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ABSTRACT

Incorporating the use of wetlands as a technolagyerthance water quality trading
programs requires the consideration of many palitieconomic, ecological, and legal issues. It
is desirable to include wetlands as a nutrient cedupractice in certain water quality trading
programs because these wetlands can provide autlitibenefits, beyond those of other
technologies, such as carbon dioxide sequestramgnincreased habitat area and biodiversity.
There is a great deal of interest from policymalkersxtending the implementation of the United
States EPA’sWater Quality Trading Policyto include the use of constructed or restored
wetlands. However, is the incorporation of wetktethnology to enhance water quality trading
programs economically and politically feasiblets tvatershed scale?

This study evaluated the economic and politicakileility of establishing water quality
trading programs that incorporate constructed stiored wetlands as a type of nutrient abatement
technology. A review of the current literature ceming water quality trading and wetlands
combined with selected case studies was used tuifideritical knowledge gaps that could
encumber the implementation of trading programs doth point and non-point sources as
stakeholders. Four case studies provided varicasngles from a national perspective that
illustrate the feasibility of implementing a wettlnand water quality trading program based on

current practices managed by existing programs.
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CHAPTER 1

INTRODUCTION

Statement of the Problem

Modern industrial societies like the United Statese dual challenges in coordinating
efforts to protect vital elements of the naturalimmment that are essential for life. Current
growth pressures and complexities of common-acoessurces have generated creative new
approaches to address environmental managemernem®land the notion of market failure in
effective and equitable ways.

The first ongoing environmental challenge dealdwiite magnitude of some emerging
threats to environmental quality on a global sedté specific emphasis on atmospheric changes
and loss of biological diversity. This challengmnot be easily handled by independent nations
throughout the world. These global problems ndelaj solutions.

The second challenge deals with the direct regylapproaches that implement uniform
control methods to decrease pollution. Regulatmyroaches are utilized to combat the issues
that arise from common pool resource problemsmamy cases common pool natural resources
like air and water tend to be over-utilized and lmulgoods tend to be undersupplied by the
marketplace because individual free-riders withim imastitutional setting are hard to limit or
exclude. In the past, ambient air or water qudkiyal standards have been set to allow for
maximum concentration levels of pollutants. Thesandards are then enforced by making
specific technological choices or certain typesbehaviors mandatory. These conventional
methods to regulating the environment have beebrrnedf to as “command and control”
regulations because they provide minimal flexipilit the means of achieving pollution emission
targets. These regulations have been establishedier to contend with market failures that do

not capture the expensive effects of pollution liksge through the prices and costs generated



during the market process. The inability to ac¢don pollution discharge through production
leads to increased negative external pollutioncesfehat are not internalized by producers or
consumers. A vast number of negative environmemtrnalities attributable to market failure
have been limited by some extent through the useomimand and control methods, but
increased reliance on this type of approach cowteepto be expensive, disruptive, and counter
productive to overall economic well-being (Buchan&nTullock, 1975). These regulatory
approaches have been used in an attempt to cocintesaaket and policy failures that produce
negative external

To combat this second challenge many policy atslizave in recent years advocated
the use of incentives or market-based approachémpoove environmental protection policy
tools. Market-based theory and practical enviramiade policy are currently separated by
information and transaction cost barriers, but tbentinual incremental approach to
environmental policymaking over the past twentyrgdaas resulted is various types of market-
type innovations within traditional regulatory framorks at all levels of government. The most
well-known example of this type of approach is Hufur dioxide trading program established
under the 1990 Clean Air Act Amendments.

After learning from successful experiences with ssiain trading programs focused on
reducing acid rain, the United States EnvironmeRtattection Agency (USEPA) now actively
supports the application of emission trading to ewaquality. This approach seems quite
attractive because it could provide financial inoass for increased pollution control activities in
unregulated sectors. Agriculture and urban ruaméfmajor contributors to effluent load levels in
many watersheds, but with a few exceptions theseces do not fall under regulatory guidelines

because of political sensitivities and perceivechitaning difficulties (Crutchfield, 1994).



Vast improvements in water quality throughout theited States over the past three
decades can be traced primarily to conventionallleéign approaches and financial support
given to point sources, municipalities, and traxdiitil large pipe dischargers. Regulatory
initiatives concerning surface water policy in tbaited States have been guided by the 1972
Federal Water Pollution Control Act, also knowntlas Clean Water Act (CWA). This, act and
amendments in 1977 and 1987, set the overarchingiles and implementation mechanisms
that direct the efforts to prevent water pollutiofihe USEPA has been granted a primary tool to
regulate water pollution through the National P@lhi Discharge Elimination System (NPDES).
The NPDES requires point sources to obtain state BBEPA approved permits of defined
number of pollutant discharges. The USEPA andrddderal agencies use a variety of subsidies
and grants to mitigate point source (point sour@eyl non-point source (non-point source)
pollution that does not fall under the NPDES créter

The combination of regulations and subsidies has with considerable success in
controlling and reducing point source pollutionidgrthe past thirty years. By 1990 87% of the
major municipal facilities and 93% of the major uisttial plants were in compliance with
NPDES standards (King, 2003). However, many waidids within the United States are not in
good condition. In 2000 the USEPAMational Water Quality Inventory Repottaimed that
approximately 40% of assessed rivers, 45% of asdedseams, and 50% of assessed lakes in the
United States did not meet water quality standarfise report lists sediments, bacteria, metals,
and nutrients as the major causes of impairmengricAltural non-point source pollution and
urban runoff are the two single greatest sourcegotifition according to the USEPA's report.
For example, one of the most polluted areas iriiéed States, the Chesapeake Bay watershed,

receives most of its effluent from agriculture: .8% of nitrogen inputs and 47% of phosphorus



inputs. Point sources contribute 22.1% of nitroogruts and 22.3% of phosphorus inputs (King,
2003).

Various pollutants that are associated with nomipaiource pollution include fecal
bacteria, toxic organic compounds, heavy metalspesaded solids and sediments, phosphorus,
nitrogen, and other oxygen-demanding organic malteruUnlike point source pollution, which
tends to be a steady discharge, non-point sourbatipan occurs during different times based on
periods of rainfall or the melting of snow. If Urecked, these non-point source pollutants
eventually reach our lakes, rivers, oceans, and evelerground sources of drinking water as
they seep into the ground. “Despite the expenglitfrhundreds of billions of dollars over the
last 30 years, the 1972 Clean Water Act goalssbfatble and swimmable waters have not been
achieved, largely because contaminants from diffuse-point] sources have not been controlled
successfully” (National Research Council, 2001).

Recent water quality challenges in the United Stéimve stimulated sustained interest
from policymakers to incorporate the use of nowltranal market mechanisms to lower costs of
compliance and improve aquatic environments. Typs of approach allows facilities with high
pollution control costs to purchase lower cost ygah reduction from another source to meet
their effluent reduction requirements (USEPA, 2004)ater quality trading is conceptually
similar to air emissions trading, but effluent iraglhas lagged in development. A few effluent
trading programs were developed in the early 1@8@isduring the 1990s, but in recent years new
interest has sparked conversations about policpgdmthat would improve the capabilities for
local and state authorities to implement water iputrading programs.

In January of 2003 the United States EnvironmeRtatection Agency issued rules
through its water quality policy statement to emege the trading of nutrients and sediments

among point and non-point sources. The policyest#hat its purpose is “to encourage states,



interstates agencies and tribes to develop andemmgt water quality trading programs for
nutrients, sediments, and other pollutants whengodpnities exist to achieve water quality
improvements at reduced costs” (USEPA, 2005). hist document the USEPA states that
market-based approaches like water quality tragingvide greater flexibility and have the
potential to achieve levels of environmental basdhat would not otherwise be attained under a
traditional command and control approach. Thecgdibcuses on the idea that different sources
within a watershed may face significantly differeatsts to control the same pollutant. When
working with non-point source pollution problemd$iet USEPA is required to work with
individual states and local agencies because gbrin@sions defined in the revision of the Clean
Water Act in 1987. The law leaves non-point souwoatrol planning to the states and local
agencies because of local environmental and ecanoomsiderations. “The actual site-specific
selection of particular management practices tdarobnon-point source pollution (called “Best
Management Practices”) will involve local environmted and economic considerations, as well
as considerations of effectiveness and acceptalofitthe practice (USEPA 1984a)” (Portney,
2000).

In order to provide information to state and lopalicymakers the USEPA published a
Water Quality Trading Assessment Handbaok004 (USEPA, 2004). This guidance is very
general, and it focuses on setting the instituli@meangements of the necessary processes that
take place during trading. But, the handbook doatsdiscuss the changes in policy that are
necessary in order to create supply and demantthése types of markets. Despite the guidance
and support by USEPA, nutrient trades have beatively scarce to date. Scarce pollution
credit supply from non-point sources and lacklustezdit demand from point sources are
primarily responsible for this weak market perfonoa (King, 2005; King & Kuch, 2004). To a

limited extent point source to point source tradiag been effective, and programs have shown



signs of further development. In 2004 there weoeenthan 70 water quality trading initiatives in
the United States (Breetz, 2004). (Map 1.1 and M&p This rise in interest has been noted, but
there are still significant obstacles that stanthenway of many water quality trading approaches.
King and Kuch (2003) found in an analysis of thisgven approved trading sites in the
United States that only three programs had engagedhter quality trading. At the time, six
nutrient trades had occurred, and only one involsedon-point source. But, even with this
lackluster performance, there has also been adenatile amount of interest given to extending
the implementation of the USEPARater Quality Trading Policyo include point source to non-
point source trades. Over the past few yearsqoéati interest has been focused on the use of
constructed or restored wetlands, in addition &ditional abatement technologies, as non-point
sediment and nutrient credit producers within aewajuality trading program (Raffini &
Robertson, 2005). This type of approach seemacsite because it could inevitably assist in
enhancing, restoring, and protecting wetlands dsageémprove water quality. In certain cases
the approach could provide additional benefits ld@bon dioxide sequestration or habitat

creation which is specifically supported by the BP@E Water Quality Trading Policy



Map 1.1. Watershed Scale Water Quality TradinggRums in the United States (2006)
(Source: U.S. EPA Office of Water: Office of Wettl) Oceans, and Watersheds, (2006)
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Map 1.2. U.S. States that have Developed Watelit@Uaading Program Rules (2006)
(Source: U.S. EPA Office of Water: Office of Wettl) Oceans, and Watersheds, (2006)



Purpose of the Study

Incorporating the use of wetlands as a techniqueerthance water quality trading
programs requires the consideration of many palitieconomic, ecological, and legal issues.
Despite theoretical arguments for the implementatib water quality trading programs, actual
trades have hardly taken place. What economicirsstdutional arrangements are necessary in
order to allow the programs to operate efficierahd effectively? In relation to water quality
trading, policy analysts understand the importaotevetlands in natural systems as nutrient
transformers or immobilizers, but there is muchadelzoncerning how water quality aspects of
wetlands function at the watershed scale. Theseferthe incorporation of wetlands technology
to enhance water quality trading programs econdiyiead politically feasible at the watershed
scale?

To assess this question this study evaluates ¢broenic and political feasibility of
establishing water quality trading programs thabmporate constructed or restored wetlands as a
type of nutrient abatement technology. A reviewtlnd current literature concerning water
quality trading and wetlands combined with seleatade studies are used to identify critical
knowledge gaps that could encumber the implememtaif trading programs that include both
point and non-point sources as stakeholders. Easg studies provide various examples from a
national perspective that illustrate the feasipibf implementing a wetlands and water quality
trading program based on current practices mandgyeéxisting programs. Economic and
institutional impediments that are brought fortbnfr the literature provide outline for analysis of
these cases and a comparison synthesis, conclusindspolicy recommendations provide a

better understanding of the knowledge obtained fitoerliterature and cases.



CHAPTER 2

REVIEW OF THE LITERATURE

History of U.S. Surface Water Quality Policy

Protecting water quality was not a major concerrhi federal government until the
beginning of the 20 century. Three early acts defined federal govemtninvolvement with
water quality issues. The first federal act thaealtd with controlling water pollution was the
Rivers and Harbors Act of 1899. This act was disfadd in order to prevent impediments to
navigation and serves as a reminder that at ore ttie physical volume of waste in waterways
threatened to block some rivers and channels. Pi#ic Health Service Act of 1912 allowed
federal investigation of water pollution that atistt public health, and the Oil Pollution Act of
1924 disallowed the discharge of oil into Coastalt®¥s (Portney, 2000). These early acts set
precedent, but none of them were broadly intergretewidely enforced in a way that greatly
influenced water quality policy.

As the U.S. population grew and waterborne diseades increased the federal
government began to become more involved with waqtgtlity issues. The Water Pollution
Control Act of 1948 was the first federal legistatito deal explicitly with conventional forms of
water pollution. This act authorized the federaveynment to make loans to municipalities in
order to construct sewage treatment facilities, analso allowed the federal government to
engage in investigation, research, and surveysngealith water pollution problems. Prior to
1948 there was no direct federal role in waterytimh control policy, and the new law opened
the door for future federal organizational respenie state actions concerning water quality
policy (Kneese, 1975).

The 1956 amendments to this act strengthened theofdhe federal government, but

primary responsibility for dealing with water quglissues was left to the states. The Water

10



Pollution Control Act Amendments of 1956 establihee mechanism for joint state/federal
enforcement directed by the Public Health Servitkis act also established a grant program that
allowed municipalities to share costs to constsestage treatment facilities (Kneese, 1975).

The first federal act that mandated state actiatis n@spect to water pollution policy was
the Water Quality Act of 1965. The Water Qualitgt/Adf 1965 directed states to set minimum
water quality standards for portions of interstatgers within individual borders. Individual
state monitoring, standard-setting, and enforcerbegame significant problems in relation to
this act, and many policymakers viewed this apgroae ineffective and unworkable (Zwick,
1971). There were three main reasons why thiscpéat arrangement did not work. First of all,
there was a great deal of difficulty experienced dtgtes in determining how much each
individual source would have to cut back in ordermeet quality standards. Secondly, state
agencies did not have the organizational structurgslace to handle the enforcement issues
associated with discharge. Implementation planseweeded in each state to do this. Lastly,
states varied enormously in their commitment tdupian control objectives; the expertise of
their personnel; the monetary resources that dddcdor implementation monitoring, and
enforcement; and their willingness to compete fewnndustry by offering a lax regulatory
environment (Portney, 2000).

In 1972 Congress passed the Federal Water Poll@antrol Act (FWPCA). This act
established new federal goals and standards farveaiality, set deadlines for cleanup actions,
and provided new means in which new tools couldid®d for regulation and enforcement. All
discharges of pollutants into navigable waters werbe eliminated by 1985 (Portney, 2000).
This legislation specifically focused on point smupollution while establishing a national goal

for water pollution policy. One of the major defpaes of the FWPCA from past policies was
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that the major responsibility for issuing permivsdischargers was shifted to a federal agency:
the United State Environmental Protection Agenc8EBA) (Portney, 2000).

In 1977 and 1987 Congress adopted revisions td-#WECA. The amended act, now
known as the Clean Water Act (CWA), expanded USEPpowers to address non-point
pollution through voluntary programs. The 1977smns further defined the distinction between
conventional pollutants (suspended solids and @agasatter) and toxic water pollutants. The
revisions also established new technology procedame deadlines for determining toxic effluent
limitations. The 1987 act established funds totiooile support of sewage treatment plant
construction and set new requirements for statesstablish non-point source pollution control
programs.

Additionally, Congress passed legislation creathng) Safe Drinking Water Act in 1974
and revised it in 1986. Both of these mandatesidoen mitigating existing pollution and
constructing new wastewater and drinking waterttneat plants, but these laws can also
potentially fund initiatives focused on protectimgpurce waters through land conservation
initiatives.

The USEPA funds three water quality programs utderCWA: the clean water state
revolving fund, non-point source program, and matlcestuary program. In 2003, states were
awarded over one billion dollars and provided almidge billion dollars in assistance for
wastewater, non-point source, and estuary projedi&ve percent of the clean water state
revolving funds are used for mitigating non-poinuice pollution while the other ninety-five
percent goes toward wastewater treatment infrasimei¢USEPA, 2007). The non-point source
program receives less than twenty percent of th@ncater funding despite the fact that this type

of effluent now accounts for over sixty percenabfeffluent in the U.S. (USEPA, 2007).
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Water quality throughout the United States has awed since the passage of the Clean
Water Act in 1972 largely because of point soureductions of toxic and organic chemical
loadings. Toxic pollution discharges have beemced by an estimated billion pounds per year
since the early 1970s (Adler, 1994). Between 1870 1992 sewage treatment plants show a
reduction in ammonia (Mueller & Helsel, 1996). Adely applied national surface-water
monitoring network has provided evidence that fduatteria and phosphorus concentrations
have declined (Knopman & Smith, 1993; Mueller & s#| 1996). Additional information
provided by case studies and anecdotal informatiggest that reductions in pollutants since the
beginning of the 1970s have improved the healtlagfatic ecosystems (Knopman & Smith,
1993).

Great strides have been made concerning watertydailiing the past few decades, but
significant challenges still remain. In fact, tR&VPCA set a national goal of achieving zero
discharge by 1985, but over the past decade signifievidence suggests that we are moving in
the opposite direction away from this goal. Mdrart one-third of all surface waters are deemed
impaired in the United States, but larger regiopablems continue to experience significant
environmental degradation. The Chesapeake Bayeidargest estuary in the world and it has
experienced significant water quality problems déidkto nutrients including phosphorus and
nitrogen. Excessive fish kills in 1997 were atitidd to inflated nutrient levels that provided a
catalyst for the outbreak of a micro-organism, gieia (Mlot, 1997). Poor water quality is also
the suspected cause of declining shellfish harvghesapeake Bay Commission, 2002). The
Gulf of Mexico has also experienced dramatic watelity problems caused by increased levels
of nitrates. The oxygen-deficient “dead” zone @swnlarger than 7,000 square miles (Rabalais,
Turner, & Wiseman, 1997), and is growing in sizeniryear to year. The major source of

increased nitrate levels has been identified asliZers from the Upper Mississippi Basin
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(Antweiler, Goolsby, & Taylor, 1995). Since 195#tamount of nitrate that is discharged into
the gulf has tripled (Goolsby & Battaglin, 1997).

One of the reasons why the Clean Water Act hasddd achieve proposed goals is that
water quality problems have gotten bigger with éased population pressures, an expanding
economy, and more demand placed on watershedegsoes of pollution while also providing
drinking water, recreation, and other services.e Bacond major reason for failure concerns
fractured policy formulation and implementationt the federal level both the USEPA and the
U.S. Department of Agriculture (USDA) address watgmality problems in splintered and
inconsistent ways. Both agencies use a variepobty tools, including grants, regulations, and
subsidies, to decrease point and non-point sousoharges, but most agency efforts have been
individually undertaken and disjointed from othgency initiatives. This gap between the two
agencies concerning water quality may be shrinki@gause of increasing concerns over
environmental degradation to our watersheds angdbential opportunities to make significant
positive impacts linked to contemporary dynamicqes like water quality trading. On October
13, 2006 the Assistant Administrator of the OffafeVater at the USEPA, Benjamin Grumbles,
and the Under Secretary of Natural Resources amcEttvironment at the USDA, Mark Rey,
signed a partnership agreement to encourage wagditygtrading nationwide (USEPA, 2007).
Policymakers are extremely interested in movingvéod with water quality trading initiatives.
Positive outcomes from trading, as an adjunct gulegion, could lead to lower compliance costs
while meeting or exceeding water quality goals.

The evolving nature of water quality challengeghia United States over the past two
decades has spurred a reassessment of convendippgdaches to water pollution control.
Traditional regulatory approaches like the NatioRalllutant Discharge Elimination System

(NPDES) cannot easily address non-point sourceufpati without the development of new
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statutory authority, and federal grants and subsitiiave proved to be insufficient in mitigating
non-point source pollution. One prominent policjusion to regulatory constraints and subsidy
limitations is water quality trading. Water quglitading has been promoted by economists for
years, and during the past few years many politezders and upper-level government officials
have endorsed the idea as well. Theoreticallyagemqguality trading program allows regulated
point sources with high pollution costs to buy pttin reduction credits from unregulated non-
point sources with low control costs. From a cqbgal standpoint water quality trading
achieves pollution control targets at lower totadtcand reduces non-point source pollution. But,
in practice, the future of water quality tradingpdads on the resolution of many political,

economic, ecological, and legal issues.

Economic Rationale for Water Quality Trading

In order to better understand this increased iatdrewater quality trading policy it is
beneficial to review how market-based strategieslved. Incentive based solutions to
environmental externalities have been around fatecqgome time. In the early part of the"20
century A. C. Pigou (1920) proposed a policy ohgsiorrective taxes to counteract externalities.
He suggested that a specific externality couldnbermnalized if taxes were set at a rate that would
discourage the output of a pollutant through addél cost. One of the major problems with this
type of approach is the concern that in many ciseextremely difficult to isolate and calculate
a tax that is equal to the damage incurred by &rmality. Other researchers like Baumol (1972)
expanded upon Pigou’s work by demonstrating thpé@unit emission tax on polluting firms
does not have to be set at the optimum level peavithat the government continuously adjusts
that tax. Researchers like Collinge and OatesZ)lB8ve contributed to the Pigouvian tax policy
instruments by presenting the notion of rental eiais permits that theoretically follow the

marginal social damages curves. Therefore, inrthenarginal abatement costs would not need
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to be calculated, and permit charges would be gatly to the external costs to society.
Pigovian taxation has greatly influenced the ecanamalysis of public policy since the early
part of the 20 century. Today, there are many types of emisaimhpollution taxes set around
the world from emission taxes on industry in Catiia to carbon taxes in Scandinavia. Other
notable work is more critical of Pigovian taxes é@gizing the distortion effects that occur in the
long-run (Gould, 1977; Rose-Ackerman, 1973). Treisearch claims that per-unit taxes raise a
firm’s average cost curve.

There are also other methods of reducing pollutibrough incentives other than
imposing a tax or developing a charge for the pasehof permits. Midway through the"20
century economists began to seek out other waysitefnalizing the cost of environmental
externalities. Ronald Coase (1960) arrived at gy whfferent way of looking at pollution
problems after studying the Pigovian solution. $goargued that if property rights are clearly
defined, the costs of negotiating are low, and rtkenber of affected parties is small, then
externalities can be eliminated through privateghening solutions. John Dales (1968) expanded
the idea of market-based approaches to the envenhby suggesting that transferable property
rights could be used to promote environmental ptmie at a lower cost than conventional
standards. Tietenburg (1985) quantitatively cormgdhe creation of environmental markets with
traditional command and control regulation to révleat substantial economic and environmental
gains could be realized with a market trading syste

Many of these early market based studies focusedccammomic cost savings and
efficiency, but they failed to consider the undirfycost estimation concerning uncertainties that
pertain to the environmental modeling of a natpratess. In most respects these studies did not
attempt to identify the political constraints thatay be impressed upon a market-based

institutional design. These studies also failedmany ways to accurately show how the
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promotion of social goals such as equity can beéeseld without destroying the cost saving
efficiencies or the incentives that help to imprewvel expand abatement practices. Policymakers
are interested in incorporating institutional stames and stakeholder participant meetings into
the development of incentive based policy appliretiin order to evaluate the total private and
public good that is being generated from exchamgtsn the marketplace. In many cases, cost
is the determining factor for implementation. Mizing the cost of abatement is a very
powerful driver when developing plans for enviromta protection, but the effects of a
proposed program must also be viewed from a paliiad equitable viewpoint as well.

For a trading market to reach the optimal allocatbpollution control, it will need well-
defined property rights, a large number of buyersl &ellers, good information about
consumption and production, low or no transacti@osts, and rational behavior by the
stakeholders in the marketplace. Market failuraveided if most of these conditions are met,
but this is not usually the case for markets thadd pollution control practices, environmental
goods, or services (Fullerton & Stavins, 2000).nWaroblems may arise because the assessment
of benefits and costs may be hindered becausentfieoemental goods at hand are extremely
complex in nature. In many cases concerning toagiograms there is typically not enough
reliable information to estimate the optimal allbea of pollution control, and in some cases
monitoring and verification expenses may be toagfer a market to even exist. In spite of
these problems a trading market may prove to beeroost effective than traditional command
and control programs. In fact, the air qualitydirg programs have experienced very

encouraging results from both a cost perspectidesgmollution reduction perspective.

Transition From Air Quality Trading to Water Qualifrading

Pollution permit trading began in the United Statethe mid-1970s as air quality offset

programs. Regional areas that did not meet alitgssandards viewed offset programs as a way
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to move toward improving their environment whiléoaling for economic development. Offset

programs have been localized to specific areaser 99% of the 10,000 offset trades during the
past 30 years have occurred in California (USEF®12. In 1977 Congress provided its formal
approval to offsets in the 1977 amendments to tearCAir Act. These amendments allowed
emission reduction activities to be banked for st@rage, consolidation, and future sale of
credits.

In 1978 the USEPA introduced its bubble policy. Théble policy allowed polluting
firms with multiple emissions points in the sameilfty to face a single aggregate emission limit
instead of separate limits for each source. Thegss was hampered by a cumbersome approval
process, but some estimates revealed an estimd®fl rfillion cost savings by 1986 (Hahn,
1989).

In 1986 USEPA presented the Air Emissions Tradinficl? Statement, and air trading
programs began to be implemented around the caunirwo of these programs that were
successful were the lead credit trading program thedacid rain program. The original lead
trading program limited averaging of lead concedrars to individual refineries. USEPA would
later expand the lead credit trading program tovakiveraging among refineries. This change in
policy in many respects was very similar to theldalpolicy. The averaging of concentrations
transformed certain areas into active lead creditkats. This development was enhanced by the
permission by the USEPA to bank credits in 198.thie next couple of years over 10 billion
grams of lead were banked and these provisiongisb®26 million in abatement costs (USEPA
2001).

The acid rain program was also successful in ttee1890s. Sulfur dioxide credits were
traded and banked by polluters, and pollution rates$ costs of abatement declined rapidly. The

difference between the lead credit trading progaawh the acid rain program can be distinguished
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by observing the process of how the pollution deediere traded. The acid rain program was a
cap-and-trade program, and the lead credit trapiogram was a rate-based program. The acid
rain program had an absolute cap, and trades htakeoplace within that capped amount. The

lead trading program was set in terms of concedotrat A refinery could produce as much lead

pollution as it desire as long as the refinery’srage lead concentration met USEPA'’s limit.

The acid rain program set a cap of 8.95 millionstofi sulfur dioxide per year. Firms
over-achieved this reduction target from 1995 tglo997 with less than half the cost of a
command and control structure. Initial estimatbalmtement costs determined by USEPA and
the industry placed reductions per ton between $#%d $1000. But, allowance prices have
remained below $200 and prices reached a low of8@on in 1995. Estimates suggest that
allowance trading could save from $700 to $800iamlla year compared to a uniform emission
standard regulatory approach (Stavins, 1998).

Air emissions trading is conceptually similar toteraquality trading, but effluent trading
has lagged in development and has not producedsacgess stories similar to the acid rain
program. In 1983 the bubble policy debuted in USKRvater programs after several years of
application to air quality. The effluent bubblelipp was the result of a settlement agreement
between the USEPA, the Natural Resources Defensadipand the American Iron and Steel
Institute. The bubble policy only applied to fét@s within the iron and steel industry, and
consequently, the program saved approximately $iiibn versus the $435 million saved with
the initial air program bubbles (Kashmanian, 1995).

Besides the iron and steel bubble policy a fewuefit trading programs were developed
in the early 1980s. The state of Wisconsin createslof the earliest programs for point sources
along the industrialized Fox River. During thiglgastage of trading the Wisconsin program

hampered buyers and sellers by placing restrictoonghe suppliers of credits. Suppliers could
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only sell credits to three types of firms: newrants, those that could not meet required
discharge limits after complying with governmerued technological controls, and those that
intended to increase production (USEPA, 2007).

In the air quality trading programs point souraeslé with other point sources similarly
to the Fox River example above, but many waterityi@hding programs would likely take place
between a point source credit purchaser and a aim-pource credit producer. Several water
quality trading programs have been set up betweant @nd non-point sources, but over its
twenty year history effluent trading has not had #ame type of robust development that has
occurred from air emissions trading. Despite thtk of success, in the last several years water
quality trading has experienced increased intebgsimany political leaders and upper-level

government officials.

Institutional Barriers to Water Quality Trading

Economists and more recently, policy makers, haseocated water quality trading
programs as a way to improve efficiencies of emumnental protection initiatives, minimize or
postpone costs for abatement activities, offerilflexpaths toward compliance, while continuing
to allow population growth and economic developmenbccur. Unfortunately, at the present
time water quality trading markets fall far shororh the ideal benefits that may be gained
through various implementation strategies. Thediture has revealed that uncertainties and risk
that arise from non-point source nutrient reductiativities, the complex interactions between
nutrients and individual waterbodies, and the temalpadischarge differences between point
sources and non-point sources on a yearly or meéi-timescale have presented obstacles for
water quality trading programs. Issues of liapilietween point sources and non-point sources
also play a role in preventing water quality tradiprograms from developing fully. Water

guality trading programs around the country are &ure. There are a number of programs that
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have been developed, but at the present time ofgyvarades have taken place because of the
obstacles that have been created.

Many water quality trading programs are not abledalize the potential benefits that
could be gained from trading because of institatipmpolitical, or informational barriers that
exist. Unlike markets for most commodities, mamgtev quality trading programs do not have
the public or private institutional structures tmyide market information, to locate potential
trading partners, or to enforce rules for exchangehe lack of these types of institutional,
political, and informational structures cause ptiétnrading parties to expend considerable
amounts of resources in order to engage in wai@itgrading transactions.

The analysis of the incorporation of wetlands tedbgy into emerging water quality
trading programs can be guided by the transactistseconomics literature originated by Oliver
Williamson (1985, 1996). Transaction costs thdooyises on why various governance structures
emerge and how they adapt in response to the ohallef mitigating transaction costs. The costs
that are considered by this type of theory arergg-aosts including: negotiating, proposing, and
safeguarding agreements. Ex-post costs are atsodeved. These may include costs associated
with contractual breakdowns, enforcement costs rantdseeking behavior.

Transaction cost theory assumes that agents ajecst bounded rationality. Bounded
rationality stems from Simon’s (1957) principal-ageheory. Principal-agent theory is an
economic concept that refers to the idea of matigabne party to act on behalf of another.
Many types of incentives may be used to align t@gof the agent with those of the principal.
A very common example of this type of relationsligpthat of stockholders and corporate
executives. Chief stockholders sit on a board afisors that hire and dismiss corporate
executives. These individuals are considered tthbeprincipals. They hire an individual, the

agent, to perform in such a way as to increasevéhee of their respective stock. The agent has
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certain expertise, knowledge, or other considenatithat make him valuable to the principals.
The principals lack the time or resources to opetéie company. The principals in this
relationship may entice the executive with forms pobfit sharing, commissions, efficiency
wages, or even through the risk of being fired.m@i (1957) emphasized that agents face
information costs in the present and uncertaintyualthe future. This status forces agents to
make decisions by seeking the first satisfactohytim rather than optimizing a rational decision
based on perfect knowledge. Simon suggested ldsdical "economic man" is familiar with all
alternative courses of action and their consequeeand make decisions based on maximization
of welfare. Simon claimed that agents face codtwarcertainty issues in acquiring information
in the future. Thus, he proposed the idea thanhtageiould “satisfice” themselves by not
maximizing their behavior through fully rationalaigions. Simon claimed that people are only
rational to a certain extent. He argued that thetionality would relax when it was no longer
required. This process is known as “bounded ratign” From a water quality trading
standpoint the principal-agent relationship is &mio the relationship between point sources and
non-point sources. Non-point sources are empléyedduce their nutrient output levels in order
to meet the permit limits of the non-point sources.

Williamson'’s transaction costs theory contends thatsactions will be organized so as
to economize on bounded rationality while continslguprotecting against the hazards of
opportunism. Through an evolutionary process cditipe will occur between firms and the
most efficient forms should prevail (Williamson,298). If transaction costs are relatively high
concerning water quality trading transactions betwpoint sources and non-point sources then
there becomes a need for an institutional structurenechanism to manage the transactions.

Some form of initial regulation is necessary inardo set discharge limits for water quality
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trading, but other institutional structures mayoakle necessary in order to assist in the actual
trading process.

Colby (1995) suggested that the conflict that exibetween market-oriented and
regulatory approaches to resource allocation stieoms disputes over the appropriate balance
between market forces and laws promulgated to grrdte broader social values of a particular
resource. Colby argued that transaction costeatethe costs associated with the collection of
information concerning the legal, scientific, arbeomic needed in order to address externalities
in an efficient manner.

Anderson and Snyder (1997) suggested that onlynmaingovernment intervention is
necessary in order to set up a market for wateyuress. They suggested that there are three
justifications for government involvement in watesource markets: imperfect capital markets,
monopoly, or externalities. They acknowledged ttiet most legitimate concern deals with
externalities, but they warned that rent seekingakior can stem from too much government
regulation. They argued that much of the governaieagulation during the #Qcentury dealing
with reclamation projects in the western United&taesulted from rent seeking behavior instead
of an interest to protect public water supplies.

From a comparative approach Williamson (1985) adgtleat the transactions being
conducted and the people involved in the transastghould be analyzed in a way to determine
the costs of contractual governance. The govematrcture with the least transaction costs
will be chosen from the best available optionsr iRstance, if a transaction involves a high level
of uncertainty or transaction-specific assets, thedparticipants are subject to opportunism, then
the transaction should be organized in a hieraatisitucture rather than in a market. This can be
interpreted from transaction cost theory becausthig case the authority is believed to be a

stronger mechanism than price to curb opportunism.
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Reasoning for Including Wetlands into a
Water Quality Trading Program

An analysis of U.S. water impairment patterns basedsection 305 (b) of the Clean
Water Act report was submitted by the states thinahg 1998 National Water Quality Report to
Congress (USEPA, 2007). This analysis supports rthéon that was discussed earlier
concerning the position that non-point sourcesasfugion are the leading sources of pollutants
responsible for the majority of the impairmentsvaters in the United States.

Managing nutrients like nitrogen pollution is arsficant and growing problem for U.S.
waters. There is ever-increasing evidence thagesig that human intervention in the nitrogen
cycle has dramatically changed the distribution ammyement of nitrogen in the landscape, and
that these alterations pose risks to human healthtlze environment (Vitousek, 1997). More
recent scientific reports link nitrogen pollutioo take acidification, soil degradation, and
eutrophication. Recent reports have establishatdhitrogen pollution from air and water sources
can pose a significant threat to lakes, strearmmsrsj and coastal waters leading to toxic algal
blooms (Smayda 1989) and creating dissolved oxpgeblems (Rabalais & Nixon 2002). These
concerns have been extended beyond water resotrceslude impacts on climate change
(Vitousek, 1997), forest declines (Aber, 1998), apductions in grassland biodiversity (Tilman,
1996). Nitrogen inputs to the nation’s aquatic terdestrial ecosystems are likely to increase in
the future, but there is positive recent analyset suggests that natural systems recover from
nitrogen pollution through natural processes oweret Thus, natural systems can absorb
nutrients like nitrogen, but many of our currentunal systems are overloaded or too few to
affect the large portions of nutrients that flowaiagh the waterways of the United States.

Wetlands have recently been targeted for theirogichl function of absorption and
transformation of nutrients like sediments andogén. In a 2008lational Wetlands Newsletter

article, Eric Raffini and Morgan Robertson speadabn what a water quality trading market
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could learn from wetland mitigation banking and exved that “a market could emerge that
would provide non-point source credits to pointrseudischargers, helping them meet permit
obligations in much the same way that the wetlamdlic market emerged to help section 404
permittees meet Clean Water Act mitigation requasts.” This notion generated a great deal of
interest in incorporating wetlands into a waterldyarading program. Over the past two years,
federal agencies have sponsored workshops on thefusetlands in generating water quality
trading credits (USEPA, ORD, 2006), a workshop eoning the similarities between wetlands
mitigation banking and water quality trading (Na@b Forum, 2005), and a national water quality
trading conference (ETI, 2006). Robertson and MiK@007) followed the experiences shared at
these venues, and gave the assessment in the Mparitt2007 edition of theNational Wetlands
Newsletterthat “it has become increasingly apparent thattgmi-non-point water quality trading
faces very different challenges than wetlands iaitigpn banking did in its formative stage and,
thus, must be designed to solve these differentl@nes.” There is a great deal of interest in
developing an institutional structure that will @amporate wetlands into a water quality trading
program design, and there are many reasons whpdhigular concept shows promise.

Currently, constructed wetlands are being effebtivesed to remove excess nutrients
from wastewater treatment plant effluents. (Kadednight, 1996) Some experts, (Hey &
Philippi, 1999), have suggested that a strategigdfinned arrangement of constructed, restored,
enhanced, and natural wetlands could be used tmeeithe nutrient and sediment impacts from
surplus non-point source loadings. The USEPA rsecily discussing this approach as a means
of reducing nitrogen loading to the Gulf of Mexiftom the Mississippi River Basin in order to
reduce the annual hypoxia problem that has beeuriieg for a number of years. Hey (2002)
coined the term “nitrogen farming” as a way of d#sog the process of removing nitrogen from

watersheds through wetland economical functionschmical issues related to how wetland
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functions operate still must be investigated, andnemic values must be assigned to these
functions in order to create credits. These ingabns must be attended to before wetlands can
be incorporated into a water quality trading progra

Designs for watershed trading for control of nigndoadings have been proposed from
various researchers. However, there is a tremendmount of research that remains concerning
the policy design and implementation utilizationvedtlands in a water quality trading program.
Under certain conditions markets can lead to efficiand effective outcomes, but the policy
structure that creates overarching institutionalcttire must be firmly in place for this to occur.
In some cases trading may not be feasible at thsept time because the desired ecological
outcomes may not be match accordingly to the timsacosts of implementation. Wetlands,
however, in some situations may prove to be thetrapplicable and most effective nutrient
abatement technology that could be implementedam@ter quality trading program.

If wetlands were similar to other nutrient abatetrtechnology, there would not be any
debate concerning wetland types for use in watalityurading. Producers would choose from a
suite of various abatement options based on mimgitheir costs. If certain types of wetlands
represented the least cost method of creating emitéredits then those wetlands would be
employed.

Wetlands have other functions that benefit humanrectly or indirectly unlike other
abatement techniques or technology. These bers#sefered to wetland services. These
services include habitat creation, flood controid ecarbon sequestration. Wetlands that are
restored for water quality purposes also would jg®additional services. These services are
called positive externalities by economists and maly simply accrue to those involved in the
restoration of a specific wetland area. USEPA imrs these positive externalities to be

ancillary benefits of water quality trading whicbutd accrue to the general public or just to the

26



private landowner. Regulators will need to deteamnivhether the ancillary benefits actually
should contribute to the generation of creditsviater quality. Accurate assessment is vital in
order to achieve the most optimal levels of indreasiet wetland acres throughout the nation.
Increases in wetland acres are important, but ial$® very important to maintain wetland
diversity within a watershed and across eco-regidg@snstructed monotype wetlands may not be
recognized as restored wetlands that count towdmrelsncrease in wetland acres, and certain
wetlands within a watershed may contribute morendtrient removal based on their spatial
setting.

Bystrom et al. (2000) provide three criteria thatsinbe met in order to use wetlands as a
method for nitrogen reduction:

» Wetland abatement capacity must increase as thdéetuof acres of wetlands
increase,

»  Wetlands must reduce the uncertainty (or varian€&tal nitrogen load or keep
it the same, and

= If the first two criteria are met, then wetlandssibe the least cost technology.

The first two criteria require a knowledge of theetland abatement function in a
particular location and may have to be answerewéyand experts. The last criterion creates
part of the incentive for wetlands to be used enwlater quality trading program.

Bystrom estimates the abatement costs of wetlan@svieden. Costs are based on acres
of wetlands and construction costs. Constructiostcinclude the opportunity costs of land or
the value of its next best use. Bystrom calcul#ites, in the region of Kattegatt of Sweden,
wetlands have a lower marginal control cost congbéweausing cover crops or catch crops to take
up the nutrients, but a higher marginal controlt ¢ban reducing fertilizer. Hey et al. compare
wastewater treatment technology and wetland abaieinethe District of Greater Chicago.

Depending on the season, Hey et al. (2005) fintrtfaginal control costs for wetlands ranged
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from $960 to $3000 to remove a ton of nitrogen.e Tbmmon technology ranged from $2810 to
$10,100 per ton. However, both Bystrom and Hewleused private costs only and did not
consider the potential benefits of wetlands.

Opportunities to trade credits exist, and someingadrograms have included wetlands in
their approved lists of best management practi®4dPs). Very few farmers have taken
advantage of wetlands for conservation purposeakttare have been no official trades between
point and non-point polluters that included wetlandemand for credits that are generated from
wetlands from agricultural sources may be low beeaof uncertainty over the credits it can
produce. Much of agricultural pollution is congie@ to be non-point and may also be
contributed to through runoff, groundwater leachiogthe atmosphere. Therefore, it is difficult
to predict with certainty the amount of dischargaluction (or production of credits) the
implementation of management practices will prodaicéhe point in the watershed where credits
are measured. This may discourage demand for #grgucredits by regulated firms that are
legally responsible for meeting discharge limiténcertainty could be reduced by more intensive
monitoring, but that may be challenging and pogséten expensive. Such transaction costs
could negate the benefits of trading. Future mebess needed in order to better estimate the
costs of monitoring for certain types of nutriemtghin watersheds, and the applicability of
monitoring nutrient uptake efficiencies of wetlaridsa watershed context. One reason why the
Acid Rain Trading Program has been so successthhighe cost of measuring emissions is low.
The commodity, S@ is easily measured and tracking is relativelxpensive.

Uncertainty over the production of credits affettts supply side as well. Because of the
nature of pollution from agriculture, and the neéedissess credits at the point where regulated
sources actually discharge, land owners may be amawf the number of credits they can

actually produce. There is also the problem aofeprilf there is not a general understanding of
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what a credit is then there are not many ways d @mner can assess the price that he may
charge for the service he is providing.

Land owners also may be reluctant to participata program that is partly regulatory,
even with compensation. Some have suggested @ahdt dwners are fearful that information
about their contributions to water quality and sost pollution abatement could eventually be
used to develop regulations for agricultural padint Risk and uncertainty are the leading
reasons why trades have not occurred, and thisrtanty is increased in many aspects when
discussing the role of wetlands in water qualiading.

Another supply-side issue is the treatment of tsegienerated on farms through publicly
funded conservation programs such as the Consemvaiteserve Program (CRP) and
Environmental Quality Incentives Program (EQIP)incg credits from conservation programs
are already partly or fully funded, some tradinggsams do not allow them to be traded. A
farmer participating in a conservation program wolshve to implement additional conservation
measures to participate in a trading program. Wuaald raise the cost of credits, making them
less attractive to those wishing to purchase @edit

The coordination of policy guidelines between trgdprograms and the farm subsidy
programs could be helpful in creating supply ofdie But, monitoring, verification, and
enforcement are three factors that are essentiadadding to function in an efficient and effective
way. The incorporation of wetlands into water gyatading shows promise, but there must be
verification standards and analysis that bettetindgjsishes how wetlands operate within a
watershed. As well, water quality standards mustdbsirable and enforceable for a trading
program to have a demand and supply driver. Lap#yformance measures must be derived in

order to provide more precise estimates of whatisally being traded.
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Trading Ratios for Wetlands

Trading ratios are used to translate the ecologeti@cts of pollution from different
sources into a common unit. Ideally, they mustwapthe impacts, uncertainty, and transaction
costs related to the individual sources and trattergn, 2005). These ratios affect the trades
accepted for allowing point sources to purchas@poh control from non-point sources. A 2:1
ratio means that point sourcess would be requivggutchase two units of non-point pollution
control for every unit of pollution released. Npaoint sources are encouraged to reduce more
pollution, but the ratios do not necessarily enagarnon-point sources to construct or restore
wetlands that will produce the ancillary benefiteypously discussed. In fact, in most cases
current ratios do not express any attempt to agEfzrmance levels or spatial considerations.

Nutrient trading ratios can be designed to accéamthe location of a wetland or other
BMP within a watershed. This can be referred t@ @elivery ratio. Currently, delivery ratios
are based on distance from the BMP project to twation of the pollution source that is
purchasing the credit. Delivery ratios vary grgatl current trading programs from 100% in
riparian areas to 10% in areas greater than %froihe the receiving water body. Ratio discounts
range from 1:1 to 3:1 (Breetz et al., 2004). Tkeayal reason why trading ratios are currently
applied to trading programs is to ensure that watraity in a watershed is protected and trades
between sources distributed within the watershesitipely affect the overall condition of the
water body. Ratios in most programs do not disiisig between BMPs and they do not provide
accurate accounts of nutrient removal. Futurevepfitrading ratios will need to provide for the
transmission loss of nutrients within the riverteys, and further research will be required in
order to understand how distance and other watgrpheameters affect nutrient uptake within

wetlands at the watershed scale.
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Ratios also may be constructed to better ascett@ractual nutrient reduction of the
applied abatement technology. A higher level ataiety of nutrient reduction would yield a
lower ratio that would approach a 1:1 scale. lasegl levels of uncertainty would yield higher
ratios. In this respect, wetlands may outperfothrepabatement technologies like buffer strips
because of the ability to measure direct nutriestidhrge. Further study is needed in order to
provide information regarding the types of wetlantf@at would provide more certainty
concerning direct nutrient reduction as compareatiier abatement technology.

The performance of wetlands concerning nutrienakgimust be assessed and verified to
ensure that a trading program will be successhulmany trading programs BMPs are certified
when they are installed, and some programs recomhra@mual spot checks for assessment
purposes (Breetz, 2004). Monitoring does not oatunost trading programs because it has been
suggested that it would be prohibitively expensawel a long monitoring period is required to
provide conclusive results. The Great Miami Rivéaitershed Water Quality Trading Program is
currently active in monitoring and verifying redwacts within the watershed at points that are
located downstream from non-point source BMPs.s Tinitoring is currently being funded by
National Resource Conservation Service Grantss plagram also uses site-specific inspection
at 5-10% of the BMPs. (Kieser & Associates, 2003)is type of monitoring and verification is
not the most accurate method for assessing therpshce of BMPs, and further research is
needed in order to better ascertain the corre@l lemonitoring that is necessary for specific
types of BMPs, especially wetlands. Non-point searwithin the Miami Watershed are not
being monitored, and therefore there is not ansassent of how individual BMPs are affecting
the nutrient loading that is taking place withie thiater body. Within the field of monitoring and
verification, there is a need to also further amalflow different wetland types reduce nutrient

loads at the watershed scale.
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Wetland Location: Determining Nutrient
Load Reduction Credits

Monitoring and verification of nutrient removal femance of a wetland within a
watershed context has advantages and disadvantagasreased monitoring can lessen
uncertainties in terms of modeling nutrient lossl dime extent to which nutrients are found in
downstream water bodies. The major disadvantagearfitoring the effectiveness of nutrient
reduction is that it can be difficult in naturaldarestored wetlands to measure nutrient inputs
because inlets often extend over relatively braaas Cost considerations have been raised as
obstacle to monitoring, but there are not any curoemst models that have been developed to
assess nutrient reduction capabilities of wetlamitisin a watershed context.

Constructed wetlands are much easier to monitoause they can be designed with
limited inlets and outlets. Specific measuremeats be made at the inlet and outlet areas and
differences can be compared to quantify nutriemoneal efficiency. However, monitoring
approaches should also account for seasonal amidlsgiability in nutrient uptake efficiency
(Wetzel, 2001).

Temporal factors are very important in analyzingrient removal efficiency, but spatial
factors are very important as well. Removal edficiy levels can vary significantly depending on
the position of the wetland in relation to the surrding landscape and watershed. Wetlands
located at the headwaters of a watershed may Iraited opportunity in some cases to intercept
nutrients. On the other hand, wetlands locateldwer areas of the watershed may experience
higher flow rates that limit efficiency. A study wetlands used for 40 years to treat wastewater
in Florida found that total phosphorus in wetlasgsliments was significantly correlated with
depth and distance from the point of surface watBow (White, 2003). Variability in flow
patterns and velocity are the two greatest linotedi to maximizing retention capacities of

nutrients in wetlands. Tracer experimentation lsamsed in order to better understand the water
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flow patterns or the hydraulic residence time distiions for specific wetland areas (Wetzel,

2001).

Water Quality Trading and Wetland
Policy Considerations

An essential factor of incorporating wetlands imtater quality trading is the need for
verification of various wetland type capacities fartrient reduction. Monitoring data will be
necessary in order to provide information on tHeiehcy levels of wetlands to reduce nutrient
loads in a watershed. This information is necgssaorder to differentiate wetlands from other
BMPs. If wetlands are not somehow differentiatexhf other BMPs then least cost applications
will prevail.

In the future, multiple markets may exist to bettecount for the ancillary benefits of
wetlands. If well-functioning markets were to exfer the different services provided by
wetlands, the ancillary benefits would be accoursed the externalities would be internalized.
Currently, there are not markets for some of theises provided by wetlands. Therefore, the
focus of differentiation for wetlands would not mre services, but a higher level of service for
nutrient reduction. The higher level of efficienttyat might be attained with the implementation
of wetlands for water quality trading could prowve lie the differentiation that distinguishes
wetlands from other BMPs.

A word of caution should also be acknowledged it focus of wetlands as nutrient
reducers. Trade-offs could exist in most casewdmt wetland functions that supported the
highest nutrient storage capacity versus increaseillary benefits. Wildlife habitat or flood
mitigation benefits may not be realized if spectfipes of wetlands are restored or created. It
may be necessary for regulators or wetland experdetermine the combination of plant species

and hydrologic functions in order to improve wagerlity and increase wetland acres. However,
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consider how the regulator or wetland expert calitdct the revenues and costs of a particular
producer (e.g., location, mix of plants, etc.).

Ecosystems generate societal values and benefiiplied by their resources that
resemble ecological stock and flow designs. Vadlemtification and establishment for these
resources is important to policymakers. The tetainomic value of an ecosystem is the amount
of money that all people who benefit from the wsiteidd would be willing to pay to see it
protected (Whitehead, 1992). This total econonailtie is the amount society would be willing
to pay for the services and attributes of the estesy if they were not provided free of charge.
This value comprises: market economic value, wischstablished by transactional precedent,
and non-market economic value, which is approxichétepublic opinion or alternate strategy.

The value that society places on wetlands and slatels is based on their existence and
services provided. As well, values are attributethese resources because of current and future
consumptive and non-consumptive uses. For exansplesumptive uses of wetland outputs
include fish harvests from fisheries dependent upetlands. Consumptive uses of wetlands
may also include conversions of acreage to croplaMdn-consumptive benefits usually have a
more long-term aspect assigned to them. Thesea tyjleenefits could be attributed to aesthetics
or flood control. Each of these values is multirdnsional and could be assessed from several
perspectives including: individual owners, indivad users, regional perspectives, and societal
perspectives (Leitch & Frigden, 1998). Some astaljrave determined that market values are
lower than non-market values for watersheds anthnes (Stedman & Hanson, 2005).

Public policy makers face short-term and long-testnategic decisions that have great
impacts on the productivity and health of natueslaurce systems like wetlands and watersheds.
Various alternatives are always available for mampgheses systems, and economic valuation

provides a metric for comparing the performancstadtegic alternatives over time. The cost of
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establishing the market economic value of a natsya@tem is directly proportional to the
complexity of the system being analyzed. The diserof preferences given by the valuing
stakeholders, and the volatility of defining maskbbth contribute to multifaceted interpretation
of environmental public and private goods. Intetations of how to value resources like
wetlands and watersheds can be vastly differentmeSof the causes of these differences include:
lack of well defined scientific or economic infortitm, site-specific natural variability,
communication barriers among various researchplises, unclear context of why valuation is
needed, and economic principles are not followeeit¢th & Frigden, 1998). Many of these
challenges are readily overcome when adequateimeade available and sufficient resources
are invested for analysis.

Non-market valuations are essential in assessmg@¢hnomic value of a policy to direct
a water quality trading program that focuses onlamels. Water quality controls, stream flow
controls, and habitat management are all examgdle®m-marketable natural services that are
considered public goods. These values are hagilaatify, but it is essential to include these
values in the economic assessments of the valweitdnds in a water quality trading program.
Wetlands and watersheds perform multiple biologeradl hydrological functions that produce
both public and private goods and services. Thectfans and values that they elicit are
intricately intertwined and ecologically linked. oh-market economic valuation techniques are
widely used in the valuation of policy planningdathese techniques are very important in the
valuation of natural resources policy because tie-market component of natural resources
economic value typically outweighs the market congu of economic value (Fausold &
Lilieholm, 1999). However, in many cases it isfidiflt to complete a non-market economic
valuation rapidly enough and with enough detailnfmrm decision makers. Focus should be

place on the effective interpretation of the resatid not just the numeric results themselves.
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Economic considerations must support the ideaatfand’s incorporation into a water
quality trading program, and the constructed mamkast be able to consider the true valuation of
and exchange between point and non-point sour@eg, the scientific understanding of how
wetlands remove nutrients from a watershed mustthoeoughly analyzed as well. The
establishment of sophisticated methods of decisiaking and evaluating risk are negligible if
information gaps understanding the science of wdtldunctions are not filled. Better
assessments and valuations of wetland functiorisewdble policy makers to quantify the value
of investing in a water quality trading program tthacorporates wetland technology as a

pollution management strategy of choice.
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CHAPTER 3

REVIEW OF THE LITERATURE

Wetland Nutrient Removal Capabilities

Water quality trading policy is still in its infapc but wetland resources, on the other
hand, have been studied, regulated, and politicaigrpreted in the United States for well over a
hundred years. Yet, with all of this attentionrthés still a great deal of mystery that surrounds
the natural services that they provide. The waretland, is a generic term that represents a vast
universe of wet habitats that include marshes, gsarfens, bogs, and similar areas. The
definition of wetland informally refers the inteck between truly terrestrial ecosystems and
aquatic systems making them inherently differentrfreach type of system while at the same
time dependent on both (Mitsch & Gosselink, 200@)etlands are known as ecotones and serve
as transition areas for two different types of egaal communities, ecosystems. The word,
ecosystem, was coined by A.G. Tansley (1935), atpdaologist almost fifty years after the
concept was defined by Stephen Forbes, a zooladgfistinterests in aquatic environments. In
1887 Forbes wrote an essay describing the architeadf the environment by specifically
discussing how the organisms of a lake constaffiigtaeach other through a complex interaction
of predation and competition. This holistic scifintand policy viewpoint lay dormant for many
years because of the demand for scientists anchexgi to produce information and analysis on
the basis of specifics. Over the past couple chdes federal agencies have started to create
policy guidelines based the ideas of holistic estssy management. Yet, there is still much
private confusion over the meaning of this appro@iistensen et al., 1996). In fact, wetland
definitions over the past century have been crelassed on the specific functions being studied
at one particular time or another. Nathaniel Stml&eneral Account of the Freshwater

Morasses of the United Statess one of the earliest reports on the nation’sands published
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in 1890. At the time, Shaler’s report focused lom telationships between wetlands and farming.
His definition of a “swamp” was:
all areas in which the natural declivity is insafint, when the forest cover is removed,
to reduce the soil to the measure of dryness nages$sr agriculture. Wherever any

form of engineering is necessary to secure thiscdatson, the area is classified as
swamp. (Shaler, 1890)

By the end of the 2Dcentury scientists were beginning to classify amdls by focusing
on particular attribute types as noted by Lefor Kednard (1977). These attribute types spanned
a large environmental gradient. There are no ogbiiag truths that apply to all wetlands.
Wetland types are very diverse and wetland scisrdise becoming aware that in their pursuit to
restore and create wetlands many unknowns proviotades to defining guidelines for
successful wetland assessment and design for papplications. In some instances wetland
scientists have an understanding of how certaintfoims operate within a specific area. It is very
important to note all the specific functions thattlands provide, but it is also important to
understand how these various functions interact eordespond with each other to provide

benefits at the watershed scale.

Wetland Policy in the United States

Wetland science and wetland regulation policy ao¢hkrelatively new and rapidly
evolving branches of ecosystem and sociopoliticedree. Both wetland science and regulation
policy develop in a highly charged political atmbepe. The two areas have an intense
relationship that “in many ways is reminiscent loé trelationship between nuclear physics and
national defense 50 years ago” (Lewis, 2001). aAnyncases regulatory initiatives and policy
applications raise unanswered scientific questions.

For over 150 years the U.S. Government has beatvenw with wetland issues. From
the 1850s to the 1970s the Federal Government gezhtbe elimination of wetland areas. Over

the past 30 years the importance of wetlands temguality, marine fisheries, flood abatement,

38



and biodiversity has been acknowledged and valoesbine extent by federal, state, and local
policies. Section 404 of the Clean Water Act deaith wetlands, and this regulation has
required the replacement of wetlands lost to dearaknt under a policy now known as “no net
loss of wetlands” (USEPA and USACE 1990; NWPF 198he U.S. Army Corps of Engineers
(USACE) issues permits to those individuals whohwis dredge or fill wetlands, and these
permits often require “compensatory mitigation.hig type of mitigation usually refers to the
restoration of former wetlands to balance the e¢ffeaf wetland loss. Wetlands mitigation
banking represents the oldest existing market tmrsgstems services. In 2005 the USEPA
sponsored a workshop on the lessons for water tgquading to be drawn from wetland
mitigation banking (ELI, 2005). From the proceegint became quite clear that water quality
trading faces very different challenges than wetlanitigation banking did in its formative stage.
Thus, the policy features and regulatory influenoesst be designed differently in order to solve
different problem sets. Water quality trading avetlands mitigation banking do share two very
important aspects concerning wetlands: wetlanddition and functionality. Water quality
trading programs incorporate wetlands to improvetewaguality, and mitigation banking
programs assess and offset wetland areas in oodgrdvide “no net loss of wetlands.”
Robertson and Mikota (2007) provide an analysisvioy the two types of policy programs are
different, but from a wetland science perspecthard are very similar functions that take place
within wetland systems regardless of whether theyimcorporated into a water quality trading
program or a wetland mitigation banking programhe Thutrient removal function of water
guality improvement is very necessary to undersfanarder to set policy guidelines for water
quality trading. At the present time mitigationnkang policies focus on the condition of the
wetland and water quality trading policies focus the nutrient reduction or transformation

abilities of a type of wetland, but condition ammhétionality are intertwined. A review of what is
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known about wetland functions for nutrient reductie very necessary in order to guide water
quality trading program policies that incorporatethand technology.

For a long period of time environmental economigge advocated the implementation
of market mechanisms to promote ecosystem serviceshe grounds that the prices that
customers pay for these services should fully amusithe financial costs of degradation
(Costanza et al., 1997; Daily & Ellison, 2002). ng&owetland scientists have also contended that
the scientific evidence explaining wetland conaiticand functions should guide public policy
concerning wetland resources (Lewis, 2001). Ineprfbr market mechanisms to promote
ecosystem services, the services themselves mudémiied and understood. The condition of
a wetland may be quite variable over time, andagerfiunctions of wetlands may depend upon
climate, temporal, regional, or hydrological coratis. All of these factors must be reviewed to
analyze the possibility of incorporating wetlandsto a water quality trading program at the

watershed scale.

Wetland Nutrient Removal for Water Quality Trading

The function of specific wetlands areas as nutrimarisformers depends on the wetland
type, hydrologic condition, and the length of titte wetland is subjected to nutrient loading.
Wetlands have been shown to be sinks or storagegfar nitrogen and phosphorus, but many
wetlands do not exhibit this trait. The functiohveetlands is closely related to adjoining land
and water bodies, and this is why it is importanteasearch wetland nutrient uptake capacities at
the watershed scale. Also, the capacity of natwetlands to store and transform nutrients is
directly related to the amount of nutrients avddalithin an ecosystem. Vast changes in the
amount, increases or decreases, could have an eff¢lice performance of the wetland to provide
water quality improvement (Mitsch and GosselinkD@0 Constructed wetlands may require

significant maintenance in order to sustain a djgel@vel of nutrient removal, and it may be
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economically and ecologically challenging to maimtséhis or a greater level of uptake in
perpetuity without the proper investment.

The results of many wetland nutrient removal stsidi@ve been inconsistent. A
compilation of data from over sixty studies of fifeven wetland ecosystems throughout several
countries suggests that the mean percentage clramggrient load was between 67% and 27%
for nitrogen and between 58% and 23% for phosphoistimates suggest that 80% of these
wetlands removed some level of nitrogen and 84%poveh some level of phosphorus (Fisher &
Acreman, 2004). Braskerud (2002) contends thastidy of surface flow wetlands in Norway
only provide nitrogen removal efficiencies that gad between 3% and 15% because of high
hydraulic load and low temperatures. Luederitzakt(2001) reported a total nitrogen and
phosphorus removal rate of greater than 90% intnated reed bed wetlands in Germany.
Seasonality also plays a very important role irriant uptake efficiencies as discussed in some
of the studies mentioned. Nitrogen removal perforoes varied by up to 40% between summer
and winter months in Hungary according to Szalsl.€R001).

Many generalizations can be made from a policy gesatve regarding the function of
wetlands as transformers, sources, or sinks faiemis, but the complex and unique situation
that involves individual wetlands limits these tgpaf generalizations to actual applied policy
procedures. Wetlands can be a sink for a fornitadgen at one moment in time and a source for
the same nitrogen element at another time deperatirg range of factors. Inconsistent results
from studies also generate problems for generaizatbecause of the imprecise approaches to
measuring nutrient changes over time within variamaglands. There is little consensus in the
literature about nitrogen and phosphorus fate itlands (Mitsch & Gosselink, 2000). There also

seems to be a bias toward researching the vegetaiw productivity that limits the
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understanding of soil and microbial processes fipetti wetlands that enable some forms of
nutrient transformation (Johnston, 1991; WetzeQ130

Regardless of the inconsistencies concerning wetthartrient transformation mentioned,
constructed wetlands have shown in some cases teffbetive at removing nutrients and
sediment from wastewater treatment plant effluetienv the wetlands are co-located at a
discharging facility. Constructed wetlands at Wedershed scale may be an effective method to
lessen the harmful effects of nutrients on wateid@Cooper & Findlater, 1990; Hammer, 1989
and 1996; Kadlec & Knight, 2004), but there aresoiBsues that deal with the sustainability, the
implementation, and the long-term objectives ofesstted plans that must be analyzed when
considering the use of incorporating wetlands petantial water quality improvement technique
in order to improve water quality and increasearst wetland acres. Further research is needed
concerning the life-cycle of wetlands that retainrients and the long-term capacity of restored
wetlands to function as water filters.

At the present time there have not been any suttdasge scale projects that have
monitored, managed, or described the hydrologigattions of natural or constructed wetlands at
the watershed level. As noted earlier, there Hzaen small scale studies that have shown the
effectiveness of wetlands to absorb nutrients., Bt types of changes would be encountered
within a watershed based on the scale of wetlastnation activities or construction activities?

The formation, size, functions, and persistencev@fands are controlled by hydrologic
processes. Other differences in wetlands depead ugriables like water quality, the movement
of water through the wetland, and the degree afrahbr anthropogenic disturbance. Therefore,
wetlands are distributed unevenly throughout theddnStates because of differences in geology,

climate, source of water, and other natural and-made factors.
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Scientists commonly investigate hydrologic questibyp determining how much water is
moving through a system. This knowledge is theedue characterize how the system functions.
The hydrologic cycle is a dynamic process thatudeb the components of precipitation, surface-
water flow, ground-water flow, and evapotranspiati Various wetland types receive different
water budgets throughout the year. The water Hutigé can be measured for a specific wetland
area would be derived from subtracting the totafflows from the total inflows. But, as
mentioned earlier, this is a dynamic process tlguedds upon seasonality, climate, and other
factors. The accuracy of individual components @fater budget for a wetland depends on how
well they can be measured and the magnitude adisbeciated errors. This measurement is vital
in understanding how natural or constructed wesanduld fit into a water quality trading
program. Natural wetlands depend on a certain @moisture in order to thrive, and variations
in hydrologic regimes during times of drought ouatlance of rain may interfere with large-scale
constructed wetlands’ ability to treat nutrientdegMitsch & Gosselink, 2000).

The hydrologic cycle is also the most significaeteminant of vegetation within the
wetland. This, in turn, affects water quality andlogical diversity. Water chemistry also plays
a role in what types of plant species exist withiwetland. Wetland types in many cases can be
identified by their hydrologic functions and hydheenistry. For instance, bogs and fens are two
major types of peat land that are identified by tHeEPA as being specialized wetland types.
Bogs and fens are mostly found in the in the nasheand Great Lakes regions, but some
southern bogs and pocosins can be found in théasasit These types of wetlands may be hard
to distinguish by a simple glance, but further obbaton would conclude that the main difference
between the two is their water supply.

Various studies of the effect of hydrologic cordits have revealed inconsistent results.

Hydrologic conditions in a wetland can influencee tkfficiency of processes that remove

43



nutrients from water (Sakadevan & Bavor, 1999)sitence time was negatively correlated with
total nitrogen and phosphorus removal in constdustigbsurface flow wetlands (Schulz, 2003).
Dierberg et al. (2002) found that as residence fimesased, nutrient reductions also increased.
Lin et al. (2002) found that nutrient removal efficcies were unaffected by variation in loading
rates, and Knight et al. (2000) found that remowél nutrients was a function of inlet
concentrations and loading rates within a tempseale.

In order for wetlands to be nutrient reducers witaiwater quality trading program the
outflows of water from a wetland area must haveient levels that are lower than the inflows,
and the reductions must be measurable. One okelgeelements for nutrient reduction in
wetlands involves inundation. Inundation greatffeets the oxygen content of the soil and
produces anaerobic conditions. Though, in manyandtareas the surface soil tends to retain an
oxidized layer due to the proximity to the waterluton, microbial activity, and oxygen
translocation within rooted plants (Tanner, 200dyindation also affects nutrient transformation
because it helps to determine pH levels. Watehiwia natural wetland may be fresh, saline,
acidic, or basic depending upon the source anddetion periods. For instance, fens are a type
of wetland that depends heavily on ground water tfair hydrologic cycle. Fens can be
described as a stage in the succession from shidl®s to bogs. In most cases fens also can be
distinguished from bogs in being alkaline of cadtars wetlands with pH levels that stabilize
above 6.0. These areas support calcicolous pieties that act as good nutrient uptake agents.
Nutrient uptake is highest in a neutral pH rangeb®& to 8.2. Bogs, on the other hand, are
primarily supplied by rainwater. These ombrotr@paieas reside in poorly drained geographic
locations where precipitation exceeds evaporati@rowth of higher plants is curbed by peat
mosses in bogs because the mosses bind availatilentsl and render the bog water acidic.

Also, because the water surface is trapped amaigitanetwork of peat stems and leaves, water
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movement is almost completely lacking, and tempeeaexchange between air and water is
restricted. Some wetland scientists have contetfiidthe amount of oxygen available to the
soil is the greatest limiting factor for nitrifigah (White & Reddy, 2003). Subsurface water
systems have been found to display marginal ortivegaitrogen removal efficiencies because of
the lack of oxygen (USEPA, 1993).

Inundation in many ways also may affect storagesirfor nutrients that flow through
wetlands. Nutrients can be removed from inflowessithrough storage within the soil, organic
matter, or biota. Phosphorus is a nutrient thastwed through soil by absorption through
sediment particles, through plant and animal bi@nasd through peat and other aquatic plants.
Sediment that is rich with organic matter tendbdwe the capability of absorbing higher rates of
nitrogen and phosphorus (Tanner, 2001). On therdthnd, some wetland scientists have shown
that aquatic vegetation can sequester twice as nphasphorus as sediment can, but this
phosphorus uptake could be mobilized again as himgpplants decay (Dierberg et al., 2002).
The reduction of downstream export of soluble iaoig phosphorus can decrease the nutrient
load of downstream waters associated with eutrapiloic. Insoluble forms of organic and
inorganic phosphorus are generally not biologicalilable until they are transformed into
soluble inorganic forms (Mitsch & Gosselink, 2000).

Phosphorus and nitrogen removal rates have beemnstwm be larger in wetlands that
contain aquatic vegetation. Denitrification andmil uptake are two occurrences that assist in
removing nutrients (Lin et al., 2002; Stein et 2003; Tanner, 2001). Nutrient removal in many
cases is enhanced by macrophytes that assist atingesolid sedimentation, reducing algae
production, improving nutrient uptake, and relegsoxygen (Bavor et al., 2001; Jing et al.,
2002). Wetland scientists in Australia and Taiweve conducted studies that revealed 96%

reduction efficiencies for both nitrogen and phaspl for wetlands with plant life and
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approximately 16% for nitrogen and 45% for phospbawithout plant life (Huett et al., 2001;
Jing et al., 2002). Floating aquatic macrophy&egehbeen used in constructed wetlands in Brazil
to improve drinking water supplies (Elias et a02).

Different species of plants also perform bettemtlmhers at nutrient removal. In
Thailand a recent study suggests that aquatic planteased phosphorus removal in wetlands
constructed to treat saline wastewater, and catt@édre most efficient at nitrogen removal
(Klomjek & Nitisoravut, 2005). Other species thatve proven to be good nitrogen transformers
include: Phragmites (Mayo & Bigambo, 2005), Ty@rayustifolia (Belmont et al., 2004), and
Schoenoplectus (Poach et al., 2003). On the didwed, there have been some studies that have
found that some wetland plants do not contributallab nutrient reduction processes (Huang et
al., 2000). Dierberg et al. (2002) found that sgediffered in their uptake and accumulation in

plant tissue, but did not contribute to nutriemduetions in a study in the Florida Everglades.

Variations within Wetland Types

Hydrology is the key component to understanding laowetland will function within a
particular landscape. It has been noted by Mitsetd Gosselink (2000) that the notion of
hydrology as the fundamental forcing function oftleweds is well understood from a conceptual
level. But, this understanding is not always mbipractice by many who are involved in
restoring or constructing wetlands. Many problethat have occurred in relation to the
restoration or construction of wetlands have inedlthe problem of placing project sites in areas
that are characterize by human-altered landscagesh cause changes in hydrologic conditions.
Unpredictable and rapidly fluctuating hydrology dead to planting failure, washouts, decreased
biodiversity, and loss of water quality functionSherefore, wetland restoration and construction
projects must consider watershed scale hydrologgexms when developing plans for integrating

wetlands into a water quality trading program.

46



Nutrient input, transformation, and concentratioithim wetlands are highly correlated
with climatic influences that affect hydrology ameimperature (Mitsch & Gosselink, 2000).
Temperature affects growth, productivity, and oxydevels of wetland biota. Woodwell and
Whitney (1977) found that in some cases salt margheobilize phosphate in cold months and
export phosphate in warm months. Increased lewelprecipitation can dilute or increase
nutrient concentrations depending on the hydrolagidace or subsurface flow before entering
the wetland. Erosion may also play a role in ines®l nutrient loads through sediment.

Climate also has an affect on the types of vegetaind microorganisms that can grow
in a particular wetland ecosystem. The quantity wariety of these organisms in some cases
may affect the nutrient transformation capabilitefsa particular wetland area. Temperate
wetlands typically retain more nutrients in thewjireg season primarily because of the higher
microbial and macrophyte productivity. This protivty allows wetlands to function as nitrogen
and phosphorus sinks in summer months. This tifrgraductivity corresponds favorably with
the need to reduce summer algae blooms in downstvegters as a result of elevated nutrients
(Klopatek, 1978; Lee et al., 1975).

There are four categories of wetland types listedhe U.S. Environmental Protection
Agency: bogs, fens, tidal and non-tidal marshesl swamps (USEPA, 2005). These broad
categories are used to delineate wetland areadcadédscribe boundaries for the U.S. Army
Corps of Engineers concerning “no net loss goals.All four types have different
characterizations that would be helpful to undextavhen focusing on incorporating wetland
technology into a water quality trading program.

Bogs are the first type of wetland described by W8 EPA. The hydrologic cycle of
bogs does not lend itself well to being monitoredvfater quality improvement. In fact, in most

respects, bogs may not even remove nutrients fratembecause of the lack of water flow and
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the acidic nature of their environment. Therefdres unlikely that this type of wetland could be
applied to a wetlands and water quality tradinggpao. But, bogs provide many benefits that
should not be overlooked, and some of these inckater retention, habitat creation, and carbon
storage. Naturally existing bogs develop througlery slow process that may take hundreds of
years to complete (USEPA, 2005).

Fens, like bogs, provide many benefits in a watmisthat include flood mitigation,
habitat creation, and the improvement of water igualFens are transitional wetlands located
between bogs and open waters, and therefore nutrigake is a part of a fen’s functions. In
most respects, fens absorb nutrients from grouretwand therefore, monitoring must focus on
flow from the ground to fen, and finally to surfas@ater, in order to understand the dynamics of
water quality improvement (USEPA, 2005).

Tidal and non-tidal marshes are types of wetlahdsdre also recognized by the USEPA
as being distinct types of wetlands. Tidal mardhestion as coastline buffers and they also act
as nutrient uptake agents absorbing loads beferertach estuaries and oceans. Tidal marshes
also act as nurseries for clams, crabs, and jweish, and several species of migratory
waterfowl. Within the category of non-tidal marshere are four sub-categories that include:
wet meadows, prairie potholes, vernal pools, araygllakes. Non-tidal marshes recharge
groundwater supplies and moderate streamflow byigirgy steady supplies of water to streams.
This is an especially important function duringipds of drought. These marshes also help to
mitigate floods by storing excess capacities ofewaluring times of heavy precipitation. The
vegetation and microorganisms that thrive in mausthé are active in recycling excess nutrients
like nitrogen and phosphorus that can otherwiskuf@bkurface water. This wetland type is very

important to preserving the quality of surface wa(@SEPA, 2005).
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Swamps are other types of wetlands that are rezedriy the USEPA as being distinct.
A swamp is any wetland dominated by woody plantSwamps can be very different in
appearance and may have different functions whanpaoed to one another. Swamps are
usually characterized by saturated soils duringgtmving season. During other times of the
year standing water is the normal hydrology for ynawamps. In general terms, swamps are
dominated by either shrubs or trees. Swamps ard gotrient recyclers and they also provide a
significant amount of habitat for many types ofraal species. The ability for swamps to absorb
nutrients is highly dependent upon seasonalityasd the life-cycle of the swamp itself. Some
swamps can be degraded or impaired by nutrientaags (USEPA, 2005).

Marshes and swamps are types of wetlands thataanadirect impact on surface water
quality. But, in order to implement a water qualitading program that uses restored or
constructed wetlands as nutrient reducers thredamgettype issues must be addressed: the
understanding of individual wetland hydrology withgépecific regions, the understanding of

natural design, and the consideration of time.

Geographic Position and Temporal Issues of
Wetlands within a Watershed

Wetland restoration and construction projects maisb consider the placement of
wetland types within a watershed. Wetlands arécéfly found in low-lying areas where the
hydrological regime is consistent with their demanfdr water. Hunt, Krabbenhoft, and
Anderson (1996) investigated how wetland restomattompares to wetland creation. Their
definition of wetland restoration centered on tiheai of restoring a wetland that was once drained
or filled so that it would again function as a wetl. Their definition of a created wetland
focused on those areas that had not previously beesidered wetlands. They concluded that

the construction costs for the restored site wasfifth the cost of the created wetland, and the
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restoration implementation time was much shorteo (tveeks) than the created wetlands (six
months). The authors also identified the fact that 1993 delineation of the wetland restoration
and creation sites, 100% of the restored wetlamddbegn delineated as a wetland and only 60%
of the created site was delineated as a wetland.

Upland and lowland positions of restored or cor&d wetlands are just one factor of
many geographic considerations of wetland placeméposition and land use surrounding a
wetland site directly affect the nutrients flow (stth & Gosselink, 2000). The size of the
watershed, soil texture, topography, and landséegieires influence nutrient inputs. Land uses
can affect nutrient inputs by altering buffer fea) affecting erosion rates, and disturbing
natural hydrologic flows. A wetland and its alyilito transform nutrients may be altered by
adjacent land use practices over a short peridithef (Gathumbi et al., 2005). Direct input from
urban runoff, industry, or wastewater can have atamimpacts on nutrient loads within a
particular wetlands site.

If a water quality trading program also wants tatdbute to increasing the number of
wetland acres then it is necessary to understandapacity of nature to both recruit species for
water quality improvement and to make choices frithbse species introduced by humans
(Odum, 1989). The human design approach may ferbe successful in creating engineered
wetlands that will mechanistically extract nutriefitom the watershed, but will the process be
sustainable over time? Reinartz and Warne (1988lyaed the differences between 11 created
wetlands in southwestern Wisconsin that were nHyucalonized with 5 wetlands in the same
region where 22 species were introduced througdisge They found that the diversity and
richness of the natural colonized site were greafir a two year period of time. McKnight
(1992) has suggested that many studies have ogdreped the survivability of transplanted

species in designed wetlands. This is a very itapbrdetail to focus on when implementing a
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water quality trading program that incorporateslavets. Restored wetlands may experience the
loss of species diversity, and constructed wetlanadg be more costly to operate if plant species
have to be systematically replanted and maintaimed yearly or seasonal basis.

The notion of time should be another issue thattbabe addressed when analyzing
wetland types for a water quality trading prograin. many cases dealing with policy creation,
the legal and economic necessities seem to dittatecological patterns of nature, but there are
not always quick solutions to handling some of #hes/ironmental issues at hand. Many
engineering plans for buildings and other typesbhstructure rely on five-year plans. But, in
some cases wetlands develop over longer periotimef and it is important to understand what
types of functions may be added or subtracted faowatershed area based on the addition of
restored or constructed wetland areas.

Constructed wetlands function similarly to natumaétlands to buffer downstream
nutrients by storing and transforming nutrients BDgk, 1999). Hydrologic inputs generally
dominate elemental inputs into wetlands and detegnthe various geologic, chemical, and
biologic nutrient pathways. On a small scale thaing of nutrients in constructed wetlands has
been extensively researched (Mitsch & Gosselink020 Natural wetlands and their ability to
store or transform nutrients have also been rekedrto some extent. Natural wetlands exist
where water inundates land or groundwater is slvaloough to create hydric soils near the
surface. This inundation supports hydrophytic daadapted to living in water or saturated
soils. Constructed wetlands have been develop&dpoove water quality by utilizing natural
processes involving wetland vegetation, soils, thed associated microbial assemblages to assist
in the treating of effluent or other water sour¢(gSEPA 2000). Constructed wetlands can be
designed in a way that replicates the conditionfandtion of a naturally occurring wetland like

mitigation banks strive to do, or they can be desigspecifically to maximize a wetland function
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to provide for water quality treatment or stormwat@nagement (Hammer, 1992). Restored and
enhanced wetlands are other types of wetlandsatbeg historical naturally occurring wetlands
that have been disturbed through filling, dredgingter elevation changes, plant community
alterations, or land use modifications to surrongdareas. Disturbed wetlands can be restored
through the rehabilitation of hydrologic conditioasd reestablishment of vegetation (Mitsch &
Gosselink, 2000).

Wetlands that have been degraded may be restoresht@nced through the careful
application and operation for water quality treattneThis approach is encouraged if water
quality of the wetlands would not be degraded,dhsas a net benefit to the wetland, and it
would promote a return of historic or natural cais to the wetland (USEPA, 2000). The
addition of nutrient rich waters to wetlands witlwl productivity can increase productivity (Ewel
& Odum, 1984). Restored wetlands can be very #ffedn reducing agricultural non-point
source pollution. These systems in some circurastaman remove up to 90% of suspended
solids, between 85% and 100% of total phosphomn between 80% and 90% of total nitrogen
(DeLaney, 1995). A compilation of data from 60ds&s of 57 natural occurring wetlands in 16
countries showed that 80% of the wetlands reduciebgen loading, and 84% reduced
phosphorus loading. The mean percent change inenuioad between water entering and
exiting the wetlands was 67% for nitrogen and 5&@4phosphorus (Fisher & Acreman, 2004).

Constructed wetlands have been incorporated irstasgio treat water for some time now,
and planning and design considerations for buildiogstructed wetlands have been developed
by USEPA (1999). Natural and constructed wetlagxlsibit plant and microbial metabolism
involved in nutrient transformation and retentitvattis highly dynamic on daily, seasonal, and
long-term annual scales (Ewel & Odum, 1984; Kadle&night, 1996; Wetzel, 2001). The

amount and concentration of nutrient loading alstiuences these processes at all scales.

52



Nitrogen and phosphorus were reduced by over 90%rding to a 50 year study of discharged
wastewater into an existing forested wetlands énMlississippi Delta (Day et al., 2004).

Despite the similarities in natural and construateddland, there are several differences
between the two wetlands types. Constructed wdtlaften vary in the shape and structure from
natural wetlands. In many cases constructed waslame shaped to fit into the landscape with
other features such as roads, buildings, or otter-made structures. This type of structural fit
can limit the ability to create a natural lookingdafunctioning wetland. Most research studies of
constructed wetlands use conveniently sized plotssocosms, that provide straightforward
control of soils, plants, and water levels as vesllinflow and outflow controls. These highly
controlled areas are used to precisely measure watdity parameters affected by the wetland
(Dierberg et al., 2002; Jing et al., 2002). In snaases as well constructed wetlands have
engineered substrates composed of gravels orcatifiners. This aspect affects the sub-surface
nutrient removal processes as well as other infierecwith groundwater.

From a broad perspective many natural wetlandsaidaeger amounts of biodiversity
while constructed wetlands are typically plantethvgertain highly productive macrophytes and
are occasionally inoculated with microorganisms @&k 2001). The increased species diversity
and productivity maximizes nutrients retention,ying, and storage in the long run. This
greater diversity often allows more light to peatdrdeeper into the water, and this increases the

capability of photosynthesis and survival of mioganism assemblages (Wetzel, 2001).

Externalities of Constructed Wetlands

In 2000 the USEPA provided guidelines for consingctvetlands. This report described
more than 600 active projects using constructedlawds to treat municipal, industrial,
agricultural, and storm wastewater sources (USEPBOR These projects were analyzed to

develop wetlands that improve water quality as \asllprovide wildlife habitat (USEPA, 2000).
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U.S. EPA also has provided two technical assessmdrdifferent types of constructed wetlands:
Free Water Surface Wetlands for Wastewater Tredtrn#ermechnology Assessment (USEPA,
1993) and Subsurface Flow Constructed WetlandsWastewater Treatment: A Technology
Assessment (USEPA, 1999). These research analységlaful in determining the selection and
design of a constructed wetland.

Although natural and constructed wetlands have hesend for water quality treatment
purposes for many years, there is still a greal dé&knowledge that has yet to be gained
concerning the performance and design factors dfands. Further research is still needed to
better understand the chemical and physical crerstits of various nutrient fractions in runoff
as well as the nature of nutrients that remainr gfgssage through wetlands (Dierberg et al.,
2002). Further monitoring and verification at tegional and national level have been suggested
by some wetland scientists in order to provide aenaietailed evaluation of wastewater treatment
systems to identify variability and factors contting to variability (Szabd et al., 2001). The
wide spectrum of wetland types, positions, climatgology, hydrology, nutrient inputs, and
geographic landscapes needs further analysis ier dodidentify and compare nutrient removal
capabilities in an attempt to better inform polibgcisions that incorporate wetland technology
for water quality trading purposes.

Constructed wetlands in many circumstances canigeosxtra benefits in addition to
water quality treatment (Kadlec & Knight, 1996).heBe benefits include: increased habitat,
biological export to adjacent systems, aestheligating, recreation, and research (Knight 1992).
Constructed wetlands provide habitat for plants amichals, and many periodically use wetlands
as foraging areas, breeding sites, or drinkingcasur One summary of 17 case studies conducted
by the USEPA assessed a series of sites throudlastates and found that constructed wetlands

can provide valuable wetland habitat for waterfamtl other wildlife (USEPA, 1993).
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Additional water resource benefits have been detratesl by using wetlands for nutrient
treatment purposes. Day et al, (2004) has shogmifisiant increases in sedimentation and
increased accretion rates in the Mississippi Delated to the application of nutrient rich
wastewater over a 50 year period of time. Theltesif the study suggest that the application
nutrient enriched water can increase wetland el@watand counteract some of the negative
effects of sea level rise on coastal wetlands. idgldutrient rich water into natural wetlands has
also been demonstrated to increase productivitwaddy vegetation and to also increase the
growth of herbaceous emergent and aquatic veget@dday et al., 2004).

Constructed wetlands play a role in providing adddl benefits by buffering against
flood waters, storing water for multiple uses, amgtharging groundwater (Knight, 1992).
Wetlands can be very valuable in watershed managestrategies in areas where wetlands have
been lost. Watersheds that are comprised of 5%0% wetlands are capable of providing a 50%
reduction in peak flood period compared to thostemheds that have none (DeLaney, 1995).

There are many benefits that can be received frozarporating wetlands technology
into a watershed, but there are some negativeratiges associated with them. For example,
the optional use of farmland to construct a wetleggililts in land being taken out of production
for another land use. Constructed wetlands locateather water bodies or adjacent to water
bodies may have a negative nutrient affect on #teral water quality or quantity of these waters
(USEPA, 2000). The design of the constructed wdtiand the quality of the natural waterbody
both affect the positive and negative externalitiethis situation.

Wetlands may present other negative externalitiesunpleasant odors. Other potential
impacts to air from constructed wetlands include #missions of nitrous oxide through the

denitrification process that is released into thmosphere as microbes convert nitrates. This
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release of gas has negative effects on local gréewred ozone (DeBusk, 1999). The release of
methane gas is also a potential concern of thdrd@aition process (Wetzel, 2001).

Some studies provide guidance on optimizing theillanc benefits created by
constructed wetlands while avoiding the undesirabbgative externalities (Knight, 1992).
Planning and design factors of future wetland agraskey essentials to assessing the benefits
and problems associated with these resources. ttimgg and maintenance activities are also
important after construction of the wetland. Th&ssors are necessary in order to prolong and
enhance the nitrogen and phosphorus removal afti@e while maintaining ancillary benefits.

The monitoring and maintenance requirements forlands are needed in order to
compare performance of constructed wetlands andadtspof external factors on wetlands.
Monitoring implementation strategies should incluttee surrounding area as well as the
constructed wetland site to assess watershed soailent transport factors. Further research is
needed concerning the temporal nature of consttuatetiands. An example of one case
demonstrated that nitrogen removal efficiency deapfrom 79% to 21% over a one year period
of time (Tanner et al., 2005). Constructed wetkatethnology could benefit from additional
monitoring, maintenance, and planning performangeluation studies that would provide
information concerning the long term life cycle,ndynic conditions, and nutrient reduction

functions of multiple types of wetlands at the giweatershed scale.

Wetland Nutrient Removal Policy Considerations

Various studies have investigated the function eflands in the removal of pollutants,
including high levels of nutrients (Cooper & Finllg 1990; Fisher & Acreman, 2004; Hunt &
Poach, 2001; Mitsch & Gosselink, 2000;). Thesedieti have been used to guide the
development of constructed wetlands to treat waigh in nitrogen and phosphorus (Mitsch &

Wilson, 1996). The natural chemical processes tak¢ place within wetlands have been
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mimicked by constructed treatment wetlands in &orefo improve water quality. Most of these

studies have taken place in a confined experimesatiting where the hydrology and flora have
been specifically defined and managed. These teffoave encouraged scientist and policy
makers to optimize the water quality functions oéthands within a watershed framework.

However, the undertaking of a watershed scale relseaitiative in order to study how wetlands

improve water quality has not been applied at tiesgnt time.

Wetland characteristics are almost unique from ametl to wetland, and, more
importantly, from the social and economic contekbr example, calculations can be developed
to better interpret the different values that rigarwetlands, coastal marshes, or prairie potholes
may elicit based on the variation in functions a&edvices they provide. It is more difficult to
identify the range of contributions that are pre@ddy wetlands based on their surrounding area
in relation to land use, population, income, ediecatand other characteristics. Hypothetically,
identical wetlands that provide similar servicesldde valued differently in isolated and remote
areas compared to those that are found in densgylated areas. Likewise, the social or
political landscape may define the values thataétréuted to wetlands compared to their actual
services. Increasing population and developmenmamy places throughout the U.S. have
amplified the pressure on current wetlands to pl@vheir natural services. This increased
pressure will continue to occur in the near futumed new policies will need to provide
guidelines that improve the success levels of redtand created wetlands.

Aside from these social, political, economic valésh basic wetland characteristic
diversity must be better understood within the emhtof a watershed framework in order to
provide insights into how wetlands may play a ialenproving water quality. There are various
gaps in the scientific knowledge associated with uhderstanding of the connections between

structural measures (plant diversity, productivitggetation density) and the various functions
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that wetlands provide (nutrient retention, orgasediment accretion, or wildlife use). There is a
need to quantitatively account for these connestittmmough designed experiments located in
various eco-regions. Simple lists of flora or fauspecies are inadequate determinants for
regulators or wetland managers to set wetland ogie$ or estimate ecosystem function. This
research is needed in order to better ascertairalaand constructed wetlands function within

watershed types in different eco-regions with vasialimates and hydrological regimes. This

scientific understanding would better inform potitgkers considering the opportunities to use

specific wetland types as an option for reducingjient loads at a watershed scale.

Economic Considerations of Point to Non-Point
Water Quality Trading

Point source discharges have traditionally heldeghichoices for managing their
discharger liability: meet standards by investmgechnology or addition control measures, meet
standards by trading for credits, or try to evaggutations by using the political or legal process
to minimize enforcement penalties (Kydland & Présct977). Direct enforcement action from
a federal or state level over the course of the thétty years concerning water quality has been
expensive and increasingly ineffective. Many pand non-point pollution dischargers have
recently incorporated strategies involving avoidanc liability transfer in an attempt to delay,
evade, or reduce penalties they cannot avoid (KI005).

Water quality trading is a voluntary regulatory ioptfor achieving compliance. This
policy application is a relatively new process thmatiudes various stakeholders that may meet
their discharge standards through trading. Frothearetical standpoint discharges with high
costs of pollution control buy credits from othesahargers with lower costs. Savings can be
realized from this type of exchange, and an exaroptlis type of cost savings was a simulated

trade incurred in the Lower Boise River ldaho TrgdiProgram. Instead of installing point
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source controls a constructed wetland and sediivesit estimated reduced costs to range from
$10 to $158 per pound of phosphorus (Breetz et2@8D4). The credits may be generated by
various means of pollution control, and overall tcok pollution management for the various
stakeholders should be reduced. The Tar-PamlisinBsssociation estimated potential costs of
pollution reduction controls at $1 million for n@wint controls compared to $7 million to
achieve a comparable level of nutrient reductioough point source controls (DeAlessi, 2003).
Water quality trading policies presume that poimiirse dischargers will prefer to meet
pollution standards by purchasing nutrient redurcticedits from non-point source providers if
the is transaction cost is less expensive thaallimg} and operating new controls. Likewise, if
risks and returns on investments are favorable timmpoint dischargers will elect to generate
and sell credits to point sources. Despite thessumptions, established market infrastructure,
and political support, water quality trades haverbecarce. Programs, on the other hand, have
continually developed since the 1980s, and by 2€6de than 70 water quality initiatives have
been set up in the United States (Breetz, 2004)meStrades have resulted from these initiatives,
but a lack of supply of credits from non-point smuproducers and a lack of demand from point
sources are the two primary reasons for this dgas€itrading. One of the hesitations that hinder
participation in a water quality trading programtl® assessment that there is an incomplete
economic valuation of the trading commodity, thduion of nutrients from the non-point
sources. In order to better place a value on pgtior trading, stakeholders will need a stronger
approach to credit pricing (King, 2005; King & Kyck003). As well, there is a need to better

understand the costs of creating a market thas ji@dint sources with non-point sources.

Transaction Costs

Stakeholders have various types of transactiots ¢bat they must consider before they

become involved in a water quality trading prograBtavins (1995) points out that there are two
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potential types of transactions costs in permitkaia: Information costs and bargaining costs are
both impediments to the implementation of propeigyhts. Stakeholders are faced with many
decisions during the implementation stages of a&maguality trading program. These decisions
are driven in most cases by the available inforomathat is easily accessible and the potential
ease of bargaining for trades. Transaction costswater quality trading program are generated
by the regulator and by the traders. In theongteahould be internalized in the price of the
credits to provide an estimate of the cost of trgdiAn excess amount of transaction costs have
been identified as a primary reason for limitedlitng within markets that have been established,
and most scholars suggest that transaction costddshe minimized in order to promote trading
(Andersson, 1997; Gangadharan, 2000; Stavins, 1995)

Information and bargaining costs can be describedwio broad categories when
discussing water quality trading. Transaction €asin be incurred by either the agency or
institution overseeing the program and they canirmurred by the traders. Agency or
institutional development, execution, and oversighttrades are all part of the regulatory
expenditures for operation and maintenance of thgram. Other operational costs may include
monitoring and verification, trade oversight, amfioecement. Monitoring and verification would
consist of the costs for regulatory site inspegtidischarge tracking, confirmation reports, and
data management. Trade oversight would refer stsdor regulatory review of and approval of
trade applications and external reporting for agelewiew. Enforcement refers to the costs of
identifying and restricting point and non-point sms from discharging excess loads beyond
their individual allocations.

Some of these agency or institutional trade supgiitities overlap other normal agency
duties, and in some cases this would distort detdilagency costs to support trading. In some

cases documentation presents the overall costs ateatseparate for water quality trading
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participants. An example of this type of processuns in the Cherry Creek Water Quality
Trading Program just outside of Denver, ColoraBor this program applications cost $100 and a
discharger must pay an additional $500 to covetscosurred by the managing institutional
authority to evaluate the request for credit wittvaal from the phosphorus bank. The cost to
apply for credits from the reserve pool is $2,588d this is regardless of the number of credits
that may be involved (Breetz, 2004).

Transaction costs also may accrue directly to thdetrs, and these costs may include
consulting costs, legal costs, or possible brokstsc Consulting costs refer to fees that would be
paid to a scientist or engineer that would adviseader of the technical risks and returns based
on using a BMP in order to reach compliance or gerea credit. Legal costs refer to those fees
that would be paid by credit generators and criediters to provide contracts for trades or to
ensure that trades are executed with adequate pegfaictions. In some cases fees may also be
paid to a broker or agent to gather credits anidtlse to potential buyers. All of these trade-
specific transaction costs are incurred by the peed or buyer of credits and these costs are
proportional to their activities in the trade (Faagaster, 2003).

Credit producers would expect to generate a pfadin the implementation of a water
quality trading program. These non-point sourckiceng credit providers in some cases commit
capital to water quality trading programs in ortteicreate value for their organizations. At the
present time participation in a water quality trafdprogram may present several risks to value
creation. Some risks may include the potentiad loisgovernment subsidies, negative cash flow
because of upfront costs of construction, or pdssdssumption of regulatory discharge
restrictions. Likewise, credit producers may adgon from opportunities associated with the
implementation of certain types of BMPs. Theseefiehhmay include reduced operating costs,

improved land value, or increased revenue genefeted credit sales or payments for enhanced
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land usage like hunting permits, eco-tourism, dieotypes of recreation. Credit producers could

possibly use consultants and analyses of BMP austiseffectiveness to lessen the risks and

increase the opportunities of trading pollutiondit® Producers must also assess program risk
before committing to develop BMPs for water qualigding purposes.

It has been suggested that point sources and nahgmurces do not compete equally on
a cost basis because non-point sources receivedmfand green payments to implement
voluntary programs. Some arguments have demandexhs that would make the compliance
standards for both entities more equal in nature bgducing subsidies and regulating point
sources and non-point sources equally (USEPA, GRD6; ETN, 2006; National Forum, 2005).
The non-point source discharger may place more asiplon the risks of a water quality trading
program compared with the benefits. These riskg malude non-compliance risks, subsidy
risks, discharger risks, performance risks, andycton risks.

Non-compliance risks refer to those risks that iamirred through the acceptance of
regulatory audits and inspections of ongoing BMRrapons. If the BMP is not constructed or
maintained properly then the credit producer cdoddfaced with non-compliance penalties.
Subsidy risks are those risks that focus on additioegulatory oversight that might lead to the
loss of subsidy compensation for perceived conBbIPs installed under a different green
payment system. Likewise, most non-point sourcesiaregulated, and discharger risk refers to
those risks that increase regulatory involvementhigir current operations. Performance risk
refers to those risks that deal with the expeatatitat the BMP will perform as a nutrient
reduction technology. There is no guarantee th&hPs will perform at the levels that they are
expected to. Production risks also may be of aoncé&his risk is the risk that non-point sources
produce credits for pollution reduction, but theg anable to sell their credits because the market

structure may have collapsed, there were no bugerthe price for the credits was too high for
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available buyers. These perceived risks couldllbeaded as costs into the price of the potential
credits to be sold. However, in most water qudtiyling programs contingencies reflecting risks
to private interests were not accounted for (Ki2@)5). Agencies could reduce many of these
risks by correctly structuring the water qualitgding market. By providing legal protections and
removing regulatory uncertainty agencies couldease the benefits of trading by encouraging

participation and influencing credit supply.

Costs of Creating a Water Quality Trading Market

The selection of the best market structure for watmlity trading involves professional
collaboration, research, consultation, and carafgiessment of stakeholder perspectives. Open
trading, closed trading, and full closed tradinghke# alternatives are available. Initial decisions
determine the types of trades that are allowed thedgeographic limit of completed trades.
Market structures must balance the needs for lcstdtades that ensure environmental protection
with minimal oversight (Woodward, 2002). Clearlyefihed rules, responsibilities, and
conveyance of liability are crucial initial considéons.

Market structures can be categorized as exchaolgaesinghouses, bilateral negotiations,
and sole-source offsets based on several criteflaese criteria may include: the commodity
traded, the market size, the market structure pingose of the program, and the governing
authority for water quality (King & Kuch, 2003). eBulators have the important role of
structuring exchanges so that credit pricing igaative based on the criteria mentioned.
Regulators also have a great deal of influence oertrading organization responsible for
approving trades, protecting the environment, atmiaistering the data generated by trading.

Market designers create demand in a water quahliyirtg market by assigning source
responsibility for effluent control and setting disirge limits. Allowances must be measurable

and easily quantified by all parties. Demand f&dds increases as the spread increases between
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internal cost of compliance and trading costs. Whegulations are weak and the cost of
enforcement or penalties are low then demand wiilincrease (King, 2005). Market designers
and regulators must also define the watershed watity objectives during the initial phases of
program formation. Total maximum daily loads (TM&)Lor other types of limits must be set
and enforced at early stages of the program impiattien. Regional watershed water quality
objectives, such as TMDLs, provide the primary drifor water quality trading (Stephenson &
Shabman, 2001). These types of water quality g can be expressed as pollution caps,
step-down caps, fractional rate reductions, orrothetrics that are clearly measurable in space,
time, and mass. These objectives must be set earig the trading development process, and
they must be enforced. This was not the case spegific example concerning water quality
trading markets in a Maryland jurisdiction. TMDLs that location according to King (2005)
were not enforced, and buyers and sellers did ppea because they lacked a tradable
commodity. In the meantime, regulators used ti@uid command-and-control methods to direct
point source investment in traditional wastewateatiment technologies while at the same time
providing subsidies to non-point sources to insBillPs. These actions led to an overall
pollution reduction at a much higher cost than wivatild be expected in a trading program
(King, 2005). These extra funds could have beamntsplsewhere in the watershed to create
additional ecosystem value without additional pidin management cost or risk.

Increased supply of BMPs and interactions betweent gources and non-point sources
can be effective in producing increased ecolodgiealefits to a watershed at a lower cost than
traditional methods. Supply increases occur whampoint source polluters implement BMPs.
This reduces their discharges and creates alloweres#its that can be sold to point sources.
Many factors may influence supply including: fic&d risk, BMP cost, and other transaction

costs. In the Cherry Creek Basin market someictstis on BMPs limited supply. Credits in
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the basin had to be generated where previous BMBaht existed. Modifications to existing
structures to decrease phosphorus loadings wereonoted as credit generators in the program
(Breetz, 2004).

The four fundamental criteria of an effective trad program involving non-point
sources include: equivalency, additionality, actability, and efficiency. (Fang & Easter,
2003) Equivalency is a measure of how pollutarsidio from various sources relate to the
pollutant of concern to be offset. This measureitsl to understanding what pollutant is being
traded. In many cases conversion ratios accounttdmporal, spatial, and/or chemical
differences in the sources. Additionality refessainy non-point source offset that would have
occurred regardless of the trading program. Thesers cannot count towards credits in a
market. This prevents double counting by ensutfirag a nutrient control activity counts toward
only one objective if multiple objectives are mefor example, phosphorus reduction from a
BMP that is already necessary for land developraetivities is not eligible for trading as was
the case in the Cherry Creek Basin restrictionse€Br, 2004). Accountability mandates
appropriate  monitoring and oversight to ensure @ropmplementation of all program
requirements. Monitoring and verification directijfect the first three criteria that address
technical and administrative issues necessary atuate efficiency. The question as to what
level of monitoring is needed on the non-point siddrading has not been analyzed to date.
Most of the time trading ratios are incorporatestead of implementing a monitoring plan. In
most circumstances the last criterion of Fang aastdf’s fundamentals of an effective trading
program is the one that receives most attentioffici@&cy implies that the trade will proceed
only when one source is able to more cost-effelgtiveduce its discharges as compared to
another source. This condition is critical to nmakihe program financially attractive and cost

effective (Fang & Easter, 2003).
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Another crucial element of a trading program is lthk between point sources and non-
point sources. This element is vital to the corabf a water quality trading market that seeks to
decrease nutrient loads on a watershed. Fromi@ahtstandpoint it seems clear that point
source discharge sources would initially searchifiexpensive ways to improve their internal
pollution reduction technology in order to avoidypa another source to make reductions for
them. In many cases small internal adaptationgraptemented before long-term compliance
strategies are adopted. But, when costs for potlutontrol become incrementally high for a
particular firm, then the firm may decide to implem their next best alternative. King (2005)
has suggested that in many cases the next bestadifte for regulated firms is to game the
system. According to King (2005), the expectedgimal cost of gaming will approach zero
based on weak trading rules, non-enforcement, @ihel penalties for non-compliance. He has
also suggested that state and/or federal limitsndividual discharges will be required before
their will be any credits to trade despite wellidaesd exchanges for trading (King, 2005).

These monitoring and enforcement activities willddo addressed in order for water
quality trading programs to thrive, but they do affiect the concept development and market
development costs of setting up a water qualitgitiga program. Several one-time setup costs
will occur when a market is being formed. Once tharket is operation then certain
administration and maintenance transaction costaroclnitial one-time costs may include, but
are not limited to: program review and approvabtsp baseline assessment costs, credit
allocation costs, market development and stakehdddg-in costs, and BMP development and
credit pricing costs. In order to cut costs angriore internal efficiencies some lead agencies
hire dedicated staff for water quality trading netrilevelopment (Jaksch, 2000).

Program review and approval costs can be consiljexabiable based on watershed-

specific physical conditions, stakeholder viewsd ather agency factors. Agencies that are
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interested in conducting water quality trading insgecific area consider watershed-specific
criteria such as geology, hydrology, ecology, bigloand point and non-point source pollution
distribution.

Baseline assessment costs refer to the assessthahtsake place before the market
begins to operate. Agencies oversee field stuties focus on the current state of the
ecosystems, hydrology, biota, and other naturdésys in the watershed. Approximate discharge
histories for point sources and non-point sourcesstudied as well. An example of this type of
baseline assessment took place before the Tar-€amiading Program was implemented. An
association of prospective point source traderd $300,000 to develop a special estuary model
to track and predict the behavior of pollutant hetvain the river (Gannon, 2005). Grants,
subsidies, or other types of contributions mightalvailable to offset most baseline assessment
costs, and these costs would not become a tramsakhurden for trades to occur.

Credit allocation costs refer to the assessmettteoflistribution of the total point source
and non-point source pollution loads on a watershédithe total load for a water body is
determined by the sum all pollution loads accounfior seasonality, projected growth, and a
margin of safety. Watershed management actiorsplanally help to determine allocations with
caps being determined by total maximum daily lo@ddDL) or a total maximum annual load
(TMAL). Modeling and monitoring techniques are dis® calculate the distribution among
individual discharges (Michigan DEQ, 2002). THeelihood and value of an exchange is based
on the urgency for stakeholders to trade. Regidatan create a marketable commodity by
allocating allowances (pound per day). The todeduand costs incurred to set allowances
depends upon the complexity of the pollution probleithin a given watershed. Site specific

characteristics determine the allocations basgaroegram review and baseline assessments.
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Lead agencies are responsible for identifying angaging stakeholders at the water
quality trading program level and at individual jei levels. Governments, private parties,
institutions, and other stakeholders create tradingctures that fit their stakeholder needs based
on the ecological situation, regulatory jurisdiatiolocal economy, and impacted natural
resources. Some obligations may include leadinglipuearings, addressing stakeholder
concerns, developing and maintaining communicatibannels, and arranging education and
public outreach. Specific costs for these serviay depending on stakeholder sensitivities,
special interests, and the regulatory structuregsed (Fang & Easter, 2003). Agencies also are
able to develop the market by establishing supplg demand by creating a marketable
commodity, proposing an attractive price structamed retaining control of pollution discharge
risk. For example, 40% of the Cherry Creek Basitét Quality Authority’s (Authority) budget
is assigned to monitoring, special studies, plagpmiocuments, technical reports or memoranda,
and administrative costs (Cherry Creek Basin Wateality Authority, 2006). Some of these
costs overlap into other transaction cost categpbat most of these costs fall into the market
development category.

Costs of Generating a Water Quality
Trading Credit

One very important factor concerning informatamd bargaining costs in the type of
pollution technology that will be implemented atan-point source location. This kind of
technology to reduce non-point source pollution ni®st commonly referred to as best
management practices (BMPs). In order to genenadits to create the supply for a market
potential credit producers are faced with costgrotiucing an effective BMP. There are three
sub-costs that must be considered by the partyirmpék generate credits. These costs include

the cost to create the opportunity to trade, the&t ¢@ implement a best management practice
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(BMP), and the cost to manage the BMP. At the wghted level the sum of all three of these
costs must be compared with other costs like pgnice controls, zero-growth, or gaming the
system in order to better estimate the cost-effentiss of a credit generation decis{gimg &
Kuch, 2003).

Private and public benefits can be gained fromithglementation of certain types of
BMPs. More efficient farming techniques and ineesh property values can be realized by
private landowners, and these benefits can be sesbdsy traditional market-use valuation
techniques. Public benefits also can be realibedugh the incorporation of some types of
BMPs. Raffini and Robertson (2005) have suggested the incorporation of restored or
constructed wetlands as BMPs could reduce nuttieedings under a water quality trading
program. Heberling, Thurston, and Mikota (2007#}tHar develop this point by suggesting that
public benefits like habitat creation and carboguestration could be realized through the
implementation of this type of BMP. A thorough mhenefit valuation would be appropriate in
some cases when involving stakeholders, selectBiyB to implement, or valuing credits in the
marketplace.

The cost of implementing a BMP is established fithie investments made to design,
permit, and install the technology that is potdiytimadable. Certain BMPs are not tradable and
these include practices that are required by lawdéd by subsidies, or government programs
that do not involve water quality trading. In soweses these competing BMP incentives or
regulations reduce a producer’s potential to geaemedits (King, 2005).

The cost of implementing a BMP is the responsibitit either the point source without
compensation, the non-point source with compensato by a third-party. This cost includes
expenses that resulted from the design, instatiatemd management of the BMP during

construction or implementation. Some BMPs areegsiinple and involve changes in processes
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like a change in tillage or a relocation of livedto On the other hand, some BMPs involve
constructed vegetated filter areas or even wetl@storation initiatives. The cost of BMP
implementation can range widely. For example, lwe fTrar-Pamlico program values for
agricultural BMP ranged from $1 to $80 per poundndfogen. Similar values for wetland
restoration ranged from $11 to $20. Values formsteater BMPs ranged from $57 to $86 per
pound of nitrogen removed from urban runoff (Ganrkgo5).

Private landowners and other non-point dischargerdd typically account their cost of
BMP implementation in terms of dollars. These sasin be referred to as sunk costs once a
BMP is constructed or implemented regardless oftldrea credit is generated or a trade is
enacted. On the other hand, the regulatory ag#ératyoversees the trading program values the
BMP investment from a public perspective. Theiueas determined by the public benefits that
are created from the BMP. Therefore, long-term suess like easements and re-vegetation
efforts (buffers, wetlands, etc.) are the mostatife of BMPs because they provide pollution
reduction with minimal change in practice. Likegjishe lifetime of these types of controls is
more similarly comparable to the lifetime of thdlption reduction estimation. This minimizes
risks and provides more certainty for prospectiagdds (Fang & Easter, 2005).

At the present time, many state regulatory agenarescharged with identifying and
listing BMPs that non-point sources could implemengenerate credits. The USEPA and US
Army Corps of Engineers do not identify or maintaitist of BMPs at the national or local level.
In many cases, the list is created from a larget more complex list of effluent reduction
technologies and strategies that have been usstbiapecific instructions to dischargers (Breetz,
2004). The cost for acquiring these assessmemisnisnal, but there are no standard lists, and
individual programs include various types of BMPsthwvarious cost and performance

valuations.
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The performance of a BMP is a very important congmbrof ascertaining the credit
value. Ineffective or inconsistent BMPs are wagothportionally less than more effective ones,
and this value is reflected in both the tradingoraind the trading price. The trading ratio is a
figure that represents the number of credits thiatiger must purchase in order to receive one
pollution credit. The trading ratio usually incekslthe BMP effectiveness, safety factors, and
administrative factors. USEPA’s water quality irag policy suggests methods to address
uncertainty in non-point source pollution contrdiISEPA suggest the implementation of ratios
greater that 1:1. Trading ratios express the dwyaonf expected non-point source pollution
reduction that is necessary to generate a giventidyaf pollution credits for use by a point
source. Ratios can fall into a range from 2:1, 8rleven 4:1. Trading ratios conceptually serve
as tools to address uncertainty, but are unnegesgisk-adjusted pollution reduction of certain
non-point source pollution abatement activity isatvis important. However, USEPA’s policy
does not indicate that trading ratios depend ontytpe of abatement activity (USEPA, 2004).
Trading sites may not discriminate between typeBMPs. For instance, a reduction in fertilizer
application, a buffer strip, and a restoration afetland may all be grouped together as BMPs,
but they definitely have different levels of une@nty based on their abatement performance over
time. By grouping abatement activities togethds tvay, trading ratios make sense as an
averaging technique. In order to maximize gaiogftrade and encourage active pollution credit
markets, ratios should approach 1:1. In orderctoexe a trading ratio of unity, the uncertainty
of non-point source pollution abatement activitreast be reduced. The verification of load
reductions by non-point sources through increasewitoring could move trading ratios closer to
unity. At the present time, almost all of thesaling ratios in any given program will exceed one
because safety factors and uncertainty usuallyeskome (Breetz, 2004). Ratios are usually

determined near the beginning of program developnae some programs like the Great Miami
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River Watershed Water Quality Credit Trading PRobgram have used initial ratio offerings to
encourage trades between point sources and nohgmirces (Kieser & Associates, 2003). As
trading ratios increase then the price differenbiefween buyers and sellers decreases. In the
Great Miami River Watershed Water Quality TradiriptPProgram initial offerings were set at
1:1 ratios. This initial offering was not based oronitoring information concerning the
uncertainties and risks of various BMPs. It watdly arranged to increase the involvement of
stakeholders in the program. After a TMDL is iseplace during the next couple of years, the
ratios will change to 2:1 or 3:1 (Kieser & Assoeigt 2003). BMP credits in certain programs
should also reflect their specific lifetimes. TRamlico credits for non-structural BMPs
(activities like no-till farm techniques) were agsed a credit life of three years. Structural BMPs
were assigned a credit life ten years (Breetz, 2004

When a BMP is chosen and implemented, it is thpamsibility of the installer to meet
credit requirements.  Appropriate maintenance, onig techniques, organized data
management, and compliance reporting are all dttigsshould be performed. Failure to meet
credit requirements may result in penalties paieittyer the BMP discharger or the point-source
discharger depending on the institutional structofethe program and types of contractual
agreements. Monitoring criteria may be judged byfggmance or by activity (King & Kuch,
2003). Costs will be negligible for simple praes¢ such as rearranging agricultural field sites.
Performance costs for network monitoring will bevito moderately expensive depending on:
the applied technology, the size and density of tfumitoring network, and the frequency of
monitoring events. In some cases capital costfiXed monitoring devices can add to the costs
significantly. Activity costs may be negligible ricimple practices like rearranging ranch

grazing, but other activity costs like restoringthalrd acres may be significant.
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Impediments to Incorporating Wetlands into a
Water Quality Trading Program

The literature suggests that water quality tradiraykets that incorporate wetlands may
prove to be successful if they are created withl wWefined property rights, include a large
number of buyers and sellers, acquire and mainggiod information concerning nutrient
reducing capabilities of wetlands, minimize trammarc costs, and exhibit rational behavior by
stakeholders. These conditions are necessarynf@ffactive water quality trading market to
exist, and the literature provides background mation of the applicability of these key
components to a water quality trading program ithatrporates wetlands at the watershed scale.

Property rights in water quality trading prograane defined with the use of a watershed
cap on nutrient loads (Stephenson & Shabman, 20These caps are referred to in the Clean
Water Act as total maximum daily loads (TMDL). Elisrge restrictions that enforce this cap
must be binding and set at an optimal level toemflscarcity (Coase, 1960; Dales, 1968;
Tietenburg, 1985). Therefore, an derived valugiven to those entities that can reduce nutrient
loads in the most efficient and least costly w&upply and demand for water quality markets is
dictated by this cap (Faeth, 2000; King, 2005).

A certain number of buyers and sellers must beowted for when assessing the
applicability of water quality trading programs. nlike the air quality trading programs, water
quality trading programs are confined to watershasins, and only a certain number of point
sources and non-point sources may be located watharticular area. There is no reference in
the literature that suggests how large or smallagewquality trading program can be, and this
guestion of scale will be better determined as moeekets are defined and become fully
functioning (Faeth, 2000).

Good information is necessary for water qualitgding markets to work, but at the

present time there is little consensus concerniegnitrogen and phosphorus fate in wetlands
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(Mitsch & Gosselink, 2000). Site specific examphesre provided a great deal of information
concerning the applicability of wetlands to absorbimmobilize nutrients, but at present, no
successful watershed scale wetland assessmentctgrdjave been monitored, managed, or
described. Increased information concerning thiéityalior wetlands to reduce nutrient loads
within a watershed context would be very helpfutlefining the commodity (pounds of nutrient)
that could be traded between point source and port-pource.

Transaction costs could be a big impediment toewaguality trading programs that
incorporate wetlands (Andersson, 1997; Gangadhd@@0; Stavins, 1995). The literature
supports the idea that monitoring and verificataincredits are substantial transaction costs.
There are also transaction costs that take plaweeba point and non-point sources. These costs
of exchange of credits may be lessened with govemirtaking on the responsibility for non-
point source reductions, but there may also beslg@yernmental transactions costs because of
inefficient transaction processes or cumbersomdicapion and assessment of credit processes
(King & Kuch, 2003; Williamson, 1985).

Lastly, from an economic impediment standpoingkeholders must exhibit rational
behavior (Williamson, 1986). This idea of ratiotahavior reflects the choice by a non-point
source to install a wetland BMP versus some otjyygr bof BMP. The stakeholder may choose to
do this if he were to receive a better credit pbegause of the efficiency of wetland to reduce
nutrients, or a particular program may ascribe digtredit value for wetlands versus other best
management practices.

As the literature suggests, environmental tradiragkets are not natural. In fact, these
markets are contrived to approximate market commtivith environmental conditions imposed.
Therefore, proper institutional arrangements atal \io the performance of these types of

markets.
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From an institutional standpoint the initial sadtiand allocation of a cap must be
arranged. There must be an institutional enforecémeechanisms in place in order to enforce
this type of cap. The literature suggests thatafribe reasons that water quality trading markets
might not work depends upon the costs of noncompdia If the costs of noncompliance are not
high then there is no demand to trade (King, 2005).

Secondly, the literature suggests that environat¢rading markets are inherently risky.
If these risks are not assigned to the buyer dersef water quality credits, then by default, they
fall on the public (Fang & Easter, 2003; King, 2R03nformation about the nutrient reducing
capabilities of wetlands may decrease the levekéfthat buyers, sellers, or the public faces, but
other institutional mechanisms may spread outargk more directly focus liability.

One of the more challenging issues describeddHitirature that affects the supply side
of water quality trading is how credits are geretlator how baselines for trading are defined.
Credits are usually determined by ratios, and irstnreases there is not any direct monitoring
application for a type of wetland. In accordancehwadditionality (Fang & Easter, 2003), trading
programs usually prohibit farmers from selling ¢tedor undertaking land use/land management
changes that the farmer has received green paynfientsAlthough farmers are being paid
through green payments to undertake best managemactices (BMPs), the real intention of
these programs is to provide subsidies to agriciltu

Monitoring and verification of nutrient reductioosuld be an institutional impediment as
the literature describes. Water quality tradingkets are never self-regulating, and trades can be
visualized in a three way fashion that entails pét and non-point source and the regulator.
Monitoring and verification is necessary in orderdefine what amount of a nutrient is being
reduced (Wetzel, 2001). Water quality trading $etion costs may not allow for monitoring of

every BMP, but some of the risk needs to be remdvedh the trades without increasing
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transaction costs to the extent that it stifles phegrams. The right amount of monitoring and
verification must be assigned through an instinaicsetting.

Lastly, from an institutional standpoint, it iscessary that government entities account
for the positive and negative environmental extitiaa that may be associated with wetlands
that are incorporated into a water quality tradonggram (Leitch & Frigden, 1998; Whitehead,
1992). The literature has revealed that, at ptesearkets fail to account for the externalitieatth
are associated with wetlands, and institutionallhmasms must be clearly defined to account for
and distinguish these externalities that are aatatiwith wetland BMPs versus other BMPs. By
identifying and focusing on the positive externafitassociated with wetlands an institutional
arrangement would provide the public goods thatgareerated from wetlands while at the same

time minimizing the negative externalities that nh@yassociated with these types of BMPs.
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CHAPTER 4

METHODOLOGY

Research Design

The outline for the research design was developgsked on the question: Is the
incorporation of wetlands technology to enhanceewguality trading programs economically
and politically feasible at the watershed scaldte fiesearch outline was arranged in a way that
focused on economic and institutional failures.ormmic failure issues that were identified in
the literature included: the setting of an optimalkrient cap, property rights issues (initial
distribution of credits), current available and dia accessible information, the positive and
negative externalities generated from incorporativeglands into a trading program, and the
transaction costs of creating a trading progranstitutional failure issues many of which relate
to the establishment and maintenance of a markemework were identified included: the
setting of a cap (TMDL), the assigning of propetights concerning current transactions that
focused on risk and liability issues, informatidratt dealt with the starting point (baseline) for
trades between point and non-point sources, andrdlee of monitoring and verification to
identify positive and negative externalities anghimize transactions costs.

Information for this study was collected from fowater quality trading programs:
Cherry Creek WQT Program in Colorado, Tar-PamliceeRWQT Program in North Carolina,
Lower Boise River WQT Program in Idaho, and NeuseeRWQT Program in North Carolina.
Face-to-face interviews took place with state asukefal environmental officials, professionals
and private technical consultants contracted bdirica programs, representatives of trading
program organizations, and other stakeholder greppesentatives during the month of April
2007 (see Appendix A.1). Two local stakeholder tings were observed: the Lower Boise

River Watershed Council (April 12, 2007) and the-Pamlico Association Meeting (April 25,
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2007). Both of these meetings included represgatafrom point sources, non-point sources,
government, and environmental organizations.

The case study selection process began with tlly stuapproximately 70 water quality
trading programs in the U.S. and 10 other progrdmmughout the rest of the world. Information
for these programs was acquired mainly throughuress provided by Virginia Kibler. She is an
economist with the Office of Water at the USEPA #maarters in Washington, D.C.
Supplementary information was gathered for prograntse U.S. from compiled reports on the
status of water quality trading programs (Breet204£ Evironomics, 1999). A matrix was
constructed to compare the 37 major water quatging programs in the U.S. as of 2006 (See
Table 4.1). Selection criteria incorporated irfte tmatrix to help identify the potential case study
candidates for the research. Criteria includextation defined by state, name of the project, the
year trading applications were defined, the typgaifutant being traded, the types of trades
(point source (point source) to hon-point souran{point source), non-point source to non-point
source, etc.), if wetlands were incorporated irfte trading program, and an assessment of
whether the program was a candidate for the relsesdncly based on the six other factors. From
the matrix nine programs were identified as beiagdidates for the research study based on the
six stated selection criteria. Each of these programs were further reviewed and assessed for
the applicability of their inclusion into the studyThe nine programs that met the candidate
criteria were Boulder Creek, Cherry Creek, the LoBeise River, the Massachusetts Estuary
Project, the Minnesota River, Rahr Malting Co., themn Minnesota Sugar Beet Cooperative, the
Neuse River, and the Tar-Pamlico River.

After further review of these nine programs moredé@pth information revealed that
several of the trading programs were labeled alingaprograms, but they were structured as

offset programs that were inclusive within one igatar entity. For instance, the Boulder Creek
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trading Program was not a formal trading prograrhe City of Boulder, CO simply created an
offset framework to purchase land and implemermasir restoration projects. This was also the
case for the Rahr Malting Co. Trading Program, d@mel Southern Minnesota Sugar Beet
Cooperative. The Massachusetts Estuary Projectreniflinnesota River Water Quality Trading
Program did not have trading structures in placel they did not have regulatory drivers to
initiate the trading process as of 2006. Thereftire four case studies that met the criteria for
research concerning the economic and politicalitbéag of incorporating wetlands into a water
guality trading program at the watershed scale wéhe Colorado Cherry Creek Water Quality
Trading Program; the North Carolina Tar-Pamlico éRiWater Quality Trading Program; the
Idaho Lower Boise River Water Quality Trading Paogr and the North Carolina Neuse River

Water Quality Trading Program.
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Table 4.1. Decision Matrix of Current Effluent &ét or
Trading Programs in the United States

Year Wetlan .
Ref. | Loca- . ea Types of etla _ds Candidate
# tion Project Trading | Pollutant Trades Used in for Study
Adopted Trading?
1 CA Grassland Area 1998 Selenium NPS-NPS no no
Farmers
2 ca | SanFrancisco [ 554 Mercury not no No
Bay determined
Sacramento
3 CA Regional County| 2002 Mercury PS-NPS no No
Offset Program
4 Cco Bear Creek 1990 phosphorus PS-PS no No
5 Cco Boulder Creek 1990 Nitrogen PS-NPS yes Yes
6 CcoO Cherry Creek 1998 phosphorus PS-NPS yes Yes
7 co Clear Creek 1994 Heavy PS-NPS no No
metals
PS-NPS
8 Cco Lake Dillion 1984 phosphorus and no no
NPS-NPS
PS-PS, PS-
9 CO Lower Colorado 2002 Selenium NPS, NPS- no No
NPS
10 | cT Long Island 1997 Nitrogen PS-PS no No
Sound
11 ID LowReirVE:Mse 2001 phosphorus PS-NPS yes Yes
12 IL Piasa Creek 2001 Sediment PS-NPS no No
13 MA Town of Action 1998 phosphorus PS-NPS no No
14 MA Charles River 2003 water flow PS-NPS no No
15 MA Edgarton 1999 Nitrogen PS-NPS no No
16 MA Falmouth 2003 Nitrogen PS-NPS no No
17 | wa | Massachusetts |55, Nittogen | PS-NPS yes Yes
Estuaries Project
18 MA Spemalty 2002 temperature PS-NPS no No
Minerals
19 MA Wayland 1998 | phosphorus | PS-NPS no No
Business Center
20 MA Nashua River 2005 phosphorus PS-NPS no No
21 Ml Kalamazoo River 1996 phosphorus PS-NPS no No
22 MN Minnesota River 1998 phosphorus PS-PS yes Yes
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Table 4.1. Decision Matrix of Current Effluent &ét or
Trading Programs in the United States (continued)

Year Wetlan .
Ref. | Loca- . ea Types of etla _ds Candidate
# tion Project Trading | Pollutant Trades Used in for Study
Adopted Trading?
phosphorus,
23 MN Rahr Malting Co. 1997 nitrogen, PS-NPS yes Yes
Sediment
Southern
24 MN Minnesota Sugar 1999 phosphorus PS-NPS yes Yes
Beet Coop.
Initial
25 NC Cape Fear River 2005 undefined PS-NPS yes planning
stages
26 NC Neuse River 1997 nitrogen PS-NPS yes Yes
27 | nc [ TarPamico f o ,qq, [Niogenand| pgnpg fyeq Yes
River phosphorus
nitrogen, PS-PS
28 NV Truckee River 2001 phosphorus, ' no No
! NPS-NPS
Sediments
29 OH Clermont County 1994 Nitrogen and PS-NPS no No
phosphorus
30 OH Greate_r Miami 2004 nitrogen and PS-NPS no No
River phosphorus
31 PA Conestoga River 2003 nitrogen and PS-NPS no No
phosphorus
Colonial Soil and nitrogen and Initigl
32 VA 2005 PS-NPS no planning
Water phosphorus
stages
Total
33 VA Henry County 1997 Dissolved PS-PS no No
Solids
. PS-PS and
34 Wi Fox-Wolf Basin 1997 phosphorus PS-NPS no No
35 Wi Red Cedar River 1997 phosphorus PS-NPS no No
: PS-PS and
36 Wi Rock River 1997 phosphorus PS-NPS no No
Initial
37 wv Cheat River 2005 heavy metals | not defined no planning
stages

(Compiled from EPA documents provided by Virginiibker (Kibler, 2007), Hanna Breetz et.
2004, and Environomics 1999.)
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The outline for the interviews was constructed way that would uncover information
related to the background of the program, the traclord of the program, and the market and
institutional impediments that were associated witle particular program being studied.

Specific information under these headings was ifiedt and the interviews followed the format

listed:
Background
» History
* Issues

» Driving force for the establishment of trading gyst
* Administrative Unit — oversight

» Stakeholders

» Structure of trading system

Track Record
» # of permit trades (point to point and point to +pmint)
» Water quality impact
» Costs of program

Impediments

* Market failure issues
0 Info — current available info — is info readily assible
0 Externalities
o Initial distribution of credits
0 Transaction costs of creating a trading program

» Institutional failure (arrangements/impediments)
o Current transactions
0 Setting of a cap (TMDL, TMAL, etc.)
o Starting point for trading between point sourced mon-point sources

(baselines)

Additional market, institutional, and wetland sgiecguestions were encapsulated into
this format. Market association focused on assgs$ie market structures of the programs, the
standards used to make the programs efficient, taadtransaction costs and alternatives to
incorporating a trading program that includes wetkatechnology. The institutional questions
centered on the discussion of the regulatory dsifer the program, the administration of the

programs, and the interactions between point angpoint source entties. The wetland
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guestions focused on the reasons for incorporatiatiands into the specific program being
studied, the methods of monitoring and verifyingtlewed credits, and the desire to incorporate
wetlands as the preferred type of restored BMRHemprogram versus other types of BMPs (See
Appendix B.1).

A semi-structured interview protocol was constrddi® gather descriptive data regarding
the experiences of the various stakeholders comgpthe adoption of the water quality trading
program, the political debates that took place eamag effluent allocation loads, the structural
factors influencing actual trades, the performaremrd of the program, and the economic and
political feasibility of incorporating wetlands tawlogy into the program. The semi-structured
interview process used a core set of structurechasip areas and specific questions to branch off
into less structured questions in order to expl@gponses in greater depth. The interview
protocol was directed by a list of primary quessighat were followed by a set of secondary
guestions.

The interview protocol was designed to allow oped #owing conversation. Through
open-ended questions respondents were able tosdiioeir understanding of the motivations for
the programs, the existing obstacles for the progrand the general strengths and weaknesses
of their existing programs. The type of semi-siuued arrangement of the interview protocol
allowed the individuals being interviewed to pravidontextual and specific undocumented
information. Water quality trading programs acrtss U.S. are in their infancy, and the best
way to interpret what is occurring within these gnams is to collect in-depth face-to-face
interview data from various stakeholders, progradmiaistrators, state officials, and federal
officials. This type of methodological approacloydes insight into organizational processes,

contextual situations, factors that inhibit traftesn occurring, issues of actual trades concerning
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wetlands technology, and an understanding of wifatriation and policy gaps need to be filled
in order for these types of programs to work eéfitly and effectively.

The case studies presented were chosen to reprgatat quality trading programs in
different regions of the country, and they illuggrapecific regional issues that may limit the
feasibility of incorporating wetlands technologytdna water quality trading program. The
research design was structured strictly to additesgesearch question to define the economic
and political feasibility of incorporating wetlantischnology into a water quality trading program
at the watershed scale. The data collected franc#ses are presented in a geographic order.

The two western cases are discussed first, andiieemvo North Carolina cases are presented.
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CHAPTER 5

CHERRY CREEK WATER QUALITY TRADING
CASE STUDY

Background

Cherry Creek Reservoir was created in 1950 by th®. Wrmy Corps of Engineers
(USACE) to protect Denver, Colorado from floodin§everal devastating floods had inundated
the young city during the early part of thé"afentury, and the USACE built an earthen dam just
to the southeast of the city to control the flowGiferry Creek and the tributaries that fed into it.
The damming of the creek created a reservoir ferGhy of Denver. Cherry Creek Reservoir is
approximately 850 acres and is owned by the USAQe USACE leases the reservoir and
3,915 acres of land surrounding it to the stat€abrado. The state of Colorado developed this
land into a state park and created the Cherry CBtate Recreation Area. The Cherry Creek
Watershed is located within one of the fastest grgwareas in the country (R. Parachini,
personal interview, April 10, 2007). As shown & iCherry Creek Basin Watershed Map 5.1
(Annual Report, 2007), the watershed includes apprately 245,500 acres and 32 sub-
watershed. The northern portion of the watersheegllieen experiencing extensive urban growth
during the past 20 years. Only a small portionhef watershed, in the southern upstream area,
still has agricultural influences. The Cherry Gréeservoir and State Recreation Area serve as
an important urban recreational site that recee®nsive use including hiking, horseback
riding, bird watching, bicycling, boating, swimmingnd sport fishing. The recreation area is
currently the most visited state park in Coloradthvever one million visitors in the 2005-06
fiscal year (R. Parachini, personal interview, Ad®, 2007). Development pressures in the
watershed have led to increases in urban runofftremm erosion, and higher levels of

phosphorus discharges by point sources.
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In the late 1970s and early 1980s a series okfishwere recorded in the reservoir. The
reservoir was closed several times for recreatipogboses during the 1980s because of extreme
fish kills and the contamination due to e-coli.eT@DPHE reported that “body contact” activities
should not take place within the reservoir becanigbe extreme outbreaks of cyanobacteria in
the reservoir (R. Parachini, personal interviewrilAlD, 2007).

Because of these harsh environmental episodesdateecs Colorado undertook a massive
study with financial support from the U.S. Enviroemtal Protection Agency (USEPA) to
determine the causes of the fish kills. The W&teality Control Division (WQCD) of the
Colorado Department of Public Health and the Emritent (CDPHE) collected data between
November 1981 and October 1982 on the reservgaef their Clean Lakes Studies (J.

Minter, personal interview, April 11, 2007; R. Pelini, personal interview, April 10, 2007).
Phosphorus was identified as the nutrient thatdtaed as a catalyst to increase the levels of the
toxic blue-green algae in the reservoir that lethtokills.

Based on information gathered from the studiesCihlerado Water Quality Control
Commission (CWQCC) established a reservoir totasphorus standard of 35 mg/L. This
standard maintained that chlorophyll concentraliéwels in the reservoir would not exceed 15
mg/L as an average for the time period from Jutgugh September. An in-lake phosphorus
model, the Jones-Bachmann chlorophyll-phosphorugemavas incorporated in 1984 to define
the maximum allowable annual load of phosphorusfatl combined sources that would

maintain the standard of 35 mg/L.
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Table 5.1. Cherry Creek Water Quality Trading Paog Overview

Year Watershed Organization Formed 1985
Year Trading Guidelines Adopted 1998
Administrative Unit Special Purpose District
Program Structure Brokerage/Clearinghouse
Pollutant Traded Phosphorus

Administration of Cherry Creek WQT Program

The mission of The Cherry Creek Basin Authorythority) is to “maintain beneficial
uses in the Cherry Creek Reservoir by preservesgvéter quality” (Annual Report, 2007). The
entity was formed by an intergovernmental agreemieetween point source wastewater
discharges in 1985, but the Authority became ageized statutory body in 1988 when the
Colorado General Assembly enacted the Cherry CBastn Water Quality Authority Act (R.
Parachini, personal interview, April 10, 2007). i'hAct established the authority as a political
subdivision of the state. The act also empowehe guthority to develop and implement
watershed plans in the basin, recommend and adloeatsteloads among sources in the
watershed, raise revenue through taxes and fegéslemelop and implement programs for credits
or incentives for water quality control projectstire watershed. The Authority is comprised of
two counties, four cities, and seven special ditrcommitted to promote and maintain water
quality in the watershed. The Authority’s memberslude: Arapahoe County and Douglas
County; the City of Aurora, City of Greenwood Ville; Town of Castle Rock and Town of
Parker; Arapahoe County Water and Wastewater AifjhaCottonwood Water and Sanitation
District, Iverness Water and Sanitation Districemdian Metropolitan District, Parker Water and

Sanitation District, Pinery Water and Sanitatiorstict, and Lincoln Park Metropolitan District
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(Stonegate) (W. Ruzzo, personal interview, Apri] 2007). The Authority is legally mandated
by Regulation #72 to administer the basin (R. Hamacpersonal interview, April 10, 2007).
Other entities that work closely with the Authorityclude the Colorado Department of State
Parks, the WQCD, the WQCC, the Natural ResourcésGonservation Service, and the U.S.
Army Corps of Engineers.

The Authority originally consisted of board membetamt represented the special
wastewater treatment districts. In 1996 the baamdountered an issue with one wastewater
treatment plant seeking expansion within the whatdsbut the plant did not have the sufficient
wasteload allocation for expansion. At this tinthes wastewater treatment plants recognized
that their next increment of expansion would berahear their particular wasteload allocation.
The Authority members at the time incorporated thee of trading to obtain additional
phosphorus wasteload allocations and to providetiaddl means for the authority to obtain
credit for the substantial investment that it haadmin non-point source control projects within
the watershed (W. Ruzzo, personal interview, Ap@i] 2007). The Authority adopted trading
guidelines, but the entity spent most of its fuigdand time during the late 1990s lobbying to
gain significantly more flexibility in point souraalocations for phosphorus. In the meantime the
water quality diminished substantially in the CgeBreek Reservoir. Thousands of handwritten
letters were sent to Governor Bill Owens to persudite state of Colorado to reject the
Authority’s plan to increase its allocation limiter phosphorus. The very affluent City of
Greenwood Village became very irate at this timénwhe Authority’s self-interested actions, and
several members of the community lobbied the Cdwor&eneral Assembly to take the
appropriate measures to focus the Authority omitsion to protect the watershed. Therefore, to
curb the political interests of the Authority aralibcrease the equitable water quality rights of

stakeholders in the basin the Colorado Generalmislsepassed the Colorado State Statute 25-
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8.5-111(3) in 2001 (R. Parachini, personal intexyidpril 10, 2007). The statute restructured
the representation of the board for the Authorityl @ictated that the Authority must spend at
least 60% of revenues on construction and maintenah pollution reduction facilities (PRFs).
The remaining 40% can be allocated towards monigriplanning, technical reports, or
administration. The Authority had been spendindy d&22% of its budget on water quality
improvements through PRFs.

The Authority receives funding for its activitie®i property taxes, Cherry Creek State
Park user fees, wastewater bill surcharges, andibgipermit fees. The 2006 budget for the
Authority was approximately $1,692,000 in revenurd aapproximately $2,896,000 in
expenditures (Annual Report, 2007). Approximat®b#o of the Authority’s budgeted revenue
was tax based, 29% was from fees and surchargesvastewater, and 5% was from
miscellaneous sources including grants.

Table 5.2 shows the makeup of the Authority aftstructuring in 2001. It now consists

of a Board and Technical Advisory Committee (TAC).

Table 5.2. Cherry Creek Basin Authority Organiaadil Structure

Number of 1988 Number of 2001

Member Entities Board Board & TAC
Members Members

County (Arapahoe, Douglas) 2 2
Municipality (Aurora, Castle Rock, Centennial, 7 5
Foxfield, Greenwood Village, Lone Tree, Parker)
Special Districts 1 1
Appointed by the Governor 7 N/A
Board Appointed N/A 4
Other (Cherry Creek State Park, COE, DRCOG) N/A 3
Total Members of Authority Board 17 15

(Authority Annual Report, 2007)
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The Authority conducts annual water quality mornitgrin the Cherry Creek Reservoir
and basin. Reservoir water quality, reservoiromfiand loading, surface and groundwater quality
in the watershed, and effectiveness of Authorityiytion reduction facilities (PRFs) are all
measured. Continued allocation of traded credities on both point and non-point source
compliance with Regulation #72 and abiding by thewised allocations. The Authority is
responsible for producing an annual report on gt activities, and every three years the
CWQCC must update Regulation #72 as necessarys tii@annial review provides flexibility for
improving the water quality of the watershed, ahi$ teview is critical to achieving current
needs of the dynamic basin (W. Ruzzo, personahiee, April 10, 2007). The Authority was
awarded two Colorado Non-point Source Program grantOctober 27, 2005. The two grant
projects are the “Cherry Creek State Park Wetlamag3lving the design and construction of
Phase 1 of the multi-phase wetlands constructiojegt; and “TMAL Actions” to conduct three
studies monitoring the outcomes specified in Reaguia#72 (M. Wind, personal interview, April
11, 2007).

Water quality credits are not traded outside of Aloghority. The Authority acts as a
brokerage service or clearinghouse, and the Authangaintains the liability and responsibility
that is incurred with trades that take place witthia basin. The Authority must approve any
withdrawal from the Phosphorus Bank or Reserve .Péar each potential trade the Authority
must consider the type of trade, trade ratios, toong and reporting needs, and other watershed
dynamics associated with phosphorus loading intoréservoir. In order for a point source to
purchase, lease, or create credits an applicatigst be submitted to the Authority that justifies
the need to trade, describe the project’s desigpplicable, provide a schedule for construction,

and deliver a plan for operation, maintenance, dng, and reporting. The Authority
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considers comments from interested parties andsleltearing before finalizing its decision over

a proposed sale, lease, or transfer of creditsRM¥¢zo, personal interview, April 10, 2007).

Structure of the Cherry Creek Water Quality
Trading System

The amount of discharged phosphorus per year sthmdss initially set at 14,270
pounds in 1983 for the Cherry Creek Reservoir,anii985 the annual load was allocated
among wastewater treatment facilities (point sogj;a@on-point sources, industrial, and septic
loadings (M. Wind, personal interview, April 11,@0. Approximately 74% (10,300 pounds per
year [Ib/yr]) was allocated to non-point sourced eggulated stormwater sources, 15 %
(2,000 Ib/yr) to municipal and industrial point soes, 8 % (1,170 Ib/yr) to background sources,
and 3 % (450 Ib/yr) to individual septic systenmtilly, an additional 3 percent was allocated to
reductions achieved by the Reserve Pool and PhaspBank, but that additional allocation was
reallocated as part of the 2004 Triennial Revievautieg for Control Regulation #72 (Annual

Report, 2007).

Table 5.3. Cherry Creek Basin Load Allocations

Total
Allocation Type Phosphorus

Pounds/Year
Non-point and Regulated Stormwater Sources 10,506
Background Source 1,170
Wastewater Facility Sources 2094
Including Reserve Pool and Phosphorus Bank) '
Industrial Process Wastewater Sources 50
Individual Sewage Disposal Systems 450
Total Maximum Annual Phosphorus Load 14,270

(Authority Annual Report, 2007)
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In 1985 the CWQCC approved the master plan focation and, concurrently, adopted
the Cherry Creek Reservoir Control Regulation whagtablished the annual Total Maximum
Daily Load (TMDL). Although the 14,270 pound lim# most often referred to as a TMAL or
Total Maximum Annual Load. (R. Parachini, persommaérview, April 10, 2007) After the
adoption of this phosphorus standard the goverrahentities in the watershed at the time came
together to develop the Cherry Creek Basin WataliQuManagement Master Plan. This plan
was developed in order to prescribe a long-termagdor improving water quality in the Cherry
Creek Watershed Basin. The Cherry Creek Basin AityhGAuthority) was formed by local
governments in the watershed in 1985 through argonvernmental agreement. The authority
was developed in order to implement the master péareloped to manage phosphorus loads on
the reservoir through the TMAL (W. Ruzzo, persantrview, April 10, 2007).

In 1989 the Colorado Department of Public Healtd Bnvironment (CDPHE), through
its Water Quality Control Commission, adopted they Creek Reservoir Control Regulation:
Regulation #72. The regulation approved waterityuthdes for phosphorus reductions between
point and non-point source dischargers and provithed Authority with regulatory oversight
control of trading procedures. The CDPHE acceptades with non-point sources despite the
fact that these sources were unregulated. Atithe the CDPHE estimated that approximately
80% of the phosphorus load into the basin couldtbéuted to non-point sources (R. Parachini,
personal interview, April 10, 2007). Regulatiori?2#égally set forth policy guidelines for water
quality trading, and satisfied the state’s deswrencorporate a watershed program that would
allow growth while at the same time preservingdheatic ecosystem of the basin.

In November 1997 the CWQCC approved the Cherry ICi&ater Quality Trading
Program. The trading program is administered by &uthority and allows point source

dischargers to receive credit from reductions ofgporus from pollution reduction facilities
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(PRFs) (W. Ruzzo, personal interview, April 10, 2P0In March of 1998 the Authority adopted
specific procedures, policies, and standards fdiig in the watershed. These water quality
trading guidelines are much more detailed and cehwsive than the original control
regulation. The guidelines authorize two typesrafles: authority phosphorus bank trades and
reserve pool trades. During Phase | of the tragmogram the Authority had only encouraged
trades in conjunction with the four existing paltut reduction facilities that were designed,
constructed, and maintained by the Authority. hasge Il of the trading program the Authority
will continue to include additional PRF projectsttlit has funded, and the authority will approve
PRFs developed by point sources as water quattjitcgenerators (M. Wind, personal interview,
April 11, 2007).

Revisions to Regulation #72 in 2001 establishedTiM&L allocating phosphorus loads
into the basin to both point and non-point sourcés.2003 the Authority adopted the Cherry
Creek Basin Watershed Plan. This strategy puh fogvised trading program guidelines that
comply with the 2001 modifications to the Regulati#72, and it provides a more detailed
framework for trades. The plan set the surfaceemstindard for TP at 40 mg/L. According to
the guidelines, point sources have the opportuttitpurchase or lease a total of 432 Ibs of
phosphorus for new or increased phosphorus wastelbacations. They also have the option
under Phase Il of developing a PRF in order to ggaghosphorus reduction credits.

The Cherry Creek Water Quality Trading Program jmtes water quality credits for
phosphorus reductions for non-point source proj@tt®lving existing developed areas that
originally lacked best management practices (PREd)ofits to PRFs in order to achieve a
greater level of phosphorus detention, or PRFs mew development that reduce a greater
amount of phosphorus than what is required to cemwith the TMAL. In the trading program

one credit is equivalent to 1 pound of phosphorrsypar. Trading of credits functions through a
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clearinghouse structure, and the Authority is tmekér that can sell credits to dischargers
needing to increase their allocation. A point seudischarger may also trade directly with
another point source discharger if the buyer hademavalid attempt to minimize phosphorus
loadings (Breetz, 2004). Point sources must rempsier to discharge, as much phosphorus as
possible through primary or secondary treatmentiegipns. For point sources the 30 day
average concentration of phosphorus in effluenttmos exceed 0.05 mg/L. Dischargers using
land application must achieve a 30-day averageesuretion of phosphorus less than 0.05 mg/L
divided by the return flow rate, unless lysimetene used, in which case the effluent
concentration limit is 1.0 mg/L (W. Ruzzo, persomerview, April 10, 2007). Such restrictions
aim to control the release of phosphorus in thig ggilase into the watershed through stormwater
runoff.

The Cherry Creek Water Quality Trading Program inasrporated a number of safety
factors to provide for accountability. These fastare included in the program to account for
PRF project uncertainties. Fate and transport ideregions of non-point source PRFs are
individually taken into consideration in order tsure the decreased levels of phosphorus into the
reservoir. In the program a trade ratio is appleethe pounds of phosphorus removed by a PRF
to determine the pounds of credit that can be geéedr The trade ratios are specifically
determined for each new project, and they can bgesuto change depending upon monitoring
assessments and changes in the effectiveness &#RRke The minimum trade ratio used in
calculating credits exchanged concerning new PRRsL. Therefore, 2 pounds removed from a
non-point source project can be traded for a mainofi 1 pound of credit toward point source
discharges. The ratio can be adjusted up to a&wa#lB8 on a project-specific basis. The trading
ratio is initially determined through best availalsicientific evidence involving similar types of

projects that are researched through literaturiewesy and then credits are adjusted through site-

95



specific monitoring. Initial ratios may be incredsor decreased based on performance
monitoring after the PRF is installed and is fullyerational. There is not a fate and transport
model that has been developed to assess PRF aidtiiolo ratio factors for the entire basin, but

trading ratios may be individually adjusted basedie location of the point source discharger in

relation to the PRF and the Cherry Creek Reserfddir Wind, personal interview, April 11,

2007).

Performance Record

The Cherry Creek Water Quality Trading Program fioms as a clearinghouse. Trading
can occur if a point or non-point source in theimamplements measures to reduce its
phosphorus load below the reduced levels mandayethd TMAL. The Authority either
approves or denies the efficacy and efficiencyhef proposed reduction, and if the reduction is
approved then it becomes a credit that can be Sthe. credit can then be purchased as an offset
by a discharger seeking to increase an allocatedpbtorus load. The program has be developed
in a way that allows both trades that are eitharght through the Authority or trades that are
transferred from credit generator to credit uddon-point source credits that are generated from
Authority projects are placed into a Phosphorus kBand other basin projects created by
individual non-point sources are applied to a Resd?ool. Either the Phosphorus Bank or
Reserve Pool converts non-point source reductiotes available credits for point sources to
purchase.

The Authority set up these two types of exchanggsrovide flexibility for dischargers
and maintain a level of phosphorus reduction céntiach exchange was originally worth up to
216 pounds of phosphorus per year. The PhosphBamk obtained its 216 pounds of
phosphorus per year through four projects the Aitthanitiated during the 1990s and has been

maintaining them since then. The Reserve Pooldceatn its 216 pounds of phosphorus per year
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through new non-point source control projects aorestd within the basin. A point source
discharger had the opportunity to buy or leaseouf32 pounds of phosphorus per year of new or
increased allocations. In 2004 amendments were iaBegulation #72 that removed the upper
limit of 216 pounds of phosphorus per year thatRleserve Pool could achieve. These changes
were implemented to encourage more interest inngady eliminating ceilings on a potential
trade (W. Ruzzo, personal interview, April 10, 2007

The Authority retains the right to purchase phospsaeduction credits from non-point
source project owners and sell them to other digglia who may need them to meet their
allocation. From a Phosphorus Bank perspective Alwghority has been constructing,
maintaining, and monitoring PRFs since the earl9089 There are currently four projects in
operation that supply the Authority Phosphorus Baitk 216 credits. These PRFs include the
Shop Creek detention pond and wetlands establish2891, Cottonwood Perimeter Road Pond
established in 1997, Quincy Drainage detention pestdblished in 1995, and improvements to
the East Shade Shelter streambank established®m (Y8. Ruzzo, personal interview, April 10,
2007). A point source discharger could purchaskease credits from the Authority for a price
set by the authority. For example, a point sowliseharger needing an additional 40 credits of
phosphorus reduction credits, worth 116 credith &i2.9:1 equivalence, could purchase twice
that, 232 credits, from the Authority’'s PhosphoBenk, which is now part of the non-point
source allocation. A base price for credits pusedafrom the Phosphorus Bank is set by the
Authority. An application to apply for credits costs $100, ard additional $500 must be
provided by the discharger to cover costs incubgdhe Authority to evaluate the request for
credit withdrawal from the Phosphorus Bank. At finesent time no discharger has requested a
withdrawal from the Phosphorus Bank, but Parkera&anitation District has shown interest

this year in leasing credits from the bank in orneretrofit wastewater treatment facilities. Once
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the retrofits are in place then the district wititmeed to lease the phosphorus credits from the
Authority. This would be a temporary transacticzeded in order to comply with the Parker
Water Sanitation District phosphorus allocation zzo, personal interview, April 10, 2007).

The four historic PRFs in the basin earned theidits primarily through erosion control
and wetland restoration. All four PRFs continueréduce phosphorus loads into the Cherry
Creek Reservoir to date. The Authority monitorsheBRF upstream and downstream of each
site to measure and compare phosphorus load redygrformance on an annual basis.

In the 1980s significant land conversion and dguelent had significantly eroded one of
the major tributaries to the Cherry Creek Resen&iop Creek (See Map 5.2). The Shop Creek
Water Quality Improvement Project created wetlatmstabilize channel erosion and reduce
phosphorus load to the Cherry Creek Reservoir. grogect entailed the establishment of a 9
acre foot detention pond upstream of five wetlahdnnels in a series. The detention pond
usually fills with water during a storm event, athen it drains slowly into the wetland areas.
This slow water movement allows time for the patawes with phosphorus to settle. All five
wetland channels add biological, chemical and mlaydreatment as well as settling time. From

1990 to 2000 phosphorus leaving the Shop Creelandslto enter the Cherry Creek
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Reservoir averaged 261 pounds less than that egtéhe detention pond. This decrease

represented an average of 63% reduction of phosphtiuring that timeframe. The total cost of
construction for the Shop Creek wetlands include tapital costs of $668,286, the annual
operation and maintenance costs of $38,824, andnanalized cost at a 20 year lifespan of
$72,238. The Authority has seen a decline in thedyctive capability of the Shop Creek
wetlands to immobilize phosphorus at the same thtst has in the past.. There is also concern
over the future costs of retrieving and removaltltd phosphorus that is immobilized in the

sediment within the Shop Creek wetlands (R. Pamagbersonal interview, April 10, 2007).
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The Cottonwood Creek PRF involved both the improsets to roadways in the area and
the restoration of wetland vegetation through anaoel area thereby reducing phosphorus
loadings. In 2004 the Authority measured an apiprate reduction of about 742 pounds: 3,334
pounds before area and 2,592 pounds after. Thisedee indicated an average annual load
reduction of approximately 22% (Authority, 2007Pn average it has been estimated that the
Cottonwood Creek PRF reduces about 517 poundssaer y

Two other non-wetland PRFs implemented initial dre@gnerators for the Phosphorus
Bank. Phosphorus loads that flowed into the QuiDcginage detention pond were reduced by
restoring a vegetated infiltration basin. From@®9 1999 measurements indicated that average
load reductions of approximately 158 pounds. ThstESide Shade Shelters area shoreline was
reconstructed. It had suffered from severe eroaimhwas stabilized through the incorporation
of vegetation and gravel benching along the shweeliActual monitoring data does not exist for
this PRF, but the Authority has estimated that axiprately 18 pounds of phosphorus loadings
are reduced into the Cherry Creek Reservoir per gida Wind, personal interview, April 11,
2007).

All four historic PRFs reduce phosphorus loads fygraximately 1,000 pounds annually,
and they contribute greatly to the scenic beauty witdlife habitat of the Cherry Creek State
Recreation area. In fact, wetland restoration aaodstruction projects were chosen by the
Authority because of the ancillary benefits thaytiprovide. The Cherry Creek State Recreation
area uses all four of the PRFs for educationakeetmnal, and preservation areas. From the
initial starting points of the Cherry Creek Wateudlty Trading Program the Authority
envisioned the practice of restoring wetland am@ad improving habitat areas for the rapidly

growing counties southeast of Denver (W. Ruzzos@aail interview, April 10, 2007).
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Table 5.4. Cherry Creek Basin Net Credit Costd?feFs Constructed to Year 2000

Pollution Reduction Facilities (PFRS)
East Side

Shop Cottonwood | Quincy Shade

Creek Creek Drainage| Shelter Total Average
ggﬂta' $668,286]  $342,978| $218,672 $125,759 $1,355,695 $338,924
Annual $38,824 $20,512| $13,144| $7520|  $80,000| $20,000
OM&M Cost ! ! ! ’ ’
Annualized
TC 20YR $72,238 $37.661| $24,078| $13.808| $147,785 $36,046
PRF Life
Avg Annual 261 517 158 18 954| 2385
Pounds Reduced '
Annual Cost
Ber Pounds $276.77 $72.85| $152.39| $767.11 N/A | $317.28
Net Credits
Generated 186 172 93 10 461| 11525
(Pounds/YR)
(A:?Q(;‘if" Cost Pef 438838 $218.96| $258.90| $1380.80 N/A | $561.76

The Authority recognizes the life span changesheeé four particular PRFs, and the
organization continues to pursue other PRFs intknholémprove the water quality. In 2002 the
Authority contributed almost 17%, $118,000 of thends needed for the Piney Creek
Reclamation project that was completed in 2004is phoject established riparian vegetation and
soil erosion controls along 5,100 feet of shorelinereduce approximately 90 pounds of
phosphorus annually from entering the Cherry Cieekervoir. In 2003 the Authority expanded
upon the Cottonwood Creek Reclamation project $tore the natural wetlands capabilities in the
area just outside the Cherry Creek State Recredtamea. The wetland areas along an 11,600
feet stretch of a stream were restored. Phosphioagings were estimated to have been

decreased by approximately 730 pounds per year Cbtewnwood Creek Reclamation will cost
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$2,100,000 when it is completed with a long-ternerage annual cost of $330 per pound of
phosphorus per year. Within the past two yearsAhority has developed the The Cherry
Creek State Park Wetlands Project representingpdataost of $1,928,000 with a long-term
average cost of $280 per pound phosphorus per ye@.project will be phased-in to minimize
impacts on the heavily used recreation area andi¢ftiands themselves. The project will restore
approximately 60 acres of wetlands and will immiakil600 pounds of phosphorus per year. The
Authority has also been conducting several othasikelity studies to further restore, reclaim, and
construct wetlands in the Cherry Creek State P@redits from Authority these funded projects,
aside from the original four Phosphorus Bank PRifg,not eligible for trading. The intent of
these projects has not been to compete against poimce controls. Instead, the Authority
wishes to supplement the reductions that are badmjeved through point source controls and
water quality trading activities. The Authority iescused on the entire watershed and plans to
continue to restore wetland areas regardless dfitcpeoduction for trading. The Authority
envisions its role as something larger than aigadiearinghouse, and the organization assumes
the overarching lead role of improving the quabfywater throughout the Cherry Creek Basin
(W. Ruzzo, personal interview, April 10, 2007).

The Reserve Pool supplies credits to the Authdribyn non-point source projects to
allow for growth and expansion. The Authority mayrghase the Reserve Pool credits from
various point and non-point source groups withmbhasin. Any entity constructing or planning a
PRF may apply to the Authority for credits with @ssments of how many credits will be
generated. When the Authority approves the créigits that entity may then buy those credits to
offset its own discharge, sell them to anothertdisger, or retire them. The Reserve Pool is no
longer capped at 216 credits, and prospectiveiestinay achieve however many credits an

innovative approach may offer (W. Ruzzo, persoméérview, April 10, 2007). Ratios are
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assessed by the Authority and must fall within at®: 3:1 range. These ratios are set to assure
equivalence. From an additionality standpointyomtw PRFs installed to reduce phosphorus
loadings may be used to generate Reserve Pootsi®di Ruzzo, personal interview, April 10,
2007).

From a Reserve Pool perspective the Authority xeckand reviewed three trade project
applications in 2003. Two applications were présgrnby Parker Water Sanitation District
(PWSD), and one application was presented by trep#roe County Water and Wastewater
Authority (ACWWA) (W. Ruzzo, personal interview, Ap10, 2007). The applications that
PWSD had presented included two non-point souroge@is that involved the use of wetlands
technology to reduce phosphorus. PWSD withdrewvn lapiplications after the Authority found
them problematic in the initial review. The Authgrdid not conclude that the plans for the
restoration and construction of the two wetlan@ssitvere thorough enough to comply with
guidelines, and proper post-monitoring plans wereset to be in place after construction (W.
Ruzzo, personal interview, April 10, 2007).

In January of 2004 the Authority did grant ACWWAcanditional allocation of 57
pounds of phosphorus for the restored wetland @ndadetention pond two miles upstream from
Cherry Creek Reservoir along the Lone Tree Créliis restoration initiative was speculated to
reduce 165 pounds of phosphorus per year at a tedite of approximately 2.9:1. ACWWA
refers to this site as L-3, and construction fos Hite was completed in 2005 (W. Koger, personal
interview, April 10, 2007). Pond L-3 was an exigtiwetland pond that was upgraded by adding
a concrete bottom forebay for sediment removalaandcropool (M. Trujillo, personal interview,
April 10, 2007). Monitoring equipment installatievas incorporated in 2006 at the inflow and
outflow points of the wetland area, and annual répg will be submitted to the Authority in

2007. The allocation of 57 pounds may be increasetbcreased by the Authority based on the
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monitoring outputs of L-3. Table 5.5 is a projeost summary (M. Trujillo, personal interview,

April 10, 2007).

Table 5.5. Cherry Creek Basin Pond L-3 Projectt Sosnmary

ITEMIZED COSTS DO"(;)ARS
Design 99,000
ACWWA Staff 36,000
Construction 232,000
Geotechnical Inspection 4,000
Legal/Permit/Misc 5,000
Monitoring (Estimate) 50,000
TOTAL 426,000
$7473/pound

From ACWWA's perspective the ability to increasg jthosphorus discharge allocation
through non-point source credits represents a affsttive response to demographic pressures.
In 2003 ACWWA was only using approximately 90% tf phosphorus wasteload allocation
when it applied for the L-3 trade, but the orgati@a anticipated the need for the credits.
ACWWA further rationalized that since the organiaathad already achieved the .05 mg/L
phosphorus discharge concentration using advaneednology the cost of upgrading its
treatment facilities would far exceed that of impénting non-point source projects. Therefore,
a $426,000 project that yields 57 pounds of créddrth $456,000 at $8,000/Ib) appears to be
financially favorable (W. Koger, personal interviespril 10, 2007).

In the spring of 2006 ACWWA applied for additiorRéserve Pool credits through the

modification of two stormwater dry-detention ponddhese ponds are referred to as W-6 and W-
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7. Ponds W6 and W7 are currently non-wetland pdahdswere upgraded to include detention
and water quality. The ponds are located in thedmill Creek basin that is roughly 45%
developed and is anticipated to have buildout flthed could establish and support a wetland in

the micropool (Trujillo, personal interview, ApdiD, 2007).

Table 5.6. Cherry Creek Basin Pond W-6 & W-7 Rrbf@ost Summary
(Water Quality Only)

ITEMIZED COSTS DO'E;)ARS
Design 54,000
ACWWA Staff 23,000
Legal/Permit/Misc 5,000
Construction 220,000
Construction Services 26,000
Monitoring and Equipment (Estimate) 115,000
TOTAL 426,000
$15,821/pound

The ACWWA Lone Tree Creek Wastewater Treatmentlidagiill receive 28 pounds of
trade credits from this project at a 2.5:1 rathiCWWA is also in the process of building a new
wastewater treatment facility within the next 5 igeaThe organization will continue to monitor
and maintain there two credit sites and they amrésted in developing new sites as well. Once
there new treatment facility is operational theyl e able to trade excess credits that they have
invested in to other point source dischargers withie basin through the Authority (W. Koger,
personal interview, April 10, 2007). Table 5.6 wisdhe project cost summary for Cheery Creek

Basin Pond W-6 & W-7 for water quality only (M. Tillo, personal interview, April 10, 2007).
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Despite the progress that has been made concethend®hosphorus Bank and the
Reserve Pool the Cherry Creek Reservoir chlorogtgiidard of 15 mg/L has only been met in 3
of the past 15 years, and the phosphorus goal ofigfQ has never been achieved in the past 15
years. However, the phosphorus load totals hage lmsver than the TMAL of 14,270 pounds in
14 of the past 15 years. In 2006 the chloropleylel reached 14.7 mg/L and phosphorus was 87
mg/L. Table 5.7 lists the Cherry Creek Reservoatex quality (July-September average
concentration) and total phosphorus loads from 1892006 (Annual Report, 2007). The
phosphorus load total for 2006 was 6,185 poundgtther limnological assessments in recent
years have determined that approximately 4,000 ¢g®woih phosphorus may annually accumulate
in the Cherry Creek Reservoir based on the phosgheediments already accumulated. These
accumulated amounts of phosphorus act as an ihteadh for which the TMAL allocations do

not account for (W. Ruzzo, personal interview, Apf, 2007).
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Table 5.7. Cherry Creek Reservoir Water Qualityy:B5ept. Average Concentration)
and Total Phosphorus Loads 1992-2006

Annual .
Year cgl?;]oeg J Pho::t::)rus Ni.:root;:en Pholfg:;ous ?:f?:::l S;::g:ir]t::rz:: Phos’:)itorus
9 (mglL) (mglL) (Ibslyr) (ac-ft) | Load (Ibs/ac-ft) | Load (Ibsl/yr)
1992 17.0 66 970 5,857 7,474 0.78 4,543
1993 14.4 62 826 4,110 5,905 0.70 3,399
1994 10.0 59 1,144 4,049 7,001 0.58 3,056
1995 9.4 48 913 7,972 11,781 0.68 5,923
1996 20.5 62 944 4,715 7,644 0.62 3,723
1997 22.3 96 1,120 5,761 10,362 0.56 4,765
1998 26.5 89 880 13,577 20,903 0.65 9,370
1999 28.9 81 753 17,471 27,739 0.63 7,821
2000 25.2 81 802 12,593 18,610 0.68 8,905
2001 26.1 87 757 9,837 17,250 0.57 4,995
2002 18.8 74 858 4,246 7,498 0.57 2,745
2003 25.8 90 1,121 8,568 14,929 0.57 3,590
2004 18.4 102 977 12,512 17,177 0.73 7,007
2005 17.1 116 990 10,047 18,534 0.54 6,378
2006 14.7 87 914 6,185 12,009 0.51 3,376
Mean 19.7 80.0 931 8,500 13,654 0.62 5,306
Median 18.8 81 914 7,972 12,009 0.62 4,765

(Authority Annual Report, 2007)

Although the described developments in the Chergek Watershed have not resulted in
immediate measurable improvements to the CherryelCrgeservoir's water quality, the
watershed management strategies implemented thghdald provide a flexible and operational
structure for future water quality trading initiags. These initiatives should reveal improvements
to the water quality of the reservoir in the futurErom a broad perspective the Cherry Creek
Trading Program structure does meet the four @itef an effective trading program involving
non-point sources include: equivalency, additiitpahccountability, and efficiency (Fang &
Easter, 2003). The Authority provides equivalerosyough trading ratios that qualitatively

account for spatial differences in loads. Addiébty is recognized in the program and precludes
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a credit from counting towards a trade if it alngagkisted or was required. The Authority
focuses on monitoring and verification of PRFs witthe basin, and these essential components
provide accountability. Lastly, a point sourcectisrger could increase its phosphorus allocation

through trading more cost-effectively than throumgiplementing its own controls.

Impediments to Incorporating Wetlands into the
Cherry Creek WQT Program

Economic and institutional impediments to water ligydrading in the Cherry Creek
Basin have stagnated the performance of the progaaththe Cherry Creek Reservoir continues
to experience high chlorophyll levels that are emvwnentally hazardous. At the present time
only two point to non-point trades involving wettEnhave been executed in the Cherry Creek
Basin program to date through the Reserve Poolranogand there have been no credit
exchanges through the Phosphorus Bank programh 8othese PRFs in these trades were
developed and maintained by a wastewater disch@#gaWWA). The credits were allocated by
the Authority, but the point to non-point trade wadly occurred within the same organization.
From an entire basin perspective water qualitydsieats for phosphorus remain in violation for
the Cherry Creek Reservoir. One of the major esoo@nd institutional impediments of this
case that leads to the lack of demand for creglitsg readily-affordable TMAL and the fact that
the cost of command-control compliance has been Ia@ive initial allocations that were set at
14,270 pounds were set in a way as to allow fowgno As population continues to grow and
regulation increases, point source wastewater digelns may advance as an integral element of
the trading program. In many cases the financieémtive that exists for point sources is that
PRF implementation to gain credits is typically maost-effective than point source controls to
abide by their allocated credits. This incentigelast when the point source already easily

complies with its load allocation. From an inditdnal standpoint the Cherry Creek TMAL
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allocations were distributed with growth in minddatnading will only achieve efficiency as this
growth is realized or the TMAL is lowered with rsttibutions of phosphorus allocations. In the
summer of 2007 the Authority will be reviewing tingial allocation of 14,270 pounds, and it has
been suggested that this allocation will be slicefialf (R. Parachini, personal interview, April
10, 2007; W. Ruzzo, personal interview, April 1002). The procedure to reduce the
phosphorus cap will be very political, and oppogrdntthe reductions will claim that the cap has
been in place since 1985. The agencies that nmakieeuAuthority share many common interests,
but sometimes there are competing interests. Tithokity has taken a significant amount of
time to mature, and it has taken the group some tonset the proper water quality policies in
conjunction with the understanding of the ecolofythe Cherry Creek Watershed as a whole.
The future focus of the Authority will be to incesaways of coordinating with local governments
to decrease non-point phosphorus loads to thevas€Y. Ruzzo, personal interview, April 10,
2007). The focus of the Authority is to provideusture to the trading program by allocating
property rights to the various dischargers witlhia basin.

From an economic standpoint the Cherry Creek Besjost now beginning to gather
valued information concerning the ability for wetls to reduce nutrient loads. The PRFs that
the Authority constructed and maintains have prdedoe effective immobilizers of phosphorus.
Approximate reductions of phosphorus include: 42%uction at Cottonwood-Peoria Pond, a
22% reduction at Cottonwood Perimeter Pond, a 688aation at Shop Creek, and over a 90%
reduction at Quincy Drainage (M. Wind, personaématew, April 11, 2007). These successes
have not translated into meeting the compliancd gbal0 mg/L of total phosphorus in the
Cherry Creek Reservoir, but this development magrgm over time. The Authority recently
discovered the problem of the internal loadingth@reservoir. From an economic informational

standpoint this occurrence indicates that the TMA&y be too lenient for the water body to
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achieve the target of 40 mg/L of total phosphorlihe TMAL will be reassessed in the summer
of 2007, and the demand for credits should increaiea reduction in the total allocation. In the

beginning, point source allocations were typicddlsge enough to preclude the need for credit
purchases. These types of purchases should be attoaetive as population growth demands
and a smaller allocation pool encourages dischatggourchase credits.

Economic and institutional impediments are found this case concerning the
transactions costs of monitoring and verifying dse@nd identifying the appropriate scientific
information to assess wetland externalities. Tledamds that have been constructed or restored
in the Phosphorus Bank have been effective in fiedunutrient loads on the reservoir, and
extensive monitoring has taken place concerningetipeojects. To a lesser extent verification of
phosphorus reductions from the Reserve Pool (ACWW&#)e been monitored. In 2007 and
early 2008 ACWWA should provide the Authority withonitoring information concerning their
wetland PRFs. This information should be very hgljp the Authority in assessing future PRF
credit projects. In the future the Authority shebdibcus on more accurately accounting for fate
and transport issues. Equivalency factors are comiged in the determination of conversion
and trading ratios, and assessment of these fagiiordd account for temporal dynamics and be
more quantitative in structure. More sound redeancast go into the development of delivery
ratios to better assess the dynamic nature of ¢beystem. The establishment of this type of
equivalency with more certainty must be achievetheuit burdening the program with added
transaction costs. At the present time financiaéntives are not established enough, but in the
long run these incentives are critical to perpétgathe program. Monitoring and financial
information from the ACWWA sites should help impeovAuthority models, and future
transactions with the Authority should also incestiye overall efficiency and effectiveness of the

program.
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Other institutional transaction costs were citedstgkeholders that have participated in
producing PRFs for water quality credits. Once thirmation is gained concerning the
monitoring and financial aspects of creating wetl®@RFs in the basin the Authority should focus
on streamlining the processes for application asmtssment of PRFs within the Reserve Pool.
ACWWA officials claimed that the transaction proses applying for Reserve Pool credits and
acquiring was quite cumbersome (W. Koger, persamakview, April 10, 2007; M. Truijillo,
personal interview, April 10, 2007). The transaeticosts of developing a proposal and
presenting it before the Authority were great, #meh ACWWA had to work with the Authority
over the course of year to receive an appropmmati@li trading ratio for credits that were proposed
to be generated. The two credit approvals for ACW¥rough the Authority were the first
applications to be approved and pass through tkerRe Pool process. The process between the
Authority and ACWWA was more of a slow and cumbensophased movement through a
process that had never occurred before (M. Tryjlersonal interview, April 10, 2007). The
Authority believes that this process can be managece efficiently as more trade applications
are presented. The Authority plans on streamlinihg application, approval/denial, and
confirmation process based on what it learned tiinahe ACWWA credit approval process (W.
Ruzzo, personal interview, April 10, 2007). Thetlarity has worked well with the CDPHE and
USEPA, but both of these agencies have not beeridea the resources concerning non-point
discharges to assist the Authority directly. Th&h®rity has received grants from both entities,
but expertise concerning the trading program hasecfrom within the Authority or outside
private consulting firms (J. Minter, personal inview, April 11, 2007; R. Parachini, personal
interview, April 10, 2007).

From an institutional standpoint, the Cherry Crgwkgram also faces impediments

because of the fact that point sources are regu&atd non-point sources are not. Currently, non-
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point sources face a total load allocation, andileggpns do not apply to individual non-point
sources. In the future, local government entitie be looked upon to better monitor and
enforce non-point source PRFs in the basin asrtlage to current unregulated entities. At the
present time the Authority places liability for theplementation of PRFs onto the point source
project owner. The focus of responsibility for memt reductions placed on point sources
provides incentive for non-point sources to engageading where they otherwise may not have
(Breetz, 2004). This policy aspect follows the Istipulated by the Clean Water Act, Section
402, specifying that national pollutant dischartimi@ation system permits do not allow liability
to be transferred away from the NPDES permit holdleo purchases water quality credits as a
compliance measure to the individual who producessells the credits, although liability can be
shared. The U.S. USEPA's 1996 Water Quality Tradinamework provides two options for
this dilemma. The Authority chose the option tokeg@oint sources responsible for non-point
source reductions. The other option would plaspaasibility on the state to make sure that non-
point source reductions are being attained (B. @sswpersonal interview, April 11, 2007).
Unfortunately, though, in the Cherry Creek Basia iticentive for the non-point sources forces a
liability issue to the point sources, and this tshthe focus of the point source dischargers to
retain control of their individual PRFs. Therefom¥ganizations like ACWWA will be more
inclined to construct their own PRF projects, amdaaizations like the Parker Water and
Sanitation District will purchase credits from tAathority through the Phosphorus Bank rather
than purchasing credits from other non-regulatedpaint source dischargers.

The structure of the Cherry Creek Trading Progranini place after many years of
institutional development statutory directives. eTAuthority is committed to continuing the
process of incorporating wetlands into their wagaality trading program. The Authority has

been unstable in past years because of politichueimces or because of inequitable
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representation by stakeholders in the basin, batAbthority has provided an institutional
mechanism for focusing on the water quality proldeof the Cherry Creek Reservoir. The
Authority is guided by Regulation #72, and thiserus flexible enough to adapt to future
developments in the dynamic watershed. The flaiilof this rule is important because of the
anticipated future population growth in the are@fficials at ACWWA are pursuing trade
opportunities at present because they expect tedse the treatment capacity of their facilities
from the current 3 million gallons per day to ogemillion gallons per day in the next 20 to 30
years (W. Koger, personal interview, April 10, 2R0Population growth in the region will drive
the demand for trades, but at the present tim@ WAL allocations are set at a level easily met
by all sources. The ease at which the phosphdewets are met can be explained by observing
that the overall discharge loads have been lowaar the TMAL for 14 out of the past 15 years.
However, the chlorophyll standard has only been me& of those 15 years. Therefore, the
market allocation of total phosphorus load is ragrapriately set with the water quality indicator
of chlorophyll a. A reduction in the total phospim® load allocation would better represent the

correlation of phosphorus to chlorophyll in theete®ir.
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CHAPTER 6

LOWER BOISE RIVER WATER QUALITY TRADING

CASE STUDY

Background

The Lower Boise River (LBR) Watershed encompassgmoximately 1,290 square
miles and is located in the southwestern part ahtd The main channel of the river flows
toward the northwest for approximately 64 milesriraucky Peak Dam to its confluence with
the Snake River near Parma, Idaho. The LBR crdabsesgh Ada County, Canyon County, and
the City of Boise (Map.6.1.). Eight other citie® docated within the watershed and are adjacent
to the river. One-third of Idaho’s population ientained within the watershed, and this area is
growing rapidly (R. Finch, personal interview, Apt?, 2007). 15 sub-watersheds are located
within the basin, and 4 stream segments are listedhe 303(d) list for impaired waters.
Nutrients, bacteria, temperature, dissolved oxyayahsediment are all listed as problems in these
4 segments. Land use within the basin is quiteerdey and includes: forestry, agriculture,
grazing, and urban development. The water budgettifie LBR depends upon snow
accumulation and melting events in the spring, rmagbrity of the water that flows through the
basin is diverted in some capacity for irrigatianother demands (R. Finch, personal interview,
April 12, 2007).

In 1997 the USEPA began working with individualtegin the Pacific Northwest to
assess and coordinate methods for handling theeimwitation of Total Maximum Daily Loads
(TMDLs) throughout the region. Idaho, Oregon, &dshington in the late 1990s were all faced
with the considerable challenge of implementings¢h& MDLs based on a strict court-ordered

schedule.
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Map 6.1. Lower Boise River Watershed Map (IDEQ)20

USEPA Region 10 worked with Idaho, Oregon, and Weghbn to examine how water

quality trading could reduce the cost of meetingtaloMlaximum Daily Load (TMDL)

requirements. The USEPA and the Idaho DepartménErvironmental Quality (IDEQ)

contracted with Ross & Associates in 1997 to exanthre market feasibility of water quality

trading within the basin. In August of 1998 thetiah trading structure and protocols were

developed on two trading simulations. Over thersewf the next two years Ross & Associates

worked with a group of 40 to 50 stakeholders te ftane the trading structure. Stakeholder

groups included agricultural interests, stormwatgerests, wastewater interests, municipal

interests, and development interests. The irgtiaht and facilitation costs of creating the trgdin
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framework with the inclusion of the stakeholder ugy® were estimated to be approximately
$120,000 (S. Burke, personal interview, April 1802).

According to previous monitoring data and inforroatprovided by the USEPA and the
IDEQ the group of stakeholders focused the tradiagnework around one of the nutrient
pollutants of concern: phosphorus. The LBR inhtwas highly enriched with phosphorus.
Monitoring sites at cities throughout the basinvglioat the highest concentrations of phosphorus
can be found at the mouth of the river near Pasea Map above) (R. Finch, personal interview,
April 12, 2007). In 2005 the IDEQ conducted a gtadd found that the phosphorus level is not
currently high enough in LBR to cause algal bloomnst the study did reinforce previous
assessments that indicated that the loads in thR kBntribute to the high phosphorus
concentrations downstream in the Snake River ($kéBuyersonal interview, April 12, 2007).
From the late 1990s to date the LBR has not besiblyiimpaired by algae blooms or other
aquatic growth, but the river is the largest cdntior of phosphorus to the Brownlee Reservoir in
conjunction with the Snake River (M. Bridges, p@edointerview, April 12, 2007). Idaho law
requires that surface waters of the state cannottana visible slime growths or other nuisance
aquatic growths that impair designated beneficedsu(ldaho Administrative Procedures Act
[IDAPA] 16.01.02.200.06). The Brownlee Reservoired suffer from excess nutrient loading,
dissolved oxygen problems, and prolonged algaentdooln September 2004 the Snake River-
Hell's Canyon TMDL was issued. This TMDL presentdtbcations to the various tributaries
that flow into Snake River. Before the Snake RiMeil's Canyon TMDL a sediment and
bacteria TMDL had mandated a “no net increase” lidgphorus along the LBR as an interim
measure for the phosphorus allocation until a @efined LBR phosphorus TMDL could be put
into place. The Snake River-Hell's Canyon TMDLoahltes a less than or equal to 0.07 mg/L

phosphorus concentration level from each tribusymeasured at the mouth of the tributary
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between May through September (M. Bridges, persomtaftview, April 12, 2007). The 2005

IDEQ study in the LBR watershed found that phospharoncentrations along river increase by
more than 10 times from Boise to the confluencdwhe Snake River. At a monitoring site in
Boise a concentration level of phosphorus was nmredsat 0.02 mg/L, and at a monitoring site
near the confluence with the Snake River a readi@®26 mg/L of phosphorus was registered
(IDEQ, 2005). It has been suggested that the TM@Lthe Snake River-Hell's Canyon area
could require the LBR TMDL to reduce phosphorusd®ay up to 80% (M. Bridges, personal
interview, April 12, 2007). Now that the phosph®fMDL is completed for the Sank River-

Hell's Canyon area, the phosphorus allocations the LBR TMDL will be adjusted and

finalized.
Table 6.1. Lower Boise River Water Quality TradiPiggram Overview
Year Watershed Organization Formed 2000
Year Trading Guidelines Adopted 2001
- . . Idaho Clean Wager Cooperative
Administrative Unit (Non-profit NGO)
Program Structure Contractual Market
Pollutant Traded Phosphorus

The trading program has been developed to helplyowith the current policy of no net
increase in total phosphorus established in themsed and bacteria TMDL for LBR completed
in 1998 and approved by USEPA in 2000 (R. Finchisqmaal interview, April 12, 2007) (Map
6.1). It is anticipated that the new LBR TMDL whle issued in late 2007 or early 2008 in

relation to the nutrient reduction goals accourftadin the Snake River-Hell’s Canyon TMDL
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(B. Stewart, personal interview, April 13, 2007he allocations for the TMDL will be based on

the seasonal phosphorus loads during the irrigaionths from April to October.

Administration of the Lower Boise River WQT Program

The regulatory driver for the water quality tradipgpgram is the TMDL that will be set
for the Lower Boise River in the near future. @mtty, the Lower Boise River Watershed
Council is in the process of allocating dischaigets to stormwater districts, municipalities, and
irrigation (agricultural) districts. At the mongthimeeting on April 12, 2007 the council met to
discuss the finalization of comments to the IDE@ #me USEPA concerning the TMDL for the
LBR. Debates occurred during the meeting congidetlie allocations for each group. (J. Bell,
personal interview, April 12, 2007). However, t®up is close to finalizing the allocations to
present to the USEPA by July 2007 (B. Stewart, grakinterview, April 13, 2007). The Lower
Boise River Watershed Council will continue to ast a advisory board to the water quality
trading program, but the actual trades that whetalace within the basin will be tracked and
administered by the Idaho Clean Water Cooperati¥é/C).

The ICWC was formed in 2000 as a non-profit assmriato act as an information
gathering body to relay information to the USEPBEDR, and the general public concerning the
trades within the basin. The ICWC is not a cleatiouse for trades, and it does maintain any
governmental or oversight authority for water quatrading transactions. The ICWC simply
acts as an entity that records and relays infoonationcerning trades within the basin. The
ICWC is responsible for tracking trading activitgdamaintaining a trade tracking database (R.
Finch, personal interview, April 12, 2007). TheWC sets submittal timeframes for trade
notification forms and reduction credit certificateThe entity reviews trade contracts and accepts
or denies them based on completeness and congistétiicthe trading program requirements.

The ICWC tracks all trades in a central databaaeightransparent to regulatory agencies and the
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general public. The entity shows trading impactspbosphorus allocations, and the non-profit
organization also reconciles all trades in the mfrfrea to account for buyer and seller
transaction balances and to ensure that credits@reised more than once. The ICWC also
produces trade summary reports and provides thguit sources that require them for NPDES
permit compliance (R. Finch, personal interviewyiAp2, 2007).

The ICWC plans on recording trade activities thtoag online database program that is
easily accessible by federal agencies, state aggeramd other stakeholders within the watershed.
The concept for creating a non-governmental grauprack the trading program was generated
by initial stakeholders to reduce the fears of itrgdpartners of government intervention (R.
Finch, personal interview, April 12, 2007). In theginning the agricultural community did not
want to be involved in a regulatory process coriogrvater quality trading, but a compromise
was struck with this group to discuss water qualiiyues as long as water quantity issues
remained a separate issue (R. Finch, personaVieterApril 12, 2007). At the present time the
watershed is being greatly impacted by land comwerfom agriculture to suburban or urban
land. Other stormwater and wastewater concernasaeciated with these growth problems, but
agriculture still plays a primary role in the preed trading program (R. Finch, personal
interview, April 12, 2007).

The ICWC provides transparency for water qualitging activity, but the formal rules
of the trading program are governed by a Memorandtitdnderstanding (MOU) between the
USEPA, IDEQ, and Idaho Soil Conservation Commisgi®CC). This MOU was signed on
April 27, 2001, and it defines the roles of theragjes in verifying credits purchased and used by
NPDES-permitted sources that choose to participatdhe water quality trading program (L.

Woodruff, personal interview, April 13, 2007).
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There are also other regulatory drivers for the LiRer quality trading program. From
a statutory standpoint, there are rules that call'io net increase” in phosphorus for the LBR
(IDAPA 16.01.02.054). These rules also specificadentify water quality trading as a tool for
meeting phosphorous mitigation requirements. Thetes set forth a point source allocated
phosphorus reduction caps to dischargers alondgBie Idaho has not assumed the authority
from the USEPA to distribute NPDES permits. Theref permits are issued by USEPA Region
10. non-point sources may also be subject to &latations for phosphorus in the near future
with the implementation of the new LBR TMDL (L. Waiff, personal interview, April 13,

2007).

Structure of the Lower Boise River Water
Quality Trading Program

The LBR Effluent Trading Demonstration Project wasnched in 1998 as the first
effluent trading project in the Pacific NorthweS Burke, personal interview, April 12, 2007).
The project is designed to be a start-up progranptiesphorus trading in the LBR watershed in
Idaho, and the USEPA and the Idaho Department ofir&ammental Quality (IDEQ) have
invested a large amount of time and resources fitimgathe project so that it can possibly be a
guide for similar programs in other areas of trgiae and throughout the country. IDEQ signed
and interagency agreement with USEPA in 2000 toraesresponsibility for the water quality
trading project. The interagency agreement pravidaidance for continued support of the
program by allocating various responsibilities &veral different agencies other than IDEQ
including: the U.S. Bureau of Reclamation, thetidiaal Resource Conservation Service
(NRCS), the Idaho Soil Conservation Commission C3Che Ada Soil and Water Conservation
District (ASWCD), and the Canyon Soil and Water €anvation District (CSCD). The focusing

goal of the project is to create a business-ligditrg framework that can be implemented to help

120



achieve the nutrient reduction goals set by CWALi8e@303(d). The guidelines of the program
include the requirements for parties to trade imarket-based manner, for the trades to be
environmentally and legally sound, and for the ipartto interact with existing regulatory
programs to optimize pollution reduction initiative

State water quality programs in Idaho, Oregon, &washington all supported the
exploration of water quality trading programs dgrthe latter portion of the 1990s. Considerable
challenges faced by the states to develop and mgie TMDLs based on a court order generated
a great deal of motivation to proactive searchvfays of controlling pollutant loads within
watersheds (S. Burke, personal interview, April2207). Water quality trading was considered
by Idaho to be a flexible and cost-effective opttonmeet the policy of “no net increase” in
phosphorus established by the LBR sediment aneétiad@MDL.

The LBR Effluent Trading Demonstration Project hhsen developed through
interagency collaboration to produce a trading frework that can be used for nutrient trading
within the LBR watershed. During the initial phasef the development of the trading
framework the stakeholders involved in the prelianin meetings held by Ross & Associates
agreed upon six objectives of the program. Thke$talder group concluded that they required
the program to be legally defensible and enforeealilhey required that the ultimate goal of the
program would be to protect water quality. Thekatelders wanted all transactions to be
transparent to the general public. The group reduihat the program would maximize market
flexibility to minimize transaction costs. The peipants wanted a program that did not create
other environmental problems, and they wanted tbgram to support active participation (M.
Bridges, personal interview, April 12, 2007).

The stakeholder group that was brought togethdRdgs & Associates also developed a

set of design principles that would guide traded present cost-effective solutions to TMDL
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reduction regulations. These principles includesldoncepts of avoiding trade-by-trade changes
to the TMDL, avoiding multiple changes dependingtr@des to NPDES permits, providing well
defined compliance and enforcement efforts, crgagimvironmentally equivalent reductions, and
minimizing trade transaction costs through indigdprivate contracts.

The framework that was created by the initial skekder group established a step-by-
step process for point source to non-point sousdes. Step 1 consisted of identifying possible
trading partners. The trading framework does refing how buyers and sellers are to identify
possible trades. point sources may be able toacbsellers directly or through a third party
broker. The ISCC should play an important roledentifying potential trading opportunities
through education, outreach, and the cost shagramts it already manages (S. Koberg, personal
interview, April 12, 2007). The second step of trealing process includes that calculation and
measurement of the water quality contribution f@ hon-point source participant. This analysis
is assessed through monitoring or assessing BMRyrdesxd performance. The third step
includes the pricing negotiations and the signifithe contract between the point source and the
non point source dischargers. Then, based ondtiepeof the BMP, the buyer signs and submits
the first “Reduction Credit Certificate.” The buyand seller then sign a “Trade Notification
Form” and submit the document to the ICWC. Tradermation is updated by the ICWC, and
the USEPA audits trades through NPDES permits {{f)ehF; personal interview, April 12, 2007).

The USEPA and the IDEQ review and verify BMP impéation procedures through
reports that are generated by the ISCC. The ISG@ects BMPs installed by non-point sources
in the basin to document and monitor performanBach agency may also visit BMP sites to
confirm their performance. The ultimate responigjbior ensuring the proper implementation of
the BMP lies with theNPDES permit holder. The point source wastewatahargers that hold

the NPDES permits have the responsibility of inspgcthe BMP’s performance, and these
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entities also receive copies of the ISCC’s inspectreports. Performance guidance and
monitoring agreements can be incorporated intoviddal contracts. Compliance matters or
enforcement actions delivered by the USEPA or DEQ must deal with the NPDES permit
holder. The credit generator, BMP installer, doetscarry any liability for the actual phosphorus
reductions (M. Bridges, personal interview, Api2, 2007).

IDEQ in collaboration with the ISCC developed & lid eligible BMPs for the LBR
Water Quality Trading Program (S. Burke, persongdriview, April 12, 2007). The effectiveness
of each BMP that was listed was assessed to beretiff depending upon the particular region of
the state that it may be applied. The non-pointe® BMPs that are eligible to be traded range
from crop sequencing and nutrient management tqubeito sediment basins and constructed
wetlands as shown in Table 6.2.

These BMPs represent the current eligible practmesmplementations in order to
generate credits for the LBR water quality tradimggram. This list was finalized in 2002, and
life spans for individual BMPs are estimated basmd dependability and effectiveness
assessments provided for in the general literattineitrient management. Additional BMPs may
be incorporated over time or can be newly propdsegoint or non-point sources (S. Burke,
personal interview, April 12, 2007). From the i@itmeetings that took place concerning the
trading programs it was decided that wetlands wbaladded to the initial BMP list generated by

ISCC and IDEQ (IDEQ, 2001).
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Table 6.2. Lower Boise River Water Quality Prograhgible BMPs for Trading

Effectiveness Effectiveness
BMP Discount Uncertainty Life Span
(%) (%)

Polyacrylamide 95 10 1 Irrigation
Nutrient Management N/A N/A 1 Year
Sediment Basins 65-85 15 20 Years
Filter Strips 55 15 1 Season
Crop Sequencing 90 10 1 Season
Underground Outlet 85-95 15-25 20 Years
Straw in Furrows Not listed Not listed 1 Season
Microirrigation 100 2 10 Years
Tailwater Recovery 100 5 15 Years
Surge Irrigation 50 5 15 Years
Sprinkler Irrigation 100 10 15 Years
Constructed Wetland 90 5 15 Years

The BMP list that was developed by the IDEQ andIi8@€C also includes procedures for
generating credits. A reduction in phosphorus hldisge amounts beyond the regulatory
requirement of the point source must be generagea fion-point in order to create credits that
can be traded in the water quality market. Theuctdn is calculated in reduced pounds of
phosphorus by one of two methods. The reduceddgofiphosphorus is then converted to water
quality credits for trading purposes. The selectwd the method used to analyze the amount of
phosphorus that is being reduced depends on datialfaiity. The phosphorus reduction can be
monitored on-site and a specific assessment ofctistucan be allocated for the credit, or the
estimated average reduction of a specific BMP aacadiculated based on the nutrient literature.
The estimated average reduction method also incalgma discount rate because of the potential

uncertainty in the effectiveness of the BMP ancepihstallation and maintenance factors. The
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on-site monitored reduction methods incorporatéoimfand outflow comparisons that quantify
grab samples taken during the implementation oBl (J. Bell, personal interview, April 12,
2007).

The estimated method of calculating the reductibphmsphorus from eligible BMPs
must be discounted based on the effectivenessedBlhP and uncertainties in the effectiveness
determination. These discounts are provided atirthhe literature from the field, farm, and
watershed scale (S. Koberg, personal interviewjl Agr 2007). At the present time constructed
wetlands literature lacks the sufficient data ttedmine efficiency or uncertainties of phosphorus
reductions at the watershed scale, and the ISCG dotrecommend that wetlands be used
through the estimated method to generate crediterefore, the use of constructed wetlands in
the LBR watershed requires actual monitoring assests of phosphorus reduction to determine
credits (S. Koberg, personal interview, April 1207).

The LBR program has created three ways of factoingpcation determinants for
providing better assessments of phosphorus redisctd the watershed scale. River location
ratios, delivery ratios, and site location figuresve all been incorporated to address the dynamic
transitions of the phosphorus concentrations inwhtershed as the concentrations apply to the
net impacts at Parma (the mouth of the LBR). Maitypes of trades within the watershed could
have the potential to cause local water qualityaotp in the areas where trading occurs because
water diversions in the watershed are considerablerefore, irrigated diversions may be
returned to the river at a later point that maymately affect the phosphorus concentration at
Parma. The localized impacts on water quality aneallest when the non-point source
implements a BMP upstream of the point source disgggr. But, because of the diversions in the
LBR certain factors were incorporated to betteessgphosphorus transport and fate issues (R.

Finch, personal interview, April 12, 2007).
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The river location ratio factors in the influencediversions that prevent phosphorus
from reaching the LBR mouth at Parma. This ratiovigles a means to determine equivalent
loads between sources along the LBR (R. Finch,opatsinterview, April 12, 2007). Each
municipality or tributary drain is assigned a ratti@t is calculated and provides for diversions
along the river. As the river approaches Parmasphorus levels increase and the value of one
pound of reduction of phosphorus also increasespaoced to the lower value of phosphorus
reduction that would be found at the head of therrat Lucky Peak Dam.

In addition to diversions transmission loss camw ascur with the water body itself, but
at the present time a water quality trading modeltfansmission of nutrients does not exist.
Therefore, the LBR trading program has incorporaelinear calculation that represents the
transmission loss along the river. This delivaiia is calculated by subtracting the distance in
miles to the mouth of river from the BMP’s pointdiEcharge by 100. Then the figure is divided
by 100. This figure is not scientifically soundskd on phosphorus transmission in the river, but
it does provide some type of delivery ratio to vieithe possible outcomes of a properly
constructed BMP (R. Finch, personal interview, Apg, 2007).

Site location factors were also included becausthefiransmission loss that may occur
between the BMP location where the phosphorus tenutakes place and the location of the
point source discharge to a river. Three sitetlonadactors were developed to account for this
transmission loss. A site factor of 0.6 was inoogped when land runoff flows into a canal that
is likely to be reused by a party downstream. t& &ctor of 0.8 was instituted for land runoff
that flows through or around other fields beforflatvs into a canal or drain. A site factor of 1.0
was decided upon when land runoff flows directlyaodrain or stream through a ditch or

washbasin (R. Finch, personal interview, April 2Q07).
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The calculation of a credit depends on the differkrtation and delivery factors
mentioned, but the determination of a credit in ttBR trading program begins with the
assessment of the amount of phosphorus producadji@en location. The ISCC estimates the
current phosphorus loads with the Surface Irrigawil Loss (SISL) tool. According to the
USDA this tool is currently the most accurate andpée method to estimate soil loss from
surface-irrigated croplands. The SISL is used toutate the number of tons of lost soil that can
be assessed in a given irrigation season. Théngrgg@togram has used baseline information
concerning phosphorus loading from 1996 as recordetiby the ISCC (IDEQ, 2001). The
1996 baseline was also used for the original TMBL $ediment, and therefore, phosphorus
reductions can be compared to phosphorus loads 1886 (S. Koberg, personal interview, April
12, 2007).

In most cases phosphorus discharges are highergdtie beginning of the irrigation
season from April through October because thermadse erosion from rain events and less
uptake by crop plants. The phosphorus reductitoulzdion is a culmination the effectiveness of
the BMP selected. Then an uncertainty factor idracted, multiplied by the river location ratio,
the delivery ration, and the site location factdme final calculation is referred to as a “Parma
Pound” (S. Burke, personal interview, April 12, ZO@R. Finch, personal interview, April 12,
2007). The concept of the “Parma Pound” expldiesfact that not all phosphorus pounds are
equal in the watershed because of diversions amer weuse in the basin. The “Parma Pounds”
are only allocated during the months of the irigatseason to reflect the phosphorus load
variability over the season. This irrigation seasoincides with the seasonal TMDL reduction
requirements.

In order to produce “Parma Pounds” agricultural -pomt sources are encouraged to

work with either the Ada Soil and Water Conservativistrict (ASWCD) or the Canyon Soll
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Conservation District (CSCD). Farmer can developoaservation plan with these entities in
cooperation with NRCS (USDA) and the ISCC. BMRs designed as part of these conservation
plans to address water quality concerns. The BbéPsbe certified and installed according to
NRCS and participate in cost-share programs. QheeBMP is operational it can begin
generating phosphorus reduction credits. WitheltBR watershed the BMPs will only operate
to reduce phosphorus during the irrigation seasnd,credits can only be made available during
this time. Fully functioning and certified BMPs stube inspected prior to their seasonal
operation. Inspections can also take place atiemgyduring the lifetime of the specific BMP (S.

Burke, personal interview, April 12, 2007).

Performance Record

The LBR Effluent Trading Demonstration Project sgt a framework for trading
pollutant discharges among sources. The framewsrk bilateral market structure that allows
trades to take place between point and non pogahdrgers. Buyers and sellers are expected to
agree upon individual contracts for credit delivegredits are generated and used on a monthly
basis during the irrigation season. Non point sewredits are generated in given month, and
point sources must use those credits to offsetemittoads within the same month.

Elements of a trading process were developed byndial group of stakeholders
facilitated by Ross & Associates. Key elementshefinitial trading drafts included the types of
permit conditions, necessary forms, agencies’ r@led generation of credits. At the present time
no trades have occurred. The main reason forattiedf trades deals with the delays in finalizing
the LBR phosphorus TMDL. The politically influerttallocation of phosphorus loads to various
stakeholder groups has taken over seven yearstenmnt, and there has been a large amount of
transaction costs that have been incurred in thegss (R. Finch, personal interview, April 12,

2007). The expected value of phosphorus in théndasks promising for a trading scenario
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because the stringent target set by the Snake -Rie#¥s Canyon phosphorus TMDL will be
difficult to meet without point sources seekingdga. The cost to reduce phosphorus loads will
continue to increase as the final portion of thegptorus reduction allocations are realized, and
trading will become a more viable option (S. Burgersonal interview, April 12, 2007). Once
the regulatory driver is in place the structure ti@ding should be able to help to direct and
promote trades within the basin.

The structure of the trading program was develojped way that should minimize
administrative and governmental transaction costdministrative costs should be low because
the responsibility of finding trading opportunitiesson the point sources. The regulatory focus
has been on defining the trading conditions instfaelvaluating or brokering trades (R. Finch,
personal interview, April 12, 2007). Transactiarsts were high initially during the beginning
phases of the program development, but future aiim costs could vary to a large extent based
on the mechanisms that arise to identify tradesynaonicate with trading partners, and negotiate
trade contracts.

Other cost savings of the program are directly @ased with non-point source BMP
technology implementation versus point source teldgy implementation. Municipalities and
other point sources the LBR watershed estimatetoOpo that it would cost between $12 and
$178 to reduce one pound of phosphorus. Agriceilamd stormwater stakeholders anticipated
that it would cost between $2 and $20 to reducepmumd of phosphorus for non-point sources.
Both the point source and the non-point source a&ulu estimates were based on 80%
phosphorus reduction levels. Therefore, it has lestimated that there could be a potential cost
savings of $10 to $158 per pound of phosphorusceiwithin the LBR watershed if point
sources and non-point sources are able to coopttrategh individual contracts (Environomics,

1999).
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In 2000 the LBR Effluent Trading Demonstration atjconducted a trading simulation
for a point source to non point trading scenariawo eligible BMPs, constructed wetland and
sediment basin, were installed in a sequence forsiimulation. The actual process included a
concept design of the two eligible BMPs, a samm@amit, documentation, cost estimates, and
monitoring evaluation techniques (Ross & Associ&2€90).

The design of the BMPs entailed a system of runmiater through a series of drainage
areas through the constructed wetland and the sadirbasin to mimic the continuous
agricultural runoff that is present during thegaiion season. The design of these BMPs took
into account the maintenance requirements for egslbem. The wetland was designed to
provide for the accumulation of biomass by setan@grget depth. The sediment basin was also
designed to store up to six years of sedimentdapah of 2 feet. Both systems were designed to
function with minimal flows through the operatiof control gates to keep plants alive and
minimize decay. The systems also had inflow andflau monitoring sites to measure
phosphorus concentrations and flows.

The efficiency of constructed wetlands in removpigpsphorus depends on the design,
maintenance, and flow rate of water through a dedayl area. Similar engineering constraints
can be identified for sediment basins as well. Thastructed wetland and sediment basin
removed phosphorus at different rates using a fime of 15 cubic feet per second (cfs) and a
concentration of 0.366 mg/L of phosphorus. It wasmated that over thirty year life span the
sediment basin could remove up to 1,040 poundstaf phosphorus per irrigation season. The
constructed wetland was estimated to remove appiairly 980 pounds of total phosphorus per
season. The combined total of these two BMPsatlus conjunction would equal a reduction of
approximately 2,020 pounds of total phosphorussserson. This would equal approximately

60,600 pounds over 30 years (Ross & Associates/)20Dhis estimate could fluctuate over that
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period of time depending upon hydrologic conditioeimate change, or maintenance and
upkeep factors.

Probable costs for the design of the systems wieecalculated in the simulation. A
public bid process helped to determine the costhagt that included equipment, materials, and
labor in year 2000 dollars. The estimate of coas wnitial investment capital that included
engineering, construction, and contingency. Alsseased in this calculation was land
acquisition set at $10,000 per acre. Capital gmetasion and maintenance were estimated at
$3,004,000 and $145,800 respectively for a 54 egnstruction site as can be seen in Table 6.3.
The operation and maintenance cost was composgtlgB00 for annual upkeep and $74,000 for
harvesting wetlands plants every five years. Tlhes¢s with the inclusion of a 3% inflation rate
set an annualized cost for removal of phosphoru$148 per pound. An average cost for
constructing wetland systems for treating stormwhtes been estimated at $10,000 to $30,000
per acre (Reed, 1991). This simulation for the LB®Rershed estimated that the cost to construct
this type of wetland structure would be approxirya®67,000 per acre. In order to justify the
high cost of constructing this type of BMP the vahf a “Parma Pound” will need to be high in
order to balance the cost with the value of impleting the BMP.

Stringent TMDL standards may make the option ofstacting a type of wetland system
like this a more economically feasible option, lwitl the market arrangements of the LBR
trading program drive other types of more costatife BMPs? point source stakeholders in the
basin are mainly focused on the least cost optorphosphorus reduction allocations, and they
are presently not inclined to choose a more cd3tP in order to receive reduced phosphorus

levels (D. Keil, personal interview, April 12, 2007
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Table 6.3. Lower Boise River Constructed Wetlamdufation
Cost Summary

Simulation Feature Quantity
Amount of Wetlands 54 acres
Life Span 30 years
Flow Rate 15 cfs
Effluent concentration 0.366 mg/L
Capital Cost #3,004,000
O&M Cost $145,800
'gzaignmoved by the Wetlands per Irrigation 980 Ibs
TP Removed per Irrigation Season 2,020 Ibs
TP Removed per Life Span 60,600 Ibs
Annualized Cost per Pound of TP Removed $118

(Ross & Associates, 2007)

Impediments to Incorporating Wetlands into the LBRT Program

The LBR Water Quality Trading program suffers frearious economic and institutional
impediments. The LBR Effluent Trading Demonstmati®roject has been successful in
developing a trading framework, but at the presene no trades have occurred. From an
economic standpoint, the USEPA and the IDEQ as a®lbther agencies spent several years
developing and formatting the trading structuret the setting of the cap (TMDL) has not
occurred. The lack of a trade driving cap (TMOhat is enforceable disallows the program
from functioning at any level.

Secondly, property rights within the basin have been assigned because a cap (TMDL)
has not been set. The LBR Effluent Trading Demattisin Project did incur high expenses and

intensive use of resources to develop the tradiagdéwork, but the property rights to discharge
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pollutants have not been assigned. Throughoutnitial phases of the program the irrigation
districts and farmers in the watershed were skalpéilbout losing water rights by participating in
a program. As the literature indicated, this caseeals that non-point sources have been
concerned that their participation in generatingdits by reducing phosphorus loads might
encourage or facilitate their being subjected tweased regulations (King, 2005). This political
apprehension could account for some of the pdligicafluenced delay of the LBR TMDL.
From another perspective, public comments by enumental interest groups within the
watershed initially expressed concerns about thigyabf point sources to account for trades.
These groups felt that the program necessitatealda-by-trade regulatory approval process (M.
Bridges, personal interview, April 12, 2007). Tskakeholders that participate in the trading
program at the present are pleased that the LBRefraork has established a highly effective and
locally tailored solution under the umbrella thee@ Water Act (CWA) and Idaho statutory
guidance to help resolve the phosphorus problentfidnLBR watershed (R. Finch, personal
interview, April 12, 2007).

From an economic information standpoint, the LBRIUeht Trading Demonstration
Project has provided a list of BMPs that could eréw be practical and possibly cost-effective to
implement within the watershed. There was mucte tgpent in calculating the estimations for
assessing a credit within the watershed. The apatinsiderations that were accounted for
concerning the irrigated and diverted nature ofvlaershed were thoroughly analyzed. The
location ratios, delivery ratios, and site specritios all were developed to minimize localized
areas with high level of pollution in a watershedlhe background research for support
concerning the discounts developed to generatatensdincomplete. Transmission losses and
uptake capacity between the trading partners neeatay study to refine discounts. Another

factor of the program that should be further red®adl concerns the issue of equivalency. Point
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sources within the basin discharge at a fairly taamgate over a twelve month period of time, but
irrigation during the earlier set portion of a givgear produces more phosphorus through erosion
and less uptake by crops. Equivalency, in thigasibn, can be difficult to demonstrate or
calculate because of the dynamic fluctuations asphorus generated within a given timeframe.
From a monitoring and verification standpoint of gissessment of wetland externalities,
the program has witnessed a simulation using ateated wetland model that could be
potentially duplicated in the basin. The estim&2gi?0 pounds of reduced phosphorus could be
converted to “Parma Pounds” based on the locatidheosite within the watershed in relation to
the point source that has a contract for the ettie BMP is providing. The case study
confirmed the assessment of the literature thatethe not enough consistent information
concerning the applicability for wetlands to reduungrients at the watershed scale. At the
present time the ISCC does not maintain enough watketermine efficiency or uncertainties
involved with constructed wetlands technology imnpdsted to reduce phosphorus (M. Bridges,
personal interview, April 12, 2007). Thereforeaitonstructed wetland were to be implemented
as a non-point source credit producer then phosghorductions must be measured on site
through inflow and outflow structures. Constructeetlands within the basin could prove to be
as effective as the simulation or more effectiveesmmoving phosphorus based on their designs
and maintenance. But, at the present time thenetigny interest from stakeholders within the
basin to certify wetlands as the BMP most favorablde implemented. In fact, the current
political mindset of the basin focuses on redut¢hgphosphorus loads through the least possible
cost methods. Therefore, if some other BMP canctffely decrease phosphorus loads at a
lower cost than wetlands can, then the market aville the demand for that type of BMP (R.

Finch, personal interview, April 12, 2007)
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From an economic transaction costs standpointdtiability and return on investment
on BMP structures are also concerns of stakehololerthe watershed (R. Finch, personal
interview, April 12, 2007). In the LBR Effluent dding Demonstration Project the life span
assigned to BMPs reflected the professional judgseh scientists, regulators, and the most
current literature. Constructed wetlands were pally assigned a 5-year life span, but the
lifespan for a constructed wetland in the LBR BN#? i now assigned a 15 year limit based on a
technical focus group decision among participanisng the early development of the water
quality trading program (S. Koberg, personal inkmy April 12, 2007). However, the
simulation that was managed in 2000 by Ross & Aases used a 30 year BMP lifespan. It is
most cost effective to use a constructed wetlané$dong as they are functional because of the
high investment costs incurred to build them. FRertresearch should focus on life span factors
of certain types of BMPs versus constructed wedatal better assess cost of phosphorus
reduction in the watershed in the long-term. Wligaling with the long-term effects and
lifespans of BMPs it should also be noted thatnsiee planning should take place when
analyzing the long-term fate of the phosphorus ihaémoved using BMPs such as constructed
wetlands or sediment basins. At some point in tieephosphorus must be harvested through
the removal of vegetation and sediment. The phargshthat remains in this harvested material
must then be moved or disposed of in a fashion dioats not lead to further environmental
problems in other locations.

From an institutional standpoint, the politicallgfluenced processes of establishing
allocations for the LBR TMDL have delayed any regaty enforcement criteria that may
generate needs for trading. There must be a diover water quality trading program to exist. If
there is not a cap set for the amount of a typdistharge then there is not any need to seek

reduction credits. As the literature has statenveds include a regulatory requirement or some
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other standard that allocates the maximum amourat pdllutant that can be discharged into a
watershed. A driver could be derived from a nompsources’ ability to reduce pollutants most
cost-effectively that certain point sources. Iv&y important that a trading program educates
potential stakeholders that will be involved. Framinstitutional standpoint, the LBR Effluent
Trading Demonstration Project did a good initid) jaf including a vast number of stakeholders
during the beginning phases of development. Tragiograms can be hampered by the lack of
an established or known trading framework. Addiéidy, from a transaction costs standpoint,
trading would fail to be effective if it is viewess being too cumbersome for traders to use or
regulators to evaluate.

The growth in population within the LBR has beensistently rising in recent years, and
this strain has placed a great deal of pressuppoon sources and non-point sources to minimize
phosphorus discharge increases into the watershieithe present time the LBR does play a large
role in the dissolved oxygen problems that faceBhmwvnlee Reservoir. The LBR is the major
contributor of phosphorus to the Brownlee Reseraan the water quality along the LBR must
improve in order to prevent future environmentatdrds within the watershed. At the present
time economic and institutional impediments hinither operation of the trading market. There is
an institutional structure for the trading prograinat is becoming more viable politically as
TMDL allocations are distributed through the baaimd more pressure is placed on point sources
to reduce phosphorus discharges, but property sriint pollution discharge have not been
assigned. Non-point sources in the basin seem thatytheir participation in the program may
encourage the future subjection to regulations iregu load reductions. The future of the
program depends on the optimal setting, maintenaaue enforcement of the TMDL. Without
this trade driver then all of the other effortstioé program to reduce nutrient loads will not be

realized through this type of trading structure.
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CHAPTER 7

TAR-PAMLICO WATER QUALITY TRADING
CASE STUDY

Background

The Tar-Pamlico River Basin extends approximaté® iniles from the Piedmont of
North Carolina through the Coastal Plain to Pam$ooind. The Tar River combines flows from
approximately 2,300 miles of freshwater streamsofgefit enters the Pamlico River near
Washington, North Carolina. The entire basin cevapproximately 5,400 square miles that
encompasses portions of 17 counties. The Tar-Baniiver Basin includes the cities of
Greenville, Rocky Mount, and Tarboro. Agricultumed forest are the main land uses in the
basin. Five of North Carolina’s 10 leading hoggwoing counties and the leading chicken
producing county all reside within the basin. As1889 there were approximately 875 hog,
chicken, and dairy operations in the basin (Hardk®P0). The increasing population growth,
intensive agricultural practices, and expandingdtock operations have placed significant
environmental pressures on the Tar-Pamlico Basan the past thirty years. In the mid-1980’s
the Pamlico River Estuary saw an increase in hdratdiae blooms, low oxygen levels, increased
number of fish kills, and other stressful symptoimsthe aquatic biota. In 1986 10% of all
chlorophyll-a samples taken in the Pamlico Estexgeeded the state standard of 40 g/L (Steel,

1991).
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Following a severe record-setting fish kill in tlamlico Sound in 1989 the North
Carolina Environmental Management Commission (NCEMigsignated the Tar-Pamlico
Watershed as nutrient sensitive waters. That speae the North Carolina Department of
Environment and Natural Resources (NCDENR) develape initial management strategy that
focused on reducing nutrient loads from point sewlischargers.

Initially, the NCEMC proposed to reduce nutrienads upon the Pamlico Sound by
simply setting technology-based nutrient conceiaindimits on point sources. These regulations
were to be incorporated over the course of seyaails. In response to these actions the point
source dischargers in the basin formed the TardarBasin Association (Association). This
group along with the Environmental Defense Fund &mel Pamlico Tar River Foundation
proposed a collective nutrient trading programhie $tate of North Carolina. By 1990 the state,
the Association, and the two environmental groups signed an agreement marking the initial
phase of the Tar-Pamlico Water Quality Trading Paog The agreement stipulated that the
Association would reduce their phosphorus and ggndoads to the estuary as a group by setting
a loading cap. If the Association exceeded thfstb@n point sources involved agreed to fund
agricultural Best Management Practices (BMPs) thinothe North Carolina Agricultural Cost
Share Program.

The initial agreement between the state of Nortlolts, the Association, and the two
environmental groups allowed the point sources iwitthe Association to find more cost-
effective ways to collectively meet their loadingpcby allowing those facilities that were more
capable of removing nutrients to do so within theug framework. At the time of the initial
agreement economic models had documented that péyifice BMPs were a more cost effective
way of reducing nutrients as compared to retralitseatment modifications implemented during

expansion (J. Huisman, personal interview, April 2807).
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Table 7.1. Tar-Pamlico Water Quality Trading PeagrOverview

Year Watershed Organization Formed 1989
Year Trading Guidelines Adopted 1992
NC Dept. of Water Quality/
Administrative Unit Basin Association/
Agricultural Cost Share Program
Program Structure In-Lieu Fee/Exceedance Tax
Pollutant Traded Nitrogen & Phosphorus

Phase | of the Tar-Pamlico Water Quality TradinggPam began with the adoption of
the initial agreement between the Association, remwental groups, and the state of North
Carolina. The parties involved in the initial agmeent began the process of implementing the
trading program by developing trading rules in 1992n 1991 the Association hired an
engineering firm to estimate nutrient reduction sweas and costs at individual discharge
locations throughout the basin. The Associatioso ahired consultants to help develop an
estuarine water quality model to help determinanastiream nutrient reduction target goal. A
target was set for nitrogen and phosphorus rechgtivas developed with the help of the
estuarine modeling initiative, and the nutrient clezge cap was approved in 1995
(Environomics, 1999).During Phase | the Association approved a modédl ghedicted that a
45% total reduction from point sources and non-psiurces would be necessary to meet in-
stream water quality goals (J. Huisman, persortatwrew, April 24, 2007).

Phase Il of the Tar-Pamlico Water Quality TradirrgdgPam began in 1995, and during
this phase the focus of nutrient reduction goatdezed on non-point sources. The estuary model
that was designed during Phase | was implementtdsatime to set a 30% reduction in nitrogen
and a no net increase of phosphorus loading fasaaltces to the estuary from 1991 conditions.

The parties that came together for the Phase deagent include the Association, NCDWQ, and
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the North Carolina Division of Soil and Water Comnsdion (NCDSWC). The environmental
organizations Environmental Defense and Pamlico-Raver Foundation (PTRF) were
participants in the Phase | agreement, but thesapgropted out of the Phase Il agreements
because they were not satisfied with the 30% réalugioal (M. Templeton, personal interview,
April 25, 2007). The Phase Il strategy providechtecal information that suggested that the
original 45% reduction in nitrogen loading would indeasible given the limitations of point
source and non-point source treatment technol@yidBMP effectiveness. It was recognized in
Phase Il that there was some model error and wiBrtin the initial predictions confirmed
during Phase I.

Phase Ill of the program was developed and agr@ed in 2005. The third phase
continues the structure established in Phase hias® Il rules were developed to improve and
refine the program by updating the Association mensiip, defining temporal water quality
issues within the basin, and revisiting alterndfset options. Better monitoring, modeling, and
documentation strategies have improved the knowlexfgnitrogen and phosphorus fate to the
Pamlico Sound. The Environmental Defense Fund twed Pamlico Tar River Foundation
returned as parties to the Phase Il agreemenesdl lorganizations want to continue to work
cooperatively with other parties in order to ensthe protection of the estuary (J. Rudek,

personal interview, April 25, 2007).

Administration of the Tar-Pamlico River WQT Program

The initial partners involved in the effort to creathe Tar-Pamlico Water Quality
Trading Strategy were the NCDWQ, the NCDSWC, thatiN&arolina Farm Bureau, North
Carolina Department of Agriculture, North CaroliState University, and the Association. The
initial group that formed the Association consistefl fourteen dischargers that equaled

approximately 90% of all point source dischargesh river (J. Huisman, personal interview,
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April 24, 2007). During the initial phase of dempinent the NCEMC brought together
stakeholder groups of affected parties throughbethasin and provided the participants with a
chance to express differing viewpoints. Stakehald@érvolved in the process included
environmental groups, municipalities, developerssitesses, and the general public (Husiman,
2007). The Association evolved from these inis@keholder meetings and the organization is
now made up of

The initial agreement signed by the AssociationHNIC, NCDWQ, and Soil and Water
is the primary mechanism used to provide strucamaassure accountability for the water quality
trading program. The NPDES permits, administenethie NCDWQ, provided to the parties in
the Association do not contain limits for nitrogefmherefore, the parties in the Association are
not required by the CWA to readjust their permitits if the members show they could meet
more stringent requirements. This type of regujateequirement to meet more stringent
requirements could penalize economic incentivepeidorm at a higher level of efficiency to
decrease nutrient discharges as a collective botlye NPDES permits contain a clause that
allows the NCDWQ to revise new discharge limitsnividual members or the Association as a
whole if conditions in the agreement are violatdd Huisman, personal interview, April 24,
2007).

During the initial phase of the program it was restied that to meet water quality
standards concerning nutrients it would cost psmirces in the basin between $50 and 100
million in capital costs for technology upgradesstéad of investing the totality of that amount of
funding to technology upgrades the Associationbiesn instrumental in providing the financial
support for the water quality trading program (Bze€004) During the initial two years of the
program the Association contributed $150,000 talfadditional NCDSWC personnel to assist in

BMP review and identification. These funds wereassary in order to design and establish the
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trading system. The Association also provided tamithl initial funding of almost $1 million
earmarked for agricultural BMPs. (J. Huisman, peasanterview, April 24, 2007). This funding
was acquired in large part through a USEPA grdrtte Association has been able to bank the
credits that were generated from some of this maoesrd future cap exceedances (Templeton,
2007).

The Association operates as an advisory boarddosthte of North Carolina and the
group also coordinates actions of the trading Ewgwith point source members, agricultural
representatives, and environmental group repretbezga The Association members include:
Belhaven, Bunn, Enfield, Franklin Water & Sewer Barity, Greenville Utilities, Louisburg,
Oxford, Pinetops, Robersonville, Rocky Mount, Saotl Neck, Spring Hope, Tarboro,
Warrenton, and Washington (Tar-Pamlico Associakitaeting, 2007).

The NCEMC, NCDWQ, and the NCDSWC are the key adstriaiive bodies for the Tar-
Pamlico Water Quality Trading Program. These gowemt agencies coordinate with the
Association and the trading program participants,dach of these agencies retain the ability to
take enforcement actions against point sourcesnanepoint sources in the event that they are

not able to demonstrate compliance.

Structure of the Tar-Pamlico Water Quality TradRrggram

The Tar-Pamlico Water Quality Trading Program was ereated to allow individual
trades between point sources and non-point sotwceke place. The point source dischargers
pay an offset fee for each mass unit of pollutanivbich as a group they exceed each year. The
funds that are collected are used directly by tb&untary agricultural cost share program
managed by the NCDSWC to implement BMPs. The slogte program pays farmers up to 75%

of the cost of installing nutrient reducing BMPsfamms that are located within the basin.
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The trading model for this program can best be ritesd as a group cap-and-trade
program with an exceedance tax. point sourcesaasggned individual baseline maximum
nutrient loads and nutrient reduction goals. Thelkeations that are set by the Association in
accordance with the NCDWQ set the overall nutrieading goals for the water body. The
trading program was designed specifically to taagricultural non-point source nutrient loads.
Offset credits from point sources are paid direttiythe cost share program and are targeted
geographically for the most cost-effective nutrigductions to the estuary. When the respective
point sources in the Association have purchaseditsrthey are no longer liable for ensuring that
non-point source BMPs are installed and operatiifigcevely. The state of North Carolina
assumes responsibility for the monitoring and vweaifon of BMPs within the basin. The
NCDSWC inspects local soil and water conservatiistridts after every five years to maintain
that the local districts are inspecting at least&@9he contracts it allows into the program each
year. non-point sources that are found to be imcampliance must return the cost share funds to
the state. The primary focus of the cost shargrpmo is to provide farmers with assistance
implementing agricultural BMPs aimed at reducingyients loads on the estuary.

The NCDWQ maintains authority over nutrient tradecfnd allocations within the
program (Breetz, 2004). An agreed upon cap wagrass to the Association for combined
discharges in 1990 during the initial phase. Tée iequired a 44,000 pound per year reduction
in total nitrogen and phosphorus over five yearsr(K2000). The Association was also required
to: perform an optimization study for capital immpements to point source discharge facilities in
the basin; develop an estuarine model for nutrieaiding; fund the initial design and
administration of the water quality trading progra($150,000 was provided by the

Association); make minimum payments into the offieetd for future non-point source BMPs
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even if cap was not exceeded; and perform watelitguaonitoring to document compliance
with the cap (Breetz, 2004).

Non-point source credits are purchased by the pmntces at a fixed price. The price
considers the BMP life expectancy, area affectadmérs’ capital cost, maintenance costs, and
BMP effectiveness (McCarthy, 1996). BMP valuesevestimated based on literature reviews
that included empirical studies of conservatiodagié, buffer strip, and terracing in the
Chesapeake Bay (J. Huisman, personal interview 24y 2007). Structural BMPs have a credit
life of 10 years in the program, and non-struct@&fPs have a credit life of 3 years.

The Tar-Pamlico Water Quality Trading Program dgthbd a fixed fee per pound of
total nitrogen. The standard trading ratio for gmegram is 2:1, and then there is a 10% cost
differential set to absorb administrative costshe Effective trading ratio is set at 2.1:1. The
fixed fee charged to point source dischargers rifyatesented the 2.1:1 ratio was initially set at
$25.40 per pound. The credits expire after 10 yaétes the funds have been allocated by the
NCDSWC. The cost share program that is used a®latd fund BMPs was a pre-existing
program throughout the state funded by the USDARCIS. The Tar-Pamlico Water Quality
Trading Program funds 75% of the capital costs @dated with voluntary implementation of
agricultural BMPs on farmland in the basin.

In 1986 a nutrient source budget was preparechiiar-Pamlico basin, and this budget
was revised in 1988 to reflect dynamic changeshm watershed. In 1989 the NCDWQ
projected a 30.55 million gallons a day flow fot #le Association members by 1994. The
NCDWQ estimated that total nutrient loading in 198duld reach 1,278,000 pounds per year
based on trends during the late 1980s. The oligiggeement required mandatory phosphorus
and nitrogen limits for point sources to decreagel®94 to an estimated 936,965 pounds per

year. Therefore, the NCDWQ, the Association, NCERRd the PTRF together established
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440,924 per year as the reduction goal for Phask the water quality trading program.
396,832 pounds per year were allocated for nitrageinction and 44,092 pounds per year were
allocated for phosphorus (J. Huisman, personatvige, April 24, 2007).

A hydrodynamic model was incorporated during thigiah phase of the program to
predict the impacts of nutrient loading in the asyu The model focused on the basin area from
Greenville to Pamlico Point. This distance betwéles two sites covered approximately 60
miles. The calibration year for the model was 19%his year was chosen because it was set as
the baseline year when point sources in the AsSogiavere required to perform nutrient
monitoring (Templeton, 2007). A critical portiofthe river, near the town of Washington, was
chosen as the point where management strategidsl Welevaluated. This segment of the river
revealed the highest level of chlorophyll a andsaliged oxygen violations in the late 1980s
(Templeton, 2007). There were plans to recalibtée model to lower nutrient loading
conditions after the 30% nitrogen reductions weechieved in Phase Il. This proposal was
suggested to better determine additional reductiogismay be necessary in order to improve the
water quality of the estuary. The recalibrationtltd model has been postponed pending the
results of other estuary evaluations (Templeto,720

During Phase Il of the program, 1995 through 2@0d focus on improving water quality
shifted to include non-point sources based ondhegnition that these contribute the majority of
nutrient loading to the watershed. The modeling mleted by the Association in Phase |
estimated that non-point sources accounted fore®@nt of the nutrient loads (Templeton,
2007). Target reductions were set in Phase 1|@8000 pounds per year of total nitrogen and
397,000 pounds per year of total phosphorus basetdeolow flow year of 1991. Total nitrogen
loads were calculated to be 4.28 million poundear yat the Washington site. During this phase

the 30% total nitrogen reductions goal for all e®grwas set at 1,285,000 pounds per year. point
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sources were allocated 8% of this reduction and-pwnt sources were allocated 92%
(Templeton, 2007). An interim target of 60% pragréowards the reduction was set in 1995 to
be achieved by 1999. The NCDWQ and the NCEMC HKtipd that they would determine if
additional regulatory requirements were neces$amogress was at the 60% progression state by
1999 (J. Huisman, personal interview, April 24, 200 The goal of reaching 60% progress
toward the reduction goal was not met, and mandabdées on riparian buffers, fertilizer
application, stormwater, and agriculture were aelddty the NCEMC and went into effect in
2000 and 2001 (Templeton, 2007). The Phase lleageeat reduced the fixed price of non-point
source credits to from approximately $25.40 perngbto $13 per pound. During Phase Il the
Association has easily maintained discharges walthvip the caps assigned without needing to
purchase credits from non-point sources (Breet@420

The Phase lll agreement is currently in progresk spans an additional 10 years from
2005 to 2015. Amendments may be added after dwaryyears to address potential needs for
improvements (J. Huisman, personal interview, Apdil 2007). During Phase Il load reductions
were set using an agreed upon cap for point sowfc®31,271 pounds per year for total nitrogen
and 161,070 pounds per year for total phosphofial nitrogen and phosphorus caps for non-
point sources were set at 2,109,220 pounds per fggatotal nitrogen and approximately
1,851,883 pounds per year for total phosphorus fileton, 2007). The agreement for Phase Il
proposes to resolve temporal issues related tdifdspan of non-point source credits (currently
set for 10 years). The participants in Phaserdlaurrently working to resolve issues concerning
life span and previously banked credits. The agesg also sets a 10 year estuary performance
goal with alternatives established to manage themality trading program. A process will be
determined to reassess and re-model the loadseomstinary if reports suggest that the water

quality is deteriorating (Templeton, 2007).
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Point sources within the Tar-Pamlico Basin meeditrgi program compliance measures
through weekly effluent monitoring for total nitrexg, total phosphorus, and flow. Association
facilities have been performing effluent monitorimgports for nutrients since 1991. The
Association reports monitoring data to NCDWQ antlyudVater quality monitoring is performed
at the standard defined in the NPDES permits feritldividual point sources and as a collective
group. Guidelines have been developed by the NCOW@stimating flow and concentration if
this information is not provided by the point sasdJ. Huisman, personal interview, April 24,
2007).

From a non-point source perspective wetland tedgyohas not been incorporated fully
as a primary method for reducing nutrient loadshimitthe basin, but the methodologies
developed for assessing the progress of nutrieshicteon goals for non-point sources are
applicable to assessing the efficiency and effeass of constructed and restored wetlands as
BMPs. The NCDWQ recognized early on in the Tar-RarWater Quality Trading Program
that measuring compliance with instream loadingdts would have required a very costly and
complex model to estimate the edge of water nontpsource nutrient discharge and nutrient
levels within the instream water column. A sigrdfint amount of quantitative water quality
monitoring over a number of years would be necgssarsupport that type of modeling (J.
Huisman, personal interview, April 24, 2007). Irsgteof that method of monitoring and modeling
the NCDWQ has developed procedures to assess @noplibased on land use modification
accounting methods that provide estimates of néinognd phosphorus reductions based on the
type of BMP that is implemented.

The latest estimates of nutrient removal efficiescare available for point sources and
non-point sources to interpret. The Associatiocuigently involved in estimating the BMPs that

are most cost effective and efficient in the Tamkeo Basin (Tar-Pamlico Association Meeting,
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2007). The NCDWQ has developed estimates of mitriemoval efficiencies based on
monitored stormwater projects developed under grePEmlico and Neuse stormwater rules and

agency research.

Table 7.2. Tar-Pamlico Nutrient Removal Efficieasfor Stormwater BMPs

Practice TN Efficiency (%) TP Efficiency (%)
Wet Pond 25 40
Stormwater Wetland 40 35
Sand Filter 35 45
Bioretention 35 45
Grass Swale 20 20
Vegetated Filter Strip with 20 35
Level Spreader
50-Foot Restored Riparian 30 30
Buffer with Level Spreader
Dry Detention 10 10

(Bennett & Gannon, 2004)

Table 7.2 is the latest assessment developed byVINQDbf approximate nutrient
removal efficiencies. This table has been usedhegy Tar-Pamlico Water Quality Trading
Program to calculate estimates for non-point sogaiution reductions (Bennett & Gannon,
2004).

Other types of tools have been developed to hedpsasnon-point source reductions in
order to solidify the exchange value within theding program. The Nitrogen Loss Evaluation
Worksheet (NLEW) and the Phosphorus Loss Assessiheolt (PLAT) were developed for
nitrogen and phosphorus accounting under the TanliBa@ agriculture rule. The NLEW was
developed as a field-based procedure to estimaages in nitrogen losses from agricultural

management units. PLAT is a similar software paogthat determines the relative phosphorus
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losses from agricultural fields based on site dmeaiformation. Both models use data like
fertilization rates, crop and soil acreages, amsof BMP implementation to estimate nutrient
exports to the Tar-Pamlico Watershed from agricalttand. The models were developed and
designed by groups including: North Carolina Sthteiversity, USDA’'s NRCS, and the

NCDENR. Before these models were developed tratienates for non-point source credits
relied on previous local cost share record and bestessional judgment based on nutrient

reduction literature and documented projects (Gan2003).

Performance Record

From the initial point in time of the creation dfet Tar-Pamlico Water Quality Trading
Program the Association has been able to meetentitreduction goals set by the nutrient cap
collectively through improvements in operationaficééncies. At present, no trades have
occurred between point and non-point sources,HauAssociation did allocate nearly $1 million
to fund agricultural BMPs in anticipation of neeghrpoint source credits in the future. The Tar-
Pamlico Water Quality Trading Program has allowbé #Association to incur substantial
financial savings. Estimates for potential cosis technology upgrades were assessed at $7
million compared to the $1 million investment tresaciation made in non-point source control
(DeAlessi, 2003). The flexibility of the collecgvdischarge goals has provided allocation
maneuverability for the Association. The membeithiw of the Association have been able to
improve treatment efficiencies and devise futuregragde plans for technology so that
improvements in treatment efficiency are cost-dftec(Allen & Taylor, 2000). As opportunities
for cost-effective technology upgrades are exhaudimding will likely occur in the future.
Though, environmentalists have criticized the TarRco Water Quality Trading Program from
the initial start-up phases because many objectorend that the caps were initially set too high

and the nutrient reduction target was set to lovir(ilek, personal interview, April 25, 2007).
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The Association successfully met all the nutrieeduction goals that had been set for
Phase Il, and by 2003 the group had decreasedyertrand phosphorus discharges by 45% and
60% respectively (J. Huisman, personal intervierild24, 2007). After the agriculture rules
were implemented the non-point sources were suftt@ssneeting their nutrient reduction goals
by collectively decreasing nitrogen discharges g64as of 2003 (J. Huisman, personal
interview, April 24, 2007). The watershed wideoef§ to reduce nutrients in the basin have
resulted in the reduction of impaired acreage endhtuary by approximately 90% (J. Huisman,
personal interview, April 24, 2007). In fact, osegment of the Pamlico estuary has been
removed from the 303(d) list for chlorophyll a (US£&, 2005).

The Tar-Pamlico Water Quality Trading Program hesvided flexibility and financial
investment relief for the Association, but theredhdeen significant public investments made in
order to establish the program. The USEPA’s OfafeWNater (2005) compiled a listing of
overall costs of the Tar-Pamlico Water Quality TngdProgram. The NCDSWC contribute
$12.5 million between 1992 and 2003 through thetiNdZarolina Agriculture Cost Share
Program. The Conservation Reserve EnhancementaPnpgdministered by the NCDSWC, has
provided approximately $33 million to the Tar-PamuliRiver Basin since 1998. Over $2.5
million in CWA section 319 expenditures were allchto the program between 1995 and 2003.
This funding from all sources supported a varidtpan-point source projects in the Tar-Pamlico
Basin. BMP implementations, monitoring and modasllg, technical assistance and education,

and program creation and structure development aleseipported by these funding vehicles.

Impediments to Incorporating Wetlands into the
Tar-Pamlico WOQT Program

The Tar-Pamlico Water Quality Trading Program haffesed from economic and

institutional impediments. The Tar-Pamlico Wateral}ty Trading Program has been assessed as
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being successful at reducing nutrient loads, bumtpo non-point trades have not occurred at
present. By 2003, nitrogen had been reduced inTdrePamlico by 34 percent over 10 years
(Gannon, 2003). An institutional structure isisgplace so that this option is available if needed
in the future. Some stakeholders claim that thecess of a trading program should not be
measured by the number of trades taking place @anCpersonal interview, April 24, 2007).
Others have claimed that there have been no ttzetzaise the trading cap has been set too high
(J. Rudek, personal interview, April 25, 2007).fdot, from an economic standpoint the cap must
be set at an optimal level in order to reflect sitar If this does not occur then the correct
allocation of property rights for pollution canrim assigned.

Population growth, intensive agricultural practiceard expanding livestock operations
are engulfing the basin at a rampant pace. Sommiraments have been realized concerning the
ecological quality of the Pamlico Sound, but itingperative that monitoring assessments and
political factors enable future reduction caps &det in the most optimal way to continue to
improve water quality within the Tar-Pamlico Basiftom an economic standpoint further
information is lacking in the program concerning tieduction capabilities of non-point sources
and the positive and negative externalities thataasociated with them. At the present time, the
Association is in the process of funding basin-wstigies to assess the performance capabilities
of various types of BMPs (J. Rudek, personal ingsvy April 25, 2007).

From an institutional standpoint, the NCDWQ has @ahs to develop a more robust
offset rate for exceedences of the phosphorusarapthe agency also plans on creating a better
estimation of the lifespan of current BMPs in thasib that includes the assessment of the
geographic distribution of the projects. The NCDVdlS0 plans on negotiating an agreement
with the Association concerning the payment lontyexdnd credit life initiation of BMPs

implemented within the basin (J. Huisman, persamarview, April 24, 2007). There are not
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any plans by the NCDWQ or the Association to emizeathe importance of incorporating
wetlands technology into the Tar-Pamlico Water @udalrading Program. The program relies
upon the cost share program of the state to defigarpoint source credits through agricultural
BMPs, and at the present time financial estimadesvetland BMPs are estimated to be greater
than other BMP choices. Farmers choose what tgp&MPs they want to install or practice,
and in most cases they will choose the least castlynost productive reducer of nitrogen or
phosphorus. The choice not to incorporate wetldnd$éarmers may be a rational choice, but
there is a level of institutional failure that &vealed from this standpoint at the state levélerg

are not any financial incentives or other markétedr incentives for farmers to choose wetlands
over other BMPs. Funding sources for the farméaig p key role in what type of BMPs they
choose. Funding sources for non-point source temhsgcalso influence the trading program as a
whole. One key factor that hampered the progrdsson-point source nutrient reduction
activities from an economic standpoint during eaidyt of Phase Il was limited funding, or lack
of, resources to facilitate monitoring and verifioa of non-point source BMP implementation
(A. Coan, personal interview, April 24, 2007). Dy Phase | the Association paid for an initial
banking of non-point source credits, but by Phasleat money had already been absorbed. The
Association was not required to pay for credit®hase Il unless the group exceeded its nutrient
cap.

From an institutional standpoint the program hageteed agricultural BMPs as its focus
for non-point source credits. The type of BMP iglig for generating nutrient reduction credits
was intentionally left broad so that farmers wolédable to choose any BMP listed with the cost
share program to generate credits (J. Huismanpipakrsnterview, April 24, 2007). The only
limitation to the use of the cost share programwater quality trading purposes is that with the

agricultural rules for the basin the nutrient rechts from BMP projects designed to satisfy the
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30% total nitrogen reduction required of all agltetal operations cannot also be used to
generate nutrient offset credits. But, there hasbeen a consistent level of monitoring and

assessment of BMPs to verify that the agricultafedets are improving water quality.
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CHAPTER 8

NEUSE RIVER WATER QUALITY TRADING
CASE STUDY

Background

The Neuse River Basin is located in the easterim pfaNorth Carolina that lies directly
to the south of the Tar-Pamlico River Basin anth®north of the Cape Fear River Basin. The
river flows from Raleigh, North Carolina toward thast-southeast and empties into the Pamlico
Sound. The Neuse River Basin covers approxim@gl92 square miles, and portions of the
watershed lie in some of the most densely populateds of North Carolina. One sixth of the
state’s population lives within 19 counties that Within the basin. Approximately 1.5 million
get their drinking water from and/or discharge wasiter in the Neuse River (Neuse River
Foundation, 2007). Of the 9.2 million acres ofdamea within the basin, approximately 490,000
acres are forested wetlands, and about 24,000 aceeson-forested wetlands that include salt

and freshwater marshes (Neuse River FoundatiorY,)200
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= General Map of the Neuse River Basin
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Map 8.1. Neuse River Watershed Map (NCDENR,2007)

In many communities along the Neuse River, popotatgrowth has increased
dramatically as well as an increase in infrastmectneeds. Since the 1950s wastewater
discharges have increased by 650%, and approxynh®€ million gallons of partially treated
wastewater enters the Neuse River each day. Apihasent time more than 400 point source
discharge permits exist for the basin, and appratelg 2 million hogs reside in intensive
livestock operation sites along the river (NeuseeRiIFoundation, 2007). The rapid growth of

population and hog farms within the basin has tedn overloading within the watershed of
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nutrients, especially nitrogen. Nitrogen levelshivi the basin have caused smaller tributaries to
clog up from algae and vegetation growth, and ta¢esof North Carolina has previously
instituted fishing and shellfishing closures beeao$ the monitored high levels of pollution.
Recurring massive fish kills have taken place ie NMeuse River Basin since 1991. In 1991
dissolved oxygen problems and Pfiesteria causee i@t 1 billion fish kills in the watershed
(NCRWA, 2007). By 1995, 1996, and 1997 the AmeriBavers environmental group classified

the Neuse River as on of North America’s most teneed watersheds (Neuse River Foundation,

2007).

Table 8.1. Neuse River Water Quality Trading PaogOverview

Year Watershed Organization Formed 2002

Year Trading Guidelines Adopted 1997
NC Dept. of Water Quality/

Administrative Unit Ecosystem Enhancement Program/
Basin Association
Program Structure In-Lieu-Fee/Exceedance Tax
Pollutant Traded Nitrogen

In 1988 the state of North Carolina developed tigireal Nutrient Management Strategy
(Neuse NSW Strategy). At this time most of therieat problems in the watershed were
occurring in the lower freshwater segments of tiwerrnear the mouth of the basin, and
phosphorus was determined to be the limiting notrf®CDENR, 1998). For many years the
main focus of nutrient reduction was placed on caauphosphorus. During this period of time
specific goals were not established for the reduatif total nitrogen. It was not until 1997 that a
nitrogen trading program was included in the NeR$eer Basin Nutrient Sensitive Waters

Management Strategy. At this point in time theu®shifted from phosphorus to nitrogen, and
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the Agricultural Cost Share Program was identifaesd the primary mechanism for reducing
nitrogen from non-point sources within the basiiThis idea was based on the previously
implemented Tar-Pamlico Water Quality Trading Pamgrcreated just to the north of the Neuse
River Basin where monitoring and modeling during #arly part of the 1990s indicated that
nitrogen appeared to be the more important nutwentpared to phosphorus for the brackish
estuarine waters that formed the river basin.

The first watershed plan for the Neuse River Bags developed in 1993. By this time
it was becoming more and more evident through rani techniques and grab samples that
nitrogen was becoming a major concern along ther.rivThe new plan recommended that the
Neuse Nutrient Sensitive Waters Strategy be ressdedefore it was updated in 1998
(NCDENR, 1998). In 1995 between 20 and 100 milfish were killed in the same areas as the
1991 fish kill event, and this episode providedthar impetus to revise and update nutrient
controls (Neuse River Foundation, 2007). The Nedst&ient Sensitive Waters Strategy was
revised by the North Carolina Department of Wataaly in 1997, and the new version focused
on nitrogen and established the Neuse NutrientiBendVaters Rules. These new rules were
implemented to meet and maintain a 30% nitrogenatiah goal by 2003 while at the same time
retaining the technology-based concentration lifidtgotal phosphorus. The impacts of the fish
kills in the watershed also led to the basin bdistgd on the 303(d) impaired waters list by the
USEPA. In 2001 the USEPA Region 4 approved a Td&timum Daily Load (TMDL) for the
Neuse River Basin (Environomics, 1999).

The Neuse Nutrient Sensitive Waters Rules and #M®0O were developed by North
Carolina in an effort to address the major knownreses of nutrients in proactive manner
(NCDENR, 1998). At the time the TMDL was estabdidhit was estimated that point sources

contributed approximately 24 % of the nitrogen @hdsphorus loading to the estuary. In 1995 it
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was estimated that there were over 111 dischargdseibasin, but 32 discharges accounted for
over 95% of the total phosphorus loading to thaagt(M. Templeton, personal interview, April
25, 2007).

In 1997 more than 600 people participated in thélipuhearing process for the
development of the Neuse River Basin Nutrient SmesManagement Strategy. Point sources
during public hearings expressed concerns thaigestti nutrient allocations would be
burdensomely expensive, and they were interestedonme cost-effective and flexible regulatory
structures (Breetz, 2004). Water quality tradimgpartunities were discussed and the Tar-
Pamlico Nutrient Trading Program, which had entered Phase Il at that point, was used as a
pre-program model for the Neuse Trading Prograne difaft rules were finally brought to the

public for comment before being adopted in DecemliS&y7.

Administration of the Neuse River WQT Program

By 1997 the Neuse River Basin Nutrient Sensitivetéita Management Strategy had
established nitrogen allocations and control oggtitmimprove water quality in the Neuse River
Basin. The strategy included elements of point @®uo non-point source trading for nitrogen
allocations and point to non-point source offsetsiitrogen loading (Breet2004). The strategy
established a group compliance option that inclutiede point source dischargers that released
over 5 million gallons per day. The Neuse Rivernptiance Association (NRCA) was
established in 2002 from this group of dischargans, in 2003 the group was issued a combined
discharge NPDES permit. The 22 member group, pifyneontaining large municipalities, was
allotted a collective NPDES permit for nitrogen édon the sum of the members’ individual
nitrogen allocations established in the TMDL (M.nT@eton, personal interview, April 25,

2007).
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The North Carolina Department of Water Quality (N@R) and the North Carolina
Ecosystem Enhancement Program (EEP) serve as athaiive entities funded by the state to
oversee and assist in the operations of the NeusigeNt Sensitive Waters Strategy. The Neuse
River Basin Rules serve as a regulatory guide donmiance, and it is the responsibility of the
point source or non-point source to demonstrateiemitreductions at the individual or group
level. The total nitrogen limit for the NRCA iseified in the group NPDES permit, but the
NRCA manages the individual discharges of memblersugh an internal fee structure (M.
Templeton, personal interview, April 25, 2007).

Each individual member within the NRCA has beengaesl an allocation that is subject
to change based on the ongoing transactions aftd shicosts of compliance among the other
NRCA members. The individual parties involved witle NRCA monitor discharges and report
individual discharges to the NCDWQ on a monthlyi®asThis type of reporting is done in
accordance with their individual NPDES permits. eTihdividual entities also provide discharge
information to the NRCA, and the NRCA compiles thdividual reports and provides a bi-
annual report to the NCDWQ (M. Templeton, persami@rview, May 25, 2007).

The NCDWQ oversees compliance of the NRCA groupogén cap, but if new or
expanding dischargers cannot secure nitrogen &bmsafrom other point sources within the
NRCA, they can purchase non-point source offsetpdoying into a North Carolina Wetlands
Restoration Fund. Offset payments are paid tdettmsystem Enhancement Program (EEP) that
administers the wetlands fund, and the transactwadgracked by the In-Lieu Fee Coordinator
based in Raleigh, NC. The EEP works with localegaments to identifying potential restoration
projects, and the EEP establishes contracts witiatercompanies to restore or construct wetland
areas. The offset BMP projects are required téobated no farther from the Pamlico Estuary

than the point source discharging entity (S. Klimadrsonal interview, April 25, 2007). Wetland

160



restoration projects are awarded to private cotdradhat have demonstrated partnerships with
EEP. The contractors provide design and constmu@xkpertise, and they are responsible for up
to one year of performance monitoring of the BMP K8mek, personal interview, April 25,
2007). After one year of performance monitoringthg be private contractor the state of North
Carolina takes on the responsibility that the iltetiaBMP will perform at a certain estimated
level. EEP is responsible for monitoring and wenij performance of offsets that have been
created through the in-lieu fee program.

The EEP was created in 2003 by the state of Noatfoliha for the purpose of restoring
and protecting wetland areas and waterways. The &fnbines ongoing wetland restoration
initiatives with the NCDENR and efforts made by tidorth Carolina Department of
Transportation. The U.S. Army Corps of EngineddSACE) also has signed off on the
agreement to coordinate with the EEP. All of thagencies work with the EEP because the
entity is the main operational body for the stateNorth Carolina that deals with wetlands
mitigation banking, in-lieu fee programs for envingental offsets, and other North Carolina
Department of Transportation offset procedureX({Bnek, personal interview, April 25, 2007).
EEP is funded through the in-lieu fees that are paithem for non-point source offsets, through
general tax revenue allocation provided by theestétNorth Carolina, and a direct transfer of tax
revenue per year from the North Carolina Departnoénfransportation (K. Williams, personal

interview, April 25, 2007).

Structure of the Neuse River Water Quality Traddnggram

In 1998 point sources were discharging 4.1 millimunds of nitrogen per year into the
Neuse River Estuary. In order to achieve a 30%atoh set by the Neuse Rules point sources
needed to reduce their nitrogen contribution byrdifion pounds per year. Nitrogen allocated

to individual dischargers was based on the ratitheif permitted flow to the total permitted flow
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of all point sources within the basin (Templeto®02). Before the TMDL process was
concluded the 30% nitrogen reduction goal was éstea through a series of modeling analyses
developed to evaluate the effects of various mittnieduction scenarios. The results from the
models confirmed that the 30% reduction in nitrofem the 1995 baseline for total nitrogen
would be a reasonable initial target for the wditeds(Templeton, 2007).

The 30% reduction target determined the initiahgdtad to set individual nitrogen export
reduction allocations throughout the basin. Lagalernments were assigned a nitrogen export
standard of 3.6 pounds of nitrogen per acre per teaneet the overall load reduction on the
watershed. Non-point source loading for the NeRser Watershed was originally estimated
using export coefficients for different land covigpes. Export coefficients use land cover
information to determine the amount of nitrogen, smme other substance, expected to be
transported from land to water through runoff. LBSIAT imagery was used to interpret land
cover classification through GIS programs for timaet period ranging from 1993 to 1995
(NCDENR, 1998). The modeling revealed that nutrleatls from agricultural operations within
the Neuse River Basin account for more than 50%hefnitrogen load. Point sources were
identified as contributing approximately 24% of thigrogen load, and the inputs came from
urban areas, forested land, and influxes from aatgsns with air (Templeton, 20Q7)

The system established for point source to nontpsdnrce trades in the Neuse River
Watershed can best be described as an exceedan@edtan-lieu fee program. Trading parties
within the basin include members of the NRCA, attyeo discharger holding an allocation, and
other landowners. Landowners may voluntarily p#tte in the trading program, but
agricultural BMPs are not eligible for trading withthis program (M. Templeton, personal
interview, April 25, 2007; J. Huisman, personakintew, April 25, 2007). Non-point source

trades are conducted indirectly through the Norhoina Wetlands Restoration Fund at a fixed
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price of $11 per pound of nitrogen per year. Lamgers who apply for grants from the Wetlands
Restoration Fund in order to establish non-poinire® BMPs are indirect trading partners, but
the responsibility rests with the state for engynnutrient offset projects are implemented and
successful (M. Templeton, personal interview, ARE| 2007).

The original unit offset payment accepted for treude Rules, $11 per pound, was set to
include operation and maintenance of restoringametlareas for 30 years. New or expanding
point sources that belong to the NRCA have thdsebfrates multiplied by 200% to account for
uncertainty (K. Williams, personal interview, Apr25, 2007). Therefore, a point source
discharger in the NRCA that needs to purchase hgeaid nitrogen through the EEP would an
effective fee of $660 per pound. The $11 per poatel was initially assessed by the NCDWQ
with help from environmental economists at Northrdliaa State University (M. Templeton,
personal interview, April 25, 2007). The figure svaased on the cost of restoring degraded
wetlands along the Neuse River. Most recently, dw@x, there have been revisions made to the
offset rate that raises the figure to $57 per poaohditrogen reduced (S. Klimek, personal
interview, April 25, 2007). A shift in focus of éhEEP from site specific wetland restoration to
stormwater BMPs has effectively changed the pritae $57 per pound offset rate reflects the
higher price of this sort of BMP. At the preseme the change from $11 per pound to $57 per
pound has not taken place, and political debatesagoing concerning this issue of increasing
the price per pound of nitrogen in both housesiefMorth Carolina Legislature.

The Neuse Rules also created a mechanism for riah-pource to non-point source
trades. The Neuse Stormwater Requirements (15A GQIQRB.0235) set a nitrogen discharge
standard for local governments based on populati@hgrowth rate. These local governments
are required to develop stormwater management @adshave them approved by the North

Carolina Environmental Management Commission (NCBEMGf local governments do not
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comply with the regulation then they will be subjic NPDES permitting requirements enforced
by the NCDWQ. The regulation is designed to hakp lbocal governments ensure that nutrient
reduction goals are met. Developers have the mpticough these local government entities to
install stormwater BMPs to satisfy standards. €heéevelopers may choose to purchase
stormwater BMPs credits that will meet the allovealadvel, 3.6 pounds of nitrogen per acre per
year, through the EEP program. New developmenthiwithe watershed are required to
implement on-site stormwater controls at leaststuee that nitrogen export does not exceed 6 to
10 pounds per acre per year from residential antheercial properties. Additional purchases of
reduction credit may be purchased through the EERPI1 per pound of nitrogen reduced in
order to meet the 3.6 pounds of nitrogen per aereypar requirement (K. Williams, personal
interview, April 25, 2007).

The trade structure of the Neuse Water Quality ifigadProgram has been constructed
within the water quality protection programs dewpeld by the state of North Carolina. There are
no trading ratios for point to non-point tradest there is a target price per pound of nitrogen
discharged into the watershed. The state provideslinkage between point and non-point
sources and the state of North Carolina assume®spensibility for ensuring that the payments
made into the Wetlands Restoration Fund resultoimpoint source nitrogen reductions. Point
sources within the NRCA provide reporting data et within their NPDES permits, but the
EEP is responsible for verifying reductions froneafic non-point source site nitrogen reduction

BMPs.

Performance Record

The goal of the Neuse River Trading Program wasprvide another option for
achieving regulatory compliance concerning nitrogdlocations (Breetz, 2004). The 30%

reduction goal has been met in recent years byNIREA, and further reductions have been
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discussed as possible goal initiatives throughbeatkasin. (M. Templeton, personal interview,

April 25, 2007) Non-point source loads from agltere have been reduced by considerably and
almost 200 acres of riparian buffers have beenepved along the watershed (M. Templeton,

personal interview, April 25, 2007).

The Neuse Rules that have been enforced by the N@D#\e provided the regulatory
authority to decrease nitrogen levels that have loischarged by point sources within the basin.
This reduction has been measured through NPDEStsepBut, it is too early to tell if the EEP
has been efficient and effective in its role tordase nitrogen loads from non-point sources (M.
Templeton, personal interview, April 25, 2007).

The EEP manages the North Carolina Wetland Regior&und. The EEP uses the fund
to restore and construct wetlands and other BMRsutfinout the watershed. The construction
costs for wetlands can fall into three main categorland acquisition, construction, and
maintenance. Cost estimates compiled by WossinkHamd (2003) (Table 8.2) have been used
by the EEP to develop the following cost estimates various components of wetland
construction. Table 8.2 provides a cost comparigenfour stormwater BMPs for a 10-acre

watershed and the nutrient removal efficienciesaath BMP.
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Table 8.2. Neuse River Cost Comparison of Four Bt 10 Acre Watershed

Bioretention | Bioretention
Practice Wet Pond Wetland Clay Soils | Sandy Soils
6) 6) (%) (%)

Construction Cost 65,357 11,740 124,445 7,843
Annual Maintenance Cost 4,411 752 583 583
Opportunity Cost of Land
($217,800/acre) 43,560 65,340 65,340 65,340
Present Value of Total Cost 146,474 83,486 194,751 78,137
Annualized Cost Per Acre
Watershed 1,721 981 2,288 918
Annualized Cost Per
Pound Nitrogen Removed 61 45 51 20

Impediments to Incorporating Wetlands into the
Neuse River WQT Program

Economic and institutional impediments have beeeaked throughout the Neuse River
Water Quality Trading program. The state of NdZ#rolina has recognized that wetlands play a
valuable role in the removal of nutrients from starater runoff. The state has specifically
targeted wetland restoration and constructionaties as key components of reducing nitrogen
levels within the watershed for this trading pragraThe NCDWQ has provided the enforcement
of the Neuse Rules to set the standard total ritragmoval efficiencies, and the EEP receives
payments for nitrogen discharges that exceed adcamounts. The EEP then proceeds to pay
for wetlands restoration and stormwater BMP comwsimn within the watershed.

The Neuse River Water Quality Trading Program heenlsuccessful at reducing nutrient
loads, but there is still much to be accomplishdd. a seven year period of time from the
implementation of the Neuse Rules the basin hasreeqred a 37% load decrease of nitrogen
(M. Templeton, personal interview, April 25, 2007t the present time no point source to non-

point source trades have occurred because the gftdMerth Carolina acts as an intermediary
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body between the two groups. The state assumesatiigaction burden of trading by collecting
payments from point sources that do not meet #illcations. The transactions that take place
through the state as an in-lieu fee clearinghousepalitically influenced by the setting of the
fixed price for nitrogen reduction. At the preséinte there is a highly contested debate taking
place in both houses of the North Carolina as tatwie true cost of a pound of nitrogen should
be within the Neuse River. This institutional faé to identify the appropriate price for nitrogen
reduction greatly encumbers the program from opeyafficiently.

The Neuse River Water Quality Trading Program aesiglegal requirements at the
beginning stages of implementation to require gertischarge levels from point sources and
non-point sources, but these two groups were negiated as independent trading partners.
Under the Neuse Rules for agriculture, farmersisgiement BMPs voluntarily or participate in
their individual county plans, but they cannot &atirectly with point sources. Trading between
agricultural non-point sources and other point sesirwas not initially authorized because there
was concern in the beginning stages of the proghamnfarmers would not be able to meet their
own 30% reduction goals for nitrogen. Therefotayas believed that these agricultural entities
would not be able to easily generate excess ramhgcheyond their 30% reduction allocations.

The Neuse Strategy has benefited from a signifieamtunt of new resources funded by
the state of North Carolina. The additional furdimas decreased transaction costs for point
sources and non-point sources in the basin, butassignments and responsibilities have been
assumed by state agencies like the NCDWQ and tie HIhe state has become the intermediary
between point sources and non-point sources. Hemyéle significant investments that have
been made into the EEP have made it less likellyghant sources and non-point sources will
directly work together to decrease nitrogen loa@ikere is no incentive for non-point sources to

decrease loads as long as the EEP is responsilpedidding offsets for point source discharges.

167



Therefore, there is no incentive for agriculturpemtions to reduce allocations beyond their 30%
reduction standards.

Population continues to rapidly expand in the NeR$eer Basin and water quality
indicators within the basin still indicate thatithés a nitrogen overload problem that has not been
solved completely. An in-lieu fee structure hasrbarranged by the state of North Carolina to
facilitate trading between point and non-point sesr but there are economic and institutional
issues that have arisen concerning the apprognee price for a pound of nitrogen reduction.
A full cost analysis of this fixed price must besessed in order to fully compensate nitrogen
point discharges with appropriate nitrogen non-poffsets. This price should be determined by
measuring the amount of nitrogen that is reduceddweral types of wetland BMPs that have
been created by the EEP. Then, costs to mairtagetsites and monitor these sites should be
calculated. A price for the number of pounds dfagen removed from the system could be
determined based on these measurements.

At the present time economic information is sewerelcking, there are no precise
measurements of the amount of nitrogen reductian ith taking place within the basin. The
additional state funding used to develop the EEdulshalso be used to assess and verify the
performance of the restored and created wetlaed siithin the basin. Precise monitoring and
verification would greatly improve the ability fpolicy makers to assess the performance of the

EEP and the performance of the Neuse River Watalit®d rading Program.
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CHAPTER 9

CASE STUDY SYNTHESIS

General Overview

The four case studies in this research analysigtiftel some of the key economic and
institutional impediments constraining water quatitading programs that promote point source
to non-point source water quality trades includthgse programs listing wetlands as a BMP
option. Each of the four case studies represeniffeaent way of incorporating a water quality
trading program that includes wetlands nutrientuctidn techniques. The four case studies
analyzed revealed distinctive environmental wateslity stressors and human settlement
pressures with market and institutional constrainfehe watersheds ranged in size from the
smallest, Cherry Creek, at 245,500 acres to aldasillion acres, the Neuse River Basin. All
four watersheds have experienced some extreme fofrnmutrient related environmental
degradation episode or series of hazardous eveatdlte course of several years. Vast fish kills
within each basin have been the most dramatic asfdynd focusing events within the basins to
date. Two programs identified phosphorus as theenshed limiting nutrient to be traded:
Cherry Creek and Lower Boise. The Tar-Pamlico mogfocused both on phosphorus and

nitrogen, and the Neuse program dealt exclusivétly mitrogen (Table 9.1).
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Table 9.1. Pollutant Traded Analysis Matrix

P;:gtrg:n Cherry Creek, CO Lowe:DBmse, Tar-Pamlico, NC Neuse, NC
Pollutant nitrogen & :
Traded phosphorus phosphorus phosphorus nitrogen

Three of the four programs engaged extensively agticultural interests within their
particular trading programs: the Lower Boise, Tla@-Pamlico, and the Neuse (Table 9.2). The
Lower Boise Water Quality Trading Program incorpedathe issues of the various irrigation
districts within the basin while the Tar-Pamlicadadeuse programs accounted for the intensive
hog, poultry, and other livestock operations wittieir basins. The Cherry Creek Basin was
predominantly an urban and suburban environmend, the other three basins continue to

experience increased population growth pressures.

Table 9.2. Eligible Parties Analysis Matrix

Program Lower Boise .
9 Cherry Creek, CO ’ Tar-Pamlico, NC Neuse, NC
Factor ID
Anv entitv in Association
_ Authority members yer i y . members;
Eligible the basin; entry | Association members .
: and other approved | . . agriculture
Parties : into the market and agriculture
authority groups . BMPs not
not restricted allowed

Three of the four watersheds flow through largeytafion growth centers with more
than 200,000 residents: Cherry Creek flows throDghver, Colorado; the Lower Boise River

flows through Boise, Idaho; and the Neuse Rivenflahrough Raleigh, North Carolina. In these
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three areas urban and suburban population growthcigasing at explosive rates. The Tar-
Pamlico River Basin also has seen increased paomulgtowth in cities of Greenville, Rocky
Mount, and Tarboro.

Three out of the four programs had formally formeatershed organizational groups
before they had adopted trading guidelines. ThesRé&Vater Quality Trading Program instituted
trading guidelines in 1997, and then the Neuse rR#empliance Association (NRCA) was
formed after the state of North Carolina allottedddlective NPDES permit to the 22 largest
dischargers within the basin (Table 9.2).

The federal government, USEPA, only played a diret® in developing one of the
programs, the Lower Boise River Water Quality TrgdProgram. The Cherry Creek Water
Quality Trading Program was initially formed thrduthe Cherry Creek Basin Authority. That
entity was created by an intergovernmental agreerard a state statute later provided the
organization with certain water quality protectipowers. The Tar-Pamlico Association formed
from initial stakeholder group meetings held by stete of North Carolina concerning the water
quality issues within the basin. The North Carmalivision of Water Quality (NCDWQ) played
the key role in the developing the Neuse River W@tgality Trading Program because they set
the regulatory discharge constraint (total maximdaily load TMDL) for the basin which

directed the formation of the trading program (Ea®i3).
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Table 9.3. Stakeholders Analysis Matrix

Program Lower Boise .
g Cherry Creek, CO ’ Tar-Pamlico, NC Neuse, NC
Factor ID
Wastewater
Authority, Colorado EPA, IDEQ, Association, NCIJEIEVQ/Q,
Stakeholders State Water Quality ICWC, ISCC, NCDENR, NCDWQ, Associa’Eion
Regulators, Parks, irrigation NCDSWC, '
L A . local
Municipalities districts Environmental
governments
Defense

The Neuse River Water Quality Trading Program & ahly program of the four cases
that has a fully operational TMDL as a regulatoigctarge limiting constraint for point sources
(Table 9.4). The Lower Boise River Water Qualityading Program is expected to phase-in an
operational TMDL sometime within the next year. eT@&herry Creek Program uses a total
maximum annual load (TMAL) criterion. The Tar-P&ul Program has a cap set for nutrients,

but this constraint is not officially recognizedasegulatory TMDL.

Table 9.4. TMDL Status Analysis Matrix

Program Lower Boi .
Fggtgr Cherry Creek, CO ° eID oise, Tar-Pamlico, NC Neuse, NC
TMAL None: loading caps
TMDL imolemented: TMDL currently established for TMDL
Status beinp reassess'e d under review nitrogen and established
9 phosphorus

Differences between the case studies were revealéile many methods of program

administration, structure for trading, and perfong® of different trading strategies. These
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differences can be explained through a distinctaéefactors that include trading drivers like
regulatory TMDLs or other caps on nutrient loadsal culture and politics, investment and
development influence from federal, state, andllgo&ernment agencies, and the creation and
development of water quality trading organizatiotmdies. Further interpretation of the
differences between the four case studies can plaiegd through a discussion and analysis of
the specific economic and institutional impedimettiat hinder the trading programs from
operating effectively or prevent the incorporatiminwetlands into the individual water quality

trading program.

Distinctive Institutional Arrangements

Each of the four water quality trading programss hés own distinct type of
administration. The initial program structure astdkeholder groups helped to define the
administrative units. The Neuse program was d@esl@and is maintained through the NCDWQ
and the EEP. Funding for the program is genertiiexigh nitrogen offset fees and other state
revenues. The state of North Carolina and the daton split responsibilities in the Tar-
Pamlico program. The Association provides fundimgthe North Carolina Agricultural Cost
Share Program, and the state of North Carolinanaassuthe responsibility for providing and
managing non-point source credits. The Authonitythe Cherry Creek program levies taxes,
charges development fees, and issues recreatisnirfesrder to financially support the trading
program, but the state does have some control aangethe Authority because seven members
of the 17 member Authority Board are appointedhgy®overnor of Colorado. The Lower Boise
program initially was funded through EPA and IDEfrgs. These agencies, however, do not
maintain any amount of control over the progranhe TCWC, a non-profit entity, tracks trades

and presents the trade contracts to the correspgrdjencies and general public in a transparent
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way, but contracts between the independent poinces and non-point sources direct the trades

along this watershed (Table 9.5).

Table 9.5. Administrative Roles Analysis Matrix

P;c;gtrz:n Cherry Creek, CO Lowe:I;B 0158, Tar-Pamlico, NC Neuse, NC
Authority State Qf North
responsible for ICWC tr.acll<s Caro_lln_a and _ State of .North
Administrative | trade interactions trades; blnd|_ng Assoman_on_s_pht Carolina
Roles (tracking contracts defl_ne .resfpon5|b|llt|es., through the
enforcement 'credit p(_)mt/non_-pomt (liability for credits NCDWQ and
verificati(;n) interactions rest on cost share the EEP
program)

Dissimilar Trading Structures

Multiple models exist for program structure usedjtide and regulate trading programs,
and the four case studies present the various Weysan be accomplished. The Tar-Pamlico
program in North Carolina established an associatib point source dischargers who were
collectively regulated and allowed to trade amdmariselves to achieve group compliance. The
non-point source entities attached to the estaddistssociation of point sources were arranged
through the state agricultural cost share programe Neuse Program developed a TMDL and
then an association of point sources was formedrdier to meet nutrient reduction standards.
The non-point controls for this program were leftthe EEP to provide for offsetting nutrient
reductions (Table 9.6). Neither of these Northo@iaa trading programs have experienced any
trades to date. The flexibility afforded by theogp compliance option has allowed members

within the Tar-Pamlico and Neuse compliance assoosto trade amongst themselves. Trading
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may occur within these programs as population dnomtessures or agricultural pressures
increase and opportunities for cost-effective tedbgy upgrades are exhausted.

The Cherry Creek program has established a Phomphd@ank and a Reserve Pool to
accomplish non-point source reductions in the hasid the TMAL is set to be reduced by half
sometime in the near future. The LBR program ahtmallows for trades to occur freely between
any potential trading partners. The ICWC is reggito report trades to the regulatory authority

and the general public for review (Table 9.6).

Table 9.6. Program Structure & Market Mechanismalgsis Matrix

Program Cherry Creek, CO Lower Boise, Tar-Pamlico, NC Neuse, NC
Factor ID
In-Lieu In-Lieu
SPtr ogram Brokerage/ Contractual Fee/Exceedance Fee/Exceedance
ructure Clearinghouse Market
Tax Tax
estimated
average
reduction or credits generated point sources
Market Phosphorus Bank on-site on-going basis; point | pay fee to EEP
Mechanisms & Reserve Pool monitoring sources purchase as | ($11 per pound
assessment needed of nitrogen)
through
contracts

A strong determinant for the feasibility of trad=s be the understanding of the nutrient
cap limitations in comparison to the type and nuntdfeexchanges that take place within a given
program. The Cherry Creek trading program illussahis point clearly. The load allocations
were initially assigned to point sources in 1986wing for projected growth capacity. The point

sources have been able to easily operate withingbmpliance limit since the time of allocation,
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and that is why there is no demand for trades.pdist sources continue to grow, it will become
more difficult for them to operate within the sahead allocation limits. It should become
feasible at some future point with the reductiorttef TMAL and the increase in point source
capacity that water quality trades will become eroitally preferable in comparison to facility
upgrades. In contrast to this program there haen mo direct trades in either North Carolina
programs, and the state continues to be resporfsibtdfsetting point source discharges. In the
Lower Boise program it is necessary that the TMDB det at the appropriate level to induce
trading between point sources and non-point sourtfethe level of nutrient loading allowed is
set too high then trading will not occur. Theraumsabsolute need for an appropriate TMDL to be
set in order to reflect scarcity. If a limitatisnot constructed then there will not be a maftet
nutrient reducing credits. The enforcement adtigithat surround the set allocations of nutrient
discharge will also affect participation in tradinglf there is sufficient enforcement of the
discharge limits then there could be an increassrbssity to trade, but if the likelihood of
enforcement is remote then dischargers may decidame the system instead of participating in
the program. The issue is one of in-stream capaaitd if the trading system does not reflect
scarcity then market forces will not operate effedy as a resource allocation medium.

In each of the trading programs studied it was akac that non-point source nutrient
loads exceed point source loads in these basihs. facus of all four programs was to create an
incentive for non-point sources to control thesattiarges through trading the load reductions for
a price that was less than the cost of nutrientgied) technology upgrades for the point sources
within the basin. Non-point sources have sevdgihcentives for participating in a water quality
trading program. They may be able to acquire fire@rgains from the programs, but these gains
also may include the new compliance requirememsuth contracts (in the Lower Boise) or

through state mandated rules (Neuse and Tar-PgmlRegulation of non-point sources may be
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increasingly applicable if reliable methods of moring and verification are developed to isolate
and quantify non-point source load reductions (8&b¥). For a water quality trading program to
work efficiently and effectively a thorough understling of nutrient loading on a watershed

scale is necessary to align the right incentives nfon-point source dischargers to generate

credits.

Table 9.7. Regulatory Context Analysis Matrix

Program Cherry Creek . .
g Yy ’ Lower Boise, ID Tar-Pamlico, NC Neuse, NC
Factor co

State of Idaho Association has State of North

Colorado State has statutory bubble NPDES Carolina has

Requlator regulations trading rules; permit; State of North point source,

Cg y specific to basin; LBR is water Carolina has point storm water,

ontext Lo )

trades managed | quality limited by | source, storm water, and agriculture
by Authority sediment and and agriculture discharge rules

pathogens discharge rules for the basin

Motivation to generate water quality credits witte tincorporation of wetland may be
driven by ancillary benefits to property ownersadizidual non-point source dischargers may
increase the value of their property or profit frother multiple benefits like habitat creation for
hunting or fishing, flood mitigation, or carbon texion. At the present time these multiple
benefits are undervalued or not accounted for envthter quality trading programs referenced.
Though, the Cherry Creek program and the Neusergmodpave focused their programs heavily

on providing the extensive ancillary benefits tbat be provided by wetland areas.

Performance Records

Only one of the four programs has experiencedastlone point to non-point source

trade. The Cherry Creek Program has processedrames that have included the incorporation
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of a restored wetland site and a constructed wetsdie. Through this process the stakeholders
involved in the process quite vividly described khleorious process of applying for, negotiating,
assessing, and monitoring credits. The applicati@gotiation, and assessment of the credits
took place over the course of a year, and the midng for the trades is still taking place to date.
These types of transaction costs are a major detdior trading programs.

The most frequently cited problem discussed byiddals that were interviewed for the
case studies pertained to high transaction coskhiese stakeholders and agency officials
discussed the time consuming and difficult proaafsgaining political acceptance for trading.
Cultural barriers and mistrust from environmentabups and non-point source stakeholders
made initial participation in the programs diffitul Educational efforts were used in all four
programs to instruct stakeholder groups of theidar trading process. The administrative cost
to the regulatory agencies that managed the pragmeas mentioned by stakeholders in both
North Carolina programs and Cherry Creek. Thetlgh@nd expensive process of creating
TMDLs or setting appropriate caps on discharges mvastioned as a high transaction cost, and
the scientific uncertainties in non-point sourcedir evaluation procedures relating to wetlands
nutrient reducing techniques was cited as a sdordaigh transactions cost for all four programs.
Specifically, in the Cherry Creek Trading Programe {TMAL was originally set to allow for
growth and increased capacity, but trades arennluigh demand because point sources can easily
maintain discharges within their allocations. Framinstitutional standpoint the cap (TMAL,
TMDL, or other standard) should be set at a pdiat teflects scarcity. Without this standard
there cannot be an effective market for water tpaliedits. In the Tar-Pamlico and Neuse
Programs the state of North Carolina accepts thaster of liability and the majority of
transaction costs. In the Lower Boise Programitiitéal transactions costs of allocating the

nutrient discharge limits for the TMDL have slowthe process of actual trading.
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Transaction costs occur at every stage of theingagrocess, but the four trading
programs handle these costs differently. The tEpent on permit negotiation, the search for
trading partners, administrative expenditures,gpanent communication between permittees and
government agencies, regulatory staff time, anditoong and verification initiatives are all
handled according to the structure of the prograim.both the Neuse program and the Tar-
Pamlico program the state of North Carolina shaeldenost of the transaction costs through the
North Carolina Agricultural Cost Share Program (flee Tar-Pamlico) and through the North
Carolina Ecosystem Enhancement Program (for thes®&)eu The control and oversight for
environmental accountability in North Carolina these two programs is attained at the expense
of higher staff costs for agency staff. The Asaton in the Tar-Pamlico program helped to
provide funding for additional staff resources fhe North Carolina Agricultural Cost Share
Program, but the Neuse program costs were soledgdban the figure of $11 per pound of
nitrogen removed. In the Cherry Creek and Loweis8@rograms the transaction costs were
mainly shouldered by the point sources that wegeired to meet certain discharge allocations
based on their NPDES permits.

Water quality programs have taken different appneacin dealing with issues of
property rights and transfer of liability. The gtien of who would be liable if a BMP project
fails is addressed slightly differently in eachtloé programs included in the four case studies. In
the Cherry Creek Reserve Pool and Lower Boise progrthe credit purchaser is not offered a
release from liability if the non-point source retian technology implementation is ineffective.
The point sources in these cases may be requiredntinuously monitor and maintain the non-
point source credit site to reduce nutrient loddsthe Tar-Pamlico, Neuse, and Cherry Creek
Phosphorus Bank programs the liability is takerbpm third party. The transfer of liability from

the credit purchaser to the third party (the Sadté&lorth Carolina or the Authority) assists in
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allowing the point source purchasers to rapidlyidwerification needs and transaction costs.
The Cherry Creek Reserve Pool and the Lower Baisgrams expose the point sources to risk.
The risk that these entities take on concerns tiiemthat purchasing water quality credits does
not eliminate the possibility that the same disghaissue could arise again some time in the
future. The purchase does not eliminate their liigbi The additional costs associated with

monitoring and verifying BMPs included with thigty of risk makes the notion of water quality

trading less appealing to point sources.

From a non-point source perspective water quatdgihg programs do not tend to be
structured in a way that compensates credit georsrédr the risks taken to implement BMPs. In
the Lower Boise program non-point sources werednwen by regulation, but these stakeholders
realized the opportunity to improve their propestigh outside funds without having to monitor
or assess reduction loads (R. Finch, personahietgr April 12, 2007). In properly functioning
markets investors build their cost of risk and utainty into the price of their goods. For water
quality trading programs, increased understandfrijeoancillary benefits of BMPs like wetlands
may generate understanding of value beyond watalitgucredit prices. This type of
representation of the implementation may increlhseattractiveness of participating in a trading
program to non-point sources.

The key economic issue that makes water qualitirtgpappealing is the efficiency that
is created when one discharge source is able te nast-effectively reduce its outputs compared
to another source. Without this guideline then pmegram is not financially viable. It is
necessary that economic considerations are incatigubinto performance assessments of trading
programs in order for the programs to be considefetile tools to achieve water quality
standards. The economic trading barriers that wevealed in the case studies presented were

highlighted the economic impediments that werealisced in the literature. The inability to set
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appropriate caps, the inappropriate allocationroperty rights (nutrient allocations set through
TMDLs), the lack of information concerning non-pbgource reductions, inaccurate assessments
of positive and negative externalities, and higimsaction costs were all economic impediments
that were brought forth by the case studies. Tingses of economic barriers prevent equitable
and efficient negotiations from occurring. Negtitias do not occur because the lack of
economic information increases the risk in relatmthe return on investment to the point source,
non-point source, or to both parties.

There are also several political constraints tharewobserved in the case studies
presented that dealt with the institutional settirdfecting the performance of the programs.
Institutional impediments that were identified etliterature were also revealed in the cases,
and are directly related to the economic impedimserithe inability for government agencies to
set caps, the inability to assign property righite, lack of good information, the inability for the
government entity to account for positive and negatxternalities, and the inability to
efficiently manage transaction costs were all ingtnal failures highlighted in the case studies.

One of the institutional impediment examples withile cases dealt with the effective
implementation of the programs. The Cherry CreekhArity was given a statutory mandate by
the State of Colorado to provide for the use oflitrg within the basin. The North Carolina
programs were provided with state regulations artdemt limiting caps in order to direct trading
initiatives. Therefore, from an institutional $edf everything is in place to direct trades based o
water quality regulation. But, as the case studesaled, effective implementation of the
programs did not occur immediately because of figent funding, undeveloped property rights,
lack of political will, or stakeholder inexperienggth the understanding of the water quality

trading concept.
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Impediments to Incorporating Wetlands into a WQddPam

The literature and cases have revealed severalriamioeconomic and institutional
impediments that prevent water quality trading paogs from operating effectively. The case
studies revealed that a water quality trading ntackenot exist without the creation of a market
framework that reflects scarcity. Scarcity caniroposed through the implementation of a cap
(TMDL) that limits the amount of nutrients that da@ discharged into a watershed. This cap that
mirrors resource constraints is absolutely necgseasrder for a market to function.

The case studies revealed that only two point to-paint trades that have occurred
within the four research sites, and both of thesd {place within the Cherry Creek Basin. The
lack of trades is directly related to the lack ofap that is set at a level that reflects artificia
scarcity. If there is no enforceable cap, themetli®no real market for water quality credits.

The case studies also revealed that transactide ptag/ a large role in the operation of
these programs. |If a cap is set and enforced, tf@mrsaction costs are another economic
impediment to trading. At the present time theecstsidies revealed that there is a lack of good
information that assesses the ability of wetlarmlgemove nutrients at the watershed scale.
Monitoring, in order to gather information to lesgeansaction costs, is essentially necessary for
wetlands to perform as nutrient reducing non-peoirce credit generators. Most water quality
trading programs bypass performance monitoringgfeantifying nutrient load reductions from
non-point sources. Instead of monitoring, theseg@ms use conservative estimates derived
from scientific literature of effectiveness of g&yof BMP to reduce nutrient loads. For instance,
a larger amount of wetland acreage may be reqtiradhieve the desired nutrient load reduction
through the conservative estimate compared to kaotoaitoring information targets. Safety
factors are used to increase confidence in perfocmabut this type of conservative estimation is

flawed because there is never a true assessmehe aimount of nutrients that the non-point
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source credit is reducing. The Cherry Creek programa notable exception to this type of

estimation. The Authority requires direct measwetrof nutrient load reduction. This type of

information can be gathered in the basin by crgatifiow and outflow points for a restored or

constructed wetland. The Lower Boise program gisaposed performance monitoring for

constructed wetlands, but this proposal is onlyoption. The alternative choice for non-point

sources would be to earn credits through a ratiovel® by estimation rather than direct

monitoring. The other two water quality tradingogram case studies did not record actual
performance in reducing nutrient loads. The assess of nutrient load reductions from non-

point sources was presumed based on estimatesiatg factors.

An institutional impediment that was discoveredtlgh the case studies, revealed that
the rationale for not monitoring non-point reduntisites is based on the idea that monitoring is
not feasible because accurate measurements camradtaimed from various types of non-point
source BMPs. It also has been assumed that ibie nost effective to overestimate the size of a
particular wetland site (or BMP area) to overcommeastainty rather than to directly monitor.
This institutional assumption may stem from thet fdtat there is a wealth of scientific
information concerning the nutrient removing capiaé$ of various types of wetlands, but the
available information has not been compiled in & wWaat would be useful in determining the
possible performance of restored or constructedand$ in reducing nutrient loads. In the
Lower Boise program case study, the ISCC presetitedopinion that constructed wetlands
should not be used for creating non-point soureeits because at the present time there is not
any watershed scale data on the effectiveness damwis to reduced nutrient loads. Most
information concerning the uncertainties of wetlamdrient reduction capabilities have been
measured at single sites. Many interrelated paemaeed further study in order to better

understand the watershed effects that can altdmexigh the incorporation of restored and
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constructed wetland technology. Some of the patenménclude: specific drainage patterns over
time, relative location of a wetland within the eshed, type of wetland, seasonality dynamics,
and temporal changes in nutrient reduction perfaceaaates with varying loads over time.
Another institutional impediment that was identifiby the case studies dealt with the
assessment of risk and uncertainty. The CherryelCrgrogram case study revealed an
opportunity to reduce uncertainty and increase watgality trading program potential by
establishing objective and reliable means of ddteng performance of restored and constructed
wetlands. The Authority’'s approach is to develapsteeffective guidelines for collecting
monitoring guidelines. The original restored wetla in the Phosphorus Bank have provided
valuable monitoring assessments of wetland capaciv reduce and immobilize phosphorus
loads. The EEP that handles the non-point sowdections for the Neuse program uses a
combination of existing information and new resbatac develop general performance data to
inform the creation of generalized calculation @limes for estimating non-point source
reductions. The EEP acknowledges the dynamic eatuwetlands in the Neuse Basin, and the
agency is involved in assessing nutrient retent@es within the context of the larger geographic
scale (S. Klimek, personal interview, April 25, 200 Additional applications like establishing
baseline nutrient levels and mapping wetland sigkin the watershed should provide better
guantifications of nutrient fate and transport. eT@herry Creek and Neuse program officials
indicated that wetlands were the preferred BMPtHfiose particular watersheds. Both programs
are interested in continuing to promote the incompon of wetland technology into their
watershed water quality trading programs (Table.9.&rom an institutional standpoint, the
Cherry Creek and Neuse programs have identifiedpibstive externalities associated with
incorporating wetlands within their watersheds, th& ancillary benefits that wetlands provide

are either undervalued or non-existent in the LoB@ise and Tar-Pamlico programs. The case
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studies have revealed that is it imperative thatititional arrangements be set in order to
incorporate wetlands into a water quality tradimggoam. Without institutional identification of

the value of these resources the market may fallstinguish these BMPs versus other types of

pollution reduction technologies.

Table 9.8. Future Wetland Incorporation Analysiativk

Program . .
Fagtor Cherry Creek, CO | Lower Boise, ID | Tar-Pamlico, NC Neuse, NC
Future Plans Yes--Authority is Yes--EEP is
o focused on No--Market will No-focus is on focused on
continued use of determine least agriculture BMPs wetland
Incorporate ! - .
wetlands for cost solution to financed by the restoration
Wetlands . . . NN
: . nutrient reduction reducing cost share initiatives
into their : )
and other ancillary | phosphorous loads program; throughout the
Program . .
benefits basin

All four case studies revealed the importance eéndific information in determining
how wetlands reduce nutrient loads within a giveatasshed. The cases brought forth the need
for water quality trading programs to better assess limits concerning the useful life of water
guality credits that have been generated by wetlardarious life spans were discussed in the
trading programs presented, but there may be additiregulatory implications associated with
the wetland areas when credits expire. The patieogition value of the land may be diminished
if the wetland could become regulated under thaCM/ater Act after the useful water quality
credit life is used up. This potential aspect dobé a deterrent of incorporating constructed
wetlands into a water quality trading programs. rtiier policy implications will need to be
addressed by the federal and state governmentmong the incorporation of wetlands into a

water quality trading program. If the policy guides continue to support and encourage the use
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of restored or constructed wetlands in water qualiading programs then the long-term
regulatory implications of this type of inclusionlhneed to be more clearly validated.

Lastly, the case studies did reveal that even witho effective market for trading, there
was evidence that suggested that institutional fileréhat can be gained through cooperation
among various stakeholder groups. Some stakeloldaimed that the success of trading
programs should be measured in more general terstsaid of the number of trades that have
occurred. All four of the cases provided evidesgpporting the idea that very diverse groups of
stakeholders had been brought together to idemt#fgess, and try to solve a severe water quality
problem within a basin. In fact, this benefit afocdination and cooperation was suggested as
being the most successful aspect of the Tar-Pamhegram by a couple of individuals that were
interviewed (A. Coan, personal interview, April 2007; J. Huisman, personal interview, April

25, 2007).
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CHAPTER 10

SUMMARY AND CONCLUSIONS

Summary

The common assumption based on economic theorystmggests that market-based
approaches can be directly substituted for outdateaefficient traditional regulatory procedures
has not been supported by evidence in the caseestptesented. Market based environmental
trading programs are often touted as alternativesdrket regulation, but the markets are only
successful to the degree that there are binding aag allowances that are well defined. Water
quality trading programs require supportive ledisla strong institutions, and effective
monitoring and enforcement procedures to be vialflethe present time an increased level of
administrative intensity for water quality trading necessary because of the high level of
uncertainty of non-point source reductions. Thiadusion follows the transaction costs theory
provided by Williamson (1985; 1996) discussed i literature review.

As the literature suggests and the case studiesleall aspects of markets for water
guality trading are determined by regulatory decisi These markets are not an alternative to
regulation, but rather, a supplement. Public imgolent, statutory requirements, monitoring
assessments, and enforcement actions on the surfagenot be substantially different from
traditional regulatory approaches in the broad ssment of water quality trading programs.
Therefore, the determination of water quality trediwould not be considered a direct
replacement for regulatory requirements. In féog application could be looked upon as an
additional tool to provide watersheds with an aptio provide structure in order to meet or
exceed regulatory standards. A strong institutitmaae is required in order for a water quality
trading program to be implemented within a watetlsh# is absolutely necessary that resource

scarcity be reflected through institutional guideB. The literature and the case studies show the
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importance of defining the enforceable cap thatdsessary in order to create and maintain a
market. Once that base is defined then variougstypf trading structures may form in
accordance with stakeholder demands, desires,ditidad influences.

Water quality trading programs are quite complend ¢he incorporation of wetlands
within the programs increases the complexity in ynasays. Two of the case studies, Cherry
Creek and the Neuse River, illustrated the feasibiff incorporating wetland technology into a
water quality trading program, but there are sdvaspects of these types of programs that may
increase uncertainty and risk factors. The Ch&rgek program requires monitoring and
verification of non-point source reduction credltsit the Neuse River program assesses an $11
per pound nitrogen reduction fee for non-point seunitigation efforts managed by the EEP. If
this price is inclusive of all the costs of restgrior constructing wetland acres then the fee is
compensating for the nitrogen discharges by paotces. If this price is too low then there is a
gap in the funding for wetland restoration and tamtsion initiatives, and funds must come from
other sources.

There are two vague areas concerning the abilityv&dlands to reduce non-point source
nutrient loads. The information gaps that existhiese areas involve the ability to quantify the
performance of multiple wetland areas in reducindriant loads and the ability to interpret
nutrient load reductions by wetlands spatially tigloout a particular watershed. The dynamic
nature of many types of wetlands increases the oty of these ambiguous areas of study.
Many factors influence nutrient removal efficiensithin wetlands and further research needs to
establish wetland monitoring strategies that alfowquality assurance mechanisms. There is
also a need to conduct research on the long-teterofanutrients removed or immobilized using
constructed wetlands and to compile scientific imfation that analyzes the effectiveness of

certain types of wetlands in removing nutrients tredlong-term removal capacity over time.
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The literature review and case studies in this meflastrate the need for additional
policy research for water quality trading progratassuccessfully integrate non-point source

nutrient load reduction through the use of constdievetiands.

Economic Impediments

The setting of a nutrient cap and the allocatibproperty rights is the most important
part of making a water quality trading program efifeely viable. The literature provides
information discussing the importance of settinga@ in order to reflect scarcity, but the case
studies truly reveal that the cap must be seteaioftimal level in order to create demand and
supply within a water quality trading market. Aetpresent time, risk, is entirely assumed by
either point sources or a state. Total maximunlydaads (TMDLs) allocate individual nutrient
loads to point sources, but non-point sources vecene lump allocation. Therefore, point
sources are required to decrease their loads basdddividual allocations while non-point
sources are not responsible for individual load@ike state of North Carolina in the Tar-Pamlico
and Neuse programs accepted the property rightemewbility for decreasing non-point sources
loads. In the Cherry Creek program the respoiisilidr reducing nutrient loads rests with the
Authority. In the Lower Boise program the respbiigy is shared between the point source and
the non-point source through a contractual agreem@ifthough in this program, the property
rights have not been defined because the TMDL badveen adopted. Property rights must be
assigned in order to distribute equitable pollutigits along with liability for failure to decreas
loads. Property rights must be clearly documenniaéports based on a temporal scale. If these
allocations are not arranged then the relationbleigveen a point source’s impairment and the
actual site providing abatement may be unclearability assessments must be distributed to
point or non-point sources as in the Lower Boismymm, or a third party will have to accept the

responsibility. At present, according to the Cl&8ater Act (CWA), the third party must be the
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state in which a program is managed or a statuiody like the Authority in the Cherry Creek
program because point sources cannot transfelityabi

A significant driver that may entice point sourtegpurchase water quality credits is the
precision with which the permittee can meet nutri@iocations through direct purchases. The
traditional option for point sources is to purchasgensive pollution abatement technology.
These costs are often “lumpy.” For instance, tbmtpsource may be required to purchase 50
units of reduction when perhaps only 10 units @&eded. Therefore, water quality trading would
be a viable option because a point source couldhaige 10 units from a point source in order to
smooth out his cost curve. However, the probleat @rises concerns the lack of readily
available information to both credit buyers andessland the assessment of positive externalities
generated by wetlands.

The literature and the case studies revealeddhéte present time there is a lack of
information concerning nutrient reductions by naiAp sources. The information of how
wetlands perform in nutrient reduction is variedbundant performance monitoring data for site
specific areas exists, but the results show widetrans in the ability for wetlands to reduce
nutrient loads. Also, there has not been any whegt scale analysis of how wetlands function to
reduce nutrient loads. Effects of seasonality gggohy, hydrology, wetland type, and scale are
not documented in most watersheds. There is & deshof data on specific functions of wetland
sites, but there are many gaps that are left tdilleel concerning how wetlands remove or
immobilize nutrients. There is also a lack of mf@tion concerning the nutrient removal
capabilities of wetlands over time. It has beetaovered that nutrient removal capabilities may
degrade over time (i.e. Shop Creek at Cherry Crdak) the variations in this process are not
fully understood or explained. Uncertainty in urelending how wetlands remove nutrients

creates risk that is difficult to quantify. In seninstances wetlands may be more easily
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monitored that other BMPs, but design specificaifor wetlands do not guarantee that nutrient
loads will be reduced by an exact amount in allagibns. Without good information directing
the water quality credit exchanges, then therel&la of understanding of what is taking place.
In fact, buyers and sellers cannot assess the cdityrfpounds of nutrient removed) that is being
developed for trading. In order to improve the ensthnding of wetlands ability to reduce
nutrient loads, there is a need to monitor andfweanutrient reduction performance at the
watershed scale.

Nutrient input information for point sources anonfpoint sources is also important to
understand as well as nutrient output. Furthesrmétion is needed to understand the nutrient
output from both point sources and non-point sarc€redits should only be constructed in a
equivalent manner in order to offset point sournselthrges. From a regulatory standpoint there
is a lack of information concerning new technolsgieat might be mandated by USEPA in order
to decrease the influx of hormone inhibitors in thatersheds throughout the country.
Regulations may cause point sources to upgradedémyy that would decrease overall nutrient
loads discharged from these entities. Most pomiree dischargers have not exhausted their
preferable alternatives for nutrient reduction, #mefe is additional regulatory uncertainty in the
knowledge that watershed nutrient criteria are t@wng developed in some states. With this
regulatory uncertainty both point sources and nointpsources could perhaps be taking a risk by
investing in a practice that may change based tientirules that are adopted in the near future.

Non-point source reduction information is impottam order to define the commodity
being traded, but other information is also neagsga order to allow a trading program to
operate efficiently and effectively. At the presdaime wetland performance is typically
estimated or modeled, and ratios are applied irerotd mitigate uncertainty. Methods for

monitoring and verification vary widely throughotite country, and there is no standard
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approach to assess credits. This lack of infonadirastically increases transactions costs. In
the Cherry Creek program there was no standardtevagcount for the restored and constructed
wetland areas that the Arapahoe County Water andtaMater Authority (ACWWA)
implemented. The process of individually applyfog credits from the Authority took a great
deal of time and expense. The Authority did noteha process that allowed for a standard
approach to monitoring and verification, and thisised inefficiency. The Lower Boise and Tar-
Pamlico programs have lists of BMPs that can berparated into their programs. These lists
also provide nutrient reduction levels that areedasn current literature, but these lists are only
estimates. These estimates incorporate safetyrfadiut the commodity is not defined enough in
order to minimize risk and uncertainty. Therefar@re information must be provided to credit
generators and purchasers in order to fully asgkasis being traded.

The final major economic impediment for incorpargtwetlands into a water quality
trading program at the watershed scale deals thieeclby non-point sources to install wetland
BMPs. As mentioned, if wetlands were similar thestnutrient abatement technology then credit
producers would choose from all available BMPs imith trading program in a way that
minimized their cost. These producers would chaestands if they represented the least cost
method of creating credits. In some situationdamels may present the least cost option, but in
the case studies presented the wetlands that vimmesded were not the least cost option. The
wetlands that were restored and constructed inQherry Creek program were expensive
compared to the installation of buffer strips onest BMPs. In the Lower Boise and the Tar-
Pamlico programs other agricultural BMPs like riagje practices were less expensive. In the
Neuse program the focus was on wetland restordtistrat the present time the charge of $11/per
pound of reduced nitrogen does not necessarilypsotate the total cost of restoring wetlands

within the basin.
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From an economic standpoint wetlands could be egipb@ over other types of BMPs.
For instance, the Neuse program specifically fumddand restoration projects through the state
EEP program. There may be other ways of emphasihimimportance of wetland technology in
the reduction of nutrients through trading ratiod anultiple markets. A higher level of certainty
of nutrient reduction that can be gained throughirdlow/outflow monitored wetland (like
Cherry Creek) would yield a lower ratio and a bedttgtimation of the commaodity being traded to
the point source. As well, if credit producers evable to sell different types of functions then
wetlands may be the preferred method of choice wieglicing nutrients in a water quality
trading program. If pollution targets are set matily (TMDLs) and information costs are low
then non-point sources should be able to tradeitsrédr flood mitigation, habitat, carbon
sequestration, etc. By providing a market for soofiethese positive externalities, private
landowners may begin to at least consider usingane$ as nutrient reducing BMPs.

The case studies from the research presented exteadurrent literature to emphasize
the absolute importance of reflecting scarcity with water quality trading program. To do this
there must be a nutrient cap that is set and esddiar a watershed. Secondly, transaction costs
must be minimized with increased monitoring andfigation that improves information about
wetland nutrient reduction capabilities. Lasthe ttase studies revealed that wetlands may not be
chosen as nutrient reducing BMPs based simply eir frerformance. Other BMPs may be
substituted for wetlands. Therefore, at the presene institutional arrangements must be
defined in order to focus attention on wetlandsiatsient reducers as well as producers of other
ancillary benefits. In the future, multiple markéor environmental goods (habitat, flood control,
carbon sequestration) may help to define wetlarsdsha preferred BMP choice for land use

change within watersheds.
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Institutional Impediments

The concept of water quality trading is rootedsettion 402 of the Clean Water Act
(CWA). TMDLs were an original part of the FWPCA dB72, but the application and
enforcement of these standards have been almosexistent to date. As the case studies
verified, water quality trading ultimately depengson a capped nutrient limitation. This cap in
most cases could be a regulatory issued TMDL. WViththis cap, property rights cannot be
allocated and there is a lack of scarcity thakisegated by the manufactured market. Ultimately,
as the case studies have revealed, the institlitiaihare of not being able to correctly set a cap
limitation is the ruin of water quality trading gn@ams. Other economic and institutional issues
become secondary when discussing the importansetohg a cap. It is important to set and
allocate nutrient load caps at the level that isstmequitable to all stakeholders while also
reducing total effluent loads. Demand for watealdy trading credits is absolutely determined
by the initial distribution of rights to pollute dar the initial cap that is set or through chariges
the technology based or water quality based eftlliemtations (TBELs or WQBELS) set by
USEPA or states. Under USEPA all NPDES permitt@est only purchase credits to meet
WQBELs. All NPDES permittees must meet the TBEL#haut the purchase of credits.
Therefore, credit providers (non-point sources) innesable to provide for the level of demand
that exists between these two effluent limitation$§.the WQBELs are not set at a stringent
enough level in order to meet a TMDL then pointrsea can meet their allocation limits without
searching for non-point source credits. This motd meeting allocation limits without the need
for non-point source credits was made very appadretiiree of the four case studies presented.
The Cherry Creek program’s total maximum annuadl IGEMAL) that was set in 1985 was set at
a level that has been consistently attainable, ahgoint source dischargers have met their

allocation load permits since the cap was set.ré’have not been large demands for trades in the

194



Tar-Pamlico or Neuse programs because point soln@es been able to stay well below their
permit allocation loads. The TMDL has not beenicadfly set for the Lower Boise River, but
allocation discussions have taken place since 200@. lack of properly set limit that is equitable
and firm can greatly inhibit a trading program froperating efficiently and effectively. A water
quality credit provider and purchaser have a diffitime planning a production or purchasing
strategy in sizing up the watershed market forieatrreductions when an exact and enforceable
measure is not set. In order to assess demandatier wyuality trading a credit producer or
purchaser must have an intimate knowledge of tlmulatory forces that drive discharge
limitations. If a cap is not correctly allocateadamaintained or if the cap is not enforceable then
there is no demand to purchase nutrient reductiedits.

A second institutional impediment that was highteghby the case study research dealt
with the allocation of property rights and focusenl the transfer of liability. The literature
suggested that environmental trading markets areramtly risky, but the case studies further
clarified the relationship between risk and ligpitoncerning water quality trading markets. The
National Pollution Discharge Elimination (NPDES)és held by point sources does not allow
liability to be transferred to a non-permit holddrhose point sources that purchase water quality
credits do not relieve themselves from the resaitgi of meeting their permit requirements.
The inability to transfer this NPDES liability isne of the issues that face point sources when
dealing with non-point sources. This inabilityalso the reason why most water quality trading
programs can be described as offset programs thsiBérue trading programs. Institutional
arrangements like the state of North Carolina ie frar-Pamlico and Neuse cases and the
Authority in the Cherry Creek case take on theiliigbfor the transactions that take place
between point and non-point sources. The liabifitpever transferred in these programs from

the point source to the non-point source. In tlogvér Boise program the liability is shared
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through a contractual arrangement between the poimtce and the non-point source. In this
scenario the contract provides a safety mecharasrithé point source place some responsibility
on the non-point source to reduce nutrient loaBist, the point source does not entirely transfer
its liability and it is ultimately responsible fias discharge allocations including non-point seurc
credit purchases.

The literature also points to the importance afdiae information in order to direct how
credits are generated from a supply side aftepascemplemented. In theory, institutional forces
are responsible for setting baselines for the atlon of nutrient loads. Baseline allocations are
important in order to determine if the water qualitading program is actually improving the
environment by decreasing nutrient loads on a whesl. The case studies revealed that some
water quality trading programs do not assess laseliiterion before they implement trading
procedures, and in some cases it is not apparanb#iseline assessments and allocations match
TMDL limits. For instance, the Tar-Pamlico prograras the only program out of the four case
studies that initially set baseline conditionsttoe entire watershed. But, the nutrient cap was se
too high and trading did not become feasible. pirogram, however, incorporated the use of a
computer model to assess baseline allocationsthautAssociation members did not demand
water quality credits from non-point sources beeatisey easily were able to meet their
allocation loads as a group. The state of NorttolB& had to develop agricultural rules in order
to decrease nutrient loads from non-point sourosgead of using market forces to drive the
demand for non-point source credits. The agricaltecommunity now has to meet the rules
stipulated by the state while they still may reeesubsidies for implementing BMPs. The Tar-
Pamlico example serves as a reminder of institatidailure, and it demonstrates that if the
correct baselines are not implemented then a aplingram will be inefficient. On the other

hand, in the Cherry Creek program the Authority isélividual baseline assessments for the
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wetland credit generating projects installed by frapahoe County Water and Wastewater
Authority (ACWWA). Both baseline assessments waeasured before installation, and trading
ratios for projects were determined from theselbsesse The accounting for credits in the Cherry
Creek program only assessed individual areas, tadil inot assess the overall change in the
quality of the watershed based on changes incagmbriénrough the additional BMP offsets.
Although in relation to the specific projects, ttestored wetland area did receive a better credit
production ratio as compared to the constructedawet This information serves as an example
of why there is a need for further research tordatee nutrient reduction capabilities of wetland
areas within specific watersheds to distinguishoresl credits from constructed credits during
baseline analyses. The case studies reveal tsaetifes are absolutely necessary in order to
determine that trading is improving the qualitytioé water at the watershed scale.

Another institutional impediment that was revealedhe Lower Boise River and the
Tar-Pamlico case studies is fact that point sousresregulated through the Clean Water Act
(CWA) and the majority of non-point sources are.ndtotential water quality trading credit
providers as revealed in three of the four casdiesupresented are largely members of the
agricultural community. This group waged a longl auccessful battle to exempt themselves
from the regulations of the CWA, and therefore ¢hisrsome apprehension about the regulatory
control that may arrive with the acceptance of dewaguality trading program. The current
political reality is that the U.S. Department of rAglture’s Natural Resources Conservation
Service (NRCS) is charged with supporting consemahrough green payments. Policymakers
at the NRCS view water quality trading markets agg to distribute green payments to benefit
farmers. Point sources may hesitate to particifpapeogram with non-point sources that receive
subsidies to install BMPs. As well, the subsidlest are distributed to potential credit producers

may not be delivered to potential trading partiean equitable way. Therefore, the subsidies
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would decrease the costs for some credit prodwnsiisallow them to sell their credits to point
sources at a lower price compared to other creddyzers that did not receive subsidy payments.

The literature also provides insight as to the irtgoorce of monitoring and verification in
order to assess positive and negative externalitieg, the case studies reveal that monitoring in
most instances does not take place. Some watétyquading programs do not actively monitor
non-point source effluent reductions at all. Sgmegrams like the Tar-Pamlico program spot-
check BMP sites to make sure that they are instgh®perly. The Cherry Creek program
directly monitors inflow and outflow of its wetlangdites. This method of inflow/outflow
monitoring is applicable because of the wetland BM&hd this method may not work for other
types of BMPs like buffer strips, conservationatijé, or other practices. At the present time it is
unclear what level of monitoring is necessary comiog water quality trading in order to provide
a level of confidence to buyers, sellers, and &gu$ while at the same time decreasing nutrient
loads in a specified waterbody. Although monitgrind verification are crucial aspects of a
water quality trading program, monitoring and \viegtion activities do increase transaction costs,
but they reassure the purchaser of credits andepelatory body that the commodity being
traded actually exists. Therefore, some level ohitoring has to exist in order to provide
assurance that the water quality trading prograactsally improving water quality.

The last institutional impediment that was idestifithrough this research dealt with the
focus of institutional structure of the trading gram on wetlands. The literature suggested that,
at present, markets fail to account for the posigxternalities that are associated with wetlands.
The case studies highlighted this market failurd also provided examples of the institutional
failure to account for these public benefits that generated by wetlands. Wetlands have other
functions that directly or indirectly benefit hunsarbut economic theory suggests that credit

producers will not consider these functions becail®y do not affect profit. Therefore,
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“bounded rationality” takes place in programs ltke Lower Boise River. The principal (point
source) contracts with the agent (non-point sou@egcrease nutrient loads by a certain amount.
The agent (non-point source) chooses the firssfsatiory solution to decrease the nutrient level
in accordance with the point-source. Stakeholdethe Lower Boise do not take into account
the positive externalities that are created by ametlareas, and thus this type of approach to
nutrient reduction may be overlooked. The Tar-Raomprogram does not have a preference for
wetland BMPs, and therefore, this type of technglogy be overlooked by stakeholders within
the basin. The Cherry Creek and Neuse prograntifispdy focus on wetland areas, but both of
these programs are managed directly by governngamicees. The government agencies in these
two cases have focused their attention on wetldrsduse of the ancillary benefits that are
provided in conjunction with water quality enhanegm At the present time analysis does not
provide information that suggests that wetlandsld/@lways provide a higher level of certainty
compared to other BMPs when reducing nutrient loa@milarly, the many functions that
wetlands provide cannot be captured in multiplekets: There are not markets in the U.S., at
present, for carbon sequestration, habitat, ordfladtigation. Therefore, with this lack of
information it is important for policymakers to pmibe wetland techniques as a preferred
method of nutrient abatement in order for themedrzorporated within a water quality trading
program.
Conclusions

Water quality trading in the United States islgtil its infancy, and the following

conclusions provide insight concerning the majalleimges that face this innovative approach to

improving water quality.
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Economic Impediments

The central economic issue concerning water quélitgling programs is that there are
not effective market conditions within the cased&ts analyzed to allow for effective trading to
take place. For a water quality trading markeexast their must be a cap that is defined and
enforceable that reflects effective resource starcihe main reason that trading within water
guality markets has not been robust is the fadtttiea costs associated with noncompliance are
not high.

The following discussion of economic impedimentsu® on determining value and risk
associated with strategies that use wetlands taceedutrient loads within a water quality trading
context. These recommendations are incorporataddeess the economic gaps and barriers that
complicate the uncertainties and risks associatéth water quality trading. Economic
recommendations include setting a nutrient capefilect scarcity, a better method of assigning
and enforcing property rights in relation to thé regrient cap, the institutional acts of providing
information and improving regulatory practices, thesessment of the economic functions of
wetlands, and the further research of adoptingipialtnarkets for wetland functions to promote
a credit producer’s ability to sell different credin different markets.

One of the major issues discovered by this reseasah the inability set an optimal
trading cap and to assign property rights from tasip. From an economic perspective a better
method for assigning property rights and assesBatiglity should be adopted. Increased
enforcement activities and stronger penalties @nipsource discharge violations could increase
demands for water quality trading credits, andathacation of property rights at the beginning a
program’s development would help credit producerd purchasers forecast future production

strategies and help to reduce the applicabilitynairket failure. The setting of a cap and the
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allocation of property rights would also allow réajors to better assess reduction capabilities
and the overall performance record of the program.

The improvement of regulatory practices could deseeeconomic transaction costs at
present. Improved monitoring and verification taigiues, improved credit assessments, and
improved credit process negotiation would greatifiaace trade potential if the initial caps are
properly set. The improvements to regulatory pcastwould require investment by government
agencies to increase staff levels and expertiseplgy and standardize policies and practices,
and upgrade equipment. Also, increased focus dhmilplaced on applying current knowledge
of monitoring and verification of wetlands into istiardized procedures at the watershed scale
within water quality trading programs. Therefamgnitoring and verification could have a more
direct impact on the trading ratios that are assigio particular non-point source BMPs.

Assessing the economic value of the functions oflames would provide a more
comprehensive understanding to stakeholders afthreetary worth of the resource compared to
other option values for land use or developmenbefier understanding of how wetlands remove
nutrients is needed. From the literature it isamppt that there is a great deal of informatiort tha
has already been generated concerning the functibnsetlands. Information concerning
nutrient uptake capabilities should be compiled amélyzed. Information gaps should be
identified from this compilation in order to direttte next steps that should be taken to better
define the performance of various types of wetlandgmoving nutrients within specific venues
of the country. This information is vital to defig the applicability of incorporating wetlands
into a specific water quality trading program. \fatjuality trading programs will also require
site specific assessment work in order to incongongetlands in a watershed scale program.

Valuable economic information also could be gaitlecugh the investigation of the

feasibility of making trading credits available fiowltiple environmental amenities. At present,
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markets either undervalue or disregard many enmienal amenities provided by wetlands.
These amenities could be assessed as marketabtaothiies and may include water quality,
flood control, habitat, or carbon sequestratiorhede ancillary benefits could be provided by
implementing restored or constructed wetlands,thed the additional wetland benefits could be
better accounted for. This type of research woetplire the assessment of market valuations of
specific functions over time. Multiple ecologicahlues could increase the opportunity to
improve the return on investment that non-pointrees are able to retrieve based on the
construction of a type of wetland on their properfyhis notion of stacking credits could offset

the lost opportunity costs associated with the nes-of the designated land for other purposes.

Institutional Impediments

Politics determines many of the regulatory fact@msd policies that guide the
administration, structure, and performance of watgality trading programs. Ultimately, it is
institutional failure that causes water quality keds not to succeed. Water quality trading
markets are artificial, and the institutional sttue that directs them is responsible for their
achievements or failures.

Additional focus must be set on defining the carmap limits while allowing these limits
to be adjusted readily in order to adapt to theadyic changes that take place within a particular
watershed. For instance, the TMAL for the Cherrgdk program was set in 1985. It may be
revised within the next year, but the program halsr®t met its chlorophyll a standards. The
political process of setting a TMDL is extremelyng@ex, and arrangements should be made so
that these cap structures should be incrementadljifired based on relevant information that is
derived from ongoing monitoring that takes placthimia particular watershed.

It was revealed through the case studies thateapisent time point sources must share

liability with non-point sources or the state magame liability for non-point source discharge
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reductions. In order to decrease the institutigmablem of liability for water quality trading
programs further policy analysis is recommendedstomate the benefits and costs of modifying
section 402 of the Clean Water Act (CWA) to alloke ttransfer of liability from NPDES
permittees to non-point source credit generators.

Baselines should be set in order to ascertain én@mance of a particular water quality
trading program. Consistent and standardized miong and verification of the water quality
within a watershed as well and individual non-paotrce sites should be a focus of a trading
program. Rules of engagement should be identdaaty in the program, and these rules should
be agreed upon by all stakeholders. Audit planstrna made transparent and implicit in nature
to prevent confusion or misrepresentation. Thigetypf monitoring is necessary in order to
determine the level of water quality before a pangris developed, and it is also necessary in
order to define the water quality trading credadttls created from the reduction of nutrients by a
specific BMP. Wetlands should be incorporatedriteo to assess inflow/outflow BMPs because
of the way in which they can be designed or resto®ther types of BMPs may not be as easily
monitored or verified.

Point sources are regulated and non-point soameesot. Therefore, there is a need for a
binding constraint that ties these two types okeftalders together. A contractual agreement,
like the one proposed in the Lower Boise, is a raadm to achieve this type of constraint.
There are transactions costs associated with tiypss of contracts, but without the transfer of
liability from one entity to the other the contrdot services is the only mechanism to legally
bind the two parties.

If point sources and non-point sources are na¢ &blarrange contracts with each other
then a statutory body or the state must take orrd@bponsibility for reducing non-point source

nutrient loads. Through an open market contracigatement, like the Lower Boise, the non-
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point source is free to choose the BMP that willhtest effective at the lowest cost. At present,
there are not markets to assess ancillary berwfiietlands, and in some cases these BMPs may
not be the lowest cost technologies to reduce enitibads. Therefore it is recommended that
institutions (government agencies) better defire dhcillary benefits that wetlands provide in
order to prescribe or promote their use in wateditutrading programs. This is the case in both
the Cherry Creek program and the Neuse progranstitutionally, beneficial ratios may be
created or other mechanisms could be developedjbyczes in order to differentiate the public
benefits that wetlands provide versus other BMP#. wetland assessments cannot be
accomplished through the institutional venue thiendurrent lack of information about the ability
for wetlands to reduce nutrient loads (as well taeoancillary benefits) will be overlooked by
those landowners. These stakeholders may lookstiifite” their rational decisions by
minimizing their costs in choosing the abatemeahm®logy that reduces nutrient loads, but may

not provide all of the positive externalities tha¢ associated with wetlands.

Conditions under which Water Quality Trading
is a Viable Option

As previously discussed, certain economic andtingtnal components are necessary for
water quality trading market to operate efficierdlyd effectively. Within a particular watershed
there are conditions that must be met before wagiatity trading can be determined to be a
viable option for nutrient reduction. First, theneist be an in-depth understanding of the nutrient
pollution problem within the particular basin. id#t critical that a water quality assessment be
taken throughout the watershed at various pointergphasis. This type of monitoring and
verification is absolutely necessary in order tdirgdethe baseline conditions and the nutrient

reduction cap for a trading program. In fact, tiyise of broad based monitoring throughout the
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watershed is necessary in order to verify the #ffesess of any type of nutrient reduction
program, with or without markets.

Secondly, there is a need to accurately meaststedam capacity. If the monitoring and
assessment of the watershed determines that theaesignificant nutrient problem, then the
amount of nutrient input to the basin from poinig®@s and non-point sources must be identified.
For instance, there needs to be an understandiigeofiutrient load contribution levels from
point sources and non-point sources. Unfortunatelytrient problems are almost always
discovered through tragic environmental focusingnts like fish kills. The understanding of the
specific nutrient problem within a basin couplednwknowledge of where the loads are coming
from would provide a great deal of baseline infaiiora necessary in order to evaluate water
quality trading as a policy option. An optimal aapist be set for critical constituents in relation
to baseline and in-stream capacity information, Hreh ongoing monitoring of the watershed
must take place in order to verify changes to wateity.

The next condition necessary for the assessingptien to incorporate water quality
trading programs focuses on the number and typotantial buyers and sellers of water quality
credits. There must be a certain number of intedegoint and non-point sources within a basin
for a trading program to develop. Point sourcesragulated, and may be required to participate
in a program to meet certain reductions, but nantpgources must participate in a program in
order to decrease significant nutrient load amouwuntisin specific watersheds. A condition that
would greatly increase the option to implement daewauality trading program would be the
incorporation of some type of binding constrairdttlinked point sources to non-point sources.
As previously discussed, transfer of liability issignificant issue for point sources, and more
linkages between these two groups would greatlydwgthe cooperation of participants within a

trading program.
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Another condition that is absolutely necessary dor effective water quality trading
program to become a viable option is the retrieaadl incorporation of better information
concerning non-point source nutrient reductions the present time, as revealed by the case
studies, monitoring and verification is not necefsa condition of incorporating a trading
program. The knowledge of what levels of nutriears being reduced at non-point source credit
sites is essential if the effectiveness of a watelity trading program is to be measured. Better
information for all BMPs is necessary, and wetlastieuld be specifically targeted for further
monitoring research because of possibility of mgagudirect inflows and outflows.

Lastly, both positive and negative externalitiegsinbe considered when assessing the
conditions under which water quality trading isiable option. When a cap is set and enforced,
and monitoring takes place throughout a particbisin, there is still the need to assess the
benefits and costs that are being generated byrtdgram. For instance, if the nutrient levels for
a particular basin are being monitored and thesaasents show that the water quality trading is
reducing nutrient loads then measurements will esgthat water quality has improved. But,
there must also be consideration for the land esalpgical, and hydrological changes that have
taken place within the basin to improve the wataality. Planning decisions must be arranged
before a water quality trading program is adoptedrder to estimate the positive and negative

externalities that would evolve from this type ofipy option.
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Appendix A

List of Individuals Interviewed

Name

Affiliated Trading Organization/Program/Department

Richard Parachini

Colorado Department of Publicltheand Environment

Wilbur Koger

Authority Engineer, Arapahoe County ¥&faand Wastewater Authority

Molly Truijillo

Project Manager, Arapahoe County Waand Wastewater Authority

William Ruzzo

Representative for the Cherry CrealsiB Water Quality Authority

Michelle Wind

Representative for the Cherry Creelsid Water Quality Authority

Brad Crowder

Economist, U.S. EPA Region 8

Jill Minter

Water Quality Trading Coordinator, U.SPA Region 8

Susan Burke

State Water Quality Programs, ldahd.éEnvironmental Quality

Marti Bridges

TMDL Program Manager, Idaho DeptEsivironmental Quality

Robbin Finch Water Quality Manager, City of Boik#aho
Johanna Bell Stormwater Program Coordinator, Clitgaise, Idaho
Bill Stewart Environmental Protection SpecialistSUEPA Region 10

Leigh Woodruff

TMDL Coordinator, U.S. EPA Region 10

Scott Koberg

Idaho Division of Soil and Water Cansdion

David Keil

Representative for the Lower Boise RiVéatershed Council

Ann Coan

Natural Resources Director, North Carofinem Bureau Federation

John Husiman

Environmental Specialist, North CamDivision of Water Quality

Joseph Rudek

Senior Scientist, Environmental Defens

Steve Coffey

Tar-Pamlico River Coordinator, NCDSWC

Suzanne Klimek

Director of Operations, North CaralEcosystem Enhancement Program

Kelly Williams

In-lieu Fee Coordinator, North Caimmd Ecosystem Enhancement Program

Natalie Jones

Conservation Reserve EnhancementaPndganager, NCDSWC

Michael Templeton

Environmental Engineer, Northdliaa Division of Water Quality
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Appendix B

Research Questions for Case Study Interviews
(G. Michael Mikota, 2007)

Resear ch Question:

Is the incorporation of wetlands technology to erdgawater quality trading programs
economically and politically feasible at the waked scale?

Specific | nfor mation Needed:

Background
» History
* Issues

» Driving force for the establishment of trading gyst
e Administrative Unit — oversight

» Stakeholders

e Structure of trading system

Track Record
* # of permit trades (point to point and point to +pmint)
* Water quality impact
* Costs of program

Impediments
* Market failure issues
o Info — current available info — is info readily assible
o Externalities
o Initial distribution of credits
o0 Transaction costs of creating a trading program

» Institutional failure (arrangements/impediments)
o Current transactions
0 Setting of a cap (TMDL, TMAL, etc.)
o0 Starting point for trading between point sourced aon-point sources
(baselines)

Case Specific Questions:

Program Background:
(1) What was the motivation for creating this WQT piagP

(2) What ecological, cost savings, cost postponemefiéxible paths to compliance goals
were set during the initial WQT program creatioscdissions?
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Appendix B (continued)

Research Questions for Case Study Interviews
(G. Michael Mikota, 2007)

(3) Who are the major stakeholders (participants)? tbéde groups belong to certain
associations or other cooperative organizationsrbeghe WQT program was
implemented?

(4) What are the regulatory drivers for the WQT programd how are they enforced?
(TMAL, TMDL, etc.)

(5) Why were wetlands included on the list of BMPs tt@ild be implemented to generate
WQT credits? Were wetlands targeted as a primafi? Bor were they included as
another option for landowners?

Trade Structure Information with Focus on Wetlandedils (Technical and Economic
Performance):

(1) How is a credit determined?

What types of information do credit buyers needtriow from credit producers,
and how can watershed groups or wetland ownersdadkiis information? Are

credits weighted by performance? Are there angntiges to choose one BMP
over another? (cost, performance, other benefits?)

(2) What types of trading ratios or other mechanismesraplemented in order to
deal with uncertainty?

How are credits verified? Are credits needed yeand? How do we account
for seasonality (dependent upon region or rair#fallAre spikes allowed in
nutrient loads during winter months when BMPs (amds) are not functioning
as sinks?

(3) How are Equivalency, Additionality, and Accountéyil (Fang and Easter, 2003)
standards used to make the program efficient?

Equivalency: Temporal, spatial, or chemical digferes?

Additionality: Prevention of double counting byseming that a nutrient control
activity counts toward only one objective if muldmbjectives are met.
Accountability: What types of monitoring and ovglg techniques are used to
ensure proper implementation of all program reguésts?
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Appendix B (continued)

Research Questions for Case Study Interviews
(G. Michael Mikota, 2007)

(4) What is the market structure of the program and wias this structure chosen?
(bilateral, clearinghouse, third party brokers,)etc

Does the type of market structure play a role inding together point sources
and non-point sources? What are some of the merhanused for trade

identification and communication? (education, eath, third party facilitation,
incorporation of evolved watershed groups)

(5) Is there a WQT program watershed administratiogomerning body? (an authority or
local agency?)

Does this (or would this) type of administrativeeagy improve the efficiency
and effectiveness of the program? Would this typentity be needed if trade
levels increased and more activity took place?

Outcomes with Focus on Wetland Incorporation (Adstiative Performance):

(1) What types and volume of trades have occurredhamdmany trades have included
wetlands?

(2) What have been the administrative costs for imptemg and maintaining this program?

(3) Have there been any realized cost savings?

(4) Has the program achieved the goals that were skeibeginning?

Organization (Federal, State, or L ocal Gover nment) Specific Questions:

(1) Are there better alternatives for improving wateality at lower costs then WQT? (If so,
what are they? Do they allow for less uncertaimiyt ask?)

(2) What types of binding constraints will be necesgarynk point sources to non-point
sources?

(3) At the present time there is no standard appraagetformance monitoring for wetland
nutrient reduction. Methods and metrics vary widélVould a type of standardization
assessment technique be beneficial in assessiggapnaequirements?

(4) How are monitoring and verification costs (and ot@ministrative costs) paid for?
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Appendix B (continued)

Research Questions for Case Study Interviews
(G. Michael Mikota, 2007)

(5) Please describe any program obstacles that havesigeficant to date?

(6) What level of non-point source involvement has beatized, and what types of
incentives are in place to engage those individinaisading?

(7) Are wetlands a preferred type of restored BMP faunyorganization versus others
(buffer strip, no-till, etc.)? Based on your knedtje of this watershed, do you think that
stakeholders would be inclined to implement a restavetland BMP versus some other

type?

212



LITERATURE CITED

Adler, R. W. (1994). Reauthorizing the Clean Waet. Looking to tangible valueswWater
Resources Bulletin, 88), 799-807.

Anderson, T. L., & Snyder, P. (199T)ater Markets: Priming the invisible pumpVashington,
DC: The Cato Institute.

Andersson, F. (1997). Small pollution markets: Bifald permits versus revelation mechanisms.
Journal of Environmental Economics and Managenf&2{t,), 38-50.

Antweiler, R. C., Goolsby, D. A., & Taylor, H. EL995).Nutrients in the Mississippi River.
Contaminants in the Mississippi Riv€U.S. Geological Survey Circular 1133). U.S.
Department of the Interior.

Baumol, W. (1972). On taxation and control of entdities.American Economics Review,,62
307-322.

Bavor, H. J., Davies, C. M., & Sakadevan, K. (20@tprmwater treatment: Do constructed
wetlands yield improved pollution management penfmmce over adetention pond
system2Water Science and Technology, 44-12.

Belmont, M. A., Cantellano, E., Thompson, S., Vdiltison, M., Sanchez, A., & Metcalfe, C. D.
(2004).Treatment of domestic wastewater in a pilot-scakeiral treatment system in
Central MexicoEcological Engineering, 43-5), 299-311.

Bennett, B., & Gannon, R. (2004)pdates to stormwater BMP efficiencies, memoranttum
local programs, Neuse and Tar-Pamlico stormwatéesuNorth Carolina Division of
Water Quality. Retrieved from http://h20.enr.state us/nps/documents/
BMPNutrientRemovalEfficiencis_001.pdf.

Bowden, W. B. (1987). The biogeochemistry of nigngn freshwater wetlands.
Biogeochemistry,,4313-348.

Braskerud, B. C. (2002). Factors affecting nitrogetention in small constructed wetlands
treating agricultural non-point source polluti&tological Engineering, 18), 351-370.

Breetz, H. L., Fisher-Vanden, K., Garzon, L., Ja;dt, Kroetz, K., & Terry, R. (2004Water
quality trading and offset initiatives in the U.&. comprehensive survepartmouth
College Hanover, NH. Retrieved from hppt://wwwidasuth.edu/
~kfviwaterqualitytradingdatabase.pdf

Buchanan, J. M., & Tullock, G. (1975). Pollutersofit and political responseAmerican
Economic Review, 63.39-47.

213



Bystrom, O., Andersson, H., & Gren, |. (2000). Bmavic criteria for using wetlands as nitrogen
sinks under uncertaintizcological Economics, §5), 35-45.

Canfield, T., Burden, D., Schubauer-Beigan, J., 8mR., Heberling, M., Franz, W., Hurld, K.,
Minamyer, S., & Mikota, M. (2006, FebruaryThe role of wetlands in water quality
trading. Research Planning Conference of the Environmé&tzsiection Agency, ORD,
Chicago, IL.

Cherry Creek Basin Water Quality Authority. (20020006 Annual Report on Activities
Retrieved from hppt//www.cherrycreekbasin.org/pti#@yCk2005 %20AnnRpt.pdf

Chesapeake Bay Commission. (20@902 Annual ReporRetrieved from
hppt://www.chesbay.state.va.us/CBC%20annual%20t#ae2002. pdf

Coase, R. (1960). The problem of social cadsturnal of Law and Economics, B3-44.

Colby, B. (1995). Regulation, imperfect markets] tnansaction costs: The elusive quest for
efficiency in water allocation. In D. W. Bromlekd.), The handbook of environmental
economicsCambridge, MA: Blackwell Publishers.

Collinge, R., & Oates, W. (1982). Efficiency inlfution control in the short and long runs: A
system of rental emission permit$he Canadian Journal of Economics, B86-354.

Cooper, P. F., & Findlater, B. C. (1990, Septemb@onstructed wetlands in water pollution
control. Proceedings of the International Conference onuke of Constructed
Wetlands in Water Pollution ControlCambridge, UK.

Costanza, R., d’Arge, R., de Groot, R., et al. {d9%he value of the world’'s ecosystems and
natural capitalScience, 387253-60.

Christensen, N. L., Bartuska, A. M., Brown, N.Jar@enter, S., D’Antonio, C., Francis, R., et al.
(1996). Report of the Ecological Society of AmariCommittee on Scientific Basis for
Ecosystem Managemefiicological Applications, §5665-691.

Crutchfield, S. (1994). Water qualit&gricultural Resources and Environmental Indicators
(Agricultural Handbook Number 705). Washington,:D@SDA, EconomidResearch
Service.

Dales, J. H. (1968). Land, water and ownersi@panadian Journal of Economics,791-804.

Daily, G. C., & Ellison, K. (2002)The new economy of nature: The quest to make c@tism
profitable Washington, DC: Island Press.

Day, J. W., Ko, J. Y., Rybczyk, J., Sabins, D., BeR., Berthelot, G., et al. (2004). The use of

wetlands in the Mississippi Delta for wastewateiragation: A review. Ocean &
Coastal Management, 4871-691.

214



DeAlessi, M. (2003). Removing muck with marketsc#se study on pollutant trading for cleaner
water. Policy Brief to Reason FoundatiorRetrieved from http:// rppi.org/pb24.pdf

DeBusk, W. F. (1999N\itrogen cycling in wetlandsainesville, FL: University of Florida,
Institute of Food and Agricultural Science.

DeLaney, T. A. (1995Benefits to downstream flood attenuation and watelity as a result of
constructed wetlands in agricultural landscap@serican Farmland Trust.

Dierberg, F. E., DeBusk, T. A., Jackson, S. D.n@tey, M. J., & Pietro, K. (2002). Submerged
aguatic vegetation-based treatment wetlands foovarg phosphorus from agricultural
runoff: Response to hydraulic and nutrient loadigater Research, 3@409-1422.

Elias, J. M., Filho, E. S., & Salati, E. (2001) rléemance of constructed wetland system for
public water supplyWater Science and Technology, 44-12.

Environmental Law Institute. (2009)lational forum on synergies between water qualéging
and wetland mitigation markindretrieved fronhttp://www?2.eli.org/research/
wqt_forum.htm

Environmental Trading Network. (200&)otes from the" National Water Quality Trading
ConferenceRetrieved from http://www.envtn.org/WQTconf_méitm

Environomics (1999). A summary of U.S. effluent trading affset projects. [A report
prepared for Dr. Mahesh Podar, U.S. Environmentateetion Agency. Office of
Water]. Retrieved from http://www.epa.gov/owow/wateed/trading/ traenvrn.pdf

Ewel, K. C., & Odum, H. T. (1984)Cypress swampsGainesville, FL: University of Florida
Press.

Faeth, P. (2000)Fertile ground: Nutrient trading’s potential to dosffectively improve water
guality. Washington, DC: World Resources Institute.

Fang, F., & Easter, K. W. (2003, Julypollution trading to offset new pollutant loadings:
case study in the Minnesota River Bastresented at American Agricultural Economics
Association Annual Meeting, Montreal, Canada.

Fang, F., & K.W. Easter. (2005, June). Polluti@ing to offset new pollutant loadings: A case
study in the Minnesota River Basidournal of the American Water Resources
Association

Faulkner, S. P., & Richardson, C. J. (1989). Rialsind chemical characteristics of freshwater
wetland soils. IrConstructed Wetlands for Wastewater Treatment-Mpleicindustrial
and Agricultural Chelsea, MI: Lewis Publishers.

Fausold, C. J., & Lilieholm, R. J. (1999). The momic value of open space: A review and
synthesisEnvironmental Management, (33, 307-320.

215



Fisher, J., & Acreman. M. C. (2004). Wetland nutniemoval: A review of the evidence.
Hydrology and Earth System Sciencdd)8673-685.

Forbes, S. A. (1887). The lake as a microcoBull. Sci. Asso¢Peoria, lllinois. Pp. 77-87.
Reprinted inllinois Nat. Hist. Survey Bulletin, 18), 537-550.

Fullerton, D., & Stavins, R. (2000). How economist® the environment. In R. Stavins (Ed.),
Economics of the Environmemew York: Norton.

Gangadharan, L. (2000). Transactions costs in fiatiumarkets: An empirical studizand
Economic, 7¢4), 601-614.

Gannon, R. (2003)Request for approval of local nitrogen strategi@s-Pamlico agriculture
rule: A report to the NC Environmental Managemeatr®nission from the Tar Pamlico
Basin Oversight CommittepNVQC Item no. 3 NCEMC Item no. 03-38]. Retrievieoin
http://h20.enr.state.nc.us/nps/.

Gannon, R. (2005 ar-Pamlico nutrient sensitive waters implementastrategy: Phase I,
[NCEMC Agenda Item No. 0511]. North Carolina Diais of Water Quality. Retrieved
from http://h20.enr.state.nc.us/nps/documents/IRgteementFinal4-05.pdf

Gathumbi, S. M., Bohlen, P. J., & Graetz, D. A.¢2p Nutrient enrichment of wetland
vegetation and sediments in subtropical pastused. Science Society of America
Journal, 69 539-548.

Goolsby, D. A., & Battaglin, W. A. (1997). Effeat$ episodic events on the transport of
nutrients to the Gulf of Mexicd?roceedings of the First Gulf of Mexico Hypoxia
Management Conferen¢EPA-55-R-97-001, pp. 144-145). December 5-6, 1995
Kenner, LA: Gulf of Mexico Program Office.

Gould, J. R. (1977). Total conditions in the anialydg external effectd£conomic Journal, 87
558-563.

Hahn, R., & Hester, G. (1989). Where did all thekets go? An analysis of EPA’s emissions
trading programYale Journal on Regulation, 1609-153.

Hammer, D. A. (1989)Constructed wetlands for wastewater treatment mpaicindustrial and
agricultural. Chelsea, MI: Lewis Publishers.

Hammer, D. A. (1992)Creating freshwater wetlandBoca Raton, FL: Lewis Publishers.

Harding, D. (1990). Tar Pamlico nutrient sensitiveters management strategy (NWQEP Notes,
Number 44). National Water Quality Evaluation Roj North Carolina Agricultural
Extension Service.

Heberling, M., Thurston, H., & Mikota, M. (2007,nlaéFeb.). Incorporating wetlands into water
quality trading: Economic consideratiomational Wetlands Newsletter, 29.

216



Hey, D., Kostel, J., Hurter, A., & Kadlec, R. (2Q0Butrient farming and traditional removal:
An economic comparisor(Final Report. 03 WSM-6CQO). Alexandria,VA: \Eat
Environment Research Foundation.

Hey, D. (2002). Nitrogen farming: Harvesting a éiffint crop. Restoration Ecolody), 1-10.
Hey, D., & Philippi, N. (1999)A case for wetland restoratiohNew York:John Wiley.

Horan, R., & Shortle, J. (2005). When two wrongkena right: Second best point-nonpoint
trading ratiosAmerican Journal of Agricultural Economics,(8), 340-352.

Huang, J., Reneau, R. B., Jr., & Hagedorn, C. (RA9iirogen removal in constructed wetlands
employed to treat domestic wastewaWater Research, 88), 2582-2588.

Huett, D. O., Morris, S. G., Smith, G., & Hunt, (2005). Nitrogen and phosphorus removal
from plant nursery runoff in vegetated and unvetgetaubsurface flow wetlanda/ater
Resources, 334), 3259-3272.

Hunt, P. G., & Poach, M. E. (2001). State ofdhefor animal wastewater treatment in
constructed wetlands/Vater Science and Technology(#%-12), 19-25.

Hunt, R. J., Krabbenhoft, D. P., & Anderson, M(F296). Groundwater inflow measurments in
wetland systema/Nater Resources Research(32495-507.

Idaho Department of Environmental Quality. (20@1wer Boise effluent trading demonstration
project, (2 Annual Status Report). Retrieved from http://wwegd
state.id.us/water/data_reports/surface_water/tbmistiver_lower/boise_
river_lower_effluent_statusO1.pdf

Idaho Department of Environmental Quality. (20@®)osphorus total daily maximum load for
Lower Boise River(Lower Boise River Water Quality Plan). Retrievfeain
http://mwww.lbrwgp.boise.id.us/phos_tmdl.htm

Jaksch, J. (2000). Appendix D, Rahr Malting. InLRKerr, S. J. Anderson, & J. JakschNine
Case Studies, Appendices (Ackrr, Greiner, Anderson & April, & Battelle)Pacific
Northwest Division. Retrieved from http://www.napast.org/
pc_economy_environment/learning_texts.html

Jing, S., Lin, Y., Wang, T., & Lee, D. (2002¥licrocosm wetlands for wastewater treatment
with different hydraulic loading rate and macromsy/tJournal of Environmental
Quality, 31, 690-696.

Johnston, C. A. (1991)Sediment and nutrient retention by freshwater welda Effects on
surface water qualityEnvironmental Control, 12491-565.

Kadlec, R. H., & Knight, R. L. (1996).reatment wetland€8oca Raton, FL: Lewis Publishers.

217



Kashmanian, R. M., Podar, M. K., et al. (1995). Tise and impact of intraplant trading in the
iron and steel industry to reduce water pollutidine Environmental Professional, (47,
309-315.

Kerr, R. L., Anderson, S. J., & Jaksch, J. (200Djoss cutting analysis of trading programs:
Nine case studiesPrepared for the National Academy of Public Adistration.
Retrieved from http://www.napawash.org/ pc_econoemyironment/epa0601.pdf.

Kieser, M. S. (2003, Septembe¥)arket approaches for environmental improvements:
Opportunities in the Great Lakes Region and beydpiisented at the Forum on
Environmental Markets in the Potomac Basin hosteBriends of the Potomac and the
Environmental Finance Center. Washington, DC.

King, D. M. (2005). Crunch time for water qualttading. Choices Magazine, 20), 71-75.

King, D. M., & Kuch, P. J. (2003). Will nutriettading ever work? An assessment of supply
problems, demand problems and institutional obstacinThe Environmental Law
Reporter. Washington, DC: Environmental Law Institute.

Klomjek, P., & Nitisoravut, S. (2005). Constructieeatment wetland: A study of eight plant
species under saline conditiorShemosphere, §8), 585-593.

Klopatek, J. M. (1978) Nutrient dynamics of freshwater riverine marshes e role of
emergent macrophytes. Fmeshwater Wetlands: Ecological Processes and Marant
Potential. New York: Academic Press.

Kneese, A. V., & Schultze, C. L. (197%Bollution, prices and public policyWashington, DC:
Brookings Institute.

Knight, R. L., Payne, V. W. E., Borer, R. E., CleyR. A., & Pries, J. H. (2000). Constructed
wetlands for livestock wastewater managemgaotlogical Engineering, &), 41-55.

Knopman, D. S., & Smith, R. A. (1993). 20 Yeafst® Clean Water ActEnvironment, 3@),
17-20, 35-51.

Kydland, F. E., & Prescott, E. C. (1977). Ruledeatthan discretion: The inconsistency of
optimal plans.Journal of Political Economy, &8), 473-491.

Lee, G. F., Bentley, E., & Amundson, R. (1975JfeEts of marshes on water quality. In
Coupling of Land and Water System¢ew York: Springer-Verlag.

Lefor, M. W., & Kennard, W. C. (1977)nland wetland definitiongReport No. 28). Storrs,
CT: University of Connecticut, Institute of Wateegdurces.

Leitch, J. A., & Fridgen, P. (1998). Functions atadlies of prairie wetlands: Economic realities.
Great Plains Research(B), 157-168.

218



Lewis, W. M. (2001).Wetlands Explained: Wetland science, policy anddip®in America
New York: Oxford University Press.

Lin, Y-F., Jing, S-R., Wang, T-W., & Lee, D-Y. (2BD Effects of macrophytes and external
carbon sources on nitrate removal from groundwateonstructed wetlands.
Environmental Pollution, 118), 413-420.

Luederitz, V., Eckert, E., Lange-Weber, M., Lange,& Gersberg, R. M. (2001). Nutrient
removal efficiency and resource economics of valfiow and horizontal flow
constructed wetland€=cological Engineering, 8), 157-171.

Mayo, A. W., & Bigambo, T. (2005). Nitrogen trédmsmation in horizontal subsurface flow
constructed wetlands I: Model developmédtttysics and Chemistry of the Earth(B0),
658-667.

McCarthy, M., Dodd, R., Tippett, J. M., & Harding, (1996, June). Cost-effectiveness and
targeting of agricultural BMPs for the Tar-Pamlimatrient trading program. In the
Proceedings of the Watershed 1996 Moving Aheadtheg&echnical Conference and
Exposition Baltimore, MD. Retrieved from http://www.epa.vgowowwtrl/watershed/
Proceed/mccarthy.html.

McKnight, S. K. (1992). Transplanted seed bankease to drawdown time in a created
wetland in East TexasVetlands, 14159-165.

Michigan Department of Environmental Quality (DEQR002). Water quality trading rules
executive summaryRetrieved from http://www.michigan.gov/
printerFriendly/0,1687,7135-3313 3682 3719-14329-html .

Mitsch, W. J., & Gosselink, J. G. (2000)Vetlands (3% ed.). New York: Wiley & Sons.

Mitsch, W. J., & Wilson, R. F. (1996). Improvitige success of wetland creation and
restoration with know-how, time and self-desigeological Applications, @), 77-83.

Mlot, C. (1997, September 27). The rise in tdides. Science New£02-204.

Mueller, D. K., & Helsel, D. R. (1996)Nutrients in the Nation’s Water — Too Much of a @oo
Thing? (U.S. Geological Survey Circular 1136). U.S. Dépent of Interior.

Neuse River Foundation. (2007). Retrieved from:Httvw.neuseriver.org/.
North Carolina Department of Environment and NdtResources (NCDENR). (1998Neuse
River Basinwide water quality plaRetrieved from

http://h20.enr.state.nc.us/su/Neuse_ NSW_Managei@gategy.htm

North Carolina Riverkeepers Watershed Alliance (NOR. (2007). Retrieved from
http://www.riverlaw.us/fishkills.html

219



National Wetlands Policy Forum (NWPF). (1987). teating America’s wetlands: an action
agenda. Washington, DC: The Conservation Founnlati

Odum, W. E. (1989). Predicting ecosystem develaprfadlowing creation and restoration of
wetlands. In J. Zelazny & J. S. Feierabend (E@getlands: Increasing Our Wetland
Resourcegpp. 67-70). Washington, DC: National Wildlife Fesdtion.

Pigou, A. C. (1920).The Economics of Welfard.ondon: Macmillan.

Poach, M. E., Hunt, P. G., Vanotti, M. B., Stone &, Matheny, T. A., Johnson, M. H., &
Sadler, E. J. (2003). Improved nitrogen treatnignt constructed wetlands receiving
partially nitrified liquid swine manurd=cological Engineering, 2@), 183-197.

Portney, P. R., & Stavins, R. N. (200®ublic policies for environmental protection
Washington: RFF Press.

Rabalais, N. N., & Nixon, S.W. (2002). Nutriente;xenrichment of the coastal zofsstuaries,
25, 497.

Rabalais, N. N., Turner, R. E., & Wiseman, W. d.,(1997). Hypoxia in the Northern Gulf of
Mexico: Past, present and future (EPA-55-R-97-@il,25-36). Proceedings of First
Gulf of Mexico Hypoxia Management ConfereBeeember 5-6, 1995. Kenner, LA.
Gulf of Mexico Program Office.

Raffini, E., Hall, L., Hurld, K., Hough, P., Robsadn, M., & Mikota, M. (2005, JulyNational
forum on synergies between water quality tradind aetlands mitigation banking
Washington, DC: Carnegie Endowment for Internatiéteace Conference Center.

Raffini, E., & Robertson, M. (2005). Water quglitading: What can we learn from 10 years of
wetland mitigation bankingNational Wetlands Newsletter, (&7, 3.

Reed, S., & Brown, R. (1991). Constructeetland design the second generati@#" WPCF
Annual Conference & Exposition.

Reinartz, J. A., & Warne, E.L. (1993). Developmefitegetation in small created wetlands in
southeastern WisconsiiWetlands, 1), 153-164.

Robertson, M., & Mikota, M. (2007). Water qualitading and wetland mitigation banking:
Solving different problems; Taking different patid¢&tional Wetlands Newsletter, (29.

Rose-Ackerman, S. (1973) Effluent Charges: Aidire. The Canadian Journal of Economics,
6, 412-528.

Ross and Associates Environmental Consulting, (20800). Summary of participant
recommendations for trading framewotlower Boise River Effluent Trading
Demonstration Project. Retrieved from http://wwvgcate.id.us/water/
data_reports/surface_water/tmdls/bois_river_lowmsé river_lower_effluent_
report.pdf

220



Sakadevan, K., & Bavor, H. J. (1998)utrient removal mechanisms in constructed wetlams
sustainable water managemafater Science Technology,,421-128.

Schulz, C., Gelbrecht, J., & Rennert, B. (2003gafment of rainbow trout farm effluents in
constructed wetland with emergent plants and sfdseihorizontal water flow.
Aquaculture, 21{1), 207-221.

Shaler, N. S. (1890)General Account of the freshwater morasses of thieedStates, with a
description of the Dismal Swamp District of Virgirand North CarolingU.S.
Geological Survey, T0Annual Report 1888-1889, pp. 255-339). Washingid,

Simon, H. A. (1957)Models of ManNew York: Wiley.

Smayda, T. J. (1989). Primary production and tledal epidemic of phytoplankton blooms in
the sea: A linkage@oastal and Estuarine Studie3s.

Stavins, R. (1995). Transaction costs and tradadenits.Journal of Environmental Economics
and Management, 2933-148.

Stavins, R. (1998). What can we learn from the dpaolicy experiment? Lessons from SO2
allowance tradingThe Journal of Economic Perspectivé®(3), 69-88.

Stedman, S. M., & Hanson, J. (200Wetlands, fisheries & economics in the South Atant
coastal states NOAA Wetlands Web Site: http://www.nmfs.noaa.gov
abitat/habitatconservation/publications/bitatcoimers/num?2.htm

Steel, J. (1990AlIbemarle-Pamlico estuarine system technical anslgSstatus and trends
(Report 90-01). Albemarle-Pamlico Estuarine Study.

Stephenson, K., & Shabman, L. (2001). The troubtk implementing TMDLsRegulation,
24(1), 28-32.

Szabo, A., Osztoics, A., & Szilagyi, F. (2001). dtal wastewater treatment in Hungakyater
Sci Technology, 441-12), 331-338.

Tar-Pamlico Association Meeting. (2007, ApriMeeting Minutes.

Templeton, M. (2007Pollutant trading in North Carolina's river basing:ar-Pamlico and
Neuse river basin®resentation to the USDA-CSREES National Watarf€ence.

Tietenberg, T. (1985). Emissions Trading: An f€ise in Reforming Pollution Policy.
Washington, DC:Resources for the Future.

Savannah, G. A, Tillman, D., Wedline, D., & Knopgs(1996). Productivity and sustainability
influenced by biodiversity in grassland ecosystddsure, 379718-720.

221



U.S. Environmental Protection Agency. (200Mhe U.S. experience with economic incentives for
protecting the environmen#Vashington, DC: Office of Policy, Economics and
Innovation.

U.S. Environmental Protection Agency. (2003)S. water quality trading policyWashington,
DC: Office of Water. Web site: http://www.epa.gov
owow/watershed/trading/tradingpolicy.html

U.S. Environmental Protection Agency. (2004)ater quality trading assessment handbook
(EPA-841-B-04-001). Washington, DC: Offioé Water.

U.S. Environmental Protection Agency. (20(PA trading informationWeb site:
http://lwww.epa.gov/ owow/watershed/trading/tradedihtml

U.S. Environmental Protection Agency and U.S. AGoyps of Engineers. (1990lemorandum
of agreement between the Environmental Protectmendy and the Department of the
Army concerning the determination of mitigation enthe Clean Water Act Section
404(b)(1) Guidelines(Federal Register 55: 9210-13). Washington, D@haAr.

Vitousek, P. M., et al. (1997). Human alteratiohthe global nitrogen cycle: Sources and
consequenceg&cological Applications

Wetzel, R. G. (2001). Fundamental processes withtaral and constructed wetland
ecosystems: Short-term versus long-term objectiWater Science and Technology, 44
11-12.

White, J. R., & Reddy, K. R. (2003). Nitrificati@nd denitrification rates of Everglades wetland
soil along a phosphorus-impacted gradielturnal of Environmental Quality, 32436-
2443.

Whitehead, J. C. (1992). Ex ante willingness to wik supply and demand uncertainty:
Implications for valuing a marine turtle protectiprogrammeApplied Economics, 24
981-988.

Williamson, O. E. (1985)The economic institutions of capitalisilew York: Free Press.

Williamson, O. E. (1996)The mechanisms of governandgew York: Oxford.

Woodward, R. T., et al. (2002). The structure aratiice of water quality trading markets.
Journal of the American Water Resources AssociaB8@d), 967-979.

Woodwell, G. M., & Whitney, D. E. (1977)}lax Pond ecosystem study:Exchange of
phosphorus between a salt marsh and the coaseiswaft Long Island Sountarine
Biology, 41 1-6.

Wossink, A, & Hunt, B. (2003). The economics wlistural stormwater BMPs in North

Carolina, (WRRI Research Report Number 344). Wb $ttp://www.ag-
econ.ncsu.edu/faculty/wossink/outreach.html

222



Zwick, D., & Benstock, M. (1971)Water Wasteland: Ralph Nader’s study group report
water pollution New York: Grossman, 264-84.

223



	Clemson University
	TigerPrints
	8-2007

	THE ECONOMIC AND POLITICAL FEASIBILITY OF INCORPORATING WETLANDS INTO A WATER QUALITY TRADING PROGRAM AT THE WATERSHED SCALE
	Gregory Mikota ii
	Recommended Citation


	

