
Seminar 2

You are encourage to work in small groups and send your solutions (with
questions and comments) to alice.ciccone@econ.uio.no at least one day prior
to seminars. The corrections of the groups solutions will be discussed in class
during the seminars.
For any problem or question send me an email and/or come visit me in office
1209 during my office hours (Wed 14,30-15,30).

Problem 1: Policy instruments and uncertainty

Consider an economy where profit maximizing producers of a private good
emit a uniformly mixing flow pollutant, which damages the environment.

Let there beK firms in the economy and let firm k’s production be a (weakly)
increasing and concave function of firm k’s emissions: fk(mk), where f ′k ≥ 0
and f ′′k ≤ 0.

Let M =
∑
mk be aggregate emissions, where mk is firm k’s emissions.

Let the social benefits of pollution, B(M), be given by the maximal private
good production that is possible for an aggregate emission level M (keeping
other inputs constant), and let the social damage of pollution D(M) be
determined by consumers’ valuation of the environmental quality, measured
in units of the private good.

An environmental regulator wants to maximize the net social benefits of
pollution. To achieve this, the regulator will choose one of two alternative
policy instruments: a uniform Pigouvian emission tax, or a tradable permit
regime.

a) Assume that the regulator knows the marginal social damages of pollution
D′(M). However, due to some uncertainty on the abatement costs, he only
knows the slope of the marginal social benefits of emissions.

So that:

D′(M) = 2M − 1 (1)
B′(M) = X − 3M. (2)

• Discuss what are the differences in welfare loss due to the choice of
a price instrument over a quantity instrument and viceversa (you can
also use figures).

• Can you recommend to the regulator an instrument choice (emission
taxes or tradable permits)? Provide reasons for your answer.
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• How would your answer change if, instead, B′(M) was given byB′(M) =
X − 0.5M?

b) Assume now that the regulator estimates that X = 10, and introduces a
Pigouvian tax based on this assumption. However, the true value is X = 8.

What will optimal emission and actual emissions be? Show graphically the
loss in net benefits due to the regulator’s mistaken estimate of X.

c) As before the regulator believes that X = 10, while the true value is 8.
In this case, the regulator introduces a permit market regime based on the
assumption that X = 10. Show graphically (using a figure) the loss in net
benefits due the regulator’s mistaken estimate of X. Is this loss larger or
smaller that the loss you found in point c)? Why?

d) Assume now that the firm know the real value of X, so there is an infor-
mation asymmetry between firms and the regulator.

• If the regulator announces that it will use a tax, and then asks firms
about their abatement costs, can the firms be expected to tell the
truth? Why?
Will they understate or overstate the real value?

• What will happen if the regulators set a permit regime?

You can use figures to clarify your answers.
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Problem 2: Enforcing environmental regulations.

Assume there are N identical firms emitting pollution e at cost C(e) where
C ′(e) ≤ 0. The regulator does not have perfect information about emissions
produced by the firms. Assumes the regulator has decreed that each firm
can emit at most s̄ unit of pollution. While firms report their emissions to
the regulator, he can audit them at some cost and find out if they have been
lying or not. Furthermore, the regulator can apply penalties to the cheaters
if they are caught lying.

a) Intuitively discuss how the level of penalty (amount of the fine) and the
frequency of auditing are correlated.

Now, assume that each firm reports emissions to the regulator and have
a probability π of being audited, if it is found to be emitting more than
allowed, the firm must pay a fix amount D and a fine f per unit of emission
in violation. Therefore the total cost before knowing if audited is:

TC(e) = C(e) + F (e)

where

F (e) =

{
π[f(e− s̄) +D] if e > s̄

0 if e ≤ s̄

b) Discuss when a firm will respect the emission limit and when it will be
optimal to violate (you can use graphs).

Now assume firms’ cost function is given by: C(e) = ce− b
2e

2 (c , b positive
constants)

c) What is the optimal level of pollution each firm will decide to emit?
(hint: minimize total cost function). How is it related to the parameter of
the problem?

d) Discuss what considerations the regulator makes regarding auditing and
penalties. What are the limitation on the size of the penalties? What is the
level of the marginal fine the regulator has to set?
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Problem 2: Environmental R&D

There is a large number N of identical polluting firms in the economy, each
having an abatement cost function: c(ai; yi). Where ai are abatement levels
and yi are the technology levels of firm i.

a) The function c has the properties assumed in Hoel (2010): "Environmental
R&D". What are these?

b) The technology level of firm i is given by yi = xi + γ
∑

j 6=i xj , where xi is
the number of useful ideas firm i purchases from the R&D sector. Give an
interpretation of this equation.

c) The R&D sector produces ideas at a cost f(X) per idea, whereX =
∑

j xj ,
and where f ′ may be non-negative. Discuss what the sign of f ′ might be.

d) Assume that there is one firm per produced idea in the R&D sector, and
that there are zero profits in this sector in equilibrium. The government has
an environmental cost function D(E), where E denotes total emissions and
D′ > 0 and D′′ ≥ 0. Prior to the production and trade of useful ideas, the
government can commit to a particular level of total emission quotas.

In this setting, what is the first-order-condition that defines the amount of
ideas that firm i is buying?
What is the market condition that defines the total number of ideas that are
bought?

e) What is the optimal policy of the government (i.e. it minimizes abate-
ment cost, R&D costs, and environmental damages subject to the market
constraint)?

f) The necessary condition for optimality is given by:

ca −D′(E) =
(−γ(N − 1)f +Nxf ′)cya
[1 + γ(N − 1)]cyy +Nf ′

.

Assume that the denominator is positive. Given that γ > 0 and f ′ < 0, what
does the necessary condition imply as compared to the benchmark case when
there are no externalities relating to the R&D sector?

g) Does your result depend on whether the quotas are allocated for free to
the polluting firms or are auctioned?

h) How would the outcome be changed if instead of committing to a quota
the government committed to an emission tax?
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