CHAPTER 7
CONCLUSION

In this dissertation I have first provided a brief review of the economic literature on enforcement of environmental policies; second, I gave examples of actual enforcement strategies in two market-based programs to control pollution in U.S.; and third, I have extended the theoretical analysis of compliance and enforcement in market-based environmental policies by designing effective enforcement strategies under different assumptions about the functioning of the market for emissions permits.   

After reviewing the existing economic literature on enforcement of environmental policies, I described the basic structure, goals, market performance, enforcement strategies and compliance records thus far in two of the most prominent market-based system to regulate pollution in U.S.: the Sulfur Dioxide (SO2) Allowance Trading program under the Title IV of the 1990 Clean Air Act Amendments, and the Regional Clean Air Incentives Market (RECLAIM) program of the South Coast Air Basin of California.  Currently, the SO2 program is the largest market-based pollution control program in the world.  The RECLAIM program, although on a smaller scale, was designed to help clean up one of the smoggiest urban areas of the United States by creating separate markets for two pollutants.  

From the description of the enforcement components of these programs we learned that their monitoring strategies are very similar.   In both of these programs there is a system in place to track emissions.  Further, emission monitoring in both programs relies heavily on self-reporting, which is supported by stringent technological and process requirements.  However, the most significant difference between the enforcement strategies of the two programs is the way that sanctions for emissions violations are applied.  While monetary penalties in the SO2 program are fixed (in real terms) per unit of emissions violation and are intended to be applied automatically, monetary penalties in the RECLAIM program are more complicated, introducing uncertainty for facilities about the real consequences of their potential emissions violations, with the undesirable result of reducing their deterrence value.  

The enforcement components of the SO2 and RECLAIM initiatives have been quite successful at achieving very high rates of compliance thus far.  The conceptual link between the emissions permits price and compliance decisions developed in this dissertation can help us understand the compliance decisions achieved by these programs.  Current and past prices of permits in the SO2 and RECLAIM programs have been relatively low, which combined with monitoring technology and self-reporting requirements helps explain the high compliance rates.  However, while SO2 prices are not expected to increase in the next few years, some evidence suggests that RECLAIM prices will be substantially higher in the future than they are now.  If this occurs, compliance problems in the RECLAIM program will probably increase in the future.

This dissertation was largely devoted to extending the theoretical analysis of enforcing market-based environmental policies.  Specifically, I focused my research on developing new results that offer some guidance for designing enforcement strategies for market-based systems.  The theoretical analysis of this dissertation appears to be the first to examine the role of self-reporting in the enforcement of market-based environmental policies, and has addressed several policy-relevant questions about the appropriate design of enforcement strategies for market-based environmental policies when regulated firms are required to provide reports of their own emissions.  Among others, the analysis has addressed the following questions: What is the role of self-reporting in the enforcement of market-based environmental policies?  Should enforcement be targeted?  What information is valuable to an enforcement authority? How should penalties be set?  These as well as other issues were addressed in three different settings.  The analysis in chapter 4 assumed a perfectly competitive and frictionless market for emissions permits.  The analysis in chapter 5 generalized the model of chapter 4 to consider the presence of transaction costs associated with permit trades.  The third and last model of this dissertation, presented in chapter 6, explored the implications for the design of enforcement strategies in the presence of price-setting power in the market for emissions permits.  

Several results were obtained in the context of a perfectly competitive and frictionless market for permits of chapter 4.  First of all, I have shown that a self-reporting requirement can conserve monitoring costs, not because it allows for targeted monitoring as in the context of enforcing emissions standards, but because it allows the application of a penalty for a reporting violation that serves as an additional deterrent to non-compliance.  I also noted that there appears to be no justification for targeted monitoring as long as the permit market is truly competitive. Lastly, the results of chapter 4 suggest that policymakers should consider tying penalties in competitive transferable permit systems to the current equilibrium price of permits.  Doing so would allow enforcement authorities to choose a monitoring strategy that is effective, yet independent of permit market fluctuations.  In summary, enforcement in the context of a competitive and frictionless market for permits appears to be, at least conceptually, relatively straightforward.  However, complications arise when developing appropriate enforcement strategies in the presence of transaction costs and market-power.   

In chapter 5 the model used in chapter 4 was extended to situations in which firms face transactions costs.  Additional implications for the design of enforcement strategies were obtained in this context.  First, I have shown that in the presence of positive marginal transaction costs, a minimally effective enforcement strategy would target buyers of permits more closely than sellers.  Second, when marginal transaction costs are not constant, the effective enforcement strategy involves differential enforcement within groups of buyers and sellers.  In this case, the monitoring effort expended on specific firms should be based on the shape of the marginal transaction cost function, differences in the size of transactions among firms, as well as whether a firm is a buyer or seller of permits.  Third, I have shown that redistributing the initial allocation of permits is likely to have an ambiguous effect on total enforcement costs.     

The above conclusions regarding the use of targeted monitoring, the value of information to the enforcement authority, as well as the role of the initial allocation of licenses among regulated firms were revisited in the context of market-power in the market for licenses.  In chapter 6, I extended the analysis of market power in a transferable emission permits system by examining its impact on the design of enforcement strategies.  Assuming a regulator who bases her/his monitoring strategies upon self-reports of emissions from regulated firms, I have shown that minimally effective enforcement should be targeted.  In particular, to ensure complete compliance by every firm, the regulator should monitor a firm with price-setting power more or less closely than competitive firms depending on whether the firm is a net buyer or a net seller of permits, respectively.  Furthermore, all competitive firms should be monitored uniformly.

The model of chapter 6 was also used to provide an additional contribution.  There, I have explored the optimal initial allocation of licenses when a regulator seeks to minimize total program costs (aggregate abatement costs and monitoring costs) in the presence of market power. I have shown that a regulator who seeks to minimize total program costs should, except in a special case, allocate licenses to a market power firm so that it participates in the permit market.  Whether it should do so as a buyer or seller of permits depends on how the dominant firm’s endowment of permits affect aggregate monitoring costs.  Furthermore, allocating licenses so that the market power firm does not trade licenses achieves the objective only if monitoring costs do not depend on the initial distribution of licenses. 

The analysis of my dissertation should be extended in a number of directions.  Although I have mentioned some of them in previous chapters, let me suggests two more extensions that I consider to be particularly important.  They refer to relaxing particular assumptions used in the conceptual models of this dissertation and the application and re-evaluation of the results obtained here to other environmental and natural resource management programs.  

First, two standard assumptions used in economic analysis of enforcement and sustained in the analysis of this dissertation should be revised in future research work.  In particular, the assumptions that firms’ and regulators’ choices are made in a static environment and that monitoring of firms’ behavior is perfectly accurate should be relaxed.  Since the basic model used here is static, it did not allow me to examine how banking opportunities and long term decisions related to pollution control affect compliance choices.  From the accounts of enforcement strategies in actual market-based programs in chapter 3, we learned that initial allocations of permits in both the EPA-SO2 and RECLAIM programs are actually time paths of emissions permits over a specified amount of time.  Further, while the RECLAIM program does not allow any sort of permit banking, the EPA-SO2 program allows firms to save allowances for future use or sale.  Presumably then, sources plan a time path of emissions reductions.  Consequently, authorities may also want to choose a time path of enforcement efforts.  A few authors have constructed dynamic models to examine the role of permit banking in transferable permit systems [Kling and Rubin (1997), Cronshaw and Cruse (1996), Rubin (1996)], but no one has considered enforcement in a dynamic context.  In a dynamic setting firms’ incentives for non-compliance and agencies’ enforcement actions will be affected not only by current year permit prices, but also by expectations about how prices will evolve.  Thus, enforcers may want to account for those expectations in some fashion.  

A more realistic dynamic context may also have implications for the design of enforcement strategies that have to do with interactions between firms and enforcers over time.  One should expect that over time regulated firms will build some sort of reputation (good or bad) from the point of view of the enforcement agency.  Furthermore, regulated firms can be expected to learn more about the enforcement strategies they face.  Taking into account the effect of these sorts of strategic interaction over time, it may be possible to improve the design of enforcement strategies for market-based environmental policies.

In addition, the assumption of perfectly accurate monitoring of firms’ behavior sustained through this dissertation also needs to be revised.  As was discussed in chapter 3, a great deal of effort has been devoted to designing and maintaining emissions monitoring systems for the SO2 and RECLAIM programs that obtain reasonably accurate accounts of firms’ emissions.  Inaccurate monitoring may well allow for mistakes in enforcing a market-based environmental policy.  On one hand, compliant firms may be accused of violations that never occurred, and on the other hand, firms accused of being non-compliant may strategically use the possibility of error to challenge the regulator’s conclusion.  Both types of errors may well increase enforcement costs, and affect the credibility and reputation of enforcers.  Future work should focus on characterizing the optimal level of monitoring accuracy and providing guidance about who should pay for investments in monitoring accuracy.

 Extensions of this work may also be pursued in other regulatory contexts. Consider for example the proposal to use a market-based system to regulate global green house emissions.  Design issues of this go beyond the enforcement aspects [see Grubb, et. al. (1998)].  However, from the standpoint of enforcement, this proposal represents a real challenge for at least two reasons. First, in this context regulated agents are countries instead of domestic firms.  Second, the absence of a supranational authority to exercise the appropriate enforcement actions is a natural difficulty for the design of effective enforcement for global market-based environmental policies.   Is there any role for self-reporting in this context?  How may the very likely presence of market-power affect the required enforcement effort for this type of program?  These, as well as many other questions deserve attention.

The main results of this dissertation may also be re-visited in the case of Individual Transferable Quota [ITQ] systems in fisheries.  ITQ programs are being used in fisheries around the world (Canada, Iceland, New Zealand, United States).  In a parallel fashion to market-based pollution control programs, the management of fisheries by the use of ITQ involves a cap (total allowable catch) and trade system.  Similar to air pollution market-based pollution control systems, existing ITQ programs rely heavily on the use self-reporting from different agents involved in the programs.  For instance, in the case of New Zealand’s ITQ regulations, self-reporting requirements on total catch per period affect not only each regulated vessel, but also the buyers of fish at different landing ports [Clark and Major (1988)].  Although enforcement in both air pollution control systems and ITQ programs may have several similarities, it appears that monitoring technologies as well as the available penalties may differ.  Investigating these is, in my opinion, worthwhile for future research. 

Finally, as I have been arguing through this dissertation, the theoretical promises of market-based policies must be given careful re-consideration when the potential for non-compliance must be dealt with and the standard assumptions of perfect competition do not hold.  Implementation of emission trading in the real world must address these complications as well as many others.  I strongly believe that pursuing these and others extensions will provide policymakers with a more complete conceptual foundation for designing enforcement strategies for market-based policies that achieve acceptable levels of compliance in a cost-effective manner. 
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