Non-renewable resource exploitation, stock discovery and anticipations

We wish to compare how a similar increase in the stock of a non-renewable resource can
affect its price and extraction paths when it is anticipated versus when it is non-anticipated.
Use a four-quadrant graph to analyze this (See accompanying graphic file.)

a) In the first case, assume that you are now at time ¢ = 0 and that the stock size is Sp.
The stock is anticipated to increase by amount S; at a future specific date, say at date
t =ty > 0. Assume that Sop+ S; = S. (NB Depending on the relative sizes of Sy and Sy,
there are two cases to consider.)

b) In the second case, you are now at date ¢ = 0 and the change occurs at that same future
time t =ty > 0, but it is a total surprise.

¢) Compare the two cases and interpret.

LET THE INITIAL RESOURCE STOCK S(0) BE EQUAL TO Sy. THEN, AS LONG AS S; > 0,
THE OPTIMAL EXTRACTION PATH MUST RESPECT HOTELLING’S RULE
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THIS PATH IS REPRESENTED BY CURVE F, — A IN THE ACCOMPANYING GRAPHIC
SOL-GRAPH-STOCK—-INCREASE-ANTICIPATION.PDF.
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AND THE RESOURCE CONSTRAINT

(A) IT 1S NOW FULLY ANTICIPATED THAT THE STOCK WILL INCREASE BY SOME AMOUNT
S1 AT SOME FUTURE TIME t = to. LET Sy + .51 = 5. PROVIDED THAT
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PRICE PATH Pé — B MUST BE OPTIMAL IF IT RESPECTS HOTELLING’S RULE AND IF
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IT MUST BE THE OPTIMAL PATH BECAUSE WE WOULD ALSO CHOOSE THAT PATH IF WE
HAD S(0) = S TO START WITH. HENCE, AS LONG AS CONSTRAINT (1) IS NOT BINDING,
WE WOULD CHOOSE THAT SAME PRICE PATH.

BUT WHAT IF CONSTRAINT (1) IS BINDING, I.E. ALONG PRICE PATH P} — B, WE HAVE
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THEN THE INITIAL STOCK BECOMES EXHAUSTED BEFORE ¢ = t; AND THE PRICE JUMPS
TO THE CHOKE PRICE k UNTIL THE NEW STOCK BECOMES AVAILABLE AT f;. THIS
CANNOT BE OPTIMAL SINCE THE JUMP IN PRICE PROVIDES AN INFINITE RETURN ON THE
RESOURCE. HENCE, THE PRICE MUST BE INCREASED AT t = 0 IN SUCH A WAY THAT THE
INITIAL STOCK BECOMES EXACTLY DEPLETED AT t = to. THIS IMPLIES THAT P;! < P/
SINCE, PROVIDED S; + S; = S IN BOTH CASES,
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THIS YIELDS PRICE PATH PJ — C' — D — E WHEN CONSTRAINT (2) HOLDS.

(B) WHEN THE INCREASE IN STOCK IS NOT ANTICIPATED AT ALL, THEN THE RE-
SOURCE IS INITIALLY EXPLOITED AS IF THE TOTAL STOCK WERE Sy. THE INITIAL PRICE
1S P(0) = Py AND THE PRICE FOLLOWS PRICE PATH Py — A UP TO t = ty. AT t;, THE
SUDDEN INCREASE IN STOCK LEADS TO A DROP IN PRICE, LEST SOME RESOURCES WILL
BE LEFT IN THE GROUND ONCE THE CHOKE PRICE IS REACHED. NOTE THAT THE PRICE
WILL DROP TO A LOWER VALUE THAN P;’ SINCE SOME OF THE INITIAL RESERVES ARE
STILL AVAILABLE AT tg, 1.E. S"(ty) > S”(tp). THE RESULTING PRICE PATH IS REPRE-
SENTED BY P — F — G — H.




