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Abstract
The objective of this work is to study the impact of exhaustibility on spot and futures prices of a
specific set of resources, whose future limited availability and low substitutability performance
have been highlighted by scientific papers. I modelled exhaustibility as a set of events, which
might raise investors’ awareness regarding the intrinsic scarce nature of the commodities
selected. I conducted an event study using ordinary least squares regressions for nine
commodities over the sample 10/09/1993 — 10/09/2018 with event dummy variables grouped into
eight categories. Regression results assert the presence of abnormal return in correspondence with
the selected occurrences; however, it is difficult to determine a universally valid pattern in terms

of significance and direction of the effect.

Keywords: exhaustibility, commodities, event study.

JEL Classification: Q31; G14; G23.

Note: this brief note is meant to inform the jury that the present version of the work project was
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1. Introduction

Institutional investors worldwide have been paying careful attention to investment opportunities
in commodities market. Investing in commodities essentially means investing in raw materials
that might be used for direct consumption or for the production of by-products. Financial
innovation has produced a vast set of tools through which investors today might gain exposure
towards the price fluctuations of raw materials. Irwin and Sanders (2011) outlined how the
“financialization” of commodity markets played an important role in this sense. Thanks to the
abundance of financial instruments, the volume of investment in commodity markets has grown
significantly. Research conducted in 2008 by the Commodity Futures Trading Commission
(CFTC) revealed that the total notional value on June 30, 2008 of all futures and options open
contracts for the 33 U.S. exchange-traded markets was $945 billion.

However, examining the performance of commodities, we often tend to think that they will be
indefinitely available in the future. There are commodities that are widely traded on a daily basis
whose future availability is still uncertain. Base metals, oil, land and water are just a few of the
commodities that are present only in limited quantities on our planet. The issue of scarcity of
resources has created a harsh debate among economists and it dates back to the seventeenth
century. Thomas Malthus (1798) was the first economist to clearly include in his work the
concept resource scarcity, connecting it with population growth and poverty. Building upon this
principle, future research in natural resource economics led to the famous Hotelling’s rule (1931),
formulated by Harold Hotelling, who described the price path of an exhaustible natural resource:
in a perfectly competitive market, with no extraction costs, the price of a natural resource must
rise at the market rate of interest. The work of Sundaresan (1984) represents a further evolution
of his work. In a competitive market structure, the spot price is expected to increase at a rate

exceeding the risk-free rate in the interval of time between discoveries and that the extent to
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which this rate exceeds the risk-free alternative depends on the specific nature of the commodity
examined. My initial intuitive guess regarding exhaustibility was that a commodity with
decreasing level of reserves would increase in price as its remaining stocks are progressively
depleted. Scarce and exhaustible resources would then represent a suitable opportunity for those
institutional investors that have a long run investment horizon, which might match the remaining
life of the commodity in question. Therefore, I decided to conduct my research as a background
analysis of commodities’ markets to determine how prices react in the presence of events that
might possibly make the market aware of the limited availability of a certain set of resources.
This work is an interdisciplinary research that stems from the strong theoretical knowledge
developed by scholars of natural resource economics on scarce commodities and it aims at
bringing its main intuitions to a more practical level in the context of financial markets. The
existing financial literature in fact typically focuses on analysing the impact of macroeconomic
announcements on commodity prices.

The research question that I will try to answer with this work is therefore: “what is the impact of
exhaustibility on commodity prices?” or more specifically, “what is the impact of events
affecting exhaustibility on commodity prices?” Following a step-by-step procedure, 1 will
develop an empirical analysis to verify whether commodity market prices react to a selected
amount of events, which might question the future availability of the material.

The first step of this procedure is to formulate a clear definition of exhaustible resource.
Secondly, I should determine a set of suitable commodities to be analysed as exhaustible with a
careful analysis of scientific papers, which would help me to determine what are the materials’
characteristics to be taken into account and to scientifically validate the analysis. Thirdly, I need
to review the literature on commodities, extending the notions presented in the previous

paragraph to better understand how studies on commodity prices are usually conducted and what
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main conclusions have been drawn. Fourthly, I should outline how event studies with
commodities prices are performed and the paper of McKenzie, Thomsen, and Dixon (2004) is
particularly useful in this sense as they assess the inferential accuracy of several event study
methodologies using daily data on futures returns. This procedure will eventually provide an
initial general understanding of how markets perceive exhaustibility. I humbly believe that my
work could be seen as an extension of the literature on exhaustible resources. In the ever-
changing environment we are living nowadays, investors are forced to approach and analyse
investment opportunities taking into account several additional factors. It is my personal belief
that evaluating the impact of environmental issues on commodity prices might be advantageous
for designing new innovative investment solutions.

The main findings of the regression analysis show that there exists mixed evidence of abnormal
return in correspondence of event dates. However, it is impossible to define a universally valid
pattern for all commodities in the sample, since we notice differences in the magnitude and
direction of the effects. Panel data analysis helps in creating a general perspective on the
direction of the effects, but the presence of mixed evidence in the outcomes urges a commodity-
specific interpretation of the impact, which pooled OLS tends to neglect. A simple qualitative
study of historical volatility of commodity futures prices reveals that some of the significant
events selected occurred in in intervals of time leading up to volatility peaks, which would
confirm the need to account for exhaustibility among the factors producing price uncertainty.

The rest of the paper is organized as follows. Chapter 2 presents the research conducted to review
the literature on the various fields needed to implement the empirical analysis. Chapter 3 outlines
the event study methodology, the data used and the commodity and event selection processes
adopted. Chapter 4 introduces the main results obtained and Chapter 5 discusses them. Finally,

Chapter 6 includes the major implications of the results and final considerations.
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2. Literature Review

Exhaustible Resources

Studying natural resources is not an obvious matter. Humanity has been dealing with resource
scarcity since the dawn of history and it has continuously challenged generations of our species
to find innovative solutions to survive. Studying this issue from a financial perspective cannot
disregard its inherent interdisciplinary nature and the need to connect sources and ideas coming
from completely different fields. This is the reason why the path followed for this work embraces
three main literatures: theoretical natural resource economics, science (geology and ecology) and
empirical finance. Kneese (1988) also acknowledged this particular perspective, depicting how
the study of natural resource economics has forced scholars to reach out beyond the traditional
boundaries of their disciplines and to integrate knowledge coming from a plethora of fields such
as physics, chemistry, ecology, biology and more.

The starting point of my thesis is to define clearly what an exhaustible or non-renewable
commodity is, relying on the natural resource economics literature. Kneese (1988) defined
depletable or non-renewable resource as those materials such as minerals and energy
commodities for which only a limited stock exists for its allocation over all time. Following
Kneese (1988) research, Malthusian theories can be seen as the first approach to natural resource
economics. Malthus (1798) theorized that the misalignment between the rate of growth of
population and resources would condemn the majority of the population to survive in low living
standards. Cameron and Neal (2002) criticized the so-called “law of diminishing returns”: they
claimed that the productivity-enhancing technological and institutional innovations have
postponed the realization of Malthus’ prophecy. History confirmed that the extreme assertion
made by Malthus in 1798 was not true, but resource scarcity still creates issues in

underdeveloped nations. As more developing countries emerge, their population will increase and
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the rate at which they will deplete resources will rise. This uncertainty makes interesting to
review how academics have studied resource scarcity throughout the years.

One of the basic results in non-renewable resources literature is the theory of Harold Hotelling
(1931), who formulated the famous Hotelling’s rule. The basic Hotelling model outlined the
implications of the finite availability of a non-renewable resource on its price and its optimal rate
of extraction. In Hotelling’s frictionless world, the return to holding the non-renewable resource
asset is exactly the increase of its in situ value. This value will increase at the market rate of
interest for the effect of market equilibrium. Concisely, Krautkraemer (1998) explained that
Hotelling’s rule can be summarized with this statement “in the case of zero marginal extraction
costs, the price of the resource equals the in situ value and so the resource price would also
increase at the rate of interest” (pp. 2066). However, Krautkraemer (1998) explained that some
implications of Hotelling’s work failed to be consistent when more complex reality aspects were
included in the initial model. Subsequent works in the field of natural resource economics have
tried to overcome the excessive simplicity of his model by incorporating more complex elements
in their theories. In particular, many scholars focused on the analysis of market structures to
determine how the price trajectory of an exhaustible resource would evolve under market
conditions such as competition and monopoly. Weinstein and Zeckhauser (1975) focused their
research towards the allocation of scarce resources: they claimed that a competitive market
structure was able to produce the socially optimal allocation of exhaustible resources and an
exponentially increasing price trajectory of the resource at the marginal rate of time preference in
society. Conversely, the presence of a monopolist would generally cause over conservation of the
resources since they would limit supply to suboptimal levels for society. Stiglitz (1976) compared
the rate of exploitation of an exhaustible resource under competitive and monopolistic regimes

assuming constant elasticity of demand together with zero extraction costs. The main result
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presented by Stiglitz is that in both regimes, we would obtain the same spot price trajectory of the
resource. Increasing the complexity of the framework, he relaxes the assumption of constant
elasticity of demand substituting it with increasing elasticity. This results in a higher rate of
increase in the price in the competitive market with respect to the monopoly. This outcome is
consistent with the conclusion of Weinstein and Zeckhauser (1975), as the monopolist tends to
over conserve the resource using a slower “rate of utilization” (pp. 657).

Levhari and Pindyck (1981) developed a theoretical model constructed as a more comprehensive
extension of Hotelling’s including resource durability, as a durable resource provides utility even
when it is stored and not used and its demand is for “quantities of stock in circulation, rather than
for flows of production and depend on expected changes in price as well as the current price
level” (pp. 366). They conclude that the general price path for an exhaustible and durable
resource is typically U-shaped. One of the cases is particularly interesting for this paper: in the
presence of partial durability of the exhaustible resource and growing demand, it is possible to
obtain an extreme case where we have a continuously rising path for the price.

Sundaresan (1984) conducted a more comprehensive study developing an equilibrium valuation
model of natural resources with the objective of studying the intertemporal optimal extraction
policy to derive the equilibrium spot price behaviour of the exhaustible resource under
competition and monopoly. Differently from the literature reviewed so far, the author included
elements of potential uncertainty within the model. Sundaresan (1984) argues that the spot prices
under the monopolistic structure are generally higher than in the competitive setting, since the
monopolist implements a more conservative policy and the reserve level is usually higher. The
price evolution predicted by the author is increasing in periods between discoveries and
discontinuous drops occur in correspondence of successful discoveries. However, spot prices

between discoveries rise at a higher rate in a competitive regime with respect to a monopoly. To
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sum up, in presence of uncertainty elements and in a competitive market setting, the spot price is
expected to rise at a rate greater than the risk free rate and the extent to which such rate exceeds
the risk-free alternative depends on the nature of the specific exhaustible resource examined. The
factors that cause this difference are price elasticity of demand, the mean arrival rate of
discoveries and the magnitude of new available reserves.

To have a final broad view regarding exhaustible resources, we can complement the results
obtained by Sundaresan (1984) with the study of Krautkraemer (1998). The definition of
exhaustible resource seems to be generally accepted by scholars as a material with finite
availability for allocation over time. This distinctive character of these resources brought
academics to study the potential evolution of their price trajectories. The initial model formulated
by Hotelling (1931) has frequently failed to explain the “dynamic behaviour of non renewable
resource prices and in situ values” (pp. 2102). Krautkraemer (1998) highlights how models able
to incorporate exploration, capital investment and heterogeneous ore quality factors performed
better at describing the price paths. However, the variety of other additional factors influencing
price dynamics made impossible for the literature to clearly define models that are able to
connect the theoretical knowledge with observed empirical results. On the one hand,
Krautkraemer (1998) also reports that empirical evidence has shown that technological progress
and the discovery of new reserves have mitigated the impact of exhaustibility of commodities:
the research of new substitutes for certain materials and the technical improvement of processes
are likely to continue to mitigate scarcity. On the other hand, though, he also acknowledges that
future scenarios are still uncertain and “whether or not these mitigating factors will keep pace

with increased demand for non-renewable resources (...) remains to be seen” (pp. 2103).
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What seems to be certain is that the presence of scarcity creates uncertainty: there could be an
upward potential for prices of exhaustible resources endowed with combined finite availability

and limited substitutability.

Critical Commodities: Supply Risk and Low Substitute Performance

In 2011, the European Commission (EC) created the list of critical raw materials (CRMs), a
document that analyses a set of critical commodities, which are both fundamental for the
European economy and associated with a high risk of supply. In the last criticality assessment,
European Commission (2017) has examined 78 non-energy and non-agricultural materials.
In order to identify a critical material, the study on the review of the list of Critical Raw Materials
takes into account two criteria: first, the economic importance (EI) of the material or the
“importance of a given material in the EU end-use applications and performance of its substitutes
in these applications” and secondly, the supply risk (SR) that measures “the risk of disruption in
supply of a given material”. The results of the criticality assessment indicate the existence of
twenty-six critical materials (see Appendix A). European Commission (2017) states that the issue
with these materials is to ensure a stable supply coping with their increasing demand. Fast
moving technological innovations and the growth of emerging markets represent a tough
challenge for an import-dependent economy such as the one of European Union (EU). Many of
the commodities included in the CRM list also have the negative characteristic of being
geographically concentrated in certain areas of the world and this increases the probability of
supply disruption. European Commission (2017) reports that this probability is further enhanced
by the fact that many stages of the extraction and production process of these materials occur in a
small number of countries. Despite being the CRMs document a reliable institutional source to

start from, it is necessary to conciliate the scientific sources examined with the availability of
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data: most of the materials included in the list are not frequently traded on financial markets and
there are not many financial instruments that use them as underlying asset. Therefore, I decided
to review also papers that examine the exhaustible nature of more common commodities.

Killick (2008) defined base metals as the “quintessential exhaustible resource” since the mineral
deposits from which we extract base metals are not renewable and they cannot be synthesized in
any way. Graedel, Harper, Nassar and Reck (2015) propose a careful analysis on the potential
substitutability of materials for their major applications with the objective of assessing to what
extent modern society is dependent on the availability of materials. Historically, the presence of
scarcity for materials has spurred researchers to develop new extraction methods or new suitable
substitutes. Graedel et al. (2015a) conducted their research trying to evaluate the best-performing
substitute for all metals and metalloids of the periodic table in their major uses. Several widely
used materials such as copper, lead, chromium and manganese have no immediate substitute for
the major uses. Moreover, none of the elements subject of their analysis has a substitute that
ensures a suitable performance for its main applications. The absence of substitutes in case of
severe shortage would lead to worsening of product performance and increase in price. Graedel,
Harper, Nassar, Nuss and Reck (2015) also studied the criticality of metals, but they enlarge their
research using a more complex and comprehensive methodology to assess criticality of 62
elements of the periodic table. In a graph where the y-axis is vulnerability to supply restrictions
and x-axis is the supply risk, Graedel et al. (2015b) distinguish two clusters of metals with
interesting values. The first notable cluster (Cluster 5 in the original graph) is composed of lead,
tin, rhodium and tellurium, which have midrange values on both axes. The second cluster
(Cluster 4) contains those metals with relatively high values on the x-axis: antimony, selenium

and indium are all materials widely used in technological applications. It seems that metals that
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constitute a concern in terms of supply risk are important for high-tech applications since these
metals are scarce and normally extracted as by-products.

Elshkaki, Graedel, Ciacci and Reck (2018) proposed a different perspective since they focused
their attention on seven major metals. This paper approaches the issue of metal criticality
constructing a scenario-based study to assess empirically what could be the future evolutions of
demand-supply imbalances for these fundamental materials. The “major metals” group includes
seven known metals, which are iron (Fe), aluminium (Al), manganese (Mn), copper (Cu), zinc
(Zn), lead (Pb), and nickel (Ni). Calculating the expected cumulative demand for each metal, they
estimate that the nickel, iron, manganese and aluminium do not show any immediate concern of
significant demand-supply imbalance. Copper, lead and zinc demand instead is expected to cross
the level of global resource production by 2050.

There are four key takeaways provided by this brief overview. Firstly, the perfect example of a
non-renewable resource with limited substitutability seems to be metals. Secondly, scholars
generally study criticality assessing it using current availability of the material and performance
of its substitutes. Thirdly, many studies reached the conclusion that there exists a set of
commodities for which a special attention is needed in order to preserve their future stable supply
because technological progress is affecting the demand for these commodities. Finally, other
researchers have shown how a group of more common metals also need special attention since a

demand scenario reveals potential future imbalances in the demand-supply relationship.

Commodity Spot and Futures Prices
The next logical step of this analysis is to review the most common and reliable approaches with
which the fluctuations of commodity prices are typically analysed. There exists a major branch of

the literature regarding commodities that is devoted to the study of commodity-linked
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investments’ returns. The most popular instrument analysed by scholars are definitely commodity
futures. Gorton and Rouwenhorst (2006) defined futures markets are defined as “forward
looking” (pp. 48) since the determination of the fair futures prices comes from the expectations of
economic agents about the future spot price that will prevail in the future. The return that comes
from acquiring a future position is the risk premium or the difference between the current futures
price and the expected futures spot price. Following the work of Gorton, Hayashi and
Rouwenhorst (2012), it is possible to divide the commodity futures literature in two main strands.
The first one is the theory of storage introduced by Kaldor (1939), which describes the
convenience yield as the implicit benefit of holding the commodity inventories and it is a
negative function of the inventory level. Keynes (1930) instead developed the second
fundamental theory called normal backwardation, which assumes that the commodity producers
or inventory holders hedge their exposure towards commodity price fluctuations by taking a short
futures position and in order to convince speculators to buy the contract, they sell it at a discount.

Other papers have focused on describing the performance and the main characteristics of
commodity futures as single investment or as portfolio element. The attractiveness of
commodity-linked investments derives primarily from three key characteristics: satisfactory
return performance, diversification benefits and inflation-hedging power. Gorton and
Rouwenhorst (2006) constructed an equally weighted index of commodity futures and they found
out that their index provided a comparable performance in terms of return with a substantially
lower downside risk. Moreover, their correlation analysis result highlighted how commodity
futures might also constitute a better inflation hedge than stocks and bonds. Some studies
revealed that the inclusion of commodity futures within investors’ portfolios could deliver
enhanced portfolio returns. The study of Jensen, Johnson and Mercer (2000) has proved that in a

risk/return optimization, substantial weight was assigned to commodity futures over a sample
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data of 25 years and they assume an even more prominent role in optimal allocation during
restrictive policy periods. The diversification argument is also supported by many other studies
that have a more critical perspective regarding the allure of commodity futures as investment.
Sanders and Irwin (2012) claimed that the positive portfolio performance found in previous
works stems mainly from diversification, which is not a guarantee of positive returns. A similar
claim is contained in the work of Erb and Harvey (2006), who recognized the potential value of
commodity futures as a portfolio component: if a portfolio of commodity futures reaches an
adequate level of diversification, historical data show that it might deliver positive returns.

The other property commonly associated with commodity futures is inflation hedging. The
empirical findings regarding this property are mixed. Gorton and Rouwenhorst (2006) have
described that commodity futures have higher sensitivity to unexpected inflation and in the
opposite direction of stocks and bonds. Erb and Harvey (2006) and Ang (2014) also examined the
sensitivity of individual commodity futures and they agree that the inflation sensitivity depends
on the type of commodity. Edwards and Park (1996) consider instead show that with managed
futures investments, there is evidence of a positive and significant correlation between yearly
percentage changes in Consumer Price Index (CPI) and annual rates of return of futures.

The remaining part of this section presents a more specific part of the commodity markets
literature, which mostly concerns with the sensitivity of commodity spot and futures prices to
events or macroeconomic announcements. There exist both theoretical and empirical studies
examining the responses of spot and futures prices to the unanticipated changes of a variety of
macro variables. The theoretical model of Bond (1984) focused on the impact of permanent and
transitory supply and interest rate shocks on commodity prices. Subsequent research has
developed empirical studies about commodity prices. The paper of Barnhart (1989) analysed the

impact of the unanticipated component of thirteen macroeconomic announcements on commodity
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spot to determine what macroeconomic disturbances have an effect on commodity markets. In
general, commodity prices are mostly influenced by money supply, Federal Reserve discount
rate, manufacturers’ orders of durable goods and housing starts. The sign of these responses is
negative in most of the cases proving the validity of the policy anticipation hypothesis. Other
papers have investigated the efficacy of monetary policy using its impact on commodity prices.
Frankel and Hardouvelis (1985) and Frankel (2008) exploited the flexible nature of raw materials
‘prices to show that expansionary monetary intervention are often associated with a negative
commodity price response as agents anticipate a monetary tightening.

Within the financial literature studying commodity prices sensitivity, academics widely
investigated the fluctuations of two shiny metals, gold and silver, which historically had the role
of store of value. Christie-David, Chaudhry and Koch (2000) and Cai, Cheung and Wong (2001)
both studied how news releases affect the prices of these two commodities. Both these works
found that gold futures respond strongly to unemployment, GDP, and CPI announcements,
consistently with the research of Frankel and Hardouvelis (1985). Christie et al. (2000) showed
that silver instead reacted significantly to news on unemployment rate and capacity utilization.
Elder, Miao and Ramchander (2012) extended the high frequency data analysis of their
colleagues using a larger time span and verifying the impact of announcements on three variables
returns, volatility and trading volume. Their analysis includes both gold and silver prices together
with a base metal, copper. Early morning news releases have a strong impact on volatility of all
three commodities but as for returns, only silver and copper returns react significantly. Being
gold and silver usually considered as store of value, their returns react negatively to unexpected
and positive news releases about economic activity. The opposite behaviour is instead observable

in copper returns, reflecting its importance as industrial metal.
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Roache and Rossi (2009) compared the behaviour of gold not only with copper, but also to the
one of other commodities in correspondence of scheduled and periodic macroeconomic
announcements using Generalized Auto Regressive Conditional Heteroscedasticity (GARCH)
specification. Their empirical evidence suggests that gold exhibits counter cyclicality, mainly
caused by the fact that agents tend to anticipate future monetary tightening when a positive
inflation surprise occurs. In turn, this generates high real interest rates and lower gold prices. (see
Frankel and Hardouvelis, 1985 and Barnhart, 1989). The results also corroborate the classical
store of value and safe-heaven role of gold during bad times. Conversely, the other commodities,
including agricultural products and base metals, are positively affected by higher-than-expected
economic activity, as in Elder et al. (2012).

Caporale, F. Spagnolo and N. Spagnolo (2017) developed a vector autoregression-generalized
autoregressive conditional heteroscedasticity approach to model the dynamic linkages of both
mean and variance of macro news and commodity returns. The mean spillovers are positive for
all the commodities considered except for gold and silver, which conserve their counter cyclical
nature also found in other works. As for the other commodities, negative news has a significant
impact on aluminium, corn and wheat but neither positive nor negative news seem to have an
impact on copper, platinum and soybeans. As for volatility, positive and negative news have a
significant impact on the volatility of many commodities independently from the positive or
negative nature of the event. This is true for all commodities except for gold, whose volatility
spillovers coming from negative news are substantially larger.

Overall, the evidence coming from this branch of the literature shows that individual commodity
prices exhibit some degree of sensitivity to the occurrence of certain macroeconomic events.

However, the extent to which this response is significant depends on the commodity itself.
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3. Research Design

The aim of this chapter is to present in detail the methodology chosen for this thesis.

I used daily spot or futures price data for nine selected commodities, which are Silver, Copper,
Lead, Zinc, Tin, Water, Cocoa, Antimony and Tungsten. The commodity selection process has
been conducted relying on notions coming from scientific papers and reports such as the CRM
list. The majority of these materials are not widely known and it was difficult to find commodity-
linked instruments to determine the impact of events on this set of materials. The next logical
step was to consult different sources of information coming from scientific literature. Crossing
the information coming from papers and institutional sources, it is easy to notice that different
works often end up considering roughly the same set of commodities, even if different evaluation
mechanisms clearly produce small differences. However, many materials highlighted as most
critical by these scientific sources were clearly less popular compared to widely known
commodities. It is necessary to find a trade off between work originality and the need for
identifying a set of commodities which the reader could be familiar with. Elshkaki et al. (2018),
Graedel et al. (2015b) and Graedel et al. (2015a) were extremely useful since they also examined
the future potential criticality of widely known metals. Combining the results of these papers, the
group of major metals analysed is composed of silver, copper, lead, tin and zinc. After having
selected this group of traditional metals, I decided to include in the group two less popular
materials. These are a semi metal, antimony, and a rare metal, tungsten. Antimony and tungsten
are both included in the critical raw material list of the European Commission since its earliest
version. Secondly, they are particularly vulnerable as they are both subject to high geographical
concentration and China is their major supplier, which holds respectively 87% and 84% of global
supplies of these two materials, according to the EC document. Thirdly, antimony has a technical

connection with other materials because it is often used in an alloy together with other metals.
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In the attempt of increasing the originality of my work, I also decided to include two extra
commodities as part of the research. These are water and cocoa. Water is a vital commodity for
the life on our planet and it has absolutely no immediate substitute. FAO (2007) reports that 1.2
billion people live in areas where physical scarcity is part of their daily reality. The water crisis
that hit the city of Cape Town last year is one of the most frightening episodes of our recent
history. Being extremely essential, water can only be studied in the context of financial markets
with ETF, constructed as a bundle of stocks of companies that operate in the water management
and distribution sector. The application of an event study on water ETFs has the obvious
disadvantage that the returns considered would be equity returns. Cocoa is the only agricultural
commodity included and its harvests are constantly in danger because of climate change.
European Commission (2015) in the factsheet on agriculture and climate change states that most
of the changes to climatic conditions will have a negative impact on crops. For this reason, the
list of commodities selected includes cocoa. Scott (2016) explained how rising temperatures and

lack of humidity have been impacting cocoa crops in Ivory Coast and Ghana.

Data and Time Interval

The dataset used consists daily price data for the nine commodities selected using both spot and
futures prices over the period 10/09/1993 — 10/09/2018. Unfortunately, using some unusual
commodities creates obstacles in terms of availability of data. This required adapting data to the
type of commodity. The futures prices series are settlement price continuous series coming from
London Metal Exchange (LME) for copper, tin, lead and zinc; continuous series for silver is
retrieved from the Chicago Mercantile Exchange and cocoa futures price is taken from
International Exchange (ICE). A detailed description of spot and futures price series can be found

in the Appendix B. As for antimony and tungsten, futures prices are not available; therefore spot
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prices are used to construct the returns. Unfortunately, it is not easy to verify the impact of events
on these commodities for two main reasons. First, there are not futures instruments that use them
as underlying. Second, the small amount of trading that involves these instruments causes the
price trajectory of antimony and tungsten to have a constant price for relatively long intervals in
the sample selected. To overcome this limitation, the study of these two commodities requires
using spot prices with both daily and weekly frequency over the period 15/10/1993 —09/10/2018.
Finally, water scarcity is addressed performing the event study on daily returns of four water
ETFs over the period. These are Invesco Global Water, Invesco S&P Global Water, iShares
Global Water and S&P Global Water. The time interval chosen for this commodity is 14/06/2007
— 09/10/2018. This sample is shorter than the others simply because it corresponds to a time
frame during which all the instruments selected are contemporaneously quoted.

The choice of performing regressions with both spot and futures prices enriches the analysis with
an additional source of comparison. From traditional finance theory, we know that futures
markets are forward looking. Under the efficient market hypothesis (EMH), spot prices should be
the result of all the publicly available information. The use of spot and futures prices might help
us compare the immediate effect of exhaustibility with its impact on future expectations.

As far as the choice of events is concerned, I conducted a careful selection of events following
two main criteria: first, I prioritized those events that happened in countries extensively involved
in the supply chain of the commodity. Secondly, I chose events that might produce a signal of
future scarce supply of the commodity. In Appendix C, a detailed description of the procedure

and the complete list of the events are provided.
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Estimation Strategy: Ordinary Least Squares (OLS)

The main reference for the empirical section is the work of McKenzie et al. (2004), in which they
evaluated the accuracy of different event study approaches in terms of size and power of test.
Among the different methodologies studied, I decided to apply the ordinary least squares (OLS)
regression with event dummies to perform my analysis. The OLS approach described in
McKenzie et al. (2004) estimates the abnormal return as coefficient of dummy variables, which
correspond to event dates. This regression tests that the average abnormal return on event date is
statistically different from zero; therefore, if the event has some influence on the dependent
variable commodity price, the event dummy should be significant. On the one hand, the main
flaw of this model is that commodity futures returns often show heteroscedasticity, which might
violate the assumptions of the OLS estimation, leading to biased estimates. McKenzie et al.
(2004) reveal that a GARCH specification does not lead to superior performance in terms of size
of tests compared to a simpler OLS estimation strategy. The estimation strategy is a standard
regression method that can be written as:

R, =0'x; + PE; + & (1)

The dependent variable R, is the daily return on the commodity spot or futures prices. The return
is calculated as the logarithmic return, meaning that R, = In(P;,,/P;). The vector x; usually
contains a constant term and a series of non-event related explanatory variables. McKenzie et al.
(2004) report that past studies have used a variety of series to control for different effects. In this
work, the only explanatory variable is a broad world equity index, MSCI World Index, which
represents the performance of large and mid-cap stocks coming from 23 developed economies.
The dummy variable E; takes value of one on event dates and zero otherwise. In this work, the
event window is (-3; +3) days around the event date, meaning that the dummy variables are equal

to one for a total of seven observations. The dummy variables are used to capture the effect of the
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event and f3, the coefficient of the dummy, is interpreted as the average abnormal return on event
dates. The dummies inserted in the various regressions performed are grouped into event
categories. This particular structure allowed me to verify the impact of not only single events, but
also event groups, which is more meaningful for this analysis. All the events are grouped into
eight categories. These are: “NATURAL DISASTER”, “REGULATION”, “TRADE”,

“REPORT”, “STRIKE”, “WAR”, “MARKET” and “WATER CRISIS” (only for water).

4. Empirical results
The aim of this chapter is to present the empirical results of my analysis. The first section
presents the descriptive statistics of the data used. The second section introduces the main results
obtained by the OLS regressions. Thirdly, the results of a basic pooled OLS regression provide a

further source of comparison.

Descriptive Statistics

The interpretation of some descriptive measures helps us to have a much clearer idea of the data
being used to perform the subsequent regressions. The descriptive statistics of the nine
commodities are presented in Tables 1 — 4. All commodities considered have a similar daily
average return and this return is not extremely different from zero. Over a sample of 6522
observations, tungsten is the commodity whose spot price exhibits the highest average daily
return of 0.036%. The lowest average return is instead measured for cocoa and it amounts to
0.010%. The median has a value of zero for all the commodities and it is a more robust measure
for the centre of the distribution. In terms of standard deviation, the commodities considered
have similar values since for all of them it ranges between 1% and 2%. Antimony and tungsten

are the materials with the lowest values. Conversely, silver, zinc, lead and cocoa are the ones that
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reach the highest values of standard deviation. Both the S&P index and MSCI index have lower
daily volatility over the same period. The return distribution is clearly non-normal for the entire
set of commodities: they all exhibit negatively skewed distributions, high level of kurtosis, which
signals high frequency of extreme outcomes, and the probability associated with the Jarque Bera
(JB) test assumes a value of zero for each of them. Table 4 contains the descriptive statistics for
futures returns of six commodities and it is easy to notice that the values are similar to the ones of
the spot price returns. An interesting difference is detectable in the skewness of futures
distributions of copper and silver, which show a higher degree of skewness with respect to the
values of spot prices. The same is true also for cocoa, whose futures skewedness is now slightly
negative (-0.05). The distributions of futures remain leptokurtic for all commodities in the
sample. This slight difference has no impact on the final evaluation on the nature of the
distribution, since Jarque Bera tests confirm their non-normality.

Table 3 describes the performance of the four water ETFs analysed for this thesis. Their return
performance is lower than the one of spot and futures prices of most commodities as the average
daily return delivered by water ETFs is 0.0137%. However, the daily standard deviation of these
instruments is inferior as its average across the four ETFs amounts to only 1.35%. Three of these
water-linked instruments have a negatively skewed distribution, only the iShares Global ETF has
a moderately positive return distribution (+0.33). The high kurtosis values highlight that the

distribution of each of these instruments is strongly fat tailed.

Regression Results
The results are presented by commodity starting from the five major metals, then for water and
cocoa and finally, antimony and tungsten. The regression framework allows us to test whether on

the event dates selected, the price of the commodity produces a statistically significant abnormal
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positive or negative return. Therefore, the coefficient, the sign and p-value of the dummy
variables are the figures we should pay careful attention to. Each commodity price has been
regressed against all dummy variables together and against each single dummy category.

Copper spot and futures price returns have been regressed against six different dummies: strike,
war, report, regulation, natural disaster and market. Table 5 presents the results of spot price
regressions. In each regression, the market return is highly significant and with a large positive
coefficient value. Most of the dummy variables considered are non-significant both in the general
regression and at individual level. The market dummy is the only significant variable: this means
that on event dates selected, the spot price of copper produces an abnormal return which is
statistically different from zero. It is interesting to notice that differently from my initial intuition,
we find both positive and negative coefficients for the dummy variables considered. The initial
expectation was to find only positive abnormal reactions to events. The results suggest a different
interpretation for copper since war, regulation and market dummies have negative coefficients.
This is also confirmed by results of futures regressions: the sign and significance of the dummies’
coefficients is exactly the same as the ones examined above for spot price returns. For this
reason, I also performed some extra regressions over smaller samples for some specific events.
Among the different events, the war dummy, in fact, seems to be significant around the burst of
the second Congo war: columns (2) — (5) of Table 7 contain regressions performed over samples
of +/- three months, six months, one year and two years around the event date. The only result
obtained is that the war dummy is again significant at 10% level around an interval of one year.
Silver price returns have been regressed on a regulation and market dummy variables in Table 8
and 9. Consistently with what we found for copper, the results across spot price variables do not
differ too much. The market return is highly significant in both tables but its magnitude is larger

for futures returns. The regulation dummy has a negative coefficient but it is not statistically
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different from zero in any of the specifications. Conversely, the market dummy has a positive and
significant coefficient at 10% level both in the general regression and in the individual
regression. This significance is not corroborated by the results of futures returns in which the
market dummy is no more significant. I decided to run some extra regressions to verify the
significance of the market dummy on the futures returns series: as reported in Table 10, the event
dummy is significant for five smaller samples around the event date of Berkshire Hathaway Inc.
(1998) disclosure of an investment in silver due to potential demand-supply disruptions.

Table 11 and 12 present the results for tin regressions. Tin returns series are regressed against
three dummy categories: war, regulation and natural disaster. Once again, market return is
significant in all columns and the R-squared is approximately equal for all regressions and always
close to 7%. Differently from the previous case, war and natural disaster are both highly
significant for both spot and futures prices: the war dummy should have a positive impact on
price, whereas natural disaster dummy has instead a negative effect. The regulation dummy has a
negative coefficient as well, but it seems to be non significant for both spot and futures prices.
However, since its p-value is close to 10% significance, I decided to perform some extra
regressions, which are collected in Table 13, trying to verify the presence of a single significant
event. It turned out that the introduction of the “Governing regulation on the realization of
mineral and coal mining business activities” in Indonesia in 2010 produced a significant and
negative impact on both spot and futures prices.

The fourth metal of this group is lead. Lead prices series are regressed against commodity
categories of report, regulation and market. Just like for tin, we find that results are consistent
across the two dependent variables considered. The market return is highly significant in all
specifications with a positive coefficient. Tables 14 -15 show that the regulation and market

dummies are not statistically different from zero in both general and individual regressions. The



THE IMPACT OF EXHAUSTIBILITY ON COMMODITY PRICES 25

only significant impact seems to be obtained by the report dummy, which has a positive and
significant coefficient at 10% level. In addition, the value of the coefficient is equivalent in both
spot and futures prices regressions (0.0042). Unfortunately, no significant result emerges
examining smaller samples for both market and regulation dummies. However, Table 16 shows
improved significance for the report dummy using a series of smaller samples between 2010 and
2018 for futures (2010 — 2018, 2011 —2018, 2014 — 2018, 2015 —2018 and 2016 — 2018).

The last metal of this group is zinc, whose returns have been regressed on five different dummy
variables, meaning report, regulation, natural disaster and market. We find consistency in the
estimates of market return coefficient and R-squared with respect to the previous commodities
analysed: the market return is still significant and the coefficient of determination is around 8%.
Table 17 shows that the spot price of zinc follows lead in terms of dummy variable significance:
regulation, natural disasters and market dummy are non significant over the entire sample. The
only significant dummy is report, which is positive and statistically different from zero at 1%
level in both general and individual regressions. Futures regressions further confirm the results of
spot price returns. Smaller samples regressions of zinc highlighted that the announcement of the
closure of zinc and lead mines by Chinese environmental authority (regulation) has a significant
impact on spot and futures zinc prices, as reported in Table 19.

Cocoa is the only agricultural commodity involved in this analysis. The spot and futures returns
of cocoa have been regressed against a total of five dummy variables: war, report, trade, natural
disaster and market. The results reported in table 20 and 21 are a bit disappointing with respect to
the expected outcome. Unfortunately, none of the dummy variables is significant over the entire
sample considered and the R squared of each regression is lower than 1%. Extra regressions
reported in Table 22 reveal that only the publication of the Cocoa deforestation report by

Higonnet, Bellantonio and Hurowitz (2017) for the environmental organization Mighty Earth
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(report) is significant for spot and futures prices. Measuring exhaustibility on water is
particularly challenging. Water cannot be traded as futures. Therefore, an alternative solution is
to examine the impact of a set of events on exchange traded funds. Table 23 presents the
regressions for the four ETFs including all dummy variables considered, which are natural
disaster, report, war and water crisis. Unfortunately, none of those produces significant results. It
is also not possible to define a pattern for the significance of the dummy variables across the four
instruments. Water ETF and S&P Global Water ETF and both negative in the case of Invesco
S&P Global Water ETF. As for iShares Global Water ETF instead, only the report dummy has a
positive coefficient. This last regression is also the one that achieves the lowest R squared value
(0.22), substantially lower than the other regressions whose coefficient of determination is always
higher than 0.60. The reasons for these outcomes will be discussed later in Chapter 5.

The last two commodities included in this work are antimony and tungsten. The results for the
complete regressions are reported in Table 24. The first result to highlight is the negative
relationship of antimony and tungsten spot price returns with the market return: at weekly
frequency, the market return coefficient is negative and significant at 5% level for antimony and
at 10% level for tungsten. This significance is not observable in daily data, though.
At a weekly frequency, there are no significant dummy coefficients for both commodities.
However, some interesting results are observable in daily data: the regulation dummy, for
example, is negative and significant at 10% for antimony, whereas the report dummy is positive
and significant for tungsten at 1%. In order to improve my analysis, I also examined smaller
samples for both commodities. The initial significance of the regulation dummy is confirmed by
the extra regressions for antimony in Table 25 and 26: in all four subintervals, regulation dummy
is significant at 1% level in daily data. It is interesting to notice the different magnitude of the

coefficients in the two data frequencies: the regulation dummy coefficient is larger for weekly
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rather than daily data. Table 27 reports the additional analysis on the report dummy for tungsten,

which is again positive and significant at 10% for both subsamples of weekly data.

Pooled Regressions

Pooled regressions basically consists in pooling together in one single vector the returns of every
commodity, disregarding their commodity-specific nature, and regressing them against the
market return and the vectors of the each dummy variable category using ordinary least squares.

In other words, the model specification is as follows:

Rit = BiTmkee + P2Eie2 + -+ PrEirk + € (2)

The vector R;, contains the returns for a group of commodities and it is regressed against 7, ¢ ¢,
meaning the return on the market, and a group of event categories variables. Tables 28 — 30
present the result of this exercise. The results of a general regression including all dummy
variable categories and six commodities using futures returns show that: firstly, the market return
is significant at 1% with a large coefficient (0.46). Secondly, dummy variables market and
natural disaster have a negative sign, whereas dummy variables regulation, report, strike, trade
and war have a positive sign. Thirdly, the only significant dummies are market (5%), report (1%)
and trade (5%). The first column of Table 28 illustrates the outcomes of a general regression
using spot price returns. The market return is significant at 1% with a large coefficient (0.42) as
in the previous case. While the dummy variables market, natural disaster and regulation have a
negative sign, the other event categories of report, strike, trade and war have a positive
coefficient value. Once again, we only have two significant dummies, market (5%) and report
(1%). Pooled regression of Table 30 (column 1) includes only two commodities since tungsten
and antimony were observed on a different sample with respect to the other materials. It shows

that the market return is non-significant, trade and regulation dummies have a negative sign,
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whereas report and market have a positive sign. Report is the only significant event dummy for
antimony and tungsten and it is statistically different from zero at 1% level.

This pooled OLS analysis is useful as an extra insight regarding the signs of the coefficients, but
it disregards the individual specific effects of each commodity. In particular, a test on residual
cross sectional dependence has highlighted the presence of correlation in the residuals in all three
regressions (see Appendix D). Since this would risk to severely impair the results of this part of
my analysis, I tried to apply a Cross Section Seemingly Unrelated Regression (SUR) on my panel
data to address this cross sectional dependence. The results of this possible solution are reported
in Table 29 and in the second column of Table 30 for antimony and tungsten. The pooled OLS
with cross section SUR of the first six commodities for spot price returns highlights that the
market dummy is significant at 5% level and negatively related to the price, whereas the report
dummy is still positive, but no more significant. Two other dummy variables are now significant:
trade and war dummies are both significant at 10% with a positive coefficient. As for futures
returns, the sign and significance of the market and war dummy are true also for futures, but trade
dummy seems not to be significant anymore. The cross section SUR correction for antimony and
tungsten is reported in the second column of Table 30 and it provides additional confirmation of
the previous result: the report dummy has a positive coefficient and it is still highly significant at
1% level.

S. Discussion

This chapter contains a subjective analysis of the results presented in Chapter 4. The regressions
performed have two main purposes: first, to determine whether commodity prices react
significantly to the occurrence of the selected events, producing abnormal return. Secondly, they
should shed some light regarding what type of event category has the biggest effect on each

commodity and thirdly, they should give some indications regarding the magnitude of the
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reaction and whether this is different across commodities and price variables. In addition,
performing regressions on smaller subsamples aims at verifying the impact of single events.

The descriptive statistics section has allowed us to determine that these commodities are
generally a riskier stand-alone investment with respect to a general equity index. Having
examined each commodity individually, it is necessary to highlight that this was an expected and
perfectly normal result. All commodities exhibit a level of standard deviation higher than the one
of the equity indices and negatively skewed distribution of returns. In addition, fat-tailedness of
their spot and futures returns further confirms this, as high values of excess kurtosis are typically
associated with the more frequent occurrence of extreme events.

A more precise outline of the risk profile of each commodity can be obtained by extending the
previous brief observations regarding the historical volatility estimates. Modelling historical
volatility of these commodities is not the purpose of this work, but it is useful to compare the risk
profile of the materials. Figure 1 — 5 show the results for each commodity spot and futures prices.
It is interesting to notice how the five major metals approximately move together and they
experienced a low volatility environment until 2003, except for cocoa that had one big spike
between 2003 and 2004, which other commodities experienced only partially. Volatility levels
increased inevitably during the crisis for all commodities and they started going back to the same
level of the nineties with the only exception being silver, which experienced two additional
spikes. Historical volatility estimates for antimony and tungsten (Figure 4) reveal that the
tungsten estimate is consistently higher than the one of antimony, whose highest volatility values
are registered at the beginning and at the end of the sample. Figure 5 shows the historical
volatility estimates for the water ETFs. We can immediately detect that for the entirety of the
sample the four instruments move together. Their volatility is particularly high during the crisis

period but for the rest of the sample, their volatility is never higher than 0.034%. In my opinion, a
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particularly instructive exercise is to connect the amount of information included in this volatility
estimates with the focus of my work, meaning the response of commodity prices to events. In
Figure 6, I included seven events in the graph of futures simple historical volatility. The temporal
positioning of these occurrences is interesting. For instance, consider the event occurred on June
13, 1996 and its impact on copper futures prices volatility. The action of the famous speculator
Yasuo Hamanaka is situated right before a mild spike in copper volatility. The same is true for all
the other examples: Warren Buffet disclosure of his large investment in silver happened in
correspondence of a peak in the silver series and the burst of the first Ivory Coast war occurred
before a substantial spike in cocoa futures volatility. The Sumatra Earthquake (tin), the
announcement of the closure of Lisheen Mine (zinc) or the announcement of closure for two
Glencore plc mines (lead) are other clear examples. The presence of empirically significant
exhaustible-related events in intervals of time leading up to historical volatility peaks might
suggest that among infinite array of factors that affect commodity price volatility, the exhaustible
nature of certain commodities plays a role that should not be neglected. A further confirmation of
this observation is provided in Appendix E.

After this brief digression regarding volatility, it is time to lay out the key outcomes suggested by
the regression analysis proposed in the previous chapter. In my opinion, these results reveal the
following fundamental aspects: first, there is evidence of abnormal return, either positive or
negative, on the event dates selected. Differently from my initial intuition, several commodities
show a negative reaction to certain categories of events. This outcome urges the need for a
thorough explanation that inevitably involves both potential model misspecifications and
particular aspects of the single commodity market, which are apparently not captured by the
model. This brings us to the second main result of the analysis: it is not possible to define a

pattern of dummy significance common to the entire set (or small subsets) of the commodities.
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While it is possible to claim that exhaustibility might play a role in volatility estimates, it is still
unclear whether a potential future disruption creates a positive-only spike in the price of all
commodities. Each commodity reacts differently to the types of event categories in question;
hence this calls once again to try to consider the nature of the commodity itself to determine why
one type of event is significant for a commodity and completely irrelevant for the others. The
third general takeaway retrieved from the results concerns the magnitude of the effects produced
by the significant dummy variables. As explained previously, we interpret the coefficient of the
dummy variable as the abnormal return associated with the occurrence of the event. Therefore,
there is a further aspect worth mentioning. The magnitude of the response is approximately equal
across the two price dependent variables (with a couple of notable exceptions) and it presents
some substantial differences when considering the impact of distinct event categories.

First of all, let us consider the discrepancy between the expected effect on commodity price and
actual realized sign of the dummy variable coefficient, which in many cases assumes a negative
value. A general explanation of this phenomenon could be given by formulating a reasoning that
is similar to the concept of the “policy anticipation hypothesis”. This theory is definitely far from
the main subject of this thesis but the intuition behind it might be useful to partially explain why
we see these negative coefficients in front of some of the dummy variables. As outlined by
Barnhart (1989), under the policy anticipation hypothesis, market agents perceive an unexpected
increase in money supply as a money demand shock, which will be counteracted in the future by
the central bank, since it is committed to follow its initial mandate. Therefore, they expect that in
the future the central bank would counteract this measure with a monetary tightening and this
expectation translates in the present with an immediate rise in the level of real interest rates. The
same logic can be applied to our case on commodities. In Chapter 3, the work of Graedel et al.

(2015b) pointed out that historically, society has been able to counteract to shortages of critical
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materials with technological improvement that developed suitable solutions. Despite the fact that
there is no evidence that this kind of behaviour is going to persist in the future, it might be
possible that these episodes constitute reliable proof of the ability of society to counteract to
critical materials’ shortages. Investors might be aware of this historical trend and they expect that
this behaviour will be consistently repeated in the future. A similar belief would trigger an
expectation mechanism that brings investors to expect a rate of growth of technology and a future
decrease in price that is instead effectively realized in the present.

Pooled regressions might be a useful instrument to understand the economic logic behind
exhaustible events and commodity prices. Panel data analysis reveals that the only dummy
variable with a negative and significant coefficient is the market dummy. In both specifications
(with and without the cross section SUR correction), market events seem to produce a negative
effect on commodity price. The other significant variables have a positive coefficient. This mixed
evidence convinced me to focus more carefully on individual commodity regression with respect
to panel data. The reason for this is that the single commodity market dynamics are probably
affecting the efficacy of the model: there might be some specific characteristics that the current
specification is not able to capture. Notwithstanding this, if we compare the results over the entire
sample of observations, most of the dummy variables, when significant, have a sign consistent
with the results of the panel data analysis. This pattern might mean that panel data regressions are
not completely misleading as for the direction of the impact on commodity prices, but they do not
furnish satisfactory results for the significance of dummy variables.

The expectation mechanism might be a plausible explanation for the negativity of certain
coefficients, but it cannot be applied universally to the entire set of commodities. Its universal
validity would imply that the existence of a unique market condition common to every

commodity in the sample, which is clearly not realistic. Despite the fact that scientific papers
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have highlighted their criticality, it does not necessarily mean that the same degree of limited
substitutability and future availability can be assigned to each commodity. Therefore, the effect
that exhaustibility has on commodity prices is proven, but the direction of such effect can only be
explained with a careful commodity specific research. Within the limits of this research, it is now
my intention to draw the attention of the reader to the effect of exhaustible events on single
commodities. A clear example of the concept outlined above is the significance of the market
dummy on copper and silver prices. As for copper, the market dummy is negatively significant,
whereas for silver it takes a positive coefficient value. In the case of silver, the coefficient
positivity can be easily justified, as the event causing this positive relationship is Warren Buffet’s
disclosure of a big silver investment due to potential supply disruptions in the silver market: a
well known and recognised investor like Buffet is able to increase the awareness of other market
agents towards a potential rise in price caused by silver shortage. The negativity of copper is
more complicated to explain. The significance of the event dummy is probably given by the
implementation of the speculative strategy of the trader Yasuo Hamanaka, who controlled 5% of
world copper production in 1995. This episode has been included in the exhaustibility related set
because it reveals how the concentration of copper production in the hands of one single
individual might cause potential supply disruptions. However, it was impossible to assign a
specific date to verify the impact of this strategy, therefore I opted for June 13, 1996, which is the
day in which Hamanaka reported losses for his positions. The choice of this event might prove
that the end of this cornering attempt relieved investors from their fears of a high degree of
concentration in copper production. In my opinion, this is the cause of the negative coefficient in
front of the market dummy for copper prices. The negative coefficient in front of the war dummy
is a different case. Smaller samples regressions revealed that the burst of the second Congo War

was significant in a one-year interval around the event date. The beginning of a military conflict
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in one of the most important copper producing countries should affect positively the price of the
commodity but the opposite occurs. In this case, the expectation mechanism might be one
plausible explanation for this counterintuitive reaction.

Tin is another commodity for which two different dummy variable categories produce opposite
effects. The war dummy is highly significant with a positive sign and it includes three important
military conflicts in Congo, one of the top ten tin producing countries worldwide according to
Anderson (2017). In this case, the burst of military conflicts in this geographical era caused a
positive abnormal return, which is highly significant over the whole sample for both spot and
futures price returns. An opposite reaction is obtained in response to natural disasters in
Indonesia, the second largest world tin producer as reported by Anderson (2017). In
correspondence of these events, tin spot and futures prices have decreased by approximately
0.72%. The anticipation mechanism could explain this odd behaviour, since possible inadequacy
of infrastructure in one country might spur other mining regions to increase their extracting
capacity to cover the supply gap: the negative reaction simply signals confidence of investors that
society is able to compensate for the lacking production. This interpretation can be corroborated
with a simple example. The Sumatra Earthquake of December 26, 2004 was one of the most
destructive disasters that hit Indonesia over the last century. The annual report of Carlin (2007)
for the United States Geological Survey highlights that the Indonesian tin production did not
meet its predicted figure in 2005, whereas China increased its production by almost 7%.

The “sister metals” zinc and lead are those that delivered the most encouraging results. They are
usually defined as sister materials since they are often extracted together. For this reason, I would
expect to find similar reaction to exhaustibility related events. Empirical evidence confirmed this
belief since spot and futures prices of lead and zinc are both positively significant to report

dummy. Most of the events contained in this dummy refer to the release of reports concerning the
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closure of mines or a supply deficit of these two materials. Their alleged exhaustible nature and
the uncertainty created by lower future production have positively impacted on the price, which
was stronger for zinc. Moreover, zinc is positively affected by the environmental inspections of
Chinese authorities that led to the closure of zinc mines in 2017.

Cocoa spot and futures price regressions reveal that no event dummy was significant over the
entire sample and beyond that, some of the non-significant relationships were definitely unusual.
For example, both the war and the report dummy variables exhibit a negative coefficient: the
presence of a military conflict in some of the most important cocoa producing countries or a
report signalling cocoa’s criticality should highlight a positive relationship with the price. This
irresponsive behaviour is difficult to explain but it is not unreasonable to suppose that the critical
nature of cocoa is not perceived correctly by current market conditions. Despite being a widely
consumed commodity, cocoa is not a fundamental metal or a critical element with specific
technology applications. The major risks of cocoa production are related to climate change,
which is dramatically hurting the basic environmental conditions of certain areas of the world. As
many other matters, markets are not quite perceiving how these changes might damage the
economies of those countries where cocoa production has a prominent role. Clearly, evidence
presented in this research is not sufficient to claim this with absolute certainty: it simply suggests
that the market seem not to find relevant the exhaustible nature of cocoa.

The impact of exhaustibility on water is particularly difficult to measure for several reasons.
Evidence suggests that none of the selected events is significant for the performance of water
ETFs. First of all, ETFs are diversified instruments that are probably constructed to be as
insensitive as possible to single shocks. Secondly, humanity has neglected the possibility of

world water reserves running out and markets are probably already incorporating this risk.
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Thirdly, water scarcity shocks usually occur on a regional basis and this makes the ETFs even
less vulnerable, since events are mostly referred to single countries.

Lastly, it is also useful to provide an interpretation of the results related to antimony and
tungsten. Tungsten reacts positively to the publication of the Critical Raw Material list by the
European Commission. In correspondence with the release of these reports, tungsten daily price
exhibits an abnormal return of 2.16%. This result is a perfect example of the objective of this
work: the price of a commodity reacts positively to the occurrence of an event that highlights
how such commodity risks of experiencing a future severe shortage. Despite being included in
the same CRM list, antimony behaves differently from tungsten. The report dummy is highly non
significant for its price variable at both frequencies examined, whereas the regulation dummy
produces a negative abnormal return on event dates. The non-significance of the report dummy
might constitute evidence of the fact that markets do not perceive correctly the risks related to
antimony. Alternatively, investors might have already priced the potential exhaustion of this
material and additional information does not produce any abnormal price reaction.

The last key aspect suggested by the empirical results refers to the magnitude of the coefficients.
The magnitude of the effect is approximately equal between spot and futures prices returns but
there exist a couple of meaningful exceptions. The first one is the difference in the impact of the
market dummy on copper prices: the magnitude of its effect is higher on spot than on futures
prices. The negative abnormal return generated in the first case is -1.24%, whereas it is only
0.94% in the second regression. Considering the forward-looking nature of futures market, this
difference might be interpreted as the belief of investors that the decrease in copper prices is not
going to last in the following months. The second exception instead provides opposite evidence:
cocoa futures reaction to the publication of the report (see above) is stronger for futures rather

than spot prices. In an interval of one year before and after the event date, spot prices abnormal
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return is -1.45%, whereas futures prices decrease by -1.87%. The logic is the same here: a higher

negative impact on futures might indicate the effect of this event will be prolonged.

6. Conclusions
The main objective of this study was to determine the impact that exhaustibility has on
commodity prices. The thesis is structured as a background analysis of the commodity markets to
determine the reaction of a specific set of commodity prices to the occurrence events that might
raise market awareness towards the potential exhaustibility of these resources. Combining the
results of Sundaresan (1984) and Krautkraemer (1998), it is safe to conclude that there exists
some upward potential for the price of an exhaustible resource, but technological progress and
new reserve discoveries have mitigated this trend throughout the years. Existing financial
literature focused on determining the effect of macroeconomic variables on commodity markets.
Barnhart (1989), Frankel and Hardouvelis (1985) and Frankel (2008) used commodities to verify
the validity of the policy anticipation hypothesis. Another strand of the literature examined the
impact of macroeconomic announcements on gold and silver prices, such as Cai et al. (2001),
Roache and Rossi (2009) and Elder et al. (2012). Other scholars have instead studied the
behaviour of entire sets of individual commodities or commodity indices, like Caporale et al.
(2017) and Gorton and Rouwenhorst (2006). Following the methodology outlined in Chapter 3,
the market perception on resource scarcity has been investigated using a total of nine carefully
selected commodities with ordinary least squares regressions and event dummies grouped into
eight categories. The addition of a panel data regression enriches the analysis with a different
perspective regarding the signs and the significance of dummy variables’ coefficients.
A simple qualitative study on events and commodities’ historical volatility highlights the

presence of empirically significant events in intervals of time leading up to volatility peaks,
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which would confirm the need to account for exhaustibility among the factors producing price
uncertainty. The main findings of the regression analysis reveal the presence of both positive and
negative abnormal return in correspondence of event dates. However, it is impossible to define a
universally valid pattern for all commodities in the sample, since we notice differences in the
magnitude and direction of the effects. Panel data analysis helps in creating a general perspective
on the direction of the effects, but the presence of mixed evidence in the outcomes urges a
commodity-specific interpretation of the impact. A plausible interpretation for this discrepancy in
the direction of the expected and realized effects could be the existence of an anticipation
mechanism caused by the ability of mankind to tackle shortage of resources with fast moving
technological progress: investors expect a future decrease in the price of an exhaustible
commodity which is effectively realized in the present. However, this explanation is not
applicable to each commodity indistinctively and this suggests that future research should focus
on a more commodity-specific analysis, which would be able to better capture single market
dynamics. Another alternative plausible explanation for the absence of reaction might be a
negligent perception of the supply risk of the commodity.

The results of my research highlight how commodity prices might also be influenced by some
intrinsic characteristics of the resources themselves, such as exhaustibility. I believe that they are
also relevant for institutional investors with a long-term investment horizon, such as pension
funds: the upward price potential given by exhaustible resources might constitute an interesting
opportunity for their asset allocation. I humbly believe that my work represents an initial general
understanding about the importance of resource scarcity within the context of financial markets:
the composition of innovative investment solutions centred around commodity instruments
should increasingly consider the intrinsic properties of commodities themselves and among these

properties, exhaustibility will definitely play a key role in the upcoming years.
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Tables and Figures

Table 1

Descriptive Statistics — Spot price returns

Copper Silver Zinc Lead Tin
Mean 0.000170 0.000184 0.000156 0.000257 0.000219
Median 0.000000 0.000000 0.000000 0.000000 0.000000
Maximum 0.117259 0.136648 0.099490 0.130072 0.153854
Minimum -0.104755 -0.129970 -0.126185 -0.131992 -0.114532
Std. Dev. 0.016002 0.017467 0.017213 0.019055 0.015456
Skewness -0.188576 -0.495942 -0.273783 -0.160116 -0.200053
Kurtosis 8.081323 8.972200 7.086413 6.814728 10.43826
Jarque Bera 7055.196 9959.912 4619.369 3982.415 15078.79
Probability 0.000000 0.000000 0.000000 0.000000 0.000000
Sum 1.108893 1.203036 1.015343 1.677303 1.429260
Sum Sq. Dev. 1.669896 1.989484 1.932195 2.367841 1.557696
Observations 6522 6522 6522 6522 6522

Table 2

Descriptive Statistics — Spot price returns

Cocoa Antimony Tungsten
Mean 0.000101 0.000257 0.000358
Median 0.000000 0.000000 0.000000
Maximum 0.193783 0.123614 0.370374
Minimum -0.192809 -0.159965 -0.349184
Std. Dev. 0.017088 0.010735 0.013857
Skewness 0.029369 -0.628993 -1.029738
Kurtosis 19.40955 44.71618 250.7632
Jarque Bera 73175.99 471816.1 16629245
Probability 0.000000 0.000000 0.000000
Sum 0.657943 1.673976 2.329253
Sum Sq. Dev. 1.904131 0.749037 1.248157
Observations 6522 6501 6501

Table 3

Descriptive Statistics of four water exchange traded funds (ETFs)

Invesco Global Invesco S&P iShares Global S&P Global

Water ETF Global Water ETF Water ETF Water ETF
Mean 1.38E-05 0.000117 0.000282 0.000136
Median 0.000378 0.000339 0.000000 0.000604
Maximum 0.175459 0.121216 0.341967 0.109018
Minimum -0.115111 -0.132389 -0.329830 -0.080700
Std. Dev. 0.014665 0.013781 0.014577 0.010980
Skewness -0.186986 -0.514994 0.337614 -0.333541
Kurtosis 16.43507 15.68268 202.6434 12.26892
Jarque Bera 22075.83 19786.89 4870971 10553.65
Probability 0.000000 0.000000 0.000000 0.000000
Sum 0.040466 0.344488 0.826904 0.400254
Sum Sq. Dev. 0.630544 0.556856 0.623052 0.353498

Observations 2933 2933 2933 2933




THE IMPACT OF EXHAUSTIBILITY ON COMMODITY PRICES 47
Table 4
Descriptive Statistics for the continuous series of futures returns
Copper Silver Zinc Lead Tin Cocoa
Mean 0.000168 0.000184 0.000149 0.000247 0.000209 0.000106
Median 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Maximum 0.119195 0.123585 0.098530 0.128671 0.154866 0.102690
Minimum -0.174269 -0.195185 -0.125729 -0.131462 -0.114584 -0.125137
Std. Dev. 0.015817 0.018235 0.017025 0.018613 0.015279 0.018473
Skewness -0.330616 -0.781678 -0.230447 -0.187288 -0.163595 -0.052610
Kurtosis 10.07286 10.89876 6.971630 7.005832 10.56734 6.031664
Jarque Bera 13713.19 17618.79 4344268 4398.817 15590.75 2500.659
Probability 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sum 1.095272 1.198856 0.969496 1.611790 1.360693 0.691410
Sum Sq. Dev. 1.631419 2.168420 1.890157 2.259131 1.522278 2.225399
Observations 6522 6522 6522 6522 6522 6522
Table 5
Copper — Spot price returns
c 0.000107 4.95E-05 6.14E-05 4.53E-05 7.26E-05 5.15E-05 5.15E-05
(0.5695) (0.7894) (0.7416) (0.8078) (0.6979) (0.7826) (0.7826)
r_market 0.596787 0.597662 0.597280 0.597380 0.597012 0.597637  0.598167
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
d_strike 0.001123 0.001192
(0.7321) (0.7165)
d_war -0.003645 -0.003597
(0.3641) (0.3709)
d_report 0.002532 0.002592
(0.4403) (0.4299)
d_regulation -0.001793 -0.001758
(0.3204) (0.3303)
d_natdis 0.000247 0.000329
(0.9152) (0.8876)
d_market -0.012352 -0.012340
(0.0002) (0.0002)
R? 0.121710 0.119476 0.119566 0.119542 0.119586 0.119461 0.121367
Adj. R? 0.120766 0.119206 0.119296 0.119272 0.119316 0.119191 0.120766
Obs 6522 6522 6522 6522 6522 6522 6522

Note: The p-value of the coefficient is indicated in brackets. “r_market” is the return on the MSCI World Index. The
dummy variables are indicated by the letter “d_”
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Table 6

Copper — Futures returns

c 7.70E-05 4.80E-05 5.93E-05 4.41E-05 5.41E-05 4.95E-05 8.23E-05
(0.6794) (0.7944) (0.7470) (0.8107) (0.7694) (0.7883) (0.6545)
r_market 0.593553 0.593926 0.593579 0.593648 0.593868 0.593892 0.594311
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
d_strike 0.001283 0.001330
(0.6923) (0.6817)
d_war -0.003286 -0.003268
(0.4077) (0.4104)
d_report 0.002519 0.002551
(0.4372) (0.4314)
d_regulation -0.000200 -0.000177
(0.9106) (0.9212)
d_natdis 0.000371 0.000428
(0.8717) (0.8520)
d_market -0.009356 -0.009362
(0.0039) (0.0039)
R? 0.122077 0.120774 0.120843 0.120835 0.120753 0.120756 0.121876
Adj.R? 0.121134 0.120505 0.120573 0.120565 0.120483 0.120487 0.121607
Obs 6522 6522 6522 6522 6522 6522 6522

Note: The p-value of the coefficient is indicated in brackets. “r_market” is the return on the MSCI World Index.

Table 7

Copper : Extra Regressions on Smaller Samples

1 2) 3) O] (5)

¢ -0.000303 -0.000602 -0.000729 -0.000658 -9.10E-05
(0.3839) (0.5965) (0.3608) (0.2502) (0.8356)
r_market 0.173537 0.290454 0.216696 0.152990 0.132623
(0.0000) (0.0000) (0.0000) (0.0111) (0.0096)
d war -0.008487 -0.007495 -0.007806 -0.008255 -0.005364
(0.0744) (0.1333) (0.1107) (0.0957) (0.1570)
R2 0.019260 0.094892 0.043505 0.018881 0.008800
Adj.R? 0.017752 0.080860 0.036119 0.015108 0.006898

Obs 1304 132 262 523 1045

Note: The p-value of the coefficient is indicated in brackets. “r _market” is the return on the MSCI World Index. The
dummy variables are indicated by the letter “d_". Regression (1) is performed over 1997 — 2001. Regression (2) is
performed over an interval of +/- three months, (3) +/- six months, (4) +/- one year, (5) +/- two years.

Table 8

Silver — Spot price returns

c 0.000103 0.000122 9.64E-05
(0.6287) (0.5665) (0.6505)
r_market 0.354321 0.354993 0.354196
(0.0000) (0.0000) (0.0000)
d_regulation -0.003072 -0.003092
(0.5033) (0.5006)
d_market 0.008886 0.008893
(0.0529) (0.0527)
R?2 0.035970 0.035416 0.035904
Adj. R? 0.035527 0.035120 0.035608
Obs 6522 6522 6522

Note: The p-value of the coefficient is indicated in brackets. “r_market” is the return on the MSCI World Index. The dummy
variables are indicated by the letter “d_”
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Table 9

Silver — Futures returns

c 9.50E-05 0.000109 9.40E-05
(0.6687) (0.6235) (0.6713)
r_market 0.389294 0.389785 0.389277
(0.0000) (0.0000) (0.0000)
d_regulation -0.000421 -0.000436
(0.9298) (0.9274)
d_market 0.006492 0.006493
(0.1748) (0.1747)
R? 0.039397 0.039126 0.039396
Adj.R? 0.038955 0.038831 0.039101
Obs 6522 6522 6522

Note: The p-value of the coefficient is indicated in brackets. “r_market” is the return on the MSCI World Index. The dummy
variables are indicated by the letter “d_"

Table 10

Silver : Extra Regressions on Smaller Samples

(1) 2 3) (4) (%)
¢ -0.000627 -0.000130 -0.000242 -0.000132 -0.000193
(0.6235) (0.8649) (0.6069) (0.7180) (0.5314)
r_market 0.158429 0.102391 0.061412 0.109270 0.079094
(0.2191) (0.2134) (0.2957) (0.0196) (0.0429)
d_market 0.022474 0.022269 0.022593 0.022235 0.022453
(0.0032) (0.0008) (0.0001) (0.0001) (0.0000)
R 0.041066 0.025269 0.016163 0.014316 0.010656
Adj. R? 0.033661 0.021520 0.014273 0.013056 0.009707

Obs 262 523 1044 1567 2088

Note: The p-value of the coefficient is indicated in brackets. “r_market” is the return on the MSCI World Index. The dummy
variables are indicated by the letter “d_". Regression (1) is performed over an interval of +/- six months, (2) +/- one year,
(3) +/- two years, (4) +/- three years, (5) +/- four years.

Table 11

Tin — Spot price returns

c 0.000144 0.000101 0.000154 0.000158
(0.4383) (0.5846) (0.4070) (0.3944)
r_market 0.436565 0.437492 0.434746 0.436297
(0.0000) (0.0000) (0.0000) (0.0000)
d_war 0.010138 0.010185
(0.0019) (0.0018)
d_regulation -0.004433 -0.004453
(0.1166) (0.1154)
d_natdis -0.007264 -0.007278
(0.0258) (0.0256)
R? 0.070596 0.069539 0.068501 0.068858
Adj.R? 0.070026 0.069254 0.068215 0.068572
Obs 6522 6522 6522 6522

Note: The p-value of the coefficient is indicated in brackets. “r_market” is the return on the MSCI World Index. The
dummy variables are indicated by the letter “d_"
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Table 12

Tin — Futures returns

c 0.000134 9.29E-05 0.000143 0.000148
(0.4643) (0.6115) (0.4342) (0.4179)
r_market 0.429677 0.430532 0.427905 0.429378
(0.0000) (0.0000) (0.0000) (0.0000)
d_war 0.009847 0.009891
(0.0023) (0.0022)
d_regulation -0.004164 -0.004183
(0.1361) (0.1348)
d_natdis -0.007211 -0.007224
(0.0252) (0.0251)
R? 0.069910 0.068881 0.067857 0.068254
Adj. R? 0.069339 0.068596 0.067571 0.067969
Obs 6522 6522 6522 6522

Note: The p-value of the coefficient is indicated in brackets. “r_market” is the return on the MSCI World Index. The
dummy variables are indicated by the letter “d_"

Table 13

Tin : Extra Regressions on Smaller Samples

(1) 2) 3) 4 (5) (6)
c 0.001900 0.001313 0.001527 0.001926 0.001321 0.001517
(0.1123) (0.8649) (0.0556) (0.1032) (0.2136) (0.0567)
r_market 0.656289 0.871895 0.765108 0.667965 0.881847 0.771682
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
d_regulation -0.013952 -0.012350 -0.007996 -0.013739 -0.012127 -0.007962
(0.0077) (0.0579) (0.1002) (0.0078) (0.0625) (0.1012)
R? 0.212330 0.255006 0.215349 0.219555 0.259639 0.218609
Adj. R? 0.199925 0.249253 0.212331 0.207264 0.253900 0.215604
Obs 130 262 523 130 262 523

Note: The p-value of the coefficient is indicated in brackets. “r_market” is the return on the MSCI World Index. The
dummy variables are indicated by the letter “d_". In Regression (1) — (3), the dependent variable is the spot price and it is
performed over intervals of (1) +/- three months (2) +/- six months (3) +/- one year. Regressions (4) — (6) have futures
price returns as dependent variable. Intervals are the same as (1) — (3).

Table 14

Lead — Spot price returns

¢ 9.75E-05 0.000104 0.000125 0.000159
(0.6697) (0.6474) (0.5837) (0.4842)
r_market 0.577410 0.576580 0.577730 0.577362
(0.0000) (0.0000) (0.0000) (0.0000)
d_report 0.004223 0.004218
(0.0682) (0.0686)
d_regulation 0.003777 0.003751
(0.2232) (0.2265)
d_market -0.006447 -0.006508
(0.1877) (0.1837)
R? 0.079481 0.079025 0.078763 0.078806
Adj. R2 0.078916 0.078742 0.078480 0.078523
Obs 6522 6522 6522 6522

Note: The p-value of the coefficient is indicated in brackets. “r_market” is the return on the MSCI World Index. The
dummy variables are indicated by the letter “d_"
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Table 15

Lead — Futures returns

c 8.72E-05 9.40E-05 0.000115 0.000148
(0.6956) (0.6717) (0.6041) (0.5033)
r_market 0.577532 0.576724 0.577862 0.577496
(0.0000) (0.0000) (0.0000) (0.0000)
d_report 0.004224 0.004218
(0.0613) (0.0617)
d_regulation 0.003705 0.003678
(0.2202) (0.2237)
d_market -0.006152 -0.006213
(0.1971) (0.1928)
R? 0.083315 0.082869 0.082586 0.082616
Adj. R? 0.082753 0.082587 0.082304 0.082334
Obs 6522 6522 6522 6522

Note: The p-value of the coefficient is indicated in brackets. “r_market” is the return on the MSCI World Index. The
dummy variables are indicated by the letter “d_"

Table 16

Lead — Extra regressions on smaller samples

(1) 2 3) 4) (5)
¢ -0.000281 -0.000227 -0.000346 -0.000419 -0.000418
(0.6382) (0.6512) (0.4052) (0.2062) (0.2063)
r_market 0.537083 0.442270 0.416472 0.696201 0.821590
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
d_report 0.005153 0.004959 0.004795 0.004388 0.004399
(0.0542) (0.0396) (0.0211) (0.0269) (0.0268)
R? 0.052600 0.043377 0.041405 0.128128 0.163062
Adj. R? 0.049889 0.041384 0.039835 0.127257 0.162322

Obs 702 963 1224 2006 2267

Note: The p-value of the coefficient is indicated in brackets. “r_market” is the return on the MSCI World Index. The
dummy variables are indicated by the letter “d_". Regression (1) is performed over the period 2016 — 2018. (2) 2015 —
2018, (3) 2014 - 2018, (4) 2011 — 2018 and (5) 2010 — 2018.

Table 17

Zinc — Spot price returns

c -8.19E-06 4.44E-05 6.47E-05 3.59E-05 4.40E-05 6.34E-05
(0.9682) (0.8278) (0.9748) (0.8608) (0.8293) (0.7563)
r_market 0.541105 0.540538 0.540064 0.540667 0.540295 0.540451
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
d_war 0.002826 0.002771
(0.5213) (0.5296)
d_report 0.007182 0.006834
(0.0050) (0.0074)
d_regulation 0.002742 0.002697
(0.3259) (0.3341)
d_natdis 0.006034 0.005982
(0.3325) (0.3370)
d_market -0.007007 -0.006051
(0.1129) (0.1698)
R? 0.086040 0.084408 0.085362 0.084484 0.084482 0.084618
Adj. R? 0.085198 0.084128 0.085081 0.084203 0.084202 0.084337
Obs 6522 6522 6522 6522 6522 6522

Note: The p-value of the coefficient is indicated in brackets. “r_market” is the return on the MSCI World Index. The
dummy variables are indicated by the letter “d_"
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Table 18
Zinc — Futures returns
c -1.61E-05 3.63E-05 -1.18E-06 2.81E-05 3.62E-05 5.53E-05
(0.9369) (0.8571) (0.9953) (0.8893) (0.8575) (0.7837)
r_market 0.545453 0.544892 0.544407 0.545006 0.544636 0.544791
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
d_war 0.002937 0.002882
(0.5213) (0.5079)
d_report 0.007143 0.006799
(0.0047) (0.0069)
d_regulation 0.002721 0.002676
(0.3234) (0.3318)
d_natdis 0.005997 0.005944
(0.3293) (0.3338)
d_market -0.006923 -0.005973
(0.1126) (0.1699)
R? 0.089327 0.087682 0.088641 0.087752 0.087751 0.087884
Adj. R? 0.088488 0.087402 0.088361 0.087473 0.087471 0.087604
Obs 6522 6522 6522 6522 6522 6522

Note: The p-value of the coefficient is indicated in brackets. “r_market” is the return on the MSCI World Index. The
dummy variables are indicated by the letter “d_"

Table 19
Zinc: Extra Regressions on Smaller Samples
@ )] 3) O] ) (6)
c 0.000817 0.000151 -7.47E-05 0.000749 0.000101 -9.83E-05
(0.5308) (0. 8652) (0.9097) (0.5555) (0.9078) (0.8811)
r_market 0.274534 0.433952 0.410670 0.289162 0.432577 0.412468
(0.4307) (0.0000) (0.0012) (0.3943) (0.0274) (0.0011)
d_regulation 0.006163 0.007009 0.007209 0.006312 0.007122 0.007299
(0.1222) (0.0679) (0.0727) (0.1043) (0.0584) (0.0685)
R? 0.020569 0.027872 0.024888 0.022891 0.029259 0.025331
Adj. R? 0.005384 0.020365 0.021138 0.007742 0.021763 0.021575
Obs 132 262 523 132 262 522

Note: The p-value of the coefficient is indicated in brackets. “r_market” is the return on the MSCI World Index. The dummy
variables are indicated by the letter “d_”. In Regression (1) — (3), the dependent variable is the spot price and it is
performed over intervals of (1) +/- three months (2) +/- six months (3) +/- one year. Regressions (4) — (6) have futures price
returns as dependent variable. Intervals are the same as (1) — (3).

Table 20
Cocoa — Spot price returns
c 9.67E-06 9.07E-05 9.98E-05 8.80E-05 8.38E-05 8.94E-05
(0.6492) (0.6685) (0.6373) (0.6777) (0.6923) (0.6727)
r_market 0.063246 0.063046 0.063255 0.063105 0.063190 0.063120
(0.0057) (0.0058) (0.0057) (0.0058) (0.0057) (0.0058)
d_war -0.000671 -0.000665
(0.8575) (0.8586)
d_report -0.005683 -0.005256
(0.2184) (0.2501)
d_trade 0.000253 0.000262
(0.9559) (0.9543)
d_natdis 0.003012 0.002213
(0.5142) (0.6282)
d_market -0.000782 -0.000775
(0.9037) (0.9045)
R? 0.001444 0.001174 0.001371 0.001169 0.001205 0.001171
Adj. R? 0.000525 0.000867 0.001065 0.000863 0.000898 0.000864
Obs 6522 6522 6522 6522 6522 6522

Note: The p-value of the coefficient is indicated in brackets. “r market” is the return on the MSCI World Index. The
dummy variables are indicated by the letter “d_"
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Table 21
Cocoa — Futures returns
c 6.08-05 5.26E-05 6.81E-05 4.67E-05 5.03E-05 5.54E-05
(0.7896) (0.8169) (0.7641) (0.8369) (0.8245) (0.8069)
r_market 0.273723 0.273718 0.273889 0.273491 0.273745 0.273694
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
d_war 3.03E-05 3.85E-05
(0.9940) (0.9923)
d_report -0.007497 -0.007195
(0.1297) (0.1417)
d_trade 0.002786 0.002800
(0.5695) (0.5674)
d_natdis 0.002165 0.001105
(0.6616) (0.8215)
d_market -0.002555 -0.002549
(0.7121) (0.9045)
R? 0.019223 0.018800 0.019125 0.018850 0.001205 0.018821
Adj. R? 0.018320 0.018499 0.018824 0.018549 0.000898 0.018520
Obs 6522 6522 6522 6522 6522 6522

Note: The p-value of the coefficient is indicated in brackets. “r_market” is the return on the MSCI World Index. The
dummy variables are indicated by the letter “d_"

Table 22
Cocoa : Extra Regressions on Smaller Samples
(0Y) 2) 3) 4) ) (6)
c -3.00E-05 0.001410 -0.000359 0.000238 0.001540 -0.000232
(0.9828) (0.1743) (0.6188) (0.8825) (0.1929) (0.7863)
r_market 0.022193 -0.055626 0.180620 0.043097 -0.020588 0.205639
(0.9548) (0.7821) (0.1950) (0.9243) (0.9284) (0.2136)
d_report -0.012999 -0.014481 -0.012586 -0.017386 -0.018722 -0.016830
(0.0302) (0.0222) (0.0427) (0.0126) (0.0096) (0.0222)
R2 0.036299 0.020171 0.011340 0.047919 0.025628 0.013241
Adj. R? 0.021358 0.012605 0.007515 0.033158 0.018104 0.009424
Obs 132 262 520 132 262 520

Note: The p-value of the coefficient is indicated in brackets. “r market” is the return on the MSCI World Index. The
dummy variables are indicated by the letter “d_". In Regression (1) — (3), the dependent variable is the spot price and it is
performed over intervals of (1) +/- three months (2) +/- six months (3) +/- one year. Regressions (4) — (6) have futures price
returns as dependent variable. Intervals are the same as (1) — (3).

Table 23
Water — Regressions with ETF’s returns
Invesco Global Invesco S&P iShares Global S&P Global
Water ETF Global Water ETF Water ETF Water ETF
c -0.000103 7.50E-06 0.000226 3.78E-05
(0.5155) (0.9574) (0.3609) (0.6429)
r_market 1.136001 1.095718 0.637790 0.949778
(0.0000) (0.0000) (0.0000) (0.0000)
d_natdis 2.60E-05 -0.000150 -0.000115 9.71E-05
(0.9722) (0.8196) (0.9215) (0.8001)
d_report 0.000170 -0.000187 0.001860 0.000169
(0.9141) (0.8931) (0.4480) (0.8344)
d_war -0.000208 -0.000715 -0.003958 -0.000807
(0.9470) (0.7966) (0.4176) (0.6160)
d_watercrisis -7.70E-06 -0.000270 -0.000804 -8.47E-05
(0.9952) (0.8128) (0.6887) (0.8981)
R? 0.681782 0.718173 0.218035 0.850156
Adj. R? 0.681238 0.717692 0.216699 0.849900
Obs 2933 2933 2933 2933

Note: The p-value of the coefficient is indicated in brackets. “r_market” is the return on the MSCI World Index. The dummy
variables are indicated by the letter “d_”. The time interval for these regressions is from 14/06/2007 to 09/10/2018.
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Table 24
Regressions with Spot Price returns of Antimony and Tungsten (daily and weekly frequency)
Antimony Antimony Tungsten Tungsten
(daily) (weekly) (daily) (weekly)
c 0.000278 0.001427 0.000294 0.001825
(0.0378) (0.0682) (0.0878) (0.0414)
r_market -0.016471 -0.084900 0.001694 -0.077810
(0.2518) (0.0161) (0.9270) (0.0538)
d_report -0.000222 -0.000525 0.021642 0.014508
(0.9283) (0.9742) (0.0000) (0.4348)
d_regulation -0.003567 -0.017057 -0.000296 -0.000383
(0.0794) (0.2254) (0.9291) (0.9836)
d_trade -0.000592 -0.002127
(0.8367) (0.9148)
d_market 0.001888 0.006123
(0.7178) (0.7877)
R? 0.000691 0.005751 0.007135 0.003347
Adj. R? 0.000075 0.002680 0.006523 0.000269
Obs 6501 6501 1300 1300

Note: The p-value of the coefficient is indicated in brackets. “r_market” is the return on the MSCI World Index. The dummy
variables are indicated by the letter “d_". The time interval for these regressions is from 15/10/1993 to 09/10/2018.

Table 25
Antimony: Extra Regressions on Smaller Samples (weekly frequency)
@ 2) 3) @
c 0.003861 0.002048 0.003689 0.000971
(0.3781) (0.3678) (0.0962) (0.5515)
r_market 0.123251 0.065827 -0.162759 -0.179422
(0.5067) (0.4538) (0.0742) (0.0095)
d_regulation -0.078818 -0.075375 -0.070529 -0.067339
(0.0157) (0.0017) (0.0287) (0.0206)
R? 0.113938 0.093193 0.040810 0.040402
Adj. R? 0.077772 0.075585 0.031543 0.034231
Obs 52 106 210 314

Note: The p-value of the coefficient is indicated in brackets. “r_market” is the return on the MSCI World Index. The dummy
variables are indicated by the letter “d_”. These regressions are performed around the event “Provisional Measures on
Administration of the Export Operations of Tungsten and Tungsten Products and of Antimony and Antimony Products
(Ministry of Foreign Trade and Economic Cooperation (04/12/2000) No. 649”. Regressions are performed within intervals of
(1) +/- 6 months, (2) +/- 1 year, (3) +/- 2 years, (4) +/- 3 years.

Table 26
Antimony: Extra Regressions on Smaller Samples (daily frequency)
) ()] 3 ©)
c 0.000822 0.000415 0.000874 0.000214
(0.2015) (0.2559) (0.0067) (0.3875)
r_market 0.031611 0.009874 -0.052556 -0.056646
(0.6233) (0.7846) (0.0910) (0.0206)
d_regulation -0.015921 -0.015481 -0.015847 -0.015181
(0.0001) (0.0000) (0.0001) (0.0000)
R? 0.060811 0.044584 0.018196 0.014102
Adj. R? 0.053531 0.040903 0.016310 0.012841
Obs 261 522 1044 1566

Note: The p-value of the coefficient is indicated in brackets. “r_market” is the return on the MSCI World Index. The dummy
variables are indicated by the letter “d_". These regressions are performed around the event “Provisional Measures on
Administration of the Export Operations of Tungsten and Tungsten Products and of Antimony and Antimony Products
(Ministry of Foreign Trade and Economic Cooperation (04/12/2000) No. 649”. Regressions are performed within intervals of
(1) +/- 6 months, (2) +/- 1 year, (3) +/- 2 years, (4) +/- 3 years.

54



THE IMPACT OF EXHAUSTIBILITY ON COMMODITY PRICES

Table 27

Tungsten: Extra regressions on Smaller Samples (weekly frequency)

¢)) @)
c 0.004596 0.001849
(0.0520) (0.3062)
r_market -0.012359 -0.096551
(0.8836) (0.1485)
d_report 0.042202 0.046836
(0.0832) (0.0736)
R? 0.028848 0.023971
Adj. R? 0.009991 0.014541

Obs 106 210

Note: The p-value of the coefficient is indicated in brackets. “r_market” is the return on the MSCI World Index. The dummy
variables are indicated by the letter “d_". These regressions are performed around the event “Publication of EC Critical Raw
Materials Report 2011”. The intervals of time are (1) +/- one year, (2) +/- two years.

Table 28

Pooled OLS with 6 commodities (Copper, Silver, Tin, Lead, Zinc, Cocoa)

Spot Futures
r_market 0.428295 0.468251
(0.0000) (0.0000)
Market -0.004443 -0.004193
(0.0253) (0.0361)
Natural disaster -0.000242 -0.000534
(0.8897) (0.7609)
Regulation -0.000582 0.000359
(0.6365) (0.7723)
Report 0.005129 0.005105
(0.0004) (0.0004)
Strike 0.001314 0.001448
(0.7172) (0.6918)
Trade 0.007987 0.015363
(0.2034) (0.0151)
War 0.002856 0.003015
(0.1505) (0.1317)
R? 0.054268 0.063330
Adj. R? 0.054099 0.063162
Obs 39132 39132

Note: The p-value of the coefficient is indicated in brackets. “r_market” is the return on the MSCI World Index. The dummy
variables are indicated by the letter “d_". Column 1 reports regression results with spot price returns, whereas Column 2
contains the results of the regression performed with futures returns. The time interval is 10/09/1993 — 10/09/2018.
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Table 29

Pooled OLS with 6 commodities (Copper, Silver, Tin, Lead, Zinc, Cocoa) with Cross Section SUR

Spot Futures
r_market 0.434413 0.354299
(0.0000) (0.0000)
Market -0.004341 -0.005371
(0.0369) (0.0093)
Natural disaster -0.001572 -0.001223
(0.2515) (0.3721)
Regulation 0.001222 -1.95E-05
(0.2512) (0.9854)
Report 0.001895 0.001814
(0.1199) (0.1398)
Strike 0.001081 0.001130
(0.6548) (0.6400)
Trade 0.012088 0.007545
(0.0778) (0.2501)
War 0.003637 0.003555
(0.0627) (0.0667)
R? 0.025853 0.019699
Adj. R? 0.025679 0.019523
Obs 39132 39132

Note: The p-value of the coefficient is indicated in brackets. “r_market” is the return on the MSCI World Index. The dummy
variables are indicated by the letter “d_”. Column 1 reports regression results with spot price returns, whereas Column 2
contains the results of the regression performed with futures returns. The time interval is 10/09/1993 — 10/09/2018. Cross
section SUR is a different GLS weightening option in EViews, which allows for the residuals of the system to be both cross
sectionally heteroskedastic and contemporaneously correlated. It is included to address the panel cross sectional dependence
issue (See Appendix).

Table 30

Pooled OLS with 2 commodities (Antimony and Tungsten) with Cross Section SUR

Pooled Cross section
OLS SUR
r_market -0.006854 -0.009307
(0.5588) (0.4303)
Market 0.002179 0.001935
(0.6415) (0.7101)
Regulation -0.001652 -0.001876
(0.3183) (0.2354)
Report 0.010366 0.007531
(0.0000) (0.0001)
Trade -0.000312 -0.000432
(0.9250) (0.8800)
R? 0.001760 0.000788
Adj. R? 0.001453 0.000480
Obs 13001 13001

Note: The p-value of the coefficient is indicated in brackets. “r_market” is the return on the MSCI World Index. The dummy
variables are indicated by the letter “d_". Column 1 reports regression results without cross section SUR correction, whereas
Column 2 contains the results of the regression performed including SUR. The time interval is 15/10/1993 to 09/10/2018.
Cross section SUR is a different GLS weightening option in EViews, which allows for the residuals of the system to be both
cross sectionally heteroskedastic and contemporaneously correlated. It is included to address the panel cross sectional
dependence issue (See Appendix).
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Figure 1. Simple historical volatility (spot price). This figure includes a rolling window historical volatility estimate with
k=250 for the five major metals (copper, silver, tin, lead, zinc).
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Figure 2. Simple historical volatility of cocoa (spot price). This figure includes a three alternatives of rolling window
historical volatility estimate with k=50, k=250 and k=500.
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Figure 3. Simple historical volatility (futures price). This figure includes a rolling window historical volatility estimate with
k=250 for six commodities (copper, silver, tin, lead, zinc and cocoa).
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Figure 4. Simple historical volatility of special metals. This figure includes a rolling window historical volatility estimate
with k=500 for two commodities (antimony and tungsten).
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Figure 5. Simple historical volatility (water). This figure includes a rolling window historical volatility estimate with k=500

for four water exchange traded funds (ETFs).
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Figure 6. Simple historical volatility and event dates. This figure is a qualitative study on the contribution of exhaustibility
to spot price volatility of six commodities (copper, silver, tin, lead, zinc and cocoa) with a rolling window of k=250.
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Appendix
Appendix A
The following table reports the list of 2017 Critical Raw Materials as reported in “Study on the

review of the list of Critical Raw Materials, Final Report” published by the European

Commission.

2017 Critical Raw Materials

Antimony Cobalt Helium Natural Graphite Phosphorus Vanadium
Baryte Fluorspar HREEs Natural Rubber Scandium

Beryllium Gallium Indium Niobium Silicon metal

Bismuth Germanium LREEs PGMs Tantalum

Borate Hafnium Magnesium  Phosphate Tungsten

Appendix B

This table includes a complete list of the time series used to perform the analysis.

Series Name Code Type Source
Antimony 99.65% CIF NWE U$/MT - DS Mid Price TUNGSFE Spot price Datastream
CMX-Silver 5000 OZ Continuous — Sett. Price NSLCS00 Futures Datastream
Cocoa-ICCO Daily Price US$/MT COCINUS Spot price Datastream
CSCE-Cocoa Continuous — Sett. Price NCCCS00 Futures Datastream
Invesco Global Water ETF @PIO Spot price Datastream
Invesco S&P Global Water Index ETF U:CGW Spot price Datastream
Ishrs Global Water Ucits Usd (Dist) ETF IH20 Spot price Datastream
LME-Copper Continuous — Sett. Price LCPCS00 Futures Datastream
LME-Copper Grade A Cash U$/MT LCPCASH Spot price Datastream
LME-Lead Cash U$/MT LEDCASH Spot price Datastream
LME-Lead Continuous — Sett. Price LEDCS00 Futures Datastream
LME-SHG Zinc 99.995% Cash U$/MT LZZCASH Spot price Datastream
LME-Tin 99.85% Cash U$/MT LTICASH Spot price Datastream
LME-Tin Continuous — Sett. Price LTICS00 Futures Datastream
LME-Zinc Continuous — Sett. Price LZZCS00 Futures Datastream
MSCI World Index MSWRLDS$ Spot price Datastream
Silver, Handy&Harman (NY) U$/Troy OZ SILVERH Spot price Datastream
Standard and Poor’s Global Water United States Dollar SBGWATS$ Spot price Datastream
Tungsten Ferro CIF NWE U$/KG DS Mid Price ANTEUMG Spot price Datastream
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Appendix C

The choice of the events is a particularly hard exercise for two main reasons. First of all, selecting
unscheduled and exogenous events regarding exhaustibility leaves great room for personal
interpretation. It is extremely difficult to find occurrences that are precisely related to
exhaustibility as a huge amount of things happen every day worldwide. Secondly, it is also
complicated to assign a specific event category to any occurrence since the belonging to a precise
group is also very subjective. This is undoubtedly a potential weakness of my analysis.
I attempted to limit it as much as possible trying to develop an accurate procedure for event
selection since no previous work has constructed a suitable event database.

For the construction of this event database, I followed a top down approach: in the first phase, I
selected a big number of events and facts that might involve more generally the entire commodity
market. After that, I looked for occurrences that concerned the specific commodities selected,
taking the other ones as reference. In this second phase, it was extremely useful to apply two
extra criteria to find meaningful events. First, I prioritized those events that happened in countries
extensively involved in the supply chain of the commodity. This is particularly true for certain
event categories, such as natural disasters and mine strikes. Secondly, I chose events that might
produce a signal of future scarce supply of the commodity. In order to be consistent with my
initial intuition, events included are supposed to highlight the potential scarcity of the material.
Subsequently, all the events are grouped into eight categories. These are: “NATURAL
DISASTER”, “REGULATION”, “TRADE”, “REPORT”, “STRIKE”, “WAR”, “MARKET” and
“WATER CRISIS” (only for water). The natural disaster category includes catastrophic events
legally classified as “acts of God” such as rain damages, earthquakes, eruptions, floods or
accidents like a toxic spill in a mine. As highlighted above, the selection of these disasters has

been done taking into account that the country in which they occurred is also a major producer of
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the commodity to which the event is assigned. For instance, the 2017 Antofagasta (Chile)
earthquake is contained in the natural disasters dummy of copper since many of the most
important copper mines of the world are situated in the northern regions of Chile. The occurrence
of this kind of event should raise the attention that investors pay on the availability of copper.

The “REGULATION” dummy includes events related to the promulgation of laws related to
commodities. This dummy is mainly composed by a list of laws apt to regulate the mining,
extraction and export of metals. An example of this is the inclusion of provisional measures for
export operations of tungsten and antimony promulgated by China in 2000, reported in World
Trade Organization (2014). China is the most important global supplier of these rare materials
and it has adopted some controversial policies to protect this competitive advantage. This is why
this set of measures together with other export restrictions were subject of a legal dispute
between U.S., European Union and China in 2012.

The “WAR” dummy simply gathers those events related to military conflicts in geographical
areas that are strategically important for the supply of the commodity in question. Being one of
the most important cocoa producers as reported by the International Cocoa Organization (2009),
the conflict in Ivory Coast in the beginning of 2000s might have had an impact on cocoa prices.
The same might have happened for Congo War and other metals that are extracted in great
amounts in that country, like copper, zinc or tin.

The composition of the “STRIKE” and “TRADE” dummies is pretty obvious: the first one
contains three important episodes related to the suspension of activities in two copper mines in
Chile due to miners demanding better working conditions, whereas the latter contains events
related to international trade. This last category is particularly tough to deal with: this dummy is
only composed of just a few events since it results to be very complicated to precisely link one or

two commodities to an occurrence connected to trade.
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The “REPORT” dummy concerns the release of communications, studies and report by
companies or institutions regarding the availability of commodities. For instance, reports warning
about a deficit in the market of a metal in a given period, the announcement of the closure of
important mines or the releases of the Critical Raw Materials report by the European
Commission.

The “MARKET” dummy is definitely the one that leaves more leeway for personal judgement
and whose results need to be interpreted more carefully. Some of the events contained in this
category are a bit controversial in the sense that they might be interpreted as not completely
related to the exhaustible nature of the commodity. In my view though, those events are still
relevant for my analysis since they might trigger a reaction in which the material scarcity would
be one of the factors to take into account. According to my interpretation, events that fall into this
category might influence indirectly the expectations of agents regarding the future supply of the
commodity. For instance, an event that falls in this dummy is the investment announcement made
by Warren Buffet regarding silver: Berkshire Hathaway Inc. (1998) disclosed to have accepted
delivery of several ounces of the material. Such a market movement caused by a recognized
investor might cause a reaction in the expectations of other agents: several factors would compete
for the determination of expectations of investors in this case and one of them might be
exhaustibility. On the one hand, silver is a commodity also known as store of value, so this might
be perceived simply as part of a hedging strategy. On the other hand, though, the intrinsic
exhaustibility of silver might be a factor as well: the press release of the company to
communicate this decision to its investors clearly states that “bullion inventories have fallen very
materially, because of an excess of user-demand over mine production and reclamation” (pp. 1),
therefore the management of the company interpreted it as a potential disruption in the supply

demand relationship, which would have settled at a higher price level. Even if exhaustibility
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might not be directly the cause for the price reaction on that event date, according to this press
release, it definitely played a role. Other examples are the episode of Yasuo Hamanaka, a trader
at Sumitomo Corporation in Japan, which gained control of a large share of world’s copper in
1996 or the strategy followed by Armajaro Group founder Anthony Ward who owned more than
5 percent of global cocoa production in 2010.

Lastly, the “WATER CRISIS” dummy was created ad hoc for including a series of events related
to the escalation of the water crisis occurred last year in the city of Cape Town, South Africa. The
global resonance of the event could have raised public attention to water scarcity and possibly on

the performance of the water-linked investment vehicles examined. The following table presents

the complete event database with event dates and commodity to which the occurence is related.

Event Date Commodity Event
type
Beaver Brook Antimony mine acquired by HNC (China) 04/09/09 | Antimony Trade
Introduction of Section 1502 Dodd Frank 15/12/10 | Antimony Regulation
SEC Mine Safety Disclosure Requirements 21/12/11 | Antimony Regulation
Molycorp Files for Bankruptcy Protection (US) 25/06/15 | Antimony Trade
First Ivory Coast war 19/09/02 | Cocoa War
2008 Cameroon antigovernment protests 25/02/08 | Cocoa Trade
Cote d'Ivoire food price riots 31/03/08 | Cocoa Trade
Armajaro bet on Cocoa futures (largest delivery) 16/07/10 | Cocoa Market
Ivory Coast government announce "nationalization" of cocoa beans 07/03/11 | Cocoa War
Second Ivory Coast war (Beginning of violences) 21/03/11 | Cocoa War
World Bank head warns of food price crisis 2011 17/04/11 | Cocoa Report
Heavy rain damages Ivory Coast cocoa crop 26/06/17 | Cocoa Natural
disaster
Mighty Earth publishes Cocoa deforestation report 13/09/17 | Cocoa Report
Flooding kills at least 18 in Ivory Coast's Abidjan 19/06/18 | Cocoa Natural
disaster
Burst of the Copper bubble (Yasuo Hamanaka) 13/06/96 | Copper Market
Argentina Energy Crisis 26/03/04 | Copper Natural
disaster




THE IMPACT OF EXHAUSTIBILITY ON COMMODITY PRICES 65
Colombian court suspends copper project for environmental reasons 25/03/10 | Copper Regulation
US Discovers Afghanistan reserves of minerals 13/06/10 | Copper Report
2010 Copiap6 mining accident 05/08/10 | Copper Natural
disaster
Strike at Los Bronces (Chile) 24/03/14 | Copper Strike
2014 Iquique Earthquake (Chile) 01/04/14 | Copper Natural
disaster
Introduction of Glacier Protection Bill (Chile) 20/05/14 | Copper Regulation
Sonora Mine toxic spill 06/08/14 | Copper Natural
disaster
Anglo American fine for environmental breaches 05/05/15 | Copper Regulation
Strike at Escondida (Chile) mine (duration 44 days) 09/02/17 | Copper Strike
Antofagasta earthquake (Chile) 05/10/17 | Copper Natural
disaster
Revision of Congo Mining Code 27/01/18 | Copper Regulation
Rio Tinto expects copper under-supplied by 2021 23/05/18 | Copper Report
Drop of Glacier Protection Bill (Chile) 20/06/18 | Copper Regulation
Strike vote at Escondida (Chile) mine 02/08/18 | Copper Strike
Indonesia Mining Law No. 4/2009 12/01/09 | Copper/Tin Regulation
Governing Regulation on the Realization of Mineral and Coal Mining 01/02/10 | Copper/Tin Regulation
Business Activities (No. 23/2010) Indonesia
Peru Flooding disaster (railway transport for minerals) 18/03/17 | Copper/Zinc Natural
disaster
2009 Amendment of Mineral Resources Law China 27/08/09 | Copper/Zinc/Lead Regulation
China Catalogue of Industries for Guiding Foreign Investment (2017 version) 28/06/17 | Copper/Zinc/Lead Regulation
First Congo War 24/10/96 | Copper/Zinc/Tin War
Second Congo War 02/08/98 | Copper/Zinc/Tin War
Doe Run company closes lead smelter in US 08/10/10 | Lead Report
Disapperaing lead, cancellations registered in LME warehouse reports 01/05/12 | Lead Report
Global lead market in deficit Jan-Jun 2014 20/08/14 | Lead Report
Invernia Inc. suspends operations in Paroo Station Mine 16/01/15 | Lead Report
Surplus in global lead market narrows in September -ILZSG 21/11/16 | Lead Report
China's environmental crackdown dries up lead supply amid demand surge 13/09/17 | Lead Report
World zinc and lead market in deficit in Jan-Nov 2017: ILZSG 17/01/18 | Lead Report
China's Stock Market Crash 12/06/15 | Lead/Copper/Zinc Market
China economy logs weakest growth since 2009 19/10/15 | Lead/Copper/Zinc Market
EPBC Act (Australia Environmental Law) 16/07/00 | Lead/Zinc Regulation
Doe Run Company Cuts Mine Production 29/01/16 | Lead/Zinc/Copper Report
Buffett discloses investment in Silver 03/02/98 | Silver Market
India nearly doubles gold and silver import duties 17/01/12 | Silver Regulation
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Improved physical demand in 2013: Thomson Reuters Silver Market Review 12/11/13 | Silver Market
Escobal Silver mine forced to close (Guatemala) 06/07/17 | Silver Regulation
Earthquake in Sumatra (Indonesia) 26/12/04 | Tin Natural
disaster
Kivu Conflict bursts in Kivu North 26/10/08 | Tin War
Earthquake in Sumatra (Indonesia) 30/09/09 | Tin Natural
disaster
Eruption of Merapi Volcano (Indonesia) 03/11/10 | Tin Natural
disaster
Regulation (EU) 2017/821 on Conflict Resources 17/05/17 | Tin Regulation
Introduction of the Congo conflict Mineral Act 23/04/09 | Tin/Copper Regulation
Berkshire Hathaway invests in South Korean tungsten project 29/02/12 | Tungsten Market
Colombia plans to raid FARC tungsten mine 27/12/13 | Tungsten Regulation
Provisional Measures on Administration of the Export Operations of Tungsten | 04/12/00 | Tungsten/Antimony | Regulation
and Tungsten Products and of Antimony and Antimony Products (Ministry of
Foreign Trade and Economic Cooperation, waijingmaoguanfa (2000) No. 649,
SEC Conflict Minerals Rule 22/08/12 | Tungsten/Antimony | Regulation
Publication of EC Critical Raw Materials Report 11 03/02/11 | Tungsten/Antimony | Report
Publication of EC Critical Raw Materials Report 14 26/05/14 | Tungsten/Antimony | Report
Publication of EC Critical Raw Materials Report 17 13/09/17 | Tungsten/Antimony | Report
Coping with water scaricty (FAO Report) 22/03/07 | Water Report
UN World Water Development Report (2012) 12/03/12 | Water Report
UN World Water Development Report (2014) 21/03/14 | Water Report
UN World Water Development Report (2015) Water for a Sustainable World 20/03/15 | Water Report
California governor imposes mandatory restrictions 01/04/15 | Water Water crisis
Cape Town water level restriction to 3B level 01/02/17 | Water Water crisis
Cape Town water level restriction to level 4 01/06/17 | Water Water crisis
Cape Town water level restriction to level 5 03/09/17 | Water Water crisis
Cape Town city managers given special power to manage water crisis 26/10/17 | Water Water crisis
Announcement of Day Zero expected in April 2018 09/01/18 | Water Water crisis
Mexicali riot on Constallation brands plant 29/01/18 | Water War
North American Heat wave 2011 August Water Natural
2011 disaster
New York drought (peak month) August Water Natural
2016 disaster
California drought (1) February | Water Natural
2014 disaster
North American Heat wave 2012 July Water Natural
2012 disaster
Caribbean drought 2015 May Water Natural
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2015 disaster
2010-13 Texas drought (peak period) October | Water Natural

2011 disaster
Xstrata announces closure of Brunswick Mine (Canada) 28/03/12 | Zinc Report
BHP confirms closure of Leinster Perseverance Mine (Australia) 17/12/13 | Zinc Report
Vedanta Ltd announces closure of Lisheen Mine (Ireland) 09/03/15 | Zinc Report
ILZSG predicts lead/zinc deficit in 2016 12/10/15 | Zinc Report
India likely to halt Vedanta expansion due to environmental breach 20/01/10 | Zinc/Lead Regulation
Glencore closes two Zinc and Lead mines 31/10/16 | Zinc/Lead Report
China Environmental inspection shut down mines of zinc and lead 07/08/17 | Zinc/Lead Regulation

Appendix D

In order to verify the presence of residual cross sectional dependence in panel data, I performed a
built-in test with EViews that checks for this potential and frequent flaw of pooled ordinary least
squares. The test operates under the null of “no cross-section dependence (correlation) in
residuals”. The tables reported below contain the results of the three regressions performed: spot

price (six commodities), futures price (six commodities) and spot price (antimony and tungsten).

Table 31 Appendix D

Breusch Pagan LM test for cross sectional dependence for spot returns (6 commodities)

Test Statistic d.f. Prob.

Breusch Pagan LM 11477.25 15 0.0000

Note: the test refers to the regression performed for copper, silver, tin, lead, zinc and cocoa over the period
10/09/1993 — 10/09/2018.

Table 32 Appendix D

Breusch Pagan LM test for cross sectional dependence for futures returns (6 commodities)

Test Statistic d.f. Prob.

Breusch Pagan LM 11477.25 15 0.0000

Note: the test refers to the regression performed for copper, silver, tin, lead, zinc and cocoa over the period
10/09/1993 — 10/09/2018.
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Table 33 Appendix D

Breusch Pagan LM test for cross sectional dependence for spot returns (2 commodities)

Test Statistic d.f. Prob.

Breusch Pagan LM 43.12101 1 0.0000

Note: the test refers to the regression performed for antimony and tungsten over the period 11/10/1993 —
10/09/2018.

Appendix E

This brief appendix is meant to report an additional calculation to corroborate the result obtained
from the qualitative study on commodity price volatility. Here, I report the results of a pooled
ordinary least squared regression using squared returns for spot price of six commodities, futures
price of the same six commodities and spot prices of antimony and tungsten. I would expect to
obtain some significant result, which is at least comparable to the observations made previously
on Figure 6. The most interesting result of Table 34 below is the panel regression with futures
returns contained in the central column. It is easy to notice how the dummy variables of market,
regulation and war are highly significant over the entire sample examined. This might mean again
that the impact of exhaustibility-related events is a factor affecting commodity price volatility.
Spot price regression also presents consistent outcomes: market and war dummies are again
significant at 1% over the entire sample; conversely, regulation events seem to have no
significant effect on squared returns. The third column reports the regression of antimony and
tungsten returns: they basically confirm the outcome of Table 30, highlighting that the report

dummy is the only one producing a significant impact on their prices.
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Table 34 — Appendix E

Pooled OLS with squared returns and cross section SUR

Spot returns Futures returns Spot returns
6 commodities 6 commodities Antimony & Tungsten
c 0.000277 0.000292 0.000119
(0.0000) (0.0000) (0.0000)
r_market -0.003129 -0.004156 -0.000403
(0.0000) (0.0000) (0.6929)
Market 0.000774 0.000518 -8.17E-05
(0.0000) (0.0000) (0.9429)
Natural disaster 3.13E-05 9.05E-05
(0.6645) (0.2211)
Regulation 7.72E-05 0.000136 -1.47E-05
(0.1498) (0.0168) (0.9101)
Report 0.000105 0.000102 0.000286
(0.1070) (0.1044) (0.0863)
Strike 4.20E-05 1.35E-05
(0.7367) (0.9239)
Trade 0.000105 0.000183 -0.000118
(0.8246) (0.5232) (0.5746)
War 0.000457 0.000392
(0.0000) (0.0000)
0.000269
R’ 0.002786 0.002605 0.000269
Adj. R? 0.002582 0.002402 -0.000116
Obs 39132 39132 13001

Note: The p-value of the coefficient is indicated in brackets. “r market” is the return on the MSCI World Index. The
dummy variables are indicated by the letter “d ”. Column 1 reports regression results with spot price returns for
copper, silver, tin, lead, zinc and cocoa. Column 2 contains the results of the regression performed with futures returns
for the same six commodities. The time interval is 10/09/1993 — 10/09/2018. Column 3 reports the results for antimony
and tungsten over the interval 15/10/1993 to 09/10/2018. Cross section SUR is a different GLS weighting option in
EViews, which allows for the residuals of the system to be both cross sectionally heteroskedastic and
contemporaneously correlated. It is included to address the panel cross sectional dependence issue (See Appendix).




