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Abstract

This paper aims to explore specific cross-asset market correlations over the past fifteen- year-
period- from January 04, 1999 till April 01, 2015, and within four sub-phases covering both the
crisis and the non-crisis periods. On the basis of multivariate statistical methods, we focus on in-
vestigating relations between selected well-known market indices- U.S. treasury bond yields- the
30-year treasury yield index (TYX) and the 10-year treasury yield (TNX); commodity futures-
the TR/] CRB; and implied volatility of S&P 500 index- the VIX. We estimate relative logarith-
mic returns by using monthly close prices adjusted for dividends and splits and run normality
and correlation analyses. This paper indicates that the TR/J CRB can be adequately modeled by
a normal distribution, whereas the rest of benchmarks do not come from a normal distribution.
This paper, inter alia, points out some evidence of a statistically significant negative relationship
between bond yields and the VIX in the past fifteen years and a statistically significant negative
linkage between the TR/J CRB and the VIX since 2009. In rather general terms, this paper
thereafter supports the a priori idea- financial markets are interconnected. Such knowledge can
be beneficial for building and testing accurate financial market models, and particularly for the

understanding and recognizing market cycles.
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1. INTRODUCTION

The importance of the financial markets, institutions and instruments has grown markedly dur-
ing the last five decades. Nowadays, also with fewer and fewer barriers to international trade and
financial flows, and with communications technology directly linking each major financial cen-
tre, the dimensions of international finance and financial markets is becoming more and more
unique. At the same time, a major part of the financial industry has been effectively globalized,
linking borrowers and lenders, issuers and investors, risks and risk takers around the world. Even
though most if not all finance must be viewed at the international level. Movements in exchange
rates of currencies, bond yields, as well as movements in commodity and stock returns can have
profound effect on sales, costs, profits asset and liability values, and individual well-being of
multinational and transnational companies (TNCs, MNCs) but also of many medium-sized and
small firms as a result of globalization and integration of world financial markets. (Choi, 2003,
Levi, 2005; Pilbeam, 2005).

Financial activity is extremely important in present-day in financial markets and complete

knowledge of statistical properties of asset return dynamics is essential for fundamental and ap-
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plied reason and one of the reason is that such knowledge is crucial for the building and testing

a statistical model of a financial market (Mantegna & Stanley, 2000).

This paper deals with the issue of cross-asset-market relations in the context of a coherent finan-
cial framework, while the main aim of it is to investigate the linkages between the U.S. treasury
bond yields, commodity futures and equity market implied volatility during the different phases

including crisis and non-crisis periods.

2. THEORETICAL BACKGROUND

Mantegna and Stanley (2000) pointed out financial markets are remarkably well-defined com-
plex systems, which are continuously monitored - down to time scales of seconds and therefore
are so attractive for researchers interested in developing a deeper understanding of modeling of
complex systems. They highlighted the key year 1973, when currencies began to be treaded in
financial markets and their values started to be determined by the foreign exchange market all
over the world. During the same year, Black and Scholes published the first paper presenting
a rational option-pricing formula and since that time the volume of foreign exchange trading
has been growing at an impressive rate. Moreover, impressive growth has taken place in the
field of derivative products. A second revolution started in the 1980s when electronic trading
was adapted to the foreign exchange market and prices at which traders are willing to buy (bid
quotes) or sell (ask quotes) was put in place at about the same time and electronic trading become
widespread and led to enormous expansion of financial markets connected with high-frequency
data. (Mantegna & Stanley, 2000; Black & Scholes, 1973)
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Fig. 1 — Intermediation Dynamics. Source: Choi (2003).

Choi (2003) stated that the central component of any model of a modern financial system is the

nature of the conduits through which the financial assets of the ultimate savers flow through to
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the liabilities of the ultimate users of finance, both within and between national economies and
added that thinking about financial contracting and the role of financial institutions and mar-
kets is important topic. Fig.1 by Choi (2003) illustrates that ultimate users of funds comprise the
same three segments of the economy — consumer sector, the business sector and the government
sector and shows the financial process (flow-of-funds) among the different sectors of economy
in terms of underlying environmental and regulatory determinants as well as the generic advan-
tages profit from: 1) Fully intermediated financial flows, 2) investment banking and securitized

intermediation, and 3) Direct-connect mechanism between ultimate borrowers and lenders.

2.1 Long-term Global Market Correlations

Several researches (e.g. Alaoui et. al, 2015; Chien et.al., 2015; Darbar & Deb, 1999; Dorodnykh,
2014; Elton & Gruber, 1995; Engsted & Tanggaard, 2002; Karolyi, 1995; Mantegna & Stanley,
2000; Roll, 1989) focused on investigating financial market contagion and integration. Research
of Darbar and Deb (1999) showed evidence of significant linkages across asset markets in United
States between years 1987 and 1993 and proposed close connection between the commodity and
currency markets and between stock and bond markets. On the other hand they stated, that there
was little evidence of linkages between the bond and commodity markets. Moreover, they dis-
cussed these relations separately (following Karolyi, 1995), also in relation to international crash
of equity markets in mid-October 1987. According to this disastrous event, it provoked many
scientific papers — theoretical or empirical on market volatility, international market links, and
market structure to be written (Roll, 1989). Mantegna and Stanley (2000) stated that the presence
of cross-correlations between stock market returns has long been known, plays an important role
in the theory of selecting most efficient portfolio and investigating, detecting and determining
the specific properties as well as economic factors affecting the dynamics of asset prices in finan-

cial markets is challenging in economics research. (Elton & Gruber, 1995).

Engsted and Tanggaard (2002) analyzed the relationship between expected stock and bond re-
turns and expected inflation at short and long horizons by using a vector-autoregressive model
(VAR approach) and investigated that the relationship between expected returns and inflation
was positive but quite weak. Goetzmann, et. al., (2005) examined the correlation structure of
the major wotld equity markets from 1850 to 2005 and found out that global market correla-
tions vary considerably through time and are highest during periods of economic and financial
integration such as the late 19th century, the Great Depression and the late 20th century and
concluded that the time-series of average correlations show a pattern consistent with the “U”
shaped hypothesis about the globalization at the two ends of the 20th century and periods of
globalization have both benefits and drawbacks for investors, while diversification relies increas-
ingly on investment in emerging markets. Silvennoinen and Thorp (2013) estimated sudden and
gradual changes in correlation between stocks, bonds and commodity futures returns by using
double smooth transition conditional correlation (DSTCC-GARCH) models and observed that
most correlations begin the 1990s near zero but closer integration emerged around the early
2000s and reached peaks during the global financial crisis. Moreover, they proposed higher VIX

increases commodity returns correlation with equity returns, indicating closer integration.
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Spierdijk and Umar (2015) focused on analyzing the U.S. stock, bonds and T-bills in relation to
inflation during the years 1983-2012 and provided only partial confirmation of the hypothesis,
that during the post-180 period, the returns of cyclical stocks exhibit a more positive long-run
relation with inflation than the returns of non-cyclical stocks and added that both cyclical and
non-cyclical industries had virtually no hedging ability until the fall of Lehman Brothers in Sep-
tember 2008. Moreover, they found out only short positions in long-term bond indices includ-
ing treasury bonds with maturities of 10 years and longer had some long-run inflation hedging
capacity. According to stock return-inflation relation, it has been recently investigated by several
researchers, e.g., Katzur et. al. (2013), Hong et. al. (2013) or Lee (2010). Lee (2010) highlighted
two regimes “pre-war regime with positive relation” and “post-war regime with negative stock-
inflation relation” by using VAR identification method. Hong et. al. (2013) added, that the nega-
tive relation is particularly strong in recession periods, indicating that the relation is sensitive
to business cycle, which is at odds with the inflation illusion hypothesis anticipating inflation
being related to negative returns. Katzur et. al. (2013) discussed a widespread economic assump-
tion, that an asset is a good hedge against inflation if the Fisher hypothesis holds, nominal asset
returns move in parallel with expected inflation. They showed that the economic significance
of the influence of expected inflation on stock returns can be substantial, despite a lack of tradi-

tional evidence against the Fisher hypothesis.

Ong (2015) focused on information theory to examine dynamic relationships between stock re-
turns, volatility and trading volumes for S&P500 stocks as an alternative to traditional Granger
causality test when dealing with nonlinear relationships and highlighted the dominant role played
by trading volumes in all these relationships. Xiao et. al., (2015) found out the cross-correlations
between different stock markets may hint et log-periodic oscillations by using de-trended cross-

correlation analysis which may be helpful to evaluate financial state in a global way.
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Fig. 2— A demonstration of the positive correlation between the TR/] CRB index and 10-year Treasury yields
Srom 1973 to 1987. Source: Murphy (2004,).
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Finally, it should be added that Murphy (2004) stated that, in general, commodity prices move
opposite to bond prices. This statement indicate that commodity prices and bond yields move
in the same direction (see Fig. 2 illustrating a demonstration of the positive linkage between the
commodity TR/J CRB index and the bond yields-10-year Treasury (TNX). He also added, inter
alia, that bond prices normally trend in the same direction as stock prices. His conclusions were

supported, for example, by those of Katsanos (2008).

3 MATERIALS AND METHODS

Assumptions and hypotheses

We set two hypotheses in our research, based on a priori basic intermarket assumption about

globally and domestic interconnection of financial markets (Murphy, 2004; Katsanos, 2009).

H1. U.S.treasury bond yields (TYX or TNX) and commodity futures (I'R/] CRB) wete posi-
tively correlated during the analyzed period.

H2. U.S. treasury bond yields (TYX, TNX) and equity market volatility (I"IX) were negatively
correlated during the analyzed period.

Time series and methodology

The data consists of (January 04 1999 through April 01 2015) of monthly prices for four well-
known indices of financial assets in the U.S.- the Thomson Reuters/Jefferies commodity index
(TR/]J CRB) that is made up of 19 commodities, the 30-yeat treasury yield index (TYX), the
10-year treasury yield (TNX), and the implied volatility of S&P 500 index options (VIX); and
has been obtained from Yahoo Finance.com and Investing.com. Then we define monthly returns as
logarithmic differences of close prices (multiplied by 100). The full period, consequently, con-
sists of 780 observations. We also consider four equity market sub-periods (see Fig. 3), first from
January 04 1999 to December 31 2002 (Phasel), second from January 01 2003 to December 31
2006 (Phase2), third from January 01 2007 to December 31 2008 (Phase3), and fourth from Janu-
ary 01 2009 to April 01 2015 (Phase4); to separate returns influenced due to the global financial
crisis 2007/2008 and eatlier between 1999-2002 during the Argentine great depression followed
by September 11 attacks. In addition, we use data on monthly basis those are more appropriate

to understate the direction of movement than i.e. the daily data due to higher volatility (see e.g.,
Roll, 1989).
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and processing

Test for normality & parametric/non-parametric methods

According to time series of financial markets, assumptions related to normality should be taken
seriously to obtain reliable conclusions about reality using appropriate statistical procedures
(Ghasemi & Zahedias, 2012). In this research we use the algorithm of Vychytilova (2014) for
evaluation correlations between financial market indices that, inter alia, assumes testing normal-
ity assumptions visually (histograms, Q-Q plots) and through normality tests (i.c., Shapiro-Wilk
test). A generally superior omnibus indicator of non-normality judged over the various sym-
metric, asymmetric, short- and long-tailed alternatives provides, i.e. Shapiro-Wilk W statistic
(Shapiro & Wilk, 1965; Shapiro, Wilk & Chen, 1968) that is defined by
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Ghasemi and Zahedias (2012) mentioned that, the Shapiro-Wilk test provides better power than
the K-S test and recommended it as the best choice for testing the normality of data. To test the
assumption of normality in our research, we use Roysten’s (1982) extension of Shapiro-Wilk-W
test (Shapiro & Wilk, 1965) for normality to large samples, available when 2 < n < 2000 (see
Royston, 1982) to compute the Shapiro-Wilks statistic and P-Value.
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The small P-value for the Shapiro-Wilk-W test (S-W test) then indicates that the data does not
come from a normal distribution and when the smallest P-value amongst the tests performed
is less than 0.05, we can reject the assumption that resistivity comes from a normal distribution
with 95% confidence. Vice versa, when the smallest P-value amongst the tests performed is
greater than or equal to 0.05, we can not reject the idea that the variable comes from a normal
distribution with 95% confidence. Depending on the results of visual inspection about distribu-
tion and Shapiro-Wilk test, we use statistical parametric/non-parametric procedures to evaluate

correlations between variables.

The strength and the direction of relations between each pair of indices is examined through
the: a) parametric Pearson product moment correlation coefficient (2) if benchmarks come from
normal distribution; b) or through the nonparametric Spearman’s rank correlation coefficient (3)

if the indices are not normally distributed; on a scale of -1 to +1.

swhere  x;and y;are the values of x and y for the 7 individual.

S =) (yi-y)

r=
JE e[, 0-97] o
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s = n(n?-1) 3)

swhere  d; is the difference in ranks for xand y.

While also taking P-Value into account, we find out whether the indices are significantly cor-
related. If the P-Value is less than 0.05 we can state that, there is a statistically significant correla-

tion between the pair of indices at the 5% significance level and vice versa.

4. RESULTS

Test for normality

At first, we present our summary results, whether the variables come from a normal distribution.
The estimated parameters of the fitted distribution are shown in Table 1 including the summary
results of Shapiro-Wilk test run to determine whether vatiables (TR/] CRB, TYX, TNX and
IVIX) can be adequately modeled by a normal distribution with 95% confidence by comparing
the quantiles of the fitted normal distribution to the quantiles of the data. Moreover, we present
frequency histograms and Quantile-Quantile plots created to assess visually how well the normal

distribution fits (see Fig. 4).
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(VIX); over the period 1999-2015/04. Source: Own calculations in Statgraphics Centurion

Tab. 1 — The Shapiro-Wilk test. Source: Own calculations in Statgraphics Centurion.

Fitted distribution Standard . o
Mean o S-W W Statistic P-Valne
Normal deviation
TR/J] CRB 0.0596923 0.95411 0.978528 (0.244056)
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TYX -0.155846 5.05875 0.894497 (0.0)
TNX -0.02928 9,32085 0.910609 (0.0)
VIX 0.046 6.00846 0.971888 (0.0400940)
Conclusion TR/] CRB TYX TNX VIX
Can we reject the P-Value = 0.05 | P-Value < 0.05 | P-Value <0.05 | P-Value < 0.05;
variable comes from a parametric non-param. non-param. non-param.
normal distribution? methods (1) methods (2) methods (2) methods (2)

Since the smallest P-value amongst the tests performed is greater than or equal to 0.05, we can
not reject the idea that TR/J CRB comes from a normal distribution with 95% confidence (see,
Table 1) On the other hand, since the smallest P-value in the case of TYX, TNX and I"IX
amongst the tests performed is less than 0.05, we can reject the idea that TYX, TNX and 'IX
come from a normal distribution with 95% confidence (see, Table 1). The visual inspection of

Q-Q plots and histograms (see Fig. 4) also support these conclusions.

According to Table 1 and Fig. 4, we will use non-parametric Spearman’s rank correlation coef-
ficient (2) that is consequently less sensitive to outliers than the Pearson coefficients to calculate
correlations between U.S. treasury bond yields (TYX, TNX) and commodity futures (TR/]
CRB), as well as between U.S. treasury bond yields (TYX, TNX) and equity market volatility
index (IV1X) and compute P-values to test the statistical significance of the estimated correla-

tions.

Correlation matrices

The Spearman rank correlations between each pair of selected well-known leading market in-
dices are shown in Table 2 (for Phase 1), Table 3 (for Phase 2), Table 4 (for Phase 3) and Table 5
(for Phase 4). Table 6 then shows additional summary results for overall last fifteen year period
(1999-2015/04).

Tab. 2 — Spearman Rank Correlations in Phase 1 (1999-2002). Source: Own calculations.

TR/] CRB TYX TNX VIX
TR/] CRB -0.1192 -0.0607 0.2009
DP-valne (0.4190) (0.6806) (0.1730)
TYX -0.1192 0.8989 -0.3812
P-value (0.4190) (0.0000) (0.0097)
TNX -0.0607 0.8989 -0.4441
P-value (0.6806) (0.0000) (0.0026)
VIX 0.2009 -0.3812 -0.4441
DP-valne (0.1730) (0.0097) (0.0026)

According to Table 2, P-values below 0.05 indicating statistically significant non-zero Spearman
rank correlations at the 95.0% confidence level have following pairs of indices: 1) TYX and VIX
(rs= - 0.3812; P-value= 0.0097); 2) TNX and VIX (rs= - 0.4441; P-value= 0.0026); 3) TYX and
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TNX (r5=0.8989; P-value= 0.0000). These results indicate that hypothesis H1 about statistically
significant positive linkage between U.S. Treasury Bond yields and commodity futures cannot
be accepted in Phase 1, while hypothesis H2 about statistically significant negative linkage be-
tween U.S. Treasury Bond yields and equity market volatility is accepted in the Phase 1.

Tab. 3 — Spearman Rank Correlations in Phase 2 (2003-2006). Source: Own calculations.

TR/] CRB TNX TYX VIX
TR/J CRB 0.0314 0.1236 0.3918
P-valne (0.8294) (0.3969) (0.0072)
TNX 0.0314 0.9234 -0.0477
P-valne (0.8294) (0.0000) (0.7439)
TYX 0.1236 0.9234 0.0234
DP-valne (0.3969) (0.0000) (0.8726)
VIX 0.3918 -0.0477 0.0234
P-value (0.0072) (0.7439) (0.8726)

According to Table 3, P-values below 0.05 indicating statistically significant non-zero Spear-
man rank correlations at the 95.0% confidence level have following pairs of indices: 1) TR/]
CRB and VIX (rs= 0.3918, P-value= 0.0072); 2) TYX and TNX (rs= 0.9234, P-value= 0.0000).
These results indicate the hypothesis H1 nor H2 cannot be accepted in the Phase 2. However,

using non-parametric correlation analysis, we found statistically significant positive correlations
between TR/J CRB and VIX.

Tab. 4 — Spearman Rank Correlations in Phase 3 (2007-2008). Source: Own calculations.

TR/] CRB TNX TYX VIX

TR/] CRB -0.0196 01763 0.1972

P-value (0.9252) (0.3978) (0.3442)

TNX -0.0196 0.9080 -0.2348

P-valne (0.9252 (0.0000) (0.2601)

TYX 0.1763 0.9080 -0.2927

DP-value (0.3978 (0.0000) (0.1603)
VIX 0.1972 -0.2348 -0.2927
P-value (0.3442 (0.2601) (0.1603)

According to Table 4, P-values below 0.05 indicating statistically significant non-zero Spearman
rank correlations at the 95.0% confidence level have the pair of indices TYX and TNX (rs=
0.9080, P-value= 0.0000). These results indicate the hypothesis H1 nor H2 cannot be accepted
in the Phase 3.
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Tab. 5 — Spearman Rank Correlations in Phase 4 (2009-2015/04). Source: Own calculations.

TR/] CRB TNX TYX VIX

TR/] CRB 0.1605 0.1936 -0.3104

DP-valne (0.1645) (0.0936) (0.0072)

TNX 0.1605 0.9195 -0.2194

P-value (0.1645) (0.0000) (0.0575)

TYX 0.1936 09195 -0.3265

P-value (0.0936) (0.0000) (0.0047)
VIX -0.3104 -0.2194 -0.3265
P-valne (0.0072) (0.0575) (0.0047)

According to Table 5, P-values below 0.05 indicating statistically significant non-zero Spearman
rank correlations at the 95.0% confidence level have following pairs of indices: 1) TR/J CRB and
VIX (rs= - 0.3104, P-value= 0.0072); 2) TY X and VIX (rs= - 0.3265, P-value = 0.0047); 3) TNX
and TYX (rs= 0.9195, P-value = 0.0000). These results indicate that hypothesis H1 about statis-
tically significant positive linkage between U.S. Treasury Bond yields and commodity futures
cannot be accepted in the Phase 4, while hypothesis H2 about statistically significant negative
linkage between U.S. Treasury Bond yields and equity market volatility is accepted for the Phase
4. Moreover, using non-parametric correlation analysis, we indicated 4) statistically significant
negative correlation between TR/J CRB and VIX.

Tab. 6 — Spearman Rank Correlations for the overall period (1999-2015/04). Soutce: Own
calculations.

TR/] CRB TYX TNX VIX

TR/] CRB 0,1022 0,0710 0,0171

P-value 0,1545 0,3229 0,8114

TYX 0,1022 0,9056 10,2545

P-value 0,1545 0,0000 0,0004

TNX 0,0710 0,9056 -0,1943

DP-value 0,3229 0,0000 0,0068
VIX 0,0171 -0,2545 -0,1943
P-value 0,8114 0,0004 0,0068

In addition, the Table 6 shows additional summary results for overall last fifteen year period
(1999-2015/04) and indicates non-zero correlations. However, statistically significant correla-
tions at the 95.0% confidence have following pairs of indices: 1) VIX and TYX (rs= - 0.2545,
P-value = 0,0004); 2) VIX and TNX (rs = - 0.1943, P-value = 0.0068); 3) TNX and TYX (rs=
0.9056, P-value = 0.0000). Correlations between TR/] CRB and TYX or TNX were non-zeto,
but statistically insignificant. These evidences led us to state that, we can accept hypothesis H2
about statistically significant negative linkage between U.S. Treasury Bond yields and equity
market volatility in overall fifteen year period from January 04 1999 till April 01 2015, but on the
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other hand, we cannot accept the hypothesis H1 about statistically significant positive linkage
between U.S. Treasury Bond yields and commodity futures in overall fifteen year period from
January 04 1999 till April 01 2015.

Finally, the overall performance relations between investigated U.S. well-known market indices-
TR/J CRB, VIX, TYX and TNX during the whole period from January 04 1999 till April 01
2015, covering all four selected research phases and related to hypotheses H1 - H2, illustrates the
Fig. 5. These plots support the previous empirical findings.
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Fig. 5 — Plotted monthly returns (relative to 1999) of selected U.S. leading market indices- TR/] CRB, VIX, TYX
and TNX; over the period 04 January 1999 till 01 April 2015 (in %, 100=1999). Source: Own processing.

5. DISCUSSION

Mantegna and Stanley (2000) discussed empirical observations of the temporal correlations de-
tected in time series of price of financial goods and stated, that there were only short-range cor-
relations in price changes, but long-range correlations in the volatility. Further, they discussed
empirical analyses often performed with slightly different (i) definitions of the variables investi-
gated, e.g., returns and log price differences, (ii) periods of time analyzed, and (iii) frequency of
recorded data; and added results are sensitive to these choices, so particular care must be taken
when we compare results obtained by different researchers for different financial goods under
different time conditions. Roll (1989) stated that, despite a large number of empirical studies,
no one had provided evidence that margin requirements have an impact on volatility and added
that, for price limits, there must be a very short-term impact on measured volatility, for the meas-
ured market price at a trading halt is likely to understate the direction of movement. Mantegna
and Stanley (2000) argued that, however, the complete characterization of the statistical proper-
ties of price changes is still lacking, it is plausible that the presence of a relevant degree of cross-
correlation between stocks needs to be taken into account in the modeling of financial markets.
This research that has been oriented directly on linkages among the U.S. treasury bond yzelds,
commodity futures and stock market implied volatility returns; showed, inter alia, evidence that

such financial assets- bond yields and stock market volatility, moved in the opposite direction
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at the same time (or in other words, that bond yie/ds and VIX diverged) in the past fifteen years,
as would be crucial for risk-averting investor using techniques related to the optimal diversified
portfolio, while also beneficial for policymakers or corporate financial & investment department
to allocate resources more efficiently, taking stock market cycles and asset-market linkages into
account. These findings are, i.c., consistent with previous those of Murphy (2004) or Katsanos
(2008). In quite general terms, we therefore, support the a priori idea- financial markets are in-
terconnected. Such knowledge could be beneficial for the building and testing accurate financial

market models, and particularly for the understanding and recognizing market cycles.

In addition, general results and conclusion of this research that indicate financial markets finan-
cial markets can be interconnected, open new questions and discussion about what all this mean
from an economic point of view, what reasons could be behind statistically significant or wear
correlations in particular periods, or i.e., what are economic differences in the crisis and non-

crisis periods. These areas should be target for the future research.

6. CONCLUSION

In this paper we have aimed to examine linkages between monthly U.S. treasury bond yields,
commodity futures and equity market implied volatility returns, and to detect statistically signif-
icant correlations across selected time periods from January 04 1999 till April 01 2015. To assess
whether these well-known leading market indices come from a normal distribution or not, we
have created frequency histograms, Q-Q plots and presented summary results of Shapiro-Wilk
test and found that only one variable- Thomson Reuters/Jefferies commodity index (TR/] CRB)
can be adequately modeled by a normal distribution. Meanwhile, the smallest P-value of rest of
variables amongst the S-W test performed was less than 0.05, we rejected the idea that U.S. treas-
ury bond yields (TYX or TNX) and VIX come from a normal distribution with 95% confidence.
The strength and the direction of the relation between pair of market indices has been therefore
examined within Spearman’s rank correlation coefficient and the statistical significance has been
tested with P-value statistics. The non-zero correlations between each pair of indices have been
estimated, however, the results have not generally been consistent across all sub-periods and the
strength of the relations between the pairs of indices has varied in researched years. We have
found some evidence of significant negative correlation between the U.S. Treasury bond yields
(TYX and TNX) and equity market volatility returns (VIX) over the last fifteen-year period.
Moreover, we have also indicated a statistically significant negative linkage between Thomson
Reuters/Jefferies commodity index returns (TR/] CRB) and equity market volatility returns
(VIX) since 2009, by using non-parametric correlation analysis. These empirical results indicate
that financial markets can be interconnected. However, we did not prove the significant linkage
between U.S. Treasury bond yields (T'YX or TNX) and Thomson Reuters/Jefferies commodity
index returns (TR/J CRB) over the last fifteen-year period. This research has been conducted on
previous knowledge of foreign empirical studies related to asset-market linkages and contagion,
as well as on previous own pre-research, conducted since 2007. Future research should continue
to provide deeper investigation, economic reasoning and explanation of relations between the

indices in particular phases, and in the crisis and non-crisis periods.
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