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Externality and Pigou Taxation

A perfectly competitive market exists for wheat. The inverse demand is P = 200 − Q where P is
the price of wheat and Q is the total quantity of wheat. The private total cost for the unregulated
market is C = 50 + 80Q + 0.5Q2. The production of wheat creates an externality where the total
external cost is E = 0.5Q2.

1. (10 points) Solve for the unregulated competitive equilibrium of wheat and the socially optimal
level of wheat.

2. (10 points) Derive the Pigouvian tax (per unit of output of wheat) that results in the social opti-
mum.

3. (10 points) One big company, WheatsRUs, buys out all the farmers of wheat and becomes a
monopolist. Using the same functional forms, solve for the unregulated monopoly equilibrium.

4. (10 points) Given the socially optimal level of wheat in the first part of the question, what is the
optimal tax that should be placed on the monopolist?

A Polluter

Vermont Hardwood crafts solid wood furniture using a combination of time-tested hand construction
and modern finishing techniques. Residual wood finishing chemicals are washed away as run-off and
deposited in the nearby lake, a favorite fishing site for locals. A variety of technologies, including
high volume, low pressure sprayers and on-site solvent recovery sills are available for implementation.

These technologies allow the manufacturer to reduce chemical emissions at a cost: C1(a) = 20 a2,
where a is the level of pollution. A city planner determines that the benefit to the residents of
pollution abatement is 10 per unit.

5. (10 points) Sketch a graph depicting the private marginal costs and benefits of abatement, and
label the private market equilibrium. On the same set of axis, sketch the social marginal costs and
benefits of abatement, and label the efficient outcome. Indicate the deadweight loss if the city takes
no action.

6. (10 points) Calculate the level of pollution abatement that is socially efficient.

7. (10 points) If the city institutes a per-unit tax on chemical emissions, what specific tax (τ∗) will
reach the socially optimal amount of abatement?

A static Integrated Assessment Model (IAM) with utility damages

Consider the following static IAM model: the representative consumer has preferences u(c) =
log c − γS , the production of the consumption good occurs according to

c = Dk1/3n
1/3
c E 1/3,



(coal) energy is produced according to
E = χne ,

there is a constraint ne+nc = 1 for the labor input, the carbon cycle satisfies S = ϕE , and TFP does
not involve any damages (climate damages only appear in utility). Finally, firms maximize profits
and do not take the utility damage into account in their decisions. Temperature is determined by
a standard, logarithmic forcing equation à la Arrhenius.

8. (10 points) Derive an equation determining market coal use (in the absence of any taxes).

9. (10 points) Derive the first-order condition for a social planner maximizing consumer welfare.

10. (10 points) Find an expression for the optimal tax on carbon in this economy.

11. (10 points) Given any outcome for coal production, E , what is the outcome for temperature?

12. (10 points) If one were to use this model to compare quotas to carbon taxes, how would the two
policy instruments compare in terms of consumer welfare?


