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Lecture 4 – Non-renewable resources
(Non-competitive markets and uncertainty)

4 Non-competitive markets

4.1 Monopoly
This is covered only very briefly in Perman et al. (2003, ch.15.4). The following observations may
throw a little more light on the situation. A good start in the more recent and nuanced literature on
supply-side market power is the paper by Polasky (1992). (Which is, by now, also 20 years old....)
Anyway, consider a stationary inverse demand functionp(x). A monopolist considers the revenue from
extraction R(x) = p(x)x. Note that R′(x) = p+p′(x)x < p for x > 0. We can moreover see right away
that for x = 0 we have R′(0) = p(0). Furthermore, total extraction is the same as under competition.

First, it will be useful to write

R′(x) = p

(
1 +

p′(x)x

p(x)

)
= p

(
1− 1

ε

)
= pγ(p) (18)

where ε = −D
′(p)p
x is the (negative of the) price elasticity of demand.

Second, note that the problem of the monopolist is given by

max

∫ ∞
0

e−rt [R(x)− c(S0 − S)x] dt s.t. Ṡ = −x, x(t) ≥ 0 ∀ t, S(t) ≥ 0 ∀ t, S0 given

which is identical to the standard social problem under competitive conditions, only that R(x) takes
the place of u(x). Accordingly, we have:

u′(x) = p = λ+ c(S0 − S) R′(x) = µ+ c(S0 − S)
λ̇

λ
= r

µ̇

µ
= r

ṗ = r(p− c) Ṙ′ = r(R′(x)− c) (19)

We are of course interested how the price path in the monopoly case (right column) differs from the
competitive case (left column). To this end, write

R′ = pγ(p) (from equation 18)

and accordingly

Ṙ′ = ṗγ(p) + pγ′(p)ṗ = ṗ (γ(p) + pγ′(p)) .

= ṗγ(p) (1 + γ̂(p)) . where γ̂ =
pγ′(p)

γ

Finally, use (19) and (18) to obtain an expression for ṗ:

r(pγ(p)− c) = ṗγ(p) (1 + γ̂(p))

ṗ =
r

1 + γ̂

(
p− c

γ

)
Thus, we see that there are potentially two effects delaying extraction compared to the competitive
case, first if the elasticity is not constant, and second when extraction costs are not zero.

1



ECON4925, Autumn 2012 Florian Diekert Version of September 10, 2012

4.2 Monopsony

The following is from Harstad and Liski, sec. 1 and 3, in particular 3.2, which is available here: link
The model-setup is the following. There is one buyer, and many sellers that each hold a unit of

the resource. There are two periods and no discounting. First period consumption is given by x and
second period consumption is given by y.

The first-best is given by

u′(x∗) = u′(y∗) = c′(x∗ + y∗) = p(x∗ + y∗)⇒ x∗ = y∗

The buyer however realizes his/her market power and thus maximizes:

U(x, y) = u(x) + u(y)− (x+ y)p(x+ y)

When the buyer can commit, his/her foc is:

u′(xc) = u′(yc) = p(xc + yc) + (xc + yc)p′(xc + yc)⇒ xc = yc < y∗ (20)

Note that the intertemporal allocation is efficient, even though too little is extracted compared to the
social optimum.

When the buyer cannot commit, he will choose yd in the second period, which is defined by:

u′(yd) = p(x+ yd) + ydp′(x+ yd) (21)

This is different from (20), so that the commitment-policy is not time-consistent. Hence, not only
will there be too little total extraction, but also too much conservation of the resource (x < y). The
latter follows from the fact that the buyer has to respect the sellers arbitrage condition (price is equal
in both periods), i.e. p = p(x+ yd(x)). Accordingly, the foc for x is:

u′(x) + u′(y)y′ = (1 + y′)p+ (x+ y(1 + y′))p′ (22)

where y′ is given by (21). Substituting and re-arranging, we get

u′(x)− u′(y) = (1 + y′)xp′ > 0. (23)

5 Uncertainty
Read Hoel (1978)

There are many different aspects of risk and uncertainty. From the “catastrophic risk” discussed
in Perman et al. (2003) which leads to a higher effective discount rate, to exogenous uncertainty (un-
known reservoir size, unknown costs, unknown arrival date of substitute) and endogenous uncertainty
(information, search, R&D, price speculations). Here we focus on the unknown reservoir size. But
let’s take a detour first. Denote by V the maximized value of the problem (24). Then (25) and (26)
follow. Moreover, we assume (27)

V (S0) = max

{∫ ∞
0

e−rtu(x)dt subject to :

∫ ∞
0

x(t)dt ≤ S0

}
(24)

V ′(S0) = λ0 (25)

V ′′(S0) =
∂λ0
∂S0

< 0 (26)

V ′′′(S0) < 0 (27)
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Now, still on our detour, define a second problem

v(z, T ) = max

{∫ T

0

e−rtu(x)dt subject to :

∫ T

0

x(t)dt ≤ z

}
(28)

Assume that T is large but T < T ∗(z) when z is known. Denote vz = λ̃0(z, T ). We have vzz < 0 and
vzT > 0 We can thus take T as exogenous and write:

V (S0) = max
z

{
v(z, T ) + e−rTV (S0 − z)

}︸ ︷︷ ︸
ϕ(z)

(29)

Necessary and sufficient conditions for a maximum of ϕ(z) are:

ϕ′(z) = vz − e−rTV ′(S0 − z) = 0 and ϕ′′(z) < 0 (30)

Finally, we consider the stochastic problem where S0 is uncertain but we will learn its true state at
time T . The problem then is:

V (S0) = max
z

{
v(z, T ) + e−rTE[V (S0 − z)]

}︸ ︷︷ ︸
φ(z)

(31)

Necessary and sufficient conditions for a maximum of φ(z) are:

φ′(z) = vz − e−rTE[V ′(S0 − z)] = 0 and φ′′(z) < 0 (32)

Denote the solution to (30) by zc and the solution to (32) by zu. Since φ′(zc) < 0 and φ′′ < 0 we
know zu < zc, i.e. uncertainty about the stock size leads to more cautious extraction. The same is
true for the case when the stock z is given but the date at which we learn, T , is unknown.
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