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Resource allocation over time
 Key question: How much non-renewables should we use

today and how much do we save for future generations?
- 1. How much is available (physical and economic
supply)
2. How do we value future consumption relative to
consumption today

Physical supply and economic supply

Physical supply and economic supply
 Economically recoverable reserves changes over time for three main reasons
- resource is extracted and used over time
-New resource deposits are discovered over time
-Changing price and technological conditions can make more (or less) of the
known reserves economically viable


Earlier calculations in 1972 that major mineral reserves would be exhausted within several decades
has not borne out
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Oil reserves are now 2.4
times higher than they were
in 1980 as a result of new
discoveries, technological
improvements, and higher
oil prices which have made
more oil deposits
economically viable.

When global oil production
peaks might depend as
much upon policy (e.g.
climate change policy) as
on resource availability

 A mineral resource such as copper is classified through a combination of

geologic and economic measures

Classification of Nonrenewable Resources

A question to ask yourselves
Should we focus on reducing non

renewable resource in the
developing world?
 http://www.youtube.com/watch?v=BZoKfap4g4w
 https://www.youtube.com/watch?v=jbkSRLYSojo

Resource extraction: Balancing present
and future periods
De we extract now or later?

Resource extraction: Balancing present
and future periods
De we extract now or later?
 If we want to compare different time periods, we must

translate future values into their equivalent in present values
 The economic concept of present values relies on the use of a

discount rate to convert future to present monetary values

The Effect of Time on $1,000 in Future Value: i.e. the
effect of different discount rates.

Discounting
 Discounting is the opposite of compounding
- The rate at which a current value is compounded is called the interest
rate
- The rate at which a future value is discounted is called a discount rate

 The choice of a discount rate becomes more important the

further out in time one goes

 Consider the present value of €100 obtained 100 years from

now using different discount rates

-5 and 7 % the NPV is negligible (0.76 and 0.12)
3% the NPV is a little more at 5.20 but still very small
- When a discount rate is 1%, impacts 100 years from now are still significant at
€37

 The NPV discounts a stream of benefits and costs to the present

value. The simplified formula is given as follows:
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Where Bt is the benefit in time period t, r is the discount rate and N is
the time horizon of the project
For Benefits extending into the indefinite future use the formula: PV
= Bi/r to obtain the value of the infinite stream of benefits

Allocation of non-renewable resources
over time
 We will start with a simple initial model where we assume that we have a

known quantity of a resource (e.g. copper) that we can use during two
different time periods.
 How should we allocate this limited resource between the two time periods?

- tackled this research question in 1st year from a static perspective (e.g.
supply and demand curves!)

Now we are going to add in a temporal dimension to the analysis
 Economic analysis would weigh the economic value of copper in the present as
compared with the value of copper in the future
- how do we do this?

Resource allocation over time
Supply, Demand, and Marginal Net Benefit
for Copper (supply and demand for copper)

Static equilibrium: Market equilibrium that will prevail
if only present costs and benefits are considered

Marginal net benefit: the difference between the value to the consumer and the cost of supply for each unit of copper.
We can formulate this problem as a simple extension of standard supply and demand theory. MNB are generally higher for the first units
extracted but then gradually decline to 0 at equilibrium where the supply and demand curves meet.

Balancing present and future periods
 Static equilibrium (Q = 200, P = 100): The market equilibrium that will prevail if only

present costs and benefits are considered
 Dynamic situation: Lets assume that the two periods in our copper example are 10 years

apart and also that the marginal net benefit for copper in the second Period 2 will be exactly
the same as in period 1.
 Using the net present value method we can convert the marginal net benefit of copper in

period 2 into period 1 values using the formula we discussed earlier for discounting

Balancing future and present
periods

Allocation of Copper
Over Two Time Periods

Horizontal axis measures
total available supplies of
copper – say 250 units

Dynamic equilibrium for two period
models
 Q1 = 150 and Q2 = 100

This is the optimal allocation between periods since at this point no additional net
benefit can be obtained by shifting consumption from one period to another
 Discount rate employed will determine the optimal allocation between period 1

and period 2

Resource allocation over time
 In our example at any level of present consumption above 150 units – we are

reducing total economic welfare by our excessive present consumption
 If we can internalise user costs the new market equilibrium known as a dynamic

equilibrium will maximise overall economic welfare.
 How can we reflect user costs in the market (externality in time)
 - resource depletion tax

Hotellings rule and time discounting
 Our simple two period model makes clear that the discount rate is a critical

variable.
 What happens with a discount rate of 0?

Hotellings rule and time discounting
 Our simple two period model makes clear that the discount rate is a critical variable.
 Unlike other competitive industries where P = MC in equilibrium, resource-extracting firms

typically operate at an output level at which price exceeds MC. Why?

 What happens with a discount rate of 0?

- At a discount rate of 0 future net benefits are given exactly the same value as if they
were current net benefits
 At a high discount rate say 50 percent per annum-the first period allocation of copper is 198

units close to the 200 units consumed in the static equilibrium case

 We can extend this logic from one period to many periods using the principle known as

Hoteling's rule.
- The rule states that in equilibrium the resource net price (defined as
the price minus extraction costs) must rise at a rate equal to the
rate of interest.

Hotellings Rule
 In deciding whether to produce and sell the copper, the owner will weigh the resource net

price available today against a possible higher future new price.
- profit now versus profit later?

 If the present net price plus interest exceeds the probable future net price the owner will

profit more by extracting more of the resource today and investing the proceeds rather than
waiting

 If the expected future net price is higher than the net price today plus interest, it will be more

profitable to …..?

 More generally we can say that economic theory implies the existence of an optimal depletion

rate and this rate will be faster at higher discounts rate
- High discount rates create an incentive to use resources quickly
(since their present value is greater than their future value)

Discounting
 What about the ethical imperative to leave something for future

generations?
 A discount rate based on standard commercial rates of interest will give

a low weight to the well-being of future generations
 Can you think of other areas in the field of resource economics where

the choice of a discount rate will be very important?

External reading – see VLE for
additional material
 Chapter 5 Resource allocation over time and Chapter 12

Non renewable resources: scarcity and abundance in
Environmental and Natural Resource Economics by Jonathan
M Harris
 http://www.youtube.com/watch?v=pRl5ctx-S1M

