Leaving it in the Ground

From 2023 Midterm Exam

Last week, the United Nations hosted a Climate Ambition Summit in New York City. Outside
the summit, hundreds of demonstrators marched to protest the lack of progress on reducing fossil
fuel emissions. The main target of their ire was the Biden Administration, which they accused of
not doing enough to reduce domestic fossil fuel production.

Current US shale oil reserves total 10 billion barrels of oil. Unlike the members of OPEC,
petroleum reserves in the US are owned by millions of private individuals (farmers, ranchers, etc.).
These small producers are price takers on the global market. Their primary strategic decision is
when they want to extract.

For simplicity, let’s break that decision down into two periods, the present (period 1) and the
future (period 2). Assume that the residual inverse demand curve facing American oil producers
in the present is given by

P =120 — 10Q;.

In the future, due to growing demand from industrializing nations like China and India, the inverse
demand curve facing American oil producers is expected to be

Py = 170 — 15Q,.

Assume that the marginal extraction cost in both periods is M EC; = M EC, = 20, and that the
discount rate between the two periods is 50%.

1. If US shale owners want to maximize discounted profits, how much will they extract in period
1 and in period 27 Label these values Q7 and Q5.

Hint: First write the resource constraint linking extraction across the two periods. Then
compute marginal net benefits in each period, discount period 2 back to the present, and use
the Hotelling condition that present-value marginal net benefits must be equal across periods.
Use the resource constraint to eliminate either Q1 or Qs.

2. Calculate the marginal user cost (or scarcity rent) in each period. Label these MUCT and
MUC5. Verify that these scarcity rents satisfy the Hotelling rule.

Hint: Evaluate the price in each period at the quantities you found above. The scarcity rent
is the difference between price and marginal extraction cost. Then compare the growth rate of
the scarcity rent to the interest rate.

3. An economist in the White House has taken environmental economics. She suggests that the
US should impose a Pigouvian tax on domestic oil producers.

She reviews the academic literature and concludes that the external marginal costs of US oil
production are $75 in the present and $112.50 in the future.

How much oil will be extracted in each period if these taxes were imposed? Label these values
QT and Q3.

Hint: Before imposing the Hotelling condition, check whether the 10-billion-barrel resource
constraint will still bind. If the taxes are high enough that some oil is optimally left in the
ground, scarcity rent is zero and each period can be solved separately by comparing price with
marginal extraction cost plus the tax. Verify your answer by checking total extraction against
available reserves.
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4. It turns out that taxing oil producers is a political non-starter. As an alternative, a policy
advisor in the White House suggests a new “moonshot” electric vehicle initiative. The goal
of the initiative is to cut fossil fuel demand in the future by 50%. If implemented, this policy
would shift the residual demand curve facing US oil producers in the future to

PE =95 —15Q.

The present-period demand curve and the marginal extraction costs in both periods would
remain unchanged.

If this policy is implemented, how much oil will US producers extract in period 1 and in period
2? Label these values Q¥ and QF.

Hint: Use the same two conditions as in the first question: the resource constraint and equality
of present-value marginal net benefits. The only change is the period-2 inverse demand curve.
After solving, compare Q¥ and Q¥ with the original extraction path.

5. Is this EV initiative an effective climate policy? Briefly justify your answer, referencing the
fact that greenhouse gases are a stock pollutant.

Hint: Compare cumulative extraction across both periods with and without the EV policy.
For a stock pollutant, what matters for the climate is primarily the total quantity of emissions
accumulated over time, not simply when they occur.



