to higher yield which
is provided immediately through lower stock prices. Expected result would be negative correlations
between risk and returns. This is the evidence we report for US implied volatility and non-US equity
market returns.

We believe that the stocks behave similar to bonds reacting to risk. It would be interesting for future
research to see if bond price reactions coincide with stock price reactions. It would also be interesting
to see which maturity structure of bonds would closely mimic the reactions of the stocks. This would
extend our understanding of investment horizon for stocks.
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