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ABSTRACT

In this paper, we investigate the correlation between various commodity and
equity markets from different countries during the period of the 2000s. We
used weekly data to avoid the problem with the differenced time between the
markets. We applied the dynamic conditional correlation methodology and ran
an OLS estimation with two shock dummies in order to examine the
hypothesis that the correlation must be negative during shock periods, as long
as the safe heaven hypothesis. Our main findings supports that the correlation
between commodity and equity markets tend to be negative during the two
crisis, but after the financial crisis of 2008 the correlation seems to be positive
due to the financialization of the economy.



INTRODUCTION

The objective of each successful financial investor is to accomplish high
returns with low risk. The financial theory suggests, that the best way to do
this, is by diversifying portfolios with financial assets that have negative
correlation. In the past , the most popular method to create one diversified
portfolio was the usage of equities and commodities assets(Gorton and
Rouwenhorst, 2006). After the dot-com bubble, at the begging of this century ,
the investing in commodity markets became more and more popular to the
investors, due to the high returns same to those ones from the stock market
and also, their negative correlation with the equity markets, which lowered the
total risk. Moreover, the safe heaven hypothesis of gold gave an extra motive
for investing in commaodities such as gold or silver. Although, nowadays their
correlation seems to have been changed after the recent financial crisis of
2007-2009 and tend to be positive (Bluytksahin, Haigh and Robe , 2008). All
in all, the correlation between commodities and equities doesn’t have a
constant pattern, it changes through the years, thus more research is needed
in order to determine the real relationship between commodity and equity
assets.

In this thesis we try to analyze the correlation between various commodity and
equity asset, during a period from January 2000 to December 2018. We
chose this period of time in order to focus our analysis to the doc-com bubble
and the real estate shock in USA , which led to the worldwide financial crisis
of 2007-2009. We used the Dynamic Conditional Correlation (DCC) approach
established by Engle (2002) which is an extension of the GARCH models to
extracted the correlation and then a simple OLS regression between the DCC
and the two shocks in order to examine the correlation in that period.

The paper is organized as follows. In section 2 we present the literature
review tables, that summarize the previous analysis, that have been made for
commodity and equity assets correlation. Section 3 contains the data that we
used. Section 4 is devoted to the methodology of the paper. In section 5 one
can observe the results from our empirical analysis and finally section 6
concludes and summarizes our main findings.
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3.DATA

We analyzed the correlation between different stock markets and several
commodity markets between January 3 2000 and December 28 2018, using
weekly data from Quantl, Fred St Louis, London Stock Exchange, Gold World
Council and Yahoo Finance. More specifically, we used weekly closing prices
for S&P 500 INDEX (USA), DAX INDEX (GERMANY), NIKKEI 225 INDEX
(JAPAN) and FTSE 100 INDEX (UK) and weekly spot prices for WTI OIL,
BRENT CRUDE OIL, GOLD and SILVER.

We used the logarithmic values for each variable, in order to achieve better
economic results and then calculate the log returns.

Ri=Log (X¢) — Log (X:.1)
where
X¢: variables price at time t
Xt.1: variables price at time t-1
DATA SUMMARY

Firstly, we plotted the log variables and their log returns and then we
presented the descriptive statistics for each log return.
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3.1 DATA EXPLANATION

TABLE 1
VARIABLES DEFINITION SOURCE
LOGBRENT LOG (BRENT_PRICES) Fred St Louis
BRENT_R LOG(BRENT_PRICES)-
LOG(BRENT_PRICES(-1))
LOGDAX LOG (DAX_PRICES) Yahoo Finance
DAX_R LOG(DAX_PRICES)-
LOG(DAX_PRICES(-1))
LOGFTSE100 LOG (FTSE100_PRICES) London Stock
FTSE100_R LOG(FTSE100_PRICES)- Exchange
LOG(FTSE100 PRICES(-1))
LOGGOLD LOG (GOLD PRICES) Gold World Council
GOLD R LOG(GOLD_PRICES)-
LOG(GOLD PRICES(-1))
LOGNIKKEI LOG (NIKKEI_PRICES) Yahoo Finance
NIKKEI_R LOG(NIKKEI_PRICES)-
LOG(NIKKEI_PRICES(-1))
LOGSILVER LOG (SILVER _PRICES) Quantl
SILVER_R LOG(SILVER_PRICES)-
LOG(SILVER_PRICES(-1))
LOGSP500 LOG (SP500 PRICES) Yahoo Finance
SP500_R LOG(SP500_PRICES)-
LOG(SP500 PRICES(-1))
LOGWTI LOG (WTI_PRICES) Fred St Louis
WTI_R LOG(WTI_PRICES)-
LOG(WTI_PRICES(-1))
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3.2 GRAPHS
BRENT
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Figure 2

Figure 1 illustrates the natural logarithm of BRENT line graph and we can see
that the index has a trend. Figure 2 represents the BRENT’s returns.
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DAX
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Figure 4

Figure 3 illustrates the natural logarithm of DAX line graph and we can see
that the index has a trend. Figure 4 represents the DAX’s returns.
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FTSE100
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Figure 6

Figure 5 illustrates the natural logarithm of FTSE100 line graph and we can
see that the index has a trend. Figure 6 represents the FTSE100’s returns.

22



GOLD
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Figure 8

Figure 7 illustrates the natural logarithm of GOLD line graph and we can see
that the index has a trend. Figure 8 represents the GOLD’s returns.
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NIKKEI
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NIKKEI_R

.10

.05 1

.00

-.05

-.10

-.15

-.20

LN O I L L I L L I L L Y I B B
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Figure 10

Figure 9 illustrates the natural logarithm of NIKKEI line graph and we can see
that the index has a trend. Figure 10 represents the NIKKEI’s returns.
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SILVER
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Figure 12

Figure 11 illustrates the natural logarithm of SILVER line graph and we can
see that the index has a trend. Figure 12 represents the SILVER’s returns.
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SP500
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Figure 14

Figure 13 illustrates the natural logarithm of SP500 line graph and we can
see that the index has a trend. Figure 14 represents the SP500’s returns.
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WTI
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Figure 16

Figure 15 illustrates the natural logarithm of WTI line graph and we can see
that the index has a trend. Figure 16 represents the WTI's returns.
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3.3 DESCRIPTIVE STATISTICS

Table 2
BRENT_ R  DAX_R  FTSE100_R GOLD_R  NIKKELR SILVER.R  SPS00_R WTILR

Mean 0.000777 0000469  S90E-06 0001513  B.22E-05 0001054 0000542  0.000596
Median 0003557 0002938 0001324 0002105 0002176 0001611 0002750  0.003332
Maximum 0206977 017668 0088479 0037530 0096007 0139301 0083078  0.251874
Minimum 0231604 0138715 0117725 -D.116598 0477819 -0.247729 0152785 0192333
Std. Dev. 0.042020 0025098 0018958 0019798 0025307 0033412 0019307  0.042404
Skewness 0425745 0733942 0561141 0411687  -0748793  -0.742898  -0.008346  -0.354576
Kurlosis 5344959  G415746 6503137 6139374  GB06793 6719712 0358280 6196734
Jarque-Bera 9567345 5701577 5581736 4475647  GO0.2968 6618089 1803784 4422826
Prabability 0.000000  0.000000  0.000000 0000000 0000000 0.000000 0000000  0.000000
Sum 0769062 0464533  0O00BBOT 1497738 0061611 1043647 0536798  0.589820
Sum Sq. Dev. 1746242 0673508 0355447 0387661 0633401 1104083 0368670 1753027
Obsenvations 990 990 990 990 990 990 940 990

The above table summarizes the descriptive statistics for each variable. In
order to have normal distribution the skewness must be about zero and the
kurtosis must be about 3. As we can see the skewness is near zero in most of
the variables, but the kurtosis is bigger than 3 in all of them, so there is not
enough strong evidence for normal distribution.
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4.METHODOLOGY

The basic methodology that we use in our analysis is a multivariate GARCH
model with time varying conditional correlation. To begin with we applied the
unit root test (ADF) in the log returns and we tested for autocorrelation, by
using correlogram. The results from the previous analysis can be seen in the
results section. Then, we applied the DCC model proposed by Engle (2002).
The DCC model is estimated in two steps. In the first step we estimate the
GARCH parameters and in the second we estimate the correlation. For the
estimation we used the maximum likelihood method and tried to maximize the
likelihood function. Also, in the estimation of the quasicorrelation matrix Q; we
utilized a mean-reverting model which is also a GARCH (1, 1) model Engle
(2002). Finally, with the results from the DCC correlations we ran an
estimation with two dummy variables, bubble dummy and estate dummy.
These dummies represented the two shocks occurred during the period we
investigated. Bubble dummy represented the dot.com shock in 2000-2002
and estate dummy represented the financial crisis in 2007-2009.

4.1 ADF TEST

Augmented Dickey Fuller tests the null hypothesis that a unit root is present in
a time series sample. The alternative hypothesis is stationarity but in our
analysis is trend-stationarity. The test continues as follows :

Ayi=a + Bt + yyr1 + 01Ay1 + ... + Op1Ayipi + &,

where a is a constant, B the coefficient on a time trend and p the lag order of
the autoregressive process. The unit root test is carried out under the null
hypothesis y = 0 against the alternative hypothesis of y < 0 . & is the error
term. We run the estimation and then we save the y".Then we calculate the
DF stat :

A

R 4
DF= 2o

If IDF,| > t-values , we reject the null hypothesis and we accept the alternative
one. Also, if the p-value of the test is smaller than 0,05 ,we also accept the
alternative hypothesis.

If IDF;| < t-values , we reject the alternative hypothesis and we accept the null
hypothesis. Also, if the p-value of the test is more than 0,05 ,we also accept
the null hypothesis.
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4.2 GARCH (1,1)
The GARCH (1,1) model can be written as follows:

O = do+ 01 €51+ B10°ws

where

o is the variance in time t

€1 IS the error term of previous period

o°.1: is the variance of the previous period

Op: is a constant term

a;: is a coefficient

B1: is a coefficient

Also , these conditions must be valid ap>0,0; >0,B; >0and a; + B; < 1.

4.3 DCC MODEL
The DCC GARCH model can be written as follows:

Hi= D: R Dy
where
H:: is the conditional covariance matrix
R:: is the conditional correlation matrix
Dy is a diagonal matrix with time varying standard deviations on the diagonal
R = diag(Qy) "% Q:diag(Q)*?
Qt: is symmetric positive definite matrix
Qi=(1-6.—6) Q +B1er1 €1 + 0, Qa
Q: is the unconditional correlation matrix of standardized residuals e;
0:>0, 6,>0 and 61 + 6,< 1
The correlation estimator is:

dijt

Pijt= N
’qu,t Qjjt
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4.4 DCC VS DUMMIES MODEL

The equation we used in order to investigate the correlation between
commodities and equities during the shocks in 2000-2002 and 2007-2009 can
be written as follows:

RHO_ 12 i, =c + d;buble_dummy + d, estate_dummy + u;
where

RHO_12 i : is the DCC correlation result for each relationship

C : is a constant term

di: is a coefficient

d;: is a coefficient

Ut : is the error term.

We constructed the correlation matrix for the variables in Eviews and then we
applied the DCC GARCH (1, 1) methodology in Eviews. Finally we ran the
equation with the two shock dummies with OLS estimation. You can see
results from our analysis in the results section.
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5.RESULTS

5.1 UNIT ROOT TEST ADF

TABLE 1
Variables Probability
BRENT_R 0,0000
DAX R 0,0000
FTSE100_R 0,0000
GOLD R 0,0000
NIKKEI_R 0,0000
SILVER R 0,0000
SP500_R 0,0000
WTI_R 0,0000

After the ADF test for the first log difference variables, we found that all are
stationary, thus we accepted the alternative hypothesis.

If probability is smaller than 0,05 then we must accept the H1: Variable is
stationary.

If the returns are stationary then the indexes have a unit root. Our results
follow the theory and proof that commodity and equity prices are I(1)
variables.
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5.2 AUTOCORRELATION TEST

TABLE 2

BRENT_R CORRELOGRAM

Autocarrelation

Partial Carrelation
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PAC
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0252
0.028
0.0¥0
-0.045
0.017
-0.008
-0.041
0.035
0.003
0.039
D022
0.008
-0.002
0018
-0.022
-0.038
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-0.028
-0.034
-0.007
-0.001
0.052
0.001
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0.044
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76.256
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78.256
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80.225
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83.040
83.041
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0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

is strong in our variable , because all the p-
values is smaller than 0,05 and we accept the H1, that variable has
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TABLE 3

DAX_R CORRELOGRAM

Autocarrelation Partial Carrelation

AC

PAC

[-5tat

Prob
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The evidence of autocorrelation

autocorrelation.
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0.000
0.000
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0.000
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0.001
0.002
0.002
0.003
0.005
0.007
0.007
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0.015
0.010
0.008
0.004
0.005
0.005

is strong in our variable , because all the p-
values is smaller than 0,05 and we accept the H1 that, variable has
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TABLE 4

FTSE 100_R CORRELOGRAM

Autocarrelation

Partial Caorrelation
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FAC
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The evidence of autocorrelation is strong in our variable , because all the p-
values is smaller than 0,05 and we accept the H1 that, variable has

autocorrelation.
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TABLE 5

GOLD_R CORRELOGRAM

Autocorrelation

Partial Carrelation
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The evidence of autocorrelation is
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strong in our variable , because all the p-
values is smaller than 0,05 and we accept the H1, that variable has
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TABLE 6
NIKKEI_R CORRELOGRAM

Autocorrelation Partial Correlation AC PAC  Q-5tat  Prob

M | 1 0207 0207 42368 0.000
I 2 -0.026 -0.072 43.054 0.000
I 3 0.036 0060 44345 0.000
I 4 -0.027 -0.052 45081 0.000
I 5 0.029 0.054 45900 0.000
I 6 -0.000 -0.027 45900 0.000
I ¥ -0.013 0.001 46.072 0.000
I 8 0.039 0037 47618 0.000
I 9 0007 -0.008 47666 0.000
I 10 0,007 0.012 47719 0.000
I 11 0.010 0.002 478258 0.000
I 12 0.047 0053 50078 0.000
I 12 -0.009 -0.037 50161 0.000
I 14 0.031 0052 51124 0.000
I 15 0.035 0.010 52385 0.000
I 16 -0.028 -0.031 53172 0.000
I 17 0.039 0.050 54694 0.000
I 18 -0.026 -0.051 55354 0.000
I 19 0.004 0034 55369 0.000
I 20 0.071 0047 60473 0.000
I 21 0.058 0051 63903 0.000
I 22 0.024 -0.005 64479 0.000
I 23 -0.052 -0.058 6&7.208 0.000
I 24 -0.108 -0.088 79.079 0.000
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The evidence of autocorrelation is strong in our variable , because all the p-
values is smaller than 0,05 and we accept the H1, that variable has
autocorrelation.



TABLE 7
SILVER_R CORRELOGRAM

Autocorrelation Partial Caorrelation AC PAC  Q-5tat  Prob

1 1 1 0252 0252 62973 0.000
I 2 -0.025 -0.094 63.583 0.000
I 3 -0.008 0024 63644 0.000
I 4 -0.039 -0.049 65155 0.000
I 5 -0.048 -0.027 67.445 0.000
I 6 -0.001 0.015 &67.445 0.000
I ¥ 0014 0007 67653 0.000
I g8 0022 0.018 68152 0.000
I 9 -0.015 -0.029 68370 0.000
I 10 -0.071 -0.062 73353 0.000
I 11 -0.034 0.000 74431 0.000
I 12 0.018 0023 74810 0.000
I 12 0.019 0.008 75162 0.000
I 14 0.018 0.008 75480 0.000
I 15 -0.001 -0.015 75481 0.000
I 16 0.024 0033 76079 0.000
I 17 0.032 0.022 77.099 0.000
I 18 -0.007 -0.015 77.149 0.000
I 19 0.028 0.039 77933 0.000
I 20 0.040 0016 79521 0.000
I 21 0.037 0030 80524 0.000
I 22 -0.070 -0.089 85932 0.000
I 23 -0.037 0.013 87.329 0.000
I 24 -0.020 -0.021 8&7.¥55 0.000
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The evidence of autocorrelation is strong in our variable , because all the p-
values is smaller than 0,05 and we accept the H1, that variable has
autocorrelation.



TABLE 8

SP500_R CORRELOGRAM

Autocorrelation Partial Correlation AC PAC  Q-5tat  Prob

M u 1 0143 0142 20339 0.000
I 2 -0.002 -0.023 20345 0.000
) 3 0030 0034 21226 0.000
I 4 -0.042 0052 22943 0.000
| 5 0007 0022 22985 0.000
1 6 0066 0061 2¥.381 0.000
I 7 -0.091 -0109 35617 0.000
1 g 0037 0069 37023 0.000
I 9 -0.030 -0.056 37931 0.000
I 10 -0.034 -0.006 39.074 0.000
1 11 0.065 0060 43323 0.000
I 12 0.004 -0.014 432341 0.000
| 13 0001 0019 43343 0.000
| 14 0.042 0016 45153 0.000
1 15 00589 0076 48658 0.000
I 16 0.042 0014 50463 0.000
| 17 0.038 0022 52026 0.000
I 18 -0.034 -0.030 53203 0.000
I 19 -0.014 -0.011 53387 0.000
1 20 0.054 0064 56333 0.000
1 21 0.060 0045 59973 0.000
1 22 0056 0045 63140 0.000
I 23 0.005 -0.016 63165 0.000
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The evidence of autocorrelation is strong in our variable , because all the p-
values is smaller than 0,05 and we accept the H1, that variable has
autocorrelation.



TABLE 9
WTI_R CORRELOGRAM

Autocarrelation Partial Carrelation AC PAC  0Q-5Stat  Prob

| | 1 0183 0188 35019 0.000
2 -0.041 -0.079 36719 0.000
3 0091 0119 44949 0.000
0.014 -0.034 45132 0.000
0.039 0081 46674 0.000
-0.010 -0.045 46771 0.000
0.002 0024 46774 0.000
0112 0.098 59264 0.000
0.059 0024 62795 0.000

I
A
I
I
I
I
a
I
I 10 -0.005 -0.009 62816 0.000
I
I
I
1
I
I
I
1
I
I
1
I
I
I

W00~ LN e

11 -0.0198 -0.032 63179 0.000
12 0.000 0004 63179 0.000
13 -0.011 -0.023 63291 0.000
14 0.018 0.034 63622 0.000
15 -0.053 -0.071 66.488 0.000
16 -0.055 -0.033 69570 0.000
17 0022 0016 70.064 0.000
18 0.034 0036 71.234 0.000
19 -0.046 -0.050 73.374 0.000
20 -0.072 -0.048 73.607 0.000
21 0024 0044 79206 0.000
22 0.062 0.044 B32.048 0.000
23 -0.018 -0.017 83385 0.000
{ 24 -0.040 -0.018 84976 0.000

The evidence of autocorrelation is strong in our variable , because all the p-
values is smaller than 0,05 and we accept the H1, that variable has
autocorrelation.
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5.3 CORRELATION MATRIX

TABLE 10

Covariance analysis and correlation
Observations 990

DAX_R BRENT R GOLD R SILVER R WTI R
Covariance 0,000211 -1,18E-05 0,000124 0,000204
Correlation 0,192272 -0,022926 0,141909 0,186288
t-Statistic 6,158479 -0,720808 4,506139 5,959809
Probability 0,0000 0,4712 0,0000 0,0000
FTSE100 R BRENT R GOLD R SILVER_R WTI R
Covariance 0,000212 1,07E-05 0,000123 0,000212
Correlation 0,266019 0,028443 0,193903 0,265439
t-Statistic 8,674179 0,894387 6,212762 8,653831
Probability 0,0000 0,3713 0,0000 0,0000
NIKKEI R BRENT R GOLD R SILVER R WTI R
Covariance 0,000248 -1,50E-05 0,000126 0,000226
Correlation 0,233398 -0,029891 0,148643 0,212768
t-Statistic 7,544659 -0,939971 4,724690 6,844537
Probability 0,0000 0,3475 0,0000 0,0000
SP500 R BRENT R GOLD R SILVER R WTI R
Covariance 0,000206 1,55E05 0,000118 0,000200
Correlation 0,254731 0,040691 0,183518 0,245870
t-Statistic 8,279970 1,280090 5,868100 7,973049
Probability 0,0000 0,2008 0,0000 0,0000

Brent has a positive correlation with Dax, Ftsel00, Nikkei and Sp500,
because t-stat is bigger than 1,96 , thus we accept the H1, that we do have
correlation and it is positive.

Gold has no correlation with Dax, Ftse100, Nikkei and Sp500, because t-stat
is smaller than 1,96 , thus we accept the HO, that we don not have
correlation.

Silver has a positive correlation with Dax, Ftsel00, Nikkei and Sp500,
because t-stat is bigger than 1,96, therefor we accept the H1, that we have
correlation and it is positive.

Witi has a positive correlation with Dax, Ftse100, Nikkei and Sp500, because
t-stat is bigger than 1,96 , thus we accept the H1, that we have correlation and
it Is positive.
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5.4 DCC GARCH 1,1 RESULTS

TABLE 11
DCC GARCH 1,1 THETAS COEFFICIENTS | PROBABILITIES
BRENT_R-DAX R Theta(1) 0,065661 0,0003
BRENT_R-DAX R Theta(2) 0,911633 0,0000
STABILITY CONDITION: Theta (1) + Theta (2) < 1 is met
BRENT_R-FTSE100 R Theta(1) 0,036784 0,0091
BRENT_R-FTSE100 R Theta(2) 0,955200 0,0000
STABILITY CONDITION: Theta (1) + Theta (2) < 1 is met
BRENT_R-NIKKEI_R Theta(1) 0,088671 0,0002
BRENT_R-NIKKEI_R Theta(2) 0,834204 0,0000
STABILITY CONDITION: Theta (1) + Theta (2) < 1 is met
BRENT R-SP500 R Theta(1) 0,052812 0,0000
BRENT R-SP500 R Theta(2) 0,937725 0,0000
STABILITY CONDITION: Theta (1) + Theta (2) < 1 is met

GOLD R-DAX_R Theta(1) 0,057868 0,0217
GOLD R-DAX_R Theta(2) 0,901174 0,0000
STABILITY CONDITION: Theta (1) + Theta (2) < 1 is met

GOLD R-FTSE100 R Theta(1) 0,025875 0,3566
GOLD R-FTSE100 R Theta(2) 0,926091 0,0000
STABILITY CONDITION: Theta (1) + Theta (2) < 1 is met

GOLD_R-NIKKEI_R Theta(1) 0,007241 NA
GOLD_R-NIKKEI_R Theta(2) 1,037751 NA
STABILITY CONDITION: Theta (1) + Theta (2) < 1 is not met
GOLD_R-SP500 R Theta(1) 0,050797 0,0210
GOLD_R-SP500 R Theta(2) 0,895809 0,0000

STABILITY CONDITION: Theta

(1) + Theta (2) <1 is met

SILVER_R-DAX_R Theta(1) 0,047128 0,1143
SILVER_R-DAX_R Theta(2) 0,903350 0,0000
STABILITY CONDITION: Theta (1) + Theta (2) < 1 is met

SILVER_R-FTSE100 R Theta(1) 0,032552 0,0262
SILVER_R-FTSE100 R Theta(2) 0,941242 0,0000
STABILITY CONDITION: Theta (1) + Theta (2) < 1 is met

SILVER_R-NIKKEI_R Theta(1) 0,083427 0,0002
SILVER_R-NIKKEI_R Theta(2) 0,862257 0,0000
STABILITY CONDITION: Theta (1) + Theta (2) < 1 is met

SILVER_R-SP500 R Theta(1) 0,061175 0,0050
SILVER-R-SP500 R Theta(2) 0,864954 0,0000
STABILITY CONDITION: Theta (1) + Theta (2) < 1 is met
WTI_R-DAX_R Theta(1) 0,078660 0,0001
WTI_R-DAX_R Theta(2) 0,876851 0,0000
STABILITY CONDITION: Theta (1) + Theta (2) < 1 is met
WTI_R-FTSE100 R Theta(1) 0,035288 0,0248
WTI_R-FTSE100 R Theta(2) 0,957321 0,0000
STABILITY CONDITION: Theta (1) + Theta (2) < 1 is met
WTI_R-NIKKEI_R Theta(1) 0,065068 0,0075
WTI_R-NIKKEI_R Theta(2) 0,864627 0,0000
STABILITY CONDITION: Theta (1) + Theta (2) < 1 is met
WTI_R-SP500 R Theta(1) 0,050411 0,0021
WTI_R-SP500 R Theta(2) 0,938262 0,0000

STABILITY CONDITION:

Theta (1) + Theta (2) < 1is met
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5.5 DCC MODELS

Based on the above parameters is possible to build different models:

1) Qijt=Cij+ 0,065661 €1 €1+ 0.911633 Qi1
Equation 1 BRENT_R — DAX_R DCC

2) Qijt=Cij+ 0.036784 €11 €1+ 0.955200 Qj; -1
Equation 2 BRENT_R — FTSE100_R DCC

3) Qijt= Cij+ 0.088671 €11 €1+ 0.834204 Qijr1
Equation 3 BRENT_R — NIKKEI_R DCC

4) Qjji=Cij+ 0.052812 €11 €1+ 0.937725 Qi1
Equation 4 BRENT_R — SP500_R DCC

5) Qijt= Cij+ 0.057868 €11 €1+ 0.901174 Qjjr1
Equation 5 GOLD_R-DAX_R DCC

6) Qijt= Cij+ 0.025875 €11 €1+ 0.926091 Qj; -1
Equation 6 GOLD_R-FTSE100_R DCC

7) Qijt=Cij+ 0.007241 €1 &1+ 1.037751 Qi1
Equation 7 GOLD_R-NIKKEI_R DCC

8) Qijt=Cij+ 0.050797 &1 &1+ 0.895809 Q-1
Equation 8 GOLD_R-SP500_R DCC

9) Qijt=Cij+ 0.047128 €11 €1+ 0.903350 Qi1
Equation 9 SILVER_R-DAX_R DCC

10) Qij;= Cij+ 0.032552 €11 €1 + 0.941242 Q11
Equation 10 SILVER_R-FTSE100_R DCC

11) Qijt= Cij+ 0.083427 €11 €j1-1 + 0.862257 Qi1
Equation 11 SILVER_R-NIKKEI _R DCC

12) Qij1= Cij+ 0.061175 €11 €1 + 0.864954 Q11
Equation 12 SILVER_R-SP500 R DCC

13) Qi,j,t: Cijt 0.078660 €it1&t1t 0.876851 Qi,j,t—l
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Equation 13 WTI_R-DAX_R DCC

14) Qijr = Cij+ 0.035288 €11 €1 + 0.957321 Qijr1
Equation 14 WTI_R-FTSE100_R DCC

15) Qij:= Cij+ 0.065068 €i.1 €1 + 0.864627 Q;j-1
Equation 15 WTI_R-NIKKEI_R DCC

16) Qjj¢= Cij+ 0.050411 €1 .1+ 0.938262 Qjj1
Equation 16 WTI_R-SP500_R DCC

As Bampinas, Ladopoulos & Panagiotidis (2018) mentioned in their paper, the
conditional variance has to be stationary and the estimators of the
GARCH(1,1) models has to be significant in order to have significant DCC
GARCH(1,1) results. Also, the stability condition of the model Theta (1) +
Theta (2) < 1 has to be met. We can observe that almost all thetas are
significant. The thetal and 2 in equation 7 are not significant, the stability
condition is not met and this dcc analysis is false. However, all though theta 1
in equation 6 and theta 1 in equation 9 are not significant, the stability
condition is met, so we do not encounter a problem in the results.

5.6 DCC GRAPHS
Figure 1 BRENT_R -DAX_R DCC
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We notice that, the correlation started to be negative during the dot-com
bubble and it took its minimum value -0.4 during 2003-2004. Then an upward
trend was noticed until 2008 and the financial crisis, which caused a new

44



negative correlation. After the 2007-2009 shock we can observe a positive
correlation, which might be occurred by the financialization of the market.

Figure 2 BRENT_R -FTSE100 R DCC
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We notice that, the correlation started to be negative during 2003-2004. Then
had an upward trend until 2008 and the financial crisis, which caused a new
negative correlation. After the 2007-2009 shock we can observe a positive
correlation ,which might be occurred by the financialization of the market.

Figure 3 BRENT_R -NIKKE|_R DCC
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We notice that, the correlation started to be negative during the dot-com
bubble and continued until 2004, after that we can see an upward trend until
the financial crisis , which brought back negative correlation. After the 2007-
2009 shock we can observe a positive correlation, which might be occurred
by the financialization of the market.

Figure 4 BRENT_R —SP500 R DCC
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We notice, that the correlation started to be negative during the dot-com
bubble, and continued through until 2004. Then the financial crisis changed
the correlation, but after 2008 we have positive correlation.

Figure 5 GOLD R -DAX_R DCC
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We can observe that the correlation has a negative trend. During the two
shocks it took its minimum values, thus we have an evidence of the safe
heaven hypothesis of gold.

Figure 6 GOLD_R -FTSE100_R DCC
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We can observe that the correlation has a negative trend. During the two
shocks it took negative values, thus we have an evidence of the safe heaven
hypothesis of gold.

Figure 7 GOLD_R —NIKKEI_R DCC UNSTABLE
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The stability condition of our analysis is not met.
Figure 8 GOLD_R —-SP500_R DCC
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We can observe that the correlation has a negative trend. During the two

shocks it took negative values, thus we have an evidence of the safe heaven

hypothesis of gold.

Figure 9 SILVER_R -DAX_R DCC
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We can observe that the correlation has a negative trend. During the two
shocks it took negative values, thus we have an evidence of the safe heaven
hypothesis of silver.

Figure 10 SILVER_R -FTSE100_R DCC
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We can observe that the correlation has a negative trend. During the two

shocks it took negative values , thus we have an evidence of the safe heaven

hypothesis of silver. After 2008 we can see a positive correlation, which
proves the financialization of the market.
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Figure 11 SILVER_R —NIKKEI_R DCC

RHO 12 11

LI I L L I I L I I I L L Y
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

We can observe that the correlation has a negative trend. During the two
shocks it took negative values, thus we have an evidence of the safe heaven
hypothesis of silver.

Figure 12 SILVER_R -SP500_R DCC
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We can observe that the correlation has a negative trend. During the two

shocks it took negative values, thus we have an evidence of the safe heaven
hypothesis of silver.

Figure 13 WTI_R -DAX_R DCC
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We notice that the correlation has a negative trend. During the two shocks it
took negative values. After 2008 we have positive correlation but then the
trend seems negative.

Figure 14 WTI_R —FTSE100_R DCC
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We notice that the correlation has a negative trend. During the two shocks it
took negative values. After 2008 we have positive correlation, the cause of
this change might be the financialization.

Figure 15 WTI_R —NIKKEI_R DCC
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RHO 12 15
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We notice that the correlation has a positive trend. Although, during the two
shocks it took negative values.

Figure 16 WTI_R —SP500_R DCC.
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We notice that the correlation has a negative trend. During the two shocks it
took negative values. After 2008 we have positive correlation, the cause of
this change might be the financialization.

To sum up the two shocks changed the level of the correlation between
commodity and equity markets. The investors tried to add commodities in their
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portfolios in order to lowered their loses from the downward trend of the equity
market. The gold seemed to be the most popular option , because of the safe
heaven hypothesis that was valid during that, troubled period.
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5.7 DCCVS DUMMIES

TABLE 12
Dependent Variables Constant Term Bubble Dummy Estate Dummy
RHO_12 01 0,148914 0,018441 -0,000715
(Prob.=0,0000) (Prob.=0,4085) (Prob.=0,9805)
RHO_12 02 0,222423 -0,024263 -0,039838
(Prob.=0,0000) (Prob.=0,2299) (Prob.=0,1333)
RHO_12_03 0,188335 -0,054246 -0,002280
(Prob.=0,0000) (Prob.=0,0020) (Prob.=0,9210)
RHO_12 04 0,182191 -0,046135 -0,109808
(Prob.=0,0000) (Prob.=0,0737) (Prob.=0,0012)
RHO_12_05 -0,027552 -0,072436 -0,046147
(Prob.=0,0000) (Prob.=0,0000) (Prob.=0,0244)
RHO_12_06 0,010380 -0,058266 -0,056061
(Prob.=0,0003) (Prob.=0,0000) (Prob.=0,0000)
RHO_12_08 0,038710 -0,087800 -0,124896
(Prob.=0,0000) (Prob.=0,0000) (Prob.=0,0000)
RHO_12_09 0,130726 -0,028426 -0,042047
(Prob.=0,0000) (Prob.=0,0128) (Prob.=0,0051)
RHO_12_10 0,161668 -0,080761 -0,079428
(Prob.=0,0000) (Prob.=0,0000) (Prob.=0,0000)
RHO_12_11 0,105080 0,023735 -0,043375
(Prob.=0,0000) (Prob.=0,1911) (Prob.=0,0690)
RHO_12_12 0,161987 -0,077245 -0,105515
(Prob.=0,0000) (Prob.=0,0000) (Prob.=0,0000)
RHO_12_13 0,140754 -0,001063 -0,003296
(Prob.=0,0000) (Prob.=0,9603) (Prob.=0,9064)
RHO_12_14 0,234371 -0,101900 -0,093033
(Prob.=0,0000) (Prob.=0,0000) (Prob.=0,0004)
RHO_12_15 0,173953 -0,068923 0,002113
(Prob.=0,0000) (Prob.=0,0000) (Prob.=0,9106)
RHO_12_16 0,185803 -0,093259 -0,127790
(Prob.=0,0000) (Prob.=0,0001) (Prob.=0,0001)

We ran the OLS estimation and we want to exploit the significance of our
coefficients. We tested the HO non-significant over the H1 significant , by
using the probability. If probability is less than 0.05 then, we accept the H1
and reject the HO, otherwise we accept HO. The constant term is significant in
all dynamic correlations. The bubble dummy estimators ,which referred to the
dot-com-bubble are significant to almost every correlation except the
RHO_12 01, RHO_12 02,RHO_12 04, RHO-12_11 and RHO_12 13.The
estate dummy, which are referred to the financial crisis of 2007-2009 are
significant to almost every correlation except the RHO_12 01, RHO-
12 02,RHO_12 03, RHO-12_11, RHO_12 12 and RHO_12_13.

From our estimation, it is noticeable that the two shocks have a negative
impact in the dynamic correlation between the commodity and equity
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products. All the significant estimations of the dummies have a negative value,
thus the correlation during the crisis tend to be negative, this is a fact that
proves the theory.

6.DISCUSSION

In the beginning the commaodities and the stocks were two separate assets for
different kinds of investors. Moreover, stocks tend to have very high returns in
the early 2000s and commodities were more stable, we can observe this by
looking at all the figures in the data section. After the first shock occurred by
the dot-com bubble the loses of the investors guided them to add commodities
and equities in their portfolios in order to diversify their positions and lower
their management risk. As the commodity investment began to be more and
more popular, their returns started to increase and when the market healed
from the first shock the investors had big profits, due to the negative
correlation between the two financial products, as we can see from the DCC
correlation results. All this changed suddenly, after the 2008 financial crisis,
for the first time we observed a strong positive correlation between
commodities and equities markets. This was the evidence, that we needed to
support that, the shock was too strong, that created spillover effects to the
commodity investing. That was also proof of the financialization of the
economy. The prices of all the assets started to get higher and higher and
then the collapse came with huge loses and the investors in order to take
cover they invested in commodity market making the commodity prices very
high. As Bampinas, Panagiotidis and Rouska (2018) mentioned in their paper
the excess demand of noise traders for oil and gold reduced volatility,
especially in the presence of a negative shocks, when there is an intense
need for alternative investment vehicles or ‘safe havens’, this also proves the
theory that commodity investing is more intense during the turmoil periods.
Nowadays, the correlation tends to be negative again as the economy starts
to recover from the financial crisis, but more research is needed in order to
understand the patterns of the correlation between these two assets, mainly
during the crisis period when the correlation tends to be negative.

7.CONCLUSION

Our analysis revealed that, the correlation between commodity and equity
markets during the dot-com bubble and the financial crisis of 2007-2009 , was
negative. This is the evidence that we needed to support that the investors
could cover their loses during the crisis by investing into commodity products.
In addition, the safe heaven hypothesis of gold was also valid, because this
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specific correlation had a continuous negative trend. On the other hand the
financial crisis has changed the image of the market. Now we see that the
correlation tends to be positive, due to the popularity of the commodity
investing. This is the result from financialization in the economy. To sum up,
we find that the commodity futures could be used as a hedge during the
turmoil periods of the economy. However correlation is similar to a living
organism, which always develops, therefore more investigation is needed, in
order to have a clear perspective of the relationship between commodity and
equity markets.
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