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AbstratThe objetive of this dissertation is to improve our understanding of environmental poliies, par-tiularly with respet to two emerging alternative approahes to regulation. They are alternativesto the ommand and ontrol approah, whih poliymakers have relied on heavily sine the early1970s. One alternative is to introdue market-based poliy instruments like emission taxes or trad-able permits. Another alternative is to rely on voluntary approahes to environmental protetion.This thesis will study these two alternatives. Our �rst essay will fous on voluntary programs (VPs)that aim to redue emissions of pollutants. We try to explain theoretially why governments im-plement these programs and to examine the property of the VP whih the regulator implementsto maximize soial welfare. We show that if setting an ef�ient mandatory standard is politiallydif�ult, a regulator might implement the VP beause it an generate higher soial welfare thanthe mandatory standard. The abatement rate of the VP that generates the highest soial welfareosts partiipating �rms the same amount as the mandatory standard would. The seond essay willempirially examine the determinants of environmental management system erti�ations, espe-ially the ISO 14001 erti�ation, whih is a popular environmental pratie, and their impatson environmental performane. In partiular, we fous on intra-industry spillovers of ISO 14001adoption and environmental performane. We apply estimation methods of spatial eonometris toa Japanese faility's dataset to deal with the spillovers. We �nd intra-industry spillovers of emis-sions redution into the air between similarly sized failities and of ISO 14001 adoption betweensimilarly sized failities that emit into water. The third essay will ompare taxes and quotas, whenan informed polluting industry in�uenes them by politial ontributions to a government. Weshow that private information an improve soial welfare under taxes but annot improve it underquotas. Private information also redues a omparative disadvantage of the taxes over the quotaswhen the government does not are about soial welfare very muh.
ii



Table of Contents
Abstrat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iiTable of Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iiiList of Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . viiList of Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ixAknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x1 Objetive and Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11.1 Objetive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11.2 Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 Why Regulators Adopt Voluntary Programs: A Theoretial Analysis of VoluntaryPollutant Redution Programs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42.1 Introdution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42.2 Some fats on voluntary programs . . . . . . . . . . . . . . . . . . . . . . . . . . 82.3 The model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112.3.1 The legislative subgame . . . . . . . . . . . . . . . . . . . . . . . . . . . 142.3.2 The VP subgame . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 152.4 Comparative stati analysis of an equilibrium where the most effetive VP is im-plemented . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 222.5 Conlusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

iii



3 Intra-Industry Spillover Effets of ISO 14001 Adoption and Environmental Perfor-mane in Japan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 283.1 Introdution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 283.2 Bakground and hypotheses on spillover effets . . . . . . . . . . . . . . . . . . . 313.2.1 ISO 14001 in Japan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 313.2.2 Hypotheses on spillovers . . . . . . . . . . . . . . . . . . . . . . . . . . . 333.3 Estimation strategy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 363.3.1 Estimation of environmental performane equation . . . . . . . . . . . . . 373.3.2 Estimation of the ISO 14001 adoption equation . . . . . . . . . . . . . . . 373.3.3 Weight matries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 393.3.4 Model hoie . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 413.4 Data desription . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 413.4.1 Emission data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 413.4.2 ISO 14001 adoption data . . . . . . . . . . . . . . . . . . . . . . . . . . . 423.4.3 Data on other variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . 423.4.4 Desriptive statistis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 433.5 Estimation results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 443.5.1 ISO 14001 adoption and performane of failities that emit into water . . . 453.5.2 Performane and ISO 14001 adoption of failities that emit into air . . . . . 503.6 Conlusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 554 Taxes versus Quotas in Lobbying by a Polluting Industry with Private Informationon Abatement Costs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 574.1 Introdution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 574.2 Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 624.3 Complete information ase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 634.3.1 Equilibrium tax rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 644.3.2 Equilibrium quota . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 654.4 Inomplete information ase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 664.4.1 Tax . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67iv



4.4.1.1 Separating equilibria . . . . . . . . . . . . . . . . . . . . . . . . 674.4.1.2 Pooling equilibria . . . . . . . . . . . . . . . . . . . . . . . . . 724.4.2 Quotas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 734.4.2.1 Separating equilibria . . . . . . . . . . . . . . . . . . . . . . . . 744.4.2.2 Pooling equilibria . . . . . . . . . . . . . . . . . . . . . . . . . 754.4.3 Differene in results and inentives between tax and quota . . . . . . . . . 764.4.4 Re�nements of beliefs . . . . . . . . . . . . . . . . . . . . . . . . . . . . 774.5 Numerial examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 784.6 Conlusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 835 Conlusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 865.1 Summary of ontributions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 865.2 Diretions for further researh . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89Appendies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97Appendix A: Appendix for Chapter 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97A.1 A set of abatement rate and the number of partiipating �rms that generates thehighest aggregate abatement if NVP is not an integer . . . . . . . . . . . . . 97A.2 Complete proof of the statement that there is equilibrium only when less than(NVP � 1) �rms partiipate in the VP and the mandatory poliy is imple-mented (the seond part of Proposition 2.2) . . . . . . . . . . . . . . . . . 98A.3 Proof of Proposition 2.3, 2.5 and 2.6 . . . . . . . . . . . . . . . . . . . . . . . 99A.4 Proof of Proposition 2.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99A.5 Case without free-riding in lobbying . . . . . . . . . . . . . . . . . . . . . . . 100Appendix B: Appendix for Chapter 3: Estimation results of WM IV and V models withm= 3;5, and 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102Appendix C: Appendix for Chapter 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107C.1 Calulations tHIC and tLIC . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107v
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Chapter 1Objetive and Overview1.1 ObjetiveIn the 1960s and 1970s, the beginnings of the environmental movements in developed ountrieswere assoiated with the establishment of environmental administrations and with the introdutionand amendment of national environmental legislation. The approahes to pollution ontrol dur-ing this period were mainly ommand-and-ontrol and emission standard regulations. From theviewpoint of polluting �rms, their environmental responsibility during this period meant regulatoryompliane.However, eonomists have urged the use of market-based instruments for pollution ontrol insteadof ommand-and-ontrol regulations beause ommand-and-ontrol approahes are less ef�ientthan market-based instruments and do not provide dynami inentives for tehnologial innova-tion and its diffusion. In addition, politiians and environmentalists reognized the need for ost-effetive instruments beause pollution ontrol osts were inreasing. Therefore, market-basedinstruments were introdued in the 1980s and 1990s. Tradable permit systems were introdued inthe US, while environmental taxes were introdue in European ountries.More reently, voluntary approahes, ommitments to improve environmental performane beyondlegal requirements, have played a prominent role in addressing environmental hallenges. One rea-son for the popularity of voluntary approahes from the supply side of environmental regulationsis that it is politially dif�ult to pass environmental laws, espeially in the US. However, affeted�rms started to takle environmental issues not only beause of regulation but also in light of poten-tial ost redution, liability onerns, and the indiret impat of regulations in the 1980s. Therefore,1



governments have offered voluntary environmental programs (VEPs) and enouraged �rms to takevoluntary environmental ations. For example, the US Environmental Protetion Ageny (EPA)has initiated over one hundred VEPs sine the 33/50 Program was launhed. Another exampleinvolves Japanese loal governments that have provided support programs for the adoption of en-vironmental management system (EMS) erti�ates, suh as ISO 14001. These support programsmay have ontributed to the fat that the number of erti�ations in Japan was the highest in theworld until 2008.This thesis will examine environmental poliies, voluntary approahes in partiular in hapters 2and 3, and emission quotas and market-based instruments in hapter 4. Voluntary programs foremissions redutions will be studied in hapter 2. Voluntary ations by Japanese failities will beexamined in hapter 3. In hapter 4, we ompare emission taxes and quotas.Chapter 2 uses a theoretial model to explain why governments implement voluntary emissionredution programs (VPs). The hapter also examines the properties of the VP that the regulatorsets to maximize soial welfare. In the model, there are 3 types of players: multiple polluting�rms, a regulator, and a legislator. The regulator has two options to generate emissions redutionsfrom �rms: a mandatory standard and a VP. The mandatory standard an fore all �rms to reduetheir emissions. However, the approval of the legislator who is affeted by the lobby group of thepolluting �rms is neessary to implement it. However, the regulator annot fore �rms to partiipatein the VP, but legislator approval is not neessary to implement it. We show that the VP angenerate less soial ost and more aggregate abatement than the mandatory standard. Therefore,the regulator implements the VP when it an generate higher soial welfare than the mandatorystandard. We also �nd that hanges in parameters affet aggregate abatement under the VP morethan under the mandatory standard beause suh hanges affet the abatement rate of individual�rms and the partiipation rate.Chapter 3 empirially investigates reasons why failities voluntarily aquire an environmental man-agement system (EMS) erti�ation and the impats of EMS erti�ation on environmental perfor-mane in Japan. We fous on ISO 14001 adoption and its impats on environmental performaneby Japanese failities during 2001�2003. Aording to a survey of the Organisation for EonomiCo-operation and Development (OECD), many failities see the fat that similar failities adopt en-2



vironmental praties as an important motivation for adopting them. Thus, intra-industry spilloverof the adoption of environmental praties is likely to exist. Using estimation methods of spa-tial eonometris, we estimate ISO 14001 adoption and its impats on environmental performanewhile ontrolling for suh spillovers and examining the magnitude of spillovers. We show �ndingsindiating that failities emitting pollution into water are more likely to adopt ISO 14001 iffaili-ties that belong to �rms with similar revenue in the same industry adopt it and that the perentagehange in emissions into air is orrelated between similar-sized failities in the same industry.Chapter 4 ompares taxes and quotas when a polluting industry with private information on emis-sion abatement osts politially in�uenes the taxes and quotas through lobbying ativity. Weemploy an informed prinipal model developed by Maskin and Tirole (1992). We examine howtaxes and quotas affet a polluting industry's inentive to in�uene regulation and how private in-formation affets soial welfare and the politial in�uene of the polluting industry. We show thatprivate information an improve the soial welfare under taxes but annot improve it under quo-tas. Private information also redues a omparative disadvantage of taxes over quotas when thegovernment does not are about soial welfare.1.2 OverviewThis thesis is organized as follows. Chapter 2 presents a theoretial analysis of voluntary emissionredution programs. Chapter 3 examines the impats of ISO 14001 on environmental performaneand the intra-industry spillovers of ISO 14001 adoption and environmental performane in Japan.Chapter 4 ompares taxes and quotas when a polluting industry with private information on abate-ment osts engages in lobbying. Chapter 5 onludes this thesis. Proofs of the propositions inChapter 2 are given in Appendix A. Appendix A also inludes arguments on the equilibrium abate-ment rate and the number of partiipating �rms when the equilibrium number of partiipating �rmsderived in proposition 2 is not an integer. In appendix B, we show how to alulate some tax rateand ontribution used in hapter 4, and we prove propositions of hapter 4.
3



Chapter 2Why Regulators Adopt VoluntaryPrograms: A Theoretial Analysis ofVoluntary Pollutant Redution Programs2.1 IntrodutionVoluntary approahes to environmental protetion have beome prominent sine the late 1980s. Inthe European Union (EU), the number of new voluntary agreements inreased from 6 in 1981 tomore than 45 in 1995 (OECD (1999)). There are more than 300 negotiated agreements betweengovernments and polluting industries or �rms in Europe. In the United States (US), Brouhle et al.(2005) identi�ed over 50 voluntary programs at the federal level alone sine 1991, when the 33/50program1, the �rst voluntary program, was launhed. In Japan, over 30,000 negotiated agreementsbetween loal governments and polluters are in effet2.Voluntary approahes an take various forms. However, based on government involvement, we anategorize them into three types. The �rst type is a unilateral ation that is initiated and arriedout by �rms and industries. The seond form is a bilateral agreement between the government and1The US EPA launhed this program to redue aggregate emissions of 17 hemials by 33% in 1992 and by 50%in 1995, relative to the 1988 baseline. We will exaplain more in setion 2. Or see Khanna Khanna (2007) for a moredetailed review of the 33/50 program.2The reason why over 30,000 agreements are being implemented in Japan is that most agreements have beenbetween a �rm and muniipality. When a �rm onstruts (or extends) its faility, it onludes an agreement with amuniipality at whih the faility is (will be) loated. This is a typial setting in whih agreements are made. Pleasesee Welh and Hibiki (2003) for details. In ontrast to Japan, many agreements our at the federal government orindustrial level in Europe and the US. This is why the number of agreements or voluntary poliies is so differentbetween Japan and other developed ountries. 4



industries or �rms. Both the government and polluters atively set the target and other parametersfor the approah. The �nal type and the fous of this hapter is a voluntary program (VP) designedby a government. The government sets the objetives of the program, and the �rms have a rightto deide whether they will partiipate in the program. Thus, partiipation in these programs is�voluntary�.Beause �rms an hoose not to join a VP, it is subjet to the free-rider problem, whih means thatthe VP is implemented but not undertaken by all �rms. Therefore, partiipation rate is an importantriterion when we evaluate VPs. Partiipation rates for some VPs are very low. Partiipation ratesfor the US 33/50 program and the Canadian ARET program, whose goal is to redue the releaseand/or transfer of hemials, are 17.0% and 13.4%, respetively. Relative to its partiipation rate,the total release and transfer of partiipating �rms in 1988 (baseline year) was high (62.5%)3.However, the program did not over about 40% of total releases and transfers.Why do VPs ontinue to be implemented even when partiipation rates are low? Politial dif�-ulty in passing environmental laws is likely to ontribute to the inreased popularity of voluntaryapproahes, and therefore, it must be one of the reasons for the ontinued implementation of VPsdespite low partiipation rates. As an example, a arbon tax was proposed at the EU level but faileddue to industrial lobbying. Just after this tax failed to pass in the EU, many EU ountries adoptedvoluntary approahes to limate hange. Thus, governments adopt voluntary approahes insteadof mandatory regulations in response to politial pressure from polluting industries. Moreover,when a pollution problem is not a hot politial issue, it is politially dif�ult to implement effetivepoliies. Partiipation rate of VPs would likely be low in suh ases.In addition to these politial dif�ulties, governments might sari�e high partiipation rates for thesake of effetiveness. A government might have to set low abatement rates for eah partiipating�rm to maximize partiipation, and, as a result, aggregate abatement may be low. Thus, a highpartiipation rate does not always re�et the effetiveness of the VP, and we annot evaluate a VPbased on the partiipation rate alone. However, the abatement rate of eah partiipating �rm is notan appropriate solitary riterion for evaluating a VP either. We have to take into aount both rates3Many of ARET substanes were not required to be reported to the National Pollutant Release Inventory (NPRI),whih legally mandates publi reporting. Therefore, data on these substanes are not available. See Antweiler andHarrison (2007) for NPRI-reorded emissions of ARET-listed substanes and ARET-partiipating �rms' share of them.5



for eah partiipating �rm when evaluating a VP. In addition, examining the relationship betweenpartiipation and abatement rates in effetive VPs provides useful information for the design ofnew VPs.This hapter aims to explain why governments implement VPs even though their partiipation ratesan be low and to examine the relationships between partiipation rates, requirements (abatementrates) and the ef�ieny of VPs. To do so, we built a model with three types of players: a regulator,legislator, and multiple polluting �rms. In the model, the regulator is assumed to be benevolentbeause it attempts to maximize soial welfare. Two regulation options, a mandatory standard and aVP, are available to the regulator to redue emissions. For the regulator to implement the mandatoryregulation, the legislator, who is in�uened by a lobby group of polluting �rms through politialontributions, must approve it. This legislative proess of setting mandatory standards is intendedto apture the politial dif�ulty involved in setting the mandatory poliy, as disussed above. Ingeneral, the mandatory standard is inef�ient. Hene, the regulator might have an inentive tooffer the VP to ahieve more ef�ient abatement alloation, although the regulator annot fore the�rms to partiipate. In addition to the regulator, the individual �rms might have an inentive topartiipate in the VP to save lobbying osts.Along with a sharp inrease in the number of voluntary approahes, there has also been an inreasein researh on these approahes. Several papers have theoretially investigated voluntary agree-ments (VAs), and Lutz et al. (2000) and Maxwell et al. (2000) studied unilateral ations4. Lyonand Maxwell (2003) examined the effets of poliy hoie, taxes or VAs on the adoption of newtehnology when �rms unilaterally adopt lean tehnology. Beause governments design VPs butdo not design the unilateral ations by polluters, the models and the results of these studies onunilateral ations annot be applied to VPs. Most papers on VAs have built and analyzed singlepolluter models (e.g., Segerson and Mieli (1998), Hansen (1999), Segerson and Mieli (1999),4Following the publiation of the seminal papers of Segerson and Mieli (1998), Hansen (1999), and Segersonand Mieli (1999) who analyzed VAs, Manzini and Mariotti (2003) studied VAs between a regulator and group ofheterogeneous �rms. Glahant (2007) examined Vas, whih annot enfore a �rm's (or an industry's) ommitments bya model with a polluting industry, regulator, and legislator. Lutz et al. (2000) studied the effet of a �green� ommitmentby �rms when their ations in�uene future regulation. Maxwell et al. (2000) showed the possibility of self-regulationpreempting future regulation. The model of Lutz et al. (2000) and Maxwell et al. (2000) and its impliations wereexplained Lyon andMaxwell (2004). See also Lyon andMaxwell (2002) for a survey of early theoretial and empirialstudies of voluntary approahes. 6



and Glahant (2007)). Even with multiple polluters, all �rms are assumed to olletively negotiatethe VA with the government, as in Manzini and Mariotti (2003), or the voluntary agreement is nota subsidy for the adoption of tehnology (Lyon and Maxwell (2003) ). Thus, most theoretial pa-pers have not inorporated an individual �rm's partiipation deision into voluntary programs oragreements with emission redution targets, and, therefore, they have not explained why VPs withlow partiipation rates are implemented.The work of Dawson and Segerson (2008) is an exeption in the literature. Dawson and Segerson(2008) developed models inorporating the partiipation of individual �rms into the voluntary pro-gram or agreement. They examined the ase in whih the regulator has two options to ahievean (exogenous) aggregate emission level target via a VP or an emission tax. They analyzed theexistene and properties of an equilibrium partiipation rate and its soial welfare impliations.However, there are no reasons that the regulator would offer a VP beause it is always �not bet-ter� than the tax, and the regulator an always hoose the tax. In ontrast, the VP is implementedbeause the regulator preferred it in this hapter beause of the presene of two publi agents, abenevolent regulator and rent-seeking legislator, similar to the model desribed by Glahant (2007).If the benevolent regulator sets a mandatory poliy, suh as an emission tax, the poliy is ost-effetive. Therefore, the regulator has no inentive to implement the VP. However, the VP mightgenerate higher soial welfare than the mandatory poliy if the rent-seeking legislator is the entitythat would set the mandatory poliy.We show that the regulator an implement the VP, whih generates less soial ost and more ag-gregate abatement than the mandatory standard. By adopting the VP, the regulator an make par-tiipating �rms alloate resoures that would otherwise be used to lobby for emissions abatement.The regulator's problem is maximizing the resoures that are realloated from lobbying efforts toemissions abatement, subjet to the onstraint that there is no new partiipation if a portion of theabatement from the partiipating �rms is greater than the aggregate abatement under the mandatorypoliy. In this ase, the resoure realloated to abatement is maximized by making the �newest�partiipating �rm abate as muh as possible and putting the partiipation rate aside. Thus, in themost ef�ient VP, there are some �non-partiipating� �rms. Moreover, we show that a VP with alow partiipation rate an generate less soial osts and more aggregate abatement than the manda-7



tory standard if it is politially dif�ult to set the mandatory standard.The other results of this study are as follows. Changes in parameters affet aggregate abatementunder the VP through two hannels, the partiipating rate and the individual partiipating �rms'abatement rates, but aggregate abatement under the mandatory poliy is affeted by the abatementrate of the individual �rms alone. Therefore, hanges in parameters affet aggregate abatementlevels under the VP more than they do under the mandatory standard. If the mandatory poliy isstringent, the VP is effetive and its partiipation rate is high. For instane, when there are manypolluters or eah polluter has high emissions, the mandatory poliy is stringent beause aggregateemissions are large in suh ases. Therefore, �rms in a more pollution-intensive industry are morelikely to join suh a VP. The partiipation rate is also high when there are many polluters (if otherparameters are the same). However, �rms in an industry with higher abatement osts are less likelyto join beause the mandatory poliy is less stringent.Although the regulator implements a low partiipation rate VP when it is politially dif�ult toimplement a mandatory poliy, it is also possible that most or all �rms will partiipate in theVP. Many �rms partiipate in the VP when its net bene�t is greater than that of the mandatorystandard. These results are totally different from that of international environmental agreement(IEA) in Barrett (1994) who argued that polluters are free to join IEAs or not, muh like a VP.The mandatory standard, a kind of punishment for non-partiipation to all polluters, reates thedifferene between VPs and IEAs.This hapter is organized as follows. In next setion, we review fats on partiipation in voluntaryapproahes. Setion 3 presents a model and analyzes situations of equilibrium. We present aomparative statis analysis in Setion 4. Setion 5 disusses the results of hanging the settingsfrom a basi setting. Setion 6 onludes this hapter.2.2 Some fats on voluntary programsIn this setion, we review some fats on partiipation in voluntary approahes based on the 33/50program, the ARET program and environmental agreements in Europe. We then review the politial8



Table 2.1: Overview of 33/50 program(Soure: US Environmental Protetion Ageny (1999))1stround 2ndround 3rdround Not on-tated Contated totalNumber of ompaniesCompanies with 33/50 failities 504 4534 2512 2612 7550 10167Partiipating ompanies (PCs) 328 819 140 7 1287 1294Partiipation rate 65.1% 18.2% 5.6% 0.3% 17.2% 12.7%Quantities of 17 hemials (millions of pounds)Total releases & transfers in 1988 993 367 45 89 1405 1496Total from PCs 809 110 14 1 933 935Share of releases & transfers from PCs 81.5% 30.0% 31.1% 1.1% 66.4% 62.5%proess of adopting voluntary approahes. The US 33/50 program was launhed by the Environ-mental Protetion Ageny (EPA) in 1991. The goal of this program was to redue the release andtransfer of 17 hemials by 33% in 1992 and by 50% in 1995, relative to the 1988 baseline. TheEPA sent letters to the CEOs of the parent ompanies of the emitting failities to enourage parti-ipation. In January 1988, the �top� 600 ompanies, whih aounted for 66% of the total releaseof these hemials in 1988, were invited to partiipate, and 5,400 other ompanies were invited inJuly 1991. After 1992, the EPA invited 2,512 ompanies that began emitting the aforementioned17 hemials after 1988 to partiipate. Table 2.1 gives an overview of the 33/50 program. Thepartiipation rate of the invited ompanies is 17.0%, and the share perentage of the total releaseand transfer of all substanes by the �rms invited in 1988 was 62.5%. Clearly, the partiipation ratefor the �rst round of invited ompanies was muh higher (65.1%) than it was for the ompaniesinvited later.There have been several empirial studies on the 33/50 program. For example, Gamper-Rabindran(2006) found that plants in the hemial industry, whih uses hazardous air pollutants intensively,were more likely to partiipate. She also found that the partiipation rate of �rms in the hemialindustry inreased when the past inspetion rate was high. Innes and Sam (2008) found that large�rms listed as potentially-responsible parties for a large number of Superfund sites were more likelyto join. 9



The Canadian Aelerated Redution/Elimination of Toxis (ARET) program was launhed in1994. ARET targeted 117 toxi substanes, inluding 30 substanes that persist in the environ-ment and may aumulate in living organisms. ARET required all �rms to voluntarily redue theirrelease of those 30 substanes by 90% and 87 other substanes by 50% by the year 2000. Thisprogram was guided by a ommittee of stakeholders established in 1992, whih inluded represen-tatives from industry, health and professional assoiations, in addition to representatives from thefederal and provinial governments. Although the ARET program has some harateristis of a ne-gotiated voluntary agreement, it has more in ommon with the 33/50 program than with negotiatedagreements beause it alled on all �rms to redue their emissions.Antweiler and Harrison (2007) found that (1) large and emission-intensive failities were morelikely to partiipate; that (2) partiipation rates inreased along with the partiipation of otherfailities in the same industry (spillover within industry); and that (3) the partiipation rate formembers of the trade assoiations that were involved in negotiating the terms of ARET was higherthan for other failities.The partiipation of �rms an be an important issue for negotiated voluntary agreements and forpubli voluntary programs. The European Environment Ageny (1997) surveyed voluntary agree-ments in Europe and found that many small and medium enterprises (SMEs) tended to be free-riderswhen trade assoiations were diretly involved with the agreements. In addition, the European En-vironment Ageny (1997) admitted that free-riding by SMEs might jeopardize agreements eventhough it may not affet their ef�ieny. Hene, voluntary approahes to ontrolling pollution frommultiple �rms are subjet to the problem of free-riders, whih is one of the important issues to beaddressed.Politial fators play a role in the adoption of voluntary approahes to environmental protetion.Many voluntary programs and agreements have been adopted without approval from a legislativesetor. For example, the EPA founded the 33/50 program, and the program was implementedwithout the approval of the legislative setor. In addition, in response to politial pressure frompolluting industries, some voluntary approahes have been adopted as an alternative to mandatorypoliies. For example, many EU ountries adopted VAs in the mid-1990s after the EU arbontax projet was abandoned due to pressure from lobby groups for the energy-intensive industries.10



Another example is the Clinton administration's Climate Change Ation Plan (CCAP). Althoughthe administration originally proposed an energy tax, it adopted voluntary programs to meet thegoals of the CCAP due to politial opposition from industries. Our model inludes two types ofpubli agenies, a legislative setor and a regulator, to apture this type of politial proess.2.3 The modelThe following three types of players are involved in our model: a regulator, a legislator and Npolluting �rms. The regulator is benevolent in that he/she aims to minimize soial osts, the sumdamage by pollution, and aggregate abatement osts. In the �rst stage, the regulator announesa voluntary a(%) emission redution program (VP). In the seond stage, polluting �rms deidewhether to partiipate in the VP or not. Thus, the �rms do not have to partiipate in the VP, but theregulator asks the legislator to enat a mandatory emission redution standard if an insuf�ientnumber of �rms partiipate. When the mandatory redution standard is set or the insuf�ientnumber of �rms partiipate in the VP, polluting �rms will olletively lobby against it and thenthe legislator will set the mandatory standard. Therefore, the mandatory standard will typially besoially inef�ient. On the other hand, if an suf�ient number of �rms partiipate in the VP in theseond stage, then the VP is implemented. The timing of this model is desribed in Figure 2.1.It is possible that the polluting �rms will take voluntary ation before the regulator announes theVP. However, if many �rms are involved, it is hard for trade assoiations or �rms to oordinatevoluntary emission redution efforts. This hapter onsiders suh a ase. Usually, polluting �rmsunite in opposition to mandatory regulations, although not all �rms join suh olletive ations. Insuh a situation, the polluting �rms form a lobby group, whih will in�uene mandatory regulationsthrough politial ontributions �naned by voluntary ontributions from the �rms.This hapter does not address the possibility that a legislator sets a mandatory poliy even if a VPis already in plae. However, to reate a law that enfores the mandatory poliy, various kinds ofinformation, suh as sienti� knowledge on pollution, must be obtained and integrated. In manyases, it is likely logistially dif�ult and/or ostly to obtain suh tehnial information and exper-tise without the ooperation of a government-run environmental organization, whih is represented11



Figure 2.1: Deision tree of gameby the regulator in this hapter. Therefore, it is not unreasonable to assume that the regulator wouldinitiate both poliies.Figure 2.1 shows that the regulator has two options: implement the mandatory poliy or the vol-untary program to minimize soial osts, whih are the sum of damage by pollution and aggregateabatement osts. We assume that the damage is a quadri funtion of emission, 12d(åi(1�a)ēi)2,and that the abatement osts of a �rm i is linear in emission, a ēi where ēi, a ,  and d are thepollutant emission of �rm i before regulation, the redution rate, marginal abatement ost and theslope of marginal damage, respetively. Beause the regulator is benevolent, the regulator's ostunder the mandatory poliy is the sum of the aggregate abatement osts and damagesRM(a) = 12d( Nåi ((1�a)ēi))2+ Nåi a ēi: (Madantory poliy)If the regulator ould set a mandatory standard or a redution rate, he/she would set the redutionrate a� = 1� dēiN :5 (2.1)5We have this from the F.O.C for minimization of RM(a). We fous on a ase that (2.1) is nonnegative. Otherwise,we do not need to implement regulation. 12



However, the legislator sets the redution rate for the mandatory program. When the ongress en-ats the mandatory standard, the lobby group of polluting �rms in�uenes it by offering politialontributions to the legislator, who is a representative or median legislator. As Glahant (2007) de-sribed, the legislator's payoff funtion is assumed to be a weighted sum of politial ontributions,W and soial welfare (negative soial osts),L(a;W) = lW� (1�l )[12d( Nåi (1�a)ēi)2+ Nåi a ēi℄where l 2 (0;1). l an be interpreted as the responsiveness of the legislator to lobbying or thepolitial dif�ulty of setting an ef�ient mandatory abatement rate. Politial dif�ulty may ourwhen a pollution problem is not an important issue on the politial agenda. A high l may re�etthat it is not an important issue on the agenda.Politial ontributions from the lobby group are �naned by voluntary ontributions from individ-ual �rms. Eah �rm is assumed to make a ontribution to the lobby group taking other �rms'ontributions as given like voluntary publi good provision games. Firm i's ost is the sum ofabatement osts, a ēi, and ontributions to the lobby group, Wi, a ēi+Wi.In ontrast to the mandatory poliy, the regulator an set the abatement rate of the VP, but it annotfore �rms to partiipate. Hene, if the regulator implements the VP, the objetive ismina RV (a) = 12d(NPåi ((1�a)ēi)+N�NPåj ē j)2+ NPåi a ēi (VP)where NP is the number of �rms partiipating in the VP. As mentioned above, individual �rmsan deide whether they partiipate in the VP. Firms have no inentive to join the VP if their ostunder the VP is greater than it would be under the mandatory poliy. Therefore, NP and the VPpartiipation rate depend on the redution rate of the VP and on eah �rm's osts or redution rateunder the mandatory standard. In the next subsetion, we analyze how the mandatory poliy is set.Then, we examine how the regulator sets the VP.
13



2.3.1 The legislative subgameFirst, we analyze the ase in whih the regulator uses the government to set the mandatory standard.In the �nal stage, the legislator sets the mandatory redution rate, and �rms redue their emissions.Before the �nal stage, the lobby group offers politial ontributions depending on the redution ratea . Beause the legislator an rejet the offer from the lobby group and hoose a soially optimalredution rate, the potential politial ontribution must satisfy L(a;W)� L(a�;0). This onstraintmust hold equally beause the total ost to the �rms inreases with inreases in the redution rate,and the lobby moves �rst to make a non-negotiable offer. Therefore, politial ontributions and theredution rate have the following relationshipW(a) = 1�ll "12d(åi (1�a)ēi)2+åi a ēi� [12d(åi (1�a�)ēi)2+åi a�ēi℄# : (2.2)Let �a(W) be the redution rate satisfying (2.2) when politial ontribution is W. Using �a(W),we an desribe an individual �rm's problem. Their ontributions affet politial ontributionsdiretly and redution rates indiretly. Therefore, taking it as a given that other �rms have alsomade ontributions, �rm i hooses its ontribution to minimize its total ostWi+  �a(Wi+åj 6=iW j)ēi; (2.3)subjet to (2.2). Using W= Wi+å j 6=iW j, we enter (2.2) into (2.3) and take the derivative of (2.3)to yield ēi ¶ �a¶Wi = 1�ll [dåi ēi(åi (1�a)ēi)�åi ēi℄ ¶ �a¶Wi : (2.4)Therefore, the abatement rate hosen via the legislative proess isaL = 1� dNē � ldN2ē(1�l ) :6 (2.5)6In the following analysis, we assume aL is positive. Abatement rate aL should be 0 if aL is negative. A ontribu-14



The third term of RHS is the differene in the redution rates between the soially optimal and themandatory standard. The absolute value of this differene dereases with the number of polluting�rms beause politial ontribution dereases due to free-riding. Therefore, if the soially optimalredution rate is the same, the more �rms pollute and the more effetive the mandatory standard is.If we fous on a symmetri equilibrium, then �rm i's ontribution isWi =W(aL)=N= 1�ll "12d(åi (1�aL)ēi)2+åi aLēi� [12d(åi (1�a�)ēi)2+åi a�ēi℄#=N= 2l2dN3(1�l ) (2.6)Finally, an individual �rm's ost under the mandated standard isC̄ = aLē+Wi = ē� 2dN � 2ldN2(1�l ) + 2l2dN3(1�l ) : (2.7)2.3.2 The VP subgameIf polluting �rms partiipate in the VP, then their osts must be smaller than they would be underthe mandatory standard. Hene, a ēi � C̄: (2.8)Any partiipating �rm will not hange its partiipation deision in a state of equilibrium. Eah�rm makes the deision to partiipate or not, and therefore �rms do not unilaterally hange theirpartiipation in a state of equilibrium. Dawson and Segerson (2008) showed that this onditionis equivalent to the ondition that no partiipating �rm has an inentive to unilaterally beome ation is given by W0 = 12dN2ē2i �Nēi+ 22d :If C̄0 =W0, then analysis of VP game is the same as in the ase where aL is non-negative.
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non-partiipating �rm and, tehniallyd2 [(N� (NP�1)a)ēi℄2+(NP�1)a ēi � RM(aL): (2.9)This ondition means that the regulator will not implement the VP if only NP� 1 polluting �rmspartiipate. If this ondition does not hold, then the regulator will still implement the VP even ifone of the partiipating �rms does not partiipate (i.e., deviate). Thus, partiipating �rms have aninentive to unilaterally deviate if this ondition does not hold.Subjet to (2.8) and (2.9), the regulator tries to maximize its payoff or minimize soial osts. LetaV be suh that aV ēi = C̄. When the redution rate under VP is aV , the ost of the VP for thepartiipating �rms is the same as the osts of the mandatory poliy. Then, the following lemmaholds.Lemma 2.1. The regulator's problem is the same as maximizing aggregate abatement subjet to(2.8) and (2.9). In addition, we an rewrite (2.9) as(NP�1)a ēi � NaLēi: (2.10)Proof: Due to the linearity of abatement osts, the alloation of abatement does not affet soialwelfare. Based on (2.7) and (2.8),aV = 1� dNē� ldN2ē(1�l ) + l2dN3ē(1�l ) = 1� dNē� l2dN3ē(1�l )(2N�1)� 1� dNēi =a�:Hene, under the VP, eah partiipating �rm abates less than the soial optimal level, and thegreater aggregate abatement results in a smaller soial ost. Therefore, the regulator's problemis the maximization of the aggregate abatement, whih is subjet to (2.8) and (2.9), and (2.9) isequivalent to (2.10) . QEDThe regulator's problem is the maximization of the aggregate abatement level, whih is subjetto (2.8) and (2.10). (2.10) implies that (NP� 1) partiipating �rms' abatement levels must be16



below NaLēi and independent of NP. Hene, maximizing aggregate abatement is equivalent tomaximizing the �NP th� partiipating �rm's abatement, and the following proposition holds.Proposition 2.1. The largest aggregate abatement under the VP is generated by the abatement rateaV and the partiipation rate, NVP =N,NVP =N =8><>:aL=aV +1=N If N > aV=(aV �aL)1 Otherwise.Proof: If (N� 1)aV ēi � NaLēi or N � aV=(aV �aL), then all �rms have an inentive to jointhe VP beause (2.8) and (2.10) hold for any NP � N. Beause aV is the highest redution rate,aVwith NVP =N = 1 gives the highest aggregate abatement. If N > aV=(aV �aL), (2.10) must holdwith equality to maximize the aggregate abatement. So, By substituting (NVP � 1)a ē= NaLē intoNVPa ē, we have NVPa ē= a ē+(NVP �1)a ē= a ē+NaLē. Beause NaLē is set by the ongress, themaximization of NVPa ē is equal to that of a ē or a . Therefore, the redution rate whih generatesthe largest aggregate abatement is the highest a that satis�es (2.8) and whih is aV . In addition,we have NVP = NaL=aV +1 from (2.10). QEDSee Appendix A.1 for the ase where the NVP is not an integer. Two fators an be manipulatedto inrease the aggregate emission abatement or derease soial osts: the partiipation rate andthe redution rate. The regulator prefers high abatement and partiipation rates, but a trade-offexists between the redution rate and the partiipation rate due to Constraint (2.10) whih is a kindof a onstraint on aggregate abatement. (2.10) means that the abatement by NP� 1 �rms mustnot be greater than the aggregate abatement level under the mandatory poliy regardless of thepartiipation rate. By substituting (NP�1)a ēi = NaLēi ((2.10) with equality) into NVPa ē, we haveNVPa ē = a ē+NaLē. Beause NaLē is set by the ongress, the largest aggregate abatement isahieved by hoosing the highest redution rate suh that (2.8) holds.This proposition means that the VP is the most environmentally effetive if the regulator hoosesthe highest abatement rate, suh that the partiipating �rms' abatement osts under the VP are lessthan under the mandatory poliy. If the regulator does hoose the highest abatement rate, then some17



�rms generally do not join the VP. Thus, symmetri �rms may take asymmetri ations (i.e., someof them partiipate, but others do not). Of ourse, all the �rms might partiipate in some ases7. Inaddition, the proposition implies that the regulator might implement the VP even if the partiipationrate is low (e.g., when the legislator does not are about the soial osts related to pollution or whenit is politially dif�ult to set the mandatory poliy). In the next setion, we disuss how hangesin parameters (redution rate, partiipation rate and aggregate abatement) affet the VP when it iseffetive.To understand why symmetri �rms might take asymmetri ations and what happens as a result,we onsider simple ases with two �rms. The payoffs for the �rms and the regulator are desribedin Table 2.2. The left, enter and right values in eah ell represent the payoffs of Firm 1, Firm 2and the regulator, respetively. P and NP stand for �partiipate� and �not partiipate�, respetively.The payoffs for �rms in the ase when both �rms do not partiipate (NP, NP) are equal to thepayoffs when the mandatory poliy is implemented beause the regulator prefers the mandatorypoliy in suh a ase. However, the �rms' payoffs in the other ases are the same as they are whenthe VP is implemented. The set of payoffs is likely to be similar to those in the left matrix whenthe legislator is not onerned with soial welfare, whih is low under the mandatory poliy islow when the legislator ares less about it than about politial ontributions. However, payoffs aresimilar to those in the right matrix when the legislator ares about soial welfare. It should be notedthat a partiipating �rm reeives the same payoff under the VP as it would under the mandatorypoliy if the redution rate is aV (from (2.8)) .Table 2.2: Payoff matries when some �rms partiipate (left) and when all �rms partiipate (right).�rm2 �rm2P NP P NP�rm1 P 0,0,1 0,1,0.5 �rm1 P 0,0,0.5 0,1,-0.5NP 1,0,0.5 0,0,0 NP 1,0,-0.5 0,0,0Consider (P, NP) in the left matrix. Beause the regulator's payoff is greater than it would be in(NP, NP), the regulator will implement the VP. Given the partiipation of Firm 2, Firm 1 has noinentive to hange from P to NP. In addition, Firm 2 has no inentive to hange from NP to P.7For example, the legislator ares about soial welfare very muh, or damage by pollution is serious.18



Hene, (P, NP) is a VP equilibrium. (NP, P) is also a VP equilibrium beause the same argumentholds.In the right matrix, neither (P, NP) nor (NP, P) is a VP equilibrium beause the regulator prefers(NP, NP) over (NP, P) or (P, NP). Hene, the regulator will implement the mandatory poliy, andthe payoffs would be the same as with (NP, NP) if either �rm does not partiipate. In addition, allplayers weakly prefer (P, P) over (NP, NP), and so they prefer (P, P). Therefore, neither �rm has aninentive to hange from P to NP. (P, P) is an equilibrium.However, when no �rms partiipate in the VP (NP, NP) and the mandatory poliy is implemented,there is an equilibrium in both examples beause the partiipation of one �rm is irrelevant if theother �rm does not partiipate. In the right matrix ase, there also exists an equilibrium whereeither �rm joins the VP, but the mandatory poliy is implemented, as disussed above. As we anguess, �partiipation� versus �non-partiipation� is irrelevant to a �rm if less than NP� 1 of theother �rms partiipate. Hene, there also exists a situation of mandatory regulation equilibrium.In the two examples desribed above, the regulator's payoff under the VP equilibrium is the greatestof all the situations of equilibrium. Beause the regulator is benevolent, this means that the VPan generate higher soial welfare than the mandatory poliy. Moreover, there is a situation ofequilibrium where the mandatory poliy is implemented. The next proposition formally showsthese two outomes.Proposition 2.2. The redution rate aV with partiipation rate NVP =N generates higher aggregateabatement and lower soial ost than a mandatory standard. However, there also exist equilibriawhere only less than (NVP �1) �rms partiipate in the VP and the mandatory poliy is implemented.Proof: When NVP < N, NVPaV ēi > (NVP � 1)aV ēi = NaLēi. If NVP = N, NVPaV ēi > NaLēi beauseaV > aL. Lemma 1 implies that a higher aggregate abatement results in lower soial osts. There-fore, aV with NVP =N generates higher aggregate abatement and lower soial ost than a mandatorystandard.However, the mandatory poliy generates a higher aggregate abatement if the abatement rate is aVand there is no partiipating �rm, for example. The mandatory poliy is implemented in suh a ase.19



Consider Firm k's partiipation deision. We suppose that Suppose NVP > 2 and that other �rms donot partiipate in the VP. It should be realled that (NVP �1)aV ēi = NaLēi. The mandatory poliyis implemented whether Firm k partiipates or not beause the partiipating �rms number fewerthan (NVP �1) under both ases (�rm k partiipate or it does not). Thus, �rm k has no inentive tohange its partiipation deision, from �not partiipate� to �partiipate�. Therefore, there exists anequilibrium where no �rms partiipate in the VP and the mandatory poliy is implemented. Pleasesee appendix A.2 for the proof of the general ase. QEDWhen the mandatory poliy is implemented, the �rms' ost is the sum of the emission abatementosts and politial ontributions. Given that the �rms annot in�uene the VP through ontribu-tions, they do not spend resoures lobbying for the VP. Therefore, the regulator an design the VP,whih makes individual �rms inrease expenditures and redue the amount of emissions relative tothe mandatory poliy (subjet to (2.8) and (2.10)). It is possible that the VP an generate highersoial welfare than the mandatory poliy if enough �rms join the VP.In ontrast with Dawson and Segerson (2008) model, the regulator in this model might prefer theVP over the mandatory standard if the partiipation rate is high enough, whih depends on the�rms' beliefs about other �rms' partiipation deisions. This result ours due to the differenebetween the regulator's objetive and the mandatory poliy-making proess in this hapter versusthat desribed by Dawson and Segerson (2008). In the latter, the regulator's objetive is to ahievesome aggregate emission level, and in our model, it is to minimize soial osts. Beause some �rmsmight not join the VP, the mandatory standard is better than the VP for ahieving some aggregateabatement level. Without politial dif�ulties, the regulator an implement the mandatory poliy,whih ahieves a soially-ef�ient outome. Thus, the differene between this hapter and Dawsonand Segerson's paper is ruial to the implementation of a VP by the government.Furthermore, in our model, the mandatory poliy is implemented if the polluting �rms think thatfew �rms will partiipate in the VP. Firms are likely to believe that enough �rms will partiipate ifthey feel obliged to prioritize environmental issues in orporate-soial responsibility (CSR). In themid-1980s, environmental ativists started to inrease pressure on �rms to manage environmen-tal issues in the US. Consequently, the industry undertook environmental initiatives. The 33/5020



program, mentioned above, was implemented in the early 1990s, when many �rms began to on-sider environmental issues as their soial responsibility8. Therefore, the existene of situationsof equilibrium related to the mandatory poliy seems onsistent with the fat that few voluntaryapproahes were implemented prior to the 1990s.The VP is more likely to be implemented if �rms feel that they have to takle environmental issuesas part of their CSR. Firms think that partiipation in the VP appeals to the regulator, even when theVP is not implemented. Therefore, �rms gain a small positive bene�t (smaller than the abatementost) from their ommitment to join the VP. However, the regulator does not reognize this bene�t.As long as the partiipation rate is low enough that the regulator does not implement the VP (aslong as (2.10) holds), ,�rms prefer to join beause the regulator sets the redution rate (slightly)lower than aV . Therefore, �rms get the bene�t of joining the VP. Thus, a suf�ient number of �rmsalways join the VP.Finally, it is worth mentioning that there is a differene in the number of partiipating pollutersbetween voluntary programs and international environmental agreements (IEA). Both are olletiveations intended to redue emissions, and polluters an hoose whether or not to partiipate. Thenumber of VP-partiipating polluters is quite different from that of IEA-partiipating polluters(when the abatement ost funtion is linear and the damage funtion is quadrati). On one hand,Proposition 4 of Barrett (1994) implies that the number of IEA-partiipating polluters is alwaysfewer than two. On the other hand, all or most polluters might partiipate in a VP, although thenumber of partiipating polluters depends on partiular parameters, espeially the in�uene ofpolitial ontributions on legislators. This differene is due to the existene of a punishment fornon-partiipation for all polluters: mandatory regulation. The strength of this punishment dependson how muh the legislator is in�uened by politial ontributions.8Aording to survey data, about 50 perent of Amerian ompanies had a formal environmental poliy statementor added environmental responsibility to ompany ethis statements by 1992 (Berenbeim (1992)).
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2.4 Comparative stati analysis of an equilibrium where themost effetive VP is implementedIn this setion, we examine how hanges in parameters affet the abatement rate of individualpartiipating �rms, the partiipation rates, and the aggregate abatement of the most effetive VP.For example, if an industry is more pollution-intensive, what happens to the partiipation rate, theredution rate, and the aggregate abatement under a VP? Relative to the mandatory poliy, how arethe redution rate and the aggregate abatement affeted by the pollution-intensity of the industry?What is the role of industry size, marginal osts, marginal damages, and politial dif�ulty insetting an effetive mandatory poliy? The following proposition shows the effets of hanges inthese variables on the partiipation rate, the abatement rates of individual partiipating �rms, andthe aggregate abatement level. First, we examine the effets of parameter hanges on the numberof partiipating �rms, abatement rates and aggregate abatement under the VP.Proposition 2.3. If the industry is more pollution-intensive, the size of the industry (the number ofthe polluting �rms) is larger, or the slope of marginal damage is steeper, then the partiipation rate,redution rate, and aggregate redution under a VP inrease. (¶ (NVP =N)¶ ēi � 0, ¶NVPaV ēi¶ ēi � 0, ¶aV¶ ēi � 0,¶ (NVP =N)¶N � 0, ¶aV¶N � 0, ¶NVP aV ēi¶N � 0, ¶ (NVP =N)¶d � 0, ¶aV¶d � 0, and ¶NVPaV ēi¶d � 0.)Proof: See Appendix A.3.This result is quite intuitive (exept for N). When the industry is pollution-intensive, the size ofthe industry is large, or if the slope of the marginal damage is steep, the soially optimal abate-ment rate and aggregate abatement are large. In suh ases, the abatement rate and the aggregateabatement under the mandatory poliy must also be high. Therefore, Proposition 3 implies thatif the mandatory poliy is more stringent, then the VP is also more stringent in the sense that theabatement rate, partiipation rate and aggregate abatement are higher. Relationships between pollu-tion intensity and the partiipation rate in the proposition are onsistent with the empirial �ndingsof the 33/50 program and the Canadian ARET program(e.g. Antweiler and Harrison (2007) andGamper-Rabindran (2006)). 22



The impat of the inrease in the size of the industry (the number of �rms) on the partiipation ratemay not be intuitive beause the larger the size of industry, the stronger the inentive �rms haveto free-ride. However, lobby ativity and the VP suffer from free-riding. In addition, the soiallyoptimal aggregate emission level does not hange even if the number of �rms inreases9. Beausethe soially optimal aggregate emission level does not hange, the soially optimal aggregate abate-ment inreases as muh as the aggregate emission level if the number of �rms inreases. Therefore,the soially optimal abatement rate of individual �rms inreases as the number of �rms inreases.Due to these two fators, the mandatory standard, a kind of punishment for non-ooperation for theVP, is muh more stringent under a larger industry, and the VP is also effetive.Beause an inrease in the number of �rms (and emissions per �rm and slope of marginal damage)makes inreased regulations desirable, it also makes the atual regulation level (abatement rate ofthe mandatory standard and VP and partiipation rate of the VP) higher. This is Proposition 2.3.It seems natural that the atual regulation level is higher if the desirable regulation level is higher.However, if the desirable regulation level is the same, how does the number of �rms in�uene theVP? Intuitively, due to free-riding, the VP for the small number of large polluting �rms is moreeffetive than that for the large number of small �rms in suh a ase. However, the followingProposition shows that this intuition is wrong due to the free-riding on the VP.Proposition 2.4. The VP under a larger industry is more effetive than under a smaller industryif the aggregate natural emission levels are the same (and if the abatement ost, slope of marginaldamage and politial dif�ulty in setting the mandatory poliy are the same).(If Nēi = N0ē0i; N >N0; = 0; d = d0, and l = l 0, then aV > aV 0 and NVP =N > NV 0P =N0 and NVPaV ēi > NV 0P aV 0ē0i.)Proof: See Appendix A.4.If the aggregate natural emission levels and other parameters (exept for the pollution intensityof individual �rms and the size of the industry) are the same, then the soially optimal aggregateabatement levels and rates are also the same. Proposition.4 implies that the VP for the largerindustry is more effetive when the soially optimal aggregate abatement levels and rates are the9This is beause the marginal aggregate abatement ost is onstant and independent of the number of �rms.23



same. This result is ounterintuitive, but it indiates that the effetiveness of lobbying is eroded byfree-riding. Remember aL = 1� dNē � ldN2ē(1�l ) . The third term re�ets the effet of lobbying onthe level of the mandatory standard, and it is greatly affeted by the size of the industry beause thethird term is inversely proportional to N square. Thus, the industry size has signi�ant effets onthe effetiveness of lobbying when lobbying suffers from free-riding.The effetiveness of lobbying diretly determines the abatement rate of the VP and indiretly deter-mines the partiipation rate of the VP or the seriousness of free-riding on the VP. First, we explaina mehanism that determines the partiipation rate, then we explain how the mehanism workswhen lobbying is ineffetive. The partiipation rate depends on the differene between the abate-ment rates of individual �rms under the VP and the mandatory poliy. If this differene is large(individual �rms abate greatly under the VP relative to the mandatory poliy), the partiipation rateis low beause the VP an generate a higher aggregate abatement than the mandatory poliy eventhough the partiipation rate is low. If not, only a VP with a high partiipation rate an generatehigher soial welfare than the mandatory poliy. Thus, the differene between the abatement ratesdetermines the partiipation rate of the VP or the degree of free-riding.The differene between the abatement rates of the VP and the mandatory poliy is determined bythe resoures of individual �rms realloated from lobbying efforts to abatement under the VP. Ifthe lobbying efforts are low, the differene between their abatement rates is small, and therefore,the partiipation rate is high aording to the disussion in the last paragraph. Remember that thelobbying effort is small due to free-riding when the industry is large. Thus, we obtain results similarto Proposition 2.410.We also examine the effets of hange in parameters that lower the soially optimal abatement rateor the abatement rate under the mandatory standard. As we an guess from Proposition 3, the VPis also less stringent if the mandatory poliy is less stringent.10However, if lobbying does not suffer from free-riding, the partiipation rate dereases as the number of �rmsinreases provided that aggregate emissions stay the same. In Appendix A.5, we analyze a ase where no �rms free-ride on the lobbying of others. We formally show that under the assumption of Proposition 2.4, the VP is effetive andthe partiipation rate is high if the industry is small (Proposition A.2). In onstrast with Proposition 4, Proposition 3and the propositions shown below (Propositions 2.5 and 2.6) hold even though the lobbying ativity does not sufferfrom free-riding. 24



Proposition 2.5. If the industry's marginal osts inrease or if the legislator is in�uened heavily bypolitial ontributions, then the partiipation rate, redution rate, and aggregate redution undera VP derease. (¶ (NVP =N)¶ � 0, ¶aV¶ � 0, ¶NVP aV ēi¶ � 0, ¶ (NVP =N)¶l � 0, ¶aV¶l � 0, and ¶NVPaV ēi¶l � 0.)Proof: See Appendix A.3.Proposition 2.5 implies that the partiipation rate is likely to be low if l is high. A high l an beinterpreted as high politial dif�ulty in setting the mandatory poliy. Therefore, it may be good toimplement the voluntary program with a low partiipation rate, as ourred with the 33/50 programor the ARET program, if it is politially dif�ult to set the mandatory standard when the programis initiated.The above two propositions explain the impat of hanges in parameters on the VP but do notstate that the impats on the VP are smaller or greater than they are on the mandatory poliy.By omparing the impats on the VP with those on the mandatory poliy, we an evaluate theirmagnitude and better haraterize VPs. The next proposition desribes the impat on VPs relativeto that on the mandatory poliy.Proposition 2.6. If a parameter hanges, the abatement rate of the VP will hange less than under amandatory poliy, but the aggregate abatement of the VP will hange more. For ēi, 0� ¶aV¶ ēi � ¶aL¶ ēi ,and ¶NVPaV ēi¶ ēi � ¶NaL ēi¶ ēi � 0 (The same relationships hold for N, and d). For , 0� ¶aV¶ � ¶aL¶ and¶NVPaV ēi¶ � ¶NaL ēi¶ � 0 (The same relationships hold for l ).See Appendix A.3.Proposition 2.6 gives us two results. First, we explain why the redution rate of the VP inreasesless than that of the mandatory poliy. Changes in parameters affet politial ontributions. Ifpolitial ontributions derease, then aL inreases. Although the total ost of �rms under a manda-tory poliy inreases due to an inrease in the abatement ost, the inreased rate of the total ostis smaller than that of the abatement ost beause politial ontributions derease. This hange intotal ost under the mandatory poliy hanges the abatement rate of the VP less than that of the25



mandatory poliy beause the VP's abatement rate depends on the total ost under the mandatorypoliy.Proposition 2.6 also states that aggregate abatement under the VP is more sensitive to hanges inparameters than it is under the mandatory standard. Changes in parameters affet the aggregateabatement under the VP through two hannels: the number of partiipating �rms, NVP , and theindividual partiipating �rms' abatement rate, aV . The effet of aV on the aggregate abatementunder the VP is smaller than that of aL given the aggregate abatement under the mandatory stan-dard. However, due to the effet of NVP , hanges in parameters affet the aggregate abatementunder the VP more than they do under the mandatory standard. More tehnially, it should berealled that NVP = NaL=aV + 1, and therefore the aggregate abatement under the VP is a sumof the aggregate abatement under the mandatory standard and one �rm's abatement under the VP(NVPaV ēi = NaLēi+aV ēi). The �rst term is inluded by (2.10), the onstraints on the number ofpartiipating �rms11, and the seond term is determined by (2.8), the onstraints on the abatementost or the abatement rate. We an divide the impat of the hanges in parameters on aggregateabatement into those that affet the onditions on the number of partiipating �rms and those thataffet the abatement rate. Beause the impat on the former ondition is the same as the impaton the aggregate abatement under the mandatory poliy and the aggregate abatement under the VPis also in�uened by the latter, hanges in parameters in�uene aggregate abatement under the VPmore than they do under the mandatory poliy.2.5 ConlusionWe build a model with a regulator, a legislator and multiple polluting �rms in whih the legislator,who is affeted by a lobby group representing polluting �rms, sets the mandatory standard. Wethen used the model to explain why the regulator implements a VP. In this model, the regulator animplement the VP, whih generates lower soial osts than the mandatory standard, in ontrast to11(2.10) is not the diret onstraint on the number of partiipating �rms but rather that on the aggregate abatement.However, only the number of partiipating �rms is determined by (2.10) beause the abatement rate is determined by(2.8). 26



the model of Dawson and Segerson (2008). This differene in models ours beause we intro-dued an element of politial eonomy into a mandatory poliy-making proess and the regulatorin their model had a different objetive from the regulator in this hapter's model. The regulator'sobjetive in Dawson and Segerson (2008) was to ahieve some aggregate emission level, but it wasto minimize soial osts in this hapter. Beause the VP is subjet to free-riding, the mandatorystandard better ahieves an aggregate abatement level than the VP does. Without politial in�u-ene, the regulator ould implement the mandatory poliy, whih would ahieve a soially-ef�ientoutome. Thus, the differenes between this hapter's model and Dawson and Segerson's shedimportant light on the ways a government should implement VPs.We found that the regulator should set the abatement rate under the VP at the highest possiblelevel and should not set the abatement rate to maximize the partiipation rate. However, setting theredution rate of the VP suh that all polluting �rms partiipate in the VP might be optimal whenthe legislator responds weakly or not at all to the lobbying of the polluting industries. Otherwise,setting the redution rate at this level is not optimal.This study assumed that all �rms are idential. However, one way to extend this hapter's model isto introdue the heterogeneity of polluting �rms. Given that most voluntary approahes annot en-fore a �rm's ommitment, it would be interesting to onsider the ase in whih voluntary programsare not enforeable. Legislators have the right to make laws, and it is thus possible that legislatorswould set a mandatory standard even if a government or environmental organization deides toimplement a VP. Exploring these types of extension remains an endeavor for future researh.
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Chapter 3Intra-Industry Spillover Effets of ISO14001 Adoption and EnvironmentalPerformane in Japan3.1 IntrodutionVoluntary approahes have beome inreasingly popular approahes to environmental hallenges.One of the reasons for the popularity of voluntary approahes is that they are muh more �exiblethan traditional ommand-and-ontrol interventions. Voluntary approahes allow �rms to redueemissions through more ost-effetive methods than the often less effetive mandated methods.Another reason for the popularity of voluntary approahes is that inentive-based mehanisms im-pose additional osts on �rms beyond the expenses of pollution abatement, suh as emission taxesor emission permit purhases. For these reasons, voluntary approahes are more aeptable to �rmsthan ommand-and-ontrol or inentive-based mehanisms. Governments are promoting voluntaryations to address environmental issues for whih it is dif�ult to employ mandatory poliies.The introdution of environmental management systems (EMSs) is one of the most ommon vol-untary ations performed by �rms. In partiular, the ISO 14001 standard has reeived inreasingattention. Aording to the International Organization for Standardization (ISO), a total of 223,149erti�ates had been issued worldwide by the end of 2009. In response to the popularity of ISO14001, researhers have examined the reasons why failities adopt this standard. For example, byanalyzing Japanese ompany data, Nakamura et al. (2001) and Nishitani (2009) �nd that ertainharateristis of �rms, suh as their size, export ratio, debt ratio, pressures from stakeholders, and28



their �nanial �exibility, affet their ISO 14001 adoption. Others also �nd that �rms are erti�edto ISO 14001 earlier under greater regulatory pressures (King et al. (2005), Potoski and Prakash(2005a,b), and Darnall and Edwards (2006)).However, ISO 14001 has been ritiized beause it does not expliitly speify an objetive or targetfor environmental performane. ISO 14001 is foused on operational proesses but not environ-mental outomes. To obtain ISO 14001 erti�ation, �rms have to establish a Plan-Do-Chek-Ation (PDCA) yle, whih is a ontinual yle of planning (plan), implementing (Do), reviewingand improving the proesses (Chek) and ations (Ation) that are aimed at meeting the �rms'own environmental targets and ontinually improving their environmental performane. AlthoughISO 14001 does not inlude expliit environmental performane objetives, it may neverthelesshelp �rms improve their environmental performane. Therefore, the effetiveness of ISO 14001adoption has also been examined in many studies. Some studies �nd little evidene that ISO 14001adoption has a positive effet on environmental performane (Barla (2007), King et al. (2005), andDarnall and Side (2008)), whereas a number of other studies �nd substantial evidene of that effet(Arimura et al. (2008), Potoski and Prakash (2005a,b), and Melnyk et al. (2003)). A key ontri-bution of this hapter is to examine whether ISO 14001 has made a positive ontribution to theenvironmental performane of Japanese �rms.Spillovers between �rms were not onsidered in previous studies on the adoption and effetivenessof ISO 14001, exept for Arimura et al. (2009), who estimates the effets of ISO adoption on greensupply hain management. If spillover effets exist among �rms within the same industry, estima-tion results of the effet of ISO 14001 on environmental performane will be biased. Aordingto an international survey onduted by the Organization for Eonomi Co-operation and Devel-opment (OECD) in Canada, Frane, Germany, Hungary, Japan, Norway, and the US, the fat thatsimilar failities are adopting EMS and similar environmental praties motivates other �rms toadopt them. Thus, the deisions by �rms and failities on ISO 14001 adoption and environmentalperformane are likely to be in�uened by those of other �rms and failities within the same in-dustry. If suh externalities exist, it is important not only to ontrol for them but also to measuretheir magnitudes when we estimate the effet of ontributing fators on ISO 14001 adoption andenvironmental performane. In addition, if intra-industry spillovers exist, governments an pursue29



industry-spei� voluntary programs in ooperation with industry assoiations.Employing an extensive dataset of Japanese prodution failities aross a large number of indus-tries, this hapter examines the determinants of ISO 14001 adoption, the effet of ISO 14001 adop-tion on environmental performane, and the existene of intra-industry spillovers. To ontrol forand estimate the spillovers, we employ a Bayesian spatial autoregressive (SAR) probit model forISO 14001 adoption and a SAR model for two types of emission redutions (emissions into airand emissions into water). The potential for intra-industry spillovers is based on the hypothe-sis that failities that adopt ISO 14001 (or redue emissions) do so beause other failities in thesame industry also adopt ISO 14001 (or redue emissions). This type of spillover has been ex-amined by a few empirial studies on voluntary environmental approahes (inluding ISO 14001).Only Antweiler and Harrison (2007) onsiders spillovers, and their results show an intra-industryspillover of partiipation in the Canadian voluntary ARET (Aelerated Redution/Elimination ofToxis) program. However, they do not estimate the effet of spillovers on emission redutions.By employing spatial eonometri estimation methods, we �nd that there are positive spilloversof ISO 14001 adoption for reduing water emissions between Japanese failities that belong to�rms with similar revenue levels in the same industry. Plants that adopt ISO 14001 are morelikely to do so if their industry peers also adopt ISO 14001. In addition, the perentage hange inthe weighted sum of emissions into the air, used as a measure of environmental performane, isorrelated between similar sized failities in the same industry. This orrelation might re�et thefat that similar sized failities in the same industry have similar tehnologies and therefore havesimilar environmental performane.There are three other noteworthy results. First, plant size (as determined by the number of workersin a faility) has a signi�antly positive effet on ISO 14001 adoption, on�rming the results fromprevious studies on ISO 14001 adoption. Seond, failities that emit into water with lower wateremission intensities ompared to other failities are more likely to adopt ISO 14001. Third, there isno statistially signi�ant evidene that ISO 14001 adoption improves environmental performane.This hapter is organized as follows. Setion 2 brie�y explains the bakground of this researh, theISO 14001 standard, and the reasons for employing a Japanese dataset for this study. This setion30



also disusses the rationale for examining intra-industry spillovers. We explain our eonometrimodels in Setion 3, and in Setion 4, we introdue the data from the empirial analysis of thishapter. Setion 5 shows estimation results, and then we onlude the paper in Setion 6.3.2 Bakground and hypotheses on spillover effets3.2.1 ISO 14001 in JapanIn this setion, we explain the reasons for employing a Japanese dataset to examine the determinantsof ISO 14001 adoption and its effet on environmental performane and why we have to examineintra-industry spillover effets.ISO 14001 is an internationally reognized standard for an environmental management system(EMS) that was released in 1996 and revised in 2004 by the International Organization for Stan-dardization. Firms an adopt ISO 14001 at the level of the individual faility, group(s) of failities,or the entire ompany. To adopt ISO 14001, failities are erti�ed by external third-party reg-istrars. Certi�ed failities must follow a yle of Plan-Do-Chek-At over time: environmentalplanning (�Plan�), plan implementation and operation (�Do�), monitoring (�Chek�), orretiveation (�Ation�), and management review.As shown in Table 3.1, ISO 14001 has been very popular in Japan sine its release. ISO 14001adoption has inreased more rapidly in Japan than in other ountries exept China after 2003.Atually, Japan's share of the total number of ISO 14001 erti�ates was more than 20% until2005. Although the total number of erti�ates in China (39,195) exeeded that of Japan (35,573)in 2008, this number is more than twie that of Spain, whih had the third highest number oferti�ed organizations (16,443). Due to the popularity of ISO 14001 in Japan, many studies on ISO14001 employ Japanese data at the �rm or faility level (e. g. , Arimura et al. (2008), Arimura et al.(2009), Nakamura et al. (2001), Nishitani (2009), and Welh et al. (2002)). The high adoption rateof ISO 14001 aross a large number of industries in Japan is a prime reason for employing suhdata in this study as well. 31



Table 3.1: Top 3 for ISO 14001 erti�ates in 2000, 2003, and 20082000 2003 2008Japan 5556 Japan 13416 China 39195UK 2534 UK 5460 Japan 35573Sweden 1370 China 5064 Italy 16443Previous studies of Japanese failities or �rms found that faility/�rm size has a signi�ant positiveimpat on the adoption of ISO 14001 environmental management standards (see Arimura et al.(2008), Arimura et al. (2009), and Welh et al. (2002) for faility level analysis and Nakamuraet al. (2001) and Nishitani (2009) for �rm level analysis). This relationship likely exists beausethe osts of ISO 14001 adoption are less signi�ant for large failities or �rms than for small ones.In addition, foreign ustomers who �nd it dif�ult to monitor the performane of overseas �rmsmay require ISO 14001 adoption as a visible sign of ommitment to environmental protetion.Therefore, failities or �rms with more foreign ustomers are more likely to adopt ISO 14001;previous studies have found evidene to on�rm this onlusion (Arimura et al. (2009), Arimuraet al. (2008), Nakamura et al. (2001) and Nishitani (2009)).ISO 14001 adoption in Japan might be stimulated by governmental poliies. Many loal govern-ments have enouraged the adoption of ISO 14001 through �nanial support and/or informationalsupport, suh as seminars on ISO 14001. Failities in our sample were loated in 1,056 muni-ipalities, and 105 of them provided some support for ISO 14001 adoption in 2001. Some loalgovernments have also adopted ISO 14001 and have provided advie on ISO 14001 adoption basedon their own experiene.However, in reent years, Japanese governments have enouraged EMS erti�ations other thanISO 14001 beause most large �rms adopted ISO 14001 around 2005, while it remained too ex-pensive for small and medium-sized enterprises (SMEs) to adopt ISO 14001. Therefore, Japanesegovernments started enouraging SMEs to adopt EMSs that are less expensive than ISO 14001,suh as Eo-Ation 21, whih was launhed by the Japanese Ministry of the Environment in 1996and beame an EMS with a third-party erti�ation in 2004. Beause omplete information is notavailable on the registration of ertain EMSs that target SMEs, we employ emission data during32



2001-2003, when there was a small number of registrations of these alternative EMSs.The EMS adoption deision by failities likely in�uenes the EMS adoption deisions of other �rmsin the same industry. An OECD survey, �Environmental Poliy Tools and Firm-Level Managementand Praties in Japan, � shows that 53% of Japanese failities onsider what �other failities likeours are adopting� as �very important� or �important� as motivation for adopting an EMS(Hibikiand Arimura (2004)). Therefore, it is very likely that spillover effets of ISO 14001 adoption existwithin an industry. The above OECD survey was onduted not only in Japan but also in Canada,Frane, Germany, Hungary, Norway, and the US. This multi-ountry survey also asked �rms abouttheir motivations to implement environmental praties. Spei�ally, �rms were asked about theimportane of the fat that similar failities were adopting similar environmental management pra-ties1. From 20% to 60% of �rms onsider that this fat is moderately important or very important(Darnall and Pavlihev (2004), Glahant et al. (2004), Kerekes et al. (2004) Rennings et al. (2004),and Ytterhus (2004)). It is very likely that some, or even many, Japanese �rms think and at simi-larly. Therefore, both the deision to adopt ISO 14001 and the deision to improve environmentalperformane may be in�uened by the ations of other �rms (or their failities).3.2.2 Hypotheses on spilloversHow should we onstrut weight matries to apture spillover effets? The answer depends on whattypes of spillover effets we want to examine. In this subsetion, we disuss hypotheses aboutthe effets of intra-industry spillover on the deision to adopt ISO 14001 and on environmentalperformane.As mentioned in the previous subsetion, the OECD survey revealed that many Japanese failitieswere motivated to adopt ISO 14001 by the knowledge that other failities/�rms in the same in-dustry had adopted the standards. If we interpret this evaluation literally, industry-wide spillovereffets likely exist for the adoption of ISO 14001: failities adopt ISO 14001 beause other faili-ties in the same industry have adopted it. In addition, the OECD survey showed that many failities1This question was posed to �rms in Canada, Germany, Hungary, Norway, and the US but unfortunately not to�rms in Japan. 33



onsidered the environmental praties adopted by similar failities to be an important motivationfor the adoption of similar praties. If failities with similar levels of apital intensity and teh-nology adopt similar environmental praties, their environmental performane is likely orrelatedand may re�et intra-industry orrelation or spillover effets. Therefore, we examine three mainhypotheses.Hypothesis 1 There are industry-wide spillover effets or orrelations that affet ISO 14001 adop-tion and environmental performane.As disussed above, the OECD survey indiates that failities may imitate or adopt the same pra-ties as other failities. Suh imitation an our for ompetitive reasons. For example, �rms arelikely to adopt the same pratie if they think that not doing so would redue their ompetitivenessin the marketplae. Suh imitation pressure for ompetitive reasons is likely to be strong whenthe pratie is widespread. The adoption of ISO 14001 was already widespread in Japan in 2000,as seen in Table 3.1. Imitation pressure beause of ompetition may therefore ontribute to thediffusion of ISO 14001.A faility/�rm is likely to have a greater in�uene on the deisions and ations of similar faili-ties/�rms than on those with different harateristis. This is espeially true if the most signi�antdeterminants of the deisions and ations of failities differ; those failities will have little in�ueneon eah other and will at more independently. For example, many studies, suh as Nakamura et al.(2001), Welh et al. (2002), Arimura et al. (2008) and Nishitani (2009), have found that failitieswith more workers are more likely to adopt ISO 14001; this is likely true beause of the ompara-tively high initial ost of adoption. This �nding implies that large failities have a strong inentiveto adopt ISO 14001, whereas smaller failities may not have an inentive to adopt it. The adoptionof ISO 14001 by large failities may not affet the deisions of small failities. There may also bea negative orrelation between ISO 14001 adoption at large and small failities beause they arelikely to have very different adoption inentives.Therefore, we onsider spillover effets and orrelations among similar failities. In partiular, wefous on two types of similarities. First, we fous on faility size as measured by the number ofworkers. As mentioned above, faility size is a signi�ant determinant of ISO 14001 adoption. This34



makes logial sense beause failities that have more workers are likely to be able to alloate moreworkers to ISO 14001 adoption. Thus, failities with a similar number of workers may have similarattitudes toward ISO 14001 adoption and therefore make similar deisions. Thus, intra-industryorrelations or spillover effets may exist for ISO 14001 adoption at similarly sized failities.In addition, there may be intra-industry orrelations or spillover effets for environmental perfor-mane at similarly sized failities. Similarly sized failities in the same industry are likely to havesimilar levels of apital intensity and tehnologies, and they are therefore likely to have similarenvironmental performane.Hypothesis 2 There are intra-industry spillover effets or orrelations between similarly sized fa-ilities that affet ISO 14001 adoption and environmental performane.The seond type of similarity we fous on is the size of the �rms to whih failities belong. Simi-larly sized �rms in the same industry are likely to be ompetitors and therefore may adopt similarenvironmental praties. Among the variables in our dataset, revenue is most able to apture �rmsize or demonstrate �rivalry". Therefore, failities that belong to �rms with similar levels of revenuemay in�uene eah other's deisions and ations on environmental issues.Hypothesis 3 There are intra-industry spillover effets or orrelations among failities that belongto similarly sized �rms (as determined by revenue) that affet ISO 14001 adoption and envi-ronmental performane.Intra-industry spillover effets among similarly sized �rms (as determined by revenue) is likelyto explain the ISO 14001 adoption deisions of failities better than the spillover effets amongsimilarly sized failities. Beause of the initial ost, the ISO 14001 adoption deisions of manyfailities are not made by the failities themselves but by the �rms to whih they belong. However,spillover effets among similarly sized failities are likely to explain environmental performanebetter than the other hypotheses beause faility size may be a more important determinant ofenvironmental performane. In the next setion, we will disuss our strategy for evaluating thesethree hypotheses. 35



3.3 Estimation strategyThe models that we employ are essentially spatial eonometri models. For emission redution, weemploy a spatial autoregressive (SAR) model. For ISO 14001 adoption, we employ a SAR probitmodel. We will not disuss the estimation methods in detail here; LeSage and Pae (2009) fordetails (in partiular, Chapters 3, 5, and 10).Let Ei jklt and DEi jklt(= Ei jklt+1=Ei jklt) be the emission level of faility i of ompany j in industryk at muniipality l and the emission redution (hange) of faility i from year t to year t+1, respe-tively. We normalize both Ei jklt by faility size (the number of workers in the faility) and denoteby ELi jklt this normalized emission level. We an interpret ELi jklt as the proxy of emission inten-sity in terms of faility size beause the faility size is very likely to be losely orrelated with thenumber of workers. We employ ELi jklt as the proxy of emission intensity due to data availabilityissues although it might be better to de�ne emission intensity dividing by output or revenue. Wewill disuss data availability in the next setion.We assume that the emission redution equations take the following form.DEi jklt = råmwimDEmjklt +bFXFit +bCXCjt +bMXMlt + g �ISOi jklt + ei jklt (3.1)or DEt = rWDEt +bFXFt +bCXCt +bMXMt + g �ISOt + et : (3.2)XFit , XCjt , and XMlt are harateristis of faility i, �rm j, and muniipality l, whih are explainedbelow.W is a (standardized) weight matrix whose elements are wi j = 1=mi if faility j is one of themi nearest neighbors of i (but wii = 0), and wi j = 0 otherwise. We will disuss the seletion riteriafor the nearest neighbors at the end of this setion. To ontrol for the endogeneity of ISO 14001adoption, �ISOi jklt is the ISO 14001 adoption modeled using a latent variable, ISO�i jklt . Conretely,�ISOi jklt = 1 if ISO�i jklt > 0 and �ISOi jklt = 0 otherwise. The ISO 14001 adoption latent variables are
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estimated by ISO�t = nWISO�t +kFXFt +kCXCt +kMXMt +lELt +mt (3.3)mt � N(0; In):In the next subsetions, we brie�y explain our methods and proedures for estimating (3.2) and(3.3).3.3.1 Estimation of environmental performane equationWe estimate (3.2) byMaximum likelihood (ML). Conretely, we assume et �N(0; In) and minimizethe following log-likelihood funtionmin�1<r<1 logL(r) =�(n=2) log(p)+ log j In�rW j �(n=2) log(S(r))where S(r)= (eo�red)0(eo�red); eo= y�X �bo; ed = y�X �bd; �bo=(X 0X)�1X 0y; �bd =(X 0X)�1X 0Wy,and X = (XF;XC;XM). Note that �1 < r < 1 must hold for the minimization problem to besolvable. After solving this optimization problem and determining optimum �r , we then derive�b = ( �b 0F ; �b 0C; �b 0M)0 from �b = �bo�r �be.3.3.2 Estimation of the ISO 14001 adoption equationWe estimate the equation (3.3) by MCMC sampling whih is a standard method for estimatingspatial probit models. We need onditional distributions in order to sample the latent variableISO�i jklt and need prior distribution(s) (n;kF ;kC;kM;l ) to derive the onditional ontributions.We assume prior independene between n , and q , where q = (kF ;kC;kM;l ). We also assume aunivariate uniform pdfU(�1;1) for n , and a multivariate-normal pdf N(;T ) for q .Let the observed ISO 14001 adoption, ISOit , be equal to 1 if faility i adopts ISO 14001 at year t
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and equal to 0 otherwise. Then, the joint posterior distribution is given byp(q ;njISOit)µ jAjexp(12m 0tmt)p(q)p(n) (3.4)where A= In�nW and p(q) and p(n) are prior on q and n . The onditional distributions arep(q jn; ISOt ; ISO�t ) µ exp((AISO�t �Xq)0(AISO�t �Xq))exp((q � )0T�1(q � )) (3.5)p(njq ; ISOt ; ISO�t ) µ exp((AISO�t �Xq)0(AISO�t �Xq)) (3.6)p(ISO�t jq ;n; ISOt) µ exp((AISO�t �Xq)0(AISO�t �Xq)) (3.7)where Xt = (XFt XCt XMt Et). (3.5) implies that q is distributed fMVN with mean M and variane Vwhere M = (X 0X+T�1)�1(X 0AISO�t +T�1) and V = (X 0X+T�1)�1.We sample the n using a random-walk Metropolis-Hastings proedure beause they do not orre-spond to any known probability distribution. Candidate variables nC are produed by using stan-dard normal distributions and tuning parameters d as follows:nC = n�+dN(0;1)Then, we aept these andidates by probability,p=min�1; f (nCjq ; ISOt ; ISO�t )f (n�jq ; ISOt ; ISO�t )� ; (3.8)where f (n�jq ; ISOt ; ISO�t ) = ((AISO�t �Xq)0(AISO�t �Xq)): (3.9)By following LeSage and Pae (2009), we adjust tuning parameters based on monitoring the aep-tane rates from the Metropolis-Hastings proedure during the MCMC sampling. If the aeptanerate is smaller than 40%, then we update d0 = d=1:1. If the aeptane rate is greater than 60%,then d0 = 1:1d. 38



(3.7) is proportional to themultivariate normal distributionwithmean A�1Xq(= k=(k1;k2; � � � ;kn)0)andvariane (A0A)�1 subjet to trunation onstraints, whih depends on the observed value 0 or 1 forISO. We sample the individual element ISO�it using Geweke's (1991) approah. We sample zionditional on z�i under the trunation onstraints and onstrut ISO�it = ki+ zi. Let Y = A0Aandg�i = Yi;�i=Yii where Yi;�i is theith row of Y without the ith element. Then, E(zijz�i) = g�iz�i,and therefore, a normal onditional distribution for zi is obtained as follows;zijz�i = g�iz�i+(Yii)�1=2vi (3.10)where vi � N(0;1) under the trunation onstraints,vi < (�ki� g�iz�i)(Yii)1=2 (, ISO�i < 0) i f ISOi = 0vi > (�ki� g�iz�i)(Yii)1=2 (, ISO�i > 0) i f ISOi = 1:We sample vi from N(0;1) under the trunation onstraints. We implement m-step Gibbs samplingto produe z. On the initial step, we set z to zeros, and at the jth iteration of zi, we sample z jiusing z j1;z j2; :::;z ji�1and z j�1i+1 ;z j�1i+2 ; :::;z j�1n where z ji is the value after the j iteration. We ontinuethis proedure for m iterations for all i.Our sampling routine for estimating the parameters is1. determine q by drawing from fMVN(M;V );2. determine n by generating andidate n using a random-walk proedure and aepting themwith probability p in (3.8);3. determine ISO� by generating zm by sampling vi and updating z ji for i = 1;2; ::;n and j =1;2; :::;m as explained above, and setting ISO� = k+ zm.3.3.3 Weight matriesWe employ three types of weight matries to apture and examine the intra-industry spillover effetsdisussed in Setion 2. The �rst weight matrix is intended to apture and examine spillover effets39



between failities in the same industry. Beause failities are likely to be more in�uened byother failities with similar harateristis, the seond and third matries are formed to apture andexamine spillover effets between �similar� failities within industries, in terms of the number ofworkers and revenue levels of the �rms. For omparison, we also estimate models with/withoutspatial orrelations with all other failities. More formally, we estimate models with the following�ve weight matries.1. Weight matrixW = 0 (no spatial orrelation) (Weight Matrix I (WM I))2. For eah i,Wii = 0 andWi j = 1=(n�1) 8 j 6= i. (orrelated with all other failities) (WM II)3. For eah i,Wi j = 1=mi 8 j 6= i if faility iand j are in the same industry. (orrelated with allother failities in the same industry, mi is the number of failities in the same industry as i)(WM III)4. For eah i,Wi j = 1=m for any faility j ( j 6= i ) that is in the same industry as i and one of them nearest failities in terms of the number of workers in the faility2. (WM IV)5. For eah i, Wi j = 1=m for faility j ( j 6= i ) that is in the same industry as i (but belongs todifferent �rms) and one of the m nearest failities in terms of revenue 3. (WM V)For WM IV and V, we employ m = 3;5;and10. WM III is onstruted to examine Hypothesis 1,WM IV for Hypothesis 2, and WM V for Hypothesis 3.If some element Wi j of W is positive, the deisions or ations of failities i and j are assumed toorrelate with eah other or in�uene eah other. Therefore, if Wi j is positive, we an examinewhether there is a spillover effet or orrelation in the deisions and ations of failities i andj. However, Wi j = 0 implies that we assume that there is no orrelation or spillover effet in thedeisions or ations of failities i and j. Thus, theWM I model is similar to a standard probit model4beause all elements of W are equal to 0, and there are no orrelations between the deisions orations of various failities.2If several failities have equal numbers of employees, we onsider the faility that belongs to a �rm with moresimilar revenue as nearer.3If several failities belong to �rms with equal revenue, we onsider the faility with the more similar number ofworkers to be nearer.4There is a slight differene beause we employ a Bayesian estimation method to estimate this model.40



In other models, spillover effets between the deisions or ations of some failities are thought toexist. In the WM III model, we assume that there are orrelations between the deisions or ationsof all failities in the same industry but no orrelation between any failities in different industries.Thus, we use this model to examine intra-industry and industry-wide spillovers, i.e., Hypothesis 3.The nearest faility in terms of number of workers is the faility of most similar size, whereas thenearest faility in terms of revenue is equal to the faility that belongs to the most similarly sized�rm (in terms of revenue). Therefore, theWM IVmodel aptures the intra-industry spillover effetsbetween similar sized failities, and the WMV aptures the intra-industry spillover effets betweenfailities that belong to similar sized �rms. If m is smaller, then we examine spillover effets withinnarrower limits (between the larger numbers of failities).The WM II model an apture inter-industry spillover effets. However, we onstrut this modelmainly to hek whether the intra-industry spillover effets of the three models above are signi�antand are not due to unobservable effets on all failities. In other words, this model is built toexamine whether those three models preisely apture the intra-industry spillover effets that wewant to examine and whether the intra-industry spillover effets have explanatory power for ISO14001 adoption and environmental performane.3.3.4 Model hoieWe employ models with 5 types of weight matries for both the �rst and seond stages. How-ever, we onstrut �ISOi jklt by the �rst stage model whih is supported by the Bayesian or AkaikeInformation Criterion aording to Hepple (2004).3.4 Data desription3.4.1 Emission dataWe ollet data on the emission and transfer of 354 hemial substanes from the PRTR webpage.These data are available from 2001. We onsider emissions into air and water and alulate the41



toxiity-weighted sum of all diret emissions into air and water from eah faility (EAt+1=EAt andEWt+1=EWt ), respetively. For this alulation, we employ the US Environmental Protetion Ageny(2010) Risk-Sreening Environmental Indiators (RSEI) whih are also employed by Antweilerand Harrison (2007) and Potoski and Prakash (2005a). We onstrut the perentage hanges in theweighted sum of emissions into air and water (EAt+1=EAt and EWt+1=EWt )and use them as environ-mental performane indiators beause many �rms set their emission redution goals in terms ofperentage redution relative to the previous year.3.4.2 ISO 14001 adoption dataWe an ollet data on ISO 14001 adoption and the time of adoption for failities that were erti�edby Japanese erti�ation bodies from the Japan Areditation Board for Conformity Assessment(JAB). Data on ISO 14001 erti�ations by foreign erti�ation bodies are olleted from the �rms'websites.3.4.3 Data on other variablesData on other harateristis of �rms, suh as their revenue, pro�t, and age, are olleted fromJapanese ompany data books (Teikoku Data Bank (2003a,b, 2004a,b, 2005a,b)). Pressure fromresidents near a faility an motivate a ompany to implement voluntary ations on environmentalissues, and the inome and population density of the loal ommunity are very likely determinantsof the level of pressure for a greener environment. Therefore, we olleted data on muniipal har-ateristis, suh as inome, population, area (for alulation of population density) from the CDof the Japanese�System of Soial and Demographi Statistis�. In addition, the author obtaineddata on the number of grievanes against environmental pollution for eah muniipality from theEnvironmental Dispute Coordination Commission to dislose and determined whether the munii-palities provided informational and �nanial support for ISO 14001 adoption. Support from mostof the muniipalities targeted small and medium-sized enterprises (SMEs), but not all of the SMEsthat adopt(ed) ISO 14001 reeive(d) the support.42



From the PRTR database, we determine the number of employees in eah faility and onstrut theemissions per employee as a measure of emission intensity. To onstrut the emission intensity,output-based measures, suh as revenue or pro�t, might be more ideal than the number of employ-ees. However, revenue and pro�t are omputed at the �rm level rather than at the faility level. Inour sample, 252 of 663 failities that emit into water (38.0%) belong to multi-faility �rms, as do1,793 of 3,579 failities that emit into air (50.1%). Therefore, �rm level variables are not suitablefor alulating the emission intensity at the faility level, and therefore, we employ the emissionsintensity in terms of workers in the faility. Using employment as a proxy for size might lead todistortions of emission intensity beause apital intensity varies aross industries. It is reasonableto assume that apital intensities are relatively similar within a given industry. Therefore, emis-sion intensities normalized to employment are omparable within that industry. For omparisonsaross industries, the industry dummies or �xed effets will aount for the differenes in apitalintensities.3.4.4 Desriptive statistisTables 3.2 and 3.4 show the desriptive statistis of the main variables (in 2001) used for the esti-mation. Beause we estimate the determinants of ISO 14001 adoption and its effet on redutionof emissions into air and water separately, we show the desriptive statistis of failities that emitinto water (Table 3.2) and air (Table 3.4) separately5. Note that the average air emission inten-sity dereased from the year 2001 to 2003, while the average water emission intensity inreasedduring that period. On average, failities that emit into air were loated in muniipalities withhigher population densities, wealthier residents, and more grievanes against environmental pollu-tion ompared to failities that emit into water. In addition, a higher perentage of failities thatpollute the air (22.1%) were loated in muniipalities that provide informational or �nanial sup-port for ISO 14001. Failities that emit into water had more workers and more intense emissionson average.Tables 3.3 and 3.5 show the industry omposition and eah industry's average of the main variables5505 failities emit into both air and water, so the total number of failities in the two datasets is 3737.43



Table 3.2: Desriptive statistis of water emitting failities in 2001(N=663)mean s. d. max minWorkers/100 6.88 13.5 190 0.01Weighted sum of emissions to water/106 (EW ) 25.0 360 8860 6.30E-07EW in 2003 28.4 360 6560 0Air emission intensity (kg*weight/persons)/106 0.0251 0.153 2.75 0Water emission intensity (kg*weight/persons)/106 0.0809 1.25 31.8 9.84E-10Pro�t/revenue (yen/thousand yen)/1000 -6.87E-04 0.0957 1.73 -0.959Population density (persons/ha)/100 0.168 0.210 1.21 0.00140Inome per apita (thousand yen/persons)/1000 1.44 0.233 2.76 0.423Grievanes against environmental pollution/1000 0.0736 0.120 0.783 0ISO 14001 0.585 0.493Support 0.198 0.398for water and air emitting failities. In the water emitting faility sample, there are 11 industries,and many of these failities also emit into the air. Equipment and supplies are the three largest.However, there are 21 industries in air emitting faility sample, and relatively fewer of these faili-ties also emit into water.3.5 Estimation resultsThe estimation results of failities that emit into water and air are presented separately. In thesampling routine of the SAR probit models, we utilize 200 draws for the burn-in period and then1000 draws for the atual sampling with a 3-step Gibbs sampling of z; we set  = (0; :::;0)0, T =Ik � 1:00e+ 05, and d = 0:1(the initial value) where k is the number of explanatory variables.We use a relatively faster desktop omputer (with CPU Core i7 and 8 GB of memory) and R forestimation, and approximately 0.5-5 hours and 9-18 hours are required to estimate the SAR probitmodels with 1326 and 7182 observations, respetively.For the WM IV and V models, we show only the models with 'm' that have the greatest likeli-hood(the greatest likelihood is equal to the greatest AIC and BIC). For other `m' values, please seeTable B.1-B.4 in the Appendix B.
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Table 3.3: Industry omposition of water emitting failities with an average of main variablesName of industry Num offai. ISO14001 EW Fai. w/EA = 0 WorkersTextile mill produts Mfg. 25 40.0% 1.02 9 309.92Pulp, paper and paper produts Mfg. 27 66.7% 1.15 3 467.78Chemial and allied produts Mfg. 216 50.5% 62.6 32 294.00Plasti produts Mfg. 20 55.0% 9.17 1 430.10Cerami, stone and lay produts Mfg. 36 58.3% 0.396 3 451.30Iron and steel Mfg. 31 58.1% 29.9 5 1005.90Non-ferrous metals and produts Mfg. 36 33.3% 20.7 9 433.39Fabriated metal produts Mfg. 100 36.0% 6.32 54 205.73Eletrial mahinery, equipment and supplies Mfg. 96 84.4% 1.63 24 1230.24Transportation equipment Mfg. 66 69.7% 5.21 4 2410.46Misellaneous manufaturing industries 10 40.0% 0.268 5 254.80Table 3.4: Desriptive statistis of air emitting failities in 2001 (N=3579)mean s. d. max minWorkers/100 3.63 8.11 190 0.01Weighted sum of emissions to air/106 (EA) 2.67 17.6 362 1.55E-06EA in 2003 1.84 12.2 396 0Air emission intensity (kg*weight/persons)/106 0.0156 0.145 6.23 1.53E-09Water emission intensity (kg*weight/persons)/106 0.00449 0.0848 3.53 0Pro�t/revenue (yen/thousand yen)/1000 0.00382 0.0798 1.73 -2.64Population density (persons/ha)/100 0.226 0.290 1.70 0.00113Inome per apita (thousand yen/persons)/1000 1.44 0.233 2.76 0.423Grievanes against environmental pollution/1000 0.0821 0.130 0.783 0ISO 14001 0.414 0.493Support 0.221 0.4153.5.1 ISO 14001 adoption and performane of failities that emit into waterTable 3.6 shows the estimation results on ISO 14001 adoption by failities that emit into water. Thenumber of workers in a faility has a signi�antly positive effet on ISO 14001 adoption at the 1%level under all spei�ations, whereas the water emission intensity has a negative effet at the 5%or 10% level. However, support for ISO 14001 adoption, pro�tability, and the harateristis of themuniipality in whih a faility is loated do not have signi�ant effets.The impliations of these estimation results are as follows. First, a faility with more workers ismore likely to adopt ISO 14001; these �ndings are similar to those of Nakamura et al. (2001),Welh et al. (2002), Arimura et al. (2008) and Nishitani (2009). Seond, pro�tability and pressure45



Table 3.5: Industry omposition of air emitting failities with an average of main variablesName of industry Num offai. ISO14001 EA Fai. w/EW = 0 WorkersCrude oil and natural gas prodution 21 47.6% 2.16 21 22.43Food 13 46.2% 1.99 11 248.77Textile mill produts Mfg. 44 25.0% 5.05 29 219.09Apparel and other �nished produts made fromfabris and similar materials Mfg. 11 0.0% 0.129 10 104.55Lumber and wood produts, exept furniture Mfg. 38 78.9% 0.787 38 117.95Furniture and �xtures Mfg. 30 60.0% 0.453 27 157.50Pulp, paper and paper produts Mfg. 93 40.9% 2.48 68 238.76Printing and allied industries 143 17.5% 0.829 142 187.20Chemial and allied produts Mfg. 856 39.0% 5.47 657 173.39Petroleum and Coal produts Mfg. 64 54.7% 0.706 56 191.61Plasti Produts Mfg. 300 38.0% 1.15 279 173.63Rubber Produts Mfg. 108 44.4% 2.62 99 404.13Cerami, stone and lay produts Mfg. 118 36.4% 3.80 84 294.17Iron and steel Mfg. 86 47.7% 9.78 58 623.98Non-ferrous metals and produts Mfg. 95 36.8% 7.62 67 273.21Fabriated metal produts Mfg. 423 25.1% 0.930 377 165.61General mahinery Mfg. 239 51.0% 0.755 232 562.54Eletrial mahinery, equipment and supplies Mfg. 314 67.8% 0.559 239 751.16Transportation equipment Mfg. 395 54.2% 1.56 328 936.69Preision instruments and mahinery Mfg. 61 39.3% 1.03 51 383.30Misellaneous manufaturing industries 127 39.4% 0.525 121 179.11from residents of the loal ommunity are not determinants of ISO 14001 adoption by failitiesthat emit into water. Third, muniipalities' support for ISO 14001 adoption does not stimulate ISO14001 adoption; failities loated in muniipalities that provide support for ISO 14001 adoptionare not more likely to adopt the standards than those in muniipalities that do not provide support.Finally, dirty (high emission intensity) failities are less likely to adopt ISO 14001 to improve theirenvironmental performane, but lean failities are more likely to adopt the standards as a sign thatthey are (atually) lean.Spillovers (n) are ompletely different between models. The spillover effets between large num-bers of failities are negative (WM II and III models), whereas the spillover effets between faili-ties with similar harateristis are positive (WM IV and V models). Exept for the WM II model,where the spillover effet is signi�ant at the 5% level, these spillover effets are signi�ant atthe 1% level. Negative spillover effets (WM II and III) might re�et that the different-sized fa-46



Table 3.6: Estimation results of ISO 14001 adoption by water emitting failitiesDependent variable: ISO 14001 adoptionWM I WM II WM III WM IV(m=10) WM V(m=10)Workers/102 0.142��� 0.140��� 0.136��� 0.094��� 0.109���(0.011) (0.011) (0.012) (0.015) (0.014)Air emission intensity/106 0.025 0.03 0.043 0.075 0.029(0.248) (0.246) (0.251) (0.271) (0.254)Water emission intensity/106 -0.200� -0.178�� -0.224� -0.137� -0.147�(0.112) (0.090) (0.123) (0.076) (0.084)Pro�t/revenue/103 1.04 1.00 1.10� 0.912 0.923(0.603) (0.666) (0.624) (0.652) (0.665)Population density/103 -4.78 -4.78 -4.64 -3.81 -4.36(3.36) (3.27) (3.20) (3.57) (3.56)Inome per apita/103 0.308 0.331 0.367 0.223 0.242(0.359) (0.372) (0.360) (0.362) (0.376)Support 0.007 -0.028 -0.028 -0.032 -0.016(0.132) (0.140) (0.134) (0.140) (0.144)Grievanes against pollution -0.664 -0.596 -0.603 -0.612 -0.481(0.456) (0.454) (0.453) (0.468) (0.427)Year dummy (2001) -0.275��� -0.436��� -0.439��� -0.200 ��� -0.225���(0.083) (0.132) (0.122) (0.073) (0.078)Constant -13.3� -8.53 -21.0�� -29.6 ��� -7.442(7.52) (5.38) (9.14) (10.5) (4.78)n -0.639�� -0.669��� 0.334��� 0.166���(0.282) (0.188) (0.067) (0.054)Log-likelihood -1474.06 -1464.54 -2245.84 -1121.92 -1099.74BIC -1711.33 -1705.4 -2486.7 -1362.78 -1340.60AIC -1540.06 -1531.54 -2312.84 -1188.92 -1166.74LR test statisti 19.0��� -1543.6 704.3��� 748.6���Observation 1326 1326 1326 1326 1326All of models in this table are SAR probit models. Standard errors are shown in parentheses. �, ��, and ��� imply thatthe oef�ient is signi�antly different from zero at the 10%, 5% and 1% levels, respetively. All models are estimatedwith industry and prefeture dummies.ilities have different inentives to adopt the ISO 14001 standard. Large failities have positiveattitude toward ISO 14001 adoption, while small failities have negative attitude. The "n"s of WMII and III are the average effets of the industry-wide and the ountry-wide attitude (aggregate atti-tude) toward ISO 14001 adoption on the individual failities' attitudes, respetively. As mentionedpreviously, the ISO 14001 adoption rate of our sample is 58.5%, and the adoption rates of mostindustries are 40-60%. Therefore, approximately half of the failities have attitudes toward thisadoption that differ from the aggregate attitude. Negative spillover effets are likely to re�et this47



Table 3.7: Estimation results of water emissions redutionsDependent variable: Water emissions redutions (EWt+1=EWt )WM I WM II WM III WM IV(m=3) WM V(m=3)Workers -0.367 -0.366 -0.375 -0.367 -0.367(1.73) (1.73) (1.73) (1.73) (1.73)Pro�t/Revenue -0.351 -0.351 -0.337 -0.352 -0.351(4.52) (4.51) (4.52) (4.51) (4.52)ISO 172 172 197 176 172(849) (848) (849) (847) (849)Population density -1167 -1166 -1225 -1171 -1167(1746) (1743) (1745) (1742) (1746)Inome per apita 2.20 2.20 1.77 2.22 2.20(12.1) (12.1) (12.1) (12.1) (12.1)Grievanes against pollution -1.90 -1.90 -2.40 -1.92 -1.90(10.2) (10.2) (10.2) (10.1) (10.2)Constant -135 -347 -185 -134 -135(488) (488) (488) (487) (488)r -0.990 -0.153 0.006 0.0003(0.000) (0.000) (0.000) (0.0000)Log-likelihood -6647.041 -6646.352 -6646.850 -6647.038 -6647.041BIC -6669.780 -6672.339 -6672.837 -6673.025 -6673.028AIC -6654.041 -6654.352 -6654.850 -6655.038 -6655.041LR test statisti 1.38 0.382 0.006 0.000Observation 663 663 663 663 663All of models in this table are �xed effets SAR models. �, ��, and ���imply that the oef�ient is signi�antly differentfrom zero at the 10%, 5% and 1% levels, respetively.differene in attitude toward ISO 14001 adoption.Whih effet more effetively explains the ISO 14001 adoption of water emitting failities? Toompare the spei�ations, we alulate BIC and AIC, aording to Hepple (2004)6. Beause theBIC and AIC differene between V and others are greater than 10, we have very strong evidenethat the WM V model, or the intra-industry spillover between failities of similar sized �rms (interms of similar revenue) has better explanatory power for ISO 14001 adoption by failities thatemit into water.This result is quite intuitive. Beause the adoption of ISO 14001 demands a large initial ost, thedeision to do so is less likely to be made by the failities than by the �rms to whih they belong.6The BIC and AIC used here are BIC=log-likelihood�(the number of oef�ient)�ln(Observation)/2, andAIC=log-likelihood�(the number of oef�ient). 48



Table 3.8: Estimation results of negative binomial regressions for grievanes against pollution (wa-ter emitting failities) Dependent variable: Grievanes against pollutiononstant mean onstant meanPerentage hange in water emissions (EWt+1=EWt ) 4.95E-6 3.10E-6(3.63E-6) (9.00E-6)Weighted sum of emissions into water 1.40E-10��� 8.47E-11(5.12E-11) (1.17E-10)Constant 4.24��� 4.24��� 4.24��� 4.24���(0.04) (0.04) (0.04) (0.04)Log-likelihood -6650.51 -6649.96 -6650.25 -6648.34LR test of a = 0 or d = 0 1.4E+5��� 1.4E+5��� 1.4E+5��� 1.4E+5���Observation 1326 1326 1326 1326"onstant� implies that we employ a negative binomial model with onstant-dispersion for estimation, and "mean"implies that we employ a negative binomial model with mean-dispersion. Standard errors are shown in parentheses. �,��, and ��� imply that the oef�ient is signi�antly different from zero at the 10%, 5% and 1% levels, respetively. allmodels are estimated with industry and prefeture dummies.Similarly sized �rms in the same industry (when revenue is used as a proxy for �rm size) arelikely to be ompetitors, and a model of intra-industry spillover effets between ompetitors anexplain the data most effetively. Therefore, imitation pressure beause of ompetition has likelyontributed to the diffusion of ISO 14001 in Japan.Table 3.7 shows the determinants of water emissions hanges. We use the values of ISO 14001predited by ISO 14001 adoption estimation with weight matrix V. All explanatory variables arein signi�ant at any level, and therefore, ISO 14001 adoption does not redue water emissionintensity. In addition, BIC and AIC provide little evidene that models with orrelations of wateremission redutions have better explanatory power than models without the orrelation, althoughris signi�ant at 1% level.Failities with greater water emissions are likely to be the target of more grievanes. Therefore,there may be an endogeneity problem in emissions redution equations in that environmental per-formane affets grievanes, and this endogeneity ould bias the estimated oef�ients. To assesswhether an endogeneity problem exists, we regress the grievanes variable separately on the per-entage hange in water emissions and on the weighted sum of water emissions. We employ anegative binomial model for the regressions. The results of these regressions are presented in Table49



3.8. These results indiate that the grievanes might be affeted by the weighted sum of emissionsbut are not affeted by perentage hange in water emissions, whih we employ as an indiatorof environmental performane. Thus, there is no endogeneity due to the ausal effet of environ-mental performane on grievanes, and the estimation results of water emission redutions are notaffeted by suh endogeneity.3.5.2 Performane and ISO 14001 adoption of failities that emit into airTable 3.9 shows the estimates of ISO 14001 adoption by failities that emit into air. The number ofworkers in a faility has a signi�antly positive effet on ISO 14001 adoption at the 1% level underall spei�ations, whereas grievanes against pollution have a negative effet at the 10% level.However, emission intensity, support for ISO 14001 adoption, pro�tability, and other harateristisof the muniipality in whih a faility is loated do not have signi�ant effets. This result is thesame as the estimation results of failities that emit into water. Unlike failities that emit into water,a faility loated in a muniipality with fewer grievanes against pollution is more likely to adoptand (air) emission intensity does not. Muniipalities with fewer grievanes against pollution anbe interpreted as leaner ones. Failities in suh muniipalities are under more pressure from amuniipal government or from residents to adopt environmental praties, so the estimation resultfor grievanes against pollution may imply that pressure from a muniipal government or fromresidents has an impat on ISO 14001 adoption deisions.Similarly to the failities that emit into water, the spillover effets between large numbers of fa-ilities are negative (WM II and III models), whereas the spillover effets between failities withsimilar harateristis are positive (WM IV and V models). With the exeption of the WM II model,where the spillover is signi�ant at the 10% level, these spillover effets are signi�ant at the 1%level. Similarly to the failities that emit into water, the negative spillover effets (WM II and III) for the failities that emit into air might re�et that the different-sized failities have differentinentives to adopt the ISO 14001 standard. This is beause roughly half of the failities have dif-ferent attitude toward the adoption than the aggregate attitude, as is indiated from the fat that ISO14001 adoption rates of our sample and of most industries are 41.4% and 40-60%, respetively.50



Table 3.9: Estimation results of ISO 14001 adoption by failities emitting into airDependent variable: ISO 14001 adoptionWM I WM II WM III WM IV(m=10) WM V(m=10)Workers/102 0.145��� 0.143��� 0.143��� 0.097��� 0.085���(0.005) (0.006) (0.005) (0.016) (0.006)Air emission intensity/106 0.148 0.169 0.159 0.163 0.165(0.129) (0.127) (0.125) (0.130) (0.125)Water emission intensity/106 -0.121 -0.121 -0.101 -0.139 -0.118(0.109) (0.196) (0.103) (0.107) (0.102)Pro�t/revenue/103 0.159 0.079 0.064 -0.05 0.061(0.227) (0.230) (0.232) (0.220) (0.233)Population density/103 -1.72 -1.69 -1.74 -1.95 -1.20(1.15) (1.13) (1.07) (1.24) (1.17)Inome per apita/103 -0.11 -0.112 -0.121 -0.216 -0.129(0.112) (0.115) (0.112) (0.123) (0.121)Support 0.069 0.071 0.074 -0.054 0.059(0.049) (0.049) (0.047) (0.046) (0.048)Grievanes against pollution -0.293 -0.305� -0.293� -0.235 -0.355��(0.169) (0.166) (0.161) (0.182) (0.171)Year dummy (2001) -0.209��� -0.316��� -0.375��� -0.130 ��� -0.131���(0.319) (0.072) (0.050) (0.035) (0.028)Constant -15.6��� 5.12�� -11.9�� -54.5 �� -3.02��(4.67) (2.17) (5.27) (21.4) (1.26)n -0.544� -0.847��� 0.430��� 0.417���(0.305) (0.097) (0.090) (0.025)Log-likelihood -6018.23 -6016.8 -6027.13 -6352.29 -6337.96BIC -6359.96 -6358.53 -6368.86 -6694.01 -6679.68AIC -6095.23 -6093.80 -6104.13 -6429.29 -6414.96LR test statisti 2.86� -17.8 -668.1 -638.5Observation 7158 7158 7158 7158 7158All of models in this table are SAR probit models. Standard errors are shown in parentheses. �, ��, and ��� imply thatthe oef�ient is signi�antly different from zero at the 10%, 5% and 1% levels, respetively. All spei�ations areestimated with industry and prefeture dummies.Among the models with a spatial orrelation, WM II has the greatest BIC and AIC. Compared withthe WM I model, the WM II model has an AIC that is greater by approximately 1 but a BIC thatis smaller by approximately 3. Therefore, we do not have positive evidene that the spei�ationwith the spillover effet performs better.The determinants of air emission hanges are presented in Table 3.10. We use values of ISO 14001predited by ISO 14001 adoption estimation with Weight Matrix I (no spatial orrelation model).All of the explanatory variables are insigni�ant at all levels, and therefore, ISO 14001 adoption51



Table 3.10: Estimation results of air emissions redutions (SAR)Dependent variable: Air emissions redutions (EAt+1=EAt )WM I WM II WM III WM IV(m=5) WM V(m=10)Workers 0.0248 0.0248 0.0276 0.0249 0.0256(0.0528) (0.0528) (0.0528) (0.0515) (0.0526)Pro�t/Revenue 0.0163 0.0163 0.068 0.0069 0.0189(0.100) (0.100) (0.100) (0.098) (0.100)ISO -13.1 -13.1 -14.7 -13.8 -13.3(20.6) (20.6) (20.6) (20.1) (20.5)Population density 6.41 6.41 5.81 5.21 5.97(26.7) (26.7) (26.7) (26.1) (26.6)Inome per apita -0.178 -0.178 -0.183 -0.169 -0.176(0.233) (0.233) (0.232) (0.227) (0.232)Grievanes against pollution 0.144 0.144 0.13 0.131 0.142(0.202) (0.202) (0.201) (0.197) (0.201)Constant 6.72 16.4 3.69 6.06 6.36(10.8) (10.8) (10.7) (10.5) (10.7)r -0.990��� 0.318��� 0.110��� 0.0390���(0.000) (0.000) (0.000) (0.000)Log-likelihood -25426.65 -25426.96 -25423.02 -25419.32 -25426.18BIC -25455.29 -25459.69 -25455.75 -25452.06 -25458.91AIC -25433.65 -25434.96 -25431.02 -25427.32 -25434.18LR test statisti -0.620 7.26��� 14.7��� 0.940Observation 3579 3579 3579 3579 3579All of models in this table are �xed effets SAR models. �, ��, and ��� imply that the oef�ient is signi�antly differentfrom zero at the 10%, 5% and 1% levels, respetively.does not redue air emission intensity as it does water emission intensity. However, r is signi�antat the 1% level for all models with spillover effets, and BIC and AIC provide positive evidenethat the Weight Matrix IV model has better explanatory power than one without the orrelation.This result implies that the perentage hange in air emissions of similarly sized failities in thesame industry are orrelated; i.e., a faility redues its air emissions if similarly sized failities doso. This orrelation may re�et tehnology diffusion; similarly sized failities in the same industryare likely to have similar tehnology. In ontrast with air emitting failities, the low explanatorypower of spillover models among similarly sized �rms and failities for water emission redutionsmay re�et the fat that water emitting failities have different tehnology even though they aresimilar in size.Is r for the air emission redution equation (partiularly, in WM IV model) signi�ant beause52



Table 3.11: Estimation results of air emissions redutions (SAR and SAC)Dependent variable: Air emissions redutions (EAt+1=EAt )SAC SAR SACFS WM I FS WM II FS WM IIm=5 m=5 m=5Workers 0.0249 0.0248 0.0248(0.0515) (0.0515) (0.0515)Pro�t/Revenue -0.00693 -0.00686 -0.00679(0.0980) (0.0980) (0.0980)ISO -13.8 -13.0 -13.0(20.1) (20.0) (20.0)Population density 5.21 5.15 5.15(26.1) (26.1) (26.1)Inome per apita -0.169 -0.169 -0.169(0.227) (0.227) (0.227)Grievanes against pollution 0.131 0.131 0.131(0.197) (0.197) (0.197)Constant 6.06E 5.99 6.00(8.69) (10.5) (8.71)r 0.110��� 0.109��� 0.109���(0.027) (0.000) (0.027)t -0.999 -0.999(1.41) (1.41)Log-likelihood -25418.62 -25419.34 -25418.67Observation 3579 3579 3579�, ��, and ��� imply that the oef�ient is signi�antly different from zero at the 10%, 5% and 1% levels, respetively.FS WM I and II imply we use values of ISO 14001 predited by the �rst stage estimation with weight matrix I and II,respetively.emission redutions are atually orrelated or only beause the errors are orrelated? To examinethis question, we employ Spatial Auto-Correlation(SAC) models to examine whether r (orrelationin air emissions redutions between failities) for the air emission redution equation is signi�antbeause emission redutions are atually orrelated or only beause errors are orrelated. A typialSAC model is as follows: y= rW1y+Xb +uu= tW2u+ e e � N(0;s In) (3.11)W1 andW2 an be the same or different. If r = 0, this model is the same as a Spatial Error Model(SEM). First, we estimate SEMs to selet W2 from the �ve weight matries used for the SAR53



Table 3.12: Estimation results of negative binomial regressions for grievanes against pollution (airemitting failities) Dependent variable: Grievanes against pollutiononstant mean onstant meanPerentage hange in water emissions (EAt+1=EAt ) -3.59E-6 -1.62E-5(4.67E-5) (6.24E-5)Weighted sum of emissions into water 1.81E-9��� 1.80E-12(6.67E-10) (1.18E-09)Constant 4.36��� 4.36��� 4.35��� 4.36���(0.02) (0.02) (0.02) (0.02)Log-likelihood -36486.11 -36486.06 -36483.01 -36486.11LR test of a = 0 or d = 0 8.8E+5��� 8.8E+5��� 8.8E+5��� 8.8E+5���Observation 7158 7158 7158 7158"onstant� implies that we employ a negative binomial model with onstant-dispersion for estimation, and "mean"implies that we employ a negative binomial model with mean-dispersion. Standard errors are shown in parentheses. �,��, and ���imply that the oef�ient is signi�antly different from zero at the 10%, 5% and 1% levels, respetively. allmodels are estimated with industry and prefeture dummies.models. Beause the likelihood of the WM I model is the greatest, we selet WM I forW2. Then,we estimate the SAC models by settingW2 to weight matrix II. In addition, we estimate equationsfor the perentage hange in air emissions with values of the ISO 14001 adoption predited by themodel with WM II.Table 3.11 shows estimates of the SAC model with the value of ISO 14001 predited by ISO 14001adoption estimation with weight matrix I in the �rst olumn, and the SAR and SAC model withthe value of ISO 14001 predited by ISO 14001 adoption estimation with weight matrix II in theseond and third olumns, respetively. We use weight matrix IV for all these models. Aording toTable 3.11 and the last olumn of Table 3.10, r is signi�ant and its value hanges little, even witherror orrelation. This result indiates that perentage hanges in emission redutions are atuallyorrelated.As with the water-emitting failities, we assess whether an endogeneity problem arises for theair-emitting failities beause of the ausal effet of environmental performane on grievanes byregressing the grievanes variable separately on the perentage hange in air emissions and on theweighted sum of air emissions. Table 3.12 presents the results of these regressions. These resultsindiate that the estimation results of air emissions redutions are not affeted by suh endogeneity.54



3.6 ConlusionIn the OECD surveys, many failities evaluate the praties �other failities like ours is adopt-ing � as �very important� or �important�as a motivation for adopting an EMS and environmentalpraties. This hapter examines suh externalities in ISO 14001 adoption and environmental per-formane, and it also examines the determinants of ISO 14001 adoption and environmental per-formane by employing spatial eonometri estimation methods. We fous on Japanese failitiesbeause Japan has ranks �rst worldwide with the most failities that have adopted ISO 14001.We �nd the following results for ISO 14001 adoption. First, the number of workers in a failityhas signi�antly positive effets on ISO 14001 adoption, as was found in previous studies on ISO14001. Seond, failities that emit into water with lower water emission intensity are more likelyto adopt ISO 14001. Third, the ISO 14001 adoption by failities that emit into water an be moreeffetively explained by the intra-industry spillover effets between failities of �rms with similarrevenue than other spillover effets, whereas the intra-industry spillover effets annot more effe-tively explain the adoption of failities that emit into air. Beause we employ revenue as a proxyof �rm size, similar-sized �rms make similar deisions on ISO 14001 adoption. In addition, thisresult may indiate that the ISO 14001 adoption deisions of ompetitors in�uene eah other assimilar-sized �rms in the same industry are likely to be ompetitors,The results of this hapter suggest that ISO 14001 adoption does not have a signi�ant impat onenvironmental performane or on other fators. However, the perentage hange in air emissions,whih was used as a proxy for environmental performane, is orrelated between similar sized fa-ilities in the same industry. This orrelation might re�et tehnology diffusion beause similarsized failities in the same industry are likely to use similar tehnology. Our estimation results sug-gest the possibility that similar-sized �rms or failities implement similar voluntary environmentalations and that there are unlikely spillover effets of voluntary environmental ations betweenfailities and workers with various harateristis. Our �nding son spillover effets suggest thatgovernments might be able to pursue voluntary programs of industry-spei� or narrower targetsin ooperation with industry assoiations.We fous on intra-industry spillover effets of voluntary environmental ations in Japan. However,55



geographial spillover effets of voluntary environmental ations might also exist and may be or-related with other spillover effets. Therefore, it would be interesting to examine these two typesof spillover effets simultaneously, although an estimation inluding two spillover effets wouldbe muh more ompliated and omputation intensive. Examining multiple simultaneous spillovereffets remains a topi for future researh.
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Chapter 4Taxes versus Quotas in Lobbying by aPolluting Industry with Private Informationon Abatement Costs4.1 IntrodutionTwo of the main auses of inef�ieny of environmental regulations are informational issues aboutpolluters' abatement ost and politial pressure by polluting industries when the regulator an spe-ify how muh partiular industries are permitted to pollute. Many researhers have studied thesetwo auses and their impats on environmental regulation.For informational issues, Weitzman (1974) �rst ompared taxes and quotas in the presene of un-ertainty about marginal osts and bene�ts in a general ontext. Sine Weitzman, many researhershave ompared these two instruments for environmental protetion under unertainty about abate-ment ost in different settings1. Moledina et al. (2003) and Costello and Karp (2005) fous onasymmetri information about abatement osts and ompare taxes and permits in a dynami set-ting. While the �rms take advantage of asymmetri information and behave strategially in themodel of Moledina et al. (2003) the �rm in Costello and Karp (2005). is non-strategi. Other pa-pers have modeled a pollution ontrol problem under asymmetri information as a prinipal-agentor mehanism design problem. Dasgupta et al. (1980) applied a Groves mehanism to a multiple-1For example, several papers ompare two instruments for stok pollutant ontrol (Hoel and Karp (2001), Hoel andKarp (2002), Karp and Zhang (2002), and Newell and Pizer (2003)). Quirion (2004) analyzes a ase with pre-existingdistortionary taxes, and Kaplow and Shavell (2002)analyze a ase in whih a regulator an impose a nonlinear tax57



polluter regulation problem, while Lewis (1996) and other studies employed the prinipal-agentframework. In these frameworks, a government implements a ombination of pollution quotas andtaxes (or subsidies).Researh on the politial eonomy of environmental poliies began reently relative to researh oninformational issues. By applying to environmental poliies a lobbying model developed byGross-man and Helpman (1994), Fredriksson (1997) and Aidt (1998) independently examine how pollu-tion taxes are affeted by lobbying groups. Damania (2001) shows if �rms an politial in�uenethe goverrnment, then they underinvest in lean tehnologies to make lobby against environmen-tal poliy effetive. Cononi (2003) analyzes how a green lobby affets trade and environmentalpoliies in two large eonomies with transboundary pollution. Barbier et al. (2005) theoretiallyand empirially examine how dynami resoure onservation poliies are affeted by industry lob-bies. Yu (2005) analyzes a model where lobbying groups affet publi environmental awareness byadvertising before they lobby the government. These papers assume that a government knows thepollution abatement ost of industry.The above studies take into aount only one of the two auses of inef�ient regulation. However,governments usually fae both informational and politial eonomy issues. This hapter omparestaxes and quotas when a government faes both issues or is affeted by an industry lobby with pri-vate information about its abatement ost. Espeially, we examine the effets of private informationabout abatement ost on lobbying ativity, environmental regulation and soial welfare and showhow different these effets are under tax and quota systems. To do so, we inorporate the prinipal-agent relationship with an informed prinipal and ommon-value private information examined byMaskin and Tirole (1992)2 into a lobby model of the Grossman and Helpman type.Our results differ from the literature. First, our result on soial welfare is ompletely different fromthe results in the literature on taxes versus quotas under imperfet information. In the literature on�tax versus quota�, a tax is basially onsidered better than a quota if the marginal abatement ost2In general, we an lassify the prinipal's private information into one of two forms based on whether the prini-pal's private information is an argument of the agent's objetive funtion. If it is an argument, the private information islassi�ed as ommon value. Otherwise, the private information is lassi�ed as private value. Beause a government ofthis hapter's model, an agent, takes into aount abatement ost, like most models of lobbying on environmental pol-iy, private information is an argument of the agent's objetive funtion. For this reason, we employ a ommon-valuemodel. 58



(MAC) urve's slope is steeper than the marginal damage (MD) urve's slope. In our model, how-ever, quotas are soially preferred (1) when the government weighs politial ontributions muhmore strongly than it does soial welfare or (2) when the MAC urve's slope is steeper than theMD urve's slope. The industry generally has a stronger inentive to, and atually does, relax reg-ulations under taxes than under quotas due to tax payments. This �nding is partiularly the asewhen the government is easily affeted by politial ontributions beause paying politial ontri-butions for low tax rates is heaper than paying tax under suh a ase.The industry's bene�t from lobbying is larger under taxes than it is under quotas if the slope of theMAC urve is steep (relative to the MD urve). Consequently, quotas are better than taxes whenthe MAC urve's slope is steep. Beause a steep slope implies that a prie hanges more than thequantity does, a redution in the abatement target lowers the tax rate and tax payments more thanthe (atual) abatement does when the MAC urve's slope is steep. Therefore, in suh a ase, theindustry's ost savings due to the redution of the abatement target by one unit is greater undertaxes than it is under quotas. Therefore, the government is under high politial pressure from theindustry, and it sets a low tax rate.The impat of private information on soial welfare under our model might also be different fromthat under standard regulation models. It is well known that if a polluting industry annot polit-ially in�uene environmental regulations (standard regulation models), a government has to payan information rent to some type(s) of industry that has an inentive to pretend that it is of anothertype(s). However, if the industry an do so, it may have to reveal its own type (on abatement ost),with some ost. For example, when the tax is implemented, a low-ost industry (i.e., low abatementost) will fae a lower tax rate and lower politial ontribution than a high-ost industry (beausethe low-ost industry will abate enough even if its tax rate is low relative to that of the high-ostindustry). Therefore, the high-ost industry has an inentive to pretend to be the low-ost industry,while the low ost industry evades higher tax rate and politial ontribution by revealing its type.Relative to the high-ost industry, the low-ost industry an endure a high tax rate beause it doesnot emit muh, but the high-ost industry has higher willingness to pay for a low tax rate omparedto the low-ost industry. The low-ost industry has to aept a higher tax rate in order to reveal itstype. The higher tax rate onstitutes a ost to the industry, but it is a bene�t for soiety (provided59



that the tax rate is not too high). Thus, private information in a ase with politial in�uene of thepolluting industry has different impats ompared to private information in a ase without politialin�uene.Atually, what happens under a tax depends on whether the slope of MAC urve is steeper thanthe respetive slopes of the (atual) MD urve and the weighted MD urve (MD urve multipliedby government's weight on soial welfare)3. We show that if the MAC urve's slope is steeperthan the weighted MD urve's slope, the private information might improve soial welfare by themehanism disussed in the last paragraph. However, if the MAC urve's slope is steeper than theMD urve's slope, the low-ost industry might not be able to reveal its type. Beause the differenein tax rates between the low- and high-ost industries is great in suh a ase (as prie hangesmore than quantity does), the high-ost industry has a strong inentive to pretend to be the low-ostindustry in order to save abatement ost and redue its tax payment. Therefore, it is very hardor impossible for the low-ost industry to reveal its type, and a separating equilibrium where thegovernment an differentiate the industry's type might not exist.In ontrast to the ase of taxes, private information does not improve soial welfare when quotas areimplemented. This is beause that the high-ost industry might have to make the government seta higher quota than it would under omplete information to reveal its ost information. However,a separating equilibrium always exists, unlike in the ase of taxes. The quota for the high-ostindustry under a omplete information ase is higher than that for the low-ost industry, and thehigh-ost industry is more in favor of a high quota ompared to the low-ost industry. Therefore, bymaking the government set a higher quota than would be set under the omplete information ase,the high-ost industry an reveal its type to the government. Thus, private information reduesthe omparative disadvantage of taxes ompared to quotas when the government ares little aboutsoial welfare.Although environmental groups also lobby the government, it appears that analyzing only the in-dustry lobby with private information is not unreasonable. During the 1990s, ontributions to theU.S. Congress from eletri utilities and the oil and gas industry alone were roughly 10 times larger3�The MAC urve slope is steeper than the MD urve slope or the weighted MD urve slope� means that theabatement ost hanges more than the damage or weighted damage aused by a one-unit hange in emissions.60



than the ontributions from environmental organizations aording to data from the Center for Re-sponsive Politis. In addition, there were no politial ontributions from pro-environmental poliygroups in 10 states in the US, and the total ontribution from the energy industry was at least 10times larger than that from pro-environmental poliy groups in most states during 2003-2006 4.In this hapter, the industry lobby group indiretly transmits its private information to the gov-ernment. Therefore, the paper might fall within an informational lobbying literature that analyzesthe transmission of information from lobby group(s) to a poliy-maker. Some papers in the liter-ature analyze ases with two (or three) poliy alternatives (e.g., Austen-Smith and Wright (1994),Lohmann (1995), Bennedsen and Feldmann (2006), Dahm and Porteiro (2008)). Other papers ex-amine the ase when the government hooses a poliy from a ontinuous set of alternatives, asin this hapter (e.g., Austen-Smith (1995), Austen-Smith and Banks (2002)). A ontinuous set ofalternatives (regulation levels) is preferable when analyzing how the regulation level is affeted bylobbying. However, in papers with ontinuous sets of alternatives, the poliy must be very abstratto enable the analysis of strategi transmission of information. In addition, aording to the form ofthe utility funtion, every type has a different preferene for poliy in these papers, and every typeof industry wants a lower emission tax or a higher emission quota. Thus, the settings of these papersare not suitable to analyze lobbying for environmental poliies by polluting industries possessingprivate information.Finally, we have to mention Boyer and Laffont (1999) who, like us, examine environmental poliiesunder a ase with politial eonomy and informational issues. They ompare the inentive meh-anism (abatement level and transfer) with a single abatement level based on expeted abatementost when a monopoly has private information on pollution abatement ost and politial majoritiesrepresenting different stakes hooses the instrument. They show that the inentive mehanism maynot be desirable if there are more stakeholders in the monopoly in a soiety or if informationalrents to the stakeholders are large. However, they fous only on quantity regulations (diret quan-tity ontrol regulations), whereas this hapter ompares quantity and prie instruments (diret andindiret ontrol regulations).4There are two exeptions. In Alabama, ontributions from the energy industry amounted to $811,300, whereasontributions from pro-environmental poliy groups amounted to $421,409. In Oregon, $993,038was ontributed fromthe energy industry and $260,278 from pro-environmental poliy groups. See Moore (2007) for further detail.61



This hapter is organized as follows. Setion 2 desribes the model environment. Setion 3 arguesthe omplete information ase, while setion 4 argues the inomplete information ase. Setion 5ompares the onsequenes of a tax with those of a quota using numerial methods. We onludein setion 6.4.2 SetupThere are two types of industries, one with low abatement ost and one with high abatement ost,denoted by i= L;H. Let the abatement ost of type i beCi(ei) =C(ei; ēi) =8><>:12(ēi� ei)2 i f ēi � ei0 i f ēi < ei (4.1)for i = L;H where ei is emission by type i and ēi an be private information held by the industry.; ēi, and ēi�ei an be interpreted as the slope of the marginal abatement ost (MAC) urve, naturalemission of type i and pollution abatement of type i, respetively.The industry of type i makes a politial ontribution, Wi, to make an environmental regulation(quota or tax) more lenient. The total ost of the industry of type i is Ci(ei(q))+Wi(q) under aquota and isCi(ei(t))+ tei(t)+Wi(t) under a tax, where q is the quota and t is the tax rate.Damage by pollution is denoted by D(e) = 12e2. Therefore, a benevolent poliymaker set an en-vironmental regulation to minimize the soial ost, total pollution abatement ost and damage bypollution, SCi(ei) = D(ei)+Ci(ei). However, poliy-making will be in�uened by lobbying by theindustry. We follow Grossman and Helpman and assume that the objetive funtion of the govern-ment isWi(t)�aSCi(ei(t)) when it implements a tax andWi(q)�aSCi(ei(q)) when implementinga quota, where a > 0 is the exogenously given weight of soial welfare relative to the ontribution.Politial proessThere are two stages in the politial proess between the government and industry. In the �rststage, the industry offers the government a ontingent ontribution shedule Wi(t) in the tax ase62



and Wi(q) in the quota ase. Wi(t) and Wi(q) are ontinuously differentiable funtions mappingfrom T to R+ and from Q to R+where T = [0;ēH ℄ and Q = [0; ēH ℄ are one-dimensional tax andquota hoie set, respetively. In the seond stage, the government selets a regulation level (taxrate or quota) and reeives from the industry the ontribution assoiated with the seleted regulationlevel.4.3 Complete information aseWe haraterize the equilibria under the omplete information ases as follows.If the government implements a tax, (fWCi ; tCi gi=L;H) is the Subgame Perfet Nash Equilibrium(SPNE) if(i) tCi maximizes WCi (ti)�aSCi(ti)(ii) tCi minimizes Ci(ei(ti))+ tCi ei(ti)+WCi (ti) s.t. WCi (tCi ) � a[SCi(tCi )� SCi(t�i )℄ where t�i mini-mizes SCi(t) for all i.If the government implements quota, (fWCi ;qCi gi=L;H) is the SPNE if(i) qCi maximizes WCi (qi)�aSCi(qi)(ii) qCi minimizes Ci(ei(qCi ))+WCi (qi) s.t. WCi (qCi ) � a[SCi(qCi )� SCi(q�i )℄ where q�i minimizesSCi(qi) for all i.Condition (i) says that the government sets the regulation to maximize its objetive funtion givenontribution shedule of the industry. Condition (ii) implies that the equilibrium regulation min-imizes the industry's ost subjet to the partiipation onstraint of the government. Contributionshedules that minimize the industry's ost must satisfy the partiipation onstraint with equality.This means that at equilibrium, the government gets the same payoff as it gets when it does notrejet the industry's offer. In other words, the industry has the �rst mover's advantage.63



Both onditions haraterize the ontribution shedule. It is required that the equilibrium on-tribution shedule be Wi(ti) � aSCi(ti)� aSCi(t�i ) for all ti on T when taxes are implemented.Wi(qi)� aSCi(qi)�aSCi(q�i ) for all qi on Q when a quota is implemented.4.3.1 Equilibrium tax ratetCi minimizes Ci(ei(ti))+ tiei(ti)+a[SCi(ei(ti))� SCi(t�i )℄ on T . Beause the best response to ti isei(ti) = ēi� ti= (if ti � ēi)5,Ci(ei(ti))+ tiei(ti)+ [SCi(ei(ti))�SCi(t�i )℄ = 12�2t(ēi� t)+ t2+a[t2 +(ēi� t)2� 1+  ē2i ℄�= 12 �(a�1)+a2 t2+2ēi�1� a � t+ a1+  ē2i � :(4.2)If (a�1)+a < 0; ti = 0 is optimal6. If (a�1)+a � 0, thentCi =8><>: ēi(a�)(a�1)+a i f a > 0 otherwise: (4.3)When (a�1)+a < 0, a <  always holds. Hene, (4.3) haraterizes the equilibrium tax rate.The slope of marginal damage (MD) is normalized to 1, but if the slope of the MD is d, thentCi = ēi(ad�)(a�1)+ad i f ad >  or tCi = 0 otherwise. Therefore, we an interpret a <  as a ase in thatthe slope of the MAC urve is steeper than that of a weighted MD urve whih is equal to the MDurve multiplied by the government's weight given to soial welfare.High a an be interpereted as high environmental awareness or low politial pressure from thepolluting industry beause a lobbying group is a polluting industry only. Hene, we an interpretthe above results as indiating that the introdution of a pollution tax is bloked or postponed bypolitial pressure from the polluting industry when envrionmental awareness is low or politial5From F.O.C, (ēi� ei) = t. And, ei(ti) = 0 if ti > ēi.6In this ase, ti = 0 or ti = ēi might be the solution to the above problem. Beause Ci(ei(0)) +aSCi(ei(0)) =a ē2i ;Ci(ei(ēi))+ ēiei(ēi)+a SCi(ei(ēi)) = (a+1)ē2i , and a < (1�a)< , ti = 0 is the solution.64



pressure from the industry is high.4.3.2 Equilibrium quotaqCi minimizesCi(ei(qi))+a[SCi(ei(qi))�SCi(q�i )℄ on Q. Beause the best response to qi is ei(qi) =qi (if qi � ēi)7,Ci(ei(qi))+a[SCi(ei(qi))�SCi(q�i )℄ = 12 [(ēi�qi)2+afq2i + (ēi�qi)2� 1+  ē2i g℄= 12 [((a+1)+a)q2i �2(a+1)ēiqi+ (1+ +a)1+  ē2i ℄:(4.4)Therefore, the optimal quota is qCi = (a+1)(a+1)+a ēi: (4.5)In order to ompare soial welfare, we ompare the respetive emission levels under both taxes andquotas. Beause emission in both ases is higher than is soially optimal, a lower emission levelimplies higher welfare. If government is benevolent (i.e.,a is in�nity), then taxes and quotaes areequivalent. But, if a <  or ifei(tCi )� qi, a(a�1)+a ēi � (1+a)+a+a ēi, � a1+a ; (4.6)then the welfare under a quota is higher than the welfare under a tax. From (4.6), it is likely that aquota will be better than a tax in terms of soial welfare when the government plaes muh moreweight on ontributions than it does on soial welfare. This result is quite intuitive beause a taxhas a negative inome distribution effet on the industry and tax payments as well as on marginalabatement ost. Another impliation of (4.6) is that a quota is always better than a tax when theslope of marginal abatement ost (MAC) is steeper than that of marginal damage (MD) (� 1). To7ei(qi) = ēi if qi > ēi. 65



Figure 4.1: Cost savings under the tax and the quota when the slope of MAC is steeper (left) and�atter (right) than the slope of MDunderstand this, onsider the ost savings under a tax and under a quota when an emission targetinreases by one unit. Figure 1 shows the ost savings under the tax and under the quota when theslope of MAC is steeper (left) and �atter (right) than that of MD. The ost savings under the tax isarea ABDC in both the left and right graphs, while ost savings under the quota is area CDFE. Theost savings under the tax is likely greater than that under the quota if the slope of MAC is steeperthan that of MD. From the above effets, we obtain (4.6)Beause a tax has a negative inome distribution effet on the industry, the industry prefers quotasover taxes.Proposition 4.1. The industry always prefers quotas over taxes under omplete information ases.Proof: See appendix C.4.4.4 Inomplete information aseIn the inomplete information ase, we annot employ SPNE as an equilibrium onept; therefore,we employ Perfet Bayesian Equilibrium (PBE) like standard inomplete information games. As66



Chapter13 ofMas-olell et al. (1995), a set of strategies and a belief funtion m(W)2 [0;1℄ (or m(W)2[0;1℄) representing the government's assessment of probability that the industry is of low abatmentost after observing the ontribution shedule W is a PBE if(i) The industry's strategy is optimal given the government's strategies.(ii) The belief funtion m(W) is derived from the industry's strategy using Bayes' rule where pos-sible.4.4.1 TaxEquation (4.3) implies that the tax rate of the low-ost industry is weakly lower than that of thehigh-ost industry. The politial ontribution under some tax rate is proportional to the differenein soial ost between that tax rate and the soially optimal tax rate. Relative to the high-ostindustry, this differene is small if the industry is of low ost. The politial ontribution of thelow-ost industry for some tax rate (lower than the soially optimal rate) is smaller than that of thehigh-ost industry. Therefore, the high-ost industry has an inentive to pretend to have low osts.In the next sub-subsetion, we will present the ase in whih the high-ost industry annot pretendto have low osts (separating equilibrium). Then, we will disuss the ase in whih the governmentannot tell the industry's type (pooling equilibrium).4.4.1.1 Separating equilibriaUnder a separating equilibrium, a government differentiates the industry's type. In other words, thehigh-ost industry has no inentive to pretend to be the low-ost industry and inentive ompatibil-ity (IC) onditions hold under a separating equilibrium. We an write IC onditions asCH(tCH)+ tCHeH(tCH)+WH(tCH)�CH(tL)+ tLeH(tL)+WL(tL) (4.7)CL(tL)+ tLeL(tL)+WL(tL)�CL(tCH)+ tHeL(tCH)+WH(tCH); (4.8)
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different types have to aept to reveal their typeand PC onditions (onditions under whih thegovernment aepts the offer and hooses ti for i= L;H) asWi(ti)�a[SCi(ti)�SCi(t�i )℄ andWi(t)�Wi(ti)+a[SCi(t)�SCi(ti)℄ for all t =2 T and i= L;H:Let tHICL be a tax rate suh that (4.7) holds with equality and WL(tHICL ) = a[SCL(tHICL )� SCL(t�L)℄and let be tLICL a tax rate suh that (4.8) holds with equality andWL(tHICL ) =a[SCL(tHICL )�SCL(t�L)℄.tHICL is the lowest tax rate at whih the high-ost industry has no inentive to pretend that it is of lowost, whereas tLICL is the highest tax rate at whih the low-ost industry has an inentive to revealits type8. Therefore, if tLICL > tHICL , then a separating equilibrium exists. The following propositionstates the neessary and suf�ient ondition for the existene of a separating equilibrium.Proposition 4.2. tCH � �t if and only if a separating equilibrium exists where �t is a tax rate suh thatSCL(�t)�SCL(t�L) = SCH(�t)�SCH(t�H).Proof: See appendix C.5.Figures 4.2 and 4.3 give a graphial proof of the existene of a separating equilibrium. Figure 4.2illustrates a ase where a separating equilibrium exists, and �gure 4.3 represents a ase with noseparating equilibrium. The PCL and PCH urve are a set of (t;W) that satisfy PC onditions forlow-ost and high-ost industries with equality in both �gures 4.2 and 4.3, respetively. Beausethe government prefers high ontributions, the areas above PCL and PCH satis�es PC onditionsfor the low-ost and high-ost industries, respetively. The ICL and ICH urves are isoost urvesfor the low- and high- ost industries (the same ost as in the ase when the tax rate is tCH and theontribution is WCH), respetively. Beuse the industry likes low tax rates and small ontributions,the low-ost industry prefers ombinations of taxes and ontributions in the area below ICL over(tCH;WCH) and the high-ost industry prefers points below ICH over (tCH ;WCH). Relative to the highost industry, the low ost industry an endure a high tax rate beause it emits muh less. Therefore,ICL intersets the x-axis at a higher tax rate than ICH does. Under separating equilibria, the low8The low ost industry an redue its ost by dereasing WL and inreasing tL with IC for the high-ost industry,holding with equality if WL(tL) > a [SCL(tL)� SCL(t�L)℄ This is beause the inrease in the sum of the abatementost and the tax payment of the low-ost industry is smaller than that of the high-ost industry. Of ourse, whetherWL(tL) = a [SCL(tL)�SCL(t�L)℄ is an equilibrium ontribution depends on the government's belief about the industry'sost. 68



ost industry prefers a ombination of tax rate and ontribution over (tCH;WCH) but the high ostindustry does not. In addition, the government must also aept that ombination (it prefers theombination over (tCL ;WCL)). So, the ombination of the tax rate for the low-ost industry and itsontribution under separating equilibriummust be loated in the area below ICL and above ICH andPCL. The points in the grey olored area in �gure 4.2 an onstitute a separating equilibrium butno suh area exists in �gure 4.3. This is beause tCH � �t in �gure 4.2 but tCH > �t in �gure 4.3.As we an see from �gure 4.2, the low ost industry must aept a higher tax rate than tCH (thetax rate of the high ost industry under a omplete information ase) to reveal its true type. Thus,the lower limit for the separating equilibrium tax rate of the low ost industry is determined by tCH .In addition, we an onsider tCH as the strength of the inentive to pretend beause the high ostindustry has this inentive as long as the tax rate of the low ost industry is lower than tCH(and has alower politial ontribution than WCH). However, pretending to be a high ost industry is better fora low ost industry if it has to aept a high tax rate to reveal its type. This limit that a low ostindustry has is an inentive to reveal its type, and the upper limit for the separating equilibrium taxrate of the low ost industry is �t. Beause of this upper limit, the low ost industry annot revealits type if the high ost industry has a strong inentive to pretend to be a low ost industry or if tCHis high (relative to �t). Otherwise, separating equilibria are likely to exist if the pretending inentiveof the high ost industry is weak.We now onsider the set of parameters under whih a separating equilibrium exists more onretely.When 2ēL � ēH � ēL (ēH and ēL are not so different) and tCH > 0, �t = (ēL+ ēH)=[2(1+ )℄andtCH = [ēH(a� )℄=[(a�1)+a℄. Therefore, ifēH(a� )(a�1)+a � (ēL+ ēH)2(1+ ) , a� +a�22a� +a ēH � ēL; (4.9)there exists a separating equilibrium9. By partially differentiating (4.9) with  and a , we get¶ (LHS o f (4.9))¶a = 2(1+ )2(a� +a)2 ēH > 0; ¶ (LHS o f (4.9))¶ = �2[(a� +a)+a℄(a� +a)2 ēH < 0:9We ignore a� +a� 0. However, in this ase, tCH = 0, i.e. there always exists a separating equilibrium.69



Figure 4.2: A ase in whih a tax separating equilibrium exists

Figure 4.3: A ase in whih no tax separating equilibrium exists
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Hene, the smaller the differene in natural emission (ēH � ēL), the less the government aresabout soial welfare, and/or the steeper the slope of MAC, the more likely it is that a separatingequilibrium exists10. This result may not be intuitive, but it is quite reasonable given that the highost industry has less inentive to pretend to be the low ost industry, making it harder for the lowost industry to reveal its type. First, if the differene in natural emissions is smaller, then the highost industry has more inentive to pretend to have low osts beause the differenes in tax ratesand ontributions are smaller, i.e., the bene�t of pretending is smaller. Seond, if the governmentares less about soial welfare, then the industry does not have to ontribute muh to set a tax ratethat is different from the optimal one. Thus, the net bene�t of lobbying is large and the bene�t ofpretending is small relative to the net bene�t of lobbying. Therefore, the high ost industry has lessinentive to pretend to be the low ost industry.If the slope of the MAC is steeper, the relative ost of lobbying to the sum of the abatement andthe tax is smaller, and the tax rate of the high ost industry under omplete information is lower11.However, the soially optimal tax rates are higher, and therefore, �t is high12. As the ondition forthe existene of a separating equilibrium is tCH � �t , the separating equilibrium is more likely to existif the slope of the MAC is steeper.The next proposition desribes ases when private information improves soial welfare.Proposition 4.3. Soial osts under a separating equilibrium are not higher than they are underomplete information when � 1 and a � .Proof: The soial osts of the high-ost industry under the omplete information ase and separat-ing equilibrium are the same. If a � , the soial ost of the low-ost industry under the ompleteinformation ases is ē2L=2 beause equation (4.3) implies that the low-ost industry emits ēL in suh10One might assume that the government annot differentiate the type of industry, whether low ost or high ost,ifēH = ēL; this is true. However, the government an differentiate the natural emission of the industry. The industry'stype does not matter beause what the government atually needs to set the tax rate is information on the natural emis-sion level of the industry. Therefore, the equilibrium under the ase with ēH = ēL (equivalent to one under the ompleteinformation ase) an be onsidered a separating equilibrium in the sense that the government has the informationneessary to set the tax rate.11Atually, ¶ tCH¶ = ēH [(a� )℄=[(a�1)+a ℄2 < 0 if tCH > 0.12Atually, �t = (t�H + t�L)=2, and ¶ �t¶ = (ēH+ēL)2 [(a� )℄=[1+ ℄2< 0 if tCH > 0.71



ases. The soial ost of the low-ost industry under separating equilibrium is smaller than ē2L=2for the following reasons; (1) the low-ost industry redues the positve amount of emissions, (2)the soial ost is ̄e2L=2 if the low-ost industry does not emit at all, and (3) the soial ost de-reases with emissions down to the soially optimal emission level, then inreases until there areno emissions. QEDAs mentioned in the proof of propostion 3, equation (4.3) states that tax rates are zero under om-plete information ases if a � . Therefore, the industry does not redue its emissions at all undersuh ases. However, beause tax rate for the low-ost industry is positive under separating equilib-ria, the low-ost industry redues its emissions but it may redue too muh. The soial ost in thease of exessive redution is at most ē2L=2 (= soial ost under the no-emissions ase). If  � 1,ē2L=2< ē2L=2. Therefore, private information might improve soial welfare under taxes.4.4.1.2 Pooling equilibriaUnder pooling equilibria, the government annot differentiate the types of the industries. In otherwords, the high ost industry has an inentive to prevent the government from differentiating itunder pooling equilibira. Tehnially, any t, 0 � t � ēH an be a pooling equilibrium rate suhthat 12F(ēH)�CH(eH(t))+ teH(t)+WP(t): (4.10)where WP(t)� aEē[SC(t)�SC(tP�)℄ and tP� = argminEē[SC(t)℄. t must satisfyWP(t 0)�WP(t)+aEē[SC(t 0)� SCi(t)℄ for any t 0 6= t. Let tP1 and tP2 be a smaller t and bigger t, respetively, thatsatisfy (4.10) with equality 13.Although the total ost of the high-ost industry under pooling equilibria is not higher than it isunder the omplete information ase or separating equilibria, it is unlear whether the total ostof the low-ost industry is higher than it is under separating equilibrium. Whether the total ostof the low-ost industry is higher than that under separating equilibrium depends on the pooling13If tP1 < 0, tP1 = 0: If tP2 > ēH , tP2 = ēH . 72



equilibrium tax rate, i.e., the government's belief about the industry's type and parameters. Inorder to ompare the results under separating equilibrium to those under pooling equilibrium, inthe next setion we fous on the equilibria where the total ost of the low-ost industry is thelowest. We an eliminate pooling equilibria by domination-based re�nement of beliefs if the totalost of the low-ost industry under the best separating equilibrium is lower than the total ost underpooling equilibria. Beause the total ost of the industry at the given tax rate is minimized whenWP(t)= aEē[SC(t)�SC(tP�)℄, the tax rate at whih the ost of the low ost industry is minimized14istP = argmint�0 teL(t)+CL(eL(t))+WP(t) = 12 �(a�1)+a2 t2+2�ēL� a E[ē℄� t+ a1+ E[ēL℄2� :(4.11)If (a�1)+a < 0 or E[ē℄a < ēL15, tP = 0. Otherwise,tP =8><>:tP2 i f t p2 < (E[ē℄a�ēL)(a�1)+a(E[ē℄a�ēL)(a�1)+a otherwise: (4.12)Again, this tP will be used in the numerial example.4.4.2 QuotasThe low-ost industry might have an inentive to pretend that it has high osts beause it wouldbene�t from a large quota. Besides, equation (4.5) implies that the high-ost industry is given alarger quota than the low-ost industry under the omplete information ase. On the other hand,the high-ost industry does not have an inentive to pretend that it has low osts. Therefore, in thenext sub-subsetion, we will desribe the ase in whih the low-ost industry has no inentive topretend to have high osts (separating equilibrium). Then, we will disuss the ase in whih the14We assume that (1+ )ēL � E[ē℄. This assumption ensures that tP� = E[ē℄=(1+ ) and (E[ē℄a�ēL)(a�1)+a < ēL. Seeappendix C.1 when (1+ )ēL < E[ē℄.15In this ase, tP = 0 satis�es Eq(4.10) 73



government annot tell the type of the industry (pooling equilibrium).4.4.2.1 Separating equilibriaThe onditions for a separating equilibrium are the IC onditions (Eq (4.13) for the low-ost indus-try and (4.14)16 for the high-ost industry),different types have to aept to reveal their typeCL(qCL)+WCL(qCL)�CL(eL(qH))+WCH(qH) (4.13)CH(qCL)+WCL(qCL)�CH(qH)+WCH(qH) (4.14)and PC onditions, Wi(qi) � a[SCi(qi)� SCi(q�i )℄ for i = L;H and Wi(q) � Wi(qi)+a[SCi(q)�SCi(qi)℄ for q 2 Q and i= L;H. qH must be larger than q�H . Unlike taxes, a separating equilibriumalways exists under quotas.Proposition 4.4. There exists a separating equilibrium under quotas.Proof: See appendix C.6.The reason why a separating equilibrium always exists under quotas is as follows. The low-ostindustry wants a large quota less than the high-ost industry does. Therefore, when the high-ost industry puts pressure on the government to set a larger quota, the low-ost industry has lessinentive to pretend. Finally, the low-ost industry has no inentive to enlarge the quota. Whena tax is implemented, the low-ost industry reveals its type by making the government set the taxrate for the low-ost industry higher than that for the high-ost industry. However, the tax ratefor the high-ost industry under the omplete information ase is greater than that for the low-ostindustry, so it is sometimes hard for the low-ost industry to make the government set the tax ratehigher for the low-ost industry. This is why a tax separating equilibrium might not exist. On theother hand, the quota for the high-ost industry under omplete information is larger than that forthe low-ost industry, and the high-ost industry more strongly advoates for a large quota than thelow-ost industry. Therefore, it is not dif�ult for the high-ost industry to make the governmentset the quota high enough that the low-ost industry will have no inentive to pretend.16If ēL � qH , then this ondition is the same as CL(qCL)+WCL(qCL)�WCH(qH).74



As for soial welfare, the soial ost under separating equilibria is not lower than that under om-plete information. The high-ost industry might make the government set the quota higher thanit would under the omplete information ase in order to reveal its type17. The low-ost industryreeives the same quota as it does in the omplete information ase. Thus, private information doesnot improve soial welfare under quotas.4.4.2.2 Pooling equilibriaWhether a separating equilibrium is ahieved depends on the government's belief about the indus-try's type, even if it always exists. Therefore, it is possible that pooling equilibria also exist. Ifa pooling equilibrium exists, the low-ost industry has an inentive not to make the governmentdifferentiate its type. In this sub-subsetion, we investigate the property of pooling equilibria.Tehnially, any q an be a pooling equilibrium suh thatCL(qCL)+WCL(qCL)�CL(eL(q))+WP(q) (4.15)where WP(q) � a[Eē[SC(q)� SC(q�)℄℄ and q� = argmin Eē[SC(q)℄. q must satisfy WP(q0) �WP(q) + aEē[SC(q0)� SCi(q)℄ for any q0 6= q. Let qP1 and qP2 be a smaller q and bigger q, re-spetively, that satisfy (4.15) with equality18.While the total ost of the low-ost industry under pooling equilibria is not higher than that underthe omplete information ase or separating equilibria, it is ambiguous whether the total ost ofthe high-ost industry is higher than it is under separating equilibrium. Whether the total ostof the high-ost industry is higher than that under separating equilibrium depends on the poolingequilibrium quota, i.e., the government's belief about eah industry's type and parameters. Inorder to ompare the results obtained under separating equilibrium to those obtained under poolingequilibrium, in the next setion we fous on the equilibrium where the total ost of the high-ostindustry is the lowest. Beause the total ost of the industry at the given quota is minimizedwhen WP(q) = aEē[SC(q)� SC(qP�)℄, the quota at whih the ost of the high-ost industry is17Depending on parameters, the low-ost industry does not have an inentive to pretend to be a high-ost industry.18If qP1 < 0, qP1 = 0. If qP2 > ēH , qP2 = ēH . 75



minimized19 isqPH = arg minqP1�q�qP2 CH(q)+WP(q) = 12 �f+(1+ )agq2�2(ēH +aE[ē℄)q+ ē2H + a21+ E[ē℄2� :(4.16)From �rst order onditions (F.O.Cs),qPH =8><>:aE[ē℄+ēH+(1+)a i f qP2 < aE[ē℄+ēH+(1+)aqP2 otherwise: (4.17)4.4.3 Differene in results and inentives between tax and quotaIn this subsetion, we brie�y and intuitively review what happens under tax and quota. In the lastsubsetion, we showed that private information may worsen soial welfare under quota but mayimprove it under tax. The type that has the inentive to pretend to be the other is different betweentax and quota. In addition, the diretion of hange in the regulation level depends on whih typehas to reveal its type (or whih type has an inentive to pretend to be the other type). These fatorsresult in the differenes under tax and quota.The high ost industry more strongly desires lax regulation or has a higher willingness to pay thanthe low ost industry. Roughly speaking, the high ost industry prefers the ombination of the highpolitial ontribution and lax regulation to that of the low politial ontribution and stringent regula-tion, while the low ost industry prefers the ombination of low politial ontribution and stringentregulation. Therefore, the high ost industry an reveal its type by aepting laxer regulations andhigher politial ontributions relative to the omplete information ase beause bene�t. If the highost industry does so, soial welfare dereases relative to the omplete information ase. Thus,private information worsens soial welfare if the high ost industry has to reveal its type. However,the low ost industry annot reveal its type by aepting laxer regulations and higher politial on-tributions relative to the omplete information ase. If the low ost industry has to reveal its type, itmust also aept stringent regulations by paying low politial ontributions relative to the omplete19We assume that (1+ )ēL � E[ē℄ and ēL � q. See appendix C.2 about other ases.76



information ase, whih means that private information may improve soial welfare when the lowost industry has to reveal its type beause regulations under the omplete information ase are toolax due to the lobbying of the industry.The industry prefers a high quota and low tax rate regardless of type. Under the omplete informa-tion ase, the quota of the high ost industry is higher than that of the low ost industry, and the taxrate of the low ost industry is lower. Under quota, the low ost industry might have an inentiveto pretend to be high ost, or the high ost industry might have to reveal its type. Therefore, privateinformation may worsen soial welfare under quota. Under tax, however, private information mayimprove soial welfare beause the low ost industry may be fored to reveal its type.Beause of the two differenes above, we obtain different results of the separating equilibriumunder quota and tax. Private information may improve soial welfare under tax but may worsensoial welfare under quota. As we show in the last setion, quota is generally better than tax underthe omplete information ase due to the negative inome distribution effet on the industry. Inthe next setion, we examine how private information in�uenes the dominane of quota over taxusing numerial examples.4.4.4 Re�nements of beliefsWhih set of tax rates or quotas and politial ontribution shedules onstitutes an equilibrium de-pends on the government's belief about the industry's type. The simplest re�nement, the domination-based re�nement of beliefs desribed in the appendix of Chapter 13 of Mas-olell et al. (1995), isbased on the idea that reasonable beliefs should not assign a positive probability to an industry'staking an ation that is stritly dominated for that industry. This re�nement eliminates all sepa-rating equilibria exept for the best one. However, it annot rule out pooling equilibria, where thepayoff of the low type is higher than it is in the best separating equilibrium under taxes and wherethe high type's payoff is higher than it is in the best separating equilibrium under quotas. Beausethe total osts of the industry under separating and pooling equilibria are ompliated, we will ex-amine in the next setion whether pooling equilibria are eliminated by the re�nement of beliefs byusing numerial examples. 77



4.5 Numerial examplesFigures 4.4, 4.5, and 4.6 show soial osts of the high-ost industry (�gures 4.4(a), 4.5(a), and4.6(a)) and the low-ost industry (4.4(b), 4.5(b), and 4.6(b)), the industries' osts for the high-ostindustry (�gures 4.4(), 4.5(), and 4.6()) and the low-ost industry (4.4(d), 4.5(d), and 4.6(d)), andpolitial ontributions (�gures 4.4(e), 4.5(e), and 4.6(e)) under different equilibria with hanginga when  is 1=3, 1 or 3. The natural emission levels of the high- and low-ost industry are 80 and50, respetively.The politial ontribution of the industry under taxes and omplete information is inreasing with auntil a = , the maximum value of a where the equilibrium tax rates are zero and dereasing afterthat. The ontribution of the low-ost industry under the tax separating equilibrium is inreasingwith a when a is very small relative to , dereasing until the value of a is lose to , and theninreasing. In addition, no separating equilibrium exists when a is greater than the value at whihthe ontribution of the low-ost industry under tax separating equilibrium is lose to that of the high-ost industry under taxes. The politial ontribution under quotas with omplete information isinreasing with a when it is very small. Otherwise, the ontribution is dereasing. The ontributionof the high abatement ost industry under the separating equilibrium (the same as the ompleteinformation ase) is inreasing in a muh wider range of a .When taxes are implemented, soial welfare under separating equilibrium is higher than it is underthe omplete information ase if the industry is of low abatement ost and a is less than two timesgreater than  (�gures 4.4(b), 4.5(b) and 4.6(b)). Hene, private information improves soial wel-fare when the government has little onern for soial welfare. The industry's ost under poolingequilibria (best for the low-ost industry) is smaller than it is under the separating equilibrium in allases (= 1=3, 1, and 3). Therefore, we annot eliminate pooling equilibria. The industry's ost isdereasing in pL, the prior belief that the industry is of low ost.Under quotas, the low-ost industry has more inentive to pretend to be a high-ost industry whenthe slope of marginal abatement ost (MAC) is higher ( is higher) and the government ares soialwelfare more (i.e., a is greater). When the government ares more about soial welfare, the industryhas to pay a larger politial ontribution to get a larger quota. Thus, pretending to be a high-ost78



(a) Soial osts of the high-ost industy (b) Soial osts of the low-ost industy

() High-ost industy' osts (d) Low-ost industy' osts

(e) Politial ontributionsFigure 4.4: Soial osts, industries' osts, and politial ontributions when = 1=379



(a) Soial osts of the high-ost industy (b) Soial osts of the low-ost industy

() High-ost industy's osts (d) Low-ost industy's osts

(e) Politial ontributionsFigure 4.5: Soial osts, industries' osts, and politial ontributions when = 180



(a) Soial osts of the high-ost industy (b) Soial osts of the low-ost industy

() High ost industy's ost (d) Low ost industy's ost

(e) Politial ontributionsFigure 4.6: Soial osts, industries' osts, and politial ontributions when = 381



industry is a more attrative way for the low-ost industry to get a larger quota. When the slopeof MAC is �at (= 1=3 and 1), the high-ost industry's ost under the best separating equilibriumis smaller than it is under the pooling equilibrium. However, the opposite happens when the slopeof MAC is steep ( = 3). The soially optimal quota under the pooling equilibrium is the sameas that for the high-ost industry when the slope of MAC is steep and there is only a slight priorbelief that the industry is of low ost. Under suh a ase, the industry an obtain the same quotawith a smaller politial ontribution under a pooling equilibrium than it an under the separatingequilibrium. This is why the high-ost industry's ost under the pooling equilibrium is smaller thanit is under the separating equilibrium with the steep MAC urve (= 3).For omparison of the results under taxes with those under quotas (�gures 4.4(), 4.4(d), 4.5(),4.5(d), 4.6(), and 4.6(d)), the industry seems to almost always prefer quotas over taxes underany type of equilibrium. This is quite intuitive beause the industry must pay the tax as well asthe abatement expense under taxes, whereas it pays only the abatement expense under quotas.Under the omplete information ase, the quota is always better than the tax if  � 120. under theinomplete information ase, sometimes (i.e., when the value of a is similar to that of ) the tax isbetter than the quota when the industry is of low ost.Figure 4.7 shows the lowest separating equilibrium quota for the high abatement ost industry underthe ases where the low abatement ost industry has different natural emission levels (ēL = 50, 60,and 70) with hanging a , whereas �gure 4.8 shows the lowest separating equilibrium tax ratefor the low abatement ost industry under the ases where the high abatement ost industry hasdifferent natural emission levels (ēH = 60, 70, and 80) with hanging a . The high abatement ostindustry with higher natural emission has more inentive to pretend to be the low abatement ostindustry (i.e., the separating equilibrium tax rate is high) beause the differene in the politialontributions neessary to set the same (low) tax rate between the low- and high-ost industries islarger when a high-ost industry has more natural emission. In other words, the high-ost industrywith higher natural emission will get more bene�ts from pretending to be a low-ost industry iftaxes are implemented.If quotas are implemented, the lowest separating equilibrium quota for the low-ost industry with20Eq (4.6) always holds if � 1. 82



a lower natural emission level is smaller when a is small. This is beause the quota for the high-ost industry under the omplete information ase is larger than the natural emission level of thelow-ost industry, so the low-ost industry with a lower natural emission level has less inentive topretend to be a high-ost industry. On the other hand, the lowest separating equilibrium quota forthe low-ost industry with a lower natural emission level is smaller when a is large. In this ase,the quota for the high-ost industry under the omplete information ase is smaller than the naturalemission level of the low-ost industry. In addition, the smaller the natural emission level of thelow-ost industry is, the larger the differene in the quotas under omplete information betweenthe high- and low-ost industries beomes. Therefore, the low-ost industry with a lower naturalemission level has more inentive to pretend to be a high-ost industry.4.6 ConlusionWe ompare taxes with quotas and omplete information ases with inomplete information aseswhen levels of regulation are affeted by an industry lobby. We show that quotas are soiallypreferred over taxes when the government ares little about soial bene�t very muh or whenthe slope of MAC is steeper than that of MD. However, private information might redue theomparative disadvantage of taxes ompared to quotas. This result is totally different from theresult in the literature on tax versus quota. If the slope of the MAC urve is steep relative to thatof the MD urve, the industry's bene�ts from lobbying are larger under a tax than they are undera quota, so the industry lobbies more strongly against taxes than against quotas. The impat onsoial welfare of this senario is greater than that of asymmetri information. Therefore, we mightbe able to say that politial eonomy issues indue greater distortion than asymmetri informationdoes. We also show that the tax rate for the low abatement ost industry is higher than that forthe high abatement ost industry if a separating equilibrium exists. This result is onsistent withthe demonstration byEkins and Spek (1999) that the effetive tax rates for emission-intensive ormanufaturing industries are muh lower than the nominal tax rates for other setors in Sweden,Denmark, and Norway.Both pro-environmental poliy groups and polluting industries lobby on environmental poliies,83



Figure 4.7: Separating equilibrium quotas for the high-ost industry with the low-ost indsutry withdifferent levels of natural emissions(ēH = 60,70,and 80)

Figure 4.8: Separating equilibrium tax rate for the low-ost industry with high-ost indsutry withdifferent levels of natural emissions(ēH = 60,70,and 80)84



although the former's ontributions are very small ompared to those of the latter. Hene, extendingthemodel of this hapter to lobbying bymultiple prinipals with private information is one diretionof future researh.
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Chapter 5Conlusion
5.1 Summary of ontributionsThis thesis theoretially and empirially examined environmental poliies, inluding voluntary ap-proahes, quotas and market-based instruments. All of these poliies have been effetive as al-ternatives to traditional environmental regulation approahes suh as the ommand and ontrolapproah.In our theoretial analysis of voluntary emissions redution programs, we built a model that ex-plains why governments implement voluntary programs even though the partiipation rates aresometimes low. This reason has not been explained by the literature on voluntary approahes toenvironmental protetion. Only Dawson and Segerson (2008)analyzed voluntary programs whileinorporating individual �rms' partiipation deision into their model. In their model, the programgenerates lower soial welfare than the mandatory poliy. On the other hand, our model impliesthat the voluntary program an generate greater soial welfare and aggregate abatement than amandatory standard if it is politially dif�ult to set a satisfatory standard. Therefore, regulatorssometime implement a voluntary program in suh a ase. In this situation, the regulator sets theabatement rate of the program as high as possible, subjet to the onstraint that the abatement ostof partiipating �rms is smaller than their ost under the mandatory standard. In addition to on-straints on the ost of individual partiipating �rms, no more �rms will partiipate in the programif the aggregate abatement by the �rms already partiipating is greater than under the mandatorystandard. Our model implies that the partiipation rate of the program will be low if the mandatorystandard is set very lax. 86



We empirially investigated the determinants of ISO 14001 adoption and its impats on environ-mental performane in hapter 3. There are numerous studies on them, but none has addressedintra-industry spillovers of ISO 14001 adoption and environmental performane. We examinedsuh spillovers by applying spatial eonometri estimation methods to a Japanese faility dataset.We found that failities emitting into water are more likely to adopt ISO 14001 if failities thatbelong to �rms with similar revenue in the same industry adopt this standard. We also found thatthe perentage hange in emissions into air for similarly sized failities in the same industry areorrelated. The estimated spillover effets of ISO 14001 adoption between similarly sized �rmsemitting into water are not small. Thus, our result implies that the fat that rival �rms adopt ISO14001 is an important motive for its adoption.In hapter 4, we examined the effets of private information about emission abatement ost onlobbying ativity of a polluting industry and on soial welfare under taxes and quotas. We showedthat to reveal its abatement ost information, an industry with a low abatement ost makes to thegovernment set a higher tax rate than a tax rate set under omplete information that is too low interms of the soial welfare. Thus, private information might improve the soial welfare under taxes,in ontrast to models with a benevolent government. On the other hand, under quotas, an industrywith a high abatement ost might have to make the government set a larger quota than a quotaset under omplete information ase so that it reveals ost information. Thus, private informationdoes not improve soial welfare. In this hapter, we also ompared taxes and quotas and showedthat quotas are soially preferred when the slope of marginal abatement ost is steeper than that ofthe marginal damage or when the government weighs politial ontribution muh more than soialwelfare.5.2 Diretions for further researhWe onlude this thesis by noting unaddressed issues to be studied in future researh. The majorunaddressed issue on voluntary approahes related to environmental issues is information dislo-sure. Both theoretial and empirial analyses of voluntary approahes deal with voluntary ationssuh as improvement of environmental performane and aquirement of environmental manage-87



ment system erti�ates. However, many �rms voluntarily provide self-reported information onpollution levels in their Corporate Soial Responsible report, environmental reports, and/or web-site. Similar to the Carbon Dislosure Projet (CDP), Priniples for Responsible Investment (PRI),and the Investor Network on Climate Risk, we have worldwide shareholder's initiatives that require�rms to dislose information on their greenhouse gas (GHG) emissions. Thus, voluntary informa-tion dislosure has been pervasive, and I believe that it is meaningful to examine determinants andimpats of voluntary information dislosure.In partiular, it is interesting to examine the relationship between �rms' voluntary informationdislosure and their eonomi and environmental performane, but we have to examine this rela-tionship with great are. For example, �rms are more likely to voluntarily dislose information ontheir environmental performane if their environmental performane is good. When informationis available to the publi, �rms are subjet to higher pressure to redue emissions and atually re-due emissions. Thus, we have to ontrol for dual ausality between information dislosure andenvironmental performane. The redibility of self-reported information is also worth researhing.For example, does third party erti�ation on self-reported information have impats on a �rm'seonomi performane or its stok prie? How do we make �rms report truthfully without muhost? Suh questions remain for to be answered by future researh.Due to the limitations of the approahes we used in this thesis, there are issues that remain to beaddressed. In our analysis of voluntary pollutant redution programs, we emphasized the politialdif�ulty of setting mandatory poliies. Heterogeneity of polluting �rms is also likely to play animportant role in the implementation of voluntary programs, but �rms were homogeneous in ourmodel. Introdution of the heterogeneity makes a model muh more ompliated, and therefore,we would have had to alulate and hek many potential equilibria for the implementation of avoluntary program. In our empirial analysis, we did not determine the fators that indued theintra-industry spillovers of ISO 14001 adoption and environmental performane that we found.Therefore, identifying the auses of the intra-industry spillovers an be one diretion of futureresearh. Our model of tax versus quota analysis involved only one industry lobby group, but amodel with ompeting lobby groups would be more realisti and might have muh more relevantimpliations. 88
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Appendies
Appendix A: Appendix for Chapter 2A.1 A set of abatement rate and the number of partiipating �rms that gener-ates the highest aggregate abatement if NVP is not an integerIn this appendix, we show the set of abatement rates and the number of partiipating �rms thatgenerate the highest aggregate abatement when NVP is not an integer. Let N0P be an integer suhthat (N0P + e � 1)aV = NaL where aL = 1� dēiN � ldēiN2(1�l ) ; aV = 1� dēiN � ldēiN2(1�l ) +l2dēiN3(1�l ) = aL+ l2dēiN3(1�l ) ;and 0 < e < 1. This N0P is the greatest integer that satis�es (2.10)when the abatement rate satis�es (2.8) with equality. Let a 0V be the abatement rate suh thatN0Pa 0V = NaL. We an then desribe the equilibrium abatement rate and the number of partiipat-ing �rms.Proposition A.1. a 0Vand N0P+1 are the equilibrium abatement rate and the number of partiipat-ing �rms that generate the highest aggregate abatement if2feN� (1� e)2gfd(1�l )ēiN3� N2(1�l )�Nlg� (1� e)2l > 0: (1)Otherwise, aV and N0P are the equilibrium abatement rate and the number of partiipating�rms.Proof: From the argument given prior to Proposition 1, it is obvious that aV and N0P or a 0V andN0P+ 1 are the equilibrium abatement rate and the number of partiipating �rms. From simpleomputation, we get aVN0P = aV (N0P+ e�1)+aV (1� e)= aLN+aV (1� e): (2)97



and a 0V (N0P+1) = a 0VN0P+a 0V= aLN+aLN=N0P: (3)beause (N0P+e�1)aV = NaL, and N0Pa 0V = NaL. From Lemma 1, the regulator will hoose a 0Vif aVN0P < a 0V (N0P+1). Therefore, the regulator will hoose a 0V ifa 0V (N0P+1)�aVN0P = aLN=N0P�aV (1� e)= 1N0P [NaL� (N aLaV +1� e)aV (1� e)℄= 1N0P [eNaL� (1� e)2aV ℄= 1N0P �[eN� (1� e)2℄(1� dēiN � ld(1�l )ēiN2 )� (1� e)2 l2d(1�l )ēiN3�= 2feN� (1� e)2gfd(1�l )ēiN3� N2(1�l )�Nlg� (1� e)2l2N0Pd(1�l )ēiN3> 0:Therefore, a 0V (N0P+1)> aVN0P if (1) holds. QEDA.2 Complete proof of the statement that there is equilibrium only when lessthan (NVP �1) �rms partiipate in the VP and the mandatory poliy is imple-mented (the seond part of proposition 2.2)The mandatory poliy generates a (weakly) higher aggregate abatement if the abatement rate isaV and if the number of partiipating �rms is less than (NVP �1) beause (NVP �1)aV ēi = NaLēi.Therefore, the mandatory poliy is implemented under suh a ase.Suppose that NP (less than NVP �1) �rms partiipate in the VP. As long as NP < NVP , the mandatorypoliy is implemented. Even if the VP is implemented, partiipating �rms get the same payoffas they do when the mandatory poliy is implemented. Therefore, if NP < NVP , then all partii-98



pating �rms do not have to hange their deision (from �partiipate� to �not partiipate�) In addi-tion, all �non-partiipating� �rms do not have to hange their deision (from �not partiipate� to�partiipate�). QEDA.3 Proof of Proposition 2.3, 2.5 and 2.6We give proof of Propositions 2.3, 2.5, and 2.6 in the Appendix. We show the effets of hangesin eah parameter on the abatement rate of the VP and the mandatory poliy, the partiipationrate of the VP, and the aggregate abatement of the two programs. We haveaL = 1� dēiN �ldēiN2(1�l ) ; aV = 1� dēiN� ldēiN2(1�l )+ l2dēiN3(1�l ) , NVP =N= aLaV +1= 1+1=N� l2dēiN3(1�l )�2N2(1�l )�2Nl+l ,and NVPaV ēi = NaLēi+aV ēi. Let A= 2dēiN3(1�l ) and B= l2dN3(1�l ) . then,(ēi) 0� ¶aV¶ ēi = dNē2i + l2dN3(1�l )A2 (2N�1)� dNē2i + l2dN3(1�l )A2 2N= ¶aL¶ ēi . ¶ (NVP =N)¶ ēi = �aV��2 (aV ¶aL¶ ēi �aL ¶aV¶ ēi )� 0. ¶NVP aV ēi¶ ēi = ¶NaL ēi¶ ēi + ¶aV¶ ēi ēi � ¶NaL ēi¶ ēi .(N) 0 � ¶aV¶N = dN2 ēi + l2dN2 ēi(1�l )A2 (4N � 3) = dN2 ēi + l6dN2 ēi(1�l )A2 (2N � 1)� 2lA � dN2 ēi +l6dN2 ēi(1�l )A2 2N = ¶aL¶N . ¶NVP¶N = aLaV + �aV��2N[aV ¶aL¶N �aL ¶aV¶N ℄ = 1� �aV ��2 [NB¶aL¶N +NaL ¶B¶N � B(aL + B)℄ � 1 beause N ¶B¶N = 3B and ¶aL¶N = ddN2 ēi + 4B. If ¶NVP¶N � 1, then¶ (NVP =N)¶N � 0. Therefore, ¶ (NVP =N)¶N � 0. ¶NVP aV ēi¶N = ¶NaL ēi¶N + ¶aV¶N ēi � ¶NaL ēi¶N .(d) 0� ¶aV¶d = d2Nēi + l2ēiN3(1�l )A2 (2N�1)� d2Nēi + l2ēiN3(1�l )A2 2N= ¶aL¶d . ¶ (NVP =N)¶d = �aV ��2 (aV ¶aL¶d �aL ¶aV¶d )� 0. ¶NVP aV ēi¶d = ¶NaL ēi¶d + ¶aV¶d ēi � ¶NaL ēi¶d .() 0� ¶aV¶ =� 1dNēi� l2dēiN3(1�l )A (2N�1)�� 1dNē2i � l2dēiN3(1�l )A 2N= ¶aL¶ . ¶ (NVP =N)¶ = �aV ��2 (aV ¶aL¶ �aL ¶aV¶ )� 0. ¶NVP aV ēi¶ = ¶NaL ēi¶ + ¶aV¶ ēi � ¶NaL ēi¶ .(l ) 0� ¶aV¶l = �2dēiN3A2 (2N�1)� �2dēiN3A2 2N = ¶aL¶l . ¶ (NVP =N)¶l = �aV ��2 (aV ¶aL¶l �aL ¶aV¶l )� 0.¶NVP aV ēi¶l = ¶NaL ēi¶l + ¶aV¶l ēi � ¶NaL ēi¶l . QEDA.4 Proof of Proposition 2.4When Nēi = N0ē0i; N > N0;  = 0; d = d0, and l = l 0, a� = 1� dNēi = 1� dN0ē0i = a�0. From asimple alulation, we get NVP =N = 1� l2dN3 ēi(1�l ) + 1=N and NV 0P =N0 = 1� l2dN30 ēi(1�l ) + 1=N0.99



Let A = l2dNēi(1�l )(= l2dN0 ē0i(1�l )). Then, NVP =N�NV 0P =N0 = A(1=N2� 1=N02)+ 1=N� 1=N0 =1N2N02 (A(N02�N2)�NN0(N0�N)) = N0�NN2N02 (A(N0+N)�NN0): As N0 < N, NVP =N�NV 0P =N0 > 0if A(N0+N) < NN0. Beause we fous on a ase with aL0 = 1� dNēi � ldN2 ēi(1�l ) = 1� dNēi �2A=N0> 0 as we mentioned in footnote 6 of Chapter 2, 2A= ldN0 ē0i(1�l ) < N0 must hold. Therefore,A(N0+N)< 12N0(N0+N)< NN0 and NVP =N�NV 0P =N0 > 0 beause N > N0.Beause aV = 1� dNēi � ldN2 ēi(1�l ) + l2dN3 ēi(1�l ) = 1� dNēi �2A=N+A=N2 and aV 0= 1� dN0 ē0i �ldN02ē0i(1�l ) + l2dN03 ē0i(1�l ) = 1� dN ¯0ei � 2A=N0+ A=N02, aV � aV 0 = �2A=N +A=N2 + 2A=N0�A=N02 = 2A=N2N02(N02�N2� 2N0N(N0�N)) = 2A(N0�N)=N2N02(N0+N� 2N0N). BeauseN > N0 � 2, (N0�N)< 0 and (N0+N�2N0N)< 0: Thus, aV �aV 0 > 0. QEDA.5 Case without free ride in lobbyingIf we assume that all �rms ooperate in lobbying and that no �rms free-ride, then the lobby groupminimizes C(W) = åNi=1 a(W)ēi+W subjet to ¶L¶W = 0 and L(a;W) = L(a�;0). From the F.O.Cand L(a;W) = L(a�;0), we obtain aL = 1� dNēi(1�l ) andW= 2l2d(1�l ) . If we assume the politialontribution is paid equally by all �rms, then aV = 1� (2�l )2dNēi(1�l ) and NVP =N = aLaV +1=N. Undera ase with free-riding in lobbying, we obtain the following result, whih is ompletely differentfrom that without free-riding.Proposition A.2. If Nēi = N0ē0i; N > N0;  = 0; d = d0, and l = l 0, then aV = aV 0, NVP =N <NV 0P =N0, and NVPaV ēi < NV 0P aV 0ē0i.Proof: Beause Nēi = N0ē0i, aV = 1� (2�l )2dNēi(1�l ) = 1� (2�l )2dN0 ē0i(1�l ) = aV 0. NVP =N = aLaV + 1=N <aL0aV 0 + 1=N0 = NV 0P =N0 as aL = aL0,aV = aV 0and N < N0. NVPaV ēi = NaLēi+aV ēi < N0aL0ē0i+aV 0ē0i = NV 0P aV 0ē0i as ēi < ē0i, aL = aL0,aV = aV 0 and Nēi = N0ē0i. QEDProposition A.3. (1)¶ (NVP =N)¶ ēi � 0, ¶NVP aV ēi¶ ēi � 0, ¶aV¶ ēi � 0, (2) ¶ (NVP =N)¶N � 0, ¶aV¶N � 0, ¶NVPaV ēi¶N � 0,(3) ¶ (NVP =N)¶d � 0, ¶aV¶d � 0, ¶NVPaV ēi¶d � 0, (4) ¶ (NVP =N)¶ � 0, ¶aV¶ � 0, ¶NVP aV ēi¶ � 0, and (5)¶ (NVP =N)¶l � 0, ¶aV¶l � 0, ¶NVPaV ēi¶l � 0. 100



Proof: We have aL = 1� dNēi(1�l ) , aV = 1� (2�l )2dN(1�l )ēi , NVP =N = aLaV + 1=N and NVP = [1�l2dN(1�l )ēi�(2�l ) ℄N+1. From a simple alulation, we �ndDSC=aV ēi(12daV ēi� lN(1�l ))=aV ēi[12dēi� 2N � l2N2(1�l )+ l4N3(1�l )� lN(1�l )℄> 0:Hene,(ēi) 0� ¶aV¶ ēi = (2�l )2dN(1�l )ē2i � 22dN(1�l )ē2i = ¶aL¶ ēi . ¶ (NVP =N)¶ ēi = �aV��2 (aV ¶aL¶ ēi �aL ¶aV¶ ēi )� 0. ¶NVPaV ēi¶ ēi =¶NaL ēi¶ ēi + ¶aV¶ ēi ēi � ¶NaL ēi¶ ēi .(N) 0� ¶aV¶N = (2�l )2dN2(1�l )ēi � 22dN2(1�l )ēi = ¶aL¶N . ¶NVP¶N = 1+ 2l (2�l )[2dN(1�l )ēi�(2�l )℄2 � 1. If ¶NVP¶N � 1,then ¶ (NVP =N)¶N � 0. Therefore, ¶ (NVP =N)¶N � 0. ¶NVP aV ēi¶N = ¶NaL ēi¶N + ¶aV¶N ēi � ¶NaL ēi¶N .(d) 0� ¶aV¶d = (2�l )2d2N(1�l )ēi � 22d2N(1�l )ēi = ¶aL¶d . ¶ (NVP =N)¶d = �aV ��2 (aV ¶aL¶d �aL ¶aV¶d )� 0. ¶NVP aV ēi¶d =¶NaL ēi¶d + ¶aV¶d ēi � ¶NaL ēi¶d .() 0� ¶aV¶ = �2+l2dN2(1�l )ēi � 22dN2(1�l )ēi = ¶aL¶ . ¶ (NVP =N)¶ = �aV ��2 (aV ¶aL¶ �aL ¶aV¶ )� 0. ¶NVP aV ēi¶ =¶NaL ēi¶ + ¶aV¶ ēi � ¶NaL ēi¶ .(l ) 0� ¶aV¶l = �2dN(1�l )ēi � �22dN2(1�l )ēi = ¶aL¶l . ¶ (NVP =N)¶l = �aV ��2 (aV ¶aL¶l �aL ¶aV¶l )� 0. ¶NVPaV ēi¶l =¶NaL ēi¶l + ¶aV¶l ēi � ¶NaL ēi¶l . QED
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Appendix B: Appendix for Chapter 3:Estimation results of WM IV and V modelswith m= 3;5; and 10We show the estimation results of WM IV and V models with m=3, 5, and 10. We show the resultsof ISO 14001 adoption by water emitting failities (Table B.1), water emission redution (TableB.2), ISO 14001 adoption by air emitting failities (Table B.3), and air emission redution (TableB.4).
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Table B.1: Estimation results of ISO 14001 adoption by water emitting failities with different'm'sDependent variable:ISO 14001 adoptionWM IV WM Vm=3 m=5 m=10 m=3 m=5 m=10Workers/102 0.119��� 0.096��� 0.094��� 0.134��� 0.128��� 0.109���(0.011) (0.009) (0.015) (0.013) (0.012) (0.014)Air emission intensity/106 0.056 0.031 0.075 0.018 0.034 0.029(0.270) (0.265) (0.271) (0.270) (0.263) (0.254)Water emission intensity/106 -0.254��� -0.145�� -0.137� -0.208� -0.144� -0.147�(0.096) (0.073) (0.076) (0.123) (0.080) (0.084)Pro�t/revenue/103 1.11� 0.924 0.912 0.958 0.949 0.923(0.656) (0.648) (0.652) (0.640) (0.625) (0.665)Population density/103 -5.62 -5.08 -3.81 -4.83 -4.73 -4.36(3.47) (3.51) (3.57) (3.52) (3.41) (3.56)Inome per apita/103 0.293 0.238 0.223 0.268 0.318 0.242(0.375) (0.349) (0.362) (0.369) (0.372) (0.376)Support -0.038 -0.053 -0.032 -0.019 -0.022 -0.016(0.136) (0.134) (0.140) (0.137) (0.133) (0.144)Grievanes against pollution -0.500 -0.346 -0.612 -0.462 -0.558 -0.481(0.455) (0.458) (0.463) (0.464) (0.427) (0.468)Year dummy (2001) -0.227��� -0.211��� -0.200��� -0.269��� -0.258��� -0.225���(0.075) (0.074) (0.073) (0.082) (0.085) (0.078)Constant -19.8 -13.6 -29.6��� -32.7�� -34.2 -7.44(12.5) (10.1) (10.5) (16.3) (27.1) (4.78)n 0.333��� 0.357��� 0.334��� 0.048 0.043 0.166���(0.046) (0.038) (0.067) (0.032) (0.054) (0.054)Likelihood -1237.74 -1411.22 -1121.92 -1101.20 -1465.35 -1099.74Observation 1326 1326 1326 1326 1326 1326All of models in this table are SAR probit models. �, ��, and ��� imply that the oef�ient is signi�antly different fromzero at the 1%, 5% and 1% levels, respetively.
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Table B.2: Estimation results of water emissions redutions with different 'm'sDependent variable: Water emissions redutions (EWt+1=EWt )WM IV WM Vm=3 m=5 m=10 m=3 m=5 m=10Workers -0.367 -0.368 -0.366 -0.367 -0.367 -0.367(1.73) (1.73) (1.73) (1.73) (1.73) (1.74)Pro�t/Revenue -0.352 -0.352 -0.350 -0.351 -0.351 -0.355(4.51) (4.51) (4.52) (4.52) (4.52) (4.52)ISO 176 174 172 172 172 173(847) (849) (849) (849) (849) (849)Population density -1171 -1167 -1167 -1167 -1167 -1169(1742) (1745) (1746) (1746) (1746) (1746)Inome per apita 2.22 2.21 2.21 2.20 2.20 2.21(12.1) (12.1) (12.1) (12.1) (12.1) (12.1)Grievanes against pollution -1.92 -1.89 -1.90 -1.90 -1.90 -1.91(10.1) (10.2) (10.2) (10.2) (10.2) (10.2)Constant -134 -134 -134 -135 -135 -135(487) (488) (488) (488) (488) (489)r 0.006 0.002 0.001 0.0003 0.0005 -0.003(0.000) (0.000) (0.000) (0.0000) (0.0000) (0.000)Log-likelihood -6647.038 -6647.041 -6647.041 -6647.041 -6647.041 -6647.041Observation 663 663 663 663 663 663All of models in this table are �xed effets SAR models. �, ��, and ��� imply that the oef�ient is signi�antly differentfrom zero at the 1%, 5% and 1% levels, respetively.
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Table B.3: Estimation results of ISO 14001 adoption by air emitting failities with different 'm'sDependent variable: ISO 14001 adoptionWM IV WM Vm=3 m=5 m=10 m=3 m=5 m=10Workers/102 0.129��� 0.107��� 0.097��� 0.122��� 0.107��� 0.085���(0.006) (0.005) (0.016) (0.006) (0.005) (0.006)Air emission intensity/106 0.167 0.16 0.163 0.169 0.154 0.165(0.129) (0.263) (0.130) (0.127) (0.130) (0.125)Water emission intensity/106 -0.127 -0.138 -0.139 -0.130 -0.121 -0.118(0.105) (0.102) (0.107) (0.123) (0.11) (0.102)Pro�t/revenue/103 0.003 -0.053 -0.050 0.097 0.072 0.061(0.248) (0.220) (0.220) (0.236) (0.229) (0.233)Population density/103 -1.78 -2.07��� -1.95 -1.65 -1.40 -1.20(1.149) (1.184) (1.24) (1.18) (1.11) (1.17)Inome per apita/103 -0.150 -0.144 -0.216 -0.120 -0.113 -0.129(0.121) (0.122) (0.123) (0.117) (0.118) (0.121)Support 0.070 0.078 -0.054 0.068 0.065 0.059(0.050) (0.049) (0.046) (0.049) (0.046) (0.048)Grievanes against pollution -0.289� -0.281 -0.235 -0.322 -0.345�� -0.355��(0.171) (0.18) (0.182) (0.170) (0.163) (0.171)Year dummy (2001) -0.178 ��� -0.144��� -0.130 ��� -0.181��� -0.161 -0.131���(0.030) (0.03) (0.035) (0.032) (0.03) (0.028)Constant -3.38 ��� -3.58��� -54.5 �� -4.03 �� -4.198��� -3.02 ��(1.78) (1.99) (21.4) (2.08) (2.03) (1.26)n 0.270��� 0.419��� 0.430��� 0.199��� 0.287��� 0.417���(0.000) (0.001) (0.090) (0.020) (0.019) (0.025)Likelihood -6658.74 -6614.50 -6352.29 -6523.54 -6461.20 -6337.96Observation 7158 7158 7158 7158 7158 7158All of models in this table are SAR probit models. �, ��, and ��� imply that the oef�ient is signi�antly different fromzero at the 1%, 5% and 1% levels, respetively.
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Table B.4: Estimation results of air emissions redutions with different 'm'sDependent variable: Air emissiions redutions (EAt+1=EAt )WM IV WM Vm=3 m=5 m=10 m=3 m=5 m=10Workers 0.0242 0.0249 0.0248 0.0248 0.0248 0.0256(0.0514) (0.0515) (0.0523) (0.0528) (0.0528) (0.0526)Pro�t/Revenue 0.004 0.0069 0.0062 0.0163 0.0162 0.0189(0.098) (0.098) (0.100) (0.100) (0.100) (0.100)ISO -14.6 -13.8 -12.9 -13.1 -13.1 -13.3(20.6) (20.1) (20.4) (20.6) (20.6) (20.5)Population density 6.04 5.21 5.72 6.41 6.43 5.97(26.0) (26.1) (26.4) (26.7) (26.7) (26.6)Inome per apita -0.1705 -0.169 -0.1672 -0.178 -0.178 -0.1761(0.227) (0.227) (0.231) (0.233) (0.233) (0.232)Grievanes against pollution 0.133 0.131 0.13 0.144 0.144 0.142(0.196) (0.197) (0.200) (0.202) (0.202) (0.201)Constant 6.44 6.06 6.03 6.72 6.73 6.36(10.5) (10.5) (10.7) (10.8) (10.8) (10.7)r 0.075��� 0.110��� 0.090��� 0.0001��� -0.001��� 0.039���(0.000) (0.000) (0.000) (0.0000) (0.000) (0.000)Likelihood -25422.42 -25419.32 -25423.81 -25426.65 -25426.65 -25426.18Observation 3579 3579 3579 3579 3579 3579All of models in this table are �xed effets SAR models. �, ��, and ��� imply that the oef�ient is signi�antly differentfrom zero at the 1%, 5% and 1% levels, respetively.
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Appendix C: Appendix for Chapter 4C.1 Calulations of tHIC and tLICSuppose1 12F(ēH)<CH(eH(ēL))+ ēLeH(ēL)+WL(ēL): (4)tHICL must satisfy 12F(ēH) =CH(eH(tHICL ))+ tLeH(tHICL )+WL(tHICL ) (5)where 12F(ēi) = tCi eCi (tCi )+Ci(eCi (tCi ))+WCi (tCi ). By rearranging (5),((a�1)+a)t2�2(a ēL� ēH)t+ 2� a1+  ē2L�F(ēH)�= 0 (6)Let AT = (a�1)+a;BT = (a ēL� ēH), andCT = 2 � a1+ ē2L�F(ēH)�. Then,tHICL = BT+pB2T�ATCTAT :Next, suppose (4) does not hold. By rearranging (5),t2�2ēHt+ [F(ēH)�2WL(ēL)℄ = 0: (7)LetC0 = [F(ēH)�WL(ēL)℄. Then,tHICL = ēH �p(ēH)2�C0beause 0� tHICL � ēH and C0 > 0. tHICL exists as long as (ēH)2�C0 > 0, i.e.,1This is the ondition for tHICL < ēL. 107



12F(ēH)<CH(0)+WL(ēL): (8)Next, tLICL must satisfyCL(eL(tCH))+ tCHeL(tCH)+WCH(tCH) =CL(eL(tLICL ))+ tLICL eL(tLICL )+WL(tLICL ) (9)ifCL(eL(tCH))+ tCHeL(tCH)+WCH(tCH)<CL(0)+WL(ēL). Otherwise, tLICL = ēH .C.2 Contribution under pooling equilibria when (1+ )ēL < E[ē℄ and whent < ēL and (1+ )ēL � E[ē℄In this ase2, the soially optimal pooling tax rate is the same as the soially optimal tax rate forthe high-ost industry. Hene, the ontribution should beW(t) =8><>:a2 h t2+ pL(ēL� t)2+(1� pL)(ēH� t)2�fpLē2L+(1� pL)=(1+ )ē2Hgi i f t < ēLa2 hpLē2L+(1� pL)f t2+(ēH � t)2g�fpLē2L+(1� pL)=(1+ )ē2Hgi otherwise:(10)If (a�1)+a � 0, then the best pooling equilibrium tax rate is tP= 0. Otherwise, the best poolingequilibrium tax rate is tP = t�H if tP2 > t�H (otherwise, tP = tP2 ).If t > ēL and (1+ )ēL � E[ē℄, then the ontribution should beW(t) = a2 �pLē2L+(1� pL)f t2+(ēH � t)2g�fpL=(1+ )ē2L+(1� pL)=(1+ )ē2Hg� : (11)2This ondition is the same as ēL < (E[ē℄a�ēL)(a�1)+a
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C.3 Contribution under pooling equilibria when (1+ )ēL < E[ē℄ and whenq> ēL and (1+ )ēL � E[ē℄If (1+ )ēL < E[ē℄, the soially optimal pooling quota is the same as the soially optimal quotafor the high-ost industry. Hene, the ontribution should beW(q) = a(1� pL)2(1+ ) �(1+ )q� ē2H�2 : (12)And, the best pooling equilibrium quota is qP2 .If ēL < q and (1+ )ēL � E[ē℄, then the ontribution should beW(q) = a2 �pLē2L+(1� pL)((ēH�q)2+q2)�fE[ē2℄� (E[ē℄)21+  g� : (13)C.4 Proof of Proposition 4.1TCq =Ci(qCi )+Wi(qCi ) = a2(1+ )Aē2i : (14)TCt =Ci(ei(tCi ))+ tCi ei(tCi )+Wi(tCi ) =8><>: a2(1+) ē2i i f a � a+2a��22(1+)AT ē2i otherwise (15)where A = +a(1+ ) and AT = �+a(1+ ). If a � , TCq < TCt beause =A < 1. Next,onsider a > .TCt�TCq = a+2a� � 22(1+ )AT ē2i � a2(1+ )Aē2i := (a+2a� � 2)A�aAT2(1+ )AAT ē2i= (a� )(1+ )A+a2+(1+ )a2+a2�a22�a22(1+ )AAT ē2i= (a� )(1+ )A+2a22(1+ )AAT ē2i > 0:109



Hene, TCt > TCq. QEDC.5 Proof of Proposition 4.2proof of(Suppose that a separating equilibrium exists but tCH > �t. Then, beause there is a separating equi-librium, there is �t suh thatCH(eH(tCH))+ tCHeH(tCH)+WH(tCH)�CH(eH(�t))+ �teH(�t)+WL(�t) (16)CL(eL(�t))+ �teL(�t)+WL(�t)�CL(eL(tCH))+ tCHeL(tCH)+WH(tCH) (17)Beause tCH > �t,WL(�t) =WH(�t)>WH(tCH), and therefore,WL(t)>WH(tCH) for all t � �t. if �t > tCH > �t,then (17) does not hold beause WL(�t) > WL(�t) > WH(tCH) and Ci and tei(t) are nondereasing onT . Thus, tCH > �t must hold.However, if ēL � tCH , we get tCH � �t by adding (17) to (16) beause CL(eL(t)) = CH(eH(t)) andteL(t)� teH(t) = t ¯(eH� ¯eL) when t < ēL. This is a ontradition.If �t � ēL < tCH , then by adding (17) to (16), we get(tCH)22 + tCH(ēH � tCH )� 12ē2L � �tDētCHDē+ 12 [ēL(tCH� ēL)� tCH (tCH� ēL)℄� �tDē(tCH� �t)Dē� 12(tCH� ēL)2:Beause ēH > tCH , Dē > tCH � ēL. Hene, tCH � �t < (tCH � ēL)=2. By rearranging, �t > (tCH +ēL)=2> ēL. This is a ontradition.If ēL � �t < tCH , (16) implies WL(�t) = WL(ēL) � WH(tCH). WL(�t) � WH(tCH) and (17) imply thattCH � �t. This is a ontradition. Therefore, tCH � �t if there exists a separating equilibrium.Proof of) 110



Beause tCH � �t, there exists �t, tCH � �t � �t, suh thatWH(tCH)�WL(�t) andCH(eCH)+tCHeCH+WH(tCH) =CH( �eH)+ �t �eH +WL(�t).Case: tCH � �t � ēLCL(eL(�t))+ �teL(�t)+WL(�t) =CH(eH(�t))+ �teH(�t)+WL(�t)� �tDē=CL(eL(tCH))+ tCHeL(tCH)+WH(tCH)� �tDē=CL(eCL)+ tCHeCL +WH(tCH)+(tCH� �t)Dē�CL(eL(tCH))+ tCHeL(tCH)+WH(tCH)Hene, ICs for both types hold in this ase.Case: �t � tCH � ēLCL(eL(�t))+ �teL(�t)+WL(�t) =CH(eH(�t))+ �teH(�t)+WL(�t)� �teH(�t)�CH(eH(�t))+CL(eL(tCH))=CH(eH(tCH))+ tCHeH(tCH)+WH(tCH)� �teH(�t)�CH(eH(�t))+CL(eL(tCH))=CL(eL(tCH))+ tCHeL(tCH)+WH(tCH)� [CH(eH(�t))+ �teH(�t)�CH(eH(tCH))� tCHeH(tCH)℄�CL(eL(tCH))+ tCHeL(tCH)+WH(tCH)Case: �t � ēL � tCHCL(eL(�t))+ �teL(�t)+WL(�t) =CH(eH(�t))+ �teH(�t)+WL(�t)� �teH(�t)� 12(�t2� (ēL)2)=CH(eH(tCH))+ tCHeH(tCH)+WH(tCH)� �teH(�t)� 12 [�t2� (ēL)2℄=CL(eL(tCH))+ tCHeL(tCH)+WH(tCH)� 12 [�t2� (ēL)2℄� [�teH(�t)� tCHDē℄If 12 [�t2� (ēL)2℄+ [�teH(�t)� tCHDē℄� 0,CL(eL(�t))+ �teL(�t)+WL(�t)�CL(eL(tCH))+ tCHeL(tCH)+WH(tCH): (18)111



We show this.12 [�t2� (ēL)2℄+ [�teH(�t)� tCHDē℄ = (�t� tCH)Dē� 12ē2L� 12 �t2+ �tēL= (�t� tCH)Dē+ 12(�t� ēL)ēL� 12 �t(�t� ēL)= (�t� tCH)Dē� 12(�t� ēL)2 � 0:This is beause �t� tCH � �t�ēL, and 2Dē� �t+ēL = 2ēH� �t�ēL � 0. Hene, ICs for both typeshold and there is a separating equilibrium. QEDC.6 Proof of Proposition 4.4By rearranging (4.13) and (4.14),f (q) = [+(1+ )a℄q2�2(ēL+aēH)q+ ē2L+ a21+  ē2H�G(ēL)� 0 (19)g(q) = (1+ )aq2�2aēHq+ a21+  ē2H �G(ēL)� 0 (20)h(q) = [+(1+ )a℄q2�2(ēH +aēH)q+ ē2H + a21+  ē2H� (G(ēL)+H)� 0 (21)where G(ēi) = CL(ei(qCi ))+WCi (qCi ) and H = CH(eH(qCL))�CL(eL(qCL)). We get (19) and (20)by rearranging (4.13) and get (21) from (4.14). When qCH > ēL, the IC ondition for the low-ostindustry might be (20). Let A = +(1+ )a;A00 = (1+ )a , B0 = ēL+aēH , B = ēH +aēH ,C0 = ē2L+ a21+ ē2H �G(ēL), C00 = a21+ ē2H �G(ēL), and C = ē2H + a21+ ē2H � (G(ēL)+H). Then, aseparaing equilibrium q must satisfyq� q0 = B0+pB02�AC0A < ēL (22)q� q00 = aēH +q(aēH)2�A00C00A00 = 1+  ēH +p=A1+  ēL < ēH (23)q� q2 = B+pB2�ACA : (24)
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where f (q0) = 0, g(q00) = 0, and h(q2) = 0. There exists q satisfying the IC ondition for thehigh-ost industry beauseB2�AC = A(G+H)+((1+a)ēH)2� (+(1+ )a)ē2H� (+(1+ )a)a2(1+ ) ē2H= A(G+H)� a1+  ē2H (25)= (+a)Dē2+ a21+ (Dē2+2DēēL)= (+a)Dē2+ a21+ (ē2H� ē2L)> 0 (26)where G = a(1+)A ē2L, H = Dē2 + 2aA DēēL, Dē = ēH � ēL, and Dē2 = (ēH � ēL)2. Suppose that qsatisfying the IC ondition for the high-ost industry is given by (20). Then, the smallest one is q00,g(q00) = 0, and g(ēL)� 0. h(q00)< 0 beauseg(ēL)�h(ēL) =�ē2L+2ēH ēL� ē2H +H =�Dē2+ Dē2+2aA DēēL > 0 (27)¶g¶q = 2(1+ )aq�2aēH (28)¶h¶q = 2q+2(1+ )aq�2ēH�2aēH = ¶g¶q +2q�2ēH < ¶g¶q if q< ēH : (29)Hene, q00 < q2.Next, onsider the ase when the IC ondition for the high-ost industry is given by (19). If B02�AC0< 0, then any q satisfying (24) is a separating equilibrium. Next, we onsider when B02�AC0�0.q0 � q2 implies that there exists a separating equilibrium. Now, we show it.B2�B02 = 2Dē(ēH + ēL+2a ēH) (30)AC�AC0 = A(Dē(ēH + ēL)� Dē(ēH + ēL�2qCL)) (31)= 2(ADēqCL) = 22(1+a)DēēL (32)B2�B02� (AC�AC0) = 2a2Dē(ēH � ēL)+ 2Dē(ēH� ēL) = (2a+1)(Dē)2 > 0: (33)
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Hene, q0 � q2. QED
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