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ABSTRACT

The United States Environmental Rrction Agency has begun to encourage
innovative market-based approachesddrass nonpoint source water pollution. These
water quality trading programs hathee potential to achieve environmental standards at a
lower overall cost. Two fundamental questiomgst be answered before these benefits
can be realized: How will &des between point and nonpoint sources be monitored and
enforced?; and, How will nonpoint sourcesifieluded within a trading market?

Point-nonpoint source trading can be accommodated through either a technology-
based or performance-based approache t€bhnology-based approach accommodates
trading through the use of a proxy for unobsblwaindividual nonpoint source emission
reductions. While trading ratios can effectivdkeal with the uncertainty associated with
using a proxy for actual abatement, theyinedficient and ineffective for dealing with
problems of hidden action. The alternatisge of performance-based trading approaches
requires the use of tearordracts that provide indigual incentives linked to the
performance of the entire group. Sudmitacts must be designed to overcome both
adverse selection and moral hazard probleRerformance-based approaches promise

efficiency gains in terms of reducing themblems of asymmetric information, and by



introducing flexibility intothe choice of nonpoint saze abatement technologies and
practices.

Nonpoint sources are exempted fromect regulation under the polluter-pays-
principle. As a result, their participationtirading markets is vahtary, thus preventing
a baseline cap on pre-trade emissions. To determine whether this arrangement should be
changed, we must ask if there something thatally prohibits thelirect regulation of
nonpoint sources of pollution. While a morally relevant distinction can be made between
point and nonpoint sources of emission basedifferences in the ability to observe
individual emission levels, this relevaniedimited to the case of performance-based
policy instruments. The moral legitimaoyapplying the pollutepays-principle to
nonpoint sources of pollution must be maaiea case by case basis, as it is dependent
upon existing social, economic, and other practmetiors. However, it can be stated that
there is no general moral barrier to prohibé application of the polluter-pays-principle

to nonpoint sources of pollution.
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CHAPTER 1

INTRODUCTION

More than thirty years after its incegti, the Clean Water Act can at best be
categorized as a guarded success. Undenihielse are success stories, with Lake Erie
and the Cuyahoga River serving as excellecdl examples. Lake Erie has been
resuscitated after being deddrdead twenty-years agmdathe infamous Cuyahoga is
no longer prone to combustion. However, achievements are often overshadowed by the
myriad of persistent and enggng water quality problems.

The majority of the accomplishments oétGlean Water Act can be attributed to
the successful control of point source enaissi The Act’s policy for nonpoint sources of
emissions, such as urban stormwater runoff, agricultural runoff, and atmospheric
deposition, has not been dfeetive. Approximately forty percent of all sampled
waterways currently fail to meet their desitgthwater quality standard, which results in
more than 75 percent of the populationryiwithin ten miles of a polluted waterway
(EPA, 2003). Nonpoint source emissions and adftical emissions in particular, are the
most significant contributors to current watgiality problems in the United States (EPA,
2003). Agricultural emissions are the leadsagirce of impairment in the nation’s rivers

and lakes (Water Quality Inméory). In addition, nutrient and sediment loading from
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agriculture is the most significant contributoremerging water quality problems, such
as hypoxia in the Gulf of Mexico, and decreaBgd populations in the Chesapeake Bay.

The financial scale of nonpoint sourcdlpiion programs is quite large. Section
319 of the 1986 reauthorization of the Cleant®@ct, for example, authorized the EPA
to spend approximately $130 million anfiy@n nonpoint source pollution programs
(Sohngen and Taylor, 1998). Betwek¥96 and 2002, the U.S. Department of
Agriculture distributed over $1.6 billion farmers through therizironmental Quality
Incentive Program, and the Wildlife Habitatentive Program, and additional funding
was provided to maintain 36 million acredafid under contract in the Conservation
Reserve Program (Sohngen and Taylor, 1988addition to the federal cost-sharing
programs, many states are also allocatinge sums of fundig to voluntary nonpoint
source water quality programs. The Natumorks program in Ohio, for example,
provides $1.5 million per year for different t@eshed projects that install abatement
technologies, particularlipr riparian zone enhancement (Sohngen and Taylor, 1998).
Therefore, both the effects of nonpoint stiemissions, and thegatory expenditures
to control them, are quite significant.

As a result, the EPA is encouragingovative solutions, sin as water quality
trading, to facilitate bringig nonpoint sources under thguéatory umbrella. The
implementation of market-based mechanisikis to pollution permit trading programs
has been suggested for broad range ofenmental concerns, including air pollution
control, wetlands and shoreline mitigation, habitat protection, and resource

compensation. However, the use of tradinggpams for water qui&y control has been
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receiving the most attention in recent yedBy. January 2003, at least thirty-seven water
guality trading programs werg the developmental or implementation stage in the
United States (EPA, 2003). “The Unit8thtes Environmental Protection Agency
(“EPA”) believes that market-based approadiesater quality trading provide greater
flexibility and have the potential to achiewater quality and environmental benefits
greater than would otherwise be achieuader more traditional regulatory approaches”

(EPA, 2003).

1.1 A Primer on the Economic Theory of Tradable Permit Markets

Economists have long argued for policy instruments that take maximum
advantage of voluntary exchange, with itsaéncy and Pareto-safety properties. As
early as the 1960’s, Crocker (1966) ande341968a, 1968b) were arguing for the
establishment of markets in the right to ptaluas a means of controlling air and water
pollution. This is accomplished by estabirgy private propertyights (in terms of
allowable discharges) within a public goaadtting. Tradable permit markets promise
efficiency in terms of achieving statedvironmental quality athe lowest cost.

Efficiency is served by allowing individuals tansfer their right to a permitted level of
emissions to other polluters. Polluters with low abatement costs will reduce emissions
below their permitted level, and then sell éxeess credit to an individual with higher
abatement costs. Thus, the market encouragasgthts to pollute to be distributed to the

highest valued users.
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There are two types of efficiency effects associated with tradable permit markets:
static and dynamic. The static effects i@aized througlthe switch in regulatory focus
from command-and-control to emissiomsllowing individuals to choose their
abatement practices provides flexibility ireeting regulatory goals. Managers are able
to select those abatement technologies andipeaadhat best suit their unique needs.
This provides the polluteritih the means of selectirige lowest-cost method for
reducing the required level of emissions.eTynamic effect has also been called the
induced innovation effect. Making the rigbtpollute transferable, provides surplus
allowances with a market value. This eaages innovation to find low-cost abatement
means to reduce emissions beyond one’s permitted level.

While the institutional structure of pernmitarkets can be quite diverse, all are
developed in three distinct stages. Thd fs<learly defining the overall environmental
quality goals of the program. The next tatages include allocaty the right to pollute,
and allowing the tranfer of rights. | williefly discuss each of these stages in terms of
the general theory. The ersgon of tradable permit marlseto include nonpoint sources
will then be discussed in terms of soniiiclilties encounteredt each stage.

Analysis that links desired ambiardnditions with some measure of total
allowable emissions is required. Thastbeen called the “bubble” concept in air
pollution markets, as it determines the ambient threshold for emissions of an entire

airshed, as if it had a large bubble over theketzs entire geographic region. This
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emphasizes one of the main points of aliatale permit markets: it doesn’t matter who
reduces pollution, as long as it is reduted.

In markets for water pollution the sam@ncept can be thought of as a “bowl”.
Many factors play in the detaination of the appropriate scale and distance in water
pollution trading markets. Environmentalrfs#mance typically has a strong regional
dimension. The one organizing prin@dbr all water pollution trading is the
incontrovertible fact that water tends tovil downhill. Thus the size and shape of the
“bowl” is determined in direct referer to the hydrologicdloundaries which define
watersheds and catchments.

The determination of both current antatallowable levels of emissions is
required in order to give a baseline from whio measure environmental quality gains.
In addition, this information determines tmelividual emissions thatill be allocated
among the pollution sources, as the sum of the individual emissions standard must sum to
the total allowable level to ensure both maedéitiency and effectiveness. This process
is greatly facilitated by the EPA’s currengiquirement for Total Maximum Daily Load

analysis in impaired watersheds.

1.1.1 Structuring and Allocating Rights to Pollute

Market transactions are usually discusisetgrms of the exchange of physical
objects, omproperty However, the substance of eyenarket is not the exchange of

objectsbut ofrights, and therefore should nbe examined in terms of an exchange of

! This statement has a caveat in terms of spatiaiderations for non-uniformly mixing pollutants, and
this will be discussed later in the chapter.
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property, but in terms of the exchangepbperty rights Property rights establish the

basis for economic activity, because they designate the relationship between people and
things. A tradable permit & bundle of property rightshich entitles the holder to

discharge a designated amount of a patiiunder specific restrictions.

Ambient permits and emission permitsrevghe first types of tradable permits
discussed by Crocker (1966) and Dales (1968a, 1968b), and later formalized by
Montgomery (1972). An emission permit corsféine right to dischge pollutants at a
specified rate, while an ambient permit coafére right to discharge pollutants in terms
of concentrations at various receptor ar@désntgomery, 1972). A trading system based
on ambient permits requires the polluter to helabrtfolio of permits, since its discharge
has varying effects on each receptor arBlae emission permit requires only a single
permit market because it has only a single rexegrea. Tradable permit markets based
on either method have been shown to achéerenimum-cost equilibrium, provided that
certain conditions are met (Montgomel972; Tietenberg, 1985; Atkinson and
Tietenberg, 1982; Krupnick, at., 1983; McGartland and Oatd$85). In particular, the
sum of allocated permits must equad tilowable quantity of discharge.

Later additions to the tradable permaixonomy include pollution offsets, and
modified pollution offsets. Pollution offse{Krupnick, et al, 1983) accomplish the same
goal as ambient permits, but do not require dischargers to hold multiple market permits.
Instead, a trading ratio that incorporatesrtiative contribution of each discharger to
each receptor area is utilized. Modifigallution offsets introduced by McGartland and

Oates (1985) redefine water quality standaatieach receptor area as being equal to
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either the regulatory standardtbe pre-standard water quality level, whichever is lower.
Therefore, water quality degradation evelobethe regulatory standard is not permitted.

The diversity of tradable permit rights sttures available to the regulator allow
tradable permit markets to accommodate a tsaaepollution types. Pollutants are
categorized based on their temporal (stock v. flow) and spatial (uniformly mixing v. non-
uniformly mixing) characterists. The type of pollution Iogg regulated greatly affects
the choice of tradable permit system employed.

The difference between stock and flowlpi@ants is based on their ability to be
assimilated into the natural environmeBtock pollutants, such as heavy metals and
toxics, are poorly assimilated and emissiomthe current time period will have
continuing effects into the future. Flowlpdants, such as nitrogen and phosphorous, are
quickly assimilated and do not have intertengpeiffects. The temporal characteristics
of a pollutant will determind rights must be based on both the quantity and timing of
discharges. Most trading markets hawacentrated on assimilative pollutants.

A pollutant’s mixing characteristic iform or non-uniform) determines the
spatial effects of its discharge. Thekaemt concentration of a uniformly mixing
pollutant depends upon the total emissionallodlischargers, but nan the distribution
of these dischargers (Tietenberg, 1985)nof-uniformly mixing pollutant is one that
has localized effects. The ambient concaitin depends on both total emissions and the
location of dischargers. A uniformly mixing patiant only requires a single receptor area
to monitor the ambient level of pollution the watershed. A non-uniformly mixing

pollutant requires multiple receptor areas to account for localized ambient concentrations.
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In the case of a watershed requiring a gingceptor area, all ¢iie tradable permit
markets perform identically (McGartland, 1988jowever, in the presence of multiple
receptor areas, the choice of tradablemnsesystem can involve tradeoffs between
administrative transaction costscdamarket transaction costs.

Water quality trading markets are primarily focused on the reduction of nutrients,
such as nitrogen and phosphorous. These are uniformly mixing, flow pollutants. This
provides the regulator with brdaliscretion in developing thgpe of emission right that
can be incorporated within the market.

Once the type of pollution right is detanad, the regulator must decide on how
to distribute the rights among polluters. Vifitkompetitive tradable permit markets, the
method chosen to initially distribute patenamong dischargers does not affect the
efficiency of the market. The choice is attanof equity and political feasibility. One
method for initial allocation is through a esalprocess. Permits are allocated to those
dischargers who value them most, becausdisthargers must purchase their way into
the market. Single price auctions, discriating markets, and unrestricted markets are
all valid sales methods. Revenues genertiteaigh sales methods can be used to offset
the start-up and operating costs of the traglgllmit system, because they result in a
large transfer of funds from polluters to ttwntrol agency (Eheart, et al., 1981). Sales
methods are not likely to gain enthusiastipport from the market participants, however,
and this can be a major impedimenthe adoption of voluntary WQT markets.

Free distribution is moreegdirable from the viewpoint ahe market participants,

but it requires the consideration of many eqisgues. Free drdbution methods result
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in some individuals receing objects of value frorthe government at no cost.

Therefore, the question of who should be am#r®ed a market participant is of greater
importance in this type of distribution scheme. How the tradable permits are allocated can
be based on any criteria including, but htited to, pollutant throughput, population

served, and total property value served (Bheaml., 1981). However, all of these

criteria can be attacked as being arbitrafhe best method may be to base the initial

allocations on an amended list of existing emissions, or "grandfathering” (Noll, 1982)

1.1.2 Trading Rights

The structure of the market, which determines how and when rights will be
redistributed or exchanged, is the critical element in determining whether equilibrium
will be achieved in practice (Hahn, 1983). Various methods have been proposed, ranging
from unrestricted market exchange to quartsihgle price auctions. The choice of the
mechanism for exchange is made based oretiidator's need to monitor and record all
trades. Each trade must be tracked deoto assure compliance with the regulatory
standards. In addition, the maintenanca database of potentialiyers and sellers, and
current market prices, reduces transaction dostmarket participants. In active markets
with large numbers of dischargers, the adstmtive costs of trackg a market with free
exchange may become prohibitively high.strch situations, an auction mechanism may

be a more feasible method of exchangee iajority of the liteature assumes that
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dischargers are able to buy and sell permitk relative ease at competitive prices and
with incidental transaction costs, wherebenefits of tradexist (Malik, 1990).

In the case of WQT, the size of therket is limited by the physical boundaries
of the watershed. In most cases, WQTkats are focused on at the smaller sub-
watershed level. This redes the transaction problems indna& in larger permit trading

markets, such as the national-Starket.

1.2  Difficulties Incorporating Nonpoint Saurces within Tradable Permit Markets

While there is considerabligerature addregsg permit market design, relatively
little of it deals with extending permit markeb include nonpoint sources. It is often
argued that including nonpoint source pollutwithin a permit trading market is difficult
because the direct monitoring of individeahission is impractical. To compound this
problem, emissions are affected by randeeather events, and uncertainty exists
regarding the effectiveness of pollutioratédment controls. The degree to which
individual nonpoint source emissions canpbbactically observed is a muddled issue
within the current economics literature. | withntend throughout this dissertation that
while direct monitoring ofndividual nonpoint sources is impraat, there is a great deal
of accessible indirect information that alle for reliable approximation of actual
individual emissions and abatement. Theds to some required modifications of the
traditional permit market design to alldar the inclusion of nonpoint sources of

pollution.
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1.2.1 Nonpoint Source Participation

The introduction of nonpoirgources into the trading market can occur in either
one of two ways. One way is to g nonpoint sources under the same regulatory
umbrella as point sources. In this cake,nonpoint sources would be subject to the
polluter-pays-principle, andrectly regulated through indidual emissions standards
that limit the amount effluent in their rufio Then point and nonpoint sources would be
allowed to exchange their rights, with thevlest cost sources selling excess credits to the
higher cost sources. This would represedtamatic departure from the current
treatment of nonpoint sources under the Ché&ater Act. Nonpoint sources do not
participate in the Clean Water Act’s pany regulatory mechanism, the National
Pollutant Discharge Elimination Systermstead, efforts to control nonpoint source
emissions, agricultural nonpoint sources irtipalar, are dealt with through voluntary
cost-sharing programs that are sulzsd through public funds.

Alternatively, the nonpoint sources can beted into the tradable permit system
on a voluntary basis. This has been th¢ha of choice in all water quality trading
programs to date. In this arrangemguint sources induce nonpoint control through
partial or full subsidization of the nonpoirdwsce's abatement costs. In this case, the
incentive for nonpoint source participation isfitrdriven, and depends upon the cost of
nonpoint source control being lesgpensive than further poisburce control. Nonpoint
sources are not full participants in the cutneater quality tradingnarkets. Their only
role is as potential suppliers of pollutiabatement. They do not need to purchase

abatement from other sources because their own emissions are not regulated.
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One criticism of the current voluntary pganpation arrangement is that it fails to
produce an enforceable baseline from whahegin the trading process (Malik, et al.
1994). This is the basis of capehtrade markets, such as the,®Garket. An
enforceable baseline ensures the regutattrany voluntarily adopted reductions in
emissions will not be offset by new or increased nonpoint source emissions in the
watershed. To establish a cap-and-trade meptality market, the establishment of an
enforceable nonpoint source baseline would requial back of the exemption to the

polluter-pays-principle.

1.2.2 Basis of Exchange

Since nonpoint source emissions are diffitmobserve at the individual level,
existing trading programs have resortednnitoring abatement technology (e.g., best
management practices) rather than perfoceaAs a result, trade within current and
proposed water quality marlseinvolves heterogeneous godgsint source discharges
and nonpoint source best nagement practices).

Trading ratios have been introduced to allow for the exchange of heterogeneous
goods within a tradable permit markbtendelsohn, 1986; Hahn, 1989). The trading
ratio specifies the number of units of nonpoint pollution reduction, estimated by
modeling the effectiveness of the chosenatant technology, that must be exchanged
for a single unit of point source pollution. The optimal trading ratio depends on the

expected performance of nonpoint souabatement technology as well as the
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uncertainty associated with nonpoint sourcessions. This uncertainty has two sources.
The first derives from the weather driveature of nonpointource pollution. The

second is the considerable uncertaingareing the effectiveness of nonpoint source
pollution abatement controls. A trading rafieeater than one @vides a safety margin

for the environment. By requiring more than one unit of (estimated) nonpoint source
reduction credit, deviations from the expthbatement performance of the abatement
technologies are less likely to result in @tbns of the regulatory standards. To assure
that regulatory goals are met, the tradingpreends be set cautiously high, but high
trading ratios impede traay, thus undermining thaison d’etrefor permit trading.

The current technology-based water quali&ding markets have shown little
success to date in terms of trading he two oldest marketBjllon Reservoir, CO and
Tar-Pamlico River Basin, NC, have both b&eoperation since the 1980’s but have yet
to see any voluntary trading betweenrp@nd nonpoint sources. One possible
explanation is the stylized fact, discussed abthat efficiency gains from the switch to
performance standards for point sources madaced the demand for permits. This trend
was documented in the early stages of theti@@able permit magk (Burtraw, 1997).
However, before we accept this explama too complacently, we should entertain a
second possibility: trading markets that haverbmtroduced are taestrictive, and too

many bureaucratic controls remain, so that feerchange is impeded by market design.

% This is not be meant to implyahthe markets have not been sucaegssfimproving water quality. In

both cases the water quality has been improved beyond the initial water quality standards. In both cases the
switch to performance standards led to previously peeted low-cost alternatg for the point sources,

and in the Tar-Pamlico River Basin there was substantial trading between point sources (Woodward, 2001).
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An alternative to monitoring abatemeathnology is to mnitor the nonpoint
sources on the basis of performance. The mwemi this approach is that it removes the
regulator’s uncertainty about the effiveness of the nonpoint source abatement
technologies. This eliminates the needddrading ratio, which provides an increase in
the potential of trading. Undainty as to the effectiveness of on-farm abatement
technology is borne by the farmers (who are be#t to handle it), allowing greater
efficiency in the permit market as regula@nd point source polluters enjoy a higher
level of certainty. Allparties would gain from the increasefficiency of permit markets.

If it is conceded that monitoringdividual nonpoint sowes on the basis of
performance is technically difficult, and thus likely to be prohibitively expensive,
arrangements based on collective monmgrat the sub-watershed level might be
considered. Monitoring ambient water quahtythe sub-watershed level is a simple
process. The mapping of ambient water quality into collective emissions can be quite
accurate when considering relatively small geographic regions, such as sub-watersheds
and sub-catchments. The assumption cd@murate mapping of ambient water quality
into collective emissions is made throughowt dissertation. The difficulty is to provide
the right incentives to individual nonposurces to link obseations of collective
performance to appropriate individuatiaas. Griffin and Bromley (1982) have
suggested the use of estimated irdlinl nonpoint discharges, derived from the
monitoring of total loading® the catchment, determinéasrough a biophysical model
relating inputs to loadings and ambientt@eguality standards. Segerson (1990) has

suggested liability bonding. The game theliterature offers “scapegoat” and
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“massacre” solutions (Rasmussen, 1987), variatbonhe theme that all firms will make
appropriate abatement effort if collectivarfeemance is monitored and randomly chosen
individuals punished in the event the cotlee target is not met. Schemes for
punishment of all members of a group fbosfalls in collective performance, which
avoid the arbitrariness of “scapegoatitldmassacre”, have also been suggested
(Segerson, 1988).

Further research is required to nrefimethods for enforcing performance
standards via collective moring of nonpoint sources withia water quality trading
market. There are two key requirementsdn acceptable collective monitoring and
enforcement mechanism. The first is thdtansmits to group members clear and readily
comprehensible incentives that are conaistath group goals. In effect, incentive-
compatibility and simplicity (which may oee into conflict) are valued. The second
requirement is that penalties and rewardsased on individuals daot violate ordinary
notions of fairness. Collectively impospdnalties and random penalties for a group

shortfall may be consided unfair to those groupembers who did not shirk.

1.3 Improving the Prospects for Point-Nonpoint Pollution Trading

The rationale behind the research in thisertation is that market-based water
pollution regulation systems may provide ceatings by bringing relatively low cost
nonpoint source abatement into the regulatory. nihis proposition will be investigated

in the context of water quality trading rkats that include both point and nonpoint
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sources. These types of markets have redaivcreased attention recently as regulators
search for more cost-effective mechanismgdgulation. The objective of this research
is to compare the performance of wajaslity trading regimes regimes relying on
technology-based and performance-based exchange, respectively.

In the case of the Clean Air Act Aandments of 1990, the regulatory agency
shifted its focus toward performance-basegulation. While some authors (Burtraw,
1996, for example) argue that shifting tafpemance based standards reduces the costs
of complying with environmental regulatis, the nonpoint sourceatting literature has
focused on technology-based management (Letson, 1992; ketadik,1993; Malik,et al,
1994). Two problems with water quality tradimarkets based on technology rather than
performance standards must be adsied. First, uncertainty surrounding the
effectiveness of abatement technologiegéalucing nonpoint source pollution is great.
Malik et al. (1993) have shown thattiis uncertainty is too large, it can eliminate the
incentive for point sources to enter intading agreements. Second, the trading ratio
does not provide incentives to deal with asyrrioénformation problems. It is therefore
important to assess how the trading ragigponds to problems of moral hazard and
adverse selection, and the resultgfect on market efficiency.

The central hypothesis of the dissertatiothat adopting performance standards
rather than technology standards in p@ianpoint trading programs will provide for
increased efficiency within the water quality trading market. To assess this hypothesis, |
develop a theoretical econamnodel of a collective performance-based trading water

guality trading market. A coltgive performance-based sgst would be expected to
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transfer uncertainty from the regulatodathe point sources to the nonpoint sources.
This should improve efficiency, because tionpoint sources are best suited to handle
this uncertainty as they have more knowledfjthe types of practices and technologies
that could be used to abate pollution. Also, performance-based systems are incentive
based, and therefore encourage the adomti cost minimizing technologies.

The main innovation of this hypothesighat it addresses thuse of collective

performance standards in water quality trading markets.

An enforceable baseline would be aiddde feature of any water quality trading
market. However, the current differentildatment of nonpoint sources under the Clean
Water Act prohibits compulsory nonpoirdisce abatement requirements through either
abatement technology adoption,individual emissions standards. To gain a better
understanding of the legitimacy of such ajand whether an enfieable baseline is a
feasible option, it is important to examineetter there is any normative basis for the
nonpoint source exemption.

This dissertation is an examination of the difficulties encountered in extending
tradable permit markets to include nonpoint sear The inability to monitor individual
nonpoint source emissions levels leads todqwestions. The firgs if nonpoint sources
can be fully incorporated into the market,if they must bdrought in on a voluntary
participation basis. The second is wheiher more efficient to accommodate trading
between point and nonpoint sourca®tigh a technology-based or collective-

performance based approach.
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In Chapter 2, the technology-based apprdachkater quality trading is examined.
In particular, the regulator’s use of a tradmagjo to deal with the uncertainty between
abatement technology adoption antlatindividual abatement esxplored in terms of its
efficiency and effectiveness. A safety-ruledrbof the trading ratio is developed which
allows for a detailed discussion of botleam and variance effects in the presence of
symmetric and asymmetric uncertainty.

In Chapter 3, the alternative ofllsxtive performance-based trading is
introduced. Any contracting arrangeméated on collective performance must
overcome two asymmetric information problenie first is adverse selection, where
the point source cannot identify the low-coshpoint sourcesna does not have enough
information to ensure that both incentivergmatibility and participation constraints will
be met. Using mechanism design, a two-stageract that pairs a team entry auction
with an “all-or-nothing” team contract is d&oped, and its efficiency is discussed.

Chapter 4 explores whether there is amyrally relevant distinction between
point and nonpoint sources of pollution thadtifies the exempdin of nonpoint sources
from the polluter-pays-principle. The distiiwst in terms of differential observability is
explored under both technology-based anfiop@mance-based regulatory approaches.
The role of collective penadts and tradeoffs between impas costs on different classes

of undeserving individuals are examined.
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CHAPTER 2

TECHNOLOGY-BASED T RADING APPROACH

This chapter provides a general examratf the efficiency of technology-based
water quality trading (WQT) maekts. All current and proposed WQT markets rely on a
technology-based approach to trading. Observable units of abatement technology
adoption, such as filter strips or tillageactices, serve as a proxy for the unobservable
level of abatement performed by individual nonpoint sources.

The introduction of a proxy for individlaonpoint source abatement allows the
regulator to observe inputs in the abagatrprocess, estimate reductions in individual
nonpoint source pollution emissions, and proddasis for enforcing noncompliance in
terms of failure tadopt. However, the actual parftance of nonpoint source abatement
technology can vary depending upon a wide rasidactors, includag but not limited to,
heterogeneous site characteristics.

To overcome this problem, technology-based WQT programs have introduced
the concept of trading ratio®\ trading ratio sets the rateahich point source emissions
can be exchanged for expected nonpoint scemtssions. When trading ratios are set at

a value greater than one, more than orieafrexpected nonpoirgource abatement must
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be produced to earn a single credit for the point souffiee use of trading ratios to deal
with market uncertainty has consequenogsrms of both economic efficiency, and
environmental protection. For this reason, tapter focuses primarily on the effects of
the trading ratio on WQT market operation.

| begin by developing a model of thedirag ratio as a safety rule, which differs
from the traditional analysis of the trading ratio in the literature. This formulation allows
for the direct examination of changes intbtite mean and varia@of total emissions,
and the corresponding impact upon the optimal trading ratio.

If the adoption of nonpoint sourceaibment technology captures, albeit
imperfectly, all of the relevant pollutiorontrol actions of the nonpoint source, trading
based on technology adoption is tantamount to trading nonpoint source emissions. In this
case, efficiency and effectiveness require ¢iné/consideration of how to set the optimal
trading ratio to deal with the variaiyl of emissions and abatement technology
performance. This has been the footithe economic literature on WQT programs to
date (Taff and Senjem, M&liet al, 1993; Horan, 2001 Yhis approach treats the
distinction between point and nonpoint sourckypion as one of differential uncertainty.
Point source emissions and technology pemtorce are considered deterministic, while
nonpoint source emissions and technologygomance are considered stochastic.

Beginning with this assumption of symtrie information, | show that the safety
rule version of the trading ratio is equivalémthe optimal trading ratio as developed in

the economic literature. | also addressent arguments that economic efficiency

3 For a trading ratio less than one, less thanumiteof expected nonpoisburce abatement must be
produced to earn a single credit for the point source.
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requires the optimal trading ratio always be sétsd than one, which is contrary to what
is seen in practice. Usingdlsafety rule analysis, | provideo practical reasons why the
optimal trading ratio may be set at greater than one, even in a symmetric information
setting.

In most cases, however, both observaolé unobservable actions affect the
emissions and performance of nonpoint source abatement technology or practices. For
example, some aspects of changes irgtllpractices are easitpserved, while other
important dimensions are unobservable. Thusore useful formulation of the point-
nonpoint distinction can be made in teraissymmetric information. The technology-
based approach as discussed in the literagmeadopted in practice, does not explicitly
account for this distinction.

The trading ratio does not provide incertvfor individual nonpoint sources to
perform the socially desired, but privateostly, unobserved actions that improve
abatement performance. The regulator’'s adjast to this problermay be to set high,
and potentially prohibitive, trading ratios, wh can greatly hamper market efficiency.

To examine this hypothesis, Irmdude with an examination of the trading ratio in the
presence of asymmetric information. The effects of hidden types and hidden actions are
discussed in terms of their impact on W@arket efficiency and effectiveness. The

failure to account for asymmetric infortian could undermine the usefulness of the

current reliance on technology-based approaches.
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2.1 A Model of Technology-based Traishg Under Symmetric Information

Malik, et al, propose the following modef point and nonpointource emissions:
Consider a watershed where total emissminsniformly mixing pollutant are drawn
from two sources. One is a point stejrand the other is a nonpoint sourger e, +e, .
The nonpoint source is a farmer wittacres of land in production. The emissions of the
nonpoint source differ from those of the pa@ource in two key wgs. First, nonpoint
source emissions are dispersed over aéisagr production, and the emissions from any
particular acre of land cannot be obsergedctly. Under the technology-based trading
approach, per acre emissions are approximated based on the type of abatement
technology being used. Second, the emissibm®npoint sources are greatly influenced
by weather factors. Therefore, aggregadnpoint source emissiooan be represented

ase, =(L-L))9,(«)+L,0,(«,& ), wherel, denotes the acres of land on which a
particular abatement techiogly has been adopted. Per acre nonpoint source emissions
without abatement technology is represented ffs¢ , angd per acre nonpoint source
emissions with new abatement technologyga(e,£) . The random variable

represents stochastic weather factorsitifatence nonpoint soae emissions from all
acres of farmland. The random variablepresents the uncertairagsociated with the
performance of the newly adopted abatentecitnology in reducing per acre emissions.
It is assumed that both random variablesramenally distributed, with mean zero and

finite variance. Thereforeg[g,(a)] =9 and E[g,(«,£)] = 0,. By definition, the
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expected per acre emissions under the egiggchnology are greater than the expected

per acre emissions under theatment technology, i.eE[g,(«)] > E[g,(«, & ,)put

there is na priori restriction on the relationship teeeen the variance of per acre

<
nonpoint source emissions under both technologies,\im[,go]>Var[gl] 4 The

adoption of abatement technology redugesacre nonpoint source emissions on
average, but can increase or decreasgdhiability of nonpoint source emissions.

A water quality trading market allows the pbsource to offset an increase in its
own emissions by purchasing reductions in mampsource emissions. In a technology-
based approach, offsets are based on exgexinpoint emissions reductions from the
adoption of a specified abatement technologe point source ithe only regulatory
controlled source of emissions. The predtiggermitted level of point source emissions
is denoted ag,. The assumption that point sousraissions are deterministic, coupled
with an assumption of a pee<isting optimal enforcement mechanism, implies that the
point source will not violateg, > The point source will increase emissions beyendf
abatement technology is adopted on enougbsasw that expected nonpoint source
emissions are reduced by an equal amondted less cost. Within the water quality
trading market, total allowable emissions can be allocated between the sources in various

combinations, as in equation 2.1:

* This assumption also leaves open theatation of the random variables.

® The assumption of deterministic point source emissions is a legacy of the models that have based the
point-nonpoint source distinction on differential uncertainty. The effect of relaxing this assumption is
examined later in the chapter.
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e =€ + L (E[g,(a)] - E[g,(«,8)]) +(L-L)g, («) + LG (@, &) (2.1)

Without trading, there is no adoptiohnonpoint source abatement technology.
Therefore,L, =0, and total emissions are the sum of the permitted level of point source
emissions plus the unrestrictednpoint source emissions from thacres of land in

agricultural productiore, =e, +Lg, (« ) With trading, the point source emissions are

increased by the expected reduction in nompedurce emissions from the purchase of

abatement technology d&n acres of farmlandl., (E[g,(«)] - E[g,(«,& )]) This increase
is offset by actual nonpoint source reductiofisr L,)g,(«) +L,9,(«,e . )

Due to the distributional assutigms regarding the means @fandg, trading has
no effect on total expected emissions, as theease in point source emissions equals the
expected reduction in nonprisource emissions:
Ele,] = Ele, + L (E[9, (@)] - E[9,(«,&)]) + (L - L) g, («) + L,g, (. £)] = e, + LE[g, ()]
However, trading does have an impact onvligance of total emissions, which, in this
setting, is identicato the variance of nonpoint source abatement:
Varle,]=(L-L,)*Var(w) + L:Var(w)Var(¢) + Cow,£] . As mentioned previously, the
variance of nonpoint source abatent increasing or decreagiwith the adoption of new
technologies is priori ambigious.

Using a model of abatement cost miraation subject to expected damages being
less than an exogenously setrstard, the trading ratio is derived from the following

efficiency condition:
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0 0 (Malik, et al).
oCy (ey) o (& &) (@ -a)
%8 OEID(e. )] _, de, -
oey E[g,]-Elg,]

When both point source and nonpoint seuemissions are deterministic, this
eqguation reduces to the typical efficienondition of the ratio of marginal abatement
costs equaling the ratio of mganal damages. With stbastic nonpoint source emissions,
the marginal damages from nonpoint source emissions include a “marginal damage
premium” that determines the optimal change in the trading ratio (Malik, et al.). Given a
convex environmental damage functionpdreased use of nonpoint source abatement
increases (decreases) the var@anf nonpoint source emissions, the trading ratio must
also increase (decrease). This formulatiotheftrading ratio isseful in terms of the
empirical derivation of the trading ratio. However, a more holistic approach to the
optimal regulation of stochastic emissions provides a more illustrative basis for the

optimal trading ratio under symmetric and asymmetric information.

2.2 The Safety Rule Approach

The safety rule approach has been shovwbetan effective method for the control

of stochastic environmentally damaging ssimns (Beavis and Walker; Lichtenberg and
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Zilberman; Lichtenberg, Zilberman and Bog¢. When dealing with stochastic
emissions, the safety rule approach alltwesregulator to address the variability of
emissions while regulating expected emissiofise safety rule corresponds to a disaster
avoidance approach to decision-makifddne likelihood of any deviations from the
regulatory standard is constrainedtur within an acceptable level.

The safety rule approach bases regulatory decision-making on two parameters:

maximum allowable risk, i.e., the pacted total emissions standeEtb}J, and a margin

of safety,a. This provides the practical advantage of utilizing decision parameters that
are relatively easy for regulators to grasp emtgally, and to determine intuitively, as
they tend to be numbers around whichlputebate centers (Lichtenberg and

Zilberman).

A regulator who wishes toonstrain violations ahe regulatory standardE[e’;J,
to occur with some probability, i.e., Pr{e, < E[erl} =a, could use the following safety
rule to set the probabilistic standagd, as: S; = E[e; |+ Z,/Var(e;). The letteiZ
denotes the standard normal variable esponding to the given probability levef
The probabilistic safety rule can beoken into two parts. The first parEke;]) is the

mean of total emissions, and the second @(/Wer)) can be called the safety
margin. Since all uncertainty in the modeassumed to restrict¢o nonpoint source

emissions, the safety margin can be rewritterza8/ar(e, ) . The safety rule allows

z
€ Z is derived from the following conditiorr = j iexp(luzjdu
o N 2T 2
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Figure 2.1: Risk Neutral SafetyRule for Stochastic Emissions
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Figure 2.2: Risk Averse Safety Rle for Stochastic Emissions
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trading based on expected emissions by adjusting the expected level of permitted
emissions to account for the corresponding gkan the variance of total emissions.
This prevents violations @he regulatory standard from occurring with more than an
acceptable level of frequency.

This formulation of the decision process as a combination of mean risk and
uncertainty allows for some interpretatiofthe regulators’ arsion to uncertainty,
which is the counterpart tiie traditional notion of riseversion in this context
(Lichtenberg and Zilberman). A risk neutral regulator will want to ensure that, on
average, the emissions standard is ns@tce it is assumed that the uncertainty is
distributed symmetrically arourtdle mean, the risk neutral regulator does not have to
adjust the expected emissionarstard. In this case, Z=0 amd=0.5. Trading will
occur based simply on expected loadings.

The risk averse regulator will want toseme the target is met with greater
frequency than the risk neutral regulator, thus settinf).5. This increase ia, results
in Z<0, and a safety margin that decrease$ethe of allowable expected emissions. In

Figure 2.2, the reduction of the mean level of total allowable emissions to

Ele ]+ Z,/Var(eN) shifts the entire distribution #btal emissions to the left. The

desired level of expected emissioigg, is dchieved with a highdevel of probability

(i.e., the area under the shdtédashed) probability distribution function to the left of

Eler]).
In developing a model of an economicalhe optimal trading ratio, it is assumed

that the regulator seeks to maximize social welfand is only derivatively interested in
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emissions’ The regulator is only concerned whibw emissions affect environmental
damages. A risk neutral regulator wouddjuire that potential losses (the change in
environmental damages when emissions exte=éxpected levefqual the potential

gains (the change in environmental damagesn emissions fall short of the expected

level). The safety rule is now transformed:tn{D(e;)s D(E[e’} J} =a, and

D; 2 D(E[e}] + 7. Var(e, ) The standard is now based on adjusted allowable damages,

which we can write for conveniea in terms of emissions aS; = E[e; |+ Z,./Var(e,),

where the subscript D is meant to remind geder that the probabilistic standard and the
sign and size of the safety margin are deiteed with respect to the environmental
damage function.

In the special case of a linear enmimeental damage function, regulating
environmental damages is the same as regulating emissions. Fidutepcss the
constant marginal environmental damage curve for a linear environmental damage
function. Since the marginal environmdrdamage curve is constant, damages are a
monotonic transformation of emissions. and the regulator makes the same control
decision in both cases. The risk neutral regulator would simply require mean total

emissions to equal the mean allowabl& sgndard. The increase in damages when

" The choice of a welfare maximizinggator translates the safety rif¢o an expected welfare rule.
However, agencies charged with implementation of public policy may have alternative or at least
competing goals. The utilization of a @iféent goal would affect the choice @fand Z, but would not

change how the safety rule is applied.

8 The figures in the remaining portion of this chapter are used to provide a simplified visual description of
the safety margin concept. For the sake of clattity continuous normal distribution of emissions, as

described in the text, is represented by a discrete binary distribution. In the f'@uamieF represent

the equally probable deviation from the mean level of emissions. The variance of the distribution is
represented by the spread between the end points.
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Stochastic Damages Loss and Gain —
Linear Environmental Damage Curve
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realized emissions are greater than theeetgul level will alwaygqual the decrease in
damages when realized emissions are lessthiga@xpected level. Thus, the risk neutral
regulator setsi=0.5, which, in the case of constamarginal damages, results in Z=0,
because the symmetry of emissions uncestagnmaintainedn the symmetry of
environmental damages. Trading is allowed based on expected emissions, without a
safety margin, because of the symmaetirpotential losses and gains.

An environmental damage function ti&tonvex in emissions will have an
upward sloping marginal environmental damage curve. Again, a risk-neutral regulator
will choose to sett=0.5, i.e., expected losses and expected gains in environmental
damages occur with equal probability. However, the curvature of the environmental
damage function will require Z to be set differently than in the emissions problem.

The upward sloping marginal environmental damage curve implies that
symmetric uncertainty in emissions will réésn expected losses being greater than
expected gains (Figure 2.4). The expected lehen realized emissis are greater than

the mean are represented on the graph as the area under the marginal damage curve

between the mearg[e, , 4nd the upperbounef . Likewise, the expected loss is

represented by the area betwé&smmean and the lower bours],. Although the

deviations from the mean are symmetric,2hape of the marginal damage curve creates
differential impacts in terms of over- and ungeoduction of emissions. In particular,
expected losses are always geedlhan expected gaing)dthe larger the variance of

total emissions the greater this disparity beeemAs a result, the risk neutral regulator

will choose Z<0 and set a safety margiattlecreases allowable total expected
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Figure 2.4:  Stochastic Damages Loss artgain — Convex Environmental Damage
Curve
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emissions,S, = E[e; ] —ZDm (Figure 2.5). The safemargin is shifting the
entire distribution of emissiorts the left. In this cas&, must account for the impact of
the stochastic emissions in terms of ém@ironmental damage function. Given the
variance of total emissiong,, is chosen to shift the didtation of emissions, such that
the desired mean will be achieved with eqeiglected losses and gains. In Figure 2.5,

the shift increases the expected gains (tka ahaded by horizontal lines) and decreases

the expected losses (the area shaded by vditiea). At the adjusted, lower, emission
standard E[e; ] -Z,+/Var(e,) , the desired level of emissior&fe; , Will be achieved

with equal expectations @dsses and gains. A concave environmental damage function
will have a downward sloping marginal émnmental damage curve. A downward
sloping marginal environmental damage @will result in a safety margin in the

opposite direction. The regulator chooses Zr0 sets a safety margin that increases

allowable expected emissiof®s = E[e;]+Z,Var(e,) .°

A risk neutral regulatoffacing uncertaintyn total emissions, must choose both
the sign of the safety margit,Z,, and the size of the safatyargin. The sign of the
safety margin is determined entirely by tturvature of the environmental damage
function, and establishes whether the total emissions standard will be set at greater or less
than the expected level. The size of thetsafargin is decided based on the variance of

total emissions, and any reallocation of gsions between the point and nonpoint sources

° The concave environmental damage function is included for completeness, but is not discussed further in
the chapter, as it is unlikely to beealistic representation of water pollution.
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Figure 2.5:  Safety Rule for Stochastic Damages —
Convex Environmental Damage Curve

46



will require an adjustment. Unless othesgvstated, a convex environmental damage
function is assumed throughout thenaender of the chapter.

Up to this point, the analysis hascentrated on devapbing the optimal safety
margin to deal with stochastic emissions &y thffect damages in a static sense. A risk
neutral regulator facing a convex environtt@ulamage function will always choose to
reduce the expected ambient emissionsdsted to ensure that expected losses and
expected gains are equal. We now turtheoquestion of how the size of the safety
margin will change in response to changethevariance of total emissions, which, as

previously shown in Section 2.1, has beenftioeis of the trading ratibiterature to date.
2.3 Linking the Safety Rule and the Trading Ratio

The relationship between the optimal trading ratio and the safety margin can be

revealed using the following model, which assumes a convex environmental damage

function (% <0) and a risk neutral regulatax£0.5). From equation 2.1, total
e

emissions prior to trading aed =e, + E[Lg, (w)], which will require the regulator to set
the total allowable emissions standard §$=¢, + E[Lg, (w)]-Z,+/Var(e}) . The

safety margin at the baselireZ,+/Var(e?) , will be denoted as1°. Since nonpoint

sources are not directly regulated, it is assd that the optimal safety margin at the

baseline is achieved through the use afpwnt source cost-share subsidy programs.
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Trading reallocates emissions betw@emt and nonpoint sources, and the
allowable level of total emissions that mains the baseline level of protection is

denoted as:

Sh = E[L, (E[9, ()] ~ E[gy(@,6)]) + (L~ L,) g, (@) + L,g, (w.)] + &, - Zp\Var(ey) . The
new safety margin, corresponding with the reallocation of emissions from trading

Z\Var(e,) is denoted as1'. Finally, the change in treafety margin due to trading can

be denoted aAM =M*'-M?, and the following conditions hold:
If Var(e}) >Var(e}) thenAM >0
If Var(e}) <Var(e?) thenAM <O0.

To determine the consistency between thetgatile approach to the trading rule
approach, the following equation comparesdafety margin as is determined by each.
In the right hand side of the equation, T represents the trading ratio:

& + L, (E[9, ()] - E[g,(@,6)]) + (L~ L) g, (@) + L9, (w,€) =(M° + AM ) =

e+ LI(E[gO(a))]_; g @ ,  _ L), (@) + L,0,(w,€) - M°

This equality condition can be simplified &M =L, (E[g,(w)] — E[9,(w, g)])(l—%) ,
which implies the following relationships between the safety rule and the trading ratio:

If Var(e})>Var(e?) thenAM >0 and T>1

If Var(er) <Var(e?) thenAM <0 and T<1.

Therefore, the safety rule provides tesgonsistent with the trading ratio as

developed in the literature (Taff and Samj Shortle, 1990; Maliket al, 1993; Horan,
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2001). The purpose of the trading ratio is to ensure that offsetting nonpoint source
emissions with point source emissions doesvialate the baselingafety margin. If

offsets make total emissions more variablentthe safety margin must be increased, and
the trading ratio is greater than one. If offsetake total emissions less variable, then the
safety margin can be decreased, andrtaing ratio is less than one.

The trading ratio is a marginal conceftinforms us about how to respond to
changes in the variance of total emissifres, whether the safety margin must be
increased or decreased).dttes not, however, provide any insight into the overall safety
margin requirement, which is determine@dh reference to the shape of the
environmental damage function. The failure to explicitly note this has led to some

confusion when interpreting the optimal size of the trading ratio in practice.

2.4 Should the Optimal Trading RatioAlways be Less Than One?

In practice, all technology-based WQT pragns use trading ratios that are greater
than one (Woodward, 2001). In contrasthis, Horan (2001) argas that, in fact, the
economically optimal trading ratio should alygebe set less than one, and that the
trading ratios seen in practice are at besisalt of confusion regarding the nature of
environmental risks, and at worst, as owericessions to the political influences of
environmental interest groups. The costsuath confusion oroncession are increased
levels of social risks from water quality degradation due to sub-optimal reductions in

nonpoint source pollution.
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In the following section, | make the same simplifying assumptions regarding the
nature of nonpoint source emissions asllaman (2001). First, oplweather uncertainty
is considered in the model. Secotis mean and the variance of nonpoint source
emissions are assumed to be positively correlated. A reduction in the mean level of
nonpoint source emissions unambiguoustuces the variance of nonpoint source
emissions. Finally, weather affects theigsions from acreage with newly adopted
abatement technology in the same way as écédfemissions from acreage with existing
technology. Under these assumptions, H{E®H01) argues that the economically
efficient trading ratio must always be set [ one. | will show that this result holds

only under very limiting assumptions regarding uncertainty and informational symmetry.
Let total emissions be representedeas (E[e,] - E[¢])(1+ w) + e, + E[¢], where
@ is the contracted reductiam nonpoint source emissions amds the random variable

representing weather effects that is dmtted normally with mean zero and a finite

variance. As in the previous section, the regulator will determine the appropriate baseline
safety margin:S; = E[e,]+e, —M°, whereM ° = Z, (E[e?]),Var(w) . When trading is
introduced, the regulator adjusts the safe@rgin accordingly. With trading, the

variance of total emissions changasd the safety margin becomes:

M*=Z,(Ele,’ - ¢*])Var(w) . Offsetting stochasticampoint source emissions with

certain point source emissions now unayubusly reduces the variance of total

emissions, and justifies a reduction ie #ize of the safety margin, such that

AM =M*-M° = Z(E[e, - @)% Var(w) - Z(E[e*])\Var(w) = -Z¢*NVar(w) .
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Therefore, a trading ratio less than one isnogkt Figure 2.6 illustrates the effects of a
change in the variance of total emissions, due to trading, on the optimal safety margin.
The marginal cost curve vibut trading is represented BYC®. This can be thought of

as the point source’s marginal cost of sons in the absence of any nonpoint source
abatement. The marginal costgve with trading is denoteMIC", and is the marginal

cost of emissions given that the lowesstamix of point and nonpoint source abatement
are implemented. For a WQT matko be feasible, the conditidilC' < MC° must

hold over some range of abatement. @ksumption of trading leading to reduced

variance in total emissions is depicted imtg of the upper and lowéound realizations.
Thus, e;o and e;o have a greater spread the,‘ﬁand ef . The larger variance in total

emissions implies that the expected loss/gisparity is greatewithout trading than

with trading. Therefore, wittrading, a smaller safety margin is required to meet the
standardM* <M?°. This in turn, means that the opéihtrading ratio should be less than
one, as less than one unit of expected nonpointce emission can be exchanged for a
one unit increase in point source emissions,thaaptimal safety margin will still be
achieved.

This analysis shows that the safety rule approach confirms Horan’s conclusion
that when trading decreases the variandetaf emissions, the optimal trading ratio
should be set less than one. However, this result is dependent upon some limiting
assumptions that, when relaxed to fit the condgithat are likely t@xist in practice,
reveal a different set of results. While ic@nceded that political considerations are

likely to have some bearing on setting the trading ratio in WQT markets in practice, it
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Figure 2.6:  Optimal Trading Ratio When Trading Decreases the Variance of
Total Emissions
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does not follow that this is the only reagonthe presence of trading ratios greater than
one in practice. In fact, it is arguablathihe optimal tradingn®uld always be greater

than one in practice.

2.5  Two Reasons the Optimal TradindRatio May Be Greater Than One

The results of the previous economic litaratthat the trading ratio must be less
than one when the variance of total emissisrdecreasing, and visersa, are dependent
upon at least two strong assumptions. The iBran implicit assumption regarding full
regulatory compliance prior to trading. &bkecond is the explicit assumption that point
source emissions are deterministic. In gastion, these assumptions are relaxed to be
more consistent with the aetl conditions present in WQT mhats. It is shown that,
even under an assumption of decreasing variahtt#al emissions, the optimal trading
ratio is likely to be greater than one in practice.

In all of the previous literature, ias been assumed that trading is being
introduced in a situation of compliance, tisathat the ambient water quality conditions
are being met prior to tradélthough this is a reasonable assumption for an economic
model, it is unrealistic in pictice. As mentioned in¢hintroduction, the use of WQT
programs is a result of the US EPA’s desiréind innovative solutions for the large
number of watersheds thate not currently meeting tinevater quality designations.
Therefore, the watersheds in which thpsggrams are being established have not

achieved baseline standards from the outset.
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As in the previous section, assume thatrégulator sets the pre-trading allowable
emissions ass) = E[e,]+e, —~M°, whereM ° =Z_(E[€’])/Var(w) . However, now
consider the case in which the regulatammable to reduce nonpoint source emissions
through cost-share progrand,® = 0. As a consequence, the watershed fails to meet
its ambient water quality standard prior tading occurring. Whetrading is introduced,
the regulator sets the safenargin as shown above, Bt* = Z(E[e, - ¢l) >\ /Var(w) .

The pre- and post-trading safety margins aeatidal to the example used before to show
the optimal trading ratio as less than oklawever, in this case of noncompliance the
change in the safety margin is not fravh® to M*, as the baseline safety margin was not
achieved. Instead the change in the safety margin is Hay] + €, to E[e,]+e, -M°.
The existing noncompliance requires the safeargin to be increased, even though
variance is decreasing, and thus the trgdatio must be sgtreater than one.

Therefore, even though the variance dhltemissions is decreasing, the optimal
trading ratio is set greater than one. In the, doth the compliant case, with the trading
ratio greater than one, and the noncompliasé caith the trading ratigreater than one,
achieve the same optimal safety mardv; = Z(E[e, - ¢l)>\/Var(w) . The only
difference is that in the compliant baseloase, the move to the post-trading safety

margin represents a decrease from theahcéxisting safety margin, and in the

noncompliant case it represents an increas® the actual, existing safety margin.

1 This is the case of total noncompliance in terms of the safety margin. In cases, where noncompliance is

only partial, M <M <0, the optimal trading ratio can be greater than or less than one, depending upon
the impact trading has on total variance. Even iesahere the trading ratio will still be less than one, it
will be much smaller than the optimal trading ratio under the compliance assumption.
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A second reason for believing that the ojatitnading ratio could be greater than
one in practice relates to the emissionpaht sources. The assumption that point
source emissions are deterministic doescoatespond to actual conditions. For
example, wastewater plants that treat cometh sewage overflows can have emissions
greatly affected by high precipitation everasd all abatement technology is susceptible
to unexpected breakdown. In additionhaligh individual point soae violations can be
detectedex postin theory, in reality very few noncori@nt firms are detected each year.
Prohibitively high monitoring costs preclude thality to detect all non-compliant firms.
Thus, in practice, point source emissians both ex ante and ex post uncertain.

Relaxing the deterministic point sourcgsamption has a significant impact on the

optimal trading ratio, as the variancetofal emissions is now determined by the
combined variances of both theint and nonpoint sources, i.e.Z./Var(e;) . Thus,

even if adopting nonpoint source abagertechnology reduces the nonpoint source
emissions variance, this must be weighegiragj the effect of decreased point source
abatement on the variance of point sourcessions. Not only are the mean-variance
correlations for point andonpoint source emissions unknowipriori, but their
combined effects and relative magnitudesadse empirical facts that need to be
determined prior to resolvinghether the optimal trading ratshould be greater than or
equal to one. Therefore, one does not rnieegbpeal to politicatconomy explanations
for the presence of trading ratios greater tha@ in practice. Tdtrading ratio may be
greater than one, eveniiicreased nonpoint source abatement results reduces the

variance of nonpoint source emissions, if phe-trading level of ambient water quality is
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non-compliant, or if the uncertainty regardipoint source emissioisacknowledged in

the model.

2.6 A Model of Technology-based Traohg Under Asymmetric Information

Differential uncertainty between poiatd nonpoint source pollution cannot serve
as the foundational concept for nonpoint sourgellegion and the optimal trading ratio.
The real issues in nonpoint source pollutiang the reasons why veee trading ratios
greater than one in practice have to dtange part with problems of asymmetric
information.

Nonpoint source pollution is diffuse, atiterefore, individual contributions to
overall emissions are difficult to observia the previous literature on water quality
trading, it is assumed that this observation problem is symmetric. That is, the point
sources, nonpoint sources, and the reguldtqossess the same information regarding
the emissions of individual nonpaiisources. Specifically, thigould mean that they all
know the distribution of per acre emissioasd the distribution gber acre reductions
given adopted technology. However, in ityahis is not the cas Nonpoint sources
hold private information that is relevantdetermining their indiidual contribution to
overall emissions. This informatiamcludes, among other things, physical
characteristics of their property (i.e., ldoat slope, soil type), and operational
characteristics of their enterprise (nutriapplication rates and timing, maintenance and

management effort). The first category tenthought of as information known to the
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nonpoint source prior twading, i.e., hidden types. With minimal effort and expense
much of this type of information can betained by the regulator. The second category
can be thought of as actions that candken by the nonpoint source after trading has
occurred, i.e., hidden actions. This informati®much harder for the regulator to obtain,
and because the technology-based tradingoagprdoes not provide incentives for the
voluntary revelation of this private infoation, market efficiency is reduced.

In practice, many technology-based WRQrograms have adopted the traditional
approach to hidden type preiphs, by requiring some form tfird party inspection of
abatement technology. For example, mamgpms require trades to be approved by
state or regional EPA offices prior to crediting issued. The State of Michigan Water
Quality Trading Rules require that a licedsad independent third party certify the
credits that should be earned from du®ption of each trade (US EPA, 2003).
Alternatively, the use of GIS-based dzdaes has been proposed as a lower-cost
alternative to third party viication (WRI, 2000). These pgrams compile the relevant
information regarding heterogemgs characteristics for all parcels in the watershed, and
provide simulations of sitepecific expected abatement performance from various
technologies. However, no matter how cak#iie inspection or the simulation effort,
some information will remain hidden. In addition, these methods for overcoming the
hidden type problem add substantial transactiosts to the market, and will also reduce
overall efficiency.

A more insidious problem in technologyseal trading is that of hidden action.

The technology-based trading approach leenldavored because it provides an easily
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observed proxy for individual emissionslow well the abatement technology
approximates actual reductions @aycrucial role in markeffeeiency and effectiveness.
The efficiency of the trading ratio develapearlier in this papas dependent upon the
random nature of both nonpoint soussrissions, and abatement technology
performance. When the nonpoint source @amtrol any unobseable aspect of
abatement technology performance, efficiency is threatened.

Almost all nonpoint source abatementteclogies have the potential for abuse
due to hidden action. When actual peniance depends on actions other than
technology adoption, the potential for Potemkabatement technologies exist. These
are technologies that are perceived tdighly functional, but in actuality are
underperforming. If the appearance of thehnology is not an accurate measure, then it
does not reflect actual performance areltdthnology-based trading market can be
undermined.

For the analysis of hidden action, iissumed that the environmental damage
function is linear. Under the symmetidormation assumption, the trading ratio
responds to changes in the variance of &taiksions only, which, given linear damages,
will be set equal to one (see Figure 2.3). Hesvethe impact of kiden action is realized

at the mean rather than the variance t#ltemissions. Assuming a linear environmental

M Grigori Potemkin was Catherine the Great's gowetn the Crimea. As legend has it, Potemkin
constructed elaborate mock villages throughout th@nego as to create an illusion of prosperity when
Catherine toured the countryside with foreign dignitaries.
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damage function, clearly distinguishes the miegpact effect from the variance effect on
the trading ratio, isolatinthe effect of hidden actioff.

Under the symmetric information assumption, a safety margin is not required and
the trading ratio is set equal to one, becaserved variations in emissions and the
performance of abatement technology @mpletely random and follow a symmetric
distribution. Suppose that the nonpoint seutan reduce abateme&osts by taking (or
choosing not to take) some hidden actidime outward appearance of the adopted
technology is unaffected by the choice, bueffectiveness will be decreased, i.e.,
increased per acre emissions. Thereforepénecre emissions from the adoption of new

abatement technology can be rewritterygg, ) and g7 (w,€) , where the superscrift

denotes per acre emissions tresult from the hidden actioms$ the nonpoint source. By
definition, the expected level of per acreigsions is greater when the nonpoint source
“shirks” by taking hidden actions, i.eE|gS(w,£)|> Elg, (w.£)|.

Under this scenario, the optimaldrag ratio derived under the symmetric
information assumption will fail to protetiie environmental standard. On average,
increases in point source msions will exceed nonpoisburce reductions. Under the
linear environmental damadenction assumption, the allowable total emissions are

simply: S, =e, + LE[g, («)] . Under the symmetric information assumption, any

reallocation of emissions between the paintl nonpoint sources meets the standard:

S=Ele, + L,(E[, ()] - ELgy («, &) +(L - L) g, (@) + L, g, (@, )] = & + LE[g, ()],

12 The conclusions drawn under the linear damage function are directly applicable under either a convex or
concave damage function assumption.
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because, on average, the increase in pounice emissions is offset by the corresponding
decrease in expected nonpoint source eonssi However, the ability to take hidden

actions will undermine this result:

S=Ele, + L,(E[g, ()] - E[, (@.6)]) + (L - L) g, (@) + L,g5 (,)]
= e, + LE[g, (@] + L E[g (w,£) - Eg, (w,8)]

Therefore, on average, therstiard will not be met under thatlitional tradng ratio. To
ensure compliance, a safety margin needsetadopted (Figure?. The sign of the
safety margin is unambiguously negative, beeaghirking will only cause an increase in
expected per acre emissions. The size of the safety ma{ﬁi@f(w, £)-Eg(w, 5)], IS
determined by the amount of shirking that ¢@asibly go unnoticed. In the best case
scenario, the inability to provide an incenetito avoid shirking results in a loss of
efficiency. In the worst case scenario, the de@f shirking is lege enough to require a
trading ratio that prohibits tradingnd the market collapses.

The effects of hidden action impact tinean of expected total emissions, and
unambiguously require the trading ratio tose¢ greater than onén the case of a
convex environmental damage function, thteriaction of the meaand variance effects
will determine the size of the optimal tiag ratio. Although tking into account the
previously discussed consideoas, it is likely that the trading ratio will always be

greater than one.
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2.7 Conclusions

Difficulty observing indvidual levels of nonpoirgource emissions poses a
special challenge to WQT markets. Wiadhparties involved (point source, nonpoint
sources, regulator) have the same |le¥éhformation regeding nonpoint source
emissions and abatement, technology-based trading approaches can provide an efficient
means for establishing tradingrading ratios can effectively overcome the uncertainty
associated with using a proxy for adtnanpoint source emissions. Under this
assumption of symmetric information, the oirtrading ratio willrespond to changes
in the variance of total emissions that aceith reallocation oemissions among point
and nonpoint sources.

In practice, various realities will affettie determination of the optimal trading
ratio. Even when the variance of total esibns decreases with tmag, contrary to the
previous literature, the optimal trading ratio nteygreater than ondhis is particularly
true when trading is being established in a noncompliant watershed.

The possibility of asymmetric information of hidden type or hidden action
presents a serious challenge to the efficy and effectiveness of technology-based
trading. Hidden action allows individualsghirk in the production of abatement through
the given technology that is adopted. Thipatts the trading ratio by requiring a shift in
the expected level of totallavable emissions, requiring it tee set at a number greater
than one. At a minimum, the presencéiaiden type and action add additional costs to

the WQT market reducing efficiency. Mam@ublesome is the potential for hidden
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action impacts to require trading ratios to bessetiigh as to remove all benefits of trade,
causing the market to collapse.

Technology-based trading’s reliance onftitagling ratio is unsuccessful in the
presence of asymmetric information. Tisidecause it fails tprovide incentives to
align the concerns of the piand nonpoint sources. For example, making payments to
nonpoint sources dependent upon their perfageavould reduce the incentive to cut
costs by taking advantage of hidden actionis fimve to performance-based trading also
has the additional benefit of increased e#fidy. Under technology-based trading, the
point source is able to achieve some measustatit efficiency, in the sense that it is
able to capitalize on cost differences batw its own abatemetgchnology and that
dictated to the nonpoint sourceldowever, dictating technady to be adopted precludes
one of the most touted benefits of markased instrumentsnd that is the dynamic
efficiency gained from induced innovatioBy focusing on performance as opposed to
technology, the WQT market allows for intimes to overcome asymmetric information
and holds the promise of increased edfiiy through induced innovation. However,
performance in the nonpoint source case is ohbervable at the collective level, which

complicates its use as a basis for tradackvis the subject of the next chapter.
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CHAPTER 3

COLLECTIVE PERFOR MANCE-BASED TRADING APPROACH

The purpose of this chapter is to develop finient team contradhat can be used as
the basis of exchange within a collectivefpemance-based watquality trading (WQT)
market. A team contract widlllow a point source to purake abatement from multiple
nonpoint sources whose actual abatement pramuiidirectly unverifiable. Individual
contractual obligations are fenced through the verifiablgerformance of the entire
team. A secondary goal is to design a pcatteam contract, which can be implemented
for use with agricultural nonpoisburces. This requires al&acing of simplicity and
transparency regarding contract details withribquired incentive compatibility features.
Therefore, the contract must be based éorimation readily available to agricultural
producers, and it must correspond vatdme minimal criteria of fairness.

| begin the chapter with a discussionttoé asymmetric information problems
associated with team contracting: adverse selection and moral hazard. Nonpoint sources
have different abilities in terms of the co$treducing emissions. These abilities are
privately known, but unobservable to othevkjch causes adversdeeion problems for
the point source who wishes to contract wtita lowest cost grougf nonpoint sources.

Nonpoint sources are also better infedwegarding their own unique abatement
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production processes, and therefore hoidape information regarding their actual
production and contribution to kbective levels of abatement. This creates a moral
hazard problem, as the point source cannot ebséindividual nonpoint sources are in
breach of contract.

Next, a two stage contract is proposieat address both of these asymmetric
information problems. An important distimo between the proposed contract and other
team contracts in the literature is the aba team entry auction to address adverse
selection. This promises to overcome many of the criticisms that have been levied
against the practical use of preus team contracting arrangements.

Finally, the efficiency of the team contraotid team auction will be examined. The
team contract must transmit the appropriatentives to ensure that individual, and
unverifiable abatement is producatithe contracted levellhe team auction must induce
the nonpoint sources to truthfullgveal their relatie abatement types, providing private
abatement cost information. This abatement cost information is needed to select the
lowest-cost abatement team, and to set @dtoontract prices and quantities for each
team member to ensure voluntgrarticipation. Two traditioal auction designs will be
compared. Efficiency requires an auctioattimduces truth reVation and allows for

incorporation of the optimal abatemestrategy under the team contract.
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3.1 Introduction

Nonpoint sources are currenthe leading cause of wateollution in most areas of
the United States (Davies and Mazurek, 1997t, they have avoided intense regulatory
scrutiny until fairly recently, due perhapstte long-standing claim that regulation is
impractical because it is inherently difflcto identify individual contributions to
nonpoint source pollution loads. The resuthigt nonpoint sources, such as agriculture,
have traditionally beendalressed through voluntary sulbsprograms that compensate
for the adoption of abatement technologid#is tradition has continued in the
development of water quality traj (WQT) markets, where nonpoint source
participation is voluntary. As a resut/QT markets differ frontraditional pollution
permit markets, in that point sources argals buyers, and nonpoint sources are always
sellers. In this sense, WQT markets amailgir to a public procurement or contracting
program, with the point source seeking tmtract with multiple nonpoint sources to
jointly produce a desired lelef pollution abatement.

Collective performance-based WQT contsaate complicated by the existence of
both adverse selection and mdrazard. However, this isot a problem unique to WQT
trading markets. For example, any governntleat wishes to contract private firms for
major public works projects (i.e., constriact of highways or dams) must confront
similar informational asymmetries. Ingmtice, governments have designed various

contracting mechanisms that address laolVerse selection (thgovernment does not
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know the expected cost of any firm) amdral hazard (the government cannot observe
the selected firm’s effort to keefs realized produmn costs low).

What sets the WQT market problem apathesneed to contraintly with multiple
nonpoint sources, coupled with the inabilityotoserve individual productivity. The term
“moral hazard in teams” was coined by Hetnom (1982) to describe this problem.
Moral hazard in teams is more pervasive thmal hazard in the sitgragent case, as it
can occur even when there is no uncertaintyutput. Since shirkig in effort is only
detected through the common fipaoduct, the effect ohidividual shirking is spread
across all agents in the groupgdacannot be attributdd the responsible party or parties.
In this sense, moral hazard in teams igoe tof “free-rider” problem prevalent in the
provision of public goods.

Even though the actions of tagents are not observablaedaso cannot be used as the
basis of the contract, the resaftthe sum of individual actions is verifiable as collective
abatement at the end of the period. Thaeefto overcome the moral hazard in teams
problem, the collective abatement outcomestnine included in the contract that
stipulates payment to the agents. A successful contract must pay more when the
observable collective performance is a gogghal that the individual abatement choices
were the required ones. The contract offdrg the principal must make each agent feel
responsible for the whole of the final protiun order to provide the appropriate
incentive for overcoming the free-rider problem.

This paper focuses on the contract dessgnes associated with the asymmetric

information problems inherent in nonpoiiusce pollution abatement. When a point
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source offers a contract for nonpoint soyvo#ution abatement, several informational
problems pose obstacles to success. Nonpountces have different abilities (i.e.,
abatement types) in terms of the costamfucing emissions. The point source cannot
observe the expected abatemawsts of particular nonpoinbsrces, and therefore, does
not know which firms are the most efficigrading partners. laddition, each nonpoint
source is better informe@garding its own unique abatement production process, and
therefore holds private informah regarding its actual contriban to observed levels of

aggregate loadings.

3.2 Existing Literature on Collecive Monitoring and Enforcement

Economists have addressed the issuaafl hazard in teams through a wide
array of collective monitoring and enforcermhemechanisms. Issues of joint production
in the labor literature (Bimstrom, 1982; Rasmusset®87; McAfee and McMillan,
1991) have been extended to addresgaihe production problems in honpoint source
pollution control (Meran an8chwalbe, 1987; Segerson, 1988; Xepapadeas, 1991; Cabe
and Herriges, 1992; Bystrom and Bromley, 1998, Pushkarskya, 2003). The primary goal
of all of these mechanisms is to prd&iappropriate production incentives to the
individual agents, by making each oéth liable for the whole team output.

Segerson (1988) applies Holmstrom'’s (19&2alysis of morahazard in teams to
the problem of nonpoint soce pollution, by proposingn ambient tax/subsidy

mechanism based on collective monitoring and enforcement. This mechanism pays each
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individual a firm specific sulidy, or charges each individualfirm-specific tax, based

on the difference between observed lewtlaggregate pollution and the collective
standard. The team contract that | pr@pissa member of the same class of budget-
breaking collective penalty mechanisms, whghesigned for use in a voluntary trading
setting. A second major contribution of gh@pose contract is the use of a team-entry
auction to overcome some of the more oneipfggmation requirements of the principal,
present in collective performance-based mechanisms.

While collective performance-basedtmsnents are appealing in terms of their
theoretical efficiency properties, their adoptias practical policyobls has not occurred.
A criticism of collective-performance mechamis is that they require the principal to
possess too much information for efficienpiementation in practice. In particular,
these mechanisms require the principal, trawigly thought to be a regulatory agency, to
have perfect information regarding nonmicsource abatement production and cost
functions. It is also expted that nonpoint sources kndleir own abatement production
and cost functions, as well asithenpact on aggregate loadings.

Assuming that the required contractiinformation is privately known by the
nonpoint sources, practical implementatiorcatfective performance-based mechanisms
requires dealing with an adwe selection problem. Fhsarskya (2003) addresses the
role of adverse selection the design of a nonpoint saerpollution abatement subsidy
program. The principal (i.e., the regulatagyency) faces both moral hazard in teams and
adverse selection. The regtdr wishes to target subsidy payments to the nonpoint

sources that can produce the most abatemeé #tast-cost with collective performance
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as the only verifiable contract element.kéy assumption in this research is that each
farmer has perfect information regarding ooty their own abatement cost function, but
the abatement cost functions of all other farmers. Similar to the Alchian and Demestz
(1972) analysis of economicganization, the shared castormation of the nonpoint
sources, combined with the potential fooeamic gains through coogaion, creates an
incentive for the nonpoint sourkéo organize into a tradirggsociation. The formation

of the trading associationrcumvents the adverse selection problem, as the point source
can contract directly with the associatlmsed on observable group abatement. This
collective payment can then be dividedtbg association between individual members
using the observable cost information to ingdisnset optimal sharing rules. The contract
that | propose in this chapter relaxes tHernmation assumption in Pushkarskya (2003).
The contract implements all@xctive performance-based coatt where nonpoint sources

only know their own abatement cost function.

3.3 A Model of a Two-stage Team Quract for Water Quality Trading

In this section, a two-stage mechanisiat thairs a traditional team contract for
the control of moral hazard teams with an auction to emine team membership prior
to contracting is proposed. The contraaesigned specificallfor application in
relatively small watersheds or sub-catchments, where teams can be comprised of a small
number of contiguously locatetkighbors. The task atriis to design a collective

performance-based contract that haspibtential for actual implementation. The
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contract must transmit to group membeesacland readily comphensible incentives
that are consistent with the group’s goalpoliution abatement. This means that both
incentive compatibility and simplicity, whiccan be in conflict, are both valued.

In the first stage, multiple nonpoisburces are offered the opportunity to
participate in a team contract to produceaggregate level of abatement, using a sealed
bid auction. Bids consist of the quayntitf annual pollution reduction the individual
pledges to produce, and the correspondingupimprice. The point source accepts the
bids of the individuals that, as a grooffer to produce the deed level of nutrient
reductions at the lowest cost. The point sewrill select the groupf bidders that, as a
team, can reduce the maximum amoumafution within the point source’s fixed
budget constraint. The point source’s budgmstraint is determined by its own
abatement cost function. Simply put, therp@ource will not spend more than it would
cost to directly abate thersa amount of pollution.

In the second stage, the nonpoint souvadgproduce abatement. At the end of
the second stage, the collective nonpoint @@abatement is realized, and participating
nonpoint sources are compensated basddeooonditional payment schedule. The
selected team is then paid according tdadinor nothing” contract based on observed
levels of aggregate nonpoint source pollutidinthe observed level of collective
nonpoint source pollution reductions is gredlban or equal to the contracted group

level, each team membergaid for their bid quantity agome agreed upon contract

71



price’® However, if the observed level efllective nonpoint source pollution reduction
is less than the aggregate quantity, eaemtmember is paid nothing (and suffers a loss
equal to the costs of the abatement they produced).

The use of an auction mechanism to adlee contracting team members creates
incentives for nonpoint sources to truthfullyeal private abatement cost information.
This serves two purposes. First, the pepurce can avoid the adverse selection problem
by offering a menu of contracts based on the revealed information. Second, the bid
information allows the point source to setiofal sharing rules that ensure that the
participation constraints ééam members are met. This overcomes the traditional
criticism regarding the high infoational requirements for efficient team contracts. The
role of the team contract ie deliver the ppropriate incentive® reduce potential
shirking (i.e., abating legban the bid quantity).

This contract allows the point soutttepurchase a given level of nonpoint source
pollution reduction, while leaving nonpoirdwwces their choice of abatement technology
to reduce their pollution discharges. Uncetiaas to the effectiveness of on-site
abatement technology is borne by the nonpsintrces, which have better information
regarding abatement performance, and are best able to handle it. The competition for
team membership effectively limits the rarafeent seeking @sibilities in nonpoint
source bid prices, while endagmusly providing the point swce with the information

needed to set the optimal sharing rules within the contract.

13 The price is dependent upon the auction design chosen. Under a discriminatory price auction the contract
price will be the bid price, and under a uniform pricetimm the contract price will be equal to the lowest

of the non-team members’ bid prices. The efficieanyg allocative implications of the choice of auction

design are addressed in later sections of the chapter.
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Consider a watershed that consista sfngle, risk neutral point source and
multiple, n, risk neutral nonpoint sources. sfibset of the nonpoint sourcess n, (i.e.,

the “team”) are selected to provide indivally unverifiable levels of abatement,

a, J[0,a™]. Each nonpoint source has a finite capacity for abateragtit, The cost
of abatement is given by a strictly increasing convex cost fundiiga, . Thg team’s

aggregate abatemeda,e , depends stochastically on the individual abatement actions

of the nonpoint sources and random weatffeces. Expected team abatement is

denoted af[A(a, e)] = a)zm: al+te)+(1- a))zm: a (1-e), wherew and1l-c« are the

j=1 j=1
probabilities of good and bad weather respecti@aiya < 1), andl+e andl-e
represent the impact of goadd bad weather respectivé@;ﬁ e< 1). Any increase in

individual abatement increases the &sted level of team abatement,,i.e

E{—()Ag: e)} >0. The principal offers an “all-onothing” team contract that makes
individual payments contingent on the monigrof team performance. The team target

A is the sum of the individually contract quantity of abatement for all team

m
membersZ)lj =A\. If the observed level ofygregate nonpoint source pollution
j=1

abatement is greater than or equal to #aenttarget, individual team members receive a
positive payment. However, if aggregatonpoint source pollution abatement is less
than the team target, payments arédnlagid from each team member. Appendix A

contains a table defining the notaitsoused throughout the chapter.
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3.4 A Budget-breaking Team Contract to Avoid Moral Hazard in Teams

As mentioned previously, ¢hproposed WQT contract must confront the combined
effects of adverse selection and moral hapawrdVQT contract design. However, | will
begin with an analysis of mdraazard in teams, in isolah, before including adverse
selection. This allows for the effects oétteam contract and the team entry auction to
be examined separately. Within this seafiit is assumed that the point source knows
the efficiency type of each nonpoint sceir(i.e., the point source knows the abatement
cost functions of all nonpoint sources). Tall®ws the point source to select the optimal
combination of low-cost trading partnersdathe optimal sharingules, without the
auction.

The point source offers individualideontracts of the following type:

- A i >
r. = {p' A T A@.e)2 A . The symbolsp, and A, represents the price paid per

"o if A(a,e)<A
unit of abatement to nonpoint souicand the quantity of abatement contracted from

nonpoint sourcg respectively. The profit for each of threnonpoint sources under

pA —Ci(a) if A(ae)=A

} . Therefore, the
-C (a) if A(a,e)<A

contract can also be representedzas{

point source can sqt, and A, , such that when the target is achieved each team member

earns profit, and when the target is not sech team member suffers a loss. Because
nonpoint source market participation is volmt the point source must be concerned

with meeting each individual's participationrstraint. The point source in this case
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must set the contract price and quantitgrder to ensure that each nonpoint source will
be made no worse off by participag optimally within the contract.

The patrticipation constraint requires thia¢ payment to each nonpoint source must

be greater than or edua their actual costs of abatement, ip.d = C. (a , which can

C(a)
A

be rewritten asp, 2 . The right hand side of thisequality is an “adjusted”

average abatement cost. Since thetpmarce does not observe the individual

abatement decision of the nonpoint sources, actual abatemeaty be greater than, less
than, or equal to the contract quantity, Thus, the break-evemrdition of price greater

than average cost must be adjusted to th&gotential discrepay between actual and
contracted quantities of abatement. The psiirce will offer a price that guarantees the
nonpoint source will, at a minimum, breakewvhen producing the desired level of
abatement. Under voluntaryrfiaipation, the breakeven ndition is identical to the
participation condition. The concept ofjasted average cost used throughout the
remainder of the chapter for this reason.

In order to explicitly inaide the effects of weather on the profit maximizing decision
of the nonpoint source, | writedgrexpected profit function:

Mf‘X a+pf

where

aza{(pi N ).((He{zaj +aiJ2/\J—Ci A )}

j#i

55(1-0)){(@ A ){(1— ){Zaj +aij2/\]—ci (a )}.

j#i
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This represents the expectaafit of nonpoint sourcg given the choice of abatement
level,a. The conditional payment structure oé tlieam contract is captured through the

use of the indicator functioh([J. When the condition insid&e indicator function holds,

total observed abatement meets or exceedgrthg target, and the value of the indicator
function is equal to one. Otheise, the value of the indicatlunction is equal to zero.
The first portion of the objective function, represents the expected profit in good
weather conditions. Good wéat occurs with probabilityy, and increases the level of
collective abatement observed downstreamlby). The second portion of the objective
function, 5, represents the expectebfit in bad weather conditions. Bad weather occurs
with probability (L-w), and decreases the levelooflective abatement observed
downstream byl(-e).

The Nash equilibrium abatement strategy maximizes the expected profit of each
nonpoint source. The discrete weather distion assumption requires analysis of the

abatement decision given three weathenipayt contingent scenarios (Table'd).

Good Weather Bad Weather
1| Collective target meti (Jj=1 Collective target met:l (=1

2| Collective target met:I (J)=1 Collective target not met ([J
3 | Collective target not meti(Jj=0 | Collective target not met ([

0
0

Table 3.1: Weather/Payment Contingent Scenarios

14 We do not consider the combination where theeefssitive payout in bad weather and a zero payment
in good weather as this is not feasible using a single abatement strategy.
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Within the first scenario the nonpoirdwgces choose the optimal abatement strategy
that ensures a payment in both weathattest The second scenario has the nonpoint
sources choose the optimal abatement strategy to ensure payment is met only in the event
of good weather. The third scenario hasmlbnpoint sources choose to miss the target
and forgo payment in both states of weath@nce the optimal strategies under each

scenario are determined the Nash abatement strategy can be selected from among them.

Assume that the point source sets the optimal sharing rpled.() such that the

participation constraint of ea¢cbam member will be mep, = Ci/(]a1 ) . With these

assumptions in place, it will be shown that the abatement production strategy that

maximizes expected profit, contingent upon meeting the target in both good and bad

_ A
weather, isa, = (1/]' ) To show this, lef,; = (1 ' )be the abatement production
-e -e

strategy for all nonpoint sources i, who were selected intoglieam. Nonpoint source

i’s profit maximizing choice of abatementdstermined by maximizing expected utility:

Max  (a)+(f)

where (a) = a)[(p A )I[(1+ e)([

and (B) = (1—a)){(p A )I((l—e)[[(lie)z/h}+ai} 2/\J—Ci (a )}

-
|
£
_L
~_
g
~
\Y
>
~— -
|
0O
o
L~
m
o]
—~
w
H
N

It has been assumed that the nonpsnirces are choosing the expected profit

maximizing abatement strategy that will atptarantee payment in both good and bad
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weather. This is equivalent to chaagithe expected profit maximizing level of

abatement that guaranteg§l=1 in both(a) and(f of Eqg. (3.1).

Solving both indicator functions providdse minimal abatement levels at which
the collective target will be met in eaalkeather period, given the assumption regarding
the abatement of the other nonpoint sources. Solving the contents of indicator function

from part ¢) of Eq. (3.1):

=(1+e)a Z[ZAj]+/li —(81’324}

j#i

N T T
ai_m \[L+e) @-¢) (1+e)

Solving the indicator function from pafi)(of Eq. (3.1):

(1—e)([ﬁ;/lj]+@}/\

:(8:32/1]}(1—@@ z{z/aj}mi

j#i

Since we wish to achieve the collecttaeget in both periods, we need to choose

the abatement strategy that produces the lameunt of abatement. To do this, it must
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A
be determined whethet% produces more abatement than
1-¢)

1 1 A
;A’((He)_(l—e)}(“e)'
A 1 1), A
(1-e)_;A{(1+e) (1-e)j (L+e)
p) A 24

i _j#

(1-¢)” (1+e) (1-¢)

1\

—

l+e

S—|

Therefore,a, 2 ﬁ Is the optimal, contingent orceiving payment in both weather
-e

conditions.

Finally, it must be shown that the abatehstrategy actually holds at equality,

= /]i
R

, by maximizing expected profits, subjéctthe chosen abatement strategy.

Max  alp 4 @ -C.(@))+@-a)p A ©-C(@)

A
St a 2

- (1-¢)

Construct the Hamiltonian:

Max  H=p A —C@)+h(a - )

a (i-¢)
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oH _dC,(a) _

= K,
03, 03,
k,>0 k, =0
A, A
a = a >

oC,(a)

The slack conditionk, >0, holds with inequality, sincea— >0. Therefore, the
a

abatement strategy holds with equality,= ﬁ . The rationale being that at equality

the abatement production stigyeensures payment in both good and bad weather. Any
additional abatement will increase costs but will not change the expected revenue.

In order to determine the remaigifeasible abatement production strategies
given this group contract, the same process nedoks repeated to determine the optimal
abatement strategies for the two remaining hwedbayment contingent scenarios. When

the nonpoint sources only wish to achievettliget in the event of good weather, the

. . A . .
optimal abatement strategyas = (1—' When the nonpoint source does not wish to

+e)
achieve the target in either peridde optimal abatement strategyais= 0. For the sake

of brevity, the calculations of these optimal abatement strategies have been relegated to
Appendix B and C, respectively. The optimveather/payment contingent abatement
strategies can be labeled as:

0] the surplus strategyg, (1-¢€) = 4;;

(i) the shortfall strategya, (1+€) = A, ; and,
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(i) the non-participating strategyg, =0.

The expected profit maximizing strategy among these choices is determined by the
distribution of weather, theize of the weather shodknd the contract price and
guantities.

The nonpoint source that follows the surplus strategy will produce more than its
bid quantity of abatement, so that the &g achieved regardless of weather. The
amount of overproduction equdle expected abatement dfalt that occurs under bad
weather. Expected profiinder the surplus strategy is:

El7] s = «(pa (1-8)-C(a))+ 1-w)(pa -9 -C(a))= pa-9-Cla)

The nonpoint source that follows the shalitétrategy will produce less than its
bid quantity of abatement, so that the aggte@batement target is reached only in the
event of good weather. The amount of undmtpction equals the expected level of the
abatement windfall under good weather. Thusamount of the shortfall is constrained
by the weather effect. To avoid a Idke nonpoint source must produce enough to

guarantee a payment in good weather. BExgueptofit under thehortfall strategy is:
E[7 ] g = (P2 1+ €)-C/(a))+ - a)(-C,(a ) = a(pa 1+ ) -Ci(a).

The non-participation strategy is the omlrabatement strategy when the target
will not be achieved regardless of the weatHarthis situation, the expected revenue is

equal to zero. The optimal response is tbpnoduce any abatement, and, thus, not incur

any costs. The expected profit untiee non-participating strategy is:

E[ﬂi ] Non- participaion — 6‘4(_ G (O)) +(1- 6‘4)(_ G (0)) =0.
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It is clear that the non-participatingategy cannot be the optimal strategy, when
the participation constraint is met, since both the surplus and shortfall strategy return
positive levels of expected profit. Therefore, the Nash equilibrium abatement strategy

will be either surplus or shortfall deteimad by the difference in expected profit:

Esurplus[ni] > Eshortfall[ ni]
pal-e-C (a1 ) > w(piai 1+ e))_Ci (31)
(1-€)>aw(l+e)

When this condition holds, the surplus strategy returns higher expected profits than the
shortfall strategy, and vice vars The Nash equilibrium abatement strategy is determined
by the probability of good weathes,, and the magnitude of the weather shecKkThe
surplus strategya (1-€) = A,, is the Nash equilibrium iL—¢€) > «(1+€), and the
shortfall strategya, (1+€) = A, , is the Nash equilibrium ifLl—€) <« (1+e€).

These probabilities are common knowledgé¢he point source and all the
nonpoint sources, and thus the Nash abatesirategy will be known as well. This
allows the point source to assign each team member’s contract price and quantity in
orderto maximize its own expected abatetroast savings. Ideally, the point source
would like to set the contract prices and quargtiie in Figure 3.1. The contract price is
set equal to the point source’s own marginakt @b abatement at the aggregate level of
nonpoint source abatement being purchased. This point is dengfad &sgure 3.1. In
addition, the point source would chooseséb the contract qutties of each team

member equal to their economically efficient production levéls; a; .
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Figure 3.1: First-Best Allocationof Contract Price and Quantity
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However, from the previous analysis itlear that the teawontract will not
produce this result. If the Nash abatement strategjyadfall, the nonpoint source will
under-produce abatement, and & thash abatement strategigplusthe nonpoint
source will overproduce abatement. The psource must deviate from the first-best
contract price in order tguarantee the contracted leweéindividual abatement is
produced by each nonpoint source. Thisésdbmmon second-best result attributable to
asymmetric information (Sandmo).

If the structure of probableeather shocks are such ti{ate) > «(1+¢€), then

the point source and the nonpoint sources all kimawthe surplus abatement strategy is

the optimal strategy to follow. The point soewill set the contract quantity at the first-

best efficiency leveh, =&/ |, and p, :% to ensure that the nonpoint source

produces abatemenf = A.. To ensure that the degirkevel of abatement is provided

by each nonpoint source, the point source wfttiod contract price that is adjusted to
account for the abatement strategy thatnonpoint sources will optimally follow.

The nonpoint source will chooseetBurplus abatement strategy(1-¢€) = A., solving the
expected profit maximization problem:

Max pA -C (a)
& i
st. a(l-e) =4

The first order conditions are:

p1-9=250) o
o
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B

Setting p, = (1 e) results ing :a(‘;‘—(*ai) which has the nonpoint source producing the
- &

desired level of abatemesf = A, .
Alternatively, if the structure of pbable weather shocks are such that
(1-¢e) <a(l+e€), then the point source and thenpoint sources all know that the
shortfall abatement strategy is the optimal strategy to follow. The point source will again

set the contract quantity at the first-best efficiency leyela; |, but will now set the

B

contract price ap, = m to ensure that the nonpoint source produces abatement
e

The nonpoint source will choose the shortfall abatement strai¢by e) = A,

solving the expected pribinaximization problem:
Max ap A -C,(a)

& Oi
st. a(1+e)=A

The first order conditions are:

ap; (1+e) = aC'—(a1) i
%

Setting p, = A results ing8 :aC'—(a’) which has the nonpoint source producing
w(l+e) 0a)

the desired level of abatemeat=A. .

In either case, the point source must seftcibntract price highehan the first best

level in order to ensure thtte desired level of individbaonpoint source abatement is
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provided from each team member. Figures 3.2 and 3.3 illustrate this for the surplus and
shortfall abatement strategies respectivétyboth cases, some level of informational

rent is extracted by the nonpoint source tuthe presence of asymmetric information,

and the Nash abatement strategy is the aamteptiovides the largestformation rent to

the nonpoint sources.

These results, not surprisingly, are simtiathose of the collective mechanisms
proposed by Holmstrom (1982) and Segers®388). This is because the team contract
proposed in this dissertation belongs t® siame class of budget-breaking collective
mechanisms. Some manipulation of terms can illustrate the commonality of this contract
with that of Holmstrom and Segersonheorem 3 in Holmstrom (1988) proposes the

contract:

where, s is the share of theollective output valuexj attributed to team membgerwith
Zi s =1, andk; > Ois a fine for failing to achieve the contract le{g) . The WQT

contract presented in thekapter can be rewritten torrespond with this Holmstrom

contract as follows:

s.(x):{sﬁ
S

A : ,
wheres = XI and X = pA . The differences between the two contracts are in terms of

Xl x|

X2
X<

< X

_ki

andk; . In this contract # output value is fixed dhe contracted levet . In addition,
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the fine for under-compliancé, , is always set equal to the individual's share of the
fixed output value K, =sX). The principal seeking full compliance in the face of

production uncertainty, will not seek to adjtse fine, as in Holmstrom and Segerson,

but instead will adjust the optimal value for outgut;>

A common problem often discussedagsociation with both the Holmstrom and
Segerson instruments are the effects of emdem constraints. Endowment constraints
restrict the credibility of many collectiygerformance instruments. Under certain
conditions, the size of fines required for fulhgpliance may be so large as to eclipse the
wealth of the individual agents. In suséttings, the mechanism loses its practical
enforcement credibility (Karp, 2002). The sammé&ue in the WQT setting, where the per
unit price required to securediidual contract quantitiesiay be prohibitively high,
especially when weather impacts are largayloen the difference in marginal abatement
costs between point and nonpoint sources idlsnie budget constraint of the point
source provides a default to nonposource trading. The poisburce can always opt to
produce its own abatement at cost. When tls¢ afocontracting witthonpoint sources is
too high, the budget constraint will be exceeded, and the proposed contract will not
permit trading. Unlike the Segerson and Holmstrom mechanisms, endowment constraints
do not weaken the credibility of the contrantentives, rather, they preclude trade from

occurring at all.

15 Changing the output value does affect the size of the fine, as it is the fine is equivalent to the loss of the
individual share of total output value under non-compliariéewever, this is a direct result of the change
in contract price.
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3.5  An Auction Mechanism to Determie Team Entry and Sharing Rules

When the assumption regarding kmowledge of individual nonpoint source
abatement cost functions is relaxed, ploent source no longer possesses the information
needed to select efficient teamembers and set optimal smgyirules. In other words,
the point source is no longer able to identifg lowest-cost s@et of nonpoint source
polluters. In addition, the point source does have the information needed to set the
optimal contract price such that the pap&tion constraint anthe production of the
contract quantity of abatement is ensured. Introducing adverse selection requires the use
of a mechanism that can induce the nonpsinirces to voluntarily reveal this private
information. Auctions are commonly used tbis purpose, and among the wide array of
auction designs, two types have generallyiveckethe most attention: uniform price and
discriminating price, sealed-bid auctionsafHs and Raviv, 1981). In a uniform price
auction, a single market price equal to lihgest rejected bid is paid to all accepted
bidders. In a discriminating ation, all winning bidders aneaid their bid price, rather
than a common price.

The WQT setting presents some unighallenges regarding the appropriate
choice of the auction mechanism. Researtimulti-unit auctions has shown that the
efficiency conditions proveim the single-unit case aretrguaranteed to hold when
individual bidders offer multiple-units. lparticular, bid-shading in both uniform price
and discriminating price auctions leads teffitient allocation when bidders are allowed

to bid for multiple units at differing pricesr when any bidder(s) can exert market power
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(Ausubel and Cramton, 2002). In the unifacase, the ability to bid for multiple
quantities at differing prices cdead to a bidder’'s own bigeing “pivotal” in setting the
price, and thus, truth revi@ag bids are no longer a dominant strategy. By offering
multiple units at varying prices, the bidder gaentially be selected into the team and
also set the market price, which creategaentive to shade bid prices on some units.
Market power allows the dominant biddennfluence the auction price, in the
discriminating price auction.

To avoid the potential inefficienciegrbuted to multi-unit auctions, | assume

that each nonpoint source has saee maximum capacity for abatement:

a™ =a™ =a™, and thus will have a maximum, strategy contingent, bid

quantity A" = AT = A", This assumption removes the potential for market

domination by any single biddeh addition, | restrict bidder® a single bid price over
all bid quantities. This prevents any bidddsid from being pivotal in determining its
own price in the uniform auction. Undee#e assumptions, the inefficiencies of multi-
unit auctions are avoided (Ausubel and Cramton, 2002).

In the team entry auction, a single ris&utral point source desires to purchase
amount of nonpoint source abatemeunhjsct to a budget constraint. The budget
constraint is determined by the point sources abatement cost function (i.e., the point
source will not pay more than its own cost &vatement). Multiple risk neutral nonpoint
sourcesn, bid to join the abatement team. The< n nonpoint sources that collectively

produceA level of abatement at the lowest-cost are chosen for team entry. Bids consist
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of a per unit pricep, (/1i ) for a quantity of abatemend,. Ties are broken through

random selection.
Following Wilson (1979) and Ausubehé Cramton (2002), | represent the multi-

unit auction in terms of sines, by normalizing the Bective abatement targdt1, with
individual quantity bidsAd. 0 (0,A™ )andA™ J(0,1) This simplifies the construction
of order statistics needed for an analgtisolution for optimal bidding strategies.

Order statistics are usefdlols in the analysis of auctions. The point source and
all rival nonpoint sources assume ttra reservation jmes of all bidderfd,,...,,) are
identical independently drawn random valésbfrom a cumulative density functi@s([)
with probability density functiong(l). The distribution of reservation prices is known
by all, but the individual realizatio, is only known to bidder.

By arranging tha i.i.d. random reservation prices in ascending order of

magnitude(H(l) <G, <. H(n)), we can denote tha" order statistic of all bidders other

thani asg,,. Now we can denot€, as the cumulative density function afi, the

probability density function of thei” order statistic. The probability of being accepted
into the team can be written aguaction of the distribution of thei" order statistic,
Pr[pi (/]i ) acceptec11= Prl.pi (/]i ) < 9(:1)] =1- F(r_T:) .

In the following sections, the same method is used to determine the optimal bid

price and quantities for both possible Naghikbrium abatement strategies. To avoid

repetition | will only report the details forétsurplus strategy within the text. The
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derivation of the optimal bid price and quaytiinder the shortfall abatement strategy is
identical to that presented, and candnend in Appendix D (Uniform Price Auction) and

Appendix E (Discriminating Price Auction§.
3.6 Uniform Price Team Entry Auction

In a uniform price auction the biddexckes uncertainty in gard to both team

entry and the contract price. Thdowest-priced bidders, #t collectively bid to

produce the team targeﬁ/li =/\), are each contracted pooduce their bid quantity at

a per unit price equal to thewest rejected bid. The bptice of the lowest excluded
bidder (m+1) becomes the contract price, referte@s the “stop-out” price, for all team

members. The “stop-out pric€p,..,) is an expected price, avehe distribution of the

order statistic distributiod,- F, . As will be shown, it caalso be interpreted as the

Cm+1 (am+1 ) ]

m+1

expected average cost of time-1 bidder,

Each nonpoint source will bid its troeservation price in the uniform price
auction. Truth revelation implies that thel lovill reflect the actuatosts of abatement for

*
i

the nonpoint sourcep; (ai*)ai* =C, (a ) Therefore, the nonpoint source bid price holds

% The only difference between the surplus and shirking abatement strategies is in terms of the
determination of optimal bid price and quantity ishia weather shock term. Under the shirking abatement
strategyw(1+e) is used in place of (1-e).
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. . . . . «y _ G (ai*) .
the following relationship to the reservation prieeld ) =———=6;. The uniform

i
price auction ensures that the individualaatility constraints oéll accepted team
members are met, as the contract price isydwgaeater than the bid price of the team
members.
The competitive team entry auction is a revelation mechanism, which induces the

nonpoint source to bid aipe that equals its @aage abatement cost:

« _G (ai*) . . . -
pi(a) =——"=6;. This is because any deviatifsam the truth revealing bidding

strategy will not improve the expected outcdimethe bidder. This is true for either
increasing or decreasing the bid pnietative to the reservation price.

When a bidder sets the bid pripe(A.  loyver than the reservation pri€e three

(a) pi (AI) < el < r)m+1
possible scenarios exigh) P, < p.(4)<8 or

© pPi(A) < Ppa<8.
When the nonpoint source’s reservation piéfeis less than the expected competitive
auction price,p,.,,, as in scenaricaj, decreasing the bid prige(4, Has no effect. The
nonpoint sourcstays in the team and receives #ame competitive price. Whenis
greater thanp,,,,, reducing the bid price can only k&the nonpoint source worse off.
Reducingp, (A, Jo any point greater thap,..,, as in scenari¢p), does not gain the

nonpoint source entry into the team, andaiistion outcome is unchanged. Setting

p, (A,) equal to or less thap,.,,, as in scenari(c), worsens the auction outcome of the
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nonpoint source. Whep. (4.) = p,..,, the nonpoint source has a random chance of being

selected into the teanif the nonpoint source does not gaintry into theéam his status
remains unchanged, and if selected the nonoinice is guaranteed a loss because the

auction price will be less than the average cost of abatement. Redy¢ig below)
P.... €xacerbates this loss.

When a bidder sets the bid price higtiem the reservationipe, three possible

(€©) P <6 <pi(4)
scenarios existtd) 8 < p,(A) <P, Or
(e) 0| < Emﬂ = pi (/]I)

When the reservation pricegseater than the stop-opitice, as in scenaria), increasing
the bid price does not affect the auctioncome as the nonpoint source will continue to
remain outside of the team. \&finthe reservation price is lebsin the stop-out price, the
truth revealing bidding strategy ensuresrbapoint source entrance to the team.
Increasing the bid price to any point I¢isan the stop-out price, as in scendd) has no
effect on the auction outcome. The nonpemirce remains in the team and will receive
per unit stop-out price. Raigj the bid price equal to or gteathan stop-out price, as in
situation(e) puts the nonpoint source in danger dfesing a loss. Bidding the stop-price
results in the nonpoint sourcevirag a random chance of beingesgtked into the team. If
the nonpoint source is selected into the téa@auction outcome remains the same, (i.e.,
he is paid the stop-price). However, if selected the nonpoint source suffers the loss of
expected profit he would have made haddreained in the team. Obviously, the same

loss occurs for any bid price set above the stop-price. Itis a dominant strategy for the
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nonpoint source to bid the reservatiorcprassociated with éhchosen abatement
strategy.

The optimal bid price line is treeverage abatementstaurve., i.e.,

p(aj): Cii?" ) Thus, the optimal bid price is silgghe average cost of abatement at

the optimal quantity level. In a uniformige auction, the nonpoint source will always
bid the feasible quantity of abatement timgtximizes expected profits, given the Nash
abatement strategy.

The utility maximizing quantity ohbatement under the surplus abatement
strategy is determined by solving the faliog expected profit maximization problem:
Max Pp.A ~Ci(a)
st. A =al-e)

Amax — amaX(l_ e)
A <A™

This maximization problem can be simplified as:
Max |_3m+1ai (1_ e) - Ci (ai )

g
st. a =a"@l-e
H = p,.a(1-¢-C(a)+k@™(1-¢-a)
Show first order conditionwith slack constraints:

oH__  ocfa) 1
JR— pm+1——

0a, oa, (1-¢)

{kl>0 {klzo
or
ai:amax ai<amax
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The slack conditions can be interpretethia following manner. If the expected

contract price is greater than the marginait @ abatement, which is adjusted to account
for the Nash abatement strategythet maximum allowable bid quantita{®), the
nonpoint maximizes expected profit by biddihgs amount. Otherwise, the nonpoint

source will bid the quantity ) where the “stop-out” pricegeials the adjusted marginal

cost of abatement. The optimal bid quignis the expected profit maximizing level:

max

A min[a a1J

The uniform price auction serves as dthtnevelation mechanism, as the optimal
bid price is equal to the avage cost of abatement at the optimal bid quantity. The
optimal bid quantity is less than the firgdb profit maximizing level as a result of
informational rents from asymmetric information. The nonpoint source accounts for its
abatement strategy of over-production irsg¢ection of its bid quantity. However, the
contract does ensure that eaem member will produdadividual abatement levels

equal to their bid quantitiesThe optimal bidding strategy is depicted graphically in

Figure 3.4.
3.7 Discriminating Price Team Entry Auction

In the discriminating auction, the biddaces uncertainty about acceptance, but

not about price. The lowest-priced bidders, that cetitively bid to produce the team

target (Z/li =/\), are each contracted to produce th&rquantity at their bid price.
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Figure 3.4:  Optimal Bid Price and Quantity (Uniform Price Auction and Surplus
Abatement Strategy)
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Thus, all bidders have an incentive to incres@ bid price above threservation price.
In a discriminating price auction the nonpasource maximizes expected profit, where
the expectation is now based on the uncertaegpciated with being selected into the

teant’, represented by thdistribution of them” order statistic:
MaX(l_ F(;) )(pi/‘i -G (ai )) + F(;wi) (O)
P A

/]i
st. &=
1-¢)

/]i < fmax
amaX(l_e) = Jmax

The maximization problem can be simplified as:

|\p/| ﬂX(l_ F(;) )(pi A =G (ai )) + F(;:) (0)

St. al-e=A
A <a™@1-e)

Finally, the maximization problem can teitten in terms of actual abatemeast;

Maxl-Fq Xpa-e-c(a))

max

st. a<a
Solving the nonpoint source profit maximiimen problem to determine optimal bidding
strategy will give:

H=@1-F,)(pal-e-Ca))+k @™ -a).

This gives the followindirst order conditions

" Weather uncertainty is incorporatetb the choice of abatement strategy.
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oH

a—n——f&)[pi&(l—e)‘c( )]+(1 F ))a1(1 e) 0
oH L 0C@)]_, -
a—(l F(m)){ p(1-e) 92 } k,=0

{ k,>0 { k,=0
or
aiza,max a|<amax

Rewriting the first order contiibn taken with respect t@, condition shows the

optimal price bidding strategy for the surplabatement strategy umdee discriminating

price auction:p. = S (a‘ ) 1 LU Fim) . Each bidder will inflate their bid above

@a- e) f (m')

( (m))

the reservation price . The term——— is the typical hazard function commonly
()

found in problems of adverse selection.e tumerator is the probability of being
selected into the team conditional on the biddeeservation price, and the numerator is
the change in the probabilitf being selected into theam corresponding to a unit
increase in bid price above the reservationepriThe greater the impact an increase in
bid price has on the probability of team enthe smaller the overall informational rent.
Therefore, the nonpoint sources at the low-eost of the distribution will extract greater
informational rents than nonpoint sources athigh-cost end of the distribution. The
optimal bid price line is always greater thithe average abatement cost ensuring that the

individual rationality constraint is alwayset given the Nash abatement strategy.
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The remaining first order condition provides the optimal quantity bidding

strategy. Rewriting the equan in terms of bid pricep,, gives:

a—H.E(l—F(;)){pi—[aCi(a“) L ﬂ %

9a da (1-9))| 1-o

By substituting the optimal bid price line fpr into the equation, the optimal bid

guantity can be representedé@nms of the relationship betwethe optimal bid price line
and the marginal cost of actual abatement (he.marginal cost of abatement adjusted to

account for the optimal abatement strategy).

g%s(l—F(;))[[C'(a) L +(1_F<_mi>)}-[aci("’“) ! H—klzo

a (1-¢  fq da, (1-e)
(570w [k
g =a g <a

The slack conditions can baénpreted as follows. When the optimal bid price line is
greater than the marginalstaof abatement at the maximum bid quantity, the nonpoint
source bids the maximum. Otherwise, tle&point source will bid the expected profit
maximizing quantity, where the optimal bidge line intersects the marginal cost of
abatement curve (Figure 3.5).

Vickrey’s expected revenwegjuivalency of the uniforrand discriminating price
auction, under risk neutrality assumptiphave been well documented (Harris and
Raviv, 1981). Traditionally, this has matthe seller’'s choicef auction design

unimportant in terms of efficiency. Howeayén the case of the team entry auction,
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market efficiency can be greatly affectegithe choice of auction design. Only the
discriminating price auction can guarantee thatcontract pricesf all team members
are consistent with the incentives necesfaryhe Nash abatement production strategy.

The stability of the Nash equilibrium abatement strategy is dependent on the
provision of the optimal contcaprice for each team memb In the uniform price
auction, the optimal bid quantity is basedamnexpected contract price, which may not
be the same as the realized contract pricee ortty guarantee is that it will be greater
than the winning bid prices. However, amntract price that differs from the expected
price will result in eaclbteam member producing abatermansome quantity other than
their bid quantity.

This problem does not arise in the disénating price auction, where bid prices
and quantities equal the contracted priceé quantities for all winning bidders. When
actual draws from the distribution of th#' order statistic differ from expectations, the
effect is felt in the selection of team meers. Bidders who thought they would be
included in the team can be left out, or thespecting to be left out of the team can be
selected into the team. In either case,gh&no residual effecn the optimal provision
of abatement from team members, sincebillgorice and quantity remain the contract
bid and quantity for all nonpoint sources sedeanto the team, and it remains optimal

for each to produce abatement equal to the bid level quantity.
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3.8  Summary and Conclusions

The asymmetric information problemsinherent in contracting for nonpoint
source pollution abatement can be overcome using a collective performance contract.
The proposed two-stage contract pairganrt entry auction with an “all-or-nothing”
budget breaking team contract. The auctiwarcomes adverse selection problems and
provides crucial cost information to the pbsource to ensure that contracts meet
participation and incentive compatibility carents. The all-or-nothing team contract
removes the free-riding incentive of moral halzam teams. The contract provides a
stable abatement production equilibrium.

The Nash equilibrium abatement strategy that emerges from the team contract is
determined by the distribution of weatlsocks. The point source must concede
informational rents in order to ensure that the contracted level of abatement is produced,
even without being able mbserve individual emissions. The amount of informational
rent is dependent upon the disttilon of weather impacts on abatent in the watershed.

The use of a team entry auction vallercome the adverse selection problem in
two ways. It allows the point source to sootential team members in terms of relative
abatement costs. The auction also presithe point source with contract prices and
guantities that will meet the participatioarstraint and will ensure contract compliance.
The choice of auction design is important.eTtham contract ensures that each nonpoint
source will produce a contracted level of abatement only when the appropriate price is

paid. In the uniform price auction the comtrarice can differ from the expected price
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used by the nonpoint source to determine itsyagdtbid price and quantity. This can
result in deviations from the contractiedel of abatement being produced. The
discriminating price auction guarantees thefimice and quantity when the collective
target is reached. Because of this e preferred desigor use in WQT trading

markets.
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CHAPTER 4

WHAT IS MORALLY SPECIAL ABOUT
NONPOINT SOURCE POLLUTION?

This chapter examines the moral considerations that bear on the differential
treatment of nonpoint sources of pollution widspect to the polluter-pays-principle, and
addresses this broad questitmit unfair for US environmental policy to provide
differential or special ttatment to nonpoint sourcesThe somewhat vague teunfair
is used here in the more narrowly definedsgetinat “... an outcome (or process) is unfair
if the treatment received by naus individuals concernedifato reflect the presence or
absence of morally relevant differences betwtébem” (Kagan, 1998 p. 54). | will argue
that the point/nonpoint distinction is only nadly relevant only under performance-based
regulation, and even then does not proddgeneral moral prohibition against the
application of the polluter-pays4ipciple to nonpoinsources.

First, the nature of pollution as an accumulative harm, and the resulting need for
the state to redefine the harm thresholterms of individual emissions standards are
presented. The implication of regulatoryntrol and the role of penalties as a morally

justified means of enforcing compliancec@ntrasted with the notion of criminal
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prohibition and the use of punishment. Theaaheelevance of thetatutory distinction
between point and nonpoint sources is dised in terms of two commonly stated
grounds: “differential uncertaintyéind “differential observability | find there to be no
moral relevance to the distinction based on differential uncertainty. Framing the
distinction in terms of differential observéty is morally relevant when considering
performance-based regulations, but not technology-based regulations. In the
performance-based case, tleed for collective penaltigssults in the creation of
vicarious liability. The moral legitimaayf extending the polluter-pays-principle to
nonpoint sources will involve tradeoffs regarding the imposition of costs on innocent
nonpoint sources under the polluter-pays pplsior imposing costs on the innocent
public, under the exemption. Vicarious lityi in and of itself, is not morally
objectionable. The conditions under whitls applied, as well as the degree of
vicarious liability imposed, will play a crucial faxtin the moral justifiation of its use.
The chapter concludes with a discussion ofisenorally relevant factors that limit the
moral objections to imposing vicarious liabilimder the pollutergoys-principle, tipping

the scale in favor of its adtipn for nonpoint source pollution.

4.1 Harm, Regulation, and the Polluter-pays-principle

The natural environment provides funtiental services without which humans,
and most other life forms, could not survivi.few of these services are the provision of

clean air and water, waste assimilatidmate control, andoil fertility. These
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environmental services allow our soci&yproduce its cornwpia of essential goods,
including food, shelter, fuel, and medies. The production of many of these goods
results in the creation of unwanted byprodusteh as heat, chemicals, minerals, and
nutrients. When emissions of these byprodegteed the assimilatvcapacity of the
natural environment, they impair ecosystem services, and are labeled pollution.

Pollution constitutes harm. In its simplest form, harm can be thought of as the
production of something that is intrinsicabbpd. However, in many cases our actions do
not directly produce something intrinsicaligd, but instead alter the distribution of
instrumental goods, which also can constitlaang harm (Kagan, 1998). Pollution is not
only a harm when excess nitrogen in drinking water causes illness, but also when excess
nitrogen indirectly deprives others of recreatiomatommercial uses of the water.

The harm from pollution can have an interesting structure, as emissions from one
individual, in isolation, may be unnoticealdr innocuous. However, these emissions in
combination with the emissions of others may cause serious harm. In this sense,
pollution is often an accumulative hafirwhich presents the following challenges in
terms of regulation:

(i) A threshold of harm is approaeth, reached, or exceeded through the

joint and successive contributionsrafmerous parties. (ii) These

contributions are uneven in amouand unequal in degree of care and

social value. (iii) In respect to thearm of pollution, each contribution is

“harmless” in itself except that it moves the condition of the environment

to a point closer to the threshatiharm. (iv) When these accumulations

cross the harm-threshold, they conséitptiblic harms in that they set back
vital net interests shared by alst@veryone. (Feinberg, 1984 p. 225)

8 There are many situations in which pollution is not an accumulative harm. For example, an oil tanker
that spills its cargo in the waters off the Galamalptands crosses the harm-threshold on its own.
However, within this chapter, lilWbe discussing pollution of the accutative type, where no single point
source or honpoint source is producing enough emissions to cross the harm threshold alone.
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Accumulative harms present difficulties in determining what should count as
“doing harm” to others. The emissions freach source contribute to the production of
harm, but do not cross the harm-threshold orr then. Therefore, there is no instantly
recognizable basis for arguing that any padticular source has caused a harm, and
hence to which particular source to impute liability for the harm. As a result, the state
assigns sources a “permitted share” of the total allowable emissions, and only in
reference to these individual emission standardany particular polluting act be defined
as wrongful.

Most of the activities @t result in the productioof unwanted emissions are
socially desirable. For example, agriculture produces the food we eat, and power plants
provide our electricity. Amutright prohibition on the eission of unwanted byproducts
would obviously cause more harm than the pollution itSefor this reason, the role of
the state is not to forbid polluting activitidsjt instead to regulate polluting activities.
Hence, environmental statutes are thigiect of administrative law as opposed to
criminal law. The use of sanctions sucHiass, enter only derivatively as a means of
enforcing the regulatory &ority of the state.

“If we are going to confer authority oresignated officials in order to make some
governmental program or institution work, &we= committed thereby to granting them
enforcement powers, since unenforceabléauty is in effect, no authority at all”

(Feinberg, 1984 p. 21). This arrangememtasunique to environmental regulation.

9 Qutright prohibitions are feasible in the case wheeethilutant is extremely toxi or where the ban does
not have serious economic impacts for society. Withisdissertation the focus has been on nutrients,
such as phosphorous and nitrogen, which | stipulat@atrextremely toxic or anful and whose outright
ban would have overwhelming negative impacts on society.
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There are numerous statutes, that while notinahstatues, allow for the use of fines.
For example, traffic laws that impose fines éperating a vehicle W a broken tail light
or parking illegally.

The distinction between regulatingdaforbidding has important legal and
philosophical implications, especially in tesraof whether the criminal sanctions they
may impose are considered “punishment”menalties”. Legally, the distinction
between regulatory penalty and crimipahishment has constitutional implications.
“There are elaborate constitutional safeguards for persons faced with the prospect of
punishment; but these do not, or need nap)yawhen the threatened hard treatment
merely regulates an activityFeinberg, 1965 p. 409). Penalties and punishments share
the common feature of being state saonetd and administerateprivations for
transgressions, but punishment has antihdil feature of epressing attitudes of
indignation and reprobation die state, the public, toth (Feinberg, 1965). The
application of penalties, which do not contain this expressive function, is morally
legitimate in many cases where punishment wouldgotThis is not meant to imply that
penalties do not have to be morally justified]y that the justification does not involve
the reference to any of the complex notiohsondemnation, authoritative disavowal,
symbolic non-acquiescence, vindication of the,land absolution of others that are part
and parcel of punishmef(feinberg, 1965).

The United States, along with a majoritiythe international community, has
adopted the polluter-pays-pcple (“PPP”) as the foundational tenet of environmental

regulations as ratified in the Rio Declaoa on the Environment, and the Organization
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for Economic Cooperation and DeveloprtigiGuiding Principles Concerning the
International Aspects of Environmentallieg. The PPP requires that the costs of
preventing and controlling pollution be bornethg polluter. Page has described it as a
distributive principle, becausetells us in which direiton cost bearing should be
directed:

The normative appeal of the principksts in large part, | think, on a

simple idea of fairness. Thus we ghgt it is fair for you to pay for the

costs you impose on others, and more strongly, it is unfair for you to

impose costs on others without begrat least some cost. (Page, 1986

p.243)

Although a moral defense of the PPP igdmal the scope of this paper, the basis
for its broad normative appeal can be briefly discussed. Kagan (1998) proposes
categorizing normative theories into twass$es, based upon the moral significance they
place upon the outcome of an action. Cquosatialist theories consider the goodness of
an outcome the only morally significant factn determining the rightness of an act,
while plausible deontological theoriesnsider the goodness of outcomes as only one of
several, sometimes conflicting, morally sigo&nt factors. Consequentialists base the
moral justification of a regulatory systemtarms of the minimization of future harms,
while the deontologist will traditionally appetal a theory of moral desert. The quote
from Talbot Page above captures the ddsssed appeal of tHePP. It directs the
imposition of costs, abatement costs as wedlspotential penalties for noncompliance,
to those individuals who genéeathe costs. It targets the imposition of costs to those

who “deserve” to bear them. Those who appe#he moral desirability of the deterrent

effects of regulatory contravill also support the PPP.
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As first shown by Coase (1960), given minimal transaction costs, the initial
allocation of responsibility for cost bearinglwiot affect the abilityof individuals to
achieve the desired level of pollution redanos. Therefore, when these conditions hold
the individual concerned solelyith deterrence is indifferg regarding who should bear
the costs. This indifference favors theice of the PPP within a morally pluralistic
society. This is because the PPP is mpmatiobjectionable based in terms of both desert
and deterrence.

The PPP has two basic components. The first is compulsory compliance with
state mandated standards. The second is that compliance is enforced through the use of
penalties, such as fines. A highly stg@ld description of polluter-pays water quality
protection regulations can blescribed as follows: (i) an ambient water quality standard
is determined for an impaired waterway; (ii) specific standards are assigned to individual
sources that discharge pollution into the wasgnw(iii) the individualstandards are set so
that in aggregate, the ambient standardbozaachieved (the standards can be technology-
based or performance-based)) (imdividual sources are monitored, and noncompliant
sources are punished through fines and pesalfThe setting and enforcement of

individual standards for pollution ctrol can be a complicated process.

4.2  The Moral Relevance of the Point/Nonpoint Distinction

The Clean Water Act classifies polluti sources into two categories based upon

the manner in which emissions are discharged. The Act defines a point source as “any
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discernible, confined, and discrete conveyarufgiollutant to a water body (33 U.S.C.
81362(14)). A discrete conveyance includes,ivunot limited to, “any pipe, ditch,
channel, tunnel, conduit, well, discrete fissucontainer, rollingtock, concentrated
animal-feeding operation, landfill leachate colien system, vessel or other floating craft
from which pollutants are or may be disdent” (33 U.S.C. 81362(14)). The definition
of point source covers a wide and expandingetaof activities, beginning with direct
discharges from factories and sewage treatrpkants, but extending to a multitude of
others.

The term nonpoint source is not defirdirectly by the Act, but instead is
understood to be those pollutidischargers that are not cogd within the definition of
a point source. In addition, return flows from irrigated agriculture and agricultural storm
water runoff are specifically excluded frahre definition of a point source. This
provides the majority of agriculturattivities with nonpoint source status.

Nonpoint sources do not participate ie thlean Water Act’s primary regulatory
mechanism, the National Pollutant Discharge Elimination System. Instead, efforts to
control agricultural nonpoint source emissions are dealt with through sections 208 and
319 of the CWA, which focus on state designed, taxpayer funded, subsidy-based
programs in which participation is voluntg88. U.S.C. 81329). Thus, the differential
treatment of point and nonpoisburces of pollution is in tms of imputed responsibility
and the application of the PPP. To be exempt from the PPP provides the nonpoint
sources with the right to unrestricted emissiofke corollary to this is that any

reductions cannot be required by the stiatet instead must be made on voluntary
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grounds, which, in the lion’s share of cases,iEntiae use of public or private subsidies
to offset the costs of abatement.

Many practical political, social, and econcrexplanations have been offered to
explain the differential treatment of nonpogaiurces, ranging from the strength of the
agricultural political lobby to the historicabcial importance of agulture (Ruhl, 2000).
The focus of this chapter is whether a morally legitimate distinction between point and
nonpoint sources can be made based on the®tit defined partition of disperse and
discrete conveyance. Within this mommilied concern, two rationales are commonly
given to explain why nonpoint sources nimyexempted from the PPP. The first
concerns differential uncertainty, which means that nonpoint source emissions are more
variable and thus more difficult to conttblan point source emissions. The second is
differential observability, which means ttiae inability to observe individual nonpoint

source contributions prevents the morally legitimate application of the PPP.

4.2.1 Differential Uncertainty

Arguments in favor of the point/nonposurce distinction being made in terms
of differential uncertainty & asserting that tr@ntribution to ambient conditions is
inherently more uncertain in the casenofipoint sources. Therefore, we should be
reluctant to assign responsibilifiyr violations of individuakemissions standards. The
empirical basis of this claim may be pliged, as both point source and nonpoint sources

are stochastic. For example, the same vegther event that can lead to an increased
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runoff of nutrients from agricultural land, walso affect the emissions of nutrients from
publicly owned wastewater tigment plants (POTWSs). High precipitation levels will
place greater demands on the POTWSs and ofteults in excess nutrient in their effluent,
in addition to the effects of increased output through combined sewer overflows
(Huanxian, et al, 1997 ). Ehrelative uncertainty of essions between point and
nonpoint sources is an empirical question thaite specific. Regardless, even if
nonpoint source emissions are always moertain than point source emissions, in
what way may “differential uncertainty” be morally relevant to the exemption of
nonpoint sources from the PPP?

The appeal to differential uncertainty seetm be the following: If, in the face of
uncertainty, an individual cannot be certabout the consequences of his actions, then
he has no way of determining which actiori wroduce the best results, and thus, which
action is the right one. Quite simply, outcomes may not reflect intentions when
uncertainty exists, and thus penaltiesrfoncompliance may be undeserving. However,
the consideration of intended iaxts is not required in thisase. The administration of
fines within environmental regulations is basedthe violation of an emissions standard,
irrespective of the inteiwn of the source. “The rationabé strict liability in public
welfare statutes is that violati of the public interest is melikely to be prevented by
unconditional liability than by lidility that can be defeatds some kind of excuse; even

though liability without “fault”is severe, it is one a@fie known risks incurred by
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businessmen” (Feinberg, 1965 p. £25)Uncertainty in terms of the appropriate action to
take cannot absolve an individdieom responsibility for the outcomes of those actions.
In fact, the argument for a distinctibased on differential uncertainty, may in
fact, work in the opposite direction. In macases we feel justifiein imposing stricter
regulatory controls over those who ckedo engage inherently risky activities.
Consciously choosing to perform a risky,aghile acknowledging having little control
over the outcome, would appear to provideregreater moral legitimacy for the use of
more stringent regulatory controls. Thesseen with allypes of ultra-hazardous
activities to which we assign strict liabilityRegardless, the appeal to differential
uncertainty fails to provide a valid distition for the exemption of nonpoint sources

under the PPP.

4.2.2 Differential Observability

It is the ambient effect of pollution thatrecerns us in terms of harm prevention.
However, the linkage between individual actiamsl their actual contribution to observed
ambient effects is a complex and dynamiggaiss of transport, spatial interactions, and
stochastic natural phenomena. The costietdrmining a reliable measure of causal link
for all of the contributory indidual actions that can come to bear on ambient effects are

prohibitively high, if at all posbie, to determine with certain Therefore, there is an

2 This is one of the areas whéhe importance of the distinction between criminal “punishment” and
regulatory “penalty” is quite evident. While we do not object to the practice of penalizing persons for
“offenses” they did not mean to perform within fialvegulations such as issuing parking tickets, it is

much different when considering doing the same in terms of punishing someone for the crime of murder
(Feinberg 1965).
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observability problem associated with asaming the contributory share of each
individual source to the ambiewater quality conditions. T&problem is shared by both
point and nonpoint sources. In orderctmtrol ambient water quality conditions,
regulators must turn to a rougher approximanf contributions to ambient effects.
Emissions are directly related to ami conditions and pollution sources have
immediate control over their production. As such, they have become the focus of
pollution policy through two forms of @ssion standards: technology-based and

performance-based.

4.3  Moral Relevance of “Differential Observability”
Technology-based Regulation

Technology-based standards specifyahatement technology, technique, or
practice that sources of potely harmful emissions must use. That is, they impose
control by dictatingrow emissions are to be reduced. Technology-based standards
require the adoption of “best available cohtexzhnologies”, which provide an expected
level of emissions reduction. The linkageatdual individual emissions reduction, and
thus ambient effects, is indirect. Howewidis approach gives the regulator a reliable
and enforceable basis for gaining control of emissions that contribute to those ambient
conditions. “Doing harm” is necessarily réded as failure to adopt the mandatory
control technology, which is only indirectlylaged to the original concern of exceeding
the accumulative harm-threshold. In teense, adoption of technology indemnifies the

source from responsibility for actual harm thaay still occur. Irthe case of technology-
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based standards, there is no relevaringigon between point and nonpoint sources.
“Differential observability” does not exigt terms of the adoption of abatement
technology. The installation of a nonpoint smufilter strip is as easy to observe as the
installation of a point source abscrubber. In additiomoth point sources and nonpoint
sources can take (or fail to take) unobservabtens that reduce ¢ir overall abatement
costs but also reduce the performance eftéthnology. Because of this, a morally
relevant distinction between point amdnpoint sources cannot be made based on
differential observability, when employirigchnology-based standis. Thus, the
exemption of nonpoint sources from the PPRrms of technology-based policy cannot

be morally justified.

4.4  Moral Relevance of “Differential Observability”

Performance-based Regulation

Limitations of the technology-basedmoach have the potential for abuse by
point and nonpoint sources alike. Pootpnded or ineffective inspection regimes and the
potential for shirking due to the presence afdein action, as discussed in Chapter 2, will
lead to ineffective water quality protectioithis has led regulators to move towards
greater use of performance-based instruments, which set emissions standards that cap the
allowable level of emissions for each widiual source. “Doing harm” is again

redefined, this time in terms of exceedoe’s individual emissions standard. Since
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point source emissions are observable airdividual level, tb application of the
performance-based standard is unremarkal@wvever, this is where the distinction

between point and nonpoint sources becomes relevant.

4.4.1 Performance-based Standard Setting

How unobservable are nonpoint sourcessions? Unlike the point source,
where there is an “end of pipe” from which actual emissions can be monitored, the
dispersed nature of nonpoint sources defy dimesurement at a point of entry. This
does not mean that the regulator is completely uninformed regarding individual
contributions to collective nonpoint souremissions. Computer simulations that
incorporate information on typical land usejl type, slope, location, etc. can give
realistic estimations ofhdividual nonpoint source emissions (Griffin and Bromley,
1982). These estimations can then be usedbasis for allocating individual emissions
standards. Basing individual standardsstimates of actual emissions will allow for
some misallocation. However, the same can be said for the point source standards where
individual emissions are observable. 3®fta point source standard that accurately
captures the actual contributiotwsresulting ambient conditis is improbable, because
of the previously mentioned complex interan8dhat occur. Therefore, arguments can
be made regarding the arbitrariness of theviddial standards from either the point or

the nonpoint source side.
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In both the point source and nonpoint $@ucase, a collective level of allowable
emissions, which approximates the ambaarhage threshold, is divided among the
sources as a standard that specifies the tha@iallowable emissions level. The relative
vagueness of the correlation between the asdigtamdards and the actual contribution to
ambient damages has been previously ackesyed for both point and nonpoint sources.
Rather than certainty, morality requires that the correlation between standards and actual
contributions be as accurate as possildasitlering the costs associated with further
refinement and precision. The notiormabngdoing is no longer predicated on actual
ambient damage, but instead on violationmdividual emissions standards. Therefore,
once the emissions standards are assignediscynnect with the actual contribution to
exceedances of the harm-threshold is iseguiential in the both the regulatory and
normative sense. This leaves us withe@uatoral distinction based on differential

observability in terms of setting individual emissions standards.

4.4.2 Performance-based Standard Enforcement

It is in the enforcement stage that tlee of an estimated emissions standard
becomes truly troublesome, and in whaase, the moral relevance of differential
observability cannot be dismissed. Enforeetrof individual standards on the point
source side is relatively easy. Individual emissions can be observed and compared to the
allowable level permitted under the standafthe assessment of fines and penalties can

be directed at those point sources found to be noncompliant. Deviations from the
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estimated individual emissions standardraa be detected in the case of nonpoint
sources. Violations of the aggregate nonpeource emission standard can only be
inferred from observations of violations of thebient standards. The regulator is unable
to determine which nonpoint sources are alggun violation of their individual

standards. Since the noncompliant nonpoint sources cannot be identified, the regulator

can only enforce the performance-based stahttteough the use of a collective-penalty.

4.5  Collective Penalties and Imposing Costs on the Innocent

Vicarious liability holds an individudiable for an outcome without a claim of
direct causal contribution to the outcome. This is quite different from the concept of
strict liability previously discussed. Under striiability, an action need not be “faulty”
to trigger an individuas responsibility for its outcomeln contrast, vicarious liability
holds that it need not be an action peried by the individual that triggers his
responsibility for an outcome. The distiion between punishments and penalties plays a
role in the palatability of using strict liakiyi within the enforcement mechanism. In the
case of vicarious liability “... it does notlfow that the safeguards of culpability
requirements and due process which justiceatels in the latter aralways irrelevant
encumbrances to the former” (Feinberg, 196518). The moral legitimacy of imposing
vicarious liability is dependent upon tbenditions under which it is applied.

Vicarious liability can be categorizéu two ways, vertical and horizontal.

Vertical vicarious liability involves attachingsponsibility for the outcome of an action
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to individuals who are only related tcetbutcome through some formal hierarchal
relationship, such as the principal-agent relatiorf8highen an individual engages
another to act as his representative, bothgmoan be held liabfer the effects of the
agent’s independent actionsor example, the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA)ilizes joint and several liability for the
generation, hauling, and storage of hazardous waste.

The issue of including nonpoint sources in a collective penalty scheme is an
example of horizontal vicariodgbility. In this settingthere is no formal chain of
control, or hierarchy, between individual§his does not mean that it is inevitably
unacceptable. Some examples of horizovitadrious liability include voluntary
suretyship and bonding. In such cases, dividual who neither authorizes, nor directs,
nor carries out the actions of another, agtedse responsible for potential outcomes of
the other’s action. For example, a pareny @ sign a car loan for a child, agreeing to
be held vicariously responsible in the evehdefault. The voluntary acceptance of
vicarious liability, especially in the horizontairmulation, is at least one factor that
influences the palatability of its use.

When utilizing performance-basedtinsnents for nonpoint source pollution, a
collective penalty must be incorporatediaer to avoid free-rider problems, which will
occur within both subsidy arféPP policies. Collective penalties provide an incentive for

each individual to be concerned with the parfance of the collective as a whole. This

L The terminology “principal” and “agent” are being u$ede as in agency law. It is meant to denote a
chain of command relationship or hierarchy, and theem is not on how the action of the agent affects
the principal directly (i.e., providing less than fufioet), but rather how the #éion of the agent affects a
third-party, and how this indirectly affects the prppadi For example, if an agent is hired to deliver
supplies and drives the principal’s truck into a school bus, which is legally liable?
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reduces the overall number of violationsrbynoving the motivation to intentionally
shirk from one’s responsibility.

In Chapter 3, a collective performance-based subsidy approach was developed.
Individual compliance in terms of the dedy of contracted levels of unobservable
individual emissions reductions was enforti@bugh a threat of collective penalty. If
violations at the ambient level were detected individual payments were withheld for all
members of the trading group. Thus, thikeobive penalty of withholding payment held
all members of the trading group vicarioushblie for failure taeliver the collective
level of emissions reductions. A relevant adagtion in the subdy case, of course, is
that participants join the abatement teanuwatdrily, with full knowledge of the vicarious
liability dimensions othe contract. This isot the case under the PPP where
participation is compulsory for all nonposurces. The apghtion of a collective
penalty (i.e., a collectiverie) raises moral questionstearms of the potential for
imposing costs on undeserving nonpoint sources. That is, using a collective fine
penalizes noncompliant and compliant nonpoint sources alike.

Any morally legitimate water quality prttion policy will aim to penalize all,
but only, the sources that are guilty of vialgtitheir assigned standards. An injustice is
done both when a non-offender is penalized,vainein an offender is not. However, in
reality, there is more often than not sodegree of ambiguity associated with the
determining who, in fact, was the offenddihat is, the causal sequee of events that
establish an individual's respadhgity may be impossible t&now with certainty, or the

costs of such precision are prohibitivelglhi Therefore, within any regulatory
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enforcement system, it is possible thatrarocent individual may be penalized, or that a
guilty individual may not. “In fact, in theealm of environmental issues, the role of
empirical uncertainties is gponounced that these uncertastmust seriously affect our
thinking as to which direatin political philosophy needs to take if environmental
problems are to be addressed in a way that is both philosophically defensible and
practically effective” (Ellis and Ravitd,997 p. 209). When we lack sufficient
information to avoid all rights violations, orjustices, we must retreat to trade-offs, on
the grounds that any action, including theidi®n not to act, will yield some unjust
results (Sher, 1984). To justify any regulateygtem in which the rights of the innocents
may be violated, it must be shown that theséations are justified by concerns of social
good, and the rights of citizens to proteatby the state (Philips, 1985). This means
more than a simple weighing of the tradés@f rights violationsbut instead involves

guestions of the types of violations bgiimposed as well as their magnitude.

4.6  Justifying the Use of Collectivd?enalties to Enforce the Polluter-Pays-
Principle for Nonpoint Source Pollution
In addressing water qlitg issues through a perfarance-based approach, the
regulator has only two options regarding nonpsmirces, both of which impose costs on
innocent individuals. First, nonpoint sourcas be regulated under the PPP, in which
even the best-intended formulation of dextive-fine will penalize some nonpoint

sources for the noncompliance of others. Second, the nonpoint sources can be exempted
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from the PPP, which imposes the costs of forced contributions to subsidy payments on
the innocent victims of pollution.

With the introduction of the differentiabservability distinction, the broad
normative appeal of PPP, which was presentddealbeginning of this chapter, is no
longer obvious. Differential obseability results in the regator being unable to impose
own-cost bearing, since the choice of eithegulatory approach will impose costs on
innocents. This suggests that the bettivist's preference for the PPP is no longer
assured. In addition, differential obsduildy introduces asymmetric information (i.e.,
the nonpoint sources know more about their own emission levels than the regulator),
which means that the initiallatation of responsibility focost bearing may affect the
ability of individuals to achieve the dedréevel of pollution reductions with the same
efficiency. This implies that the conseqtialist may no longer be morally indifferent
between the two regulatory approaches.

Given this lack of obvious consenqetween normative theories, a promising
approach for determining the morally legitimate regulatory policy is to take a broader
foundational stance by combining consideratiohsoth desert and deterrence within a
consequentialist theory. Albugh consequentialists define malgpermissibility of acts
only in terms of the relative goodnesdiudir outcomes, they can still incorporate
distributional concerns within their defiion of what is good. For example, a
consequentialist theory can be sensitiveh&odistribution of costs based on individual
desert. This remains a purely consediadist theory, as thgoodness of the outcome,

compared to all alternative actions, is theydaktor in determining rightness. However,
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goodness is judged, at least in part, by referéméee distribution of costs, in particular

that individuals shoulddar their own costs.

4.6.1 A Sketch of a PPP Collective Performance-based Program

Under the PPP, the regulator sets individual emission standards for each nonpoint
source. Allocated emission standards will dorthe total allowable level of collective
nonpoint source emissions in the waterwAycollective fine will be imposed on all
nonpoint sources when total emissions exceedatal allowable level, and the fine
increases with the magnitude of the violatidrhe collective fine does not distinguish
between compliant and noncompliant sourcBsus, during periods of noncompliance,
some nonpoint sources have additional cosposad on them for the action of others.
The collective fine must be set high enoughetmove the economincentive to free-
ride. In this setting, nonpoint sources biair own costs of abatement required to meet
their individual emission standard. Th#are, violations of individual emissions
standards are minimized to the impactsasfdom events (e.g., weather effects and

technology failures), human errondperhaps, malicious acts.

4.6.2 A Sketch of a Collective Subsidy-based Program

When nonpoint sources are exemgtedh the PPP, a voluntary collective
subsidy approach will be adopted in its plade.this case, the emissions of nonpoint

sources are not restricted, and pollution isvedid to befall the innocent public. The only
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option for reducing the nonpoint source pollutisto divert public funds to pay the
nonpoint sources to voluntarily reduce enuoss. The same total allowable level of
emissions as under the PPP is desired by society. The regulator announces a per unit
price that will be paid for nonpoint souremission reductions. Nonpoint sources that
are interested in providing emission reductisabmit bids for the quantity of promised
abatement that they are willing to producéh&t price. Nonpoint sources are admitted
into the contract team in ondef their bid quantities. Ténonpoint sources that bid the
largest quantities of abatement are selefitet until the socidy desired level of
abatement is reached. The regulator masthe subsidy price high enough to attract
enough bids to achieve the socially desikevel of total nonpoinsource abatement,
which, even in the case of very high sdgpayments, may not be possible. The
collective-penalty in this case is the withhalgliof all subsidy payments when the team
target is not achieved. This mechanisffiectively removes the hidden-action incentive
to free-ride. Each nonpoint source expeneéscibsts to produce itontracted level of
abatement. When the team target isexadd, each nonpoint source receives a subsidy
payment based on its individual bid quantityabfitement and the contract price. Thus,
the nonpoint source costs of abatement aposad on the public only when compliance
is achieved. When the team targatas met, individual nonpoint source subsidy

payments are withheld, and each nonpamtrse bears its own abatement costs.
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4.6.3 Consequentialist Concerns

The consequentialist concern is with the minimization of future violations which
is often framed in terms of deterrenceitt a single contracting period, both the PPP
and collective subsidy programs provide the s#wel of protection against intentional,
economically motivated deviations from im@tlual abatement requirements. However,
this still leaves the potential for violatioafiributable to random events, human error,
and malicious acts. The consequentialistgmethe mechanism that can provide for the
minimization of future violations related tbese other causes as well. In the case of
random events such as weather effeststachnology failure, the collective penalty
schemes of both programs encourage the adoption of abatement strategies that, in the
presence of relatively high uncertainty, enemé self-insurance by producing more than
the required level of abatement. Howe\bg latter two causes of violations, human
error and malicious acts, require a more coaijpee solution that may best be served in
the compulsory setting. Under both formsofiective-penalty, peer pressure can
emerge as a self-policing tool within the groapd its efficiency in collective production
enterprises has been well documented (Kandel and Lazear, 1992; Barron and Paulson
Gjerde, 1997). The use ofcarious liability as a self-policing tool, where practical
policing is otherwise infeasible, has begued as a moral justification for its
application (Feinberg, 1965 p. 681).

However, the communal ties and sociglita required for effective peer pressure
are likely to become well developed iretbompulsory program, where a nonpoint source

cannot escape the accident prone or n@lgindividual, and the peer group remains
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largely unchanged from period to perioa. the voluntary arrangement, the same
continuity may not develop, and the ability individuals to opt out of future
participation would work against the incemito invest heavily in effective peer
monitoring and peer pssure institutions.

The frequency of harm is likely to lggeater for the publiander the collective
subsidy approach than the harm imposethemonpoint sources under the PPP. This is
because using either an efficient collectiveefor collective subdy, the ambient water
guality is expected to be met more often thah Thus, the publizvould bear the costs
of the nonpoint sources (paying for emissicgductions) more often than the compliant
nonpoint sources would bear the costs of namaiant nonpoint sources (paying the fine
for noncompliance). We are left havingdecide between two principles that both
implicitly authorize the imposition of costén undeserving individuals. Within the PPP,
all of the compliant nonpoirgources are penalized along with all of the noncompliant
sources. However, this happens only whietations occur, which are reduced by the
presence of the collective penalty. Under the subsidy based approach, the compliant
nonpoint sources that may be mistreated as being noncompliant have agreed to such
treatment in advance, thus removing the moral sting of the collective-penalty. However,
pollution is still allowed to occur, and itarm negatively affects the general public,
unless public funds are diverted from other liersd uses to subsidize its removal. In
addition, the required public payments will occur with greater frequency than the

imposition of collective fines on nonpoint sources.
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4.6.4 Retributivist Concerns

The retributivist concern is that cesthould be borne by the offender, both the
pollution generator and the noncomplianint source, and not imposed upon the
innocent. As can be seen in the sketchrovided above, thetributivist is most
concerned with the imposition of coststhe PPP approach during periods of
nocompliance, and the imposition of costsha collective subsidy approach during
periods of compliance. Adll other times, both policy regimes are operating in
accordance with the own-cost bearing principle.

The plight of the innocent nonpoint sourcesler the PPP differs from that of the
public under the collective subsidy in two fundamental ways. Unlike the nonpoint
sources, the public does not directly cdnite to the accumulation of emissions that
cause pollution. Therefore, they have pomection to the producin of the pollution,
while even compliant nonpoint sources apntributing emisens, albeit at state
permitted levels, to the accumulative harm. “It may not be legitimate to require taxpayers
to support government expendgsr(either directly oindirectly) for baneficial activities
with respect to which the people collectivelymi have a duty or sponsibility to take
action” (Ellis and Ravita, 1997 p. 223).

The imposition of vicarious liability under the PPP is targeted to the group of
individuals that are known to be contrilmg to the accumulation of pollution. In
addition, their choice of land use is undketa voluntarily and with prior knowledge of

the potential for adverse side effects. Thhe imposition of vicadus liability through
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regulatory control is not comparableaaituation of holding innocent bystanders
accountable for unanticipateditcomes. The individligerformance of any nonpoint
source is dependent upon three factoratexbent technology adopted, the underlying
heterogeneous site and resmucharacteristicsnd the nonpoint source’s effort level.
As has been argued, the regulator has theatwlibbserve the first twwfactors. It is only
the effort level which remains impractical to observe. Thus, any vicarious liability is
reduced to problems of misidentificationaaftual effort levels. While this does not
eliminate the concern with imposing vicaridiability, it does greatly reduce the scope

of the moral objection of applyg the PPP to nonpoint sources.

4.7 Some Practical Factors That Should Be Considered

The previous section does not provide a universal determination regarding the
moral legitimacy of the PPP in termsrainpoint source pollution regulation. The
weighing of relative harms depends upon the unapralitions of the regulatory situation
being examined. However, there are sonagally relevant factors that support the
justification of the PPIh all situations.

An important consideration is thevkd of information held by the nonpoint
sources. In order for the PPP to be moratytimate, the nonpoint sources must at least
be aware that they are contributors tcaanumulative harm. Additional levels of

knowledge regarding their own emissions, jieeformance of thembatement practices,
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and that of their neighbomcreases the argument in favor of the PPP. These information
requirements are fostered by collectives timatsist of a relatively small group of
geographically proximate nonpoint sourc&hroughout this chapter, the term nonpoint
source has been used as a single categgylloters. However, the types of land use

that can fall under the nonpoint source catggoe quite diverse. Urban stormwater

runoff from cityscapes and suburban develeptmmunicipal and private golf courses,
construction sites, and livestock and crop faigrare just some of the land uses that fall
under the nonpoint source umbrella. In additithe information needed to estimate joint
contributions to the aggregate level oflpwon will be facilitated through a shared
understanding of the actiwa$ generating the emissions.

Shifting the burden of proof, includirart of God exemptions, and providing
equal treatment are three due process ceraidns that can lend support to the moral
justification of the PPP for nonpoint sourcelptibn control. The PPP regulatory policy
can allow individual nonpoirgources to provide evidenoécompliance to avoid the
collective fine. This capitalizes on the available information regarding adopted
technologies and practices to providengabasis for distinguishing between the
“deserving” and “undeserving” nonpoint soas. The amount of “evidence” that needs
to be produced to provide imunity determines the coarseness of the collective fine. Act
of God provisions exempt the nonpoint sourftem collective fines when violations of
the aggregate standard can be attributexktieme weather events such as tornados or
floods. This ensures that the nonpoint sesrare not penalized for unforeseeable or

uncontrollable conditions. Finally, providingue] treatment to similar nonpoint sources
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within the collective is esseati This can be accomplished by ensuring that the fines
imposed on the nonpoint sources reflect their @btd proportional share to the aggregate
emissions. For example, if slope is a priynfactor in emissions, then nonpoint sources
should be classified in terms of steepnesd,iadividuals within those classes should get

identical treatment.

4.8 Summary and Conclusions

Distinguishing between point andmqmoint sources of emission based on
differences in the ability to observe individ@athission levels is a morally relevant factor
in the regulatory decision regardingetapplication of the PPP to nonpoint source
pollution control. This moral relevancelisiited to the case of performance-based
policy instruments, as it is the enforcemenswth policies that inbduces the need for a
collective penalty, and the isssiof vicarious liability.Performance-based regulation
under the PPP requires that the regulator nuakeeyoidable trade-offs in imposing costs
on the innocent. When nonpoint sourcesexempted from the PPP, the regulator
requires the innocent victims of pollution (i.e., the public) to divert valuable public funds
to compensate nonpoint sourdesvoluntary emissions reductions. Under the PPP, the
inability to observe individual abatement effortdés results in the inability to target only
the noncompliant through the collective fine.

The legitimacy of the tradeoff between the imposition of costs on the innocent

that is associated with the PPP anddblkéective subsidy scheme will depend upon a
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myriad of factors that includéut are not limited to, the imptof pollution, the relative
magnitudes of these costs, the frequesfayeir imposition, and the manner and
environment in which the costs are imposed. No general moral barrier exists which
prohibits the use of the PPP in relation to nonpsource pollution. Instead, the moral
legitimacy of its application will depend uptime unique characteristics of the situation

in which it is being applied.
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CHAPTER 5

CONCLUSIONS

The inability to directly observe tlemissions of individual nonpoint sources
does distinguish them from point sourcdsis makes the direct application of
conventional regulatory instruments difficulRuring the past thiy years, the Clean
Water Act has been successful in reducingiégative impact of point source pollution.
However, as this dissertation has showa,wiater quality problems associated with
nonpoint source pollution have proven to be more difficult to address, and currently pose
the greatest threat to the nation’s waters. As a result, the United States Environmental
Protection Agency has begun to encourag@vative, incentive-basl instruments to
address nonpoint source water pollution.

Trading programs promise a means for achieving water quality standards at a
lower overall cost. The traditional efficiencyigs, attributable to the flexibility provided
by trading, are coupled with the inclusiohnonpoint sources as a potential source of
relatively low-cost abatement. In orde realize these patéal benefits, two

fundamental questions must be answeng@digw will trades between point and nonpoint
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sources be monitored and enforced?; &nd;low will nonpoint sources be included
within a trading market?.

Trading between point and nonpoint sourcas be accommodated in one of two
ways. The first is a technology-based apgh that allows for monitoring and
enforcement of trades at the individual level. The second is a performance-based
approach that requiresamitoring and enforcement at the collective level.

The technology-based approach accomrtexiftading through the use of a proxy
for unobservable, individual nonpoint soussaission reductions. Trades are monitored
and enforced based on the expected emissidunctions provided from the adoption of
specific abatement technologies. Uncettaregarding the relationship between
expected and actual abatement technologfppeance can be dealt with through the
introduction of trading ratios.

The trading ratio specifies the numberwaits of expected nonpoint source
pollution reduction that must be exchandeda single unit increase in point source
pollution. The optimal trading ratio dep#s on the expected performance of nonpoint
source abatement technology, as well as the uncertainty associated with nonpoint source
emissions. In practice, the optimal trading ratith be set at a number greater than one.
One reason is that the relative uncertaoftpoint and nonpoint emissions and abatement
technology performance &priori unknown, and the regulator is likely to act
conservatively in setting the trading ratio. aadition, water quality trading markets are
most often being adopted in areas where cuamntient standards anet being met. In

this case, a trading ratio greater tloae is required to overcome the existing
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noncompliance within the market. While a fragratio greater thaone ensures that the
uncertainty associated with the proxy foruattnonpoint source emissions does not result
in violations of the ambient standards, galeduce the benefits of exchange by making
nonpoint source offsets more expensive.

Trading ratios can effectively dealtivthe uncertainty associated with a
technology-based approach, but they cannot deal with the more troublesome issue of
hidden action. When actions that affédet performance of abatement technology are
costly and unobservable, the potential for shglarises. In the process of reducing the
cost of abatement, the individual nonpoiotisce also reduces the effectiveness of the
abatement technology. Thigjeres the regulator to empl@yen larger trading ratios.

At a minimum, the presence of hidden actioa source of market inefficiency. More
problematic is the potential that the hiddeion adjustment could lead to prohibitively
high trading ratios, removing all benefitstadding and resulting in market collapse.

An alternative to the technology-based agmh is to monitor and enforce trades
on the basis of performance. The pronuthis approach is that it removes the
regulator’s uncertainty about the eftiveness of the nonpoint source abatement
technologies. This eliminates the needddrading ratio, which provides an increase in
the potential of trading. Wertainty as to the effectiveness of adopted abatement
technology is borne by the nonpoint sources, attgobest able to handle it, allowing
greater efficiency in the permit market.

However, as has been conceded, monitoring individual nonpoint sources on the

basis of performance is technically difficulycathus likely to be prohibitively expensive.
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Therefore a performance-based appraaalst accommodate trading based on collective
monitoring at the sub-watershed level. Tif#iculty of this appoach is not in the
monitoring of ambient water gliy, which can be done wittelative ease, the challenge
comes in providing the right incentives to individual nonpoint sources to link the
collective performance to appropriate individual actions.

Collective performance-based trading requires the point source to simultaneously
contract with multiple nonpoint sources feductions of individual emissions, while
being unable to observe indiial productivity. This prokim is often referred to as
“moral hazard in teams”, and is similar t@ ghroblem of free-riding. If an individual
does not fulfill his obligation to reduce emissiptigs breach of cordict is only detected
at the collective level. In this way, thH#ext of individual shirkng has the potential to
spread across all agents in the group, as it cdenattributed to #nresponsible party or
parties.

Even though the actions of the nonpomtices are not observable, and so cannot
be used as the basis of the contract, the giuthe individual actions is verifiable as
collective abatement. Therefore, to aane the free-rider problem, the collective
abatement outcome must be included inchietract that stipulates payment to the
nonpoint sources. A successful contract must pay more when the observable collective
performance is a good signal that the individual abatement choices were the required
ones. The contract offered by the principal must make each agent feel responsible for the
whole of the final product, in order toguide the appropriate incentive for overcoming

the free-rider problem.
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A collective performance based contra@ttpairs a team entry auction and an
“all-or-nothing” budget breaking teanostract can overcome the asymmetric
information problems facing the point source, and accommodate performance based
trading. The point source can determine which nonpoint sources to trade with through
the use of an auction. The team entrgtiaun requires the individual nonpoint sources to
compete for selection into the abatemedpiction team by bidding to reduce a specific
amount of pollution at a particular price.ohpoint sources participate in the market as
profit-seekers, but the auction createsitieentive for nonpoint sources to limit rent
seeking by keeping bid prices low. Onhpse nonpoint sources with the lowest bid
prices are offered contracts. In additire bid information can then be used to
formulate contracts that are known todmeeptable to the nonpoint sources.

Overcoming the moral hazard in teapmeblem is accomplished through the use
of an “all-or-nothing” collective penalty fmoncompliance. Individual contract
payments are made only when the observed level of collective abatement meets or
exceeds the sum of the indivally bid quantities of abatent. This mechanism
removes the profitability diree-riding for every member of the group, and leads to an
enforceable contract. The nonpoint sources theauncertainty associated with weather
shocks and technology failure, and will adopt ab®nt strategies that reflect these risks.
The cost of these strategies is passed tmetpoint source in the form of additional
rents.

Therefore, the exchange of point and nonpoint source emissions can be

accommodated in a trading market in eithgechnology-based or performance-based
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approach. While the technology-based apphoallows for a more direct basis for
individual monitoring and enforcement of tradiéss susceptible to problems of shirking.
The use of a trading ratio to deal with the emainty of the proxy, cannot deal with the
problem of hidden action without market ineféncy and potential market collapse. The
alternative use of performance-baseditrg approaches requires the use of team
contracts that provide individual incentives lidk® the performance of the entire group.
Such contracts must be designed to owere both adverse selection and moral hazard
problems. Performance-based approachesipeogfficiency gains in terms of reducing
the problems of asymmetric information, andintroducing flexibilityinto the choice of
nonpoint source abatement technologies and practices.

Traditional tradable permit markets insté a cap-and-trade approach. That s,
the total emissions for the market are capped at an ambient level and then trade is
introduced. This requires all emission souttoelsold individual emission standards,
providing better ambient pollution protectioRor water quality trading this would
require nonpoint sources to be brought it permitting process of the Clean Water Act
(i.e., issuing and enforcing nonpoint sourcassions standards for all nonpoint sources).

This is problematic as nonpoint soeschave had a long standing tradition of
exemption from direct regulation under the ptahgpays-principle. As a result, nonpoint
sources are included in trading markets onhamoluntary basis, and they participate in
return for compensation. In order togt a baseline cap for nonpoint source emissions

we would have to be justified in applying thelluter-pays-principléo nonpoint sources.
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But is there something morally special aboanpoint sources of pollution that prevents
this?

Distinguishing between point andnpoint sources of emission based on
differences in the ability to observe individ@athission levels is a morally relevant factor
in the regulatory decision regarding appd the polluter-pays-principle to nonpoint
source pollution control. This moral relevance is limited to the case of performance-
based policy instruments, as it is the ecéonent of such policies that introduces the
need for a collective penalty, and the issofegcarious liability. Performance-based
regulation requires the regulator to makeuam@able trade-offs in imposing costs on the
innocent. Under the polluter-pays-prin@pé collective fine will impose costs on both
compliant and noncompliant nonpoint sourabke. On the other hand, exempting
nonpoint sources from the polluter-pays-pipte requires the innocent victims of
pollution (i.e., the public) to divert valuable public funds to compensate nonpoint sources
for voluntary emission reductions. Bothtbése options are morally objectionable, but
the regulator must choose. The mordlistified choice wi depend upon the unique
social, economic, and practical conditiamglerlying each specific case. However, there
is no general moral barrier to prohibit the application of the polluter-pays-principle to
nonpoint sources of pollution. In this caadppting more protective cap-and-trade

programs should be possible in some water quality trading markets.
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Limitations and Extensions

The research in this dissertatiorpparts the development of collective
performance-based water quality trading mark@&ise theoretical model predicts that the
group contract will provide the appropriateentives to achieva stable equilibrium
within water quality trading markets. Thissult takes advantage of the concept of
implementing these markets in relativelyahgeographic regions. In this setting
ambient water quality conditions provide an accurate mapping to collective abatement
performance. In addition, concentrating the market in areas of local contiguous land
parcels increases the information level timairket participants possess regarding the
performance of others to the colle&igoal, and to market efficiency.

When considering the actual implentaion of these contracts, however, some
practical concerns regarding the use oflstoaalized markets must be addressed. In
particular, the fact that market partiaits will have strong neighborhood and personal
histories that can influence market intdrans. These existing social bonds could
conflict with the rationalityassumptions underlying the economic predictions, leading to
unexpected results in practice. Social sogeresearch that examirtbe role of social
capital and existing social relations on indival behavior withircollective performance-
based water quality trading nkats is required to gainteetter perspective upon practical
implementation.

As is the case of all mechanism dgsiesearch, implementation of the proposed

market contract requires us to addresddbethat, in practicandividuals may not
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behave in accordance with our theoretical axiof&tionality. For example, it has been
shown that, unlike the assunts of expected utility they, individuals tend to frame
decisions regarding equal probable losses and equal probable gains asymmetrically.
Experimental research infmactical decision-makingesponses to the incentives
provided through collective-penfmance based contracts will move us towards more
realistic contract designs.

Finally, the contract that is presentedhis model is represented as a “one-shot”
game. In practice, these contracts will bgeaed over a longer time frame. Whether
repetition of the team contract will resultrefinement and stability of the market, or in
market collapse cannot be predicted fribv@ static model. A dynamic model that
incorporates the complicated learningeets from observations of group performance
would be required to gain a better undiensgling of the dynamistrategies of market

participants.

Summary

Collective performance-based tradirastadvantages over the currently employed
technology-based approach. First, it shifits risk of noncompliance to the nonpoint
sources that are better abled&al with it. Second, colitive performance-based trading
provides flexibility in terms of nonpoirgiource abatement technology choices. This
provides the impetus for increased dynaeifciency gains in terms of induced

innovation effects. Problems of adverskeston and moral hazard in teams can be
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overcome through the development of appropgataract incentivesnd the threat of
collective penalties. Finallf{he use of collective penfmance-based trading under the
PPP can be morally justified allowing foetdevelopment of capad-trade markets for

water quality trading.
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APPENDIX A

Variable Definition
w Probability of good weather
1l-w Probability of bad weather
e:(0<ex<) Weather shock
1+e Impact of good weather on NPS abatement
l-e Impact of bad weather on NPS abatement
n Total number of NPS in watershed
m: (m<n) Total number of NPS in team contract
A, Quantity of NPS abatemeptoduction bid by agent i
p; Price per unit of NPS abatement bid by agent i
A= zirzlAi Total quantity of NPS abatement contracted from team
&; Quantity of abatement produced by NPS i
1+e)) a . .
Aa,e): = Quantity of NPS abatemenibserved in good weather and
' m bad.
1-e)> 3
i=1
C(a) Agent i's NPS abatement cost function

Table A.1: Definitions of Ntation Used in Chapter 3
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APPENDIX B

SHORTFALL ABATEMENT STRATEGY

Assume that the point source sets the optimal sharing rpled.() such that the

C(a)
A

participation constraint of ea¢cbam member will be mep, = . average costs.

With these assumptions in place, it will bewn that the abatesnt production strategy

that maximizes expected profit, contingent upon meeting the target in both good and bad

: A
weather, isa, = A . To show this, le, =, — be the abatement production
(1+e) (L+e)

strategy for all nonpoint sourcges i, who were selected intoglieam. Nonpoint source

i’s profit maximizing choice of abatementdstermined by maximizing expected utility:

Max  (a)+(B)

ahere (a)sw[(pi Ai)u[(1+e)[((rle)za,}+a}m]—ci (a)]

j#

and () = (1—a))[(pi A )|[(1— ){((;e) ZAJ.JWJE/\]—Q (a )]

j#i

It has been assumed that the nonpoint sources are choosing the expected profit

maximizing abatement strategy that will gugese payment in good weather, but not in
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bad weather. This is equivalent to chogshe expected profit maximizing level of
abatement that guaranteggl=1 in () and I (1= 0 in (f).

Solving both indicator functions from provides the minimal abatement levels at
which the collective target will be met @ach weather period, given the assumption
regarding the abatement of the other nonpoint sources. So the indicator function from

part @) is solved as follows:

(1+e)([(1ie);/1jJ+a1J2/\
[ i:) > J+(1+e)ai 2(;AJ]+A

=g 2

(1+ ¢)

Prior to solving the indicator function from pap),(it must be modified as follows:

(1_6{[(1}@;/]1]”“}/\

This is because we are inteexsin all abatement levels at which the indicator function

will not hold.

(1—e)£[(1+e);/] ]+QJ</\
(e - {34

=(1-e)a <[;Aj]+ai {%;AJ

1 A
—& < ,Z,;‘ [(1 e (1+e)j+(1—e)
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A . .
In order fora, = —— to be the optimal abatement strategy it must be true that

L+e)
A 1 1 A .
—— I I thah A - <. Th I that th
f+o) is always less ajZ;i: '[(1—e) (1+e)j+(1— ) is will ensure that the

stated condition that the léective target is only mah good weather will hold.

A 11 A

@9 <§”i[(1— )'(1+e>j+(1— )

11 (1+¢)
A<ZM{€T§ a+@}“@+a—@4

j#i

Since the r.h.s. of the equatioraisvays greater than the I.h.g,,> (1Tie) is the optimal

abatement strategy.

Finally, it must be shown that the abatestrategy actually holds at equality,

(1)_:_i ) by maximizing expected profits, subjeéotthe chosen abatement strategy.
e

ai:

Max  alp 4 @ -C.(@))+@-a)p A ©-C(@)

st a > A
b Ay

Construct the Hamiltonian:

Max H:pJ“{“&”*{&_E%SJ

B
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oH _C,(a) _

03, 03,
k, >0 k,=0
) A
Tli+e *7+e

The slack conditionk, >0, holds with inequality, sincgy >0. Therefore, the
a

A

abatement strategy holds with equality,= —— . The rationale being that at equality
iy a

+o)

the abatement production stiggeensures payment in both good and bad weather. Any

additional abatement will increase costs but will not change the expected revenue.
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APPENDIX C

NONPARTICIPATING STRATEGY

Assume that the point source sets the optimal sharing rpled.() such that the

C(a)
A

participation constraint of ea¢cbam member will be mep, = . average costs.

With these assumptions in place, it will bewn that the abatesnt production strategy

that maximizes expected profit, contingent upon meeting the target in both good and bad

weather, isa; = 0 To show this, leg; =0 be the abatement production strategy for all

nonpoint sourceg# i, who were selected intbe team. Nonpoint sourcse profit

maximizing choice of abatement is determined by maximizing expected utility:
Max (@) +(5)
g

where (@) =f(p, A )1 {1+ )= A)-C,(a)]
and (8)=(1-a)[(pA)1(1-e)a)=A)-C.(a)

It has been assumed that the nonpoint sources are choosing the expected profit
maximizing abatement strategy that will guaesnthat no payment is received in either
good weather or bad weather. Thisdsigalent to choosing the expected profit

maximizing level of abatement that guarante@g= in Both(a) and(p).
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Solving both indicator functions from provides the abatement levels at which the
collective target will be maeh each weather period, given the assumption regarding the
abatement of the other nonpoint sources. rRoigolving the indicator function from part

(), we modified it such thafl+e)(a ) < A, because we are interested in the abatement

levels that will ensure that the condition is not met.

o)) <A

:a'i < /\
(1+e)

Similarly, the indicator function from par), must be modified agi-e)(a ) < A

1)<
) A
il (1-e)

The abatement strategy that will ensure thattarget is not regardless of weather

. . , N .
is the strategy that produces lesmtement. It is obvious that<-—— will produce

(1-¢)

less abatement tham < ﬁ, and is therefore the optimal strategy.

Abatement is constrained to ben-negative, thus is bounded by zero.

Determining whether the strategy holds abzs accomlplished by maximizing expected

profits, subject to the dsen abatement strategy.

Max  e{p A () -Ci(a))+@-w)(p 4 ®-C(a))

8
st. a =20

Construct the Hamiltonian:
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Max H=pA-C (ai)+kl(a‘i _ﬁj

g

OH _oC,(a) _,

03, 03,

k,>0 k, =0
a =0 a >0
aC. (a,)

The slack conditionk, >0, holds with inequality, sincea'—i >0. Therefore, the
a

1

abatement strategy holds with equalidy,= ﬁ . The rationale being that at equality

the abatement production strggeensures payment in both good and bad weather. Any

additional abatement will increase costs but will not change the expected revenue.
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APPENDIX D

UNIFORM PRICE AUCTION (SHORTFALL STRATEGY)

As was shown in the text, the optimatdi lprice in the uniform price auction is
always the reservation price of the biddertha case, of the shaatf strategy the bidder

will set the bid price equal to the aveearpsts of production at the bid quantity:

P, (af)z @ =g . The rationale for this bidding strategy is identical to that discussed
&

in the text. There is no benefit to the bidtem deviating fromhis true reservation
value.

The choice of abatement strategy will afféet quantity of abatement that is bid
by the nonpoint source. The utility maxaimg quantity of abatement under the surplus
abatement strategy is determined by soltirgfollowing expected profit maximization
problem:

Max & ~Ci(a)
st. A =a(l+e)

max — amaX(1+ e)
A AT

This maximization problem can be simplified as:
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Max ap,,.a (1+€)~C (a)
E]

st. a =a™(l+e)

H = ap,.a (1+€)-C (a)+k (@™ (1+e) -a)
Show first order conditions with slack constraints:

oH_ _  acfa) 1

o T oa e

{k1>o N {h:o

ai = amax 81 < amax

k=0

If the expected contractipe is greater than the mamngl cost of abatement,

which is adjusted to account for the Nashtament strategy, at the maximum allowable
bid quantity @™), the nonpoint maximizes expedtprofit by bidding this amount.
Otherwise, the nonpoint saa will bid the quantityg ) where the “stop-out” price

equals the adjusted marginal cost of abatem&he optimal bid quantity is the expected

max

profit maximizing level: A’ mina™ &’ |.

The uniform price auction serves asudhrrevelation mechanism, as the optimal
bid price is equal to the avage cost of abatement at the optimal bid quantity. The
optimal bid quantity is less &m the first-best profit maxiizing level as a result of
informational rents from asymmetric infoation. The nonpoint source accounts for its
abatement strategy of over-pration in its selection of itbid quantity. However, the
contract does ensure that eaem member will produdadividual abatement levels

equal to their bid quantitiesThe optimal bidding strategy depicted graphically in

Figure D.1.
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Figure D.1: Optimal Bid Price and Quartity for Uniform Price Auction and

Shortfall Abatement Strategy
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APPENDIX E

DISCRIMINATING PRICE AUCTI ON (SHORTFALL STRATEGY)

In a discriminating price auction,@monpoint source following a shortfall Nash

cla) 1 L4 F(_mi)
ai* (1+e) f(awl)
w

abatement strategy will big = andA; = min[amax, ai*].

The nonpoint source maximizes expected profitere the expectation is now based on
the uncertainty associated with being selected into the/temmpresented by the

distribution of them!" order statistic:

Max(l— Fen )(‘“pi/]i -C(a))+ Fen (0)

pi.a;A
A
st. a =
1+e)
/1i S/1max

amaX(1+ e) — /]max
The maximization problem can be simplified as:

MaX(l_ F(;ni) )(a’pi/‘i -G (ai )) + F(;wi) (0)

P A
st. al+e) =4

A <a™@1+e)

22\Weather uncertainty is incorporatiedo the choice of abatement strategy.
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Finally, the maximization problem can teitten in terms of actual abatemeast;
Max(i-Fi) Nepa 1+9-C (a))

Pi &
st. a<a

Solving the nonpoint source profit maximiima problem to determine optimal bidding

strategy will give:
H=(-Fg)epa@+e-C(a ) +k@™-a).
This gives the followindirst order conditions

oH

a—g——f(;)[apia(1+e)—C( )]+(1 I:(m))a1w(:|‘-|-e) 0
oH _ cla)l_, -
aa1 =(1- F(m))|:ap| (1+e)- ?} k =0

{ k,>0 { k,=0
or
a1- :a,max 31 <a.max

Rewriting the first order contiion taken with respect t@, condition shows the

optimal price bidding strategy for the surplabatement strategy under the discriminating

price auction:p, = < (& ) N I(m)) . Each bidder will inflate their bid above
a'i CLK].'*‘ e) f(m)

- (m))

the reservation price extracting informational rent. The term——— is the typical
(m

hazard function commonly found in problemsadfverse selection. The numerator is the
probability of being selected into the teaonditional on the bidder’s reservation price,

and the numerator is the change in the podityaof being selected into the team
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corresponding to a unit increasebi price above the resetian price. The greater the
impact an increase in bid price has ongha&bability of team entry, the smaller the
overall informational rent. Therefore, thenpoint sources at the low-cost end of the
distribution will extract greater informationadnts than nonpoint sources at the high-cost
end of the distribution. The optimal bid geiline is always greater than the average
abatement cost ensuring that the individuabratlity constraint iglways met given the
Nash abatement strategy.

The remaining first order condition provides the optimal quantity bidding
strategy. Rewriting the equian in terms of bid pricep,, gives:

a—H.E(l—F(;in{pi—[aCi(a“) . H s

o o, wi+e) wi-o -

By substituting the optimal bid price line fpr into the equation, the optimal bid

guantity can be representedé@nms of the relationship betwethe optimal bid price line
and the marginal cost of actual abatement ¢(he.marginal cost of abatement adjusted to

account for the optimal abatement strategy).

Mo g-F; l[cxa) 1 +<1-F<2>>}_(aci<a> ! ﬂ A

. - =0
0a, N Ta wire i, o8, wi+e))| wi+e)

{ k,>0 { k, =0
max Or max
3 =a 3 <a
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When the optimal bid price line is greateanithe marginal cost of abatement at the
maximum bid quantity, the nonpaisource bids the maximun©Otherwise, the nonpoint
source will bid the expectaatofit maximizing quantity, ware the optimal bid price line

intersects the marginal cost of abatement curve (Figure E.1).
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160



BIBLIOGRAPHY

Alchian, Armen A. and Harold Demseti®@72. “Production, Information Costs, and
Economic Organization” American Economic Revie(5): 777-795.

Apogee Research, Inc. Incentive AnalyisisClean Water Act Reauthorization:
Point Source/Nonpoint Source TradiRgr Nutrient Discharge Reductians
Report Prepared for Office of Watand Office of Policy, Planning, and
Evaluation, U.S. EnvironmentBirotection Agency. April, 1992.

Atkinson, Scott and Tom Tietenberg. 199Market Failure in Incentive-Based
Regulation: The Case of Emissions Trading” Journal of Environmental
Economics and Managemeri2l, 17-31

Ausubel, Lawrence M. and Peter Cramton. 20D2mand Efficiency and Inefficiency in
Multi-Unit Auctions” Department of EBnmomics Working Paper, University of
Maryland, College Park, MD.

Baron, John M. and Kathy Paulson Gjerti897. “Peer Pressure in an Agency
Relationship” Journal of Labor Economid®$(2): 234-254.

Beavis, Brian and Martin Walker. 1982\chieving Environmetal Standards with
Stochastic Discharges” JournalExfivironmental Economics and Management
10, 103-111.

Burtraw, Dallas. 1996. “The SO2 Emissiohsding Program: Cost Savings Without
Allowance Trades” Contemporary Economic Palidyol. 14 pp. 79-94.

Bystrom, Olof and Daniel W. Bromley. 1998. “Contracting for Nonpoint-Source
Pollution Abatement” Journal &gricultural and Resource Economics
23(1):39-54.

Cabe, Richard and Joseph A. Herriges. 19BRe Regulation of Non-Point Source
Pollution Under Imperfect and Asymmetric Information” Journal of
Environmental Economics and Managen2?it 134-146

161



Coase, Ronald. 1960. “The Problem of Social Cost” Journal of Law and Economics.
3(1): 1-44

Crocker, Thomas D. 1966. “The StructurmigAtmospheric Pollution Control Systems”
in, The Economics of Air Pollutioned. Harold Wolozin.

Dales, J.H. 1968a. Pollution, Property, and Pridésiversity of Toronto Press. Toronto,
Canada.

. 1968b. “Land, Water, Ownership” Canadian Journal of Economics
1(November): 797-804.

Davies, J. Clarence and Jan Mazurek, 199@ukRé¢ing Pollution. Does the U.S. System
Work?Resources for the Future. Washington, DC

Eheart, Wayland J., Erhard E. Joeres, andiM&l. David. 1981. “Dstribution Methods
for Transferable Discharge Permits” Water Resources Resedothl6. No. 2.
(April) pp. 263-270.

Ellis, Ralph and Tracienne Ravita. 1997. “Scientific Uncertainties, Environmental Policy,
and Political Theory” The Philosophical Forua®(3):209-231

Feinberg, Joel. 1965. “The Expressignction of Punishment” The Monist.
49: 397-423.

. 1984. The Moral Limits of thaf@inal Law Volume One: Harm To
Other.Oxford University Press

Hahn, Robert W. 1989. “A New Approachttee Design of Regul®n in the Presence
of Multiple Objectives” Journal of Environmental Economics and Management
17,195-211

Harris, Milton and Artur Raviv. 1981. “Allocation Mechanisms and the Design of
Auctions” Econometricad9(6): 1477-1499.

Holmstrom, Bengt. 1982. “Moral hazairdteams” Bell Journal of Economics
13: 324-340

Horan, Richard D. 2001. “Difference in 8al and Public Risk Perceptions and
Conflicting Impacts on Point/Nonpointdaing Ratios” American Journal of
Agricultural Economic$83(4), 934-941.

162



Huanxin, W., Presley, B.J., and Velinsky,J. 1997. “Distribution and Sources of
Phosphorus in Tidal River Sediments in the Washington, DC, Area”
Environmental Geology380(3): 224

Kagan, Shelly. 1998. Normative Ethitdestview Press. Boulder, CO

Kandel, Eugene, and Edward P. Lazaer. 199@er Pressure and Partnerships” Journal
of Political Economy100(4): 801-817.

Karp, Larry. 2002. “Nonpoint Source Pollom Taxes and Excessive Tax Burden”
Department of Agricultural and Resout€eonomics Working Paper, University
of California, Berkeley, Berkeley, CA.

Krupnick, Alan J., Wallace E. Oates, andcEran De Verg. 1983. “On Marketable Air-
Pollution Permits: The Case for a System of Pollution Offsets” Journal of
Environmental Economics aiManagement 10, 233-247

Letson, David. 1992. “Point/Nonpoint Source Trading of Pollution: An Interpretative
Survey.” Natural Resources Jourrz: 233-247.

Lichtenberg, Eric and David Zilberman. 198Bfficient Regulation of Environmental
Health Risks” Quarterly Journal of Economiésl. 103, Issue 1, 167-178.

Licthenberg, Eric, David Zilberman, akgenneth T. Bogen. 1989. “Regulating
Environmental Health Risks under Unzgnty: Groundwater Contamination in
California” Journal of Environmental Economics and Managermhén2-34.

Malik, Arun S. 1990. "Markets for Pollution Control when Firms are Noncompliant”
Journal of Environmental Economics and Managemé&gt 97-106.

Malik, Arun A., David Letson, and Steph&n Crutchfield. 1993 “Point/Nonpoint Source
Trading of Pollution Abatement: Choagithe Right Trading Ratio” American
Journal of Agricultural Economic&, 959-967.

Malik, Arun S., Bruce A. Larson, and MaRibaudo. 1994. “Economic Incentives for
Agricultural Nonpoint Source Polluin Control” Water Resources Bulletiviol.
30, No. 3 (June) pp. 471-480.

McAfee, R. Preston and John McMillal®91. “Optimal Contracts for Teams”
International Economic Revie@2(3): 561-577.

McGartland, Albert. 1988. “A Compans of Two Marketable Discharge Permit
Systems”_Journal of Environmental Economics and Managemén35-44.

163



McGartland, Albert M., and Wallace E. t@a. 1985. "Marketable Permits for the
Prevention of Environmental Deteradion” Journal of Environmental
Economics and Managemerit2, 207-228.

Mendelsohn, Robert. 1986. “Regulatidgterogeneous Emissions” Journal of
Environmental Economics and Managemeh3 (December): 301-312.

Meran, Georg and Ulrich Schwalbe. 1987ollBtion Control and Cltective Penalties”
Journal of Institutional and Theoretical Econontid§(4): 616-629.

Montgomery, David W. 1972. “Markets incenses and EfficigrPollution Control
Programs” Journal of Economic Theory, 395-418.

Noll, Roger, G. 1982. “Implementing Marketable Emissions Permits” American
Economic Review Vol. 72. No. 2. pp.120-124. May.

Organization for Economic Co-operation and Development. 1992. The Polluter Pays
Principle: OECD Analysesha Recommendations (OECD/GD(92)8Raris.

Page, Talbot. 1986. “Responsibility, Liabilignd Incentive Compatability” Ethics.
97(1):240-262

Philips, Michael. 1985. “The Inevitability of Punishing the Innocent” Philosophical
Studies48: 389-391.

Pushkarskaya, Helen. 2003. Nonpoiotufee Water Pollution Control: Incentives
Theory Approach Unpublished PhD Dissertatiolgricultural, Environmental,
and Development Economics, The Ohio State University, Columbus, OH

Griffin Ronald, and Daniel Bromley. 1982Agricultural Runoff as a Nonpoint
Externality” American Journal of Agricultural Economiégl: 547-552

Rasmussen, Eric. 1987. “Moral hazardisk-averse teams” RAND Journal of
Economicsl8(3): 428-435.

Ruhl, J.B. 2000. “Farms, Their Environmental Harms, and Environmental Law” Ecology
Law Quarterly27: 263-350

Sandmo, Agnar. 1975. “Optimal Taxation iretAresence of Externalities” Scandinavian
Journal of Economi¢¥7: 86-98

Scher, George. 1984. “Right Violatioasd Injustices: Can We Always Avoid
Tradeoffs?” Ethic®4(2): 212-224

164



Segerson, Kathleen. 1988. “Uncertainty &mcentives for Nonpoint Pollution Control”
Journal of Environmental Economics and Manageriién87-98

. 1990. “Liability For GroundwaB®mtamination from Pesticides”
Journal of Environmental Economics and Manageni&{8): 227-243

Shortle, James S. 1990. “The Allocative Eitfncy Implications of Water Pollution
Abatement Cost Comparisons” Water Resources Res¥alfchb, Issue 5,
793-797.

Sohngen, Brent and Michael A. Taylor. 199&centive-Based Conservation Policy and
the Changing Role of Government” American Farmland Trust Center for the
Environment Working Paper Series

Taff, S.J., and Senjem, N. 1996. “IncregsRegulators’ Confidence in Point-nonpoint
Pollutant Trading Schemes”. Water Resources Bulld#(6): 1187.

Tietenberg, T.H. 1985. Emissions Tradiag:exercise in reforming pollution policy
Resources for the Future, Inc. Washington, D.C.

United Nations Environment Program. 199Rio Declaratioron Environment and
Development<http://www.unep.org/unep/rio.hten(7 May 1998)

United States Code. Clean Water A28 U.S.C. 1251 et seq.

United States Environmental Policy éary. 2002. Water Quality Inventory 2000
Report Office of Water. Washingh, DC (EPA-841-R-02-001)

. 2003. Water Quality Trading Pxficg

of Water, Washington, DC

Wilson, Robert. 1979. “Auction of Shes” Quarterly Journal of Economi@d: 675-689

Woodward, Richard T. and Ronald A. Kais2002. “Market Structures for U.S. Water
Quality Trading” Review of Agricultural Economic$2(2): 366-383.

World Resources Institute. 2003. “Nutridieét” < http://www.nutrientnet.org />

Xepapadeas, A.P. 1991. “Environmental Poliogler Imperfect Information: Incentives
and Moral Hazard” Journal of Environmental Economics and Management
20: 113-126

165



