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Abstract

Natural resources are not homogeneous in nature, therefore economic analysis of extractive industry
fundamentally differs compared to agriculture, manufacture and services analysis. The main reason is that mineral
resources are exhaustible resources; hence, in the mining industry an initial stock of reserves will exhaust over time.
Therefore, this paper analysis the natural resource market according to several criteria: requirements of economic
growth, future potential of environmental factors, scientific and technological progress and demographic change.
Hence, this work deals with issues related to the limited character and scarcity of natural resources (supply) in relation
to the development of demand (in the first part), and the mechanisms and economic laws that describe the supply-
demand ratio of natural resources determined by economic and social factors (in the second part).
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1. Introduction

Economic analysis of extractive industry fundamentally differs compared to agriculture,
manufacture and services analysis. The main reason is that mineral resources are exhaustible
resources [10]; in other words, in the mining industry an initial stock of reserves will exhaust over
time. Consequently, if we start from the premise that the owner of a resource, like any other owner,
is seeking maximum gain, we must then take into consideration multiple factors specific to the
mining industry.

Therefore, research in the area of natural resource market involves a comprehensive analysis
according to several criteria: requirements of economic growth [9], future potential of
environmental factors, scientific and technological progress and demographic change; these factors
affect both, demand and supply rate, as well as substitution rates, specific consumption rate
reduction etc.

The economic literature contains a comprehensive analysis of most of the aforementioned
issues, which is why in this paper we shall dwell only on the following matters: limited character
and scarcity of natural resources (supply) in relation to the development of demand [7];
mechanisms and economic laws that describe the supply-demand ratio of natural resources
determined by economic and social factors. The analysis of these concepts is largely extended in
this paper.

2. Natural resources market
Until now, economic analysis in general, and especially that related to the natural resources

market, has been characterized by the concept of natural resource scarcity [2; 13], much of the
methodological concepts being closely related to resources allocation problems at micro and
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macro-economic level. In this sense, natural resources (raw materials and energy) are scarce,
according to, on one hand, the growing supply-demand ratio on the market, and on the other hand,
the manner in which these resources are found in the production process.

Consequently, natural resources appear to be scarce because, as inputs required for
production processes, they are not available without limit during the production process. Taking
into account given restrictions on the temporal scarce character of certain resources, the theory of
optimum allocation of resources is a combination of production factors in such a way to achieve
maximum effect.

In the dynamics of productive processes, production factors are reproduced in increasingly
larger quantities. However, when using natural resources, their scarce nature remains on the market
[11], varying in time, due to the different intensity of external factors (technical progress, direct
action of man, the economic mechanism). The scarce character of natural resources supply on the
market in relation to society needs is gradually fading as economic development and increased
contribution of technical progress to economic growth improve opportunities to supply resources

[1].

Although the geological map of mineral reserves in the world is quite rich and will continue
to enrich through new geological discoveries and technological tuning, the real supply often
remains under the reserves potential, not because of their physical exhaustion, but mostly for
economic reasons. For example, research development and geological prospecting, extraction and
preparation, and haulage of substances to the place of consumption, require huge investments
which any country, and especially developing countries, find difficult to sustain. Furthermore,
foreign capitals are often reluctant to some projects due to increased investment risk and price
fluctuations on global market.

In achieving a balance between market supply and demand of resources, the scarce character
of natural resources that is of raw materials and energy should be revealed through their prices: the
scarcer these resources are, the higher their price would be [4; 8]. Prices must reflect both the
amount of labor and material expenses, and the current and future market situation (supply and
demand), the status of natural resources etc.

In building mathematical models of resource allocation optimization, scarce (or abundant)
character of resources is outlined by optimal prices. Nevertheless, in reality, a time lag usually
appears between the actual consumption of natural resources, the effect in prices and the correlation
between solvent supply and demand. Usually, such a match occurs post-festum. A solution to this
problem is the stock exchange.

In the case of the natural resources market, a rise of prices would lead directly to rationalized
consumption (reduction or substitution of specific consumption of resources), to increased
production, and especially to the introduction of new extraction and preparation technologies, as a
more effective way to reduce production costs and achieve greater profits.

Since the economic mechanism is based on maximizing immediate profits, spontaneous
action of demand and supply on natural resource market, as well as of the technical progress, is not
designed to guide national economies to protect natural resources to avoid their rapid exhaustion or
depletion. On the contrary, this very non-consumer mechanism encourages overuse of natural
resources, hence their irrational exploitation [4].

Therefore, comparative studies of national economies profile with different degrees of
endowment in natural resources reveal the correlation between the relative endowment of
production factors and the traditional economic structure, in particular the manufacturing industry.

At the same time, there are opinions that trade with raw materials would depend on
differences in factor endowment. As such, testing the Heckscher-Ohlin theorem would be
unnecessary for the producer of resources [5]. Of course, the reasoning is not correct, since, on one
hand, economic activity in this sector calls for capital and labor in different proportions to produce
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different quantities of products, and on the other hand, rational economy is a solid system, with
influence and direct and indirect links between branches.

A thorough analysis of the relationship between export and import of resources in their
natural status, and resources incorporated into final products, can be made only by taking into
account all branches in one economy. In terms of computer technology, it is the extension of
applying Leontief's method to the new production factors: energy and raw material resources [5].
This provides an extension of the Heckscher-Ohlin theory testing [12].

3. Models for market structure analysis

It has often been discussed the fact that market imperfections, especially in the case of
extreme monopoly, are "the best friends of conservatism”, says Hotelling [6]. It should be
emphasized that monopoly can exist in the mining industry as well as in the manufacturing
industry, affecting depletion rates and thus the cost/price of fossil fuels and mining products.

In this sense, we need to understand in what ways a monopolistic behavior may differ from a
perfectly competitive behavior in the mining industry. It should be once more underlined that the
objective of any business is the extraction of resources in a manner which maximizes the present
value of profits over time. When this happens, the market rate of return will be one of the
determining factors of both monopolistic and perfectly competitive firms. This is inherent in the
economic fundamental principle.

To begin, let us consider that a monopolist owner is the sole owner of a set stock that can be
extracted at zero cost. The market demand curve which the owner must satisfy remains stationary
in time. The owner then needs to find an extraction scheme to bring maximum profits discounted
over time until all original stock (inventory) is depleted over time. The marginal income increase
from two consecutive moments of time will be:

MR(t +1) - MR(t)
MR(t) B

r, 1)

that is the percentage change in marginal revenue equals the time rate of profit, “r”, or:

MR(t)(1+r)= MR(t +1), (2)
meaning that at any point in time the monopolist owner’s marginal revenue amounts to the market
rate of return.
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Fig. 1 Stock depletion in monopolistic situation, with (a) time =t and (b) time = t+1
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Fig. 1 represents the situation in which production at any point in time meets the conditions in
equation (2). In fig. 1(a), an output level at time t, “Q¢”, corresponds to the price level, “P¢”. In the
next period, t+1, price, and thus marginal revenue, must increase linearly with the market rate of
profit, which may be obtained only by reducing production, namely: Q,,, <Q,.

When marginal revenue is discounted to market rate of profit, it remains constant in different
time periods. Last unit of extracted production will produce the highest undiscounted marginal
income, which corresponds to the price limit “p*”.

As the monopolist owner shifts the marginal revenue curve upwards, the numerous traders
that are competing on mining markets will also shift the demand curve upwards at every point in
time. In both market structures, the economic fundamental principle must meet the same profit rate.
Since the marginal revenue curve is steeper than the demand curve, that is:

slopeMR > slopeD , (3)

and the monopolist owner will have to make a lower decrease in production than the competing
firms, at any one point in time. Thus, the monopolist owner will use its reserves more slowly than
firms performing on the competitive market.

Considering two different price trend on the two markets, because the monopolist owner has
a lower initial production their initial price must be higher. Because marginal revenue is lower than
the price (see fig. 2) then the monopolist price trend will be flatter than the competitive price,
meaning that the price is growing more slowly.
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Fig. 2 Price and production levels in manufacturing industry, with (a) monopoly and (b) perfect
competition

This new situation is shown in fig. 3. In the monopolistic situation, the initial prices are
higher, but their growth rate is lower. Assuming there is no change in demand for natural resources,
then, in the monopolistic situation the reserve stocks will last for a longer time period compared to
a competitive situation in the extractive industry.

It was stressed that when depletion time (T) is long, then many changes can occur related to
natural resource extraction technology and their use, which will affect the demand curve. It can be
argued that as long as the competitive market prices are growing fast, this situation will encourage
the users of these resources to seek new sources of alternative raw materials.

In a monopolistic situation, however, demand for natural resources and raw materials for the
manufacturing industry cannot be avoided as long as their users are accustomed to the slow growth
of resource prices and thus will maintain their constant demand. With a constant demand, the
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ultimate depletion will take place in the competitive market, and if users gradually shift to
substitutes, it is possible that part of the stock of reserves to remain in deposits.

A

 Price

p*

Time
Fig. 3 Price trend in the situation on (ab) monopolistic, and (cd) competitive market

In this assertion it is also inherent the fact that monopoly rent, which includes both the
resource rent and excess profits, exceeds the resource rent obtained in the competitive market [3]. It
is therefore understandable why independent owners of natural resources are willing to form a
cartel whereby they believe they can act as a collective monopoly.

Indeed, a cartel is a group of independent owners who are trying, by common understanding,
to act as a firm. In a cartel case, each owner agrees to produce less than they would produce under
competitive market conditions. The expected effect of the cartel is to increase the market price so
that producers can earn excess profits.

Fig. 4 shows the production levels both in a competitive market and in the situation of a
cartel. To simplify the calculations let us assume that we analyze the case of a zero rate of profit.
Fig. 4(a) provides competitive price “OPp” and production competition “0Qp” by intersecting supply
and demand curves. A competitive market firm considers the market price as a given and produces
at a level where price equals marginal cost, which then becomes the marginal revenue and so the
firm will schedule its production at this level. Its market segment covers only part of its total sales.
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Fig. 4 Incentives "to deceive" in terms of a cartel

In order to achieve excess profits, let us now consider that all competing firms would join
together to form a cartel. In this case, their production “0Q” would fall so that market prices are
rising to “OP¢”. We need to emphasize here that the ability to offer is not diminishing as production
level reduces artificially. Each cartel firm receives such a share so that the reduced rate of
production on the market can be maintained. The individual company depicted in fig. 4(b) is told to
reduce production to “0Qc”.
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In this new situation created there is a great temptation "to deceive"”. By reducing only a little
its price (slightly below the cartel price), the individual company may sell more, “0Qqg”, at the same
expenses as other members. For production “0Qq”, the firm's marginal cost equals the new marginal
revenue, “MR’”, and the shaded area shows over-excess profit that can be achieved "through
cheating” the cartel. In fact, all firms are tempted to do likewise. If all are "cheating" the cartel,
then the market output will be much higher than pre-cartel level and therefore the price will be
much lower. In other words, a cartel may also cause disasters to its members.

4. Conclusions

Economic literature has often promoted the idea that resource reserves depletion is
significantly affected by the extent of economic and demographic development. In our previous
paper we have distinguished three potential sources of inefficiency in natural resources use, not all
acting in the same direction (externalities, monopoly and government intervention). As long as
externalities are concerned, for evaluating the degree of inefficiency we may follow the monetary
evaluation process as much as possible.

Despite the distinction made by some authors between market and government failure, it is
advisable to use here this situation in organizational purposes only. The exact mode in which may
simultaneously exist a market that has no consideration for externalities, on one hand, and a
Government that intervenes upon resource use, on the other hand, cannot be known with certainty.

This is because resource depletion may be lower in an imperfect market, as with
"monopolies”, which means that we expect monopolist owners the level to which a resource is
extracted or harvested. This situation occurs because monopolist owners can get profits from such
activities.

To conclude, we must point out that a cartel may increase prices only by reducing its
production. However, at higher prices, members forming a cartel are tempted to produce even more
than in the competitive market equilibrium. As the cartel situation has more success, the temptation
"to deceive™ will grow. To be successful, a cartel requires some measure of group domestic policy
to ensure that each member takes care of their share. In natural resources depletion terms, in a
cartel case, the amount extracted at any point in time will be lower than in the competitive situation
and therefore reserve stocks will remain in their deposits for longer.

And this is both helpful and desirable for a sustainable development in the mining industry.
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