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Environmental Economics – Lecture 5

Regulation under imperfect information

Florian K. Diekert February 14, 2013

Perman et al (2011) ch 7, Weitzman (1974)
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Review last lecture

Incentive-based instruments

1. Taxes and subsidies

2. Tradable permits

3. Undifferentiated vs differentiated taxes

4. Taxes and subsidies when number of firms is endogenous

5. Double dividend hypothesis
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Preview this lecture

Regulation under imperfect information

1. Regulator does not know the firm’s “type”

I Prices vs. Quantities

I Revealing private control cost information

2. Regulator does not know the firm’s action

I Midnight dumping and deposit-refunds

I Audits and Enforcement

I Dynamics and Commitment
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Regulator does not know the firm’s “type”

Prices vs. Quantities12 
MARTIN L. WEITZMAN 

Massachusetts Institute of Technology 

I. INTRODUCTION 
The setting for the problem under consideration is a large economic organization or system 
which in some cases is best thought of as the entire economy. Within this large economic 
organization resources are allocated by some combination of commands and prices (the 
exact mixture is inessential) or even by some other unspecified mechanism. The following 
question arises. For one particular isolated economic variable that needs to be regulated,3 
what is the best way to implement control for the benefit of the organization as a whole? 
Is it better to directly administer the activity under scrutiny or to fix transfer prices and 
rely on self-interested profit or utility maximization to achieve the same ends in decentralized 
fashion? This issue is taken as the prototype problem of central control which is studied 
in the present paper. There are a great many specific examples which fit nicely into such 
a framework. One of current interest is the question of whether it would be better to control 
certain forms of pollution by setting emission standards or by charging the appropriate 
pollution taxes. 

When quantities are employed as planning instruments, the basic operating rules from 
the centre take the form of quotas, targets, or commands to produce a certain level of 
output. With prices as instruments, the rules specify either explicitly or implicitly that 
profits are to be maximized at the given parametric prices. Now a basic theme of resource 
allocation theory emphasizes the close connection between these two modes of control. 
No matter how one type of planning instrument is fixed, there is always a corresponding 
way to set the other which achieves the same result when implemented.4 From a strictly 
theoretical point of view there is really nothing to recommend one mode of control over 
the other. This notwithstanding, I think it is a fair generalization to say that the average 
economist in the Western marginalist tradition has at least a vague preference toward 
indirect control by prices, just as the typical non-economist leans toward the direct regula- 
tion of quantities. 

That a person not versed in economics should think primarily in terms of direct controls 
is probably due to the fact that he does not comprehend the full subtlety and strength of 
the invisible hand argument. The economist's attitude is somewhat more puzzling. Under- 
standing that prices can be used as a powerful and flexible instrument for rationally allocat- 
ing resources and that in fact a market economy automatically regulates itself in this manner 
is very different from being under the impression that such indirect controls are generally 
preferable for the kind of problem considered in this paper. Certainly a careful reading of 
economic theory yields little to support such a universal proposition. 

1 First version received August 1973; final eersion accepted January 1974 (Eds.). 
2 Many people have made helpful comments about a previous version of this paper. I would like 

especially to thank P. A. Diamond and H. E. Scarf for their valuable suggestions. The National Science 
Foundation helped support my research. 

3 Outside the scope of this paper is the issue of why it is felt that the given economic activity must be 
regulated. There may be a variety of reasons, ranging all the way from political considerations to one 
form or another of market failure. 

4 Given the usual convexity assumptions. Without convexity it may not be possible to find a price 
which will support certain output levels. In this connection it should be mentioned that non-convexities 
(especially increasing returns) are sometimes responsible for regulation in the first place. 
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Prices vs. Quantities

The regulator goal is to max net benefits B ′(M) = D ′(M) (achieve
PO). Question of instrument choice: tax or tradable permits?

Setting:

I Firms max profits → f ′(m) = τ .

I Consumers are passive
I Genuine uncertainty:

I Marginal abatement costs are uncertain
I True type revealed after regulator acts, before firms act

I Asymmetric information
I Firms, not the regulator, know abatement cost functions
I Firms act after the regulator
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Prices vs. Quantities

I Price instruments (tax)

I Keep control of values (marginal abatement costs)

I Quantity instruments (permits)

I Keep control of quantities (emission levels)

I What is worst:

I To lose control of abatement costs?
I To lose control of emission levels?
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Prices vs. Quantities
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Figure 7.3  Uncertainty about abatement costs – costs overestimated 
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Prices vs. Quantities
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Figure 7.5 Uncertainty about abatement costs – costs overestimated 
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Prices vs. Quantities

M* 

Figure 7.7  Uncertainty about damage costs – damages underestimated 
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Prices vs. Quantities

I Taxes (prices) are preferred when marg benefits are relatively
steeper than marg damages.

I Intuition is that a wrong realized emission price has large
consequences for the firm’s cost

I Permits (quantities) are preferred when marg benefits are
relatively flatter than marg damages.

I Intuition is that wrong realized emissions have large
consequences for the environment

I Note: Implicit assumption: slopes are known, levels uncertain

I Note: Damage uncertainty immaterial for instrument choice
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Revealing private control cost information

I Firms have an incentive to exaggerate abatement costs under
a permit system

I Firms have an incentive to understate abatement costs under
a tax system

I A hybrid system, coupling marketable permits with subsidies
for emitting less than permitted, will induce telling the truth
about abatement cost
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Regulator does not know the firm’s action

Midnight dumping and Deposit-refund system

I Standard approach to discourage waste creation is to tax
waste disposal at the marginal social cost of disposal.

I May create incentives to “midnight dump”

I Solution is to tax waste creation and subsidize safe disposal
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Midnight dumping and Deposit-refund system



ECON 4910, L5 14/ 18

Audits and Enforcement

I Before, we assumed that firms choose m ∈ [0,m].

I Now firms may choose any m, but if m > m, they face the
risk of being fined.

I Denote audit probability by q and let penalty if being caught
be a function P(m)

I Firms maximize expected profits:
π(m) = f (m)− b− τm−E[P(m)] = f (m)− b− τm− qP(m)

I Whether or not to violate depends on whether cost of
complying exceed expected cost of punishment. Degree of
violation depends marginal penalty.

I Harsh punishment enforces regulation, but harsh punishment
may not be feasible / desirable
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Dynamics and Commitment: The “ratchet effect”

Figure: http://www.photo-dictionary.com/phrase/6353/ratchet-wrench.html

http://www.photo-dictionary.com/phrase/6353/ratchet-wrench.html
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Dynamics and Commitment: The “ratchet effect”

I Firms may have the opportunity to undertake costly
investment that reduces abatement cost in the long run.

I If the regulator can commit to not changing regulations, firms
will find it in their interest to invest and optimally adapt to
the regulation

I If the regulator cannot commit, firms may not want to invest
in fear of a subsequent tightening of the regulations once
investment is in place

I Commitment is rare because:
I it may be politically infeasible
I it may be very costly to design long-term plans
I it prevents adaption to new information
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Key concepts this lecture

I Prices vs quantities: The preference for one or the other
instrument depends on the relative steepness of the marg
damage and benefit functions

I Private control cost can be elicited by a hybrid instrument

I Midnight dumping may be prevented by an adequate system
of deposit taxes and refund subsidies

I Firms may find it in their best interest to violate existing
regulations, approving potential punishment

I The expectation of a “ratchet effect” may prevent firms from
undertaking cost-saving investments
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Preview next lecture

Environmental R&D Requate (2005), Hoel (2010)

1. Abatement cost that depend on (endogenous) technology

2. Socially efficient amount of R&D

3. Can a market regulated by taxes or quotas achieve the
first-best?

4. A distinct “environmental innovation” policy?


