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RESOURCE DEPLETION

“Ahstract

: . . : .
This note considers the optimal management of a non-renewable re~

source subject to depletion effects, It is demonstrated that even with
depletion effects, if there are no non convexities in production it

always pays to exhaust the resource, if it pays to exploit it at all.,

" A NOTE ON THEORETICAL TSSUES OF RESOURCE DEPLETION

In recent studies of the economics of non-replenishable resources, .
mmumznanmqmu Schmalensee, (1975} Smith, (1975) and Vousden mwmquu da-
scribe optimal extraction policies when the ‘resource is mpwumnn to "de-
pletion ommmnnm.zm Generally the presumption is that the costs of min-
ing or pumping out the rescurce increase as reserves are diminished.
wﬁunmeSnﬂa_ positive amoumts of the resource may be left unexploited if
the mmvmewon effect is sufficiently strong so that further cﬂwuwumﬂwo:
of the resource hecomes unprofitable. In this note we establish the
somewhat surprising result that even with depletion effects if there
are no non-convexities in production it always pays to exhaust the rTe-

source, if it pays to exploit it at all.

Let E be the rate of resource extraction and X be the resource
stock available for exploitation. Then the flow of net benefits from
mrm meocﬂnm is given by

B = B(E, X)
with B(E, X) concave in E and X, and
mm > 0, wm :

The function B presumably measures variable profits, consumers' and

g <0 © (la), B0, X) =0 (1)

producers' surplus, or whatever else we want to maximize. Condition
{1b) indicates that the resource only yields positive benefits when

it is being econsumed. In previous analyses the depletion effect is

captured in the assumption:

' mmx >0 (2)

g,



However, Eq. (1b) and the concavity of B imply wmxnouxu = 0 which estab-

lishes that resource exhaustion is always optimal, as we show helow, )
T L2 : . . 1.
B .

For X, X', and E 2 0, the concavity of B implies:

(3) B(O, X1 = B, (0,41 ¢ - 5y B.(0,X1) £ 3 B(E, X))

. , 2.
By Ey. (1b) wxmo. X) = 0. Thus for E > 0, Eq. (3) can be rewritten as:

. 2
) . B0, xh 3 B2 XD

E E

Taking the limit as E approaches zero of both sides of Eq. (4), assuming : 4.
it mem«m‘m we obtain:
5) 8:{0, Xy mﬁo X% ,
8ince this is true for all Mw. xm > 0, it follows that Egq. (5) holds .
with equality, implying that mmxmo. X} = 0. Thus for concave functions

B, the depletion effect vanishes as E + O,

Clearly it will pay to leave some amount of the resource, X,

unexploited if 8. (0, X) € 0. However, since Bpy (0, X) = 0, this wsuwwmu.

mmmo. X) £ 0 for all X. On the other hand, if it is optimal to extract 1
some amount of the resource then w {0, x° u > o for some .X° N which im- 2.
plies w ﬁo X} » O for all ¥ wnm that therefore, mx:mcmﬂwon is optimal.

It is m:nmummﬁwam to note that voﬁ: Smith (1975, pp. 395) and Vousen 3
nﬁwum. pp. 139} sugpest that exhaustion may be non-optimal even though 4,

the benefit functions they work with are concave.

Consequently, incomplete exhaustion occurs only when ﬁwmuw are
non-convexities in the extraction of ;wnmumH reseurces. As an mxmswgmw
Schmalensee (1975} shows that for cases where there are non-cenvexities
in the form om.m fixed cost associated with mnw positive level of ex-

traction, ircomplete exhaustion may be ouﬁmawwm

_3-

FOOTNOTES

The author wishes to thank D.V.T. maww. R. Robert Russel, Richard’
mnramwmnmmmb and an anenymous Hmmoumm for helpful mcqm@mﬁuo:m in

.. préparing this note,

Toe my knowledge, these zre the only analyses that deal with mmwwmn
tion effects for non- %mwwm;wmwmwum resources,

If the limit doesn't exist, then B mo X} = = and complete exhaus-
tion is optimal.

Vousden (1973} also mHHozm moa fixed cests (benefits) of a sort by
assuming society receives some fixed negative (positive) level of
utility (independent of the level of resource use) during the en-
tire planning horizon. With this formulation, he obtains the per-
plexing result that preference ordering for mHHMmHm Tt resource
consumption paths are not preserved under positive linear transfor
mations of the social welfare function, The optimal extraction
strategy may differ for :ﬂHHuﬂw functions that vary only by an
additive constant (the size of the fixed cost}. However, this

‘peculiarity arises only because the time horizon during zrwnw

society 1s assumed to exist is itself a choice variable in Vous-
den’s analysis.
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