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II. THE HOTELLING RENT AND THE HOTELLING RULE

1. THE HOTELLING RENT

Harold Hotelling
(1895–1973)

In 1931, Harold Hotelling, an American economist has published an article with title "The economics of
exhaustible resources", which findings serve as a basic theory for economics of non-renewable resources. His
theory is fundamental in two aspects: first, this theory defines optimal rate of extraction of the mineral
(exhaustible) resource, second, he introduced the concept of Hotelling-rent or user cost, which is fundamental
in discussion of the royalty. Since this theory is valid only under several restricting conditions, which are not
realistic in the real world, the validity of his finding were debated several times, especially in the 1990s.
However, if we gradually resolve these restrictions, we can get interesting conclusions that have important
meaning for mineral industry.

The Hotelling rule presumes the validity of the following conditions for the examined period:
 
totally competitive market,
 
no technological, technical development,
 
fixed stock of the exhaustible resource, no new discoveries,
 
constant market conditions.

Hotelling's article pointed out that economic behaviour of mining firms differs from behaviour of other industrial
sectors. According to the basic theory of micro-economics, a competitive and profit-maximizing firm will rise
his output until  his marginal cost reaches the market price:

S(Q) = MC (Q)

where S(Q) is the supply function, MC is the marginal cost function. The firm should reach a price for the
product that the cost of the last unit of the product will be recovered. If each portions of the product has the
same price, then the price equals the marginal cost of the product.

Hotelling has shown that since the quantity of the resource is limited (exhaustible), we should consider that
the resource extracted (and consumed) today will be not available for future generations. Therefore during the
evaluation of the currently extracted resource, that value should also be considered that would have been
reached if the resource would be extracted in the future. This future value, which is lost due to extracting the
resource today is called as the opportunity cost. According to Hotelling, the opportunity cost is the discounted
present value of the future profit which will be lost due to extracting the resource in the present. Therefore a
competitive mining firm will rise its production until  its marginal production cost and the opportunity cost
reaches the market price:

S(Q) = MC (Q) + OC (Q)

where OC is the opportunity cost. Lets return to the figure 1 in the lesson about the Ricardian rent. The firm,
extracting mine G at the marginal production cost, will be competitive only, if the market price covers its
production costs and the opportunity cost (see figure 1). The opportunity cost has different names: Hotelling
rent, scarcity rent, user cost, royalty. Due to this variety of terms, several times it was misinterpreted.
Noteworthy textbooks (e.g. Pierce and Turner, Otto et al.) apply the term user cost, expressing with this the
firm is interested in the production until  the market price covers the production costs and this additional cost,
otherwise it will leave the mineral in the ground. Therefore the user cost expresses a real cost, however it is a
cost that appears in the future.

The user cost has at least two important properties. First, the user cost is the net present value of the future
profit for the mine producing at the marginal production cost, which will be lost if it will extract an addition unit
of mineral instead of leaving it in the ground. For mines that produce at less production costs (mines A-F in
figure 1) the net present value of the lost future profit includes the user cost and the Ricardian rent, too.



Figure 1. Representation of the Hotelling rent  (user cost) and the Ricardian rent. (After Otto)

Other important meaning of the user cost is that it expresses the in situ value of the resource, the value of the
resource before the extraction for the mine producing at the marginal production cost. This is derived form the
fact that the resource is non-renewable.

Moreover, Hotelling has indicated that at socially optimal rate of extraction, the rate of price increase of the
resource (dP/P) equals with the social discount rate:

dP/P = s

or by other expression:

Pt = P0 est

where Pt is the price of the resource at the given time, P0 is the present time, t is the time elapsed and s is

the social discount rate that is used for the calculation of the above mentioned net present value.

If this condition holds, then it is indifferent for the owner of the resource that it will be extracted now and sold
at price P0, or will be extracted at any time in the future and sold at price Pt.

The increase of nominal price of the resource by the Hotelling rule takes place until  the exhaustion of the
resource. In the optimal case, the demand for the resource will cease due to its high price when the
substitution (backstop technology) becomes economic and can replace the original resource. If there is still
unsatisfied demand for the resource in the time of its exhaustion, it means that the price was not optimal, it
could not fulfil the function to regulate the behaviour of consumers, or the backstop technology is still not
available.

2. GRAPHICAL INTERPRETATION OF THE SOCIALLY OPTIMAL RATE OF EXTRACTION

The Hotelling rule can be demonstrated in a four-quadrant system of coordinates. The upper right corner
shows the price curve as a function of time. The curve shows the optimal price change – using the optimal P0
initial price and the optimal discount rate s – along which the demand for the resource will cease at time T.
The upper left corner shows the demand curve: the relationship between the price and the quantity of the
resource that can be sold in the market by a certain time period. When the quantity of the resource decreases
and price rises, the demand will decrease.   Lower left corner shows the quantity demanded as a function of
time. The mineral extracted until  time t can be defined as the area under the curve. The function of the lower
right corner is only to connect the two time axes.

PB is the price which is high enough to introduce the backstop technology. It could mean that the original

commodity (e.g. some metal) will be produced by more expensive extraction and/or processing technology,



but can mean also that the need is satisfied by a completely new technical solution. For example the need that
is satisfied now by conventional hydrocarbon resources, in the first case will be satisfied by extraction of non-
conventional hydrocarbon resources at higher extraction prices, while in the second case the technology
change could mean the use of renewable resources. For us here the important argument is that the price
curve of the backstop technology will follow an exponential path, similar to the price curve of the original
resource. From time T, the slope of the backstop price curve will always lower (price rises slower) than the
slope of the original price curve, therefore the use of the backstop technology will be more economic, the
original resource fulfils its social rule. The socially optimal case is that T will commence when the resource
approaches its exhaustion.

Figure 2. Graphical representation of the Hotelling rule.  (After Pierce and Turner)

Lets suppose that P0 is not the optimal initial price. If the initial price is P1, which is above P0, (figure 3,

orange curve), then by the same discount rate, the price of the resource receives PB before T. It will result

that there are still available resource in the ground that could be extracted, but will be left in the ground
because the backstop technology in the future is more economic. Therefore P1 is not the socially optimal initial

price.



Figrure 3. Effect  of change of the initial price

There are more severe consequences if the initial price is lower than the optimal. In this case (figure 3, red
curve) the resource price will reach PB after T, which can lead the exhaustion of the resource before the

backstop technology can be introduced. That means the price rises slower and it does not stimulate (enough)
the consumers or the society to develop the substitution solution or to reduce the consumption. In this case
there is still unsatisfied demand when the resource exhausts. Since the backstop technology is still
unavailable or very expensive, the society will face a crisis or in more serious case a collapse. Obviously it is
also not an optimal initial price. This deduction shows that there is a socially optimal P0 that leads the society

"smoothly" from the existing resource to the backstop technology.

Similarly it can be justified that there is a socially optimal discount rate (s). If the discount rate is higher than
the optimal, the slope of the curve will always be steeper (figure 4, orange curve), therefore it will reach the
backstop price before T, there will be still available resource for extraction. If the discount rate is lower than
the optimal (figure 4, green curve), the slope is always lower, therefore it will reach the backstop price after T,
leading to the same problems as discussed above.



Figrure 4. Effect  of change of the discount rate

Extreme appearance of the latter can lead to serious social conflicts, when the discount rate is very low (figure
4, red curve). In this case the price of the resource rises very slowly and at time T, when the resource will
exhaust, it is far away from the price of the substitution. Despite the Hotelling rule cannot be directly
interpreted to real processes – due to the strong restrictions if its validity –, some CIS countries can be
mentioned as examples for this phenomena. Price of natural gas was very low during the socialist era and it
was risen later by a low rate. As a result, neither the population, nor the authorities were interested in
development of energy saving (isolation, effective heating systems). Therefore – as it has happened in
Ukraine in 2008 – the society was shocked when the government was forced to introduce world market prices.

It should be emphasized that Hotelling's theory is valid only if we presume several restrictions, which are not
realistic in the modern market economy. Therefore we cannot reach direct conclusions from these findings.
Hotelling does not discuss the question whether the extraction of a resource would be stopped because its
marginal social profit becomes zero or negative. Perhaps, this is not only a theoretical question. Nowadays we
are facing with the question whether the CO2 emission should be reduced so much that would take away the

use of coal from energy production, despite this is the biggest available fossil energy resource (Kerekes,
1997).



Figure 5. Effect  of decrease of production cost

In further part of this lesson lets analyse the consequences if some of the restricting conditions of the Hotelling
rule are resolved. Concerning mineral resource management, the most important findings will be reached
when we resolve restriction of technological development and the restriction of the increase of resource stock.
During the last 50-60 years these two parameters showed enormous development.

Development of mining and processing technics and technology led to significant decrease of extraction costs
per a unit of resource in the last decades. Until  now we considered the production cost as a constant. Since
the market price is the marginal production cost plus the opportunity cost (user cost) at any time during the
analysed period, it means the following equation should hold:

Rt = R0est

where R0 is the initial user cost (P0 – C0), Rt is the user cost at time t (Pt – C0). When production cost

decreases (figure 5. from C0 to C1), the R0 increases and would grow at the discount rate s. It results that PB
will be reached before the exhaustion of the resource. To keep the socially optimal rate of depletion, P0
should be lowered to P1. It will generate more demand in the early period, causing more resource to be

extracted. The new price path will be steeper and the resource will exhaust earlier.

It should be noted that the discount rate (s) remains the same, the user cost (P - C) rises at the original
discount rate. The fall in P0 is less than the fall of C0.

Another important result of research and development in the mining sector led to the significant increase of

the resource stock in the 20th century. The following chart shows this impressive development in mining and
exploration technics and technology. Known extractable reserves of copper in 1950 was 100 million tons. In
the next 48 years two and a half times more copper ore was extracted and the extractable reserves in 1998
were three and a half times more than 48 years before. One part of this enormous increase resulted from new
discoveries, using new exploration methods, but the other (bigger) part is the result of re-evaluation of former
uneconomic resources to mineable reserves due to new mining methods (open pit mining), powerful
machinery, mew processing technologies (e.g. heap leaching), new methods of transportation.

Figure 6. Change of world copper reserves between 1950 and 1998.

When reserves increase and the demand curve does not change, that extends the resource availability.
However, to reach the socially optimal rate of extraction, the initial price should decrease (fig. 7).



Figrure 7. Effect  of increase of reserves

It is worth to analyse here the rate of increase of reserves in the last 30 years. Analysing the following graph,
using the copper as an example, it is shown that the peaks of resource prices are followed by new discoveries
with a 3-4 years delay. One cycle lasts about a 10 years period.

Figrure 8. Number of discoveries of copper deposists and the change of copper prices in the second half  of the 20th century.

Lets compare this graph with the following diagram, which shows the case when significant discoveries, new
deposits join the reserves of a commodity. The following diagram is a cyclic repetition of the case in figure 9,
showing that – due to the development in technics and technology – in the long term the commodity price
increases slowly and cyclically (interrupted red curves), or in the long term show a decreasing trend
(interrupted blue curves).



Figrure 9. Effect  of repetitive discoveries

This is actually the trend that could be detected by most of metal prices during the 20th century. he following
chart shows the change of copper prices during the last century in constant dollars per ton. The red line
shows the average trend which is generally slowly decreasing. That is a reason why the Hotelling rule had
criticism during the late decades of the 20th century, when commodity prices were low and gradually
decreasing.

Figrure 10. Change of copper price (in constant dollars per  ton) in the 20th century.  Source: USGS raw materials data

Finally lets analyse the effect of a monopolistic market. The main difference between the fully competitive
and the monopolistic market is that the monopolistic producer can regulate the price change by changing the
output quantity. It will be interested in rising the demand, issuing less commodity to the market (R0M instead of

R0, see fig. 11) at a higher initial price (P0M instead of P0). If the demand curve, production technology,

consumer preferences are constant, the monopolistic producer can keep its position stable and it is interested
in keeping this position as long as the resource will be available. Therefore it will use a reduced discount rate,
resulting in the availability of the resource until  TM. In general, the monopoly tends to lead to resource

conservation (Pierce and Turner, 1996).



Figure 11
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