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The Hotelling’s Rule in practice —
analysis of gold mining sector

1. Origins of Hotelling’s Rule

A survey of Hotelling’s model of resource extraction and tests of that theory have influ-
enced strongly academic discussions on the economics of exhaustible resources for many
decades. Harold Hotelling was the first to determine the implications of finite reserves for
the evolution of prices and consumption under an optimal plan. He attempted to show that
competitive markets might contribute to achieve the planner’s solution (Slade and Thille
2010). By exhaustible resources Hotelling means non-renewable resources, as opposed to
renewable ones. The expression “exhaustible resource” is somewhat of a misnomer, since
both type of resources are exhaustible. Hotelling recognizes that a complete study of the
subject would include semi-replaceable assets such as forests and stocks of fish “[renewable
resources], but chooses to limit himself to absolutely irreplaceable assets” [non-renewable
resources] (Gaudet 2007).

Hotelling concluded that the owner of a finite natural resource is indifferent to either
exploiting it or leaving it in situ when the marginal profit increases at the prevailing interest
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rate. The rationale behind this statement is that, if the return is lower than this, the resource
owner will shift assets to a better performing investment. If the return is greater, the owner
will leave the resource where it is as it appreciates faster than other investments. In other
words, the resource will not be produced at all unless it can be produced at a rate that returns
the prevailing interest rate (Slade and Thille 2010). Hotelling noted that this sets the upper
limit on a monopoly producer’s profit from production. To explain this, it is necessary to
appeal to the law of demand. For a downward sloping demand curve, the monopoly produ-
cer can only increase the price by decreasing the production level. Hotelling’s Rule means
that if the producer decreases production at a rate that makes the marginal profit change by
the interest rate, total profit from the resource will be maximized. If the production level
is changed in any other way, total profit will be less than the maximum. Hotelling’s Rule is
often called the r-percent rule and paraphrased as the price must increase by » percent, where
r referring to the interest rate (Dixon 2012).

One may analyze this rule from the opportunity cost concept. In fact a firm exploiting
mineral (or any other non-renewable) resources incurs not only regular production costs
but also, with each one unit of output, reduces an amount of natural resources available for
extraction and, in turn, future sales. Thus, in exchange for a financial stream earned today
it waives future gains. From a financial standpoint, this opportunity cost is the net present
value (NPV) of the future profits to be created if corresponding mineral resources are kept
intact (Otto et al. 2006).

It is worth mentioning that the responsibility for naming the Hotelling’s observations
arule falls on Robert Solow, who first used the term Hotelling’s rule in his lecture given soon
after Hotelling’s death in 1973 (Solow 1974). In reference to this, Solow rightfully reflects
that the Hotelling’s concept is not a ‘rule’ at all in the appropriate sense as it doesn’t enjoin
anything. Hotelling’s principle is a description of what a foresighted competitive market
would do, under simple conditions. Nonetheless, the term “Hotelling’s Rule” appears in
numerous scientific texts and papers and is well-known to generations of natural resource
economists.

The consequences of Hotelling’s Rule are far reaching. In the area of mineral asset valu-
ation following it would simplify valuation processes enormously. Since their value will be
determined solely by the level of current margins no other factors but these margins and
recoverable reserves need to be analyzed. The challenge in mineral asset valuation would be
reduced to the following items:

¢ valuator needs to determine a relevant period in history which reflects the “current

margins level” for a mineral deposit in consideration;

¢ all components of full cost need to be recognized which includes the cost of capital

employed.

Consequently, many researchers and practitioners have attempted either to prove or to
reject Hotelling’s Rule. However very few of them took a company based, microeconomic
approach based on analyses of annual reports. This work pretends to fill up, at least in a limi-
ted way, this gap.
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2. Testing the Hotelling’s Rule and its’ subsequent extensions
and interpretations

Although Hotelling derived several variants of his model, in particular he solved the
monopolist’s extraction problem and he considered extraction costs that increase as the re-
source base is depleted, since that time other researchers have introduced additional factors
expanding the original model. Below there is a list of the most significant extensions (Slade
and Thiele 2010):

¢ augmentation of the resource base through discoveries (Pindyck 1978),
uncertainty about the size of reserves (Gilbert 1979),
future demand and costs (Pindyck 1980),
possibility of recycling and stockpiling (Levhari and Pindyck 1981),
imperfect competition among producers has been considered using a dominant firm
or a cartel model (Gilbert 1978; Salant 1976),
cost—lowering technological improvements (Slade 1982),
taxation effects (Teece et al. 1993; Dasgupta and Heal 1979),

¢ impact of natural resources abundance/scarcity on a national economy (Boyce and

Emery 2005).

General equilibrium effects have been included by embedding the Hotelling model in
a model of aggregate growth (Stiglitz 1976). By the 1990s, however, interest in the subject
began to diminish, and by 2000 the flow of new theories and tests had been substantially
reduced but still remains on a noticeably high level (Huang 2018).

While undertaking any further analyses of the Hotelling’s Rule it is of utmost impor-
tance to acquire a clear understanding of what Hotelling meant. He, being a mathematician
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by background and practicing economic sciences in early 20th century used various terms
in a meaning pertaining to his times. In the original phrasing of his rule he used the word
“net price” to describe an economic variable to be incremented by r-rate. Immediately an
explanation was added that: “p is to be interpreted as the net price received after paying
the cost of extraction and placing upon market — a convention to which we should adhere
throughout” (Hotelling 1931). Hence, using the notion of price Hotelling meant rather gross
margin or profit applying present economic terms. Nordhaus in his already indicated paper
understands net price as royalty (Nordhaus 1973).

It is quite surprising that many researchers seem to oversee the issue of proper inter-
pretation of price in the Hotelling Rule and in order to explain a presumed lack of cost
consideration they developed, probably unintentionally, their own theories. Such amend-
ments may be considered as a valuable contribution of authors, however the problem starts
when they claim to test their models as if they were equal to Hotelling’s original one and
draw conclusions in respect to its viability and usefulness. Origins of such disputable in-
terpretation of the Hotelling Rule can be traced to the famous article of Krautkraemer who
presents it as stating that: “In case of zero marginal extraction cost the price of the resource
equals the in situ value and so the resource price also would increase at the rate of interest”.
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Surprisingly, soon after this sentence one can find a statement: “Of course it is the in situ
value of the resource stock, rather than resource price itself, that model implies will be in-
creasing over time (...)” (Krautkramer 1998) recognizing that the former was to be different
(usually lower) due to various economic parameters, for example forecasted extraction costs.
On the other hand Potocki assumes that the extraction, transport and sale of oil is cost free.
He claims that Hotelling could make such supposition due to the importance of easy to ex-
plore reservoirs in Saudi Arabia and Kuwait. He states that “according to Hotelling’s model
oil prices should increase at a rate equal to the interest rate” and analyses nominal and real
final prices not corrected for extraction and sales costs, only to find that they definitely
deviate from the Hotelling Rule. Only in the final discussion does Potocki (Potocki 2009)
indicate that Hotelling’s formula needs to be modified, so that marginal profit is to be used
instead of price.

Given the far reaching consequences of Hotelling’s Rule it is not a surprise that, once
“rediscovered”, it has been constantly tested by various scholars using different examples of
natural resources and methods. These attempts have produced mixed and sometimes contra-
dictory results. The tests that had been performed were once classified by Slade and Thille
into two wide groups: descriptive and structural. The first class assesses outcomes that are
associated with the market equilibrium without specifying the nature of that equilibrium
(Slide and Thiele 2010). They are more assessments of various models developed on the basis
of the Hotelling Rule than statistical tests. The second class tests a specific model by esti-
mating structural equations. Therefore, it imposes more structure (e.g., on the cost function
and the nature of competition in the market), but then the risk is that a given configuration
employed may be inappropriate.

Descriptive studies have traditionally focused on mineral commodity prices using
long-term data (sometimes spanning over a century or more) on various fuel and non-fuel
minerals prices. The study of Barnett and Morse (Barnett and Morse 1963) can be quoted
as a classical example of such an approach. They analyzed mineral commodities prices for-
mally, looking at relative price trends in an attempt to uncover evidence of natural-resource
scarcity to come to the conclusion that scarcity was not a problem since real prices had fallen
over time. Other researchers who have examined price trends presented various findings,
however none of them has been able either to prove or to reject completely Hotelling’s Rule.
Instead they have reached some expansions or corrections:

¢ Several researchers have assessed the possibility that price paths might be U-shaped,

starting with Slade (Slade 1982), who based her descriptive tests on the idea that price
declines might be caused by a technical change. She found that there were quadratic
trends to reveal evidence of upturns in the real prices of mineral commodities if the
development of the 1970’s and thereafter is taken into account. She has been follo-
wed by many other researchers who have applied an array of econometric techniques
and reached a variety of suppositions. For example, Berck and Roberts (Berck and
Roberts 1996) estimated both difference and trend—stationary models and found evi-
dence of U-shapes under the former but not the latter one. Pindyck (Pindyck 1999)
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based his research on 127 years of data identified the marginal extraction costs as
a key factor creating parabolic shape of fuel prices.

¢ Heal and Barrow (Heal and Barrow 1980) related metal price movements to interest

rates and stated that changes in interest rates, not interest—rate levels, predict prices.

Structural models contain formal tests of the Hotelling model and usually rely on es-
timates of some combination of an industry-wide demand function, a production, profit, or
cost function for an extractive firm or industry, and a first-order condition (e.g., an Euler
equation) that is associated with dynamic-profit maximization (Slide and Thiele 2010). Most
frequently quoted examples include works of Halvorsen and Smith (Halvorsen and Smith
1991), Stollery (Stollery 1983) as well as of Slade (Slade 1982). Stollery found support for
the Hotelling model and identified the suitable discount rate of 15%. In more rent paper
Atewmba and Nkuiya (Atewmba and Nkuiya 2017) calculated the discount rate separate-
ly for periods of increasing and decreasing prices for 14 different minerals (mostly fuels
and metals). They got mixed results spanning but in most cases the rate was close to zero.
What Slide observed was that one could estimate demand and cost, and use those equa-
tions to solve for the market equilibrium that is implied by dynamic profit maximization.
Then, she recommends to test, if observed price and output paths lie within the confidence
intervals that surround the paths predicted by Hotelling’s Rule. It was also indicated that
many researchers who have estimated cost or profit functions for individual mines or mining
industries modelled in fact both mining and refining ore as transferred inside a vertically
integrated firm. Here costs (and thus margins) can be approximated by one of two methods.
They can be calculated as the difference between price and marginal cost or a shadow price
of the unpriced ore to the vertically integrated metal producer was to be developed. These
two methods do not measure the same parameter. The first is the shadow price of one unit of
contained metal in situ, whereas the second is the shadow price of one unit of ore of the cur-
rent grade, also in situ. In the following section author took the former approach. As all the
selected companies are integrated gold producers, focused mostly on this metal and do not
sale ore or concentrate in substantial volume, it was safe to assume that refining was part of
the mining operations. This is supported by the fact that in many cases the division between
mining and processing is purely academic. A mined raw material is rarely offered for sale,
or even transported outside a pit, without at least primary processing.

What is important to indicate, any rejection of the Hotelling model is partial. Such rejec-
tion refers to a particular mineral and time. What makes full rejection even more challenging
is a number of new formulations, often quite far from the original model. As an example, one
may indicate a model proposed and estimated by Miller and Upton (Miller and Upton 1985).
They showed, using market valuations of a sample of US oil and gas companies and linking
these valuation to value of their mineral reserves, that in a competitive market, the value of
reserves in optimally managed mineral deposits should depend solely on the current spot
price net of marginal-extraction cost, regardless of extraction time.
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3. Testing Hotelling’s Rule based on corporate operational
and financial results — methodology

An approach adopted in this paper is based on an assumption that Hotelling’s Rule re-
fers primarily to microeconomics. There are mining enterprises, mainly their management
boards to decide upon the initiation and pace of mineral deposits’ exploitation. Despite all
the circumstances and drivers conditioning their choices (see: Veldhuizen and Sonnemans
2018) at the end their judgments depend on two fundamental factors: expected return and
risk involved. Therefore, if a decision to postpone extraction is to be taken, a loss of current
benefits has to be appropriately compensated with expected future increase. This fact lays
down a foundation for the first hypothesis. The rate of margins’ growth (or a discount rate)
cannot be a risk-free one. In fact, it has to reflect a risk associated with the delay. It’s hard to
indicate/calculate such parameter for all decisions across one industry. Therefore, a rate of
industry WACC was adopted for subsequent calculations. This is an aggressive assumption
since individual discount rates should be higher.

The second hypothesis refers to the volume of the minerals produced. Shall Hotelling’s
Rule hold, output needs to be reduced by individual companies not just globally. Decreasing
prices typically forces the weakest players out of the market therefore a global fall in output
cannot be associated with mechanism under analyses. There are minerals which, due to
their importance, either globally or for an individual country fall under strong governmental
influence. The most prominent case is that of crude oil. But in most cases markets are quite
fragmented and global output results from an array of individual decisions. Thus, if the Ho-
telling Rule holds, the majority of individual companies need to decrease production when
the margins fall below expected values and increase if they are above.

The third hypothesis regards the consequences of the second one. If output follows devia-
tions of margins from the growth line set by Hotelling’s Rule we shall observe that in periods
of higher margins output grows, while when they are lower, it declines, in both situations
contradicting the original trend. Therefore, the real margins, in the long term, shall follow
the growth line set by Hotelling’s Rule.

Consequently, proving Hotelling’s Rule requires testing the above three indicated
hypotheses:

¢ Growth rate of margins per unit realized by mining companies must exceed a rate

equal to their WACC,

¢ Output shall follow deviations from the Hotelling growth line,

¢ Margins shall follow Hotelling growth line.

4. Gold miners 2004-2020

The test was run based on the performance of selected gold companies. Their set was
determined by the following requirements:
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¢ They have to be listed on one of the leading mining stock exchanges (Toronto, Syd-

ney, London, New York).

¢ They have to belong to the top gold producers.

¢ At least 50% of their revenues had to come from gold operations.

Five companies meet the above requirements: Barrick Gold, Newmont, Kinross, An-
gloGoldAshanti and Newcrest. Although a share of the selected 5 companies in global
production decreases gradually they were still responsible for 16% of the global supply of
mined gold in 2020. The total volume available was considerably bigger due to an addition
of recycled metal. If this is considered, the share of selected companies in the total supply
surpasses 10%.

The selected companies output for years 2004—2019/20 was confronted with the share of
the remaining suppliers and price development (Figure 1). It is visible that global production,
the one of chosen companies and prices evolve differently. World production was in constant
growth (actually it decreased for the first time in 2019 just after the last year in analyses),
selected companies reported a decline in all years (as related to the preceding one) except
for 2011 and 2017. Prices reached the peak in 2012, then fell significantly by 2015, recovered
partially in 2016 and maintained a very similar level by 2018.

All the selected companies manage a portfolio of mines and undeveloped deposits in
various life-cycle stages. Consequently, they enjoy a certain freedom of decision as they
can slow down or speed up developments of new projects in response to a changing envi-
ronment.

Fig. 1. Share of selected 5 producers in the total world primary gold production (2004-2019)
Source: Own calculations based on companies’ reports and World Gold Council Statistics
and American Geological Service Statistics

Rys. 1. Udziat analizowanych 5 producentow w $wiatowej produkcji pierwotnej ztota
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Nearly all the selected companies carry out other activities than gold mining but
their impact on the overall results is relatively small. Measured by revenues it varies from
20-30% for Barrick Gold and Newcrest, through 10% in case of Newmont down to near zero
for Kinross and AngloGold Ashanti.

5. Testing Hotelling’s Rule using financial and operational results
of selected Gold Mining Companies 20042018

5.1. Data retrieval and selection

The primary source of data were annual reports of selected companies. Since all of
them were public these documents were available on relevant web pages. Although financial
statements were prepared under various accounting rules depending on a company origin
and incorporation, it was assumed that differences were not significant enough to disable
meaningful comparisons — given the purpose of the analyses. At the time of submitting the
manuscript only Barrick Gold, Newmont and AngloGoldAshanti had published their 2020
annual reports. Newcrest follows a different calendar than the reporting year — ending on
June 30, therefore it’s 2020 annual report in fact covers the 2" half of 2019 and the 15! half
of the 2020. In the case of Kinross the last report covered 2019. These differences do not
significantly affect the subsequent analysis as it is relative and dynamic. The tables below
(Table 1-5) present individual data for each company while the last one consists of combined
results achieved via summing or a weighted average, whatever was appropriate. Hereby
there is explanation for the key items presented:

Profit on gold was calculated by the author. Typically reports disclose revenues from
the sales of gold but costs had to be estimated based on itemized information. In one case
(2004 for Newcrest) a concentrate had to be diluted from its cost base. As far as the cost are
concerned, the industry consistently applies a concept of cash costs. Differences relate to the
treatment of royalties, mine closing expenses (decommissioning and rehabilitation). There is
also a problem of hedging recognition both on the revenue and the cost side.

Gold sales and gold extraction are typically presented outright in an annual report.

Profit (margin) on gold sold was calculated by the author and may insignificantly differ
from some data shown due to the need to preserve consistence across all five companies. The
author applies both terms interchangeably in some contexts. In essence both of them stand
for a difference between revenues and costs. Profit is rather a financial accounting term,
used in financial statements in relation to a whole reporting entity or a segment formally
defined and reported. Margins dominate in managerial accounting and financial analyses.
Therefore, where values come directly from financial reports, they are referred to as pro-
fits. However, in case they result from the author’s own calculations, they are referred to as
margins.
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Revenues & hedging impact. All companies employ various hedging strategies to mini-
mize price risk and provide detailed information on them. Also they report their realization
prices benchmarked to current gold market prices. A review of this information revealed that
the actual impact of hedging is insignificant for the analyses presented in the article.

Capital employed was calculated by the author as total assets net of current liabilities.
This method is biased since a portion of short-term liabilities consists of an interest-bearing
debt, but giving the purpose of analyses, the resulting error was considered small enough to
be omitted.

A capital charge was applied to capital employed at the uniformed rate equal to industry
WACC as calculated by Damodaran for the metal industry. This is a simplification but re-
presents a good starting point for a further analyses.

5.2. Testing the hypothesis about the pace of margin growth

The growth rate of margins per unit realized by mining companies must exceed a rate
equal to their WACC. To test this assumption for each company a string of expected mar-
gins was created using 2004 as a starting point and industry WACC. Since after applying
a capital charge 2 companies in 2004 demonstrated negative margins (AngloGoldAshanti
and Kinross), the risk-free rate was applied in their cases and only for 2004. The resulting
calculations are shown below (Figures 2—4).

The results show no evidence of following Hotelling’s Rule. Margins deviated strongly
from 2009 up to 2012 and then in 2019 from the assumed path. It can be argued though that

Fig. 2. Operational margins on gold sold of selected companies 20042020
Source: own calculations based on companies’ reports

Rys. 2. Marze operacyjne na sprzedanym ztocie wybranych firm 2004-2020
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Fig. 3. Margins net of capital charge on gold sold, 2004-2019/2020
Source: own calculations based on companies’ reports

Rys. 3. Marze bez narzutu kapitatowego na sprzedane ztoto, 2004-2019/2020

Fig. 4. Real net margins versus Hotelling based margins, 2004-2020
Source: own calculations based on companies’ reports

Rys. 4. Realne marze netto a marze hotelowe, 2004—2020

this was an exceptional situation of global crises and demand from investors looking for
a “safe heaven”. But if the Hotelling rule really worked this shall cause an increase in output
to correct the demand based shock. Nothing like this happened. Moreover, these deviations

were extremely high (Figure 5).
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Fig. 5. Standard deviation from Hotelling based margins for the period 2004—2019/2020
Source: own calculations

Rys. 5. Odchylenie standardowe od teoretycznych marz wynikajacych z twierdzenia Hotellinga

5.3. Testing the hypothesis about output development

The second hypothesis defined was that output shall follow deviations from the Hotelling
growth line. If the margins are low, production shall be restricted to delay extraction and,

Fig. 6. Number of years when Hotelling’s Rule was presumably followed

Rys. 6. I1os¢ lat, w ktorych decyzje zarzadow byty zgodne z twierdzeniem Hotellinga
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reversely, when margins are high, output shall grow. The author assumed that such a deci-
sion could be made within the year as typically managements base their decisions on fore-
casts and estimated future results. Below (Figure 6) numbers of years when such mechanism
could be noticed. In total, this is nearly half of all the observations. This is clearly the lack
of any relation.

5.4. Testing the hypothesis about the pace of margin growth

The expected margins have been set using industry WACC. This is a biased parameter
since it does not recognize individual capital structure and risks of companies under analy-
ses. Therefore, it is possible that applying company specific discount rates would lead to
results more supportive to the Hotelling preposition. To check this hypothesis the following
procedure was applied. For each company the actual rate of estimated margin growth was
calculated for each year. Then a linear growth function was identified using the minimum
square root estimation. It was assumed that the correlation of actual results with such a func-
tion defines how well an individual company fits” the Hotelling rule. This is a dynamic
parameter since individual risk factors changed every year. However mining is a capital
intensive, long-term oriented business. As such, individual risks factor cannot vary sig-
nificantly in the short term. Therefore, it should be possible to determine an easy function
describing the individual risk parameter. The results of a linear regression analysis are given
below (Table 7).

Table 7. Results of linear regression of individual “fit” to the Hotelling Rule for selected companies

Tabela 7. Wyniki regresji liniowej indywidualnego ,,dopasowania” do Reguty Hotellinga dla wybranych firm

Company X(1) X(0) R2 R
Barrick Gold —-0.0232 1.2241 0.4277 0.6540
Newmont 0.0193 1.3126 0.1350 0.3674
Kinross 0.0030 1.0060 0.0050 0.0707
AngloGoldAshanti 0.1175 0.4296 0.4130 0.6427
Newcrest —0.1006 1.4252 0.2121 0.4605

X(1) stands for the slope of a regression line, and X(0) for intercept and R2 and R de-
note Correlation Coefficient and Coefficient of Determination. The obtained results indicate
medium level to low level of the R coefficient. Therefore they cannot be considered as sup-
porting the Hotelling Rule.
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Conclusions

Hotelling’s Rule implies three fundamental consequences regarding the development of
margins in the mining sector. Firstly, that they shall gradually increase following a rate
of return compensating delayed benefits from a postponed deposits’ exploitation. Second, that
decline in margin below a growing path shall cause a reduction in production. And finally,
that each producer shall be aware of its individual rate of return as well as follow it in the
decision making process. The analyses presented herewith was based on relevant financial
and operational results of the top 5 gold miners. It revealed no support for Hotelling’s Rule.
There’s no evidence that over a period of 16—17 years margins follow any exponential line.
Neither is there evidence of a relation between changes in output and margins. The period
covers a full cycle of gold prices. Certainly, one may try to expand the length of analyses,
but this would create another problem. This of economic value of resources in the context of
technology and social changes. Although mineral deposits are non-renewable they may lose
markets and become obsolete. The closest example is that of coal. Any coal miners slowing
down exploitation fifteen years ago gave up margins they could get, forever.

The publishing of this work was supported by the Andrzej Frycz Modrzewski Krakow University
WZIKS/EiF/5/2020.
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THE HOTELLING’S RULE IN PRACTICE - ANALYSIS OF GOLD MINING SECTOR

Keywords
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Abstract

The paper presented intends to fill up a gap in surveying the Hotelling Rule by taking a company
based, microeconomic approach based on analyses of annual reports. Using selected data three fun-
damental hyphothesis are tested:

1) growth rate of margins (“net margins” including a capital charge) per unit realized by mining

companies must exceed a rate equal to their cost of capital,

2) output shall follow deviations from the Hotelling growth line,

3) margins shall follow a path set by individually defined expected rate of return.

The analysis was based on 5 leading gold producers, responsible for ca 15-20% of global primary
production, all of them public and listed on a stock exchange for the entire period of 2004-2019/2020.
As margin shall grow at a rate compensating individual risk of a company in consideration, they shall
not be homogenous. At 1st step industry WACC was adopted to calculate a normalized capital charge.
The calculations revealed no support for Hotelling Rule. There is no evidence that over a period of
above 15 years margins follow any path determined by a growing expotential function, following
a compound rate. Subsequently it was checked whether output volume is corrected due to development
of actual versus expected (resulting from the Hotelling Rule) margin values. Selected companies were
near indifferent to this parameter while taking decisions in area of volumes supplied. Neither there is
no evidence of relation between changes in output and margins. Finally, it was checked whether dif-
ferences between expected and actual margins’ growth paths could be described by a linear function,
resulting from consequent adoption of a risk rate component. Here neither any evidence was found.
In conclusion no support for the Hotelling rule was identified.

TWIERDZENIE HOTELLINGA W PRAKTYCE — ANALIZA SEKTORA GORNICTWA ZLOTA

Stowa kluczowe

wycena, finanse przedsigbiorstw, twierdzenie Hotellinga,

aktywa geologiczno-gornicze, finanse a zréwnowazony rozwoj

Streszczenie

Prezentowany artykut ma na celu wypelnienie luki w badaniach nad twierdzeniem Hotellinga
poprzez przyjecie podejscia mikroekonomicznego, opartego na analizie sprawozdan finansowych
konkretnych firm gérniczych. Wykorzystujac zawarte w nich dane, poddano sprawdzeniu trzy hi-
potezy:
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1) stopawzrostu marzy jednostkowej netto (z uwzglgdnieniem kosztu kapitatu) musi by¢ wyzsza

niz koszt kapitatu,

2) zmiany wolumenu produkcji powinny odzwierciedla¢ odchylenia od stopy wzrostu marz wy-

znaczonych twierdzeniem Hotellinga,

3) marze powinny wzrasta¢ zgodnie z indywidualnie wyznaczong przez kazdego producenta

stopa wzrostu.

Analize przeprowadzono na przykladzie 5 wiodacych producentow ziota, ktorzy dostarczali
15-20% podazy pierwotnej (z wylaczeniem odzysku) tego metalu, notowanych na gietdach w ca-
tym badanym okresie. Poniewaz wzrost marz powinien kompensowa¢ indywidualne ryzyko kazdej
z firm, nie powinien on by¢ homogeniczny. Jednak w pierwszym kroku $redniowazony koszt kapitatu
(WACC) dla catego gornictwa ztota zostat wykorzystany dla wyznaczenia kosztu kapitatu. Oblicze-
nia wykazaty brak zgodnosci z twierdzeniem Hotellinga. Nie znaleziono dowodu, ze w 15-letnim
badanym okresie wzrost marz odpowiadal jakiejkolwiek wyktadniczej funkeji. Nastepnie zbadano,
czy wolumen produkcji byt korygowany tak, aby przeciwdziata¢ odchyleniom od teoretycznej $ciezki
wzrostu marz wyznaczonej twierdzeniem Hotellinga. Wykazano, ze korporacje podejmowaty decy-
zje o wydobyciu niezaleznie od zmian w marzach. Tak samo nie znaleziono dowodu na zbiezno$¢
pomiedzy poziomem ich indywidualnej produkcji a wielko$cig ich marz. W koncu sprawdzono, czy
roéznice pomigdzy oczekiwanymi a uzyskiwanymi marzami moga by¢ opisane przez statystyczng
zalezno$¢ w postaci funkcji liniowej mogacej wynikaé z zastosowania innej stopy ryzyka niz tej
homogenicznej przyjetej pierwotnie do obliczen. Tu tez nie znaleziono zadnej przestanki potwier-
dzajacej taka zaleznos¢. W konsekwencji stwierdzono brak przestanek uzasadniajacych stosowanie
twierdzenia Hotellinga na poziomie mikroekonomicznym.
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