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Abstract

In this thesis we investigate three base metalgepchanges relationship with
metals and mining companies’ stock return. A twamst regression method is
used with copper, nickel and zinc for eighteen canmgs. For each company we
first run a multiple regression analysis with tlmeee metals’ price changes as
variables to create beta values. Thereafter a ssgme on each metal beta is
conducted with company specific and non-companycipevariables. A
conclusion of the thesis is that copper is theidgvfactor for the metals and
mining industry stock returns. In general, the betlues are more dependent on
market indicators rather than on company speaiiiticators. However, financial

key ratios seem to influence the beta values.
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1 Introduction

During the 1980s and 1990s the commodity markegdant the shadow area of
the financial market. Only the oil and gas marketrevgiven interest due to
political focus and high volatility. However, frothe beginning of this decade
until Lehman Brothers filing for chapter 11 bankimypy many commodity prices

have surged. Between 2002 and 2006, prices on dmelsome metal prices have
doubled. A major force behind this has been Chithladia becoming significant

commodity consumers. Due to higher commodity pritesinvesting in mining

projects has increased to such extent that the diatgesupply of input goods has
ceased (Radetzki 2007, p. 9-10). The current filmrisis pushed metal prices
through a correction. However, prices have ralleghin when the current
financial crisis moved on to a state of less uramety. Graph 3 in the appendix
shows that since the first quarter of 2009 pricagehsteadily risen. The price
drivers have again been China and India who hasistesl the global economic

downturn better than western economies (Keenan)2009

The volatility in metal prices has increased sipear 2000 due to rapid growth in
the emerging markets and financial crises. Theestdor investing and trading in
commodities has intensified the last decade. Thecgeants selling and buying
metals today are not just metals and mining congsabut also mutual and hedge
funds. Mutual and hedge funds are not new on tligket but the volume traded
by these participants, especially by hedge funds,ihcreased (Radetzki 2007, p.
11, 127). Since there is a lot of money in thisitess it is interesting to investors
what influences the stock prices. This thesisyim¢y to bring more clarity to the
subject. Intuitively when a metal price increades $tock price for the metal and

mining company will rise as well but the questisrta what extent.



1.1 Discussion of the purpose

From an early stage we have focused our researclcoormodities from a
financial point of view. Base metals are interggtirecause they are a foundation
in the development of emerging markets. The prioesnetals are both volatile
and unpredictable and therefore interesting fotyarma This is due to the hedging
possibilities, e.g. investing in commodities to gedagainst high inflation. We
expect the stock returns to be related to the aming the metal prices and we

want to investigate to what extent.

1.2 Purpose of the thesis

We want to analyze the relationship between metaepchanges and stock
returns for metals and mining companies. This thedi try to create a two-stage
model for stock returns of metals and mining conggathat will depend on metal

price changes.
The thesis aims to answer, for a given number daisethe following questions:

1: To what extent do the price changes in thesalmetlate to the stock returns

for mining companies?

2: What variables affect the beta values explairiireg stock return exposure to

metal price changes?

1.3 Delimitations of the thesis

We have chosen a limited selection of metals amingicompanies to examine
due to different features of the metals and theeefdifferent price building
mechanisms. We have found in early research thiat mning companies are

often very concentrated in just gold mining, e.grigk Gold Corp., Newmont



Mining Corp. and Newcrest Mining Ltd. We have afsond that some metals
and mining companies with high market cap have \@fferentiated business
models, e.g. BHP Billiton Ltd. & Plc., Rio Tintotd. & Plc. and Vale S.A.
Therefore we will exclude these types of compabesause we want to use the
same few metals during the entire thesis. Aftethier examination we have
noticed that copper, nickel and zinc are commoniyech together in significant
volume for many companies. Therefore we have chdseroncentrate on
companies with a majority of its revenue comingrfrany combination of copper,
nickel and zinc. We have not considered currenfgces in our thesis. We do not

believe it has a severe impact on our results.



2 Data and method

In this chapter we first present the data and éexgh@w we have obtained it.

Second we introduce and discuss our method.

2.1 Data

2.1.1 Chosen companies

We have found eighteen companies meeting our iejtekntofagasta Plc.,
Boliden AB, Crowflight Minerals Inc., FNX Mining Guopany Inc., Freeport-
McMoRan Copper & Gold Inc., Grupo México S.A. de/C.HudBay Minerals
Inc., Inmet Mining Corporation, Lundin Mining Conm@ation, Minara Resources
Ltd., MMC Norilsk Nickel, Palabora Mining Companyd., Quadra Mining Ltd.,
Southern Copper Corporation, Teck Resources Ltddavita Resources Plc. and

Xstrata Plc.

2.1.2 Selected time period

The metals and mining industry is characterised itlsy high mergers and
acquisitions volumes. There are many small startamppanies, sometimes only
consisting of only one mine. After establishinguacessful mining operation they
are often acquired by larger metals and mining comgs. Therefore we have
been forced to choose a time limit of only five igd.e. from the week ending
2004-05-07 to the week ending 2009-05-01. Our yeshgcompany in our
analysis went public in the end of April 2004.

We chose to use weekly price changes instead bf sasmoothen out our data
sample. Since we use weekly price changes neithiee pags nor intraday

volatility should be a concern in our results.



2.1.3 Data sources

The companies have been chosen by studying ditfemegtals and mining
companies on their homepages, especially by loo&irthe annual reports. Table
1, which reflects the percentage of revenue frosheaetal, is taken from each
company’s latest annual report. This research wadenm November 2009. Metal
prices, stock prices, MSCI World Metals & MiningalBc Dry Index, market

capitalization and quick ratio have been obtaimethfDatastream Advance 4.0.

2.1.4 Criticism of the sources

This thesis has not presented any previous researthe same subject. We have
not found any good research on the topic. Moshefwritten information used in

this thesis has been from articles, and not fronttew books. This is due to the
fact that there is limited literature on the subjé&/e have used nine internet
sources for this thesis. A problem with internetrses is that they might not be

easily available in the future.

2.2 Choice of the method

We have conducted a two-stage multiple regressiodei First, we have run a
time series regression model on the stock retuith, the metal price changes as
explanatory variables.

(Equation 1)
R, =p+ lgcopper * X1i + Bnicker * X2i + Bzinc * X3i + €

In the equation “i” stands for weekly observatioh,for copper price change X

for nickel price change andsXor zinc price change



For the first regression model we have tested fetedoskedasticity and
multicollinearity. Even if there is heteroskedagyichere is no need to correct for
this since we only used the beta values for regresnodels (Il) which are not
unbiased. To test for heteroskedasticity we hasesl iBreusch-Pagan-Godfrey’s
test and White’s test. To test for multicollinegnve have used three methods.
The first one was to look at the p-values ant VRlues in each company
regression. A sign of multicollinearity is when egression has a high’ Ralue
but insignificant p-values. We have run single amdtiple regressions between
the variables. For the single regressions we haxemmed if there is a
relationship between two metal variables. THev&lues we have obtained in the
multiple regression have been used in a Variantiation Factor test (VIF test),
to see if there is multicollinearity. If there isv&ere multicollinearity, we need to

respecify the model.

Second, we ran the same regressions as in regrg$staut for each single year
instead. Those beta values were used in regre@i$jaas the dependent variable
in our cross sectional regression model. Diffenegression analyses were run
with combinations of five chosen variables possddfgcting the beta values. We
have run a Ramsey’'s RESET test for the regressitimtiae best variables to test

if the model is correctly specified.

(Equation 2)

B =C1+C %Xy +Cp* Xy ... Cox Xy t e

In equation 2, “m” stands for type of metal, “i"rfdime period and “j" for
company. The “J" sign is only needed for compangafic variables. X, Xa....X;

stand for any given variable.

Instead of nominal stock and metal prices, we haesl the price changes in our
regressions since we are investigating beta valuesur regression analysis we
have chosen 5 percent as significance level. ThHisoer constant throughout the
thesis. The metal prices for copper, nickel and #ivat we will use in our thesis

has been the spot prices quoted on the London Nietehange (LME). These



price quotes are the most commonly mentioned inatheual reports of our

companies.

2.3 Discussion of the method

The stock return is exposed to many variables lout mhetals and mining
companies our assumption is that the metal pricescaicial. We have used a
linear model, because we have not found a stroagoreto use a non-linear
model. The reason we have run heteroskedasticity tedtsatswe want to draw
conclusions from our first regression, and see kdrethose conclusions are

reliable.

It is also interesting for the analysis to see Whi@ariables influence the beta
values, which is why we have run a second regressinthe beta values. They
could for example be whether the mining takes pilag®litically risky areas, the

state of the world economy or if the company hies@e or small market cap.

2.4 Pros and cons of method

Since we assume that metal price changes for coppekel and zinc can be
correlated there is a risk for multicollinearity aur models. However, even if
there is multicollinearity the predictions genedafeom our models will be as
accurate as if there was no multicollinearity. Tisiglue to that multicollinearity
does not decrease the predictive power in gendtaimerely affects the
calculations of individual estimators. If we havelticollinearity in our variables
the beta coefficients for the second regressiorhntmgt be appropriate (Gujarati
2006, p. 251-253).

It is good for the analysis that metal goods alatikeely homogenous since it is

more difficult to analyze differentiated goods. Hmer, to find enough



companies that only mine these metals has beekytsmce the numbers of
participants on the market is limited.

A problem with our data is that we only analyze@roa five year period, which is
because some of the companies have only been gablso long. However, we
have preferred to rather have a high amount of eones than years. We believe

a five year period should give us interesting rssul



3 The market for metals

The market for metals has many special featuragst, Rhe goods are not very
differentiated. Therefore the competition on therkatiis more about lowering
costs and increasing efficiency than on other ntariheth 1985, p. 4).

Second, since the goods are so homogenous, thenhmtkansparent and easy to
trade in. Most of the trade goes through a few argls, where one of the biggest
is LME.

Third, to participate in this market as a minenwdtals you need big investments,
and there might be economies of scale, reducinguh&ers of participants in the
market. Many mergers and acquisitions also takeepia the metals and mining
industry. It is easier for a company with a lotcakh to acquire a competitor than

starting a new mining operation (Keehner 2007).

Fourth, metal is a commodity which can only be rdinéhere there are natural
assets, making some countries much more activeatiems. During our research
we discovered that the owners of the companiesrareany cases from other

countries than where the mining operation takesepla

There is also a difference between metals. One pbeais between the base
metals and the precious metals where the base sratalused for construction
and industry and the others are mainly for jewgll@nd luxury products. This

should make the demand features for these metgtsiiféerent.

There are studies on the metal market as a whote €xample is that
contractions in metal prices are on average lorthan expansion periods.
However there is no clear evidence for long temnds in real metal prices due to
large volatility in both upturns and downturns. Téé not a consensus whether
the metal prices follow a random walk or not. Te¢es: depend on which scientific

look you have on turning points (Roberts 2009,7%). 9



3.1 The copper market

The biggest producer of raw copper in the worldCHsle. In terms of refined
copper Japan was the biggest (2002), but withoyt@am mining operations.
China is also a huge refiner of copper, but ndiigsas a mining country. Mining
of copper is not needed to have a big industryopiper refining. Copper can be
recycled, but the life cycle of copper is tenthyears, and the amount recycled is
irregular. In 2002 37 percent of the total amountedined copper was recycled.
The U.S. has been the biggest consumer of coppelatht decades until China
passed them ten years ago. Per capita the U.Shiggar consumer than China.
Copper is used for electronics, construction, eegjiand transportation (Sveriges
geologiska understkning 2003, p. 57-60). Amongtbrge metals, copper has the
highest export value (Radetzki 2007, p. 42).

From the 1950s until the 1970s the price rose #dyeadd the copper mining
industry was optimistic with many new projects. kvihe decline in the world
economy in the end of the 1970s due to the oilsctiee copper price fell as well.
Since 1975 until 2000 the price has halved in teahs (Sveriges geologiska
undersokning 2003, p. 66).

3.2 The nickel market

More than 80 percent of all nickel is used in digfa alloys. Around 67 percent is
used to produce stainless steel and 10 percenmifikel plating (Sveriges

geologiska understkning 2007, p. 39).

In nickel production there are not many particigaMost mining companies also
refine the product, so the entire nickel produath@in is in the same company.
One reason there are few participants on the maslshte to mergers. The three
biggest producers are the following (2006); MMC i Nickel, CVRD Inco
and BHP Billiton Ltd (Sveriges geologiska undersagn2007, p. 73). Many of

10



the largest nickel producers are either congloresrat government owned and
will not be a further part of our analysis.

Nickel is often produced in another country tharerehit is mined, due to lower
energy costs or other economic advantages. Thesaognsumer of nickel in the
world is China followed by Japan and the U.S. Tdrgeést exporter of nickel is
Russia, followed by Canada. In terms of importth8. is the largest followed by
China. Nickel is traded on the LME, who also hostisre of nickel on different

places in the world. If the production exceeds to@sumption some of the
production is put in stock and vice versa. Wherdpobion exceeds consumption
the price also drops (Sveriges geologiska undersgkz007, p. 76-81).

3.3 The zinc market

During the antiquity the base metal zinc was uselrass; an alloy made of zinc
and copper. Some of the by-products were also imsatedicine. Plain zinc was
probably first used around 500 years after Chnidersia. From there it spread to
India and China. During the $7and 18' century bigger amounts of zinc were
produced in Western Europe (Sveriges geologiskaensitning 2004, p. 37).
Today the three largest zinc mines are placed iaskd, Australia and Peru
(Sveriges geologiska undersokning 2004, p. 51). thhee biggest producers of
zinc are China, Peru and Canada (Sveriges geobbgisttersokning 2009, p. 22).

From an energy perspective it is very beneficiatdoycle zinc. More than 20
percent of the total zinc production comes fromycéng. To produce zinc from

zinc products only takes 4-5 percent of the energgded to produce zinc from
ore. However, compared to other base metals progugnc from ore is relative

energy efficient. Zinc is a useful metal in modanfrastructure. It is used as a
corrosion protector for steel products. It is aksmsy to form which makes it
favourable as cover panel, gutter and spout. Bcas$ains between 5 and 42
percent zinc. The brass is used in drilling, tugnamd milling. Zinc is also used in

many chemicals (Sveriges geologiska underséknifg 20. 56-59).

11



4 Results and analysis

First, we have for regression models (I) preseatedl commented the regression
results. Second we have presented and commentedualéeteroskedasticity

and multicollinearity.

Table 1 has been used in our analysis of regre¢bidih shows the percentage of
the revenue each company received from each metalrding to their latest
annual report. One can argue that the revenues sivéir time, and since we have
a five year period the numbers in table 1 mightireccurate. However, our
assumption is that mining is conducted over a ltergn period and that the

numbers should be acceptable. The table was cotextirin November 2009.

(Table 1)
% of Revenue, latest Annual Report Copper Nickel Zinc
Antofagasta Plc. 91%
Boliden AB 39% 34%
Crowflight Minerals Inc. 100%
First Quantum Minerals Ltd. 96%
FNX Mining Company Inc. 24% 31%
Freeport-McMoRan Copper & Gold Inc. 62%
Grupo México S.A. de C.V. 55% 3%
HudBay Minerals Inc. 56% 28%
Inmet Mining Corporation 54% 16%
Lunding Mining Corporation 62% 10% 17%
Minara Resources Ltd. 82%
MMC Norilsk Nickel 25% 40%
Palabora Mining Company Ltd. 69%
Quadra Mining Ltd. 81%
Southern Copper Corporation 71% 4%
Teck Resources Ltd. 31% 30%
Vedanta Resources Plc. 52% 20%
Xstrata Plc. 41% 11% 12%

12



4.1 Regression models (1)

We have run a regression model with the stock metas dependent variable and

the metal price changes as independent variabieébda@ntire five year period. By

doing this we have obtained a model for each compasiuding a beta value for

each metal price change. The purpose of this medelsee how the stock returns

are related to the metal price changes.

Table 2 presents the results from the regressmmsaich company and is based on

equation 1. The table will be analysed in sectidh3} These beta values are the

values for the five year period.

(Table 2)
Observations: 261 Intercept (Std)  Copper (Std) Nickel (Std) Zinc (Std) R® Adj.R? Std
Antofagasta Plc. 0.004 (0.003)  0.625 (0.098)  0.193 (0.05®.015 ( 0.079) 0.368 0.360 0.051
P-value 0.189 0.000 *** 0.001 *** 0.845
Boliden AB 0.003 (0.004) 0.513(0.119) 0.016 (0.068) 82.80.095) 0.318 0.310 0.062
P-value 0.498 0.000 *** 0.814 0.000 ***
Crowflight Minerals Inc. 0.004 (0.008) 0.804 (0.231) 4420.132) -0.127 (0.186) 0.120 0.110 0.121
P-value 0.637 0.001 *** 0.066 0.494
First Quantum Minerals Ltd. 0.006 (0.004)  0.949 (0.133)0.169 (0.076)  0.005 (0.107) 0.362 0.355 0.069
P-value 0.190 0.000 *** 0.027 * 0.962
FNX Mining Company Inc. 0.002 (0.006)  0.957 (0.171) (%0.098)  -0.300 (0137) 0.315 0.307 0.089
P-value 0.717 0.000 *** 0.000 *** 0.030 *
Freeport-McMoRan Copper & Gold Inc. 0.001 (0.004)  0.86BI10) 0.206 (0.063) -0.024 (0.088) 0.425 0.418 0.057
P-value 0.713 0.000 *** 0.001 ** 0.789
Grupo México S.A. de C.V. 0.004 (0.003) 0.589 (0.104) 166.(0.059)  0.051 (0.083) 0.320 0.312 0.054
P-value 0.225 0.000 *** 0.007 ** 0.545
HudBay Minerals Inc. 0.006 (0.006)  0.607 (0.183)  0.2W4@5)  0.128 (0.147) 0.171 0.161 0.096
P-value 0.330 0.001 ** 0.052 0.387
Inmet Mining Corporation 0.004 (0.004)  0.805 (0.130) 17h (0.074)  0.090 (0.104) 0.347 0.339 0.068
P-value 0.366 0.000 *** 0.019 * 0.387
Lunding Mining Corporation -0.001 (0.004)  0.718 (0713 0.127 (0.078)  0.294 (0.110) 0.347 0.340 0.072
P-value 0.904 0.000 *** 0.106 0.008 **
Minara Resources Ltd. 0.003 (0.009) 0.724 (0.284)  0.84%Q) -0.368 (0.228) 0.189 0.180 0.148
P-value 0.742 0.011 * 0.000 *** 0.108
MMC Norilsk Nickel 0.003 (0.005)  0.949 (0.155)  0.321089) -0.359 (0.125) 0.262 0.254 0.081
P-value 0.550 0.000 *** 0.000 *** 0.004 **
Palabora Mining Company Ltd. 0.000 (0.005)  0.526 (0.140) .21®(0.080)  -0.045 (0.112) 0.175 0.165 0.073
P-value 0.975 0.000 *** 0.007 ** 0.687
Quadra Mining Ltd. 0.003 (0.005)  1.117 (0.158)  0.21092) -0.032 (0.127) 0.349 0.341 0.083
P-value 0.531 0.000 *** 0.021 * 0.799
Southern Copper Corporation 0.005 (0.004) 0.723 (0.117).2720(0.067) 0.029 (0.094) 0.383 0.376 0.061
P-value 0.166 0.000 *** 0.000 *** 0.760
Teck Resources Ltd. 0.003 (0.005)  0.849 (0.153)  0.21B§).0 -0.049 (0.123) 0.264 0.256 0.080
P-value 0.579 0.000 *** 0.015 * 0.688
Vedanta Resources Plc. 0.006 (0.004) 0.672(0.131) 0.28850 0.028 (0.106) 0.291 0.283 0.069
P-value 0.190 0.000 *** 0.002 ** 0.789
Xstrata Plc. 0.003 (0.004)  0.899 (0.132)  0.237 (0.075) .06® (0.106) 0.351 0.343 0.069
P-value 0.458 0.000 *** 0.002 ** 0.537
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4.1.1 Heteroskedasticity

In table 3 the results from our heteroskedastititgts is presented. If gHs
rejected we might have heteroskedasticity. We hawarked possible
heteroskedasticity with the colour red.

(Table 3)

Observations: 261 Breusch-Pagan-Godfrey White
H,= No heteroskedasticity

Antofagasta PIc.

Boliden AB

Crowflight Minerals Inc.

First Quantum Minerals Ltd.

FNX Mining Company Inc.

Freeport-McMoRan Copper & Gold Inc.

Grupo México S.A. de C.V.

HudBay Minerals Inc.

Inmet Mining Corporation

Lundin Mining Corporation

Minara Resources Ltd.

MMC Norilsk Nickel

Palabora Mining Company Ltd.

Quadra Mining Ltd.

Southern Copper Corporation

Teck Resources Ltd.

Vedanta Resources Plc.

Xstrata Plc.

T
I

To detect heteroskedasticity in our models we hesezl two tests. The first is the
Breusch-Pagan-Godfrey’s test and the second iséghiest. We have run both

with help from the computer program Eviews.

The Breusch-Pagan-Godfrey's test is a Lagrange iphatt test of the null
hypothesis of no heteroskedasticity against hetedssticity. It is only applicable
on linear regressions. The formula usedis o h(z ﬂ], whereh is an unknown

differentiable function that does not dependio#: is a vector of independent
variables, typically this vector contains the regggs from the original least
square regression (Verbeek 2005, p. 91).

1
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The White’s test is less specific than the BreuBahjan-Godfrey’'s test. It does
exclude higher order terms and also detects moraerge forms of
heteroskedasticity. The White’s test can insteaddefect heteroskedasticity

expose specification errors, e.g. incorrect fumalidorms (Verbeek 2005, p. 92).

According to our tests we might have a heteroskeulys problem in our

estimators. To fix this there are different remédimeasures. If the
@ is known it is easy to fix the problem with WeigtitLeast Squared (WLS). In

practice though, the™ is rarely known. In that case, to use WLS, one toas

make assumptions about the true variance. Exanopldss are that the variance

is proportional ta¥: or X; (Gujarati 2006, p. 291).

Another method instead of making assumptions ofriliee variance is to respecify
the model. There is no standard way of doing thisept for trial and error.

Examples of respecifying are to remove, add orer&istwo a variable (Gujarati
2006, p. 297). A third way is to use the Newey-Wmasthod. It is often used to
help against autocorrelation but can also helpragjdieteroskedasticity (Verbeek
2005, p. 356). For this thesis we will not corrémt heteroskedasticity, partly

because it is not needed for regression mode|gp@ftly due to time limitation

4.1.2 Multicollinearity

There are several ways to detect multicollinealitys important to realize that
multicollinearity always exists to some extent. ‘Wollinearity is a question of
degree and not of kind. [...] Since multicollin@aniefers to the condition of the
explanatory variables that are assumed to be nomestc, it is deature of the

sampleand not of the population” (Gujarati 2006, p. 254)e have used three
methods to detect multicollinearity.

If a regression model has a highf ®lue but insignificant p-values you can

suspect multicollinearity. In table 2 there areragression models with a higtf R

value and with all estimators not significantly eagaom zero. However, the zinc
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estimator is in fourteen cases not significantharapgrom zero. The nickel
estimator is in four cases not significantly agestn zero. On the other hand the
copper estimator is always significantly apart freero and the highestRalue

is 0.425. There are only two models with two estore not significantly apart
from zero; Crowflight Minerals Inc. and HudBay Mnaés Inc. Notable for the
two companies are the low?Ralues, 0.120 and 0.171 respectively. Therefore we
can assume there is no severe multicollinearitpun models according to this

method. Table 4 shows the single regression mdtgeen the three metals.

(Table 4)
Observations: 261 Intercept (Std)  Copper (Std)  Nickel (Std) Zinc (Std) R’ Adj.R? Sid
Copper 0.002 (0.002) 0.373 (0.035) 0.301 0.298 0.039
P-value 0.393 7.062
Nickel 0.000 (0.004) 0.597 (0.067) 0.233 0.230 0.060
P-value 0.841 1.232
Zinc 0.000 (0.003) 0.804 (0.054) 0.458 0.456 0.041
P-value 0.859 0.000 ***
We have run single regression models for our thretals to investigate if there is
a high degree of correlation between the metakptitanges. As we can see in
table 4 there seems to be no strong correlatiomittkel and other metals. The
coefficient is not significantly apart from zerodathe R value is only 0.301. For
zinc and copper however there seems to be somelation, but since the R
value is only 0.458 we do not see this as a problem

(Table 5)
Observations: 261 Intercept (Std)  Copper (Std)  Nickel (Std) Zinc (Std) R® Adj.R? Std
Copper 0.001 (0.002) 0.197 (0.033)  0.452 (0.041) 0.522 0.518 033.
P-value 0.545 0.000 *** 0.000 ***
Nickel 0.000 (0.004)  0.601 (0.102) 0.255 (0.086) 0.324 0.318 05D.
P-value 0.984 0.000 *** 0.003 **
Zinc 0.000 (0.003)  0.700 (0.064)  0.129 (0.044) 0.476 0.472 04®.
P-value 0.859 0.000 *** 0.003 **

In table 5 we have run a multiple regression mddekeach metal, based on the
remaining two metals. We can see that in this madlebur coefficients are
significantly apart from zero. The’Ralue is around 0.5 for copper and zinc but
only 0.324 for nickel. This confirms the resultsrfr the previous table that nickel

is the metal that correlates the least with theeotivo metals. No regression
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model has two coefficients above 0.5 which indisate serious multicollinearity
(Schaub 2005).

To further test this we have run a VIF test. Taotllis we have used each metal’'s

R? value in equation 3.

(Equation 3)

1
VIF = =
1—R-

The rule is that the higher the VIF value the hrgtie multicollinearity. In the
most extreme case, if the Ralue is 1, there is perfect multicollinearity thie R
value is zero, there is no multicollinearity (G@&ar2006, p. 257). There is no
consensus of when the VIF value is too high. A redrtireshold value is a VIF of
10 (Lynch 2003, p. 4). To get a VIF of 10 you needR of 0.9. The results we
obtained from the VIF test were 2.092 for coppe4,/2 for nickel and 1.908 for
zinc. Our VIF values are therefore far from outical value of 10. The results
from this test imply that we have no problem witblticollinearity.

Based on all three methods, we have drawn the esiocl that our variables are

not multicollinear to such extent that we needhtdude and/or exclude variables.
4.1.3 Analysis of regression models (1)

We did not see any danger with multicollinearityiethmeans we will stick to our
three metals. However, according to our heterostamity tests, there seems to be
a problem in many of the regressions. For regrassiodels (Il) this does not
matter since we only use the beta values. In tHlewing analysis there is a

problem in some cases.

As we can see in table 2 the copper coefficienhiseventeen out of eighteen
regression models higher than the nickel and zimfficients. The only exception

is Minara Resources Ltd., a company concentratedcikel mining and with no
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copper operations. Crowflight Minerals Inc. is drestcompany with no copper
operations. Even for Crowflight Minerals Inc. thepper coefficient is the
highest. The two mentioned companies have the kigstandard deviation for
their copper coefficients. The reason for this rilgh that both companies are
mainly nickel miners. Among the five companies withe highest copper
coefficients two of them are concentrated in niak@hing. The remaining three

are concentrated in copper operations.

Boliden AB, HudBay Minerals Inc. and Lundin Minirf@€prporation are the three
companies with the highest zinc coefficients. Td@ems rational because all three
companies are among the top five companies withasigshare of revenue from
zinc. However, the zinc coefficient's p-value foudBay Minerals Inc. is not
significantly apart from zero. Teck Resources ladd Vedanta Resources Plc.,
the remaining top five companies with highest shadreevenue from zinc, have
zinc coefficients close to zero. The company whih owest statistical significant
zinc coefficient is MMC Norilsk Nickel with a coe€fent of -0.359.

There are six companies with high amount of reverfuem nickel operations;
Crowflight Minerals Inc., Minara Resources Ltd., MIMNorilsk Nickel, FNX
Mining Corporation Inc., Xstrata Plc. and Lundinriig Corporation. Noticeable
is that Lundin Mining Corporation has the seconaldst nickel coefficient among
our eighteen models. However, only 10 percent efdbmpany’s revenues come
from nickel operations. The top four companiesannis of revenue from nickel
operations are among the top five companies withhilghest nickel coefficients.
The exception is Southern Copper Corporation witimickel operations. It is also
important to mention that the fifth highest nickekefficient (Crowflight Minerals
Inc.) is not significantly apart from zero with avplue of 0.066. Our results
reveal B values between 0.12 and 0.43. Most values areeab®®. Normally an
R? value less than 0.30 can be considered a bit looweder in financial
predictions, an Rvalue of 0.10 or even as low as 0.05 can be statiist useful
(Nau).

According to our results it seems like copper & iiain indicator of our metals.

The reason for this might be that all of our comesnwith two exceptions, have
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substantial copper operations. In fact fourteeowfcompanies get their biggest
revenue percentage from copper operations. Itri@ising that copper is the most

important factor whether or not the company mings@pper.

4.2 Regression models (lIl)

In this section we have run a regression for eaetahbeta coefficient. We have
first run the same regression as in table 2 buteorh year individually. That

means we have calculated three metals times eiglt@apanies times five years;
a total of 270 beta values. We therefore have %98 w&lues for each metal. The
purpose of this model is to find variables thaeeffthe beta values. To evaluate if
there are any factors that affect the beta valwmes the period we have tested
different variables. We have used both systemattt reon-systematic variables.
The systematic variables used aBaltic Dry Indexand MSCI World Metals &

Mining. The non-systematic variables used amnarket cap, non-OECD presence

andquick ratia The variables were used in equation 2.

By non-OECD presence we mean that the company nmngsme countries that
can be considered riskier. The criteria we hadtlice were OECD membership.
There was one exception, Chile, which we considaedtable. As a matter of
fact Chile was invited to OECD and will be a membredanuary 14 of 2010
(Chile invited to become a member of the OECD 200@3 consider mining as a
long term operation and believe that our categbdmas good enough concerning
non-OECD presence.

Baltic Dry Index is a business cycle indicator.idtdirectly connected to the
shipping price of bulk goods, i.e. non finished d®@s our metals. If the demand
for bulk goods goes up the index goes up, ceteniops. The index is therefore a
leading indicator of the economy (Gross 2003). \Wspect that low levels of the
index will affect the beta value more than mediund digh levels. When the
shipping costs are low the negative effect thatdaations cost have on demand is
less and therefore we could have a higher betavalu
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The equity index MSCI World Metals & Mining contairstocks from the metals
and mining sector. Our guess is unclear in whicly Wagh or low index will
affect the beta values. However, we think the indédkhave some relation with

the beta values because it describes the stocketnashkcerned.

Market cap describes the size and also to somatettie diversification in the
company. For example a company with only two mirsesery dependent on
those mines. A larger company can probably takeenshifts in their mining
operations. Our best guess is that the higher made the lower beta value,

hence lower risk.

Non-OECD presence was chosen since mining opesatake place in many
politically risky areas which might have some imihce. Our guess is that the
metals and mining companies with overall operationgolitically stable regions
have lower beta values. This is due to strongempegny rights and better

infrastructure, hence lower risk.

We also wanted to test a non-systematic finan@tb rand were interested in
liquidity ratios. The reasons for this are two.sEira company with low liquidity
ratio is less affected by price changes in undeglyinetal due to its distressed
situation. The focus for the stock price will be the ability to inject capital,
which will affect the stock price more. Second,oanpany with low liquidity can
be very sensible for price changes in the goodstkiey are selling, which could
create a higher beta value. Therefore we couldeafgu both signs on the

exposure.

One can argue that the amount of revenue each ecymeeeives from each metal
should be a variable in the second regression. Vaet wo investigate other
variables that affect the beta values instead. fEselts we obtain from this

regression is only to be used for metals and minorgpanies.
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4.2.1 Metal beta results

We have tested the variables in all possible coatluins. To save space we only

presented the final regression model. Table 6 shimsexposure for the beta

values against our chosen variables, MSCI Worldalde& Mining and quick

ratio. The results have been analyzed in secti@34The chosen model, equation

4, is a specific version of equation 2.

(Equation 4)

B, =C1+ Cuyscr *= Xei + Copick rario * Xa2i; &

(Table 6)
Observations: 90 Intercept (Std) M SCI (Std) Quick ratio (Std) R> Adj.R? Std
Copper 1.279 (0.128) -0.003 (0.000) 0.014 (0.007) 0.368 0.354 .329
P-value 0.000 *** 0.000 *** 0.030 *
Nickel 0461 (0.106) -0.001 (0.000) 0.011 (0.005) 0.159 0.139 270.
P-value 0.000 *** 0.002 ** 0.038 *
Zinc -0.445 (0.129) 0.002 (0.000) -0.017 (0.007) 0.298 0.282 0.326

P-value 0.001 ***

0.000 *** 0.012 *

First we tested each variable individually agaiti beta values. Some of the

variables did not show any statistically significaesults for any metal beta value.

Thereafter we used combinations of the variablaes were significant, to come

up with a strong model.

The Baltic Dry Index coefficient was only statiglily significant for the copper
beta value. For the nickel and zinc beta values itlteex was statistically
insignificant. The Rvalues for nickel and zinc were very low, bothdvel0.003.

For copper the Rvalue was 0.05 and the Baltic Dry Index coefficiemas

negative. MSCI World Metals & Mining is a similardex, because it follows the

business cycle. MSCI World Metals & Mining showedich better result than
Baltic Dry Index. For all beta values the MSCI Wbiletals & Mining was

statistically significant. The Rvalue shifted between 0.15 and 0.37. The

coefficient was negative for the copper and nidleth values and positive for the

zinc beta value. After further evaluation we algscdvered that MSCI World
Metals & Mining and the Baltic Dry Index were hegworrelated. A regression
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between the two indices showed a highvRlue and statistically insignificant
coefficients, which indicates a collinear relatiée therefore decided to not use
the Baltic Dry Index. Graph 1 further implies thia¢ two variables are correlated.
Graph 1 shows the MSCI World Metals & Mining indealue on the left hand

side and the Baltic Dry Index value on the righhdhaside over our five year

period.
(Graph 1)
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(Datastream Advance 4.0)

The market cap coefficient was negative for thepeo@nd nickel beta values and
positive for the zinc beta value. However, the afale showed no statistically
significant result for any of the beta values. Algben used in any combination
with other variables market cap showed statisgcasignificant results. The R

values were very low. We decided to not use mar&pt

For the non-OECD dummy variable 1 means non-OEGEence and 0 means
only OECD presence. The coefficients were positbrehe copper and zinc beta
values and negative for the nickel beta value. Hamnethe p-values were high
and R values always below 0.005. Combined with otheraldés the non-OECD

dummy showed insignificant results. Together whk tnarket cap variable the
non-OECD dummy variable was the poorest.
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The quick ratio coefficient was positive for thepper and nickel beta values and
negative for the zinc beta value. The quick ratasiable used alone showed
statistically significant results against each rietda and Rvalues were between
0.06 and 0.09. The variable together with MSCI Wavletals & Mining also
showed statistically significant results. After exsive elaborations with different
combinations we decided to use the MSCI World Meg€aMining and the quick

ratio for our metal beta values.

4.2.2 Ramsey’s RESET test

Ramsey’'s RESET test is used to detect if a lineadehhas an inappropriate
function form, i.e. the model could be better espesl in a non-linear form. The
test can also detect omission of variables (Gujatd6, p. 235-237).

With help of Eviews we have run the test. The feiloy hypothesizes were used:

H,: € ~N(0,5%])

H: € ~N(y, &i1) pED

The hypothesizes can also be expressed as:

Ho : Linear model: Y is a linear function of the X's

Hi : Non-linear model: In Y is a linear function bt X’s or a log of the X's

In table 7 the critical value is the Chi-SquareuealA value below 0.05 means

that we will reject H. The results are presented in table 7:

(Table 7)
Observations: 90 Intercept (Std) MSCI (Std)  Quick (Std) Fitted” (Std)  Fitted® (Std) R® F-statistic Prob. F(2,85)  Prob. Chi-Square(2)
Copper -4.381 (1.539) 0.011 (0.004) -0.053 (0.019)  7.68BE) -3.156 (1.285) 0.489 10.059 0.000 0.000
P-value 0.006 ** 0.003 ** 0.008 ** 0.002 ** 0.016 **
Nickel -1.159 (0.570) 0.003 (0.001) -0.054 (0.023) 15./B78) -11.599 (5.612) 0.258 5.683 0.005 0.004
P-value 0.045 * 0.029 * 0.019 * 0.007 ** 0.042 *
Zinc -1.088 (0.170) 0.005 (0.001) -0.030 (0.022)  -2.9737®)6 -4.029 (1.283) 0.464  13.123 1.080 0.000
P-value 0.000 *** 0.000 *** 0.189 0.000 *** 0.002 **
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Since we reject kifor the three metals our models in table 6 mightbspecified.
We still believe that the models expressed in tébée useful. In finance, there
are often a high amount of indicators that inflleean asset price. The markets
can be very complex and in the same time efficidstexpressed before, arf R

value as low as 0.1 can be useful.

4.2.3 Analysis of regression models (I1)

Since the MSCI World Metals & Mining and Baltic Digdex were correlated,
we only concentrate on the MSCI World Metals & Migi variable of the

systematic ones. The coefficient was negative fier ¢copper and nickel beta
values and positive for the zinc beta value. Tlesoa for a negative coefficient
could be that when the stock market is low thecaften changes in underlying
metals have a high affect on stock prices. We siighat when the market is low
a price increase in metals is easily interpreted asning point in the industry. A
price decrease in a low market can be a sign oimdaod have a large impact on
stock prices. This might be the reason why the batae is higher when the
market is low. In a behavioural economics pointvidw, we could argue that
these reactions are not entirely economically natio but this is subject for
another thesis. The reason for the positive caeffidor the zinc beta value could
be that our model is incomplete. Throughout thisstf the zinc values have

followed their own path.

The market cap variable showed statistically indicgnt results. This was a bit
surprising for us considering the various sizeswfcompany sample. In graph 2
we can see how the companies vary greatly in magqet
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(Graph 2)
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According to our result the company size does natten It can be explained
from the reason that the commodities are not védfgrdntiated. For example, the
brand name and goodwill might not be important his tindustry. Copper is
copper and is traded in standardized forms, e.gherLME. During our sample
search we discovered many metals and mining corapamith only one or two
mines in operation. This could indicate that enayriers and economies of scale
are insignificant in the industry. There is defaiyt a threshold in this industry
because the capital needed to invest in miningadipers is high. We are not as
sure that the marginal cost is decreasing aftar ttimeshold because the market
cap size has not indicated any significance in wmadel. This needs to be
investigated further. As we have mentioned earfiethis thesis, there is a high
volume of mergers and acquisitions in the industhich should indicate high
levels of synergy. We do not see the reason whygensrand acquisitions

otherwise would occur, assuming the companies@eaically rational.

The non-OECD dummy was another variable showingsstally insignificant
results. Despite problem to categorize we antieghdtbhat the value for non-OECD
presence would be higher. The result could be egdiaby our suspicion that the

metals and mining industry is very capital inteesiCheap labour does not have
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the same impact on the business compared to egnémufacturing industry. It
can also be explained by that our categorizatioisound. The dummy variable
can be a problem, if we consider the non-OECD m@ses number that jumps
from 0 to 1, which is the case in our data samyMe.have to admit that the non-
OECD presence marking has its flaws. For exampterapany with operations
exclusively in Africa might be less risky than angmany with its operations in
Canada. Non-OECD only considers political and eounaisks, not geological

ones for example.

The quick ratio proved to be statistically sigraint for all metal beta values.
However, the quick ratio showed two positive cagdints and one negative
coefficient. The result confirms one of our suspid mentioned in section 4.2.
There might be a relationship between low liquidéyels and low beta values.
Once again, the coefficient in the zinc model fakats own path.

Since the MSCI World Metals & Mining and quick tvariables showed
statistically significant results and substantidl \RIues, we chose to combine
these two as explanatory variables for our threa balues. This combination

proved dominant over all other combinations tested.

Based on our results the industry in general setenise less affected by non-
systematic factors than systematic. This means geagraphy of operations,
market cap is statistically insignificant for theetal beta values and indicators
such as MSCI World Metals & Mining, which is assded with the business
cycle, is statistically significant. However, themsystematic variable quick ratio
showed statistical significant results. This intlicadiffers from the other non-
systematic indicators in that it is financially emted and not business oriented.
There are probably more key ratios important far tieta values that have not

been a part of this thesis.
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5 Conclusions of the thesis

In regression models (I1) ourRalues reached a maximum of 0.368. We can only
speculate what other variables might influencelde@ value. Some guesses are
other macro variables such as economic growth,sinvent cycles and inflation.
Economic growth because base metals are heavity insemerging markets and
inflation due to base metals are used as a hedgoign times of high inflation.
There are also other non-systematic variablesdbaid have a positive effect on
the R value. As mentioned earlier the amount of openaitioa given metal could
affect the beta value for that given metal. Othey katios might also be useful as

explanatory variables.

The reason for copper being dominant in many regras could be that copper is
dominant in many products, e.g. in alloys contajnaur metals. Copper is also
the base metal with the highest export value. Intbesis we have continuously
obtained results where zinc moves in the oppositetibn to copper and nickel.
Zinc can be seen as the rogue metal. We have nweuto arguments for this.
The problem could be in our data.

Are our regression models (Il) valuable to analytber metals and mining
companies? We have found some variables that mtki¢he beta value but the
model can be enhanced. There can also be speaifipanies in our industry with
special price mechanisms, e.g. a company whichrget of an acquisition. For

those companies the model might be inadequate.

The models can be used to explain stock returnshdfbeta values we have
received are correct we should theoretically be abimake money. If you have a
good prediction of metal prices you could use tibatnake money in the stock
market. The model can also be useful to hedge tfopor Hypothetically, if our

models are correct, we can hedge a zinc miningksagainst a copper and/or a
nickel mining stock. This is due to the oppositeediion of the zinc beta value

compared to the copper and nickel beta value. Anraption for this strategy is
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that all metal prices move in the same directionthle worst case this thesis is
valuable to increase the knowledge about price ax@sms on the market, hence

improving your financial gut feeling.
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6 Suggestions for further research

First, we have only studied one key ratio with sisipgly strong result. We
therefore suspect there are more key ratios thghtnaffect the beta values. It

would be interesting to us with more research gnrkéos.

Second, there are more commodities than copperkelniand zinc. All

commodities could be the subject for a similar ithes

Third, copper has been the most dominant metalugirout the thesis, even if the

company has no copper mining operation. A thesiddomvestigate why.
Fourth, the zinc coefficients have showed unaraig@ results. We believe there

should be further research why zinc so often dsffieom copper and nickel and

are there more rogues out there?
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Appendix
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Relevant theory
Collinearity

Collinearity or multicollinearity is defined as there is a linear relationship

between two or more explanatory variables.
Example:

Xy =6Xy
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If the variables can be written as a function ofheather there is collinearity
problem. However, there is always collinearity tome extent (Gujarati 2006, p.
98).

Dummy variables

Besides quantitative variables used in regressiodets there are also qualitative
variables, also known as dummy variables. One remént is that the dummy
variables are dichotomous, which means they ongpativo values, e.g. small
company = 0 and big company = 1. In this case, iy@ed a clear definition of

small company and big company (Korner & Wahlgre@&®. 400).

Heteroskedasticity

If the random variables have altered variancessaid to be heteroskedastic. This
means that the restrictive distribution of eacltlstprice dependent on a given
value of X has different variances which means évatry stock return are spread
around their mean values with different varianddsteroskedasticity neither
makes the estimators biased nor incoherent. Howiewamn incorrectly estimate
the variance of the estimators, i.e. they are iciefit. If a regression contains
heteroskedasticity a significant p-value can in facinsignificant (Gujarati 2006,
p. 55).

If this assumptiorvar(u,) = o?, does not hold there is heteroskedasticity in our

model.

OLS - Ordinary least squares

Is used in regression analysis and makes the @sidm of squarese? as small

as possible, when creating a line through a scplbér (Gujarati 2006, p. 34)

34



Abbreviations, concepts and indices

Baltic Exchange Dry Index

Daily index made up of 20 key dry bulk routes (RalExchange Dry Index 2010).

Market capitalization

The total market value of all of a company's ouldiag shares, also referred to as

market cap.

MSCI World Metals & Mining

MSCI World Metals & Mining is an index containingetials and mining stocks
and is provided by the company MSCI Barra. Thexndeeferred to as MSCI in

the tables.

Quick ratio

Quick ratio is an indicator of a company's shonrte liquidity. The quick
ratio measures a company's ability to meet itstdleom obligations with its most liquid
assets. The higher the quick ratio, the better lidnedity position of the company.

The quick ratio is calculated as:

Currernt assets — Inventories

. k t' — T g
Quick ratio Current liabilities
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Quote mining

The practice of quoting out of context.

Star shorthand for significance levels

If the p-value is less than 0.001 we have a thtae($**) significance level, i.e. high

significance.

If the p-value is less than 0.01, but more thai®D,.0ve have two star (**) significance

level, i.e. medium significance.

If the p-value is less than 0.05, but more thari ,0vie have a one star (*) significance

level, i.e. low significance (Kérner & Wahigren Z)(. 208).
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