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A Simple Model of Compliance to Environmental Standards
Consider: 

· a risk-neutral firm that faces an emissions standard s.  
· The firm’s emissions control function is c(e), ce(e) < 0 and cee (e) > 0
· An emissions violation occurs when (e – s) > 0.  The firm is compliant otherwise.
· The firm faces a random probability of being audited (.  
· An audit provides the regulator with perfect information about firm’s compliance status. 
· If the firm is audited and found in violation, a penalty f(e - s) is imposed, f (0) = 0, f ((0) > 0, f (( (e - s) > 0
· The emissions standard and the enforcement policy (audit probability and given penalty) are communicated to all firms.  
· A firm chooses the level of emissions to minimize total expected compliance costs, which consists of its abatement costs plus its expected penalty:  
min c(e) + ( f(e - s)
s.t. e – s ( 0.

· Lagrange: 
c(e) + (f (e – s)+ ((s-e)
· The Kuhn-Tucker conditions are:
(1) ce (e) + (f ((e – s) - ( ( 0, e( 0; e*( ce (e) + (f ((e – s) - () = 0.
(2) s - e ( 0 ; ( ( 0 ; (s - e )* ( = 0
· Therefore a firm will be compliant if and only if:

- ce(s) ( (f ((0)
· A representation of the firm’s compliance choice is illustrated in Figure 1. 
Figure 1. A Firm’s Compliance Decision under an Emissions Standard
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· In the absence of regulation, the firm chooses its emissions to be e*. 
· Assuming initially that the regulatory policy is described by the pair ((o , so), the firm optimally chooses emissions to be eo so that –ce (eo) = (o f (( eo – so).  Therefore, the firm is in violation and the extent of the violation is (eo – so) > 0.  
· Suppose now that the regulatory policy is described by the pair ((1 , so), with (1> (o.  In this case, -ce (e) < (1 f ((0) ( (1 f ((e - so) for all levels of emissions e ( so.   Then, the firm optimally chooses e1 = so, and hence, is perfectly compliant.  
· Finally, suppose that the regulatory policy is now the pair ((o , s1), with s1 > so.  In that case –ce(e) < (o f ((0) ( (o f ((e – s1) for all level of emissions e ( s1; the firm is compliant and optimally chooses e2 = s1.  
·  It is clear that a non-compliant firm’s violation is decreasing in the audit probability and the marginal penalty for an emissions violation. 

Implications for monitoring strategies

· The model suggests that cost-effective enforcement of standard should involve targeted monitoring.  
· If the policy objective is to achieve complete compliance, the compliance condition suggests that a regulator should set the audit frequency so that the marginal expected penalty of a slight violation is equal to the firm’s marginal abatement costs at the standard.  
· Clearly, those firms with high marginal abatement costs or that face stricter standards need to be monitored more closely than others.
· However, to target monitoring perfectly a regulator must have perfect knowledge of the marginal abatement costs of all regulated firms.  Acquiring this knowledge will be very difficult to obtain because it requires detailed information about each firm’s operations.
Implications for setting penalties

· Simple inspection of the compliance condition confirms Becker’s (1968) insight about the tradeoff between monitoring and penalties in this context.  
· In practice, however, penalties are not set at maximal levels.  
· There is a serious information problem inherent in setting penalties based upon the economic gain to a violator of being non-compliant
· The marginal gain from violating a standard is a firm’s marginal abatement cost
· This information will be hidden from the enforcers. 
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