Linear Penalties – No fine for consistent violations
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When there is perfect enforcement of 
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 (Bulckaen) firm's costs are:
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With enforcement, assuming the firm is risk-neutral:
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Process:

1. Firm reports θ

2. Regulator sets 
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3. Firm chooses x and enforcement is applied

In stage 3, θ and t(θ) have been chosen
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where 
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is the consistent level of emissions realized in step 2, as in Bulckaen. The Lagrange equation is 
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. The Kuhn - Tucker conditions are:



[image: image11.wmf]0

{,}[()]0

0;0;*0

xx

LCxt

LxxL

ll

qpqfl

ll

=++-=

=-³³=


It is easy to see that the firm is going to be compliant with the consistent level of emissions (
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) if 
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Stage 2: Regulator sets t and 
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 is implicitly defined according to 
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, as in Bulckaen.

Stage 1: Choose θ
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FOC:
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Substituting from (2)
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QUESTION 1: INCENTIVES TO UNDER-REPORT?

To answer this question we evaluate 
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. To do it we distinguish different scenarios according to initial enforcement levels.

Case 1: 
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Graphically,

[image: image25.wmf]0

()

t

q

000

()()

xx

qq

=

0

{}

x

C

q

-

000

{,}{,}

xx

CxCx

qq

-=-

0

[()]

t

pqf

+


In this case:
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 from Kwerel footnote (3). This means the firm is not going to report truthfully its abatement costs even if the expected marginal penalty is high enough so as to make it comply with the consistent level of emissions when it reports truthfully. 

Case 2: 
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Graphically,
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In this case
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from Kwerel footnote (3). 

The sign of this expression depends on the sign of 
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. By assumptions of Case 2, 
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. This means that also in this case 
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, the firm has an incentive to under-report abatement costs.

We have therefore a first result:

Result 1: No matter the strictness of the level of enforcement of emissions the firm will never report its true level of AC. 
QUESTIONS 2: BOUNDED OR UNBOUNDED?

To answer this question we also need to distinguish between different initial scenarios defined by enforcement levels.

As before, Case 1: 
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It is important to note that 
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so this inequality cannot hold forever as long as θ decreases. Therefore we need to distinguish between two cases:

Case 1.a.: The Regulator sets the penalties high enough so that Case 1 condition holds along the relevant range of θ, θ*< θ< θ0, where θ* is the level of θ that minimizes the total expected costs. In this case, 
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We want to sign this expression. The first term is positive (although decreasing) in θ. The second one is negative and increasing in θ because 
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from Bulckaen. Therefore, eventually, θ reaches θ*, where 
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This means the incentive is bounded. This is Bulckaen's case.

Case 1.b.: Now if 
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but not high enough to maintain during the relevant range of θ and at some point 
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And
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As before, the sign of the first two terms are positive. As for the sign of 
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and increasingly negative. So eventually, if 
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is not increasing too fast,
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and the incentives to under-report are also bounded in this case.

Case 2 : 
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In this case, as in Case 1.b., 
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And the sign depends again on 
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From Case 2 conditions and 
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So 
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in the vicinity of 
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Nevertheless, we know that 
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, which means that 
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is not large enough, and the third term of 
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may become negative as θ decreases. Eventually, at the level 
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. Therefore, one can say that the firm’s incentives to under-report are unbounded if and only if 
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Result 2: Firm’s incentives are bounded in Case 1.a., they are also bounded in Case 1.b., unless 
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is not increasing too fast. In Case 2 incentives may be unbounded if expected penalties are small relative to the tax. 
QUESTION 3: COMPARING WITH BULCAKEN'S

Case 1.a.: Bulckaen’s case.

Case 1.b. 

Evaluate 
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, Bulckaen's optimal choice of 
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. For Bulckaen,

 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1)

 EMBED Equation.DSMT4  
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For us,

 MACROBUTTON MTPlaceRef \* MERGEFORMAT (2)

 EMBED Equation.DSMT4  
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From (1) 
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Then (2) is
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Which is positive given conditions of case 1.b. (
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Then if Case 1.b. applies the incentive to under-report is larger than in the Bulckaen’s case.

Same result applies for Case 2, as it easy to see. In this case, the possibility for unboundness also exists.

Result 3: Incentives to under-report abatement costs are always larger than in the Bulckaen’s case except when the Regulator is able to enforce the consistent level of emissions, which is Bulckaen’s case itself, and therefore incentives are the same.

Conclusions

1) The firm always has an incentive to under-report, no matter the level of the enforcement of emissions.

2) When the enforcement is very weak [
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is large enough], the firm may have an unbounded incentive to under-report.

3) When enforcement is stricter 
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incentives are bounded, unless 
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is increasing too fast.

4) If the Regulator sets the expected penalties so as to mimic Bulckaen’s case (enforcement of consistent emissions), the incentives are bounded and equal to those in the case of Bulckaen. In all other cases incentives are larger than in the Bulckaen’s case.
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