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The key research objective of the study was to analyse the
nature of relationship between future and spot prices of
Copper in Indian Commodity Market (MCX). The data
were taken from MCX Year Books, with data from April
2004 to December 2010. MCX has stopped publishing
Year Books, last being Year Book 2011. While latest (raw)
data could have been taken from the site of MCX itself for
the period from 2004 to 2014, it was thought to examine
the data given in the Year Book only, which is smoothened
by MCX itself. While the exact spot price given for months
respectively in the Year Books are taken, to get the month
wise future price of copper, same has been taken by taking
the average of opening and closing future price of every
month given in the Year Books. The various models used
in the analysis are Correlation and Regression analysis
only. Non-stationary data were converted to Stationary
data wherever it was required for better interpretation.
Regression analysis was made on stationary and non-
Stationary data i.e., prices of spot and future of Copper.
While it was found that there was direct correlation and
more close relation between Non-stationary spot and
future prices, the relationship was not so close when the
data changed to stationary.
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INTRODUCTION

World Commodity Market:

As per the Commodity Markets Outlook (January
2014 Edition from World Bank), with the exception
of energy, all the key commodity price indices
declined significantly in 2013. Fertilizer prices led
the decline, down 17.4 percent from 2012, followed
by precious metals (down almost17%), agriculture (-
7.2%), and metals (-5.5%). Crude oil prices (World
Bank Average), which have been remarkably stable
during the past three years averaged $104/barrel
(bbl) during 2013, marginally lower than
$105/barrel average of 2012. Most non-energy
commodity prices, notably grains, followed a
downward path during 2013.

The report says further that in the baseline scenario,
which assumes no macroeconomic shocks or supply
disruptions, oil prices are expected to average
$103/bbl in 2014, just 1% lower than the 2013 (refer
table above). Natural gas prices in the US are
expected to increase due to stronger demand from
energy intensive industries that are moving to the
US to take advantage of the “energy dividend”.
Metal prices have declined by almost 2% in 2013-14,
butis expected to increase by close to 1% in 2014-15.
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Indian Commodity Market:

Commodity exchanges in India are found to be in a
two-tier structure i.e., Regional and Country-Wide.
Regional exchanges are permitted to have only a
limited number of contracts whose membership is
local. Countywide national exchanges are multi-
commodity electronic exchanges with a
demutualized ownership pattern. Currently, there
are three such exchanges, viz, MCX (Multi
Commodity Exchange), NMCE (National Multi
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Commodity Exchange) and NCDEX (National
Commodities and Derivatives Exchange).

MCX has come up as the largest exchange in the
country. MCX started its operations on November
10, 2003 and today it holds a market share of over 80
per cent of the Indian commodity futures market and
has more than 2000 registered members operating
through over 100,000 trader work stations across
India.

Table showing Average Daily Turnover (inRs.) and
market share of MCX (taken from Annual Report):

Jan ‘OT Jan ‘08 Jean ‘09 Jan 10 Jan *11 Jan 12 Jan 13

Source: World Bank.

Table showing Key Nominal price indices:
Nominal Price Indices, actual and forecasts (2010=100)

ACTUAL FORECAST CHANGE (%)

2000 2010 2011 2012 2013 2014 2015 201213 201314 201416

Energy B0 100 129 128 127 127 124 0.1 0.1 26

MNon-Energy B3 100 120 10 102 o9 o9 -T2 -2.6 02

Metals 68 100 13 96 L) B9 90 -5.5 17 11

Agriculture 89 100 122 114 106 104 103 -12 2.5 0.6

Food a3 100 123 124 1186 m 110 BTl 37 -14

Grains oo 100 138 141 128 116 117 0.3 0.8 0.8

Fats and olls o0 100 121 126 116 16 113 -8.1 0.5 -32

Other food 80 100 LiLl 107 104 10 100 3.0 31 0.8

Beverages BE 100 116 93 B3 82 B2 -10.1 -2.0 04

Raw Mamrials B3 100 122 101 9% 96 97 5.9 0.9 11

Ferlilizers 105 100 143 138 14 100 ] -174 =17 =14

Preclous melais 78 100 136 138 115 100 98 -16.8 ~13.1 -18
M Items.

Crude ol (S/bbi) 62 74 104 105 104 103 100 0.9 0.6 35

Gold {$102) 973 1225 1668 1670 1412 1,220 1,200 -15.4 -13.6 -16

Source: World Bank.
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The report says further that in the baseline scenario,
which assumes no macroeconomic shocks or supply
disruptions, oil prices are expected to average
$103/bbl in 2014, just 1% lower than the 2013 (refer
table above). Natural gas prices in the US are
expected to increase due to stronger demand from
energy intensive industries that are moving to the
US to take advantage of the “energy dividend”.
Metal prices have declined by almost 2% in 2013-14,
butis expected toincrease by closeto1% in2014-15.

Indian Commodity Market:

Commodity exchanges in India are found to be in a
two-tier structure i.e., Regional and Country-Wide.
Regional exchanges are permitted to have only a
limited number of contracts whose membership is
local. Countywide national exchanges are multi-
commodity electronic exchanges with a
demutualized ownership pattern. Currently, there
are three such exchanges, viz.,, MCX (Multi
Commodity Exchange), NMCE (National Multi
Commodity Exchange) and NCDEX (National
Commodities and Derivatives Exchange).

MCX has come up as the largest exchange in the
country. MCX started its operations on November
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10,2003 and today it holds a market share of over 80
per cent of the Indian commodity futures market and
has more than 2000 registered members operating
through over 100,000 trader work stations across
India.

Table showing Average Daily Turnover (in Rs.)
and market share of MCX (taken from Annual
Report):

Copper:

While the overall MCX Commodity Index (future)
which was 3996.76 on the opening day of the year
2014 went down to 3686.40 on 30th Sept 2014, a
decline by almost 7.8%, the MCX Metal Index (spot)
which was 4834.17 and 4521.67 respectively during
the said period showed a decline by 6.5%. The
copper (spot) price which was Rs.463.50 per Kg. on
the 1st day of 2014 declined to Rs.413.90 per Kg. on
30th Sept 2014, a decline by close to 11%. So a general
interpretation can be drawn that there has been
decline in overall commodity prices in the last nine
months.

The five years growth chart of Copper from Kitco
website is given below for information:
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The metal prices of Copper vis-a-vis Aluminum and Nickel are given below as per the world bank report.
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Source: World Bank.
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REVIEW OF LITERATURE

Before striking very straight on the prices such as
spot and future prices, it is quite imperative that
there should be a good understanding of the market
as a whole. Li Xidan and Zhang Bing (2008) in their
research article “Price linkages between Chinese and
World Copper Future Market” emphasized that
there existed a time varying relationships between
the Chinese Copper market & its London
counterparts. There is a long run relationship
between Shanghai Future Market (SHFE) and
London Metals exchanges (LME) copper futures
prices. The influence of LME on SHFE is greater than
that of SHFE on LME.

Gravelle John, Global Mining Leader, PwC, in its
report titled “Metal mired in global uncertainty
(Gold, Silver and Copper Price Report 2014)” said
that few commodities in the mining sector have
escaped the downturn caused by global economic
uncertainty and volatile markets. Gold, silver and
copper are among the closely watched metals. They
havealso been some of the hardest hitin 2013.

On the factors affecting Spot and Future prices,
Frankel Jeffrey A. and Rose Andrew K. (2009) in
their article “Determinants of Agricultural and
Mineral Commodity Prices” say that although two
macroeconomic fundamentals -- global output and
inflation -- both have positive effects on real
commodity prices, the fundamentals that seem to
have the most consistent and strongest effects are
microeconomic variables: volatility, inventories, and
the spot-forward spread. There is also evidence of a
bandwagon effect.

Gospodinov Nikolay & Ng Serena (2011), stressed
on the role of individual and aggregate convenience
yields in explaining the commodity prices and can
be seen as informational variable about future
economic conditions as conveyed by the future
markets in contrast to the general thinking that
commodity prices are thought to have inflationary
consequences. While the convenience yields of
cocoa, orange juice and copper have positive effect

on one-period ahead of inflation, soyabeans, oats
and silver have negative effect, the coefficients on
other convenience yields are not statistically
significant.

On the nature of Spot and Future prices and their
relationships, Hernandez Manuel & Torrero
Maxinno ~ (2010), in their discussion paper on
“Examining the Dynamic relationship between spot
and future prices of agricultural commodities” of
International Ford Policy Research Institute, tested
empirically the nature of flow of information
between spot and future prices. They mentioned
that changes in future prices affects more spot prices
then the vice-versa.

Winkoop Henri van in his thesis paper (2012) titled
“Short-run and long-run determinants of the price of
silver” stated that to obtain long-term equilibrium,
the consumer price index has the biggest impact on
the silver price of silver. The relationship of oil with
both industrial use and inflation probably explains
the positive co-integration with silver. Both silver
and gold seems to share comparable properties,
although the market for gold is less volatile and has
astronger relation with consumer price index.

In India, Kumar Brajesh and Pandey Ajay (2008)
investigated the cross market linkages of Indian
commodity futures with futures markets outside
India. They found that world markets have bigger
(unidirectional) impact on Indian markets.
However, effect of London Metal Exchange (LME)
on India's Multi Commodity Exchange (MCX) is
stronger than the effect of MCX on LME. Results of
return and volatility spill overs indicate that the
Indian commodity futures markets function as a
satellite market and assimilate information from the
world market.

Further after going through one working paper of
Ghosh (2009), on “Issues & concerns of commodity
derivative market in India: An agenda for research”
available in the website of Takshashila Academia of
Economic Research (TAER) Limited (earlier known
as MCX Academia of Economic Research), set up by
Multi Commodity Exchange of India- MCX, it is
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understood that there has been not so good
development in our country in the establishment of
proper relationship between spot and futures
market to understand the various issues concerning
the commodities derivative market. As per his own
wordings in the article, he has emphasized the need
for doing research in the aforesaid area.

Behera Chinmaya in his article (2012) titled “Price
Discovery and Market Efficiency in Indian
Commodity Market” found that gold market is not
efficient while silver, copper, crude oil and natural
gas markets are efficient.

Singhal Krishna said in the article (2014) titled
“Lead and Lag relationship between Spot and
Future price of Crude oil in India” that the price
discovery is much faster in future market than in the
spotmarket.

OBJECTIVES

Thekey research objective proposed is:

To analyze the nature of relationship between future
and spot prices in India for Copper.

MAJOR HYPOTHESES

The various approaches towards null and
alternative hypotheses can be understood by
looking at the following:

- For checking whether the data of Spot and
Future price of Copper are non-stationary, the
following are the hypotheses:

H, (Null Hypotheses) = Data is Stationary.
H, (Alternate Hypotheses) = Data is Non-

Stationary.

- For checking on Regression Analysis, the
followingare the hypotheses:

(i) H, (Null Hypotheses) = Coefficient would
be zero.

H, (Alternate Hypotheses) =Coefficient
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would not be zero.

(ii) H, (Null Hypotheses) = Intercept would be
Zero.

H, (Alternate Hypotheses) = Intercept
would not be zero

SOURCES OF DATA

The data are collected from secondary sources. Data
forlast 8 years from 2004 to 2010 have been taken.

Secondary data have been gathered from reports,
surveys, published material from library and
internet resources like web sites of commodity
exchanges, more specifically from Commodity
Insight Books from MCX web site.

RESEARCH METHODOLOGY

The research methodology defines the process and
methods, the researcher shall undertake to
accomplish the objectives. The research
methodology chosen are appropriate as there has
been an detailed study undertaken through review
of literature and the null hypotheses and alternative
hypotheses have been different depending on the
tools used.

MCX has stopped publishing the Annual Insight
Book, last being the Insight Book 2011 available in
the web site of the company. The latest data (raw)
could be taken out from the web site of the company
and then the same data could have been smoothened
by processing the same through statistical tool,
before applying the models given below. But the
whole idea is to whatever the data given in the
Insight Book, let us use the same data (as itis already
smoothened by MCX itself) and study the result
thereafter even though the datalooks slightly older.

A separate study shall be undertaken later extracting
the latest raw data from the MCX site, further the
data shall be smoothened through some statistical
tool and then the models as given below shall be
applied again to see the result whether remains same
orchanges.
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While Spot Price of Copper (monthly) is given
straight in the Yearly Insight Book of MCX, the
Future Price of same is calculated at our end by
taking the average of opening and closing price
givenin the aforesaid Book.

The following models have been used: Correlation
and Regression analysis.

ANAIYSIS OF DATA

Checking whether data (Copper Future) is non-
Stationary

Refer Appendix A and B, since the graph is
projecting the future price being gradually up, so the
data may be considered as non-Stationary. But we
are using other statistical test i.e., Ljung-Box (LB)
statistic to critically examine whether that data is
non-stationary.

So to check more accurately whether data is non-
stationary, the Ljung-Box (LB) Statistics is used and
we have used Corrolelogram and the same is
extracted from Eviews software and given in
Appendix C.

Since there were 79 items, Corrolelogram has
considered 32 lags (33-40% generally). As can be
seen that spikes have exceeded the two parallel lines
from Lag no.1 to 9 which corroborates the fact that
data in the series isnon-stationary.

Further we have considered the hypotheses as
follows:

H, (Null Hypotheses) = Data is Stationary.
H, (Alternate Hypotheses) = Data is Non-Stationary.

But the Probability of the Q-statistic (last 32 lag) is
having zero probability, being less than 5%, we will
conclude that we can reject the null hypotheses and
accept alternative hypotheses.

Thus the datais non-stationary.

Similarly we can also check for Copper Spot Prices as
to whether the data is non-stationary as given in
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Appendix D & E. So based on the above
representations for all the Copper data, for future
and spot prices, itis proved that all the data are non-
stationary.

Converting Non-stationary data into Stationary

Since to apply regression and other analysis, the data
series preferably need to be stationary. So to get the
stationary data, we need to further decide how many
differences to be taken as to arrive at the right quality
data for applying aforesaid model. So to arrive
exactly how many differences to be undertaken, we
have randomly taken the 1st difference, 2nd
difference and 3rd difference of original data. It is
found that

the Correlogram in the case of 2nd differenced data
of Copper Future shows that the probability in the
case of 1st lag is more than 5% (that is 43%) we can
accept this series better stationary than even 1st and
3rd differenced data of Copper future, where the
probability is found to be not more than 5% in any
lag. Similarly for Copper Spot, as we notice that the
probability is more than 5% in case of only 2nd
differenced data and thus we can not reject null
hypotheses and thus accept that 2nd differenced
data of Copper spot is better stationary than 1st
differenced and 3rd differenced data.

Regression Analysis of Copper Future and Copper
SpotData

Regression Analysis with Non-Stationary data:

From the summary output and diagram given (Refer
Appendix F and G) and further looking at the non-
stationary data of Copper Future and Copper Spot,
the following are the major findings;

- Multiple R which represents Correlation is very
close to 1i.e., 0.995104791. This means that there
is close relation between Copper Future and
Copper Spot data but not to forget that the data
series are non-stationary.

- Further the inference can also be drawn that a
significant portion of change in the Y variable
(Copper Future) is explained by the role played
by X variable (Copper Spot).

@ AMITY
BUSINESS SCHOOL



An Empirical Study of Relationship Between Spot Price and
Future Price of Copper in MCX

- Mathematically the equation can be explained as
Y = 0996485166 *X + 2.293001372, where
0.996485166 is the coefficient of b and
2.293001372 is the intercept. (* is the
multiplication sign)

- Probability value of intercept is 46.63 %, which is
more than5%. So the null hy potheses which said
that Intercept would be zero, cannot be rejected
and we donotaccept the alternative hypotheses,
which said that it would be not equal to zero.

- Similarly Probability value of Coefficient of b is
less than 0%, which is less than 5%. So the null
hypotheses which said that Coefficient would be
zero, is rejected and we accept the alternative
hypotheses, which said that it would be not
equal to zero.

- The probability of having Intercept between -
3.9442135 to 8.530216241 is with 95% confidence
level. Also the probability of Coefficient of b
between 0.97387615 and 1.019094183 is with 95%
confidencelevel.

Similarly from the summary output and diagram
given (Appendix H) and further looking at the non-
stationary data of Copper Spot (Y) and Copper
Future (X), the following are the major findings;

- Multiple R which represents Correlation is very
close to11i.e.,0.995104791. This means that there
is close relation between Copper Spot and
Copper Future data but not to forget that the
dataseries are non-stationary.

- Further the inference can also be drawn that a
significant portion of change in the Y variable
(Copper Spot) is explained by the role played by
Xvariable (Copper Future).

- Mathematically the equation can be explained as
Y = 0.993726327 *X + 0.299074926, where
0.993726327 is the coefficient of b and
0.299074926 is the intercept. (* is the
multiplication sign)

- Probability value of interceptis 92.43%, which is
more than 5%. So the null hypotheses which said

& AMITY
BUSINESS SCHOOL

that Intercept would be zero, cannot be rejected
and we do not accept the alternative hypotheses,
which said thatit would be not equal to zero.

- Similarly Probability value of Coefficient of b is
less than 0%, which is less than 5%. So the null
hypotheses which said that Coefficient would be
zero, is rejected and we accept the alternative
hypotheses, which said that it would be not
equal to zero.

- The probability of having Intercept between -
5.9510567 to 6.549206549 is with 95% confidence
level. Also the probability of Coefficient of b
between 0.971179905 and 1.016272749 is with
95% confidencelevel.

Regression Analysis with Stationary data:

From the summary output and further looking at
the stationary data of Copper Future (Y) and Copper
Spot (X) (Refer Appendix I and ]), the following are
the major findings;

- Multiple R which represents Correlation is more
than 0.5 but not very close to 1 i.e., 0.699257781.
This means that there is significant but not close
relation between Copper Future and Copper
Spot data but not to forget that the data series are
stationary.

- Further the inference can also be drawn that a
significant portion of change in the Y variable
(Copper Future) is explained by the role played
by Xvariable (Copper Spot).

- Unlike in the case of non-stationary data where
there appears a close relationship, this
regression analysis (using stationary data)
points out this fact that there are also other
variables having impact on Y (Copper Future)
other than X (Copper Spot)

- Mathematically the equation can be explained as
Y = 0444353022 *X + 0.282808047, where
0.444353022 is the coefficient of b and
0.282808047 is the intercept. (* is the
multiplication sign)

- Probability value of intercept is 84.24 %, which is
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more than 5%. So the null hypotheses which said
that Intercept would be zero, cannot be rejected
and we do notaccept the alternative hypotheses,
which said that it would be not equal to zero.

- Similarly Probability value of Coefficient of b is
less than 0%, which is less than 5%. So the null
hypotheses which said that Coefficient would be
zero, is rejected and we accept the alternative
hypotheses, which said that it would be not
equal to zero.

- The probability of having Intercept between -
2.54262949 to 3.108245586 is with 95%
confidence level. Also the probability of
Coefficient of b between 0.33913028 and
0.549575764 is with 95% confidence level.

From the summary output and further looking at
the stationary data of Copper Spot (Y) and Copper
Future (X) (Refer Appendix K & L), the following are
the major findings;

- Multiple R which represents Correlation is more
than 0.5 but not very close to 1 1i.e., 0.699257781.
This means that there is significant but not close
relation between Copper Spot and Copper
Future data but not to forget that the data series
arestationary.

- Further the inference can also be drawn that a
significant portion of change in the Y variable
(Copper Spot) is explained by the role played by
Xvariable (Copper Future).

- Unlike in the case of non-stationary data where
there appears a close relationship, this
regression analysis (using stationary data)
points out this fact that there are also other
variables having impact on Y (Copper Spot)
other than X (Copper Future)

- Mathematically the equation can be explained as
Y = 1.100389601 *X - 0.10113529, where
1.100389601 is the coefficient of b and -
0.10113529 is the intercept. (* is the
multiplicationsign)

- Probability value of intercept is 96.39 %, which is
more than 5%. So the null hypotheses which said
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that Intercept would be zero, cannot be rejected
and we do notaccept the alternative hypotheses,
which said that it would be notequal to zero.

- Similarly Probability value of Coefficient of b is
less than 0%, which is less than 5%. So the null
hypotheses which said that Coefficient would be
zero, is rejected and we accept the alternative
hypotheses, which said that it would be not
equal to zero.

- The probability of having Intercept between -
4.54852868 to 4.346258097 is with 95%
confidence level. Also the probability of
Coefficient of b between 0.839817477 and
1.360961726 is with 95% confidence level.

SUMMARY

Copper Spot and Future prices (data) taken from
MCX Annual Insights Book were found to be non-
stationary. The Regression Analysis showed that the
non-stationary data of Copper Spot and Copper
Future had close relationship between them where
as stationary data of both showed that there was
significant but not so close relationship. Further it
was noticed there are other factors affecting the
relationship between Copper Spot and Copper
Future (Stationary data).
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Appendix A
Original Data of Copper Future and Copper Spot
Months Copper Future Copper Spot Months Copper Future Copper Spot
Price/Kg (Rs.) Price/Kg (Rs.) Price/Kg (Rs.) Price/Kg (Rs.)

2004M06 122,025 126 2007M09 31115 306.55
2004M07 130.35 126.48 2007M10 310.1 314.47
2004M08 130.475 127.09 2007M11 289.175 272,67
2004M09 138 134.36 2007M12 272.75 265.21
2004M10 137.3 139.41 2008M01 276575 277.73
2004M11 14425 142.94 2008M02 31275 311.64
2004M12 147.7 1418 2008M03 335.85 338.21
2005M01 143.775 138.28 2008M04 343.15 345.2
2005M02 143.95 140.11 2008M05 334.65 347.74
2005M03 144.2 144.26 2008M06 351.95 3474
2005M04 141.05 1437 2008M07 354.675 353.54
2005M05 137.775 135.66 2008M08 337 323.73
2005M06 14415 15043 2008M09 314.825 316.15
2005M07 151.225 185.47 2008M10 255.225 23415
2005M08 160675 163.66 2008M11 195.775 183.84
2005M09 162.7 167.28 2008M12 1709 180.71
2005M10 17005 18443 2009M01 156.325 160.27
2005M11 18365 198.03 2009M02 164.05 16442
2005M12 198.15 204.19 2009M03 1903 1936
2006MO1 21015 20715 2009M04 214525 2253
2006M02 215,375 21887 2003M05 2287 224.96
2006103 2097 295 05 2009M06 234.075 24068
2006M04 282.4 284.15 2009M07 2594 25847
2006M0S 35085 251 61 2009M08 289.425 299.65

2009M09 302.55 301.79
2006M06 361,625 337.15

2009M10 302.875 297.1
2006M07 837 360.16 2009M11 315.75 311.67
2006M08 352,205 360.01 2009012 3315 20857
2006M09 355.7 35178 2010Mo1 277 339,68
2006M10 344,05 34178 2010M02 015 31767
2006M 11 324,825 31339 2010M03 344,75 340,79
200612 302875 208.94 2010M04 339.375 347.68
2007M01 2709 255.33 2010M05 324,675 315.47
2007M02 2%61.75 2531 2010M06 310.1 301.36
2007M03 287.8 26228 2010M07 321675 316.28
2007M04 312675 32547 2010M08 U375 340,64
2007M05 3194 314.06 2010M09 356.075 358,52
2007M06 307.625 304.17 2010M10 365.875 369.81
2007M07 318.775 319.77 2010M11 378.275 381.4
2007Mo08 3153 3021 2010M12 413.775 413.25
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Appendix B

The Graphical Picture of the Copper Future is taken and same is given below

Copper FUTURE

150 -

100 e
2004 2005

Appendix C

Corrolelogram of Copper Future

Date: 11/10/13 Time: 14:21
Sample: 2004M06 2010M12
Included observations: 79

2007

T

2008 2009 2010

Autocorrelation Partial Correlation AC PAC Q-Stat  Prob
O —————] ' | 1 0929 0929 70858 0.000
[ ————] & 2 0.834 -0.221 128.60 0.000
| [— e 3 0.728 -0.094 173.25 0.000
¢ 8 B 4 0623 -0043 206.36 0.000
(.| 14 0 5 0518 -0.062 22957 0.000
' — ' ' 6 0.425 0.023 24544 0.000
' ' . 7 0.349 0.036 256.28 0.000
' == 1 ' 8 0.284 -0.021 26354 0.000
¢ = ' . 9 0.232 0028 26846 0.000
¢ ' ' 10 0.192 0.006 271.88 0.000
o ' . 11 0.158 -0.021 27423 0.000
¢ @ . 12 0.111 -0.151 275.40 0.000
W LN : 13 0.055 -0.078 275.69 0.000
' ' ' g 14 0005 0.033 27569 0.000
' ' ' ' 15 -0.039 0.001 275.85 0.000
'q 14 0 16 -0.083 -0.050 276.55 0.000
g ' ' 17 -0.122 -0.016 278.10 0.000
) = ' ' 18 -0.153 -0.005 280.54 0.000
[ = ' Ll 19 -0.171 0.025 283.65 0.000
- ' Ll 20 -0.179 0.008 287.11 0.000
- ' ' 21 -0.182 -0.032 29076 0.000
- ' Ll 22 -0.184 -0.046 29457 0.000
= LI < 23 -0.175 0.088 298.07 0.000
. e =1 24 -0.149 0.118 300.67 0.000
| 1y 25 -0.126 -0.067 302.56 0.000
g N 26 -0.113 -0.092 304.09 0.000
g g 27 -0.113 -0.087 305.67 0.000
[ ' ' 28 -0.124 -0.044 307.61 0.000
| ' ' 29 -0.138 0.011 310.05 0.000
- ' L] 30 -0.154 -0.030 313.13 0.000
e ' ' 31 -0.162 0027 31661 0000
" ' i 32 -0.162 0.038 320.17 0.000
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Appendix D
Graphical Picture of Copper Spot
Copper SPOT
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Appendix E
Corrolelogram of Copper Spot
DCate. 11/10/13 Time: 1458
Sampie. 2004M06 2010M12
Included observations_ 79
Autocorrelation FPartial Correlation A PAC O-Stat Prob
LI S— v 1 0.919 0.919 59.214 ©.000
LI e | [ =0 ] 2 0.816 -017S5 124 .58 0.000
[ ] L = " 2 0.705 -0.099 166 a4 0000
(.- ] ' ] 4 0.594 -0.088 196 .52 0.000
1 [ ¥ S 0.490 <0020 =217.28 0.000
= v ' & 0,401 0.018 231.35% 0.000
' LI - B 7 0.332 D048 247.15 0.000
' == L. ' 8 0.269 -0.049 24770 0.000
' ] ' 8 0220 0015 25210 0.000
" En LI 10 O0.185 0.039 25527 0.000
o ] " 11 0.180 O.014 257.88 0.000
B = 12 0.108 -0.246 25374 0,000
[ - I [ " 132 0.044a -0.0329 258,93 0.000
' ' rp 14 -0.007 0049 258.93 0000
L P " " 45 -0.052 0.000 259.20 0.000
' g ' ] ' 16 -0.092 -0.0Z29 26007 0.000
' ' . ' 17 -0.125 -0.020 261.68 0.000
[ = v ' v 18 -0.144 -0.003 26391 0.000
== " [} " 19 0.1632 -0.013 26675 o000
= ] L3 ) 20 0.969 D.oza =269.86 0.000
R L] L L] 21 -0.173 -0.055 27315 0.000
] ] o ' 22 -0.176 -0.054 276.61 0.000
] = [ B 23 -0.1686 O0.133 27976 0.000
[} = r @ 24 -0.145 o024 28220 0000
v i [ = v 285 .0.128 -0.098 284 14 0.000
N = [ i ¢ 26 0.113 -0.030 28% .69 0000
'g ' ' 27 -0.106 -0.036 287.08 0.000
'g 'g ' Z8 -0.1714 -0.083 2Z8§8.70 0000
Ll = . " 29 -0.121 0017 290.59 0.000
' [ ' 30 -0.135 -0045 290297 0.000
L] = . " 21 -0.141 o008 205 63 0.000
[ = " i 32 -0.145 0015 298 50 0.000
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Appendix B Appendix H
Graphical representation of Copper Future and Copper Spot (Original Data) Regression Analysis if Copper Spot is Y and Copper Future is X variable
[ 450 ‘ SUMIMARY QUTPUT
400 -
350 -
300 Multiple R 0.995104791
250 RSquare 0.990233544
200 Adjusted RSquare  0.990105038
150 /—/ ——COPPER_FUTURE Standard Brror 8.037605868
Observations 7B
100 ——COPPER_SPOT
58 ANOVA
A oL e o7 p 5 s =
8022853828282 28 Regression 1 4978146182 4978146 7705738 3.73411E-78
< s sS s =
S522223S28g2222¢2 Residual 7%  A90.836215 GAG0311
[ =2 = = I = I = T — I — QO == N == I T T == T = I = I e B}
R A — I — A — A — R — I — I — B — I — I — I — S — S — I Total 77 5077244545
N AN AN ANANANANANANANANANANANANAN
Coefficents Gror 1Stot  Pvolue lowerd5%  Upper95% lowerS5.0%  Upper950%
Intercept 0.20907492%  3.1381037 0.095303 0924325 59510567 6.54006549 S95UEGEAT7  6.4920659
X Variahl, 0.993726377 __ 0.0113X0345 87.78233 3.73E78 0.971179905 1016272749 0971179905 1016272749
Appendix G Appendix |
Regression Analysis (When Copper Future is Y variable and Copper Spot is X variable) Stationary Data of Copper Future and Copper Spot
SUMMARY QUTPUT Months DDCOPPER_ DDCOPPER_ Months DDCOPPER_ DDCOPPER_
FUTURE SPOT FUTURE SPOT
_fegreschn Sattaies 2004M06 NA NA 2005M10 5.325000 1353000
Multiple R 0.995104791
[ 2004M07 NA NA 2005M11 6.250000 -3.550000
dusied RSquare | 0 2004M08 -8.200000 0.130000 2005M12 0.900000 -7.440000
Standard Error 8.048755364
Ok i B 2004M09 7.400000 6.660000 2006M01 -2.500000 -3.200000
R 2004M10 -8.225000 -2.220000 2006M02 -6.775000 8.760000
af = S T SlantionceF 2004M11 7.650000 -1.520000 2006M03 9.100000 -5.540000
Regression 1| 99196675 AWINGT JI05738 3741 TS 2004M12 -3.500000 -4.670000 2006M04 38.37500 52.92000
Residual % A923.467181 EATSM6
el 77| coaoaiser 2005M01 -7.375000 -2.380000 2006M05 1575000 18.56000
2005M02 4.100000 5.350000 2006M06 -57.67500 -102.3200
Ct idents Standord Bror  1Stat Pvalue lower 5% Upper 95% lower %5.0%  Upper 950%
Intercept 2293001372 3.131646657 0.732203 Q466297 -39442135 BS.53LR16241 -3944213498  8.530216241 2005M03 0.075000 2.320000 2006M07 +18.70000 47.67000
X Varizhle 0.996485166 _ 0.011351774 87.78233 3.73E78 097387615 1019094183 097387615 1019094183 2005M04 -3.400000 -4.710000 2006M08 6.450000 -23.16000
2005M05 -0.125000 -7.480000 2006M09 4.950000 -8.080000
(Note: Copper Future is Y and Copper Spot is X variable) 2005M06 9.650000 2251000 2006M10 -15.12500 -1.770000
2005M07 0.700000 -9.130000 2006M11 -7.575000 -18.39000
2005M08 2.375000 2.850000 2006M12 -2.725000 13.94000
2005M09 -7.425000 -4.570000 2007Mo01 -10.02500 -29.16000
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Months DDCOPPER_ DDCOPPER_ Months DDCOPPER_ DDCOPPER_
FUTURE SPOT FUTURE SPOT

2007Mo02 2282500 41.38000 2009M02 22.30000 -5.410000
2007M03 35.20000 3141000 2009M03 18.52500 25.03000
2007M04 -1.175000 14.01000 2009M04 -2.025000 2520000
2007M05 -18.15000 -54.60000 2009M05 -10.05000 -32.04000
2007M06 -18.50000 1520000 2009M06 -8.800000 16.06000
2007M07 22.92500 25.49000 2009M07 19.95000 -2.930000
2007M08 +14.62500 -33.26000 2009M08 4700000 33.39000
2007M09 -0.675000 2210000 2009M09 -16.90000 -44.04000
2007m10 3100000 8480000 2009M10 -12.80000 -6.830000
2007M11 -19.87500 -49.72000 J— 1255000 1926000
2007M12 4500000 34.34000 2009M12 5525000 2330000
2008Mo 2025000 16.98000 2010M01 -24.85000 -5.790000
2008M02 32.35000 21.39000

2010M02 0.250000 -33.12000
2008Mo03 -13.07500 -7.340000

2010M03 29.45000 45.13000
2008M04 -15.80000 -19.58000

2010M04 -28.62500 -16.23000
2008M05 -15.80000 -4.450000

2010M05 -9.325000 -39.10000
2008M06 25.80000 -2.880000

2010M06 0.125000 18.10000
2008M07 -14.57500 6.480000

2010M07 26.1 29,
2008Mo08 -20.40000 -35.95000 010MO0 6.15000 903000
2008M09 -4,500000 22.23000 2010M08 1050000 9:440000
2008M10 4742500 7442000 2010M09 -9.750000 -6.480000
— 0450000 3169000 2010M10 -2.525000 -6.590000
200812 3057500 17.18000 2010M11 2.600000 0.300000
2009Mo0T1 10.30000 42,69000 2010m12 23.10000 20.26000
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Regression Analysis of Copper Future and Copper Spot data (Stationary)

Appendix J

SUMMARY OUTPUT

Multiple R 0.699257781
RSquare 0.488961445

Adjusted RSquare  0.482(55518
Standard Bror 12.36043641

Observations 7%
ANOVA
daf ss MS F___ Significonce £

Regression 1 10817.33497 1081733 AL.B16 2.1292%-12
Residual A 1130574874 152.7304
Total 5 22123.08371

Coefficents Gror tStat  Pvolue lower®%  Upper95% lower5.0% Upper950%
Intercept 0.282808047  14130(5452 0.199441 Q34ME5 -254262949 310845536 -2542629491 3.108M5536
XVariahle 0.4443302  0.052808263 8.414462 2.13F-12 033913028  0.549575764 033913028  0.549575764

(Note that Copper Future is Y variable and Copper Spot is X variable)

Regression Analysis when Copper Spotis Y and Copper Future is X variable

Appendix K

SUMMARY OUTPUT

Mllliﬂe;l 0.69957781
RSquare 0.488961445

Adjusted RSquare  0.482(55518
Standard Brror 1945104661

Observations 7%
ANOVA
daf ss MS F__ Signif F

Regression 1 26787.09685 267379 N.B16 2.1292X%-12
Residual 74 27997.39787 378.3432
Total 75 5A785.29472

Coefficgents Gror tStat  Pvolue lower®%  Upper95%  lowerB.0%  Upper950%
Intercept 110113529 2.232018222 -A04531 Q963981 454852868 4.346258097 454352963 4.346253097
X bl 1100389601  0.1%0773619 8.414462 2.13E-12 0.839817477 1360061726 0839317477 1360961726
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Appendix L
Diagram of Copper Future and Copper Spot data (Stationary)
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(Series1 is Copper Future and Series2 is Copper Spot data)
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