acknowledgments
The research team would like to formally thank the following individuals for their invaluable input:
Paul Faeth, World Resources Institute (WRI); Dave Batchelor, Michigan Department of Environmental
Quality; Malcolm Green, Greenville Utilities Commission; Elise Bacon, Hagler Bailly; Norman Senjem,
Minnesota Pollution Control Agency; Todd Chenoweth, Texas Natural Resource Conservation Commission
(TNRCC); and Clyde Bohmfalk, Texas Natural Resource Conservation Commission.

Center for Public Leadership Studies

i

executive summary
INTRODUCTION
The relatively large size and complex nature of watersheds in Texas complicate water quality management
and restoration. The standard approach to water regulation, both in Texas and throughout the nation, has
been to regulate discharges using technology-based restrictions on point-source emitters. While these
regulations have been quite successful in addressing the most egregious water problems, they have two major
weaknesses that are driving the consideration of market-based trading. First, the use of a technology-based
approach is known to be a relatively expensive way of achieving pollution reduction goals. Second, the
emphasis of regulation is on point sources, leaving out of the picture the multitude of nonpoint sources of
pollution that are major contributors to the nation’s remaining water pollution problems.
Effluent trading programs offer viable means to reduce loading of certain pollutants, and there is a
growing body of experience with these programs across the country. Furthermore, U.S. EPA’s support for
effluent trading means that the institutional barriers to the continued development of such programs are
coming down. In addition, public opinion in Texas is broadly supportive of measures aimed at improving and
protecting the environment, and Texans may be receptive to proposals to reduce and control water pollution
via market mechanisms. A key qualification to this receptivity is that minority populations and environmental
organizations may not be as supportive of market-based programs. These concerns should be addressed,
possibly through greater public involvement in program development and implementation. Overall, however,
this is an appropriate time for the TNRCC to consider using effluent trading as part of the suite of policies to
achieve water quality under the Clean Water Act (CWA).

DESCRIPTION AND CHARACTERISTICS
OF EFFLUENT TRADING PROGRAMS
The process of trading involves an agreement among parties that are contributing to water quality
problems within the same watershed. The basic principle is simple. If reduction of a certain pollutant by
source A is more expensive than it would be for source B, then A and B should be able to make a mutually
beneficial bargain so that A’s required reductions are achieved instead by B. As a result, A’s expenses are less
than they would have been, B receives a profitable payment from A, and the overall pollution reduction goal
is still met.
Although the basic concept is simple, effluent trading programs can vary greatly depending on the parties
involved in the trading and the form such trading takes. Trading may be (1) intra-plant, involving a point
source allocating discharges between outfalls within a given facility; (2) pretreatment, during which an
industrial source reduces its effluent in lieu of upgrading treatment at a publicly-owned treatment works;
(3) among point sources, where one source arranges for others to undertake greater than required control in
lieu of upgrading its own treatment; (4) among point and nonpoint sources; or (5) among nonpoint sources.
Once the participants are identified, there are four basic forms that effluent trading programs have taken:
•

Commodity Market – pollution reduction credits become fully transferable rights with few
restrictions and can be traded to any source that needs to reduce its load.

•

Contractual Market – credits generated by different sources are not fungible, and each transaction
requires a negotiated agreement between the generator of the credit and the user.

•

Supply of Pollution Credits Through a Fund – sources that exceed their effluent limit are given the
option of paying into a fund that is typically managed by the government and used to pay for
reductions at other sources.

•

Single-Source Management – in this case, no trades actually take place; instead, pollution sources are
given the option of implementing approved programs to achieve an environmental effect
equivalent to what would have been achieved had they reduced their load.
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There are diverse approaches to water-quality improvement programs that are broadly described as
market based. The case studies discussed in this report demonstrate that there are a number of viable
approaches that have the potential to lead to substantial cost-efficient improvements in pollution abatement.
As a consequence, agencies have considerable flexibility in how they introduce, promote, and sanction
trading.

BENEFITS AND LIMITATIONS OF EFFLUENT TRADING
BENEFITS
All forms of market-based pollution reduction may yield similar economic, social, and environmental
benefits compared to traditional command-and-control regulatory programs. Highlights of the benefits that
effluent trading may provide include:

•

Economic Benefits – reduces costs for individual sources and reduces overall costs of addressing waterquality problems in a watershed; allows dischargers to take advantage of economies of scale and
treatment efficiencies; and provides incentives for innovations in pollution-reduction technology
since investments in pollution control can lead to increased profits.

•

Environmental Benefits – achieves equal or greater reduction of pollution at equal or lower cost; creates
an economic incentive for dischargers to go beyond minimum pollution reduction; can reduce
cumulative pollutant loading; improves water quality and prevents future environmental degradation;
may lower political resistance to higher water-quality goals over time; and if credits generated by
nonpoint abatement can be sold, this creates an economic incentive for nonpoint source dischargers
to reduce pollution even in the complete absence of regulatory standards.

•

Social Benefits – encourages dialogue among stakeholders; fosters concerted and holistic solutions for
watersheds with multiple sources of water-quality impairment; and facilitates construction of social
capital and trust.

LIMITATIONS
It is important to note that very few trading schemes for point and nonpoint source water pollution
control have actually resulted in active markets. This lack of trading activity is due to a number of limitations
of effluent trading. For example, the number of trades is influenced by the availability of trading partners and
whether or not they discharge the same pollutants. Also, effluent trading is usually best suited for aggregate
pollution problems, not pollutants with highly located effects and threshold damages, limiting the applicability
to pollutants that have been less regulated historically. Control of nonpoint sources is difficult because the
effectiveness of technologies to reduce their loadings is uncertain and will be determined in part by random
factors such as weather. Another limitation stems from the transaction costs required to implement and
participate in a trading program; these costs can be quite high and have repeatedly proven to be a barrier to a
successful program. Given these and other barriers, if resources for development, education, and promotion
are insufficient, the potential for success will be severely limited. Overcoming the limitations of effluent
trading is a major challenge for developers of future programs and would require careful and creative
planning and active agency promotion.
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KEY ELEMENTS IN PROGRAM DESIGN AND IMPLEMENTATION
In developing and implementing effluent trading strategies, issues related to process, structure, and scale
must all be addressed. Process issues refer to the actions that are taken by the regulatory agency to initiate the
market and orchestrate trades. Structure issues include market form, regulatory oversight, methods and
authorities of enforcement, and the legal rights and responsibilities of the various parties, including those of
the agency. Issues of scale include the geographic scale, the diversity of trading participants, and the number
of pollutants to be traded.
A trading program must have clearly defined goals and objectives. Goals outline the vision and rationale
for the program, and objectives serve as the qualitative and quantitative measures by which to evaluate the
program and judge the merits of individual trades within it.
In addition, a successful effluent trading program must incorporate certain technical, economic, legal and
regulatory, and sociopolitical elements into its design and implementation. The essential elements are outlined
in detail in this report. It should be noted, however, that these elements do not in and of themselves ensure
that trading will take place. The following is a brief summary of the key considerations.
TECHNICAL ELEMENTS
Improving water quality is a major goal of an effluent trading program. Hence, such a program must take
cognizance of a number of technical factors and limitations, not the least of which are establishing
benchmark measures and performance standards. Trading should typically be confined to those classes of
pollutants that are biologically degradable and assimilable. Pollutants that are conserved or slowly degraded
within the ecosystem (metals, salts and some organics) are potentially bioconcentratable toxicants and
therefore usually inappropriate to trade. Trading boundaries should coincide with watersheds or watershed
segments, and trading should apply to both point and nonpoint sources of pollution.
ECONOMIC ELEMENTS
Any credit sold in an effluent trading program must satisfy the criteria of equivalence, additionality, and
accountability. Equivalence refers to the requirement that a credit purchased must at least offset the pollution
load for which it is substituting. This requirement gives rise to trading ratios, which indicate the number of
units of reduction by one source that is necessary to offset a single unit of pollution by another source.
Additionality refers to the requirement that credits available for sale must represent real improvements in
water quality. Accountability refers to the requirement that credits generated be subject to independent
verification.
Once a program is set up that satisfies these criteria, other major concerns in effluent trading programs
are transaction costs, market power, market structure, externalities, and moral hazards. These issues can
determine the relative success or failure of the program. Effluent trading is most likely to succeed where the
economic benefits are greatest, i.e., where there is a significant difference in unit costs of abatement between
sources. If all sources in a watershed face roughly the same cost to reduce their pollutant load, then there will
be little incentive to trade and a program will likely fail. Even if cost differentials exist, transaction costs may
be an obstacle to trading. Hence, every possible step should be taken to reduce these costs.
With transaction costs in mind, a trading program must seek to strike a balance between efficiency,
efficacy, and equity. Effluent trading programs, by their very nature, tend to move pollution reduction
activities out of the direct purview of government agencies. Efforts to closely monitor trading can result in
substantial transaction costs, potentially crippling the market. Hence, policy makers must seek to strike a
balance between the efficiency of the market on the one side, and the governmental oversight, management,
and monitoring of the efficacy and equity of the resulting allocation on the other.
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LEGAL AND REGULATORY ELEMENTS
Trading and other market-based incentive programs must be consistent with the statutory requirements
and water quality standards outlined in the federal Clean Water Act and other federal laws. Trading and
market-based transactions may be developed within any authorizing framework. The total maximum daily
load (TMDL) process appears to be the preferred method of U.S. EPA for addressing non-attainment
watersheds, and it may offer the greatest opportunities for effluent trading. The regulatory agency must
actively encourage effluent trading through information and education programs. Eligibility and enforcement
mechanisms must exist to ensure trading party performance.
SOCIOPOLITICAL ELEMENTS
Designing successful effluent trading programs requires the support and cooperation of diverse
stakeholders including federal, state, and local agencies; regulated parties; interest groups; and the public at
large. Stakeholder education, input, and participation should be encouraged at all stages in the implementation
and evaluation of trading programs. Trading should take place under an effective oversight and review
process that assures that the impact of trades is consistent with U.S. EPA guidelines on environmental
equity/justice. The distribution of baseline abatement responsibilities must be fair to all market participants.

EFFLUENT TRADING POLICY OPTIONS FOR TEXAS
While there are a wide array of technical, economic, legal and regulatory, and sociopolitical alternatives,
this report presents five broad policy approaches for effluent trading that might be taken by the TNRCC. It is
important to note, however, that these five approaches are not comprehensive, nor are they mutually
exclusive. Advantages and disadvantages of each approach, how each approach has been applied elsewhere in
the U.S., and the implications for each approach to TNRCC are reviewed. If TNRCC decides to proceed with
one of the effluent trading approaches, there are critical implementation issues that must be considered. In
addition, the criteria by which effectiveness of a trading program will be evaluated should be determined and
communicated at the beginning of the trading process. The five approaches are listed below.
APPROACH 1: DEVELOP STATEWIDE RULES FOR EFFLUENT TRADING
This first approach involves providing rules that would govern trading throughout the state. The rules
could sanction trading at any scale and could establish virtually any trading structure. The advantages of this
approach include the continuity and certainty such a framework would provide. The disadvantages are related
to process and structure. For example, administrative rules tend to impose uniform structure across all trades
and may serve as a barrier to potential trades that do not fit neatly into the regulatory structure. Development
of such rules would be a significant challenge requiring substantial investment time by both TNRCC staff and
stakeholders.
APPROACH 2: ALLOW TRADING THROUGH ASSOCIATIONS
In this approach, the role of the TNRCC could be limited to sanctioning an association and allowing
trading to take place or could involve actively assisting or encouraging stakeholders to establish associations.
Some of the advantages of this approach are optimum flexibility, minimum regulatory requirements, and
minimum cost to TNRCC to manage and oversee the process. There are numerous limitations to this
approach, and it is probably limited to point sources as permitees with contractual controls over nonpoint
source pollution. Trading through associations may be vulnerable to legal challenge as an inappropriate
delegation of TNRCC-EPA Clean Water Act authority.

Center for Public Leadership Studies

vi

executive summary
APPROACH 3: PROMOTE AGENCY-BROKERED TRADES
In this option, the TNRCC would actively broker trades of pollutants between parties. The advantages
include the close control and influence that the TNRCC could have over the trading process. The
disadvantages are related to the degree of control of the process exerted by the agency and include high
transaction costs and limited flexibility and efficiency. Although this approach may allow for some cost
savings where there is a need for large trades, it may not be well-suited to relatively small trades by a large
number of sources.
APPROACH 4: CONDUCT A DEMONSTRATION PROJECT
A final trading option is for TNRCC to undertake a demonstration project in a limited geographic area to
explore one or a variety of trading structures. Advantages are the obvious benefit of trying out the program
on a relatively small scale. Disadvantages are the limited scope and substantial investment of agency time and
resources that would result in immediate payoffs only on a relatively small scale.
APPROACH 5: MAINTAIN CURRENT POLICIES AND PROCEDURES
The final approach that TNRCC might take is to maintain current policies and procedures for water
quality management. The main advantage of this traditional approach is that it follows a familiar model that
can readily be pursued within existing regulatory structures. A key disadvantage is that the current approach is
noteworthy for having difficulty in efficiently and equitably responding to changing conditions, particularly
for nonpoint source pollutant loading. This approach will ultimately lead to increased conflict between urban
and rural water uses and decreased water quality. The likely endpoint will be a command and control
response, resulting in increased regulations of agriculture and increased limits to point sources for nutrients.
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Chapter 1
WATER QUALITY IN TEXAS:
A REGULATORY OVERVIEW
Prior to developing an analysis of effluent trading, it is appropriate to review the regulatory history and
context within which water quality is managed in Texas. This review provides a framework within which to
discuss effluent trading by summarizing the salient features of the various regulations in Texas by which water
quality is managed and restored. This framework includes the regulatory approach to assessment of water
quality, the permitting processes employed to manage and restore water quality, and the state of water quality
in Texas.
CLEAN WATER ACT
Water quality is a management term; good water quality means water chemistry meets desired
management objectives, while bad water quality may not meet those objectives. There is no absolute
definition of good water quality. The Clean Water Act of 1972 (CWA) established a mandate that the water
quality management objective for the United States is to protect and restore the chemical, physical, and
biological integrity of the nation’s waters. The CWA in its original form and subsequent revisions set forth in
specific sections the mechanisms for achieving this objective.
DESIGNATED USES
Water quality criteria are established based on designated use criteria under CWA Section 303 (d). Each
state agency responsible for water quality has established designated uses for each stream reach within the
state. Designated uses include a wide range of water conditions, from warm water fisheries (relatively low water
quality) to primary contact recreation (high water quality). Those designated uses have a suite of narrative and
numeric criteria that must be met. Narrative criteria include descriptive parameters such as “no toxic
discharges in toxic amounts,” and “no excessive algal growth.” These parameters do not have explicit
chemical concentration limits, but rather incorporate chemical limits by implication. Chemical water quality
criteria, on the other hand, are based on explicit “not to exceed” concentrations for a given parameter, usually
developed from the eco-toxicology of that parameter.
PERMITS
The regulatory vehicle for protecting and restoring water quality under the CWA has been the discharge
permit. There are four permit types issued in Texas:

National Pollutant Discharge Elimination System (NPDES) Permit. Issued to point source dischargers of
wastewater in Texas by EPA Region VI based on estimation of highest concentration in stream after zone of
initial dilution at 7 day 2 year (7Q2) low flow in the receiving stream. A waste-water discharger is considered a
point source when effluent originates from a discernible pipe or channel.
Texas Pollutant Discharge Elimination System (TPDES) Permit. Issued to point source dischargers of
wastewater in Texas by the Texas Natural Resource Conservation Commission (TNRCC) in lieu of the
NPDES permit after TNRCC received delegated authority in 1998 by EPA Region VI to administer
provisions of the CWA. The TPDES program covers permits for industry and municipal treatment works,
concentrated animal feeding operations, small industrial and city storm water permits, and sewage sludge
disposal. EPA Region VI retains authority over all NPDES permits in process prior to September 1998 and
medium to large industrial and municipal storm water permits.
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Stormwater Permits. TPDES stormwater permits are required by the federal Clean Water Act (CWA) and
are issued by the TNRCC. Any municipal facility that serves a population of more than 100,000 must obtain
an individual, site-specific stormwater permit, and may also need to obtain industrial and construction permits
if they operate industrial facilities or implement a construction project that will disturb more than 5 acres of
land or is part of an overall development that will disturb more than 5 acres of land. Stormwater permits are
also required for all municipal airports, power plants, and uncontrolled sanitary landfills, regardless of the size
of municipality.
Concentrated Animal Feeding Operation (CAFO) Permits. The TNRCC regulates the management of livestock
and poultry waste from concentrated animal feeding operations (CAFOs) in Texas. CAFOs are regulated by
30 TAC Subchapter B (for water and/or air quality) and Chapter 116 (Regulation VI) for air quality, if
applicable. Applicability is based on size of the operation (Dairy Cattle - 250 milking head, Beef Cattle - 1,000
head, and Swine - 1,500 head, for example).
WATER QUALITY IN TEXAS
Section 305 (b) of the Clean Water Act requires U.S. EPA to report on the status of the nation’s waters at
least every 2 years. The TNRCC has issued the 1998 CWA 303 (d) List of Non-Compliant Water Bodies in
Texas and prepared a draft of the 1999 List (TNRCC, 1999). Texas had 147 water bodies (stream reaches,
reservoirs, and bays) that did not comply with their designated use criteria in 1998, and 199 that are listed on
the draft 1999 list. The most common sources of non-compliance for both lists were low dissolved oxygen,
nutrients (nitrogen, phosphorus, organic carbon), high solids (suspended and dissolved), and high bacteria
levels (especially fecal coliforms). These types of pollutants are typically associated with both point and
nonpoint source (PS and NPS) pollution.
TOTAL MAXIMUM DAILY LOADS IN TEXAS
Stream reaches in Texas that do not meet their water quality standards, and thus are reported in the
Section 305 (b) report of Section 303 (d) – listed water bodies, must be restored using a Total Maximum
Daily Load (TMDL) or other watershed-based method. A determination of TMDL is an analysis of all
sources of pollutants to a water body to calculate the maximum pollutant load a water body can receive
(loading capacity) without violating water quality standards (Hession et al., 1995; Hession et al., 1996a;
Hession et al., 1996b). TMDLs establish waste load allocations (WLAs) for point sources, load allocations
(LAs) for nonpoint sources, background loadings from natural sources, and margins of safety to ensure
achievement of water quality goals (USEPA, 1991). The TMDL process has five distinct steps (USEPA,
1991):

1. Identify pollutants of concern;
2. Estimate the water body’s assimilative capacity for those pollutants;
3. Estimate the pollution loading from all sources to the water body;
4. Determine the total allowable pollutant load to the water body; and
5. Allocate pollutant loading limits to each source, including margins of safety.
This process must be performed for each parameter causing the non-compliance within a water segment,
and appropriate control measures must be implemented.
The TNRCC Office of Water Resource Management (OWRM) formalized its TMDL strategy for
restoring listed water bodies in its document “The Statewide Watershed Management Approach” (GI-229,
March, 1997). TNRCC strategy is to implement water quality management programs on a watershed basis.
The Statewide Watershed Management Approach for Texas provides a framework for TNRCC to meet the
criteria of the Clean Water Act over the next ten years. The agency’s stated goals are:
1. Implement a consistent method for establishing TMDLs.
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2. Increase the flexibility of TNRCC operations to accommodate geographic differences in
local/regional water resource priorities.
3. Implement cost-effective solutions to water quality problems.
4. Increase the scientific validity of water resource management decisions.
5. Improve the administrative efficiency of the TNRCC’s water resource programs.
6. Improve public participation in water resource management.
PERMIT-BY-BASIN RULE
In 1995, TNRCC adopted the Permit-by-Basin Rule (Title 30, Texas Administrative Code, §305.71)
requiring comprehensive evaluation of the combined effects of multiple permitted discharges on water quality
within each watershed or basin. TNRCC requires that all NPDES permits issued after 1995 within a single
river basin or watershed have the same expiration date, providing a mechanism for TNRCC to be consistent
in the permit processes within a basin. The Permit-by-Basin Rule provides a mechanism to integrate the
connection between fresh water and marine systems by organizing the statewide sequence for implementing a
watershed management approach in all 23 basins and coastal waters of the state. Coordinating permit
application and review activities by basin (scoping, data collection, and assessment activities) provides an
effective mechanism to better understand watershed processes.

EFFLUENT TRADING: A POTENTIAL SOLUTION
Scholars and policymakers have long debated a market-based approach to protecting natural resources.
Proposals range from the libertarian ideal of no government intervention, to designs with a limited role for
government as enforcer of property rights (Anderson and Leal, 1991), to flexibility through market incentives
in a persisting command-and-control environment. The general concept of effluent trading is slowly gaining
acceptance as a potential option in the control of water pollution. The U.S. EPA issued a policy statement
supporting water pollutant trading (USEPA, 1995) and followed it with a more detailed framework document
(USEPA, 1996). With these documents, the Agency highlighted water trading examples that were underway
or planned.
Taff and Senjem (1996) proposed a trading scheme that requires a tweaking, not an overhaul of the
current pollution control establishment. In their design, the “locus of pollution control” is traded; point
sources are authorized to satisfy a portion of their pollutant reduction requirements off-site by paying a
farmer, for example, to install pollutant reduction practices. The market is “one of [pollution control]
services, not of rights.” It is this design that is envisioned in this paper’s discussion of trades.
This modest “market of services” has widespread possibilities given that only point sources (with a few
categorical exceptions) are subject to legally binding effluent limits. Nonpoint sources are almost exclusively
shielded from any regulatory enforcement actions, limiting incentives for landowners to participate. The
opportunities for effluent trading are greatest when a point source can realize significant cost savings by
reducing pollutants off-site rather than on.
INCREASED FOCUS ON NUTRIENTS
Nutrients are currently subject to few regulations. Only in a handful of waters across the country are
there numeric, instream criteria for nutrients. Rather, instream concentrations are limited indirectly through
narrative criteria which state, quite generically, that waters are to be free from substances which negatively
impact their biological, physical, or chemical integrity. However, concern regarding nutrient levels continues
to increase nationally. The U.S. EPA is in the process of developing national numeric nutrient criteria, the
draft of which is due in 2000. By 2003, all states are to adopt the national criteria or develop their own.
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There is ample evidence in the literature that nonpoint sources contribute to instream nutrient levels (Matlock
et al., 1999a, b). The increased focus on nutrients is bringing an inevitable focus on nonpoint sources.
DIFFICULTIES WITH TOTAL MAXIMUM DAILY LOADS
The regional EPA or state agencies (TNRCC) are responsible for development and oversight of the
implementation of a TMDL under the CWA. For a number of reasons, states have developed few TMDLs in
the twenty-seven years the requirement has existed. The technical challenge of determining a single allowable
daily load is significant. Strictly speaking, there may be an infinite number of TMDLs for a single water body
depending on the timing of meteorological and hydrologic conditions and the timing and location of
pollutant discharges. Other reasons include political discomfort with identifying some nonpoint sources
(industries, municipalities, and agriculture) as pollutant sources and, once identified, finding the legal authority
to enforce and monitor load reductions from those sources. These are not trivial concerns. Nonetheless,
environmental groups sued the U.S. EPA throughout the 1990’s for not forcing states to develop TMDLs
and not developing them, itself, when the states did not. To date, suits have been filed against U.S. EPA for
lack of action in more than half the states. The Agency has settled many of them, agreeing to develop literally
thousands of TMDLs over the next decade.
In order to perform a TMDL, TNRCC must identify point and nonpoint sources of each pollutant
contributing to non-compliance. Point source pollutant loading to each water body is usually estimated based
on data from NPDES and other permit monitoring. However, many NPDES-permitted dischargers are not
required to monitor nitrogen, phosphorus, and other pollutants. Nonpoint source nutrient loading estimates
are even more difficult to arrive at, as there are very few actual measurements made from the edge of fields or
streams to determine the source of NPS pollutants. NPS pollutant loads can be estimated for each target
water body using geographic information system-based (GIS-based) hydrologic water quality (H/WQ)
models. The degree of uncertainty associated with the TMDL process is therefore very high (Matlock et al.,
1994; Hession et al., 1996a). Historically, state and federal regulatory agencies have adopted a “one number
(or concentration) fits all” approach, using some margin of safety to develop this regulatory limit. This
approach is technically unsound in a TMDL strategy, thereby requiring a new approach to water quality
management.
The focus on nutrients, and thus nonpoint sources, and the revival of the TMDL program necessitate
flexible approaches to pollution control. The traditional strategy of placing the pollutant reduction burden
solely on point sources and requiring the entire reduction to occur on-site will not be adequate. Many of the
TMDLs developed since the lawsuits began clearly demonstrate that water quality problems cannot be
addressed without involving nonpoint sources (see for example EPA Region III 1998a, 1998b). The need and
opportunity for point-nonpoint trading is real.
The U.S. Environmental Protection Agency (U.S. EPA) is promoting the use of watershed effluent
trading for reduction of point and nonpoint source pollution in response to President Clinton’s 1995 program
on Reinventing Environmental Regulation (USEPA, 1996). This market approach to pollution control has received
widespread support from economists as a cost-efficient method for promoting environmental protection, and
has been relatively successful in reducing lead and sulfur dioxide in pollution of the atmosphere (Dales, 1968;
Baumol and Oates, 1975; Taff and Senjem, 1996).
U.S. EPA policy “encourages trades that will result in desired pollution controls at appropriate locations
and scales” (USEPA, 1996). This approach requires that water quality standards be met throughout the
watershed. The benefits of pollution trading include:

•

Reduced costs of meeting pollution control responsibilities;

•

Accelerated or increased implementation of pollution control measures
at the watershed level;

•

Expansion of NPS pollution reduction beyond current capabilities;
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•

Increased community understanding and involvement in watershed-level
environmental protection, and;

•

Development of novel approaches to pollution control.

The process of trading involves an agreement between parties contributing to water quality problems
within the same watershed; this approach offers flexibility to reduce pollutants at the lowest cost for the
watershed community. Cost-effective reduction of NPS pollution, especially nutrients, can be achieved
through trading between point (often urban or industrial) and nonpoint (often agricultural) sources. The
market approach encourages those dischargers with low-cost abatement options to make reductions from
gains in trading with high-cost dischargers. The U.S. EPA established eight principles for nutrient trading
shown in Table 1-1.
Table 1-1
U.S. EPA Trading Principles and Schemes
in the Draft Framework for Watershed-Based Trading
PRINCIPLES
1. Trading participants meet applicable Clean Water Act (CWA) technology-based
requirements.
2. Trades are consistent with water quality standards throughout a watershed, as well
as anti-backsliding, other requirements of the Clean Water Act, other federal laws,
state laws, and local ordinances.
3. Trades are developed within a Total Maximum Daily Load (TMDL) or other
equivalent analytical and management framework.
4. Trades occur in the context of current regulatory and enforcement mechanisms.
5. Trading boundaries generally coincide with watershed or water body segment
boundaries, and trading areas are of a manageable size.
6. Trading will generally add to existing ambient monitoring.
7. Careful consideration is given to types of pollutants traded.
8. Stakeholder involvement and public participation are key components of trading.

UNCERTAINTY WITH WATER POLLUTION TRADING
Market-based approaches have been argued to be a cost-effective means to improving environmental
quality (Dales, 1968; Baumol and Oates, 1975; Hahn and Hester, 1989). However, very few trading schemes
have been developed that integrate both PS and NPS water pollution control (Hahn, 1989; Taff and Senjem,
1996; USEPA, 1996). Taff and Senjem (1996) suggest that the substantial institutional uncertainty associated
with water pollution trading diminishes the practicality of this tool. The successful implementation and
performance of a nutrient trading strategy depends largely on whether regulatory authorities support the
proper functioning of a tradable nutrient rights market (Hahn and Noll, 1983; Hahn, 1989; Atkinson and
Teitenberg, 1991; Letson, 1992b; Crutchfield et al., 1994). Nutrients represent one of the most problematic
pollutants in Texas rivers and streams. Nutrient trading strategies may not only meet environmental goals in a
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timely manner, but also do so with minimal disruption to jobs and prosperity in the local economy (Letson,
1992a; Letson, 1992b; Atkinson and Tietenberg, 1991; Malik et al., 1994).
This report provides a review and analysis of the concepts and assumptions made in effluent trades in the
United States and abroad to date. These concepts and assumptions are integrated into a set of considerations
and key elements for effluent trading. Finally, a suite of policy options for Texas is presented, followed by a
discussion of political and social limitations, opportunities, and recommendations.
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THE CONCEPT OF EFFLUENT TRADING
As discussed in the previous chapter, the standard approach to water regulation has been to regulate
emissions using technology-based restrictions on point-source emitters. While those regulations have been
quite successful in addressing the most egregious water problems nationally (USEPA, n.d.a), they have two
major weaknesses that are driving the consideration of market-based trading. First, the use of a technologybased approach is known to be a relatively expensive way of achieving pollution reduction goals. Second, the
emphasis of the permits is on point sources due to statutory limitations under the CWA, leaving out of the
picture the multitude of nonpoint sources of pollution that are major contributors to the nation's remaining
water pollution problems. In this chapter, we provide an overview of how market-based approaches to water
pollution can help address both of these weaknesses in the standard regulatory regime.
EFFLUENT TRADING AS A COST-EFFICIENT MEANS OF ACHIEVING
POLLUTION REDUCTIONS
The basic principle behind pollution trading is simple: If pollution reduction by source A is more
expensive than it would be for source B, then A and B should be able to make a bargain in which A's required
reductions are instead achieved by B such that the overall pollution reduction goal is still met. Suppose, for
example, that reducing A's phosphorous (P) load by 10 pounds would cost $2,000, while reducing B's P load
by the same amount would cost only $1,200. If A and B are located close to each other, then the same
environmental benefit would be achieved regardless of which firm reduces its load. If A is required to reduce
its P load by 10 pounds, then paying B (more than $1,200 but less than $2,000) to reduce its load by that
amount would be cheaper than implementing the reduction itself. Because the total cost of the environmental
improvement is $800 less when implemented by B, such a trade is called cost efficient.
WHAT IT TAKES FOR A MARKET TO EXIST
A market exists when parties exchange goods or services voluntarily. In order for a market to exist, two
features must be present. First, the good in question must be scarce so that there is some agent that does not
have as much of the good as he or she desires. For example, although air is invaluable to humans, there is no
market for air because we face an abundance of it at all times. Compressed air for scuba diving, on the other
hand, is scarce, and so a market has developed for the good. The second critical feature for the existence of a
market is that the rights to the good or service must be transferable. If something is not transferable (e.g.,
Michael Jordan's talents), then it cannot be sold regardless of its scarcity. When a good is scarce and
transferable, markets tend to develop that allow agents to exchange the good for mutual gain.
In the case of effluent trading, both the scarcity and the transferability must be established through
government actions. Without regulation, firms and individuals would be free to pollute at will, and they would
feel no need to pay for the right to do so. Pollution regulations, therefore, create scarcity by limiting the rights
of polluters – who would presumably be willing to pay to have the restrictions on their emissions relaxed. The
creation of scarcity alone, however, does not create a market, because under standard technology-based
controls, environmental improvements by one source cannot be transferred to any other source. The
innovation of effluent trading programs is that environmental gains by one source can be transferred to
another source that is required to make environmental improvements.
CHARACTERISTICS OF EFFLUENT TRADING PROGRAMS
Effluent trading programs differ greatly in terms of who is involved in the trading and the form that such
trading takes. The U.S. EPA has identified five main forms of effluent trading (see Table 2-1) and described
them in detail in the Draft Framework (USEPA, 1996a).
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Table 2-1
Five Forms of Effluent Trading
INTRA-PLANT

Intra-plant trading takes place when a point source allocates
pollutant discharges among its outfalls in a cost-effective manner.
The U.S. EPA has allowed intra-plant trading in the iron and steel
industry to meet discharge limits under its NPDES permits since
1983 (Jarvie and Solomon, 1998).

PRETREATMENT

An industrial source that discharges to a publicly owned treatment
works (POTW) reduces its effluent in lieu of upgrading treatment
at the POTW.

POINT/POINT

In lieu of upgrading its own treatment, a point source arranges for
other point sources to undertake greater than required control.

POINT/NONPOINT

A point source arranges for control of nonpoint source discharges
in a watershed in lieu of upgrading its own treatment.

NONPOINT/NONPOINT

A nonpoint source arranges for more cost-effective control of
other nonpoint sources in a watershed in lieu of installing or
upgrading its own control.

If only a specified group of participants is allowed to participate in a trading program, then it is a closed
program. In an open program, virtually any individual or firm may enter into a program to generate or
purchase credits.
Once the participants are specified, there are four basic forms that effluent trading programs have taken:
1. Commodity market: In a commodity market, a pollution reduction credit becomes a fully
transferable right with few restrictions. Credits generated in a commodity market would take the
form of certificates that could be traded to any source that needs to reduce its load. The SO2
market is the most prominent example of a commodity market.
2. Contractual market: In a contractual market, the credits generated by different sources are not
fungible. Rather, each transaction would require a negotiated agreement between the generator
of the credit and the user. Contractual markets arise when either the characteristics of credits
generated by different sources varies greatly or when liability linkages remain between the
purchaser of a credit and the seller.
3. Supply of pollution credits through a fund: In some cases, effluent sources that exceed their effluent
limit are given the option of paying into a fund that is typically managed by the government.
From the emitters' perspective, such a program is essentially equivalent to a tax on surplus
emissions. However, if the fund is then used to pay for reductions at other sources, the fund
essentially serves as an intermediary between generators and users of credits.
4. Single-source management: In single-source management, no trades actually take place. Instead,
pollution sources are given the option of implementing approved programs to achieve an
environmental effect equivalent to what would have been achieved had they reduced their load.
Such programs could involve land-use changes on the source's own property or on public lands.
In commodity and contractual markets there are economic incentives for sources to find ways to reduce
their emissions beyond the required level because they can then sell the credits generated. In contrast, the
other two approaches provide only cost-reducing means of reaching an abatement requirement.
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BENEFITS OF EFFLUENT TRADING
All forms of market-based pollution reduction yield similar economic, social, and environmental benefits
compared to traditional command-and-control regulatory programs; Table 2-2, for example, lists some of
those benefits as they apply to effluent trading programs.

Table 2-2
Benefits of Effluent Trading Programs
BENEFITS OF TRADING
ECONOMIC
BENEFITS

ENVIRONMENTAL
BENEFITS

•

Reduces the total
social cost of achieving
water quality goals.

•

Achieves equal or greater
reduction of pollution at
equal or lower cost.

•

Allows dischargers to
take advantage of
economies of scale and
treatment efficiencies
that vary from source
to source.

•

Creates an economic
incentive for dischargers to
go beyond minimum
pollution reduction.

•

Can reduce cumulative
pollutant loading, improve
water quality and prevent
future environmental
degradation.

•

May lower political resistance
to higher water-quality goals
over time.

•

Reduces overall cost of
addressing waterquality problems in the
watershed.

•

Provides incentives for
innovations in
pollution-reduction
technology.

SOCIAL
BENEFITS
•

Encourages dialogue
among stakeholders and
fosters concerted and
holistic solutions for
watersheds with multiple
sources of water-quality
impairment.

•

Construction of social
capital and trust.

Economic Benefits
Large savings in aggregate abatement cost is the primary economic benefit of effluent trading among
pollution dischargers. Under the trading system, buyers benefit by purchasing pollutant reductions from
others at a lower cost than they would have to pay to achieve the same reductions themselves. Sellers of
pollution credits benefit from the payment they receive to reduce their loads (Baumol and Oates, 1988;
USEPA, 1996a). In a theoretically perfect market, such trading will lead to the least-cost means of achieving a
particular level of aggregate control. Given the freedom to choose among control technologies, sources
would seek innovation in pollution control, because investments in pollution control can lead to increased
profits (Bartfeld, 1993).
Many studies have shown that effluent trading can yield substantial cost savings. An analysis of President
Clinton’s 1994 Clean Water Initiative indicates that savings generated by point-nonpoint trading could range
from $611 million to $5.6 billion, while savings from point-point trading could be between $8 million to $1.9
billion (USEPA, 1997c). Such estimates of large savings are substantiated by the numerous cases of savings
where trading has been implemented or studied. For example, intra-plant trades between at least ten iron and
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steel facilities from 1983 to 1993 saved approximately $123 million (in 1993 dollars; Jarvie and Solomon,
1998); Table 2-3 presents further evidence of cost savings achieved through effluent trading.
Table 2-3
Case Studies Demonstrating Potential Cost Savings of Effluent Trading
ANNUAL COST
SAVINGS

REDUCTION
TARGET & FOCUS

TYPE OF
TRADING

$64,000 - 1985 dollars

25%/Phosphorus

Point/Nonpoint

($245,000 - 1985 dollars)

(75%/Phosphorus)

$6.8 million

6.2ppm/Dissolved Oxygen

Point/Point

$773,000

Phosphorus

Point/Nonpoint
Nonpoint/Nonpoint

$3 - $7 million

Ammonia, Nutrients

Point/Nonpoint

Saginaw Bay, MI5

82%

30% Phosphorus

Point/Nonpoint

Minnesota River5

43%

30% Phosphorus

Point/Nonpoint

Minnesota River5

62%

30% Phosphorus

Point/Nonpoint

PROJECT &
LOCATION
Wicomico Basin,
Maryland1
Fox River, Wisconsin2
Dillon Reservoir,
Colorado3
Boulder Creek,
Colorado4

1 USEPA,

no date, b.
et al., 1989.
3 USEPA, 1984.
4 USEPA, Office of Wetlands, Oceans, and Watersheds, no date, c.
5 Faeth, 1999.
2 O’Neil

The efficiency created by allowing more-flexible approaches to abatement is another benefit of effluent
trading programs. When surplus reductions can be sold, dischargers have an incentive to take advantage of
the economies of scale and treatment efficiencies that vary from one discharger to another. Trading can also
facilitate economic development while at the same time protecting water quality. If a trading program is put in
place, then a mechanism to allow growth is readily available – increased loads from one source simply require
the purchasing of credits from other sources (USEPA, 1996a). In North Carolina’s Tar-Pamlico Basin
association, sources routinely sell credits to other sources when plant upgrades lead to reductions that put
them below their required level (Malcolm Green, personal communication, August 6, 1999).
Effluent trading may also reduce the uncertainty and adjustment cost of achieving a TMDL goal, because
the environmental agency directly sets the total maximum daily load (Baumol and Oates, 1988). Under an
effluent trading scheme, no complications result from economic growth and price inflation: Market forces
automatically accommodate themselves to inflation and growth without consequent decrease in water quality
(Baumol and Oates, 1988).
Environmental Benefits
In principle, any water quality goal that is achieved through effluent trading might also be achieved
through standard regulatory measures. Hence, what we describe as “environmental benefits” are really
environmental improvements that are the result of economic or administrative advantages of effluent trading
programs.
In some situations, the primary attraction of trading might be to meet their water bodies’ designated uses
at a lower cost than without trading. However, since a trading program can reduce the cost of improving
water quality, there may be reduced political resistance to water quality improvement efforts. Hence, in some

Center for Public Leadership Studies

10

Chapter 2
situations it may be possible to actually expand a water body’s designated uses beyond the uses that would
have been achieved for the same price without trading (USEPA, 1996a). It is becoming increasingly clear that
because effluent trading can reduce the cost of achieving water-quality goals, it may be possible to achieve
higher levels of cleanup than have traditionally been sought (T. Tietenberg, comments during a roundtable
discussion. Workshop on Market Based Instruments for Environmental Protection: What Do and Don't We Know About
Tradable Permit Systems, July 18-20, 1999. Cambridge, MA.).
Effluent trading may also have the advantage of bringing otherwise unregulated nonpoint sources under
control. In some effluent trading programs, nonpoint-source control obligations would be contained within
the point source’s NPDES permit. If credits generated by nonpoint abatement can be sold, then an economic
incentive exists for nonpoint source dischargers to reduce pollution even in the complete absence of
regulatory standards. Point/nonpoint trading can, therefore, facilitate nonpoint source reductions where they
otherwise would not have occurred.
The fact that trading might provide states and dischargers with a new means by which to comply with the
anti-degradation policy implies that such programs can lead to more lasting environmental improvement, and
that they can even serve as a mechanism to prevent watersheds that are in compliance from degrading any
further. In the absence of trading, load increases for some of the nation’s clear waters may be justified on the
basis of important social and economic growth. Trading provides an additional option for a new source, or a
source proposing to add new pollution to a water body, to offset the new loading by arranging for pollution
reductions from an existing source (USEPA, 1996a). The Michigan Department of Environmental Quality is
developing rules for a statewide effluent trading program in which water quality would be maintained even in
nonlisted water bodies by requiring the purchase of credits by any source that exceeds “a cap and wasteload
allocation determined by the department to be consistent with water-quality standards and specified in a
remedial action plan or lakewide management plan” (Michigan DEQ, 1999).
Where it involves nonpoint-source pollution reduction, trading offers a means by which agricultural
pollution can be reduced – a goal that usually cannot be achieved through regulations. Furthermore, because
agricultural best management practices (BMPs) typically are designed to reduce all runoff, such projects
improve water quality not only along chemical parameters but along physical parameters, such as temperature
and flow, which can help preserve and expand designated uses (USEPA, 1996a).
Social Benefits
The process that communities go through when they consider a trading option moves them toward more
complete management approaches and more effective environmental protection. Identifying trading
opportunities involves examining all pollution sources at once when evaluating technical and financial
capabilities to achieve loading reductions. Doing so brings regulated and unregulated sources together with
other watershed stakeholders and engages them in a partnership to solve water-quality problems (USEPA,
1996a).
Effluent trading encourages dialogue among stakeholders and fosters concerted and holistic solutions for
watersheds with multiple sources of water-quality impairment (Podar et al., 1999). Even in the absence of
economic benefits resulting from trades, the Lake Dillon and Fox River programs have improved the
communities’ approaches to their water-quality problems. In both cases, industrial actions allowed a facility to
be built while at the same time improving public recreational opportunities (Jarvie and Solomon, 1998).
Under trading programs, individual plant operators rather than government regulators make key
decisions about optimal control levels for each facility and so can work with stakeholders on such decisions,
thus creating less conflict within the community.
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Limitations and Uncertainties
As we have discussed above, effluent trading has numerous advantages over standard command-andcontrol regulations. However, these benefits have not materialized in a majority of the cases where effluent
trading has been attempted. In fact, where trading programs have been introduced, trading has been sparse or
nonexistent. For example, as of 1992, only one trade has taken place at the Fox River trading program, even
though a mechanism for water pollution rights trading existed in Wisconsin since 1981 (Apogee Research,
1992). The reason for the limited success of these programs can be attributed to the fact that effluent trading
does not take place in ideal markets. Rather, permit markets are likely to be “messy,” failing to achieve the
economic ideal due to transaction costs associated with existing institutions and market failure (Atkinson and
Tietenberg, 1991; McCann, 1996). The presence of transaction costs, one of the principal reasons for these
failures, will be discussed in chapter 4. Some other reasons are listed below.
Several important characteristics distinguish NPS from PS water pollution (Malik et al., 1992; Segerson,
1988; Milon, 1987; Harrington et al., 1985):
•

In the case of agriculture we have imperfect knowledge about the relationships between loadings and
farm-level choices regarding input use and land management, and about the transport of chemical
residuals and sediment to water bodies.

•

Loadings cannot be monitored or measured directly at the individual source level because nutrients,
sediment, and other chemicals enter water bodies over a dispersed area rather than at fixed,
identifiable points.

•

Loadings are influenced by random and episodic events, such as wind, rainfall, and temperature.

•

As a result of the above, nonpoint source control is difficult at best. Even if point source payments
encourage farmers to adopt conservation practices, the effectiveness of prescribed technologies in
reducing loadings is uncertain and will be determined in part by random factors such as weather.
Individual farm loadings cannot be monitored, and the contribution of each source to the pollution
problem cannot be determined from ambient water-quality measurements. Furthermore, because of
the influence of random events on nonpoint source loadings, policy officials cannot determine
whether failure to meet water-quality goals is the result of undesirable states of nature (e.g., high
rainfall) or of failure of individual sources to implement conservation technologies.

Effluent trading requires the creation or expansion of an agency to supervise the trading program.
Moreover, if an open system is used, then the number of regulated sources would probably grow, resulting in
increased monitoring costs.
Point and nonpoint sources do not always discharge the same pollutants. Point and nonpoint sources are
often responsible to different degrees for different types of water-quality problems, so point source/nonpoint
source trading can probably at best be only part of a solution for nonpoint source-related impairments
(Letson, 1992).
Effluent trading is best suited for aggregate pollution problems, not pollutants with highly located effects
and threshold damages, limiting the applicability to pollutants that have been less regulated historically.
Effluent trading is effective only where the local contributions to pollution problems are predominate:
Pollutants from flows outside the trading region can taint the water and so ruin the trading market (Delta
Waterfowl Foundation, n.d.).
Finally, uncertainty arises any time there is a change from a known to an unknown regulatory process,
and transitioning from the traditional water regulation approach to effluent trading is no exception. Some
authors, (e.g., Taff and Senjem, 1996) argue that uncertainties regarding water quality, enforcement, and
compliance diminish the practicality of a trading program. However, for the most part those uncertainties are
likely to be characteristic of any program attempting to address nonpoint source pollution.
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CASE STUDIES IN MARKET-BASED APPROACHES
TO POLLUTION ABATEMENT
In this chapter we survey some of the examples of pollution trading that have been studied, proposed or
put in practice. Our goal is to identify some of the fundamental characteristics that distinguish these
programs. We begin with a brief discussion of the most prominent example of such trading, the sulfur
dioxide (SO2) market set up under the 1990 amendments to the Clean Air Act (CAA).
THE SO2 TRADING MARKET
The market for SO2 pollution, which allows trading among electric utilities, is the most ambitious
application of pollution trading to date. Implemented under Title IV of the Clean Air Act amendments of
1990 to reduce acid rain, the SO2 trading program was designed to reduce emissions of SO2 by 50 percent
from their 1980 levels by the year 2000. The SO2 market allows one firm to achieve its pollution reduction
goal either by reducing its emissions or by purchasing credits from another utility that has exceeded its own
goal (Joskow and Schmalensee, 1998).
Scarcity is created in the SO2 market by the limits on emissions placed on each plant; electric utilities in
the market are required to have certificates that are at least equal to their annual emissions, yet they only
receive an allocation of credits roughly proportional to their 1990 emissions (see Joskow and Schmalensee,
1998, for the rules governing the actual distribution of credits). Plants are then allowed to sell their surplus
certificates to any interested party. Though firms facing a deficit number of permits are the largest purchasers
in the SO2 market, private parties, environmental groups and speculators have also purchased credits. The
certificates are fully transferable and can be used anywhere in the continental U.S. Hence, there is an implicit
assumption that the airshed is national, meaning that any possibility of “hot spots” is ignored. Of course, the
U.S. EPA was aware that such an assumption was inconsistent with the evidence that the impacts of SO2
emissions are spatially variable. However, the agency's analysis prior to the CAA found it unlikely that hot
spots would form in practice. In essence, then, it was expected that the advantages of a uniform market will
be obtained at relatively little cost (McLean, USEPA, comments during a roundtable discussion. Workshop on
Market Based Instruments for Environmental Protection: What Do and Don't We Know About Tradable Permit Systems,
July 18-20, 1999. Cambridge, MA.).
In addition to the private market for bilateral trades, an annual auction of allowances withheld from
electric utilities (about three percent of total allowances) was established by the U.S. EPA. Revenues from the
auction are then distributed to utilities on the basis of their original allocations. Utilities may also offer
allowances for sale at the annual government-sponsored auction. Compliance is encouraged by a penalty of
$2000 per ton of emissions that exceed any year’s allowances, along with a requirement that such excesses be
offset the following year (Joskow and Schmalensee, 1998).
Because of the fungibility of emission credits, the SO2 market can be characterized as a commodity
market. The governmental intervention in the market has been largely in the form of defining the rules for
the market and sponsoring the auction, which plays a relatively minor role (Joskow et al., 1998). Monitoring
and compliance issues are relatively straightforward because of the point-source nature of the regulated
sources – emissions are continuously monitored and each firm must present to the U.S. EPA permits equal to
its emissions within 30 days of the end of each year (Schmalensee et al., 1998).
The SO2 allowance-trading program is widely viewed as successful (USEPA, 1997d; Kennedy, 1986;
Stavins, 1998) Targeted emissions-reductions have been achieved and exceeded. Trading volume has
increased over the life of the program and large cost savings have resulted, estimated at between $225 and
$375 million per year (Schmalensee et al., 1998). Total abatement costs have been significantly less than what
they would have been in the absence of the trading provisions, and benefits are estimated to exceed costs by a
significant margin (Stavins, 1998).
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MARKET-BASED APPROACHES TO WATER QUALITY PROBLEMS
Market-based programs for water quality improvement have been studied, proposed or implemented in
26 states nationally. Table 3-1 presents some of the most prominent examples of effluent trading programs
and highlights some of their distinctive characteristics. Appendix A provides a summary of state-by-state and
international effluent trading activities.

Table 3-1
Characteristics of Effluent Trading Programs
CASE

The SO2 Market,
Nationala
Lake Dillon,
Coloradob

PARTICIPANTS

PS/PS
PS/NPS
NPS/NPS

MARKET
TYPE

APPROACHES
FOR TRADING

Commodity

Federal Rules

Contract

Demonstration
Project; Rules

Case-by-Case
Governmental
Initiation
Case-by-Case,
Government Initiation

Boulder, Coloradob

PS/NPS

Sole Source

Rahr Malting
Company,
Minnesotac
Southern Minnesota
Beet Sugar
Cooperative,
Minnesotad
Michigan DEQ
Rulese

PS/NPS

Intermediary
Fund

PS/NPS

Contract

Case-by-Case,
Government Initiation

PS/NPS
PS/PS

Contract

Statewide Rules

PS/NPS

Intermediary
Fund

Demonstration
Project

Contract

Case-by-Case,
Stakeholder Initiated
by Tar-Pamlico Basin
Association
Case-by-case;
Joint Stakeholder and
Government Initiation

Kalamazoo River,
Michigane
Tar-Pamlico,
North Carolinaf

PS/PS

Tar-Pamlico,
North Carolinaf

PS/NPS

Intermediary
Fund

MONITORING AND
COMPLIANCE PROVISIONS

Ex post check that permits
exceed emissions.
Summit County Water Quality
Committee coordinates the
program, identifies potential
projects and distributes and
monitors credits.
Directly involved in
implementation.
Nonpoint source reductions are
negotiated by committee with
stakeholder representatives.
Nonpoint source reductions
approved by committee with
stakeholder representatives.
Monitoring to be carried out in
collaboration with the USDA
NRCS.
Monitoring to be carried out
under contractual agreements
between.
End-of-pipe monitoring of
loadings.

Nonpoint source practices are
monitored by the State Division
of Soil and Water Conservation.

Sources:
a.

b.
c.

d.
e.
f.

Schmalensee et al., 1998.
USEPA, 1996c.
Minnesota Pollution Control Agency, 1997.
Minnesota Pollution Control Agency, 1999
Michigan DEQ, 1999b.
Green, 1997.
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Lake Dillon – Colorado
Lake Dillon in Colorado was the first trading program in which municipal facilities obtained
phosphorous reduction credits by funding controls to reduce loadings from existing urban nonpoint sources.
The program set up a system in which point sources could receive credits for nonpoint reductions on a 2:1
trading ratio. Such a trade would lead to revisions in the point sources’ NPDES permits to include
information about the trade as well as the monitoring and reporting requirements for nonpoint source BMPs.
Point/nonpoint source trading has not occurred because the facilities achieved phosphorous removal
capacities by upgrading their operating efficiency. Nonetheless, stakeholders believe the possibility of trading
has encouraged these upgrades because they often generate credits that might be valuable in the future (Jarvie
and Solomon, 1998; USEPA, 1997a). Trading among nonpoint sources is the current focus of the program,
as new nonpoint sources are allowed to offset their effluent through the implementation of BMPs at older
nonpoint sites (USEPA, 1997d, 1997a).
City of Boulder – Colorado
The trading program developed in the City of Boulder represents a quite different approach to pollution
control problems. In 1995, the city's wastewater treatment plant needed to renew its NPDES permit. That set
in motion a TMDL process that eventually identified the need to reduce un-ionized ammonia discharges into
the river beyond that which could be achieved by the plant. The city proposed to address the problem
through partial improvements in the plant's treatment and through the restoration of riparian zone along the
river instream habitats. Technically speaking, the program did not involve trading because the city directly
supervised the implementation of nonpoint remediation activities on both public and private land. A private
landowner granted a protective easement to the city for a portion of the project (USEPA, 1998a).
Rahr Malting Company – Minnesota
Two effluent trading projects have recently been negotiated by the Minnesota Pollution Control Agency
(MPCA). In both cases, the agency worked with the sources to find a lower-cost means of achieving their
water quality goals. The first case, finalized in 1997, was with the Rahr Malting Company. Following a 1988
TMDL of the Minnesota River, it was determined that the company needed to reduce the level of
Carbonaceous Biochemical Oxygen Demand (CBOD5), which could be achieved through reductions of
BOD, phosphorous, nitrogen, or sediment. To achieve the goal, the company agreed to set up a $250,000
trust fund, the board of which is to include the environmental community, Rahr Malting, and government
representatives. The fund will be dedicated to projects that encourage nonpoint source reduction practices,
and it must result in a reduction of effluent equivalent to a 150-pound per day reduction in CBOD5. If the
fund does not achieve this goal, the company must make additional contributions until the goal is reached.
Any surplus money in the fund must be used for additional nonpoint reductions. Monitoring of the nonpoint
BMPs will be carried out under the conditions of Rahr's NPDES permit (Minnesota Pollution Control
Agency, 1997).
Southern Minnesota Beet Sugar Cooperative – Minnesota
Like the Rahr case, the Southern Minnesota Beet Sugar Cooperative (SMBSC) project involved intensive
negotiations between the MPCA and the regulated point source (MPCA, 1999). The SMBSC case has much
in common with the Rahr case, but it differs in an important way in the structure of its market: Whereas Rahr
made payments to a fund that was then responsible for identifying means of implementing the nonpoint
reductions, the SMBSC permit sets up a committee to provide initial verification of trades that are actually
negotiated by SMBSC. As a result, the total cost to SMBSC will be determined by the extent to which it can
negotiate cheap reductions from nonpoint sources, potentially reducing costs when compared with the Rahr
case. On the other hand, the Rahr case has the advantage of actually having the potential to lead to waterquality improvements above those required in the NPDES permit. The specific BMP projects to be used are
not incorporated in the NPDES permit and, as such, are not subject to the same opportunities for
stakeholder approval. However, in both cases, an oversight committee with stakeholder representatives must
approve trades before they can be approved by the MPCA.
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Tar-Pamlico Watershed – North Carolina
The Tar-Pamlico watershed in North Carolina has been the site of one of the more innovative programs
to date. In 1989, North Carolina's Tar-Pamlico basin was designated as Nutrient Sensitive Water. The agency
originally proposed regulations to halt point-source increases until the problem could be studied scientifically.
A coalition of point-source dischargers, primarily POTWs, formed the Tar-Pamlico Basin Association that
proposed an alternative to having nutrients written into each source's NPDES permit (Malcolm Green,
personal communication, August 6, 1999). The Association's proposal had two important components. First,
the total nutrient load of the Association as a whole would be regulated, thus allowing for trading between
members of the Association as long as the Association's cap is achieved. Second, members of the Association
can pay into the fund that would pursue nonpoint source reductions to offset any loadings beyond their
allowed loadings. Although the Association's loadings have, to date, been consistently below its limit, it has
made contributions to the nonpoint fund for the purposes of offsetting future loads and to improve the
information regarding the cost of implementing BMPs (Malcolm Green, personal communication, August 6,
1999). Currently, a kilogram of point-source emissions can be offset with a payment of $29. To date, more
than $750,000 in transactions have taken place in the Tar-Pamlico program (Michigan DEQ, 1999a), and total
nutrients from Association members have declined by 15.7% -- despite a 34% increase in the flow from those
sources (Malcolm Green, personal communication, August 6, 1999). Monitoring of the nonpoint source
reductions is carried out by the State Division of Soil and Water Conservation (USEPA, 1997b).
Department of Environmental Quality – Michigan
Statewide Rules. Another case study that warrants description is the proposed statewide rules for pollution
trading being developed for the state of Michigan by the Department of Environmental Quality (DEQ).
Those rules represent an ambitious attempt to provide a general structure in which trades can occur in
virtually any watershed in the state. The rules spell out the means by which nonpoint source credits can be
generated and the extent to which they can be used to offset point-source loads. Unlike the general rules for
SO2 trading, the Michigan rules do not call for a fully transferable credit. Instead, each trade would need to be
approved by the DEQ, and approval of a trade amounts to a modification of the source's NPDES permit
(MI Rule 323.3022.8)1. The program calls for the establishment of an Internet-accessible registry that will be
used as an information clearing-house for buyers and sellers. The rules propose that nonpoint-source
reductions be both quantified and monitored by the United States Department of Agriculture, Natural
Resource Conservation Service (NRCS) (David Batchelor, comments made at the Symposium on Effluent Trading
in Texas, August 6, 1999). In the event that a nonpoint source is found to be out of compliance with the
required BMPs, the point-source partner would need to find substitute credits, and the nonpoint-source
would have to donate credits equal to triple the number of insufficient reductions (MI Rule 323.3024.3).
Kalamazoo River Demonstration Project. In addition to developing the statewide rules, the State of Michigan
has organized a demonstration project for the Kalamazoo River watershed. That project seeks to achieve
water quality objectives in the watershed while at the same time identifying policy issues and providing design
information for the statewide program (Michigan DEQ, 1998). Stakeholder involvement in the development
of the demonstration project provided particularly useful information for structuring the statewide rules
(David Batchelor, comments made at the Symposium on Effluent Trading in Texas, August 6, 1999). The
demonstration project will be supervised by a steering committee that will enter into contracts with nonpoint
sources for abatement. Credits will then be entered into a bank that would be available for use by point
sources following a scheme developed and approved by the steering committee (David Batchelor
[batcheld@state.mi.us] personal communication with Rich Woodward [r-woodward@tamu.edu] concerning
the Kalamazoo project, August 26, 1999). An innovative proposal in the Kalamazoo project is to allow
discounted trading of nonpoint-source phosphorous reductions achieved through the implementation of
“generally accepted agricultural practices.” Once that level of BMPs is implemented, a nonpoint source is able
to trade the full value of the credits generated (Michigan DEQ, 1998). The differential trading ratio is
1 Henceforth, “MI Rule” refers to the Michigan Water Quality Trading Rules (Draft #20), September, 1999. The number following
MI Rule is indicative of the rule number.
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intended to provide incentives for pollution abatement by all nonpoint sources without giving excessive
rewards to landowners who have failed to implement standard environmental practices in the past.
Monitoring is to be carried out under contractual agreements between NPS and Steering Committee.
COMPARISON OF SO2 AND EFFLUENT TRADING
Though there is no single model for the design of effluent trading programs, it is clear that any such
program would have several important differences from the SO2 program. Table 3-2 for example, highlights
some of the major obstacles facing an effluent trading program that are not issues in the SO2 program.
APPROACHES TO EFFLUENT TRADING
The case studies discussed in this chapter demonstrate the diversity of approaches to water-quality
improvement programs that are broadly described as market-based. It is apparent that effluent trading
programs are unlikely ever to become as sophisticated as the SO2 market, in which credits are exchanged on a
daily basis on the Chicago Board of Trade. Nonetheless, the studies do demonstrate that there are viable
approaches to effluent trading that can lead to substantial cost-efficient improvements in pollution
abatement.
As emphasized in Table 3-1, agencies have some flexibility in how they introduce, promote, and sanction
trading programs:

1. Rule-based approach. As in the SO2 market, one approach is for government to take the role of
establishing general rules for all interested parties.
2. Demonstration project. Numerous demonstration projects have been set up as laboratories to study
the potential for effluent trading. In most such projects, rules are developed that apply only to
parties in the project watershed.
3. Case-by-case, government initiation. As exemplified by the Minnesota cases, one approach has been
for the responsible agency to work directly with a single point-source discharger to find creative
means to address its pollution reduction goals. While such a process has the advantage of
specifically meeting the needs of the parties involved, it typically requires substantial agency
resources for the study and development of the proposed changes.
4. Case-by-case, stakeholder initiation. In the Tar-Pamlico case, it was the stakeholders in the watershed
that initiated the establishment of the trading program, rather than the government agency. That
led to a unique structure in which a group of sources was regulated as a whole. The case also
stands as a model to regulated sources in that they need not wait for government agencies to take
the lead in the establishment of trading programs. Following such a course, however, would
require that the stakeholders bear the majority of the costs associated with the development of
the program.
One common approach has been not to implement trading at all, but rather to study the possibilities for
such trading. Such work can lead to valuable information about the potential gains from trading and can serve
to promote and help the development of a real program. Ongoing work by the World Resources Institute, for
example, is intended to help the states of Michigan, Minnesota, and Wisconsin in the pursuit of their waterquality goals. It may be, however, that the benefits of such theoretical efforts are reaching diminishing
returns. One of the key benefits of trading is that an agency can achieve cost-efficient pollution control
without any information regarding the relative costs of emitters. Because of the difficulty of obtaining such
cost information, trading is attractive and modeling is quite difficult.
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Table 3-2
Comparison of SO2 Trading and Effluent Trading
ISSUE

SO2 TRADING

EFFLUENT TRADING

DEGREE OF EFFORT
TO FIND TRADING
PARTNERS

Most trading is handled by Sources must find trading partners
brokers that identify both among other source in the watershed.
buyers and seller.

STYLE OF
NEGOTIATIONS

Relatively “arms-length.” Most Very “hands-on.” Sources
must
trading is handled by brokers.
negotiate each trade, requiring more
management resources and seeming to
divulge more facility details.

SCOPE OF TRADING

Nationwide.

Same watershed or river segment.

TYPE OF TRADER

Mostly large utility companies.

Point and nonpoint sources in the
watershed.

TYPE OF POLLUTANT

One pollutant: SO2 emissions.

Many pollutants in effluent might be
traded. However, each individual trade
must be for the same type of pollutant.
In addition, the amount of a pollutant
credit needed or available for sale can
affect the success of the trade.

TIMING

Credits can be purchased
retrospectively. The facility
knows exactly how many SO2
credits must be purchased.

Credits must be purchased/sold
prospectively. Sources must project their
production and operations and ensure
they have sufficient credits to stay within
their permit.

MARKET ACTIVITY

Continuous, ongoing market.

Most of the need for trading arises at
irregular intervals.

PRICE TRANSPARENCY

Prices are fairy public and well
known among traders through
an established trading market
and aided by government
sponsored auction.

Price of each trade is negotiated
separately and is private between traders
due to the absence of a well established
trading market.

Source: Adapted from USEPA, 1998c.
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TECHNICAL, ECONOMIC, LEGAL, REGULATORY,
AND SOCIOPOLITICAL CONSIDERATIONS
IN EFFLUENT TRADING PROGRAMS
In recent years, the use of market-based approaches to devise pollution control policies has become an
increasingly important topic for discussion among economists, environmentalists, and policy makers. The
idea of market-based incentives has, however, been around for several decades. Attention to its significance
escalated following Coase’s (1960) seminal treatise on market bargaining and transaction costs. Following
Coase, economists have contributed substantially to early advocacy and explanatory literature on marketbased approaches to achieve effective and efficient environmental policymaking. This approach received
widespread attention and prominence in the legislative process when Congress enacted the Clean Air Act
(CAA) of 1990 creating an emissions trading program (Pub. Law No. 101-549, 104 Stat. 2399 (1990) codified
at 42 U.S.C. 7551).
While economists have provided much of the impetus to the use of effluent trading, and other marketbased incentive programs, it would be shortsighted to suggest that effluent trades only require scarcity and
transferable interest in water quality trading credits. Clearly, there are several elements, agents and entities in
the society that contribute to the development and implementation of effluent trading and other marketbased programs aimed at pollution control. This chapter outlines and discusses some of the major technical,
economic, legal and regulatory, and sociopolitical issues that need to be taken into consideration in effluent
based trading programs (see Figure 4-1).
Figure 4-1
Conceptual Framework for Effluent Trading
TECHNICAL

ECONOMIC

! Bioassimable Pollutants
! Watershed Based
! Point and Nonpoint Sources
! Equivalence, Additionality,
and Accountability

! Minimal Transaction Costs
! Market Power
! Transaction Forum
! Externalities

EFFLUENT TRADING

! Statewide Commodity Trades
! Contract Trades
! Brokered Trades
! Demonstration Project Trades
! Association Brokered Trades

LEGAL & REGULATORY
! Authorization
! Monitoring
! Enforcement
! Liability
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! Trust Building
! Stakeholder Participation
! Compliance
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TECHNICAL CONSIDERATIONS
DESIGN
The construction of an effluent trading framework requires explicit structure of objectives, mechanisms
for trading, units of trade, understanding of remedial methodologies, clearly defined compliance measures,
and unambiguous chain of responsibilities in compliance. The motivation for trading effluent is generally
some variant of a regulatory mandate to reduce pollutants to some threshold level. The objectives are driven
by this regulatory mandate, and will include either numeric criteria for a specific constituent, narrative criteria
for biological or ecological parameters, or some combination of the two. The nature of these objectives
determines to a large extent the degree of uncertainty of compliance. Numeric criteria are measurable and
predictable using mass flux calculations. Narrative criteria, including habitat, toxics, and dissolved oxygen, are
the product of multiple chemical, biological, and physical processes, and are more difficult to predict.
More often than not, hydrologic/water quality model (H/WQ) simulations are used to determine or
assess critical load criteria for a given constituent. These simulation activities are often performed using single
point estimates for model input variables to predict a single or deterministic output. However, the natural
world is uncertain and heterogeneous (Haan, 1995). The random variability of hydrologic variables and
stream flow pollutants has been recognized for centuries (Haan, 1977; Haith, 1987). In addition, parameter
values used as input to models are only estimates since the actual values are not known with certainty. The
importance of incorporating uncertainty analysis into H/WQ models has been emphasized by many authors
(Beck, 1987; Reckhow, 1994; Haan et al., 1995; Kumar and Heatwole, 1995; Hession et al., 1996a, 1996b, and
1996c). Rejeski (1993) referred to “modeling honesty” as the truthful representation of model limitations and
uncertainties. Beven (1993) and Haan (1995) suggested that the inclusion of uncertainty analysis in modeling
activities can be interpreted as intellectual honesty. Reckhow (1994) suggested that all scientific uncertainties
must be estimated and included in modeling activities. However, few, if any, existing pollutant transport and
fate models include thorough uncertainty analyses (Suter, 1993; Reckhow, 1994). Uncertainty can be reduced
through targeted investigation to improve knowledge of a process, through improved resolution of spatial
and temporal data, and through experimental design with explicit measurement objectives. When uncertainty
cannot be reduced, it can be quantified through risk assessment and management procedures.
Uncertainty is not a desirable aspect of modeling investigations for watershed-level assessment and
management. However, uncertainty and stochasticity are ubiquitous in such analyses and must not be
ignored. In the past, the incorporation of a quantitative uncertainty analysis into modeling activities required
special expertise and computing power. However, the accessibility of powerful personal computers and
spreadsheet-based Monte Carlo analysis software make it possible for most assessors and managers to
“honestly” incorporate uncertainty analysis into their analyses, thereby allowing for more knowledgeable
decision making. Beck (1987), in reviewing the analysis of uncertainty in water quality modeling, concluded
that many of the larger, more complex water quality models can easily generate predictions with little or no
confidence. Large mechanistic models are too complex to be subjected to adequate uncertainty analysis
(Reckhow, 1994). Therefore, Reckhow (1994) suggested the use of simpler models with thorough uncertainty
analysis. State and regional agencies are a large percentage of model users and they rarely use complex
mechanistic models (Hession et al., 1985). Uncertainties associated with each component of an effluent
trading process should be assessed. Potential mechanisms to reduce these uncertainties should be identified
and incorporated into the trading framework. In addition, uncertainties should be propagated throughout
each phase of any modeling analysis utilizing a combination of first-order variance and Monte Carlo
simulation methods (Beck, 1987).
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PERFORMANCE MEASURES AND BENCHMARKS
The criteria by which the effectiveness of a trade is evaluated (the performance measures) must be
determined and communicated from the beginning of the trading processes. Any uncertainty in these
measures will undermine the trading process. Performance measures and their associated benchmarks must
relate directly to the process and constituent or criterion of concern. Performance measures and benchmarks
must be developed for both the trading process as well as the technical compliance endpoints.

Trading Process Benchmarks. The TNRCC will need to measure and document the success of the trading
process as well as its outcomes. The agency should measure indices of escalation of conflict, including
number of litigations, appeals, and administrative review requests filed by the participants. Other measures of
process include satisfaction of the trading partners with the trading process and attitudes about access to the
trading process.
Technical Benchmarks. The technical objectives of an effluent trading program must include compliance
with some water quality standard. The nature of that standard determines the character of the benchmarks for
measuring success in the program. Section 304(a)(1) of the Clean Water Act requires U.S. EPA to develop
criteria for water quality based solely on data and scientific judgments. They do not consider economic
impacts or the technological feasibility of meeting the criteria in ambient water. States develop water quality
standards for water bodies based on their designated uses. An impaired water body is any water body of the
United States that does not attain these water quality standards. Water quality standards under the CWA are
generally categorized as numeric or narrative, and are assessed based on stream reach designated uses and antidegradation requirements (40 CFR 131). Numeric standards are the familiar concentration or mass loading
per unit time pollutant criteria – "1.5 mg/l BOD" or "1.2 Kg suspended solids/day." Narrative standards are
descriptive – "no toxics in toxic amounts" or "no degradation of habitat." These criteria are more ambiguous,
and thus more difficult to monitor, manage, and restore.
If a water body does not meet a designated use criteria (a water quality standard) it is considered
impaired, and is a candidate for listing under CWA Section 303(d). Impairment may be due to an individual
pollutant, multiple pollutants, pollution, or an unknown cause of impairment. Impairment is not limited to
violation of numeric criteria – if a water body receives a thermal discharge from one or more point sources,
for example, "impaired" means that the water body does not have or maintain a balanced indigenous
population of shellfish, fish, and wildlife (USEPA, 1999).
The objective of an effluent trading program is to prevent or remediate impairment of water bodies.
Remedial activities (nonpoint source reductions, wastewater treatment plant upgrades, and so forth) must
have performance benchmarks that are defined within very specific timeline for participants to understand
and manage the trading process effectively. The U.S. EPA established guidelines for setting targets in the
Draft Guidance for Water Quality-based Decisions: The TMDL Process (USEPA, 1999):1
From a broad management perspective, the purpose of target analysis is to define the
relationship between designated uses, numeric measure(s) of success, and pollutant loading.
The primary goals of target analysis are (1) to clarify whether the ultimate goal of the TMDL
is to comply with a numeric water quality criterion, comply with an interpretation of a
narrative water quality criterion, or attain a desired condition that supports meeting a
specified designated use; (2) to identify the water body's critical conditions; (3) to identify
appropriate ways to measure (track) progress toward achieving stated goals; and (4) to tie the
measures to pollutant loading.
The type, number, and character of pollutant sources affecting an impaired or threatened
water body will affect how a TMDL is established, which allocation strategy is most
effective, and the follow-up monitoring and evaluation activities required. For example, a

1

The following sections are taken from various sections of the Draft Guidance for Water Quality-based Decisions (USEPA, 1999).
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TMDL that addresses a water body impaired by a conventional pollutant, such as
biochemical oxygen demand, that is discharged from a single point source will be relatively
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straightforward. A numeric target is available through State, Territorial, or authorized Tribal
water quality standards. Source assessment should consider a low-flow condition (potentially
using one of the well-developed analytical techniques available) and allocate maximum
pollutant loads both to natural background and to the single discharger that ensures that the
water quality standards are attained and maintained. The allocation can be implemented
through the discharger's NPDES permit. Follow-up monitoring to ensure compliance with
the allocation and success of the TMDL can be a requirement of the permit or can be
conducted by the State, Territory, or authorized Tribe at one or two monitoring sites
downstream of the discharge (USEPA, 1999)
Establishing a TMDL that addresses a lake or river impaired by a nutrient load comprised of
the discharge from several wastewater treatment plants, runoff during storms from grazed
pastures, and groundwater that is affected by failing septic systems is different. Narrative
water quality standards for nuisance algae, color, and odor should be translated into a
numeric surrogate target for the most interplay. Although allocations to the point source
dischargers can be implemented through their NPDES permits, mechanisms for
implementing the allocations to septic systems and pastureland should be formulated and
explained in the implementation and monitoring plan (USEPA, 1999)
Expressing wasteload allocations as numeric maximum allowable loads and required numeric
reductions in pollutant loads is particularly useful for individual, continuous discharges. The
baseline permitting program and methods for developing water quality-based effluent limits from
water quality standards and wasteload allocations were originally designed to regulate
continuous discharges from industrial and municipal point sources, where variability of
effluent flow and quality can be predicted and modeled using relatively simple techniques.
Developing numeric wasteload allocations and numeric water quality-based effluent limits is
a relatively straightforward process for these types of discharges.
On the other hand, many of the sources that have recently come under the regulatory
umbrella of the NPDES program, or for which there has been renewed interest in
controlling through the NPDES program, are associated with episodic runoff. Point sources
composed predominately of runoff include: municipal storm water from large and mediumsized cities and runoff from construction and industrial sites (more than 250,000 sources
regulated under the NPDES program by 2002); approximately 10,000 combined sewer
overflow points across the country; and approximately 15,000-20,000 concentrated animal
feeding operations anticipated to be subject to regulation and control as point sources
(USEPA, 1999).
For diffuse sources of pollutant loads that are managed through a point source discharge,
the quantity and quality of the runoff tends to be episodic and can be difficult to model and
predict. Polluted runoff collected and controlled as a point source is frequently discharged
from a large number of outfalls, complicating measurement of effluent quality. It may be
difficult to establish meaningful wasteload allocations for such point sources. The method of
choice for controlling polluted runoff is generally a best management practice (e.g., silt fences,
street sweeping) approach rather than the treatment systems commonly associated with
continuous discharges. It is more difficult to monitor or predict the effectiveness of best
management practices on reducing the discharge of pollutants into waterways and, therefore,
more difficult for a permitting authority to determine with certainty that the requirements it
places on sources of polluted runoff will meet a numeric wasteload allocation requirement
(USEPA, 1999).
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The simplest performance benchmark is the water quality standard, and requires minimum risk be
assumed by TNRCC; however, this may be an unrealistic goal over a short time period, and could have a
dissuasive effect on trading. A staged or iterative approach may be necessary in some circumstances. This
approach requires the TNRCC assume some risk, and participate in negotiating guidelines and targets rather
than prescribing them. The Draft Guidance for Water Quality-based Decisions: The TMDL Process presents a
framework for developing guidelines and performance benchmarks under these complex conditions (USEPA,
1999).
ECONOMIC ISSUES IN EFFLUENT TRADING

The success and efficiency of effluent trading depend upon a number of critical economic factors
including transaction costs, market power, externalities and moral hazard. In this section we discuss these
factors and, based on theoretical guidance and experience in effluent trading programs, draw conclusions
regarding these issues.
Transaction Costs
The impact transaction costs have on exchanges between economic agents is one of the most important
issues to be addressed in effluent trading programs. Transaction costs arise in any exchange because parties
must expend time, effort, and money to find one another, communicate and exchange information, and
physically and legally consummate the trade. Generally three potential sources of transaction costs can be
identified in effluent trading (Stavins, 1995):
•

Search and Information: Buyers and sellers in an effluent trading program must identify each other
and quantify their need or the number of credits they could generate.

•

Bargaining and Decision: These are real resource costs associated with negotiations including time
and/or fees for brokerage, legal, and insurance services.

•

Monitoring and Enforcement: These costs are associated with the completion of the trade. It is
important that government agencies be involved in monitoring and enforcement; this typically
requires expenditure. Such expenses are funded in part or entirely through revenues resulting
from a charge embedded in the price of the trade (maybe in the form of a tax on each
transaction).

Abatement credits trading takes place when the marginal cost of pollution abatement by one source is
higher than that of another source. If, however, transaction costs are greater than this difference, then a trade
will not take place. Hence, in the development of an effluent trading program, every possible effort should be
made to minimize such costs.
Governmental oversight and management of a trading program can be a primary source of transaction
costs. Hahn and Hester (1989) identify three means by which government intervention can contribute to an
increase in transaction costs:
1. A high degree of regulatory oversight of individual trades,
2. A large number of levels of bureaucracy at which a trade must be reviewed; and
3. Expenditure required to obtain adequate information necessary to establish property right for
trading.
The costs associated with (1) and (2) might be minimized through creative organization and government
outreach. However, it must be emphasized that (3) indicates that there is a direct relationship between
transaction costs and the control the agency has over the trading program. In short, there exists a trade-off
between agency oversight and efficiency, measured in terms of minimal transaction costs, or success of an
effluent trading program.
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Transaction costs could take on weighty proportions that stifle trade. This is evidenced in the Fox River
effluent program in Wisconsin (for a comprehensive discussion see Apogee Research, 1992). The program
structure required that discharge permits be modified for both parties involved in a trade. This permit
modification process is a lengthy one, taking upwards of six or more months. Following modifications to the
permit, an approval from the Wisconsin Department of Natural Resources had to be obtained before a trade
could take place. The administrative process was further complicated by the fact that toxic organic
compounds from paper mill effluent were also tradable.
In contrast to the trading parties bearing a substantial share of administrative costs, the monitoring
agency may have to bare the brunt of increased transaction costs ensuing from oversight processes. For
instance, the permit revisions that sanctioned the Rahr Malting trade in Minnesota were based on extensive
scientific study that included a site-specific analysis for every trade (Minnesota Pollution Control Agency,
1997). It is important to note that transaction costs need not be entirely borne by the traders or agency. It is
conceptually possible to design programs that spread the costs across all parties involved in trading and the
trading process or require the primary beneficiary to cover a substantial portion of the administrative costs.
One such innovative approach has been adopted in the Tar-Pamlico project. A substantial portion of the
costs in terms of time and money were borne by the association of point-source dischargers that spearheaded
the implementation of the project (Green, 1997).
The spread of the transaction costs burden is an important concern in itself, but not as meaningful as one
that focuses on mechanisms to minimize transaction costs. An example of steps that can be taken to reduce
transaction costs is found in draft rules Michigan is proposing for a statewide effluent trading program. The
rules describe the establishment and maintenance of a Water Quality Trading Registry (MI Rule 20.1-5). The
information in the registry contains the name and location of the sources, the pollutant-specific quantity of
credits, a brief description of the sources, a brief description of the methods to generate discharge or loading
reductions and an identification of the applicable requirement. This information is made available to the
public through an electronic bulletin board updated daily. Such a bulletin board would substantially reduce
the transaction cost involved in search and information. The Michigan draft rules require site-specific analysis
to quantify any agricultural credits generated. This requirement can potentially prove to be costly. In such
instance, the agency hopes to minimize costs through partnerships with other state/federal agencies familiar
with local farming practices like the USDA's Natural Resource Conservation Service. For other sources, such
as stormwater runoff, general coefficients are written into the Michigan draft rules, essentially eliminating the
substantial cost associated with quantifying the credits generated (MI Rule 323.3013.2).
Stavins (1995) notes that search and information costs should be ameliorated somewhat in markets with
relatively large number of potential trading sources. A large number of trading participants can mean more
frequent transactions, generating more information and thereby reducing uncertainty.
Finally, it should be noted that the presence of transaction costs increases the importance of the initial
credits allocation (Montero, 1997). In contrast to simple theoretical (economic) prediction that cost efficiency
can be achieved regardless of the initial allocation of credits, the presence of transaction costs and uncertainty
can lead to cost inefficiencies in the market depending on initial allocation of permits, or the baseline levels
established.
Market Power and Competition
When either the permit market or the market in which the products of effluent trading participants is
concentrated in the hands of relatively few participants, the performance of effluent trading can be adversely
affected. Two areas of concern exist: (1) Is there a likelihood of one or a few traders attaining control over a
sufficient number of permits so as to extract large transfers from other participants? (2) How would the
change to a trading program affect the degree of competitiveness in product market? Malueg (1990) found
that if firms participate in noncompetitive product markets, then permit trading might reduce social welfare.
Hahn (1984) demonstrates that the degree of distortion, or inefficiency is increasing in the endowment of
permits received by the firm with market power.
Tietenberg (1985), however, offers a dissenting view, arguing that in most studies involving simulation of
abatement costs in permit markets with market power, aggregate abatement costs do not increase significantly
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even when there is aggressive manipulation of price. Moreover, overall environmental quality may not be
affected by market power since, by design, permit markets hold the aggregate level of pollution constant. It is
important to note that market power may not affect aggregate pollution, it is conceivable that environmental
quality concerns may still arise. These concerns can take one of two forms because of localized concentration
of pollutants despite aggregate levels of pollution being maintained or even reduced – first, impacts to the
environment, and second, human impacts. These issues are discussed at length later in this chapter. Thus, the
impacts of market power on water pollution trading and efficiency in the economy as a whole remain
unresolved questions.
In general, if there is reason to believe that polluting entities have market power either in the product
markets or are likely to establish market power in the effluent credit market, then the possible consequences
of that particular case should be investigated and remedies put in place, if necessary. To date, however, there
has been no empirical analysis of the impacts of market power on the performance of market-based
approaches to pollution control. While it certainly indicates that research in the area is needed, it also suggests
that no egregious problems have surfaced prompting such analysis.
Externalities
An externality is any effect a market transaction may have on individuals or groups that are not party to
the trade. As will be discussed later in this chapter, it is important to consider these externalities, both positive
and negative, arising from effluent trading since they may have important sociopolitical ramifications. One
such externality leading to adverse impacts is the formation of “hotspots.” Additionally, there may exist other
negative externalities resulting from certain nonpoint source control techniques that should be evaluated. For
example, conservation tillage, a recommended control for soil erosion and nutrient runoff, a substitute to
increased herbicide and pesticide application that accompanies conventional tillage practices, such as sub-soil
tillage, can increase the likelihood of groundwater contamination by reducing runoff and increasing
subsurface nutrient-rich water recharge (Bartfeld, 1993). Consequently, soil conservation practices that
control runoffs also may increase pollution of groundwater. Prior to proposing the use of specific practices to
generate credits, the possibility of externalities and their impacts should be evaluated. Wherever necessary, the
adverse impacts can be mitigated by ex ante policy measures. These policy prescriptions can either be
embodied in the effluent trading rules or dealt with through other regulatory or market measures.
Moral Hazard
A moral hazard is an incentive embodied in a market structure that leads agents to behave in a manner
that needlessly increases costs (Bannock et al., 1998). In the case of effluent trading, because pollution
reductions are sold, polluting entities may inflate their current pollution levels in order to sell them later. For
example, landowners could change their practices to increase those pollution loads for the purpose of
obtaining credits that can be sold. The increased cost, in this case, is the additional pollution that is dumped
into the system in the short run. This effect must be carefully monitored in the development of a program.
This is particularly of concern in rule-based approaches since such rules may legitimize actions that would be
clearly deemed inappropriate if each trade were supervised intensively by the regulating agency. This potential
problem has been recognized and addressed in the Michigan draft rules where credits can only be generated if
“discharge reductions shall be real, surplus and quantifiable” (MI Rule 6.1.b). However, the language in the
rule does not seem to have completely eliminated the moral hazard problem. For instance, the baseline for
most agricultural sources is determined by looking at “existing” uses, typically over a three-year period (MI
Rule 10.2 and 14.1.a). Hence, if credits were sufficiently valuable, there might be an incentive for a source to
increase its loadings for a period of three years so that it could then sell credits by returning to its original
level. While such concerns may only be a theoretical possibility, they could be avoided entirely by defining the
baseline in a manner that makes it difficult for sources to change the baseline. For example, tying the standard
baseline to a particular date would eliminate the problem entirely.
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Trading Ratios
A trading ratio is the number of units of source reduction one source must sponsor from another source
in order to substitute for its own reductions. For example, a 2:1 trading ratio would require that a treatment
plant control two pounds of phosphorus from a nonpoint source for each pound of phosphorus it
discharges. Table 4-1 shows the trading ratios used in various effluent trading programs.
Trading ratios are often recommended as a means of achieving an actual improvement in water quality as
a result of the trading program. While this argument might make the program more attractive to policy
makers and the environmental community, caution should be exercised. Trading ratios may impede the
success of any effluent trading program as they make it less attractive for sources to engage in trades. There
are, however, numerous economic reasons why trading ratios should be established.
First, a trading ratio greater than one establishes the correct physical coefficients that would equate
pollution by two sources. Establishing the exact physical coefficients can, however, be quite difficult (Letson,
1992). Uncertainty resulting from this difficulty can also be a justification for establishing trading ratios. Thus,
ratios can be set “conservatively” so that there is a high level of confidence that the desired pollution
reduction is achieved. Since run-off from nonpoint sources varies with the weather, this complicates the
establishment of coefficients that would equate point and nonpoint effluent. As a result of these difficulties,
determination of the correct scientifically-based trading ratio may require substantial study that could be very
costly in terms of both time and money. Hence, agencies may simply choose to accept uncertainty and use
imperfect trading ratios that are believed to be safe given the limited information available (David Batchelor,
personal communication, State of Michigan, Department of Environmental Quality, July 29, 1999.).
Trading ratios should also be affected by the differential costs of enforcing pollution loads by different
sources (Malik et al., 1993). If the cost of enforcing compliance by a nonpoint source is greater than the costs
of enforcing a point source, then this would increase the appropriate trading ratio.
Table 4-1
Examples of Trading Ratios in Effluent Trading Programs

PROGRAMS

TRADING RATIOS

POLLUTANTS

Kalamazoo River Project,
Michigan

2:1

Phosphorus

Dillon Reservoir,
Colorado

2:1

Phosphorus

3:1+

Tar-Pamlico, North
Carolina

2:1*

Rahr Malting, Minnesota

8:1

Phosphorus to BOD

Fox River, Wisconsin

1:1

BOD

64 area-specific ratios
varying from 1:1 to 9.2:1

Nitrogen

Long Island Sound, New
York; and Connecticut
+:

Nitrogen/Phosphorus

Trading ratio for cropland BMP; *: trading ratio for confined animal operation

The Structure of Effluent Trading Markets
Adam Smith's ideal market is one that is an unregulated, unstructured forum in which buyers and sellers
negotiate a fair price. This ideal contrasts sharply with the regulated markets that define effluent trading
programs that are by nature “messy” (McCann, 1996). Effluent trading programs do not arise naturally from
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market forces but are regulated and structured by government agencies. Substantial thought must be given,
therefore, to how the various structures and functions are formulated.
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As noted in Chapter 2, effluent trading programs have taken four different forms:
1. Commodity markets
2. Contractual markets
3. Markets in which the supply of pollution credits is centralized in a single fund; or
4. Programs in which individual sources are given the flexibility to find cost-efficient
means of achieving their pollution-reduction goals without trading.
Options 3 and 4 are typically more centralized and result in a higher degree of agency certainty about and
control over the outcomes. Options 1 and 2 are preferable in terms of the flexibility that they provide traders
and the incentives they offer for abatement. However, little attention has been given in the literature to the
difference between commodity and contractual markets and why one or the other might arise.
A commodity market is the economic ideal – buyers and sellers, possessing or wanting homogeneous
good(s), are able to trade freely to put that good to its highest-valued use. Two criteria must be satisfied for a
commodity market to arise. First, the good being exchanged must be fully fungible within the market.
Therefore, for a commodity market to arise in an effluent trading program within the market (the watershed
or river segment) a credit generated at one point in the watershed must be usable at many other points in the
watershed. Variable trading ratios can be applied, but it must not be the case that credits are uniquely tied to a
single purchaser of those credits.
Second, it must be the case that the credit embodies all the rights and responsibilities associated with a
trade. In the SO2 market, for example, it is clear that if a firm has a credit, then it is allowed to pollute a ton of
SO2, and if it sells that credit to any other source, it gives up the right. Furthermore, if a firm buys a credit
from some other source, the purchaser has no responsibility to ensure that the seller actually achieves its
reduction. In many effluent trading programs, on the other hand, nonpoint source abatement is specifically
written into the NPDES permit of the point source. Hence, there is an explicit and continuing linkage
between the point and nonpoint sources. Should the point source find that it no longer needs the nonpoint
abatement to achieve its NPDES, the credits could not easily be traded to another source but would require a
new contract and, potentially, revisions in NPDES permits.
Commodity markets lead to substantially lower transaction costs than contractual markets. For example,
the brokerage charge for SO2 trading is currently at about 20¢ per permit traded, or about 0.1 percent (B.
McLean, USEPA, comments during a roundtable discussion. Workshop on Market Based Instruments for
Environmental Protection: What Do and Don't We Know About Tradable Permit Systems, July 18-20, 1999. Cambridge,
MA.). When compared to the brokerage fees of 6 percent that are routinely charged in real-estate markets (a
contractual market), it is clear that the transaction costs in commodity markets can be quite low. On the other
hand, an effective commodity market may be impossible to establish when nonpoint sources are participants
because of the monitoring and enforcement problems.
Agency Role in the Market
There are numerous roles that a government agency might play in an effluent trading market. Monitoring,
enforcement, and the establishment and distribution of legal rights and responsibilities are obvious
responsibilities that have been discussed elsewhere in this report. There are, however, a number of actions
that can be taken by the agency that are specifically intended to define and establish a market that functions
well.
First, the state may actually be involved in trading of pollution-abatement credits. Purchases of credits
might be done to achieve environmental goals while sales of credits might be done through changes in
management at government-owned point or nonpoint sources. If a commodity market arises, the government
could buy and sell permits in an attempt to “jump-start” the market and increase information. For example,
in the SO2 market, the U.S. EPA actually carries out an annual auction intended to provide price information
to market participants. The use of auctions or direct purchasing of credits by the government in contractual
markets is more problematic as each transaction is contingent on specific characteristics of both the buyer
and the seller.
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State agencies might also intervene in an effluent trading market by acting as brokers to bring together
buyers and sellers. This role might be particularly important if point-nonpoint trading is considered since
buyers and sellers in such a market are less likely to be familiar with each other.
Finally, the state may play an active role in providing information to market participants without actually
engaging directly in the market. The Trading Registry proposed in the Michigan State rules is an example of
such an activity.
Banking
Abatement credits are bankable if reductions today can be sold to offset pollution at a later date. Hahn
and Noll (1990) argue that bankability is a critical feature of any successful pollution-trading program. If
credits can be banked, then there is an incentive for firms to take abatement measures in advance of
negotiating a trade on the assumption that credits generated will eventually result in some revenue. In
addition, Hahn and Noll note that banking allows firms to reduce emissions when costs are relatively low.
The problem with banking, of course, is that a pollution reduction goal is sought for all points in time
and banking means that the goal may be overachieved in one period and underachieved in another. The
variability that might result from banking is problematic for effluent trading since, as the Clean Water Act
requires, standards must be maintained at all times. Implicit in Hahn and Noll’s argument is the notion that
the risk of such temporal variation is worth the benefit since there is an overall improved incentive structure
for pollution reduction. Aware that banking can lead to some variation in pollution over time, regulators
might build a margin of safety into the baseline load. Banking, as used here, is distinct from a payment made
in advance for a permanent reduction that will only be needed at some point in the future. Such advance
purchases have been used by the Association of point-sources in the Tar-Pamlico trading program, to
stimulate the nonpoint source market, and by the town of Frisco in the Lake Dillon program, to reduce
uncertainty about future restrictions (Malcolm Green, personal communication, August 6, 1999; USEPA,
1996a).
While banking is not ruled out in the Michigan draft rules, the use of banked credits requires special
permission and is put in the same category as cross-pollutant trading or the trading of non-nutrient pollutants
(MI Rule 323.3009). Until a precedent is set indicating that banked permits can be sold, the incentives noted
by Hahn and Noll are unlikely to materialize.
Third Parties in Effluent-Trading Markets
In organizing effluent trading markets, third parties might play a critical role in facilitating the trading.
Third parties may help by identifying and facilitating potential trades, reducing the transaction costs of
trading, and quantifying the number of credits generated by a particular practice. Hence, third parties could
satisfy regulatory requirements while minimizing government’s role in the effluent market.
The idea of trading pollution-abatement credits is probably new to most market participants and is likely
to be fraught with uncertainty. Brokers can, therefore, play a valuable role in providing information to market
participants about the possibilities that exist for trading and the process that they need to follow to comply
with regulatory standards. If a commodity market arises, then brokers might also be taking risks in the market
by buying, holding, and selling permits. Finally, as the market develops, brokers can be expected increasingly
to assume the task of verifying nonpoint source reductions and any liability for shortfalls in effluent
reductions (Jarvie and Solomon, 1999).
The Size of Effluent Trading Markets
The success of trading can be affected in an important ways by the size of markets. The number and size
of pollutant sources that participate in a trading program are important because they jointly determine
whether reductions might be traded. Because participants may only enter the market once or twice, effluent
trading markets face a greater risk of “thin” markets, in which trades are few and infrequent. For example, a
farm may only be able to generate credits once and then be required to maintain those BMP from that point
onward. If contracts need to be renegotiated after a fixed period of time, then in addition to providing a
vehicle for periodic review of each permit, it would also increase market activity.
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Trading can be difficult if too few sources are involved in the trading because there may not be enough
of a difference in the marginal cost of reduction to make trading worthwhile. Trading can also be difficult if
the generators of abatement credits are too small. Since for point sources, abatement technology upgrades are
often discrete or lumpy because of capital adjustment (Crutchfield et al., 1994) significant nonpoint source
loadings must exist for nonpoint sources to avoid technology upgrades through trading.
Thin markets can cause additional problems. They tend to increase uncertainty because few trades
generate less information about prices paid for abatement credits. Also, thin markets provide greater
opportunities for a few participants to exert market power, which can lead to outcomes that diverge sharply
from the optimal equilibrium (Saleth et al., 1991).
On the other hand, some transaction costs can grow with the number of participants. Search and
information costs, for example, can increase with the number of participants, an effect that can be particularly
important if there is no central clearinghouse for information. Furthermore, the costs of coordinating and
monitoring many small nonpoint BMPs would be higher than if there is a large nonpoint source (Jarvie and
Solomon, 1999). Hence, under some conditions it might make sense to limit the market to relatively large
producers.

LEGAL AND REGULATORY CONSIDERATIONS
The law plays a critical role in creating and empowering market-based allocation frameworks.
Environmental law creates markets for water quality trading credits just as contract and property law create
markets for commercial transactions (Hays, 1996). Statutes and regulations provide the means for
authorizing, administering, and policing market-based systems. The CAA, for example, statutorily created a
market system designed for the trading of air-pollution emission rights (see 42 U.S.C. § § 7651-7651(O)).
Effluent trading must address the following legal elements: authorization to engage in trades, defined
entitlements in permits and trade instruments, enforcement of trade agreements, and monitoring and
reporting to insure compliance. These elements are discussed in more detail below and are central
considerations in the design of future water quality effluent trading programs.
The law is pervasive and necessary in establishing market-based allocation frameworks. Environmental
law creates markets for water quality trading credits just as contract and property law create markets for
commercial transactions (Hays, 1996). Statutes and regulations provide the means for authorizing,
administering, and policing market-based systems. The CAA, for example, is a statutorily created market
system designed for the trading of air-pollution emission rights (see 42 U.S.C. § § 7651-7651(O)). In
recognition of the critical role that the law plays in creating and empowering market-based transactions, then,
the following legal and regulatory considerations would seem to be the most significant for the design of
effluent trading programs.
FEDERAL AUTHORIZATION
While effluent trading, as a pollution control, can be described in an ideal and theoretical economic
framework, it must be consistent with the substantive and procedural mandates of the CWA. It is generally
beyond legal dispute that Congress has the constitutional authority to develop and implement a water
pollution control program for the waters of the United States. Congress, through enactment of the CWA, has
given the U.S. EPA primacy in water quality and pollution control efforts. States do have the opportunity to
take over the administration and enforcement of a number of programs. However, the States are still subject
to federal oversight (for example see 33 U.S.C. § 1342 (b) allowing for delegation of the NPDES permit
program; § 1316(c) for new source performance standards; § 1344 wetlands dredge and fill permit program;
and § 1345(c) the sewage sludge permit program). Under this delegation framework, Texas has assumed
administration of the NPDES program.
Unlike the CAA, the CWA does not explicitly authorize effluent trading or other market-based incentive
programs. As such, any federal or state program is theoretically subject to challenge based on a lack of explicit
legal authority. However, legal authority can be inferred from several sections of the CWA (33 U.S.C. §§
1312, 1313). In particular, trading programs appear to be permissible through section 301, which provides
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that where technology-based limitations are not sufficient to meet water quality standards, more-stringent
limitations and methods can be used. Section 302 requires U.S. EPA to establish effluent limitations,
including alternative control strategies for such point and other sources as can be reasonably expected to
maintain water quality.
Further support for inferring effluent trading authority from these sections of the CWA can be gleaned
from Chevron USA Inc. v. Natural Resources Defense Council, 467 U.S. 837 (1984). In this 1984 decision, the
United States Supreme Court upheld as reasonable a U.S. EPA air emission trading regulation based on the
bubble concept. (Chevron, 467 U.S. at 840). While Chevron is often cited for its administrative law innovation, it
was U.S. EPA’s action to devise a market-based emission approach that opened the door for the 1990
Amendments to the CAA authorizing trading.
From an administrative law perspective, Chevron is renowned for its two step approach to judicial review
of agency decision-making. Under this approach a regulation will withstand judicial scrutiny if (1) it follows
the express mandate of the statute, or (2) should the statute be ambiguous on a particular point at issue, if it
constitutes a reasonable interpretation of that legislation [Chevron, 467 U.S. at 842-843]. Given this approach,
congressional authorization of effluent trading can reasonably be inferred from Sections 301 and 302 of the
CWA. Although federal authority can be inferred, Congress could remove any doubt by explicitly authorizing
effluent trading as they did with emissions trading under the CAA.
STATE AUTHORIZATION
Essentially, questions over enabling federal authority do not appear to be major barriers to effluent
trading and because state regulations must be consistent with the CWA, that legal authorization would appear
to extend to states (see Bartfeld, 1993).
DEFINED ENTITLEMENTS
Effluent trading systems are premised on the idea that discharge levels can be endowed with a legal
entitlements that have divisible, apportionable, and transferable elements. Economic theory posits that
defined, privatized, enforceable, and transferable rights are central to market-based transactions (for a concise
discussion of the importance of well-defined property rights to a market-based allocation system see T.
Tietenberg, comments during a roundtable discussion. Workshop on Market Based Instruments for Environmental
Protection: What Do and Don't We Know About Tradable Permit Systems, July 18-20, 1999. Cambridge, MA.). It is
debatable whether these rights should be protected as property rights or as some other kind of entitlement.
One unique feature in the CAA is the assertion that tradable emission allowances are not equivalent to rights
to pollute. The Act provides that an “allowance allocated under this subchapter is a limited authorization to emit sulfur
dioxide.... and does not constitute a property right” (see 42 U.S.C. 7651b(f)). By characterizing an emissions permit as
a temporary and limited privilege, Congress effectively ensured that polluters would not receive a legally
recognized right to pollute.
An effluent permit trading system should at least recognize the following three features, which are crucial
to market-based transactions:

•

Entitlementlegally protected entitlements to discharge to a specified limit;

•

Transferability
right to convey all or part of the entitlement to others; and

•

Enforceabilityright to protect the entitlement and ensure compliance of terms of transfer.

The CAA embodies these features and encourages transferability of pollution abatement credits by
providing legal certainty, consistency, and predictability in transfers. Any effluent trading program geared to
maintain good water quality should also recognize and ensure these three features of market-based
transactions.
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ENFORCEMENT ISSUES
Beyond the issue of legal authorization to undertake trading, is the matter of enforcing the terms of the
trade and the role of the state regulatory agency in this process. The primary enforcement concerns with
trading programs are responsibility and liability: if and under what conditions does a trade fail, if a trade fails
who is responsible for correcting the situation, who can be sued, and who is liable. In addition to the legal
issues, there are important economic questions associated with enforcement actions. Enforcement structures
that are complex, costly to enforce, and fraught with uncertainty increase transaction costs which could have
a major impact on the efficiency of trading programs.
Enforcement processes are determined, in great part, by the regulatory authority of the agency and by the
type of trade contemplated. Three trade types and enforcement options for each are described below. Each
trade scenario includes a basis for liability and a process for enforcement. Liability for noncompliance is
predicated either on permit or contract conditions. Permit-based enforcement actions are dictated by the
CWA and by state statutes and administrative rules that generally mirror the federal requirements. The CWA
includes a number of criminal and civil enforcement tools for (1) the U.S. EPA, (2) state regulatory agencies
and (3) citizen groups (see 33 U.S.C. 1319 (b) and (c)). In addition, the U.S. EPA and state regulatory agencies
can seek injunctions to restrain and abate statutory violations.
Contract actions are based on bilateral or multilateral party negotiations and terms and are enforced
through a civil process. Enforcement flows under permit terms are usually unidirectional from the agency to
the permittee, whereas contract enforcement flows may be multidirectional.

Point-Point Trades
Under the CWA enforcement provisions are binding on regulated parties with discharge obligations
spelled out in the NPDES permit. For a transaction requiring a NPDES permit, trading is enforced by the
state agency through the permit. Liability is imposed on the permittee for noncompliance. Two options for
liability and enforcement actions for noncompliance are depicted in Figure 4-2. Permit based actions are
outlined in Option 1 and a combination of permit and contract actions are presented in Option 2.
Figure 4-2
Point-Point Trade Liability Flow
Option 1
Liability
Basis

Permit Process
Regulatory
Agency

Process
Flow

Point Source
Permittee

Point Source
Permittee

Permit Enforcement

Option 2
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Agency

Process
Flow
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Point–Nonpoint Trades
These transactions are more problematic but offer options for innovation. The standard of practice
under these trades is to bind the point source through the NPDES permit and to allow the permittee to
enforce the bargain with a nonpoint source person through a contract action. Michigan and Minnesota
enforce trading through the permit and any enforcement action with a nonpoint source is the responsibility of
the permittee (MI Rule 323.3021; Senjem, 1997). Under this approach primary liability for noncompliance
falls on the permittee. The permittee can, by contract terms and breach of contract action, transfer some or
all of this liability to the nonpoint source. This approach is outlined in Figure 4-3 as Option 1.
A second approach to liability and enforcement would be to include the regulatory agency as a party in
the contract between the point and nonpoint trading partners. This is depicted in Figure 4-3 as Option 2.
While this approach may provide a degree of protection to enforce the trade, it has important implications for
trade transaction costs and for agency budgets.
Figure 4-3
Point-Nonpoint Trade Liability Flow
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Nonpoint-Nonpoint Trades
These transactions offer the greatest flexibility for structuring enforcement processes based on the array
of trading partners. Figure 4-4 indicates two options: Option 1 illustrates sole control by the regulatory
authority and Option 2 a partnership arrangement with another agency or association. The other agency
could be a soil conservation board or a trading association. Option 2 contains a failsafe arrangement in the
event that the regulatory authority, soil board or trade association defaults on their obligations.
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Figure 4-4
Nonpoint-Nonpoint Trade Liability Flow
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Note: a: For example, Soil Board
b: Similar to Tar-Pamlico
--- Represents a Failsafe Option

Citizen Enforcement
Questions of environmental justice and stakeholder involvement in trade negotiations notwithstanding,
there are issues regarding the role of citizen groups and stakeholders in monitoring and enforcing conditions
in the overall trade program and in individual trades within the program. For “point to point” and “point to
nonpoint” trades, the CWA includes a citizen suit provision to supplement governmental enforcement power.
Any person “having an interest, which is or may be adversely affected” (33 U.S.C. 1365(g)) may commence a
civil action against a discharger, or against U.S. EPA for failure to perform non-discretionary duties (33
U.S.C. 1365(a)). These citizen suit provisions apply to noncomplying point source dischargers and do not
address or apply to nonpoint sources.
Citizen lawsuits in nonpoint to nonpoint trading programs are generally governed by an administrative
rule process or through contractual provisions. Michigan for example precludes citizen suits and provides that
citizen complaints must be filed with the state regulatory agency (MI Rule 323.3024). The rule provides that
any person may file a petition with the agency requesting the initiation of an action to correct a violation. If
the person is not satisfied by the enforcement action taken by the agency, then the person may file a petition
for a contested case hearing or may initiate a civil action. Nothing in the rule precludes a person from
initiating a citizen suit under the CWA or from seeking relief provided under any state statute.
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Monitoring and Reporting
The burden and process for monitoring and reporting on trade effectiveness is an important
consideration in trade programs. It will have a direct bearing on transaction costs and may present a
significant barrier to trading. The CWA imposes substantial monitoring and reporting requirements on point
source dischargers (see 33 U.S.C. 1318(a)(4) (A)) and states with point to point and point to nonpoint trade
programs continue this practice. These requirements include water quality sampling, maintenance of
monitoring equipment, recording keeping and reporting.
For nonpoint to nonpoint trades, monitoring and reporting requirements are clearly needed – the
solution just isn’t as obvious as the need. In crafting a solution, two questions must be addressed (1) “which
party will carry this burden – the nonpoint source or the agency?” and (2) “who will monitor the monitor?”
Michigan has addressed these questions by administrative rules (see Michigan Water Quality Trading Rules,
(Draft #20) June 1999). The rules outline a process for determining nonpoint source reductions (see, MI Rule
323.3014) and by requiring the nonpoint source applicant to certify to the agency the accuracy of the credit
registered for trade. The person recording credits for sale is strictly liable for assuring that the reductions are
real, surplus, quantifiable and equal to the quantity of credits that are registered (MI Rule 323.3023). The
agency does not conduct an independent investigation of compliance or monitoring but instead relies on
trade partners or citizens to notify the agency of noncompliance. In a sense, it is an honor system and citizens
and trade partners “monitor the monitor.”

SOCIOPOLITICAL CONSIDERATIONS
TRUST, COMPLIANCE, AND PARTICIPATION
The implementation of an effective effluent trading program requires the support and cooperation of
several actors. The Environmental Protection Agency asserts that stakeholder involvement and public
participation are key components of an effluent trading system (USEPA, 1996b). As mentioned above,
stakeholders include governmental agencies, polluters, interest groups, and the public at large. Potential
participants in effluent trading have to trust that their partners in the effluent trading program and
government regulators will act fairly, and they must be confident that the public will not openly oppose such
programs. In addition, interest groups and the public must believe that effluent trading programs do not pose
a threat to their interests. An important theoretical consideration, then, is what makes people participate in
and comply with institutions. One key factor that will be analyzed here is trust and the related concept of
social capital.
The question of whether self-interested people will cooperate in some system is often modeled as a
prisoners’ dilemma game (Axelrod, 1984). In this hypothetical game, there are two players, and each has the
choice of cooperating or defecting. Following the logic of individual rationality and looking at a single point
in time, analysts argue that each player will defect. This is a dilemma because the outcome would have been
collectively better if both players had cooperated (Axelrod, 1984). Chong (1991) applies the prisoner’s
dilemma logic to the issue of participation in politics, and shows that we cannot expect rational individuals to
participate in politics unless special costs, benefits, or resources are introduced that can change the basic costbenefit calculus. This is called the collective action dilemma.
Cooperation in a prisoner’s dilemma can be achieved by offering selective material benefits to those who
cooperate or by coercing defectors (Olson, 1965). However, neither of these is a satisfactory solution for
achieving cooperation in the case of effluent trading, because offering selective monetary benefits to
cooperators would be cost prohibitive, and coercion is not an option, since participation is required to be
voluntary. Putnam (1993, 167) argues that areas or communities with a stock of social capital are more likely to
solve the collective action dilemma. He defines social capital as “features of social organization, such as trust,
norms, and networks, that can improve the efficiency of society by facilitating coordinated actions.” Coleman
(1988, 98) adds that social capital “inheres in the structure of relations between actors and among actors.”
Social capital encourages efficient cooperation by creating obligations among individuals, by providing
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information to participants, and by establishing norms and sanctions that discourage selfish actions that harm
the larger community (Coleman, 1988). Putnam (1993, 171) adds that trust is an essential component of social
capital. Trust lubricates cooperation. The greater the level of trust within a community, the greater the
likelihood of cooperation. And cooperation itself breeds trust.
Brehm and Rahn (1997) examine the individual-level basis of social capital. They see it as involving the
reciprocal relationships between civic participation and interpersonal trust. Examining the General Social
Survey for 1972-1994, they find that these two variables, indeed, are reciprocally related, though the effect of
civic engagement on trust is stronger than the effect of trust on civic engagement. They find, furthermore,
that both elements of social capital significantly influence individuals’ confidence in government.
Interpersonal trust significantly increases one’s confidence in government, while civic engagement actually
decreases confidence.
Therefore, theory and individual-level evidence suggest the importance of trust in cooperation and
confidence in institutions. Finally, we should note that trust itself varies across groups. Since 1968 AfricanAmericans have been found to be considerably less trusting than whites (Howell and Fagan, 1988). Brehm
and Rahn (1997) also find strong racial effects in levels of trust. Moreover, they find that confidence in
government, life satisfaction, and higher education levels encourage greater levels of interpersonal trust, while
being unemployed, being burglarized, and being from a younger cohort decrease levels of interpersonal trust.
PUBLIC OPINION, THE ENVIRONMENT, AND ENVIRONMENTAL POLICYMAKING
Environmental policymaking is substantially influenced by public concern for environmental quality. This
is especially true in a democratic setting where interest groups can exert pressure, via lobbying, to seek
favorable legislation (Portney, 1990; Rosenbaum, 1995; Vig and Kraft, 1997). Widespread concern for
environmental quality and related support for policy measures to safeguard environmental quality is a recent
phenomenon dating from the 1960s. Prior to environmental concern translating into a sophisticated and
politically aggressive movement, environmental policymaking was vested in the hands of individual(s) or small
groups of environmentalists and/or politicians.
Since the 1960s, public awareness regarding environmental issues, and concern and support for
environmental quality have gone through a series of distinguishable phases.2 The decade of the 1960s
witnessed the emergence of the contemporary environmental movement as activists succeeded in calling
attention to issues of pollution and environmental quality. Dunlap (1991) provides a comprehensive overview
of trends in public attitudes toward the environment up to 1990. He examined dozens of separate questions
taken from a variety of different surveys. By 1970 public awareness of pollution and concern about
environmental quality had risen to unprecedented levels. Public awareness and concern about the
environment decreased slightly during the 1970s but resumed a steady upward trend again in the 1980s. By
1990, it climbed to levels far surpassing the previous high-water mark of the early 1970s. Table 4-2 presents
trends for a small but representative subset of the indicators Dunlap examined. Today, public concern for the
environment and support for efforts to protect and restore the quality of the environment is well established
as a major sociopolitical force in the United States (Vig and Kraft, 1997).
A series of selective updates and extensions of Dunlap's analyses were performed and a discussion of the
findings follows. The first of these new analyses is presented in Table 4-3 which is developed using the most
recent cumulative file of the National Opinion Research Center's General Social Survey (GSS). The data
presented here update the trend analysis reported for the second item in Table 4-2.
An important finding (reported in the last column of Table 4-3) is that public support across the U.S. for
improving and protecting the environment has moderated slightly from a peak observed in the late 1980s and
early 1990s. However, the data continue to support Dunlap's general conclusion that support for
environmental issues remains high and stands as a potentially important force in American public opinion.

2

This discussion of trends in public opinion about the environment draws on a review by Dunlap (1991).
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Table 4-2
Selected Items Tracking Public Support for
Improving and Protecting the Environment*
73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90
Percent responding that
“Environmental Protection Laws and Regulations Have Gone …”
Not Far Enough
34 25 31 32 27 * 29 33 31 37 48 * *
Too Far
13 17 20 15 20 * 24 25 21 16 14 * *

*
*

*
*

* 55 54
* 11 11

Percent responding that
“U.S. Spending on Improving and Protecting the Environment is …”
Too Little
61 59 53 55 48 52 * 48 * 50 54 58 58 58 61 65 70 71
Too Much
7 8 10 9 11 10 * 15 * 12 8 7 8 6 6 5 4 4
* Item 1 is taken from Roper Surveys. Item 2 is taken from the National Opinion Research Center General Social
Surveys. See Dunlap (1991) for full source material citation.

Texas Compared with the Nation
In addition, to tracking the time trend for the nation, a separate time trend for Texans compared to other
U.S. residents is provided in Table 4-3.3 The results illustrate three interesting findings regarding Texans.
First, before the late 1990s, Texans tended to lag behind the rest of the country in terms of support for
improving and protecting the environment. Second, towards the end of the 1990s decade, Texans had
reached parity with their counterparts in other parts of the country, in terms of support for the environment.
Third, viewed in broad perspective, public opinion in Texas has been consistent with the major national
trends relating to concerns about the environment.
Table 4-3
Percent Saying Government
“Is Spending Too Little to Improve and Protect the Environment”
1970-74
1975-79
1980-84
1985-89
1990-94
1995-98
Total

WHITE
63.0
54.3
53.5
66.1
64.4
60.2
59.1

BLACK
70.9
63.7
66.0
70.5
67.0
70.2
67.5

TEXAS3
56.0
49.4
55.1
63.3
61.7
62.4
57.2

U.S.
63.0
54.3
53.5
66.1
64.4
60.3
59.1

OTHER
63.7
54.6
53.3
66.3
64.7
60.0
59.2

Source: National Opinion Research Center, General Social Survey, Cumulative File, 1972-1998.
See notes in the text for clarification of how Texans are identified in the GSS data.

3 In Table 4-3, “Texas” refers to the four state region of Texas, Oklahoma, Arkansas, and Louisiana. This is the best approximation to
a Texas subsample that can be achieved using the geographic identifiers available in the GSS data set (without funding for special
tabulations). Since the GSS uses a proportional sampling design, Texas residents constitute a majority of the respondents in this
regional subsample. Furthermore, residents of the three adjacent states tend to be similar to Texans on a wide variety of public
opinion indicators. Thus, while it is an approximation, it is reasonable to use this subsample to track Texans' attitudes toward the
environment over time. This conclusion can be further justified by the fact that there are few (if any) alternative sources of data for
tracking Texans’ opinions on environmental issues over a long period of time.
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Surveys commissioned by the TNRCC have documented a number of features of Texans' views
regarding the environment, their participation in environmental programs, and their support for efforts to
protect the environment and address particular problems of pollution (TNRCC, 1993, 1995, and 1997b).
These surveys do not permit detailed trend analysis, but do provide in-depth information about Texans'
attitudes and views about the environment in recent years.4 Some generalizations that can be constructed
from the survey results are:
•

Texans have increasing levels of education about and awareness of environmental issues.

•

Texans have an increasing sense of responsibility regarding stewardship of the environment;
they believe it is important to educate children about environmental issues;5 and they
increasingly engage in behaviors aimed at improving the environment.6

•

Texans are concerned about environmental pollution at the local, state, national, and
international levels.7

•

Texans view water pollution as the leading environmental problem.8

These specific findings strengthen the general conclusion that public opinion in Texas is broadly
supportive of measures aimed at improving and protecting the environment. With a key qualification
regarding minority populations, Texans may be receptive to proposals to reduce and control pollution via
market mechanisms, such as effluent trading. In the next section, a review of this evidence is presented.
Variation in Minority and Low Income Groups.
Texas is culturally diverse and public opinion often varies across groups characterized by sociodemographic differences such as income, education, age, and especially minority status (which tends to be
correlated with income and education). The data presented in Table 4-3 highlights the contrasting opinions of
Whites and Blacks regarding the environment. While the GSS samples do not permit separate racial
comparisons for Texans, data reported in Tables 4-3 and 4-4 suggest that minority-majority differences seen
at the national level are also born out in Texas.9 Thus, it is safe to assume that the trends seen for the nation
are approximated in Texas. The trend data show that minorities (in this case Blacks) are more supportive than
Whites of government measures to improve and protect the environment. The difference documented in
Table 4-3 is consistent over time and is similar to findings reported in other national-level, cross-sectional
studies (Bullard and Wright, 1987; Mohai, 1990). These national-level, cross-sectional studies provide a
straightforward explanation for this fact. Responses to other survey questions indicate that minority
populations are more likely to perceive that they are at greater risk from pollution and environmental hazards
(Bullard, 1993; Mohai, 1990) and in fact they often are exposed to greater risks than the majority populations
(GAO, 1983; Goldman, 1994).

4 The NORC GSS data show that Texans' broad attitudes toward the environment have been converging on national patterns and
increasing in support for improving and protecting the environment. Thus, it is reasonable to assume that opinions on specific
environmental issues documented in recent surveys fit into a general trend toward higher and sustained levels of support for
environmental issues.
5 In the 1997 TNRCC survey, 96% of survey respondents indicated that, in their view, it was “somewhat” or “very important” to
“educate children about environmental issues” (TNRCC, 1997b).
6 In the 1997 TNRCC survey, survey respondents indicated that they engaged in activities such as recycling, purchasing environmentfriendly products, composting, participating in cleanup drives, using hazardous waste collection facilities, etc. (TNRCC, 1997b)
7 In the 1997 TNRCC survey, strong majorities of survey respondents said that the they were either “somewhat” or “very concerned”
about pollution at the community/neighborhood (85%), state (87%), national (86%), and international (82%) levels (TNRCC, 1997b).
8 In the 1993 TNRCC survey, when respondents were asked to identify the most pressing pollution problem, water pollution was
chosen as the top concern by 25% of respondents. Air pollution was identified as the top concern by 20% of respondents.
9 As a representative national sample, the Texas minority subsample is too small to sustain careful statistical analysis.
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Support for Adoption of Market Mechanisms in Pollution Control
Effluent trading programs do not involve markets in the conventional sense. However, as alternatives to
command-and-control regulations, trading programs are decidedly more “market-like” and offer a certain
degree of flexibility and importantly, an incentive structure. It is worthwhile to examine the nature of support
that might be anticipated for market-based programs in general. Evidently, available data do not speak
directly to Texans' potential support for effluent trading. However, available data do provide information that
is relevant to addressing the question. Trading programs give more autonomy to firms and corporations,
especially large industrial corporations, to make decisions about the kinds of measures most appropriate and
cost efficient for reaching pollution reduction targets. Science in general and the scientific community, in
particular, contribute substantially to the development of pollution standards and assessments of adverse
impacts they may have on human and environmental health. Further, monitoring and evaluating the success
of these programs involves science-based technical assessment procedures. Perceptions the public may have
regarding corporations and/or science (scientific community) and their utility can be indicative, albeit to a
limited extent, of the meaningfulness of different programs that rely on one or the other institutional
structure. Presented in Table 4-4 are results summarizing trends in the confidence that the public places in
“major corporations” and in “science” as social institutions.
Two patterns are readily apparent in the data. First, Texans, at least considered as a whole, are similar to
their counterparts in the remainder of the country in placing a high degree of confidence in the institutions of
“science” and, to a slightly lesser but still to a substantial degree, “major corporations”. The second clear
finding is that minority populations are much less likely than Whites to place a high level of confidence in
science and especially major corporations.
Control and reduction of pollution via direct regulation requires legislation authorizing the regulation,
and it requires rule making and oversight by governmental agencies. Table 4-4 presents data on trends in the
confidence the public places in the related social institutions of “the federal government” and “the
legislature.” The data here suggest that at the national level confidence in “the federal government” and “the
legislature” has been declining and by the late 1990s stands at fairly low levels. Texans have contributed to
this national trend and, in recent years, are much less likely to place a great deal of confidence in the federal
government and the legislature than they are in major corporations and science.
A distinct difference is observed between Whites and Blacks. The data for Whites are consistent with the
national trends (not surprisingly since Whites are the single largest population group). For Blacks, however,
there is a noticeable divergence with regard to one key aspect. The percentage of Blacks who report a great
deal of confidence in the federal government and the legislature, while low, are no lower than the percentage
of Blacks that report a great deal of confidence in major corporations. In contrast, the percentage of Whites
who place a great deal of confidence in major corporations is more than twice those who have a great deal of
confidence in the federal government and three times greater than those having similar sentiments regarding
the legislature.
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Table 4-4
Selected Indicators of Public Confidence in Social Institutions
WHITE

BLACK

OTHER

TEXAS

US

Percent Reporting They Have
“A Great Deal of Confidence in Major Corporations”
1970-74
34.2
14.3
1975-79
24.9
12.7
1980-84
28.5
14.5
1985-89
28.9
16.3
1990-94
25.3
16.1
1995-98
27.6
14.0
Total
27.7
14.8

33.9
24.9
28.0
28.6
25.0
27.6
27.5

37.1
25.8
34.4
32.1
28.0
27.8
30.6

34.2
24.9
28.5
28.9
25.3
27.6
27.8

Percent Reporting They Have
“A Great Deal of Confidence in Science”
1970-74
48.1
25.3
1975-79
45.2
28.7
1980-84
46.3
27.5
1985-89
45.7
32.2
1990-94
43.4
27.1
1995-98
45.1
27.7
Total
45.5
28.6

47.9
45.4
46.4
45.8
43.9
45.2
45.7

49.7
41.6
45.6
44.1
37.8
44.1
43.4

48.1
45.2
46.3
45.6
43.4
45.1
45.5

Percent Reporting That They Have
“A Great Deal of Confidence in the Federal Government”
1970-74
23.2
12.6
22.3
1975-79
17.3
17.5
17.3
1980-84
16.3
10.3
15.8
1985-89
20.5
13.0
20.2
1990-94
16.8
16.9
16.8
1995-98
11.3
15.1
11.4
Total
17.4
13.9
17.2

33.8
16.8
21.6
24.1
17.0
10.2
20.0

23.2
17.2
16.3
20.5
16.9
11.3
17.4

28.2
15.6
19.7
19.6
8.9
7.9
16.1

22.0
14.9
11.2
16.8
10.0
8.8
13.7

Percent Reporting That They Have
“A Great Deal of Confidence in the Legislature”
1970-74
22.0
13.3
1975-79
14.9
18.1
1980-84
11.2
12.0
1985-89
16.8
14.1
1990-94
10.1
17.0
1995-98
8.8
10.5
Total
13.7
14.1

21.4
14.8
10.5
16.6
10.2
8.9
13.4

Source: National Opinion Research Center, General Social Survey, Cumulative File, 1972-1998.
See earlier notes in this section for clarification of how Texans are identified in the GSS data.
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The combination of declining confidence in the federal government and the legislature and continuing
high levels of confidence in the institutions of science and, to a lesser extent, major corporations may suggest
that the public as a whole would be receptive to market-based pollution control programs like effluent
trading. While trading may be rooted in legislative authority and subject to agency oversight at various points,
the public at large may perceive it as a potentially worthwhile means to improve water quality. It is important
to note that this support may be a viable one to the extent that it weds scientific and technical know how
along with the discipline of corporate approaches to evaluating the cost-effectiveness of different pollution
reduction options.
Another major caveat could be that minority groups may be considerably less enthusiastic about marketbased mechanisms in general. The views held by these groups are grounded in a history in which large
corporations have often been less sensitive to minority concerns (e.g., the recent example of Texaco).
Moreover, advances in education and health and access to these advances have often been the direct result of
legislative, regulatory, and judicial actions. Given the strong demographic trends toward increasing minority
representation in the state population (projections are for combined representation surpassing 50% in early
quarter of the 21st century10), this situation could have notable sociopolitical consequences and should be paid
particular attention. Thus, prior to implementation of an effluent trading program, it is important to consider
taking steps to reassure all population groups and particularly minority populations. One way to achieve this
goal is to provide and increase access to effluent trading information. For instance, information that the
program embodies measures to prevent disparate impacts on various groups could assuage concerns. Further,
the public can be educated about the fact that not only will effluent trading program be effective and
beneficial to all groups, but will also minimize undue burden on any one population group(s). This concern
raises the issues of environmental equity/justice, a separate discussion that follows later in this chapter.
Stakeholder Views of Effluent Trading
Organizational and social factors interact with rulemaking and effluent trading at various levels. First,
stakeholders' perception about effluent trading is paramount to the process materializing in the legislative
process. The political process can be weighed to a large extent by stakeholders’ pressure to either block or
pass legislation that establishes trading or key provisions that enable trading (Rosenbaum, 1995; Vig and
Kraft, 1997). Awareness of stakeholders’ preferences, in general, can enable agencies to take their views into
account to improve the efficiency of the effluent trading programs. Addressing some of the concerns and
potential fall-outs from effluent trading can prevent administrative complaints and litigation as in the case of
emission trading (Chinn, 1999; Communities for a Better Environment). Stakeholders include state agencies
in charge of water quality, elected officials, local government, point and nonpoint source polluters, citizen
groups (including environmental groups), other federal and state agencies, and the public at large.
There are notable differences in environmental values among interest groups depending on liability issues
and the apportionment of costs and benefits of environmental policies. It is often the case that citizen interest
groups, such as environmental groups, represent one extreme view – seeking stringent standards and
command and control mechanisms, while business, farming and industry groups represent the other extreme
– seeking lax standards, and voluntary or market mechanisms (Andrews, 1999; Elkington, 1977; Hoffman,
1998; Jones and Baldwin, 1994) . The former set of approaches to pollution control offer increased means by
which environmental and other citizen advocacy groups can hold state or federal agencies, including
businesses, responsible and accountable through legal actions for inaction, lax enforcement, non-compliance
or a host of other factors as the case may be. Moreover, under the command-and-control regulatory
structure, plaintiffs are held to a lower legal standard when it comes to holding state/federal agencies liable
for public health, safety and welfare than when businesses are the defendants. In contrast, businesses favor
voluntary or market mechanisms as they offer flexibility and an incentive structure.
Public comments to the U.S. EPA’s Draft Framework for Watershed-Based Trading (USEPA, 1996a) provide
substantial insight into the perception of various stakeholders toward effluent trading. The draft framework
outlines eight broad guiding principles and five different trading schemes presented in Tables 1-1 and 2-1 in
10

Texas population is projected to become a majority-minority State, 52% combined minority population by 2025 (TEAS, 1998).
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Chapters 1 and 2. The nearly 46 organizations and 5 individuals (see Appendix B) commenting on the draft
have been categorized into our broad groups: industry, government agency, environmental, and others. A
summary of comments of important stakeholders is provided in Appendix B. In general, all groups were
supportive of effluent trading in principle as long as water quality standards were met. The most notable
concerns across all groups were the lack of adequate data to assist in trading, monitoring compliance, and the
impact trading may have on water quality.
The first groups were receptive to the idea of trading absent burdensome requirements that hinder
potential traders. The industry group collectively found Principle 2 (trading consistent with water quality
standards of the CWA and all other federal and state laws applicable) to be too restrictive to allow any
meaningful trades. Further, they emphasized the need for incorporating flexibility to promote trading. For
instance, most stakeholders representing industry interests noted the need for cross-pollutant trading.
Historically, CWA has been made more stringent to either lower the acceptable levels of pollutants being
discharged or to identify new pollutants that would be regulated. In view of this trend, the industry group
wanted an explicit timeframe be noted so that trading transactions would remain valid in the event that
standards were changed. The industry group was critical of the provision that held point sources responsible
and liable for the compliance of nonpoint sources under point/nonpoint trading schemes.
In contrast to the industry group, the environmental group expressed the need for stringent requirements
to resolve potential inconsistencies between CWA goals and trading outcomes. The Audubon Society, for
example, was concerned about wetlands and mitigation banking and Sierra Club was concerned with the
potential for hotspots resulting from trading between watersheds. They collectively expressed the need for
public participation and expansion of provisions for the public to be a part of the trading process.

ENVIRONMENTAL EQUITY/JUSTICE
DEFINING THE ISSUE
Concerns about environmental equity/justice focus on the “fair treatment of people of all races, cultures
and income with respect to the development, implementation and enforcement of environmental laws,
regulations, programs, and policies” (USEPA, 1992: 2). In this context, “fair treatment means that no racial,
ethnic, or socioeconomic group should bear a disproportionate share of the negative environmental
consequences resulting from the operation of industrial, municipal, and commercial enterprises and from the
execution of federal, state, local, or tribal programs and policies” (USEPA, 1996a: 2).
In relation to effluent trading, environmental justice concerns focus on the possibility that trading will
have consequences that have a disproportionate negative impact (either absolute or relative) on minority, low
income, and other vulnerable populations.
BACKGROUND AND OVERVIEW
In recent times, the disparate impact of environmental pollution on different population groups
(especially minority and low-income populations) has increasingly been recognized and defined as an
important social problem. Beginning in the early 1980’s, minority and low-income communities across the
U.S. have formed community-based grassroots environmental organizations to resist siting of locally
unwanted land uses11 (LULUs) and to appeal for appropriate enforcement and monitoring of environmental
laws (Szasz, 1995). These organizations have led to the development of what has come to be known as the
“environmental justice movement” (Rice and Arekere, 1998a). This movement has succeeded in mobilizing
academic inquiries focusing on environmental justice, renewing interest in environmental policymaking, and
ushering in a new era of environmental advocacy (Newton, 1996).

11 LULUs are anything that currently places, or is likely to place, an economic, sociological, or health burden on residents in the
vicinity.
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A large and growing body of evidence suggests that minority and low-income communities bear a
disproportionate share of environmental “bads” while receiving a lesser share of environmental “goods” (for
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a summary of such studies see Goldman, 1994; and Arekere and Rice, 1998b). Summarized in Table 4-5 are
the conclusions generated by studies examining this question. Of the 66 studies, 51 report either income or
race to be a significant predictor of some form of environmental inequity. Additionally, many authors argue
that environmental policymaking has historically provided inadequate protection to the most vulnerable
sections of the population (Bullard, 1983, 1993, and 1998; Bullard and Wright, 1987; Bryant and Mohai, 1992;
Goldman, 1994; USEPA, 1992; Wright et al.,1994; Wright, 1998). As a result, many scholars have concluded
that low income and minority populations have experienced reduced environmental quality and adverse
health effects (for a summary see Goldman, 1994). Adverse impacts of environmental risk are amplified by
the fact that the populations in question are often subject to multiple and cumulative exposure situations. The
lack of information regarding environmental risks, decreased access to health care, and lower socioeconomic
status, which prevents expenditure on defense mechanisms to lower risk, renders these populations more
vulnerable (National Law Journal; UCC-CRJ, 1987).
Table 4-5
Summary of Findings from Studies of Income and Race Effects on Environmental Inequity
N OF STUDIES

EFFECT TESTED SIGNIFICANT
NUMBER
PERCENT

INCOME EFFECT EXAMINED
Studies of Income Only

13

13

100.0%

Studies of Income w/Race as Control

53

47

88.7%

Study of Race Only

20

20

100.0%

Study of Race With Income
as Control

53

38

71.7%

RACE EFFECT EXAMINED

Source: Rice and Arekere, 1999.

As the scholarly literature has grown and evolved, debate regarding the validity of assessments of
environmental inequity has raised the sophistication of analysis and argument on both sides of the issue
(Been, 1994). One major point of contention has centered on the relationship between the issue of temporal
demographic transitions and siting of LULUs. In other words, are LULUs sited in low income and minority
areas or do low income and minority populations move into areas after LULUs have been sited in them?
Been (1994; 1995) emphasizes the role of market dynamics in the creation of inequities arguing that the siting
of LULUs reduces property values in the vicinity which then attracts low-income populations after-the-fact.
However, while evidence consistent with the market dynamics hypothesis is sparse (Been, 1994), it is not
conclusive and the debate continues (Been, 1994 and 1995; Reaves, 1998 ; Hamilton, 1993 and 1995). The
empirical question of which comes first remains unresolved. Been (1994) argues that framing the
environmental justice debate around the question of which or who came first may be productive in terms of
contributing to remedies to be undertaken. Regardless of whether siting or market dynamics is the
mechanism producing environmental inequity, inequity is real and requires remedy (Arekere and Rice, 1998a;
Bullard, 1993; Bryant and Mohai, 1993; Goldman, 1994).
A second area of contention in the literature focuses on the issues of establishing exposure levels,
toxicity, and more importantly, causation between environmental pollutants and adverse health effects
(Zimmerman, 1993 and 1994). The issues are important and complex. On a daily basis, affected populations
are exposed to numerous environmental parameters, both natural and manmade. The variability and
complexity of such interactions is not only hard to document and measure, but almost impossible to monitor
in a controlled, experimental setting. There is, however, a clear correlation between environmental pollutants
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and adverse health conditions among low-income and minority populations (for a summary of studies see
Goldman, 1994).
Spurred by the rapidly growing literature on environmental equity/justice and political pressure from
grassroots environmental equity/justice organizations, the U.S. EPA examined the issue in 1992. Despite
certain gaps in the data, the U.S. EPA concluded that there was sufficient evidence to address inequities
resulting from enforcement of environmental laws, or lack thereof (USEPA, 1992). Shortly afterward, in
1994, President Clinton issued Executive Order 12898 (Federal Registry 5(32): 1) focusing on environmental
and health conditions of minority and low-income communities. This directive has become the cornerstone
of the environmental justice movement. It required that all federal agencies develop environmental justice
strategies to identify and address disproportionate impacts of exposure and adverse health or environmental
effects of their programs, policies and activities on minority and low-income populations. Subsequently, there
have been a wide variety of legislation, rule-making changes, and increased accountability requirements on the
part of U.S. EPA and State environmental agencies to address environmental inequities.
The U.S. EPA has developed several guidelines to incorporate environmental justice concerns in NEPA,
RCRA, and CAA and CWA (USEPA, 1998, 1994, and 1995). In addition to the USEPA, various federal
agencies have also adopted guidelines to incorporate environmental justice concerns (see Appendix C). The
list of federal agencies and their initiatives are listed in Appendix C.
ENVIRONMENTAL EQUITY/JUSTICE IN TEXAS
One of the first published works documenting environmental inequities examined the Houston, TX,
region (Bullard, 1983). Bullard found that a significant number of landfills and incinerators, both operational
and closed, were situated in low-income minority neighborhoods.12 In 1993, Kirk Watson, Chairman of the
Texas Air Control Board, and John Hall, Chairman of the Texas Water Commission (since merged to form
the TNRCC) established an Environmental Equity and Justice Task Force. The Task Force concluded that
“the information available to the members supported a need for immediate action to remedy the conditions
contributing to environmental inequities and to prevent future injustices” (TNRCC, 1993). Forty-three Task
Force recommendations were made to the commission to increase TNRCC’s responsiveness and
accountability in six major areas – permits and siting; complaints and enforcement; agency sensitivity/equal
opportunity and minority advancement; community empowerment/education/ access; and border issues.
A majority of the recommendations has been addressed by TNRCC in one form or the other (for a
discussion see TNRCC, 1997a). The TNRCC’s primary response to the task force recommendations was to
create the Office of Public Assistance (OPA) in September, 1996. OPA provides a means for increased public
participation in TNRCC policymaking, rule-making, and permitting processes rendering its functions more
transparent and accessible (more on the OPA, permitting process and trading below).
In addition to the institutional infrastructure that the OPA provides to TNRCC for dealing with
environmental justice and environmental equity issues, there are particular areas that need to be singled out
for consideration to ensure an equitable and efficient effluent permitting process. The task force
recommendations can be used as a framework to link environmental justice concerns and effluent trading.
For future direction, some specific recommendations worth recalling at this juncture are presented in
Table 4-6.

12

Been (1994) disputes the results Bullard arrived at on the basis that minorities moved to these areas after the LULUs were sited.
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Table 4-6
Specific Environmental Equity and Justice Task Force Recommendations
Permits and Siting
1. Expand the use of risk-based evaluation in permit decisions and in drafting new regulatory packages.
2. Apply high performance standards and apply them equitably to all permit applicants and all
locations.
3. Develop a comprehensive database of information on facilities, permits, enforcement actions,
demographic and socioeconomic information, health data, complaints, etc., with a geographical
component.
4. Continue to take a lead role in the State’s Comparative Risk Project.
Complaints and Enforcement
1. Enforce its rules and regulations consistently and aggressively while targeting high risk areas for
investigations and inspections.
Community Empowerment, Education, and Access
1. Explore new and innovative ways to get input from citizens and local communities about agency
compliance and enforcement decisions, and in the rule-making process.
2. Meet the varied language needs of the public.
3. Develop a policy to maximize the public’s access to agency records pertaining to regulated entities.
4. Develop a policy that ensures that reasonable requests by the public for sampling are granted and
methods and results of analysis are provided as well as prompt explanation of the findings.
5. Distribute information and procedures for next actions to industry representatives, the complainant,
citizens, and/or interested persons or groups whenever there is a complaint.
6. Facilitate better communication between industry and its neighbors.
7. More directly publicize efforts that could impact neighborhoods of color through minority media
and minority organizations.
Improving Government Services and Intergovernmental Relations
1. Provide access for complaints and technological assistance to the local governmental bodies and the
public.
2. Conduct training and education seminars for local government officials and community members
regarding environmental health effects and how to influence the system.
3. Enhance the permitting process by formally requesting the participation of local governments and
community groups seeking redress for environmental inequity issues.
4. Encourage local governments to develop a Master Plan to ensure equity in community development.
Improve communication, to insure the consistent interpretation and implementation of policy.
Source: TNRCC, 1997a.
Note: Several recommendations have been paraphrased
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EFFLUENT TRADING AND ENVIRONMENTAL JUSTICE
Effluent trading and environmental justice considerations intersect at several points. For instance, are
different population groups disproportionately and adversely affected by effluent pollution? Were the initial
hazards, prior to the onset of trading, adequately monitored and their distribution consistent with
environmental justice considerations? As noted previously, environmental inequities in this area could arise
from a variety of mechanisms including past- and post-siting decisions associated with LULUs and
demographic changes. While it may have implications for the nature of a remedial response, the origin of
inequity is a secondary matter for the current discussion. The primary concern is whether adverse
environmental impacts are disproportionately borne by some population groups to the extent that
environmental justice principles are violated.
As noted earlier, the major problems that face the TNRCC in this area are those associated with
establishing and maintaining adequate programs of assessment and monitoring. The immediate practical
problems include the complexities of measuring different pollutants, assessing their consequences for health,
tracking changes in population distribution relative to the distribution of these pollutants, and assessing
differential adverse impacts on population groups, especially low-income and minority populations.
Another intersection of effluent trading with environmental justice concerns centers on the question of
whether trades will alter the distribution of pollutants in a way that disproportionately shifts the burdens
associated with effluent pollution toward vulnerable groups. This has been a source of significant debate and
concern in emissions trading (Chinn, 1999). Whether it will also be a major issue in effluent trading depends
in large measure on the type of effluent trading established. Theoretically, there is potential for environmental
inequities resulting from effluent trading, primarily through the creation of pollution “hotspots” - localized
areas of elevated pollution.
Figure 4-5 depicts three potential scenarios for the impact that effluent trading may have on
environmental equity outcomes. The first scenario depicted in Panel A is the desired outcome. Trading leads
to reductions in average daily loads for pollutants in all areas. Furthermore, the end result is a situation where
pollution levels in areas where low income and minority populations reside are no higher than pollution levels
observed in areas where middle income and majority populations reside.
The next scenario depicted in Panel B is an undesired outcome produced when trading leads to the
redistribution of pollution that benefits some groups but not others. Here trading leads to overall reductions
in average daily loads for pollutants, but this is accomplished by reducing pollution in some areas but not
others. Furthermore, the areas that lag behind are areas where low income and minority populations reside.
This kind of outcome has resulted in some emissions trading situations (Chinn, 1999; Communities for Better
Environment). The potential for this undesired outcome is greatest when low income and minority
populations reside near older industrial facilities for which pollution reduction measures may be prohibitively
expensive. The high cost of reducing pollution leads these firms to achieve pollution credits through costeffective trades that reduce pollution elsewhere and leave it unchanged in the local area.
The last scenario depicted in Panel C is a variation of the undesired outcome seen in Panel B. The
difference is that, while the basic dynamic is the same, the degree to which environmental justice principles
are violated is less egregious. Trading leads to overall reductions in average daily loads for pollutants and
reductions are observed in all areas including areas where low income and minority populations reside.
However, pollution reduction is much more pronounced in some areas than others and it is the areas where
low income and minority populations reside that lag behind. The result is that the relative burden of pollution
is distributed from higher income and majority populations and toward lower income and minority
populations. As with the previous scenario, the potential for this outcome is greatest when low income and
minority populations reside near industrial facilities for which pollution reduction measures may be
prohibitively expensive. The danger is that cost-rational patterns of pollution reduction achieved without
taking account of environmental equity impacts may not benefit all groups to the same degree.
Effluent trading among polluting entities can conceivably lead to pollution hotspots arising from a
geographic redistribution of the sources of pollution. One key factor to consider is whether monitoring and
enforcement practices ensure that TMDLs are observed in strict and uniform manner across the entire water
body. If so, trades occurring within the framework of a TMDL should not lead to the creation and/or
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redistribution of pollution hotspots. In contrast, not observing TMDLs uniformly across the entire water
body may lead to pollution hotspots. In that context, trading can potentially create, exacerbate, or redistribute
pollution leading to local concentrations of pollutants while achieving global or overall reductions.
Consequently, populations in the vicinity of the hotspots can be disproportionately, maybe even adversely,
affected. Additionally, in the absence of standards that are not applied uniformly across all parcels of a water
body, consolidation of trading permits by one polluting entity (or a few in a geographically small region) can
result in pollution hotspots. This could result from polluting entities exercising monopoly power gained by
purchasing a substantial number of trading permits.
Effluent trading between water bodies within a watershed or across two or more watersheds may also
lead to overall reduction in pollutants while creating hotspots. Both of these situations can lead to disparate
impacts on the environment and/or human health. Communities close to the hotspots comprised of
primarily minority and low-income populations are likely to be vulnerable vis-à-vis middle- and high-income
populations. These populations are traditionally resource poor and have little or no access to information,
administrative (city council or agency) processes, and/or health care.
Yet another area where environmental justice considerations intersect with effluent trading is the
potential impact of trading on reductions in nonpoint source pollution. As discussed earlier in this document,
effluent trading is seen as a potential tool for stimulating reductions in nonpoint source pollution. If this is
the case, trading may well result in greater reductions in sparsely populated agricultural areas than in more
densely settled industrial or urban areas. This raises the question of whether global pollution reduction
translates into beneficial effects for populations. The answer will depend on whether hotspots exist and are
redistributed in a way that changes the impact on different population groups.
An overall concern, not unique to effluent trading by any means, is one of increased toxins in fish
consumed by minority and low-income populations. This remains a concern even if effluent trading were
successful in reducing overall pollution. Fish populations in mixing regions, especially bottom feeders, are
found to have higher levels of toxins than migratory fishes (all else constant) or those in wilderness or
protected water bodies, or in the ocean. A substantial number of reservoirs, lakes, streams, and rivers are
frequented for consumptive fishing by low-income and minority populations.13 More often than not, these
water bodies are the only sources from which vulnerable populations obtain their fish. Fish advisories or
other mechanisms have to be used to warn low-income and minority populations.14 It is important to note
that the concern about fish consumption is relevant only if trading of toxics were allowed as was in the Fox
River (Wisconsin) trading program (Apogee Research, 1992).
In addition to trading resulting in pollution hotspots, random events, primarily weather parameters such
as rainfall and wind velocity, can be contributing factors. Provisions in the trading program can avoid the
creation of pollution hotspots and offset adverse impact on any one particular group. Providing adequate
public participation during trading process and access to information regarding trades and consequent
impacts on water quality can enable communities to take precautionary measures. A framework of public
participation in the trading process can be an integral part of TNRCC’s current organizational structure and
guidelines that makes allowance for public participation. The Office of Public Assistance (OPA) and TNRCC
permit review process can be particularly useful in providing stakeholders access to information and a forum
for representing their interests. Subsequent to the publication of a report by a task force on environmental
equity, the OPA was created in 1996 and assigned the task of providing information regarding permitting
process and participation (TNRCC, 1995).

High-income populations frequent water bodies in wilderness areas or are involved in off-shore fishing. These water bodies are not
readily accessible, often secluded and hence less congested.
14 Pregnant women are especially vulnerable to toxins from fish consumption. Minority pregnant women have separate dietary
advisories when it comes to fish consumption (see Massachusetts Department of Environmental Protection, 1997; Michigan Fish Advisory,
13

1998; South Carolina Fish Consumption Advisory, 1999).
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Figure 4-5
Three Scenarios Depicting the Potential Impact
of Effluent Trading on Environmental Equity Outcomes
A: Impact Consistent with
U.S. EPA Environmental Justice Guidelines
Maximum Permitted
Under TMDL
ADL Before
Trading
ADL After
Trading

After
Before
Low Income
Minority Area

After
Before
Middle Income
Majority Area

Average daily loads (ADLs) are reduced in all areas and low income and minority
populations experience the same end result as higher income and majority populations.

B: Impact Inconsistent with
U.S. EPA Environmental Justice Guidelines
Maximum Permitted
Under TMDL
ADL Before
Trading
ADL After
Trading

Before
After
Low Income
Minority Area

After
Before
Middle Income
Majority Area

Average daily loads are reduced only in areas where high income
and majority populations reside.

C. Impact Inconsistent with
U.S. EPA Environmental Justice Guidelines.
Maximum Permitted
Under TMDL
ADL Before
Trading
ADL After
Trading
Before
After
Low Income
Minority Area

Before
After
Middle Income
Majority Area

Average daily loads are reduced in all areas, but to a substantially greater degree
in areas where high income and majority populations reside.
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INCORPORATING EFFLUENT TRADING IN ENVIRONMENTAL JUSTICE
To date, effluent trading programs (actual and proposed) have paid relatively little and in some cases no
explicit attention to environmental equity/justice concerns. To the extent that they have, it is usually through
the vehicle of using or adapting an existing public participation process (Arekere, 1998a and 1998b; Gerrard,
1999; Newton, 1996). Typically there is little discussion of the possibility that trading programs may create
special needs in this area. This could potentially lead to problems should environmental equity grievances be
raised. The question to be addressed then is whether attention to environmental justice concerns in trading
programs is consistent with the principles set forth in Executive Order 12898 and in subsequent statements
on guidelines.

Public Participation in Permitting
The Office of Public Assistance within the TNRCC plays a major role in facilitating public participation
in permitting. Their brochure on this subject (TNRCC, 1998), provides detailed information regarding the
OPA and the various ways the public can become involved in the permitting process. Currently, permits are
issued under ten categories: agriculture, consolidated permitting, industrial and hazardous waste, municipal
solid waste, operating permits (air), new source review (air), standard exemption list (air permits),
underground injection control and radioactive waste, wastewater, and water rights permitting. One possibility
is to bring proposed trading programs and the implementation of TMDLs that they will be organized under
into the this public review framework.
Under this framework, opportunity for public input is provided after an administrative review of the
permit application. In addition to providing their comments, individuals or organizations can seek public
meetings or a contested evidentiary hearing (when required). The process offers excellent resources and
avenues for increased participation and recourse. However, there is no prima facie evidence regarding its
efficacy since there has been no external inquiry of the OPA, public participation, and the permit review
process. However, there has been an internal review by TNRCC of public perception regarding the OPA
(TNRCC, 1998). Whether the current permit review process and TNRCC’s organizational structure,
particularly the OPA, is conducive to the participation of low-income and minority communities remains a
matter of speculation. Traditionally, it has been the case that the poor and minority communities are left
behind in the legislative, policymaking, and administrative processes of government agencies (Newton, 1996;
for various views see Bryant, 1993; and Bullard, 1993).
At least three other avenues for assessing trades with regard to environmental justice concerns can be
identified. One is to further extend the public participation framework to include individual trades, making
them subject to public input and review in the context of the TNRCC’s exercising approval review for
individual trades.
A somewhat different alternative is to have the TNRCC perform an internal review of the impact that a
trade or set of trades will have on low-income and minority population’s exposure to pollutants. The
geographic distribution of pollution discharges and the geographic distribution of various socio-demographic
groups can be maintained in a database. These data can then be used in conjunction with appropriate models
and GIS software to develop quantitative and graphical analyses of group exposure to pollutants before and
after the proposed trade (for a discussion of how such analyses might be implemented see USEPA, 1996d
and 1996e). This measure is quite feasible given the increasing ease of use of GIS software and increasing
availability of relevant data. One problem with such a requirement is that it might be difficult to implement
with the resources currently available to the TNRCC.
A closely related alternative would be to require that the parties petitioning for a trade conduct an impact
assessment of the kind just described (or one performed using an acceptable alternative methodology). This
would raise the issue directly and explicitly as part of the TNRCC review process and place the burden of
proof on the petitioner to demonstrate that the trade is consistent with environmental justice principles. It is
very likely that the needed analyses could be provided at acceptable costs by consultants using specialized
databases and GIS software. The TNRCC could facilitate this by making relevant data available and/or
endorsing available data as acceptable for this purpose.
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KEY ELEMENTS IN PROGRAM DESIGN
AND IMPLEMENTATION
To be successful, an effluent trading program must incorporate certain legal and regulatory, economic,
technical, and sociopolitical elements into its design and implementation. Outlined here are 15 such influential
elements gathered from a number of sources, including case studies of other effluent trading programs,
technical reports, journal articles, agency reports, and regulatory guidelines. It should be noted, however, that
although these elements characterize trading programs, they do not in and of themselves ensure that trading
will take place.

TECHNICAL ELEMENTS
ELEMENT 1: Trading should typically be confined to those classes of pollutants that are biologically degradable and
assimilable.
Pollutants such as nitrogen, phosphorus, and organic carbon, can be naturally processed within a stream
ecosystem. They are bio-assimilated at a rate determined by concentration, loading time and by a variety of
ecological parameters. Lower stream reaches can assimilate more of these pollutants than upper reaches. A
spatial redistribution of assimilable pollutant loading within the receiving water body can result in increased
water quality without decreasing the rate of loading. Trades that result in decreased net loadings can
potentially achieve even greater water quality improvements.
Pollutants that are conserved or slowly degraded within the ecosystem (metals, salts, and some organics)
are generally bioconcentratable toxicants and therefore usually inappropriate to trade. There may be some
arguments to be made for redistribution of conserved pollutant discharges due to localized high
concentrations, but the ramifications for localized increases in discharge of bioconcentrating toxicants under
any circumstances are extreme. The potential for unpredicted deleterious outcomes is very high, making these
trades undesirable, especially in the early stages of development of a trading strategy.
ELEMENT 2: Trading boundaries should coincide with watersheds or watershed segments.
The measure of success in an effluent trading program is improvement of water quality within a water
body. Improving water quality in a segment other than the target segment may be attractive for a variety of
reason, but will not achieve the explicit goals of effluent trading as set forth by U.S. EPA. The watershed is
the minimum unit of ecological management. Trans-watershed effluent trading could potentially violate the
antidegradation principle of the Clean Water Act. (CWA). Reducing a pollutant loading rate in one watershed
by increasing it in another is not consistent with the concept of integrated watershed management.
ELEMENT 3: Trading should apply to point and nonpoint sources of pollution.
There is clear evidence that nonpoint sources of pollutants are a significant contributor to the
degradation of water quality. It is conceivable that in some watersheds reducing or even eliminating point
sources of a given pollutant may be inadequate to achieve water quality standards. The full benefits of effluent
trading will be realized when trades are made between point and nonpoint sources. However, this should not
be interpreted as suggesting that trading is desirable only if nonpoint sources are involved. On the contrary,
where trading between point sources is possible, this has all the advantages of trading without many of the
monitoring difficulties associated with nonpoint-source trades.
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ECONOMIC ELEMENTS
ELEMENT 4: A trading program is most likely to succeed where the economic benefits are greatest.
A trading program’s principle economic benefit is the ability to achieve lower-cost solutions to pollutionreduction problems. However, that benefit will be realized only when there is a significant difference in unit
costs of abatement between sources; otherwise, if all sources in a watershed face roughly the same cost of
reducing their load, there will be little incentive to trade and a program will likely fail. Hence, programs are
most likely to succeed where there is diversity in the reduction costs between polluters within a watershed.

ELEMENT 5: Transaction costs are one of the primary obstacles to trading, and every possible step should be taken to reduce
those costs.
Transaction costs in effluent trading programs fall into three main categories: search and information
costs, bargaining and decision costs and monitoring and enforcement costs (Stavins, 1995). Whenever the
transaction costs faced by traders exceed the abatement-cost differential between those traders, the
transaction will not proceed. Hence, trading will be encouraged to the extent that an agency can reduce
transaction costs through actions such as providing more information to traders, acting as a broker, or paying
for monitoring and enforcement activities. Stavins (1995) notes that search and information transaction costs
are typically reduced somewhat in markets with relatively large number of potential trading sources because of
the information added by more frequent transactions.
ELEMENT 6: A trading program must seek to strike a balance between efficiency, efficacy and equity.
By its very nature, an effluent trading program tends to move pollution reduction activities out of the
direct purview of government agencies. Hence, there is a conflict between the efficiency of the market on the
one side, and governmental oversight, management, and monitoring of the efficacy and equity of the resulting
allocation on the other. Hahn and Hester (1988) note that the amount of the transaction costs that the
government imposes on an effluent trading market is affected by (a) the degree of regulatory oversight of
individual trades, (b) the number of levels of bureaucracy at which a trade must be reviewed, and (c) the cost
of obtaining information necessary to establish property rights for trading. All can significantly increase the
cost of completing a trade. The costs associated with (b) and (c) might be minimized through creative
organization and government outreach. However, it must be emphasized that (a) indicates a direct
relationship between transaction costs and the control that an agency has over a trading program.
An example of how such transaction costs can cripple a market is the Fox River effluent program in
Wisconsin, which started in 1981. In that program, discharge permits for both parties in the trade had to be
modified to get approval for the trade, a process that could take at least six months. After that, further
approval by the Wisconsin Department of Natural Resources had to be obtained before the trade could take
place. The administrative process was complicated by the fact that trading was also allowed for toxic organic
compounds from paper mill effluent, which required careful monitoring (Apogee Research, 1992).
ELEMENT 7: Any credit sold in an effluent trading program must satisfy the criteria of equivalence, additionality and
accountability (Senjem, 1997).
Equivalence refers to the requirement that a credit purchased must at the least offset the pollution load for
which it is substituting. That requirement gives rise to trading ratios, which indicate the number of units of
reduction by one source that is necessary to offset a single unit of pollution by another source; additionally,
Malik, Larson, and Ribaudo (1994) have shown that such ratios should also take into account the relative
costs of enforcing compliance from the different parties. Trading ratios can be found in a number of existing
programs. The Long Island Sound program, for example, has conversion factors for each of eight regions,
resulting in a total of 64 possible trading ratios (A.T. Kearney, Inc., 1996). In addition, the Michigan DEQ
has proposed rules that achieve an equivalent effect to a trading ratio by requiring traders to make varying
levels of “water quality contributions” (Michigan DEQ, 1999).
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Additionality refers to the requirement that credits available for sale must represent real improvements in
water quality. Because of that requirement, establishing baseline loads for all sources is critical. The baseline
represents the level of loads at which a source has no credits to sell and no need to buy additional credits. If a
regulated source's load is reduced below the baseline, that source generates credits; any loads above the
baseline, however, would require the purchase of credits to offset the surplus. To ensure that any credits
generated represent actual environment improvements, it is essential that the program be designed so that a
source cannot change the baseline.
Accountability refers to the requirement that credits generated be subject to independent verification to
determine their accordance with the criteria of equivalence and additionality. Such verification is a significant
challenge if nonpoint source are involved because such loadings are virtually impossible to monitor. Hence, it
is typically required that an agronomic model of verifiable land-use practices be used to calibrate both
baseline loads and credits generated. The draft rules of the Michigan DEQ propose to partner with the
United States Department of Agriculture, Natural Resource Conservation Service to quantify loadings from
agricultural sources (R 323.3014.2). The same rules use formula and conversion factors to calculate loads
from stormwater management practices (R 323.3013).

LEGAL AND REGULATORY ELEMENTS
ELEMENT 8: Trading and other market-based incentive programs must be consistent with the statutory requirements and
water quality standards outlined in the federal Clean Water Act and other federal laws.
The academic, technical, and policy literature indicates that effluent trading must take place within the
parameters of the Clean Water Act and be consistent with U.S. EPA administrative rules and guidelines. In
line with that principle, the U.S. EPA has developed a framework for watershed-based trading, which states
that trades may take place only within the context of the Clean Water Act and that water quality standards
and technology-based requirements must be met (USEPA, 1996). More specifically, that framework
recommends that effluent trading, in order to be consistent with the water quality objectives of the CWA,
must:

1. Meet applicable Clean Water Act (CWA) technology-based requirements;
2. Be consistent with water quality standards and antibacksliding requirements;
3. Occur in the context of current regulatory and enforcement mechanisms;
4. Be developed within a total maximum daily load (TMDL) or other analytic framework;
5. Coincide with watershed boundaries;
6. Add to existing monitoring efforts;
7. Involve stakeholders and the public in the trade process; and
8. Consider only certain classes of pollutants
Of those recommendations, it appears that the first three are mandatory but that the rest have some
degree of flexibility in how they can be applied by states. It remains unclear how the U.S. EPA will treat the
efficacy and priority of such principles, though, or how it will codify them into rules, but several suggestions
have been offered by outside parties (USEPA, n.d., c). Despite that uncertainty, it remains fairly clear that any
state watershed-based effluent trading program must be consistent with many of those principles.
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ELEMENT 9: Trading and market-based transactions may be developed within any authorizing framework. The TMDL
process appears to be the preferred method of U.S. EPA for addressing non-attainment watersheds and it may offer the greatest
opportunities for effluent trading.
Trades and transactions are developed within an effluent allocation and resource protection framework,
which assures that trading complies with the loading capacity for a watershed and will not violate water
quality standards. Any allocation system that apportions effluent loading among different sources must
furthermore consider loading from natural sources, and so establish safety margins that assure water quality
goals yet also provide a basis for trading and other transactions.
Although section 302 of the U.S. EPA framework (33 U.S.C. § 1313 (d)) provides a general authorizing
framework for trades, section 303(d) (“TMDLs,” 33 U.S.C. § 1329 (b) (4)) and 319 (“Nonpoint Source
Management Programs”) include statutory parameters that can be used to accommodate trading programs.
The Total Maximum Daily Load process under sections 303(d) and 303(e) of the Clean Water Act offers an
approach to identifying responsible parties and specifying actions needed to restore and protect water quality
standards in stream segments not meeting the state’s stream standards. However, the TMDL is more than
just a number obtained through a water quality monitoring exercise. It is an approach culminating in (a) a
quantitative assessment of water quality problems and contributing sources, (b) an implementation plan
identifying responsible parties, and (c) specified needed actions to restore and protect water quality
standards.(TNRCC, 1999b). It is within that framework and process that an effluent trading program can be
developed as a needed action to restore and protect water quality. As such, an effective trading framework
should be developed either prior to or concurrently with the TMDL process.
Section 319 promotes consideration of nonpoint-source management techniques on a watershedplanning basis. The approach encourages state and local planning induced by federal funding to develop
appropriate nonregulatory and regulatory programs to deal with nonpoint source pollution. The emphasis is
on control through planning and incentives rather than through direct regulation. Such an approach is
consistent with market-based principles and could be used to promote effluent trading.
ELEMENT 10: A trading program must have clearly defined goals and objectives.
Articulation of a clear set of goals and objectives is the sine qua non in the design and administration of an
effluent trading program. Goals outline the vision and rationale for the program, and objectives serve as the
qualitative and quantitative measures by which to evaluate the program and judge the merits of individual
trades within it. Trading goals and objectives in the literature have often been stated in economic terms, but
they should also include environmental, technical, administrative, monitoring, compliance, and enforcement
purposes as well.

Three Bundled Goals
Effluent trading and market-based transactions are justified as a more cost-effective way to reduce water
pollution and improve water quality in a way that is equitable and fair both to traders and to the general
public. That justification is based on three concepts believed to be basic to market-based programs: economic
efficiency, pollution-reduction effectiveness, and equity. Each of those elements brings with it particular
challenges to accurate measurement. Economic efficiency is probably the simplest to measure: It can be done
by comparing the cost of reducing a unit of pollution under a trading program to the cost of reducing that
same unit of pollution under a technology-based command and control system. Measuring pollutionreduction effectiveness is more problematic, however, at least with effluent trading. Minnesota has handled
the matter by identifying the three criteria for measurement that were described under Element 7:
equivalence, which refers to the physical substitutability of point and nonpoint source loadings; additionality,
which requires that nonpoint-source load reductions that are credited to a point source in a P-NPS trade
would not have occurred otherwise in the absence of the trade; and accountability, which refers to the need
to ensure that the trade satisfies the equivalence and additionality criteria and that the terms of the trade are
satisfied (see Senjem, 1997).
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Measuring equity also poses problems because both procedural and substantive dimensions must be
taken into account. Procedural dimensions concern the notification of stakeholders and the public regarding
the trading plan and the opportunity for those parties to provide meaningful input into the decision process.
Substantive dimensions relate to who bears the cost and who reaps the benefits. (Those dimensions will be
detailed further in Element 13 below.) In the context of effluent trading, fairness and equity also have internal
and external elements. Internal equity and fairness deals with ratios of costs and benefits between regulated
parties; external equity deals with the spread of costs and benefits among nonpolluting parties and the general
public.
Multiple Objectives
Within each goal category, a number of objective measures can be described to determine trading and
transaction eligibility and to measure program efficacy. Program efficacy objectives should establish measures
for pollutant reduction by type, amount, and impact, as well as for compliance and monitoring issues. The
three Minnesota measures for determining trading eligibility and efficacy (see Element 7 above) illustrate one
possible route; other measures could include management innovation, greater citizen involvement, and
decentralized decision-making.
ELEMENT 11: The regulatory agency must actively encourage effluent trading through information and education programs.
Because effluent trading and market-based transactions remain relatively new concepts in pollution
control, a major barrier to trading is the resistance of agencies and trading parties toward such measures. That
barrier is often manifested in agency reluctance to adopt a trading program and the lack of agency
encouragement to potential partners to consider effluent trading. In fact, with the exception of Tar-Pamlico,
few trading programs have succeeded in the face of agency opposition. The realization of an effluent trading
program, then, will depend in large part on the degree to which regulatory agencies can overcome their
recalcitrance.
Once a regulatory agency adopts effluent trading as a means to reduce pollution and enhance water
quality, it must then try to convince trading partners to overcome their own reluctance. Here, agency
sponsored- or encouraged-demonstration programs and training seminars on how to develop and structure
trades will be crucial to developing a viable program.
ELEMENT 12: Enforcement and eligibility mechanisms must exist to ensure trading party performance.
Uncertainty and conflict arise in all bargaining and trade agreements, necessitating the development of
mechanisms for resolving conflict, ensuring compliance, and monitoring and enforcing rules. Although many
types of enforcement tools are available, such as administrative orders, civil actions, fines, criminal penalties,
and permit revocation, the following five types of provisions must be considered in the design of trading
enforcement mechanisms:

1. Antibacksliding;
2. Antidegradation;
3. Agency and trading partner monitoring;
4. Trading partner liability for noncompliance; and
5. Citizen enforcement provisions;
In addition to those five points, parties seeking to engage in trades should have a good record of
compliance, or have made a good faith effort at compliance.
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SOCIOPOLITICAL ELEMENTS
ELEMENT 13: Stakeholder education, input and participation should be encouraged at all stages in the evaluation and
implementation of trading programs
Because watersheds support a wide range of private and public uses, effluent trades and other marketbased transactions are not transactions only between regulated parties; rather, the effect of market-based
transactions on public interests and values necessitates involvement from third-parties such as local
communities (Grant, 1987; Kaiser, 1996; National Research Council, 1992). However, an evolving effluent
trading literature suggests that the level of stakeholder involvement as well as the distribution of benefits and
burdens of such transactions are not always ideal (Chinn, 1999).
Stakeholder understanding and cooperation is an important factor in the success of a trading program. In
the extreme, stakeholders that view trading programs as unsatisfactory may delay or impede the
implementation and execution of trading programs through a variety of means including protest, political
pressure, and litigation. For example, stakeholders commenting on the U.S. EPA draft guidelines on effluent
trading (see Appendix B) raised many concerns about trading programs. Emissions trading programs have
also drawn litigation because of complaints concerning environmental injustice (Chinn, 1999; Communities
for a Better Environment, n.d.).
Fortunately, several measures can help to gain stakeholder trust, cooperation, and support for a trading
program. One is to seek out and recognize the views and concerns of diverse stakeholders. Another is to
encourage stakeholder participation in ways that help ensure that legitimate stakeholder concerns will be
addressed where appropriate and feasible. Finally, because some stakeholder concerns may be incompatible
with a trading program, it is important to outline the rationale for the specific trading program being
considered; doing so will help to acknowledge stakeholder concerns while at the same time pointing out how
those concerns must be weighed against constraints on program design.
ELEMENT 14: Trading should take place under an effective oversight and review process that assures that the impact of
trades is consistent with U.S. EPA rules on environmental equity/justice.
U.S. EPA mandates that programs should not have a disparate negative impact on different population
groups, especially low-income and minority populations, which have historically been most vulnerable to the
adverse effects of pollution. That mandate can be realized by giving explicit attention to environmental justice
concerns at key points in the oversight and review process. Specifically, the potential for disparate impact and
environmental inequity should be evaluated in the process of reviewing (a) permits establishing the basis for
trading, (b) the overall success of the trading program, and, potentially, (c) proposed trades. To the extent
possible, the oversight and review process should require the parties involved in trading to show that trading
will not have unacceptable negative disparate impacts on different population groups. As suggested in a
previous TNRCC task-force report on environmental equity (TNRCC, 1997a), the Commission should
facilitate the creation and dissemination of data relevant to such evaluations.
ELEMENT 15: The distribution of baseline abatement responsibilities must be fair to all market participants.
If market-based pollution abatement programs are to be viable, they must be acceptable to all participants
in the market. One barrier to achieving support for such a program is that point sources believe that they are
bearing the full burden of abatement responsibilities. In other words, although the cost to point sources of
complying with environmental regulations may be reduced through the use of a market-based approach, they
may object to such a program if nonpoint sources are rewarded for implementing the most basic BMPs. In
general, any system that rewards bad actors will face significant political opposition by those who have already
been burdened by regulations.
Economically, the distribution of baseline responsibilities should not have a significant impact on the
efficiency of the market. One of the social benefits of watershed-based approaches to achieving water quality
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is the implicit assumption that water quality is a shared responsibility of all players in the watershed. The U.S.
EPA's clean-water action plan, for example, states:
If the clean water program is to make a transition to watershed management, the public must
support this effort by getting actively involved in the formation of watershed partnerships.
Through such partnerships, roles are clarified, resources are shared, and cost effective, practical
solutions are put in place.
Such a shared burden rises naturally out of the TMDL process and culminates with the allocation of
allowable pollutant loads from all point and nonpoint sources (USEPA, 1999). To the extent that such
allocations are deemed fair, any trading program that builds on a TMDL should be seen as fair to the
participants in the program.
In principle at least, polluters can be encouraged to reach an acceptable baseline load by allowing
pollution abatement to generate credits for sale only once the baseline is reached. This method was used in
the first stage of the Tar-Pamlico program (North Carolina Department of Environment and Natural
Resources, 1999). However, nonpoint sources would not participate in such a program if the cost of reaching
the baseline outweighs the benefit that could be achieved by selling permits once the baseline is reached.
Hence, mandatory restrictions on nonpoint-source loads or government-funded initial abatement may be the
only means of achieving a fair allocation of responsibilities.
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EFFLUENT TRADING POLICY
OPTIONS FOR TEXAS
INTRODUCTION
The relatively large size and complex nature of watersheds in the state complicate water quality
management and restoration in Texas. Effluent trading programs offer viable means to reduce loading of
certain pollutants. There is a growing body of experience in effluent trading in programs throughout the
nation. Furthermore, U.S. EPA's support for effluent trading means that the institutional barriers to the
development of such programs are coming down. This is an appropriate time for the TNRCC to consider
using effluent trading as part of the suite of policies to achieve water quality designated use criteria under the
Clean Water Act.
Effluent trading programs can potentially decrease pollutants and increase water quality at least cost while
providing polluting entities greater flexibility. In general, efforts to increase water quality will be well received
among Texans as water pollution was reported to be the most important environmental concern (TNRCC,
1993). Additionally, Texans are also reported to have a high level of environmental awareness and support for
environmental quality (TNRCC, 1993, 1995, and 1997b). Awareness of and concern about environmental
issues on the part of the public often translates into agenda setting, legislative initiatives, and ultimately
environmental policymaking. Taking into account the tastes and preferences of the stakeholders during the
policymaking process can minimize conflict and increase policy efficiency. Frequently, environmental and
citizen advocacy groups have expressed concern regarding the low standards and slow pace of environmental
regulations, while industry groups have seen the very same regulations as unnecessary, burdensome and too
rapid in their implementation. This pattern of perception is also evidenced in stakeholders’ commentary on
and concerns about effluent trading.
Risk is defined for this context as the probability of bearing consequences of an adverse outcome of an
uncertain event. The adverse outcomes associated with effluent trading in Texas include noncompliance with
water quality standards, increased conflict, and potential intervention by other parties (USEPA, federal or
state courts, etc.). The risks for these outcomes are currently borne almost entirely by NPDES-permitted
dischargers. The sphere of control exerted by TNRCC dictates that risk level explicitly. Changing that sphere
of control by adopting a more collaborative approach (less Command and Control) will result in increased risk to
TNRCC. This risk is amplified by implementation of a novel approach which may yield unintended
consequences. Empowering parties that have been historically regulated changes the nature of bargaining. As
the relationships between TNRCC and the regulated parties become more collaborative, negotiations become
based on validity and legitimacy of the process rather than on the value of the regulator's position. In the
following discussion, low agency risk is used to characterize a situation where the TNRCC assumes no
responsibility for the consequences of uncertainty in the trading process; medium agency risk characterizes a
scenario where the TNRCC assumes a moderate level of responsibility for an adverse outcome, presumably
by providing scaled assessment criteria for benchmarks of water quality; high agency risk is used to describe a
situation where TNRCC assumes most or all of the responsibility for adverse outcomes.
BENEFITS OF EFFLUENT TRADING
The U.S. EPA conceptually supports development and implementation of a statewide effluent trading
strategy for reduction of point and nonpoint source pollution (USEPA, 1996). Their policy “encourages
trades that will result in desired pollution controls at appropriate locations and scales” (USEPA, 1996). The
process of trading involves an agreement between parties contributing to water quality problems within the
same watershed; this approach offers flexibility to reduce pollutants at the lowest cost for the watershed
community. The anti-degradation clause of the CWA implies that water quality parameters most appropriate
to trade are those that are not persistent in the aquatic environment. These parameters include, but are not
limited to, nutrients, organic carbon, bacteria, and suspended solids. The greatest remaining uncontrolled
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sources of pollutant loading in streams, rivers, and lakes are from nonpoint sources. The NPDES program
has been very successful at reducing pollutant loading from point sources. Trading between point sources
within a reach should be a relatively simple process, with very little risk to TNRCC. Trading between PS and
NPS contributors within a reach may be more complex, given the uncertainties and lack of a regulatory
framework. However, cost-effective reduction of nonpoint source pollution, especially nutrients, may be
achieved through trading between point (often urban or industrial) and nonpoint (often agricultural) sources.
This approach requires that water quality standards and objectives be clearly defined throughout the
watershed. The potential benefits of pollution trading include: reduced costs of meeting pollution control
responsibilities, accelerated or increased implementation of pollution control measures at the watershed level,
expansion of NPS pollution reduction beyond current capabilities, increased community understanding and
involvement in watershed-level environmental protection, and development of novel ways to control
pollution.
THE CHALLENGES OF POINT AND NONPOINT SOURCE POLLUTION CONTROL IN TEXAS
The challenge for TNRCC is to develop a strategy that will encourage protection and restoration of water
quality relative to the CWA designated use criteria. The draft TNRCC CWA Section 305(b) report of 1999
CWA 303 (d) List of Non-Compliant Water Bodies in Texas identifies 199 water bodies not in compliance
with designated use criteria (TNRCC, 1999). Low dissolved oxygen, high nutrients (nitrogen, phosphorus,
organic carbon), high solids (suspended and dissolved), and high bacteria levels (especially fecal coliforms)
were the most common sources of degradation. These types of pollutants are typically associated with both
point and nonpoint source (PS and NPS) pollution.
Control of nonpoint source pollution in Texas has been very limited due to resistance to regulate
activities on private lands (see discussion on permits in Chapter 1). However, as water quality continues to be
degraded by these non-controlled land-use activities, the probability of regulations governing land use
increases. The prospect of permitting all fertilizer application or land use change is not attractive to any
segment of the population; the bureaucratic mechanisms would be cumbersome, the costs high, and intrusion
into citizen decision-making unwelcome. In comparison, alternative approaches such as effluent trading are
very attractive.

KEY ELEMENTS
As discussed in Chapter 5, development of effluent trading programs require the integration of basic
technical, economic, legal and regulatory, and sociopolitical principles to insure that the greatest
improvements in water quality can be achieved at the lowest costs in a manner that is equitable and fair to
both traders and to the general public. The classic economic rationale of individual and social gains from
transactions motivates most effluent trading programs; however, legal, technical, and sociopolitical factors
govern the transactions and can determine the success or failure of a program. (See Chapter 5 for a more
detailed discussion of the key elements that are presented below.)
TECHNICAL CONSIDERATIONS
Improving water quality is a major goal of an effluent trading program. Hence, such a program must take
cognizance of a number of technical factors and limitations, not the least of which are establishing
benchmark measures and performance standards. These measures, often expressed in scientific and
mathematical terms, are guided by some basic considerations:

1. Trading should normally be confined to those classes of pollutants that are biologically
degradable and assimilable and therefore have biological capacities for treatment within the water
body. These include pollutants such as nitrogen, phosphorus, and organic carbon, which can be
incorporated into the biotic cycle within a stream ecosystem. Pollutants that are conserved or
slowly degraded within the ecosystem (metals, salts, and some organics) are generally toxicants
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and can be bioconcentratable. The potential for unpredicted deleterious outcomes is very high,
making trades in such pollutants undesirable, especially in the early stages of development of a
trading strategy.
2. Trading boundaries should be confined to discrete watersheds or watershed segments. A
watershed is a unit that lends itself to ecological and economic management and it the preferred
geographical basis for most federal and state water management efforts.
3. In order to more fully address pollution problems and economic considerations, effluent trading
should include point and nonpoint sources of pollution.
4. Any effluent trading program must satisfy the criteria of equivalence, additionality and
accountability.
ECONOMIC CONSIDERATIONS
From an economic perspective, the major issues that must be considered in effluent trading are
transaction costs, market power, market structure, externalities and moral hazards. Each of these will affect
the unit costs of abatement and determine the relative success or failure of effluent trading.

1. Transaction costs include the cost of data collection, bargaining and monitoring and enforcement.
Trading will be encouraged to the extent that an agency can reduce these costs through
information and education, brokerage functions and streamlining enforcement and monitoring
activities.
2. Market structure refers not only to the forum in which transactions occur but also to the degree to
which an agency regulates the transactions. Effluent trading does not exist in a free market
setting, rather it exists in a regulated market place formed and shaped by the legal rules of the
regulatory agency. Substantial deliberation must be given to the design and operation of the
market structure.
3. Externalities refer to the effects that market transactions have on third party individuals and
groups that are not directly party to the trade. These effects should be addressed in third party
trading rules governing transactions.
4. Moral hazards are embedded incentives in markets that encourage inefficient behavior. In an
effluent trading program a moral hazard would exist if point or nonpoint dischargers could
increase or inflate their effluent loading in order to have more credits to sell at a later time.
Baseline measures must be set in a way that eliminates this problem.
5. Market power is concerned with competitiveness, or the lack of it, as a result of control by a few
parties. Competition resulting from a robust number of trades and trading partners prevents the
concentration of power in a few parties which can lead to market distortion and failure.
Regulatory agencies must consider this problem and take action to correct it.
LEGAL AND REGULATORY CONSIDERATIONS
Markets in general and effluent trading programs in particular are shaped and guided by federal and state
legal rules and requirements. These rules provide fundamental authorization for state regulatory agencies to
proceed with trading, and they also dictate the market structure, forum process, and enforceability of trades.
Considerations include:

1. Authorization for trading and consistency with the federal and state statutory and administrative
rule obligations under the Clean Water Act must be fully satisfied.
2. Eligibility, enforcement, and liability rules governing transactions are required to insure market
continuity and bargaining fidelity. The benefits of the bargain must be monitored and protected.
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3. Third-party input, environmental justice concerns, and localized impacts from trades
must be addressed in trading rules.
SOCIOPOLITICAL CONSIDERATIONS
Designing successful effluent trading programs requires the support and cooperation of diverse and
sometimes divergent stakeholders including federal, state and local agencies, regulated parties, interest groups
and the public at large. Stakeholder involvement and citizen participation are key components of effluent
trading and agencies must seek meaningful input at all stages in the design, implementation and evaluation of
trading programs. Some of the key sociopolitical issues are:

1. Trust is a central concern for all parties, and especially regulatory agencies, in effluent trading
programs. Potential participants in trades must trust that their partners and regulatory agencies
will act fairly in transactions and that the public will not strongly oppose such programs. Interest
groups, third parties and the public must believe that effluent trading programs do not pose
serious risks to their interests.
2. Compliance and participation are the means to build trust. All parties, and especially the
regulatory agencies, must strive for full compliance and participation in the process.
Figure 6-1
Conceptual Schematic of Sociopolitical Concerns in Effluent Trading
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CRITERIA FOR EVALUATION:
BENCHMARKS AND PERFORMANCE ANALYSIS

An effluent trading program must be evaluated based upon two criteria: the success of the administrative
process, and technical success in restoring or protecting water quality. Administrative process success
measures include level of conflict and satisfaction of the trading partners. Technical success is defined
externally by the CWA. The technical criteria for evaluating benchmarks and performance must be consistent
with CWA designated use water quality criteria for each water body (see Chapter 4, Performance Measures and
Benchmarks). These criteria must be unambiguous, and must be practical if an effluent trading program is to be
viable.
The over-riding principle of any effluent trading program should be protection and restoration of water
bodies. Impaired water bodies must be restored under the CWA to an unimpaired state. Numeric criteria are
relatively straightforward to measure. Narrative criteria, on the other hand, are more complex due to their
inherent ambiguity.
The objective of an effluent trading program is to prevent or remediate impairment of water bodies.
Remedial activities (nonpoint source reductions, wastewater treatment plant upgrades, and so forth) must
have performance benchmarks that are defined within very specific timeline for participants to understand
and manage the trading process effectively. The simplest performance benchmark is the water quality
standard, and requires minimum risk be assumed by TNRCC; however, this may be an unrealistic goal over a
short time period, and could have a dissuasive effect on trading. A staged or iterative approach may be
necessary in some circumstances. This approach requires the TNRCC assume some risk, and participate in
negotiating guidelines and targets rather than prescribing them. The Draft Guidance for Water Quality-based
Decisions: The TMDL Process presents a framework for developing guidelines and performance benchmarks
under these complex conditions (USEPA, 1999).
TECHNICAL
An effluent trading program should be evaluated programmatically by quantifying the degree to which
such a program improves statewide compliance with water quality goals. The change in the number of water
bodies listed on the CWA 303(d) list is one such measure. Another appropriate measure of improvement
would be the number of citizens whose health was threatened due to poor water quality. This measure would
encompass a risk-based approach to prioritizing water bodies.
Remedial activities (nonpoint source reductions, wastewater treatment plant upgrades, and so forth) must
have performance benchmarks and regulatory criteria that are defined within very specific timelines for
participants to understand and manage the trading process effectively. The objectives of any effluent trade
must be clearly defined; the endpoint measures must be based clearly and directly on water quality criteria. If
clear performance criteria cannot be derived from the water quality standards of concern, those standards are
flawed and should be revised. A reasonable strategy for TNRCC would be to develop a set of performance
measures for each water quality standard prior to implementing a trading strategy. These performance
measures would significantly reduce uncertainty associated with effluent trading.
ECONOMIC
The primary question that must be addressed in an economic evaluation of an effluent trading program is
whether the benefits of the program exceed its costs. The principal economic benefit of effluent trading
would be the reduction in the cost of achieving a water quality objective. Quantifying these benefits would
require information about the costs of polluters. Estimates of the abatement costs of point and nonpoint
sources have frequently been made for modeling exercises and could probably be replicated for Texas or
demonstration sites within the state. Using such estimates, it would then be possible to estimate the savings
that are achieved by each transaction.
The costs of an effluent trading program take the form of transactions costs: those required to establish
the program and those required to manage the program and keep it running. These costs fall on both the

Center for Public Leadership Studies

61

Chapter 6
supervising agency and participants in the market. Anticipating the need for ex post evaluation, agency costs
should be carefully monitored from the time the program is first considered. Quantifying the costs that fall
on market participants, however, is somewhat more difficult and would probably require surveying market
participants.
One clear indication that the transaction costs are low would be if the market was quite active. If
individuals readily participate in the market, then it must be the case that the transaction costs do not pose a
significant barrier to their participation. On the other hand, the absence of trading may be attributable to a
lack of information about the program rather than standard transaction-cost barriers. Regardless of the
reason for market stagnation, however, the benefits of the program will only be realized if trades are frequent
enough to offset the agency's costs of implementing the program.
In addition to the cost savings, effluent trading programs can also provide incentives for innovations in
pollution control technologies. Agency staff should be watchful for improved technological improvements
and the list of acceptable best management practices (BMPs) should be allowed to change as improved means
of reducing pollution are found. Each new innovation is an indication that the market has worked to inspire
new technologies to achieve improvements in water quality.
In anticipation of the need for review of the program, data should be systematically maintained on each
trade, including the size of the trade, the pollutants involved, the geographic location of the trades, and the
types of processes (e.g., type of industry or land use) involved. Price data could be useful, but the collection
of these data can be difficult as traders are frequently reluctant to release such proprietary information.
Hence, to the extent that the agency seeks to collect data on prices, they should ensure the strict
confidentiality of that information.
SOCIOPOLITICAL
Effluent trading policymaking can be conceptually classified into three distinct phases: program
development, monitoring and evaluation (Figure 6-1). The program development stage refers to the preeffluent trading program period, while the latter two refer to the post-effluent trading program period.
Embedded in these three phases are six different mechanisms by which effluent trading programs can be
made open, efficient, and equitable. During the developmental phase, provisions are put in place to ensure
that there are no disproportionate impacts from effluent trading based on race, class or gender. First,
stakeholders and the public at large need to be notified regarding the development of rules or design criteria
for effluent trading programs. Public hearings and comments should be sought to provide an opportunity for
public input and participation. Ex ante involvement of the public during policymaking minimizes ex post
opposition to the various aspects of an effluent trading program.
The public monitoring phase refers to citizen participation throughout the trading process. The agency
should establish a public notification process to inform citizen regarding trades, involved parties, potential
pollutants and geographical region where the trade is occurring. This can be accomplished by establishing an
effluent trading registry similar to the TNRCC's emission trading registry. The registry can serve as a database
that tracks trading activities on a regular basis. A citizen petition process, similar to the Michigan approach
(see Chapter 4), can ensure a mechanism through which citizens can protest a trade in addition to providing a
monitoring and enforcement tool.
Once the trades have taken place, there is still a potential for localized adverse impacts on populations or
water quality. The TNRCC can assume that citizen involvement will provide a check on this type of
disproportionate shift of environmental burden. Setting up mechanisms to addresses these post-trade
concerns can minimize overall cost of the policy, uncertainty surrounding water quality and trading and
potential adverse impacts to populations and/or water quality. A trading review period of not more than five
years, timed to coincide with TPDES permit cycles, should allow adequate feedback to ameliorate this
concern. Trades that are not functionally reducing pollutant loads to water bodies and therefore improving
water quality in an area can be rescinded.
Increasing agency accountability and disclosure through adequate public notification and participation
will not only minimize the overall cost of the program, but will also contribute to increased trust between the
public, interest groups, the agency, and industry. Sharing the responsibility of enforcement and monitoring
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through increased access and citizen empowerment also enhances the agency’s ability to evaluate and police
trades since some of the agency’s monitoring and enforcement costs can be shared by groups with explicit
local environmental interests. Admittedly, as is the case with any new program, there will be a need for
structural changes to accommodate personnel to monitor and enforce a trading program.

APPROACHES TO EFFLUENT TRADING
As this report has demonstrated, there are many approaches to developing and implementing effluent
trading strategies. Issues related to process, structure, and scale must all be addressed. Process issues relate to
the actions that are taken by the regulatory agency to initiate the market and orchestrate trades. Structure
issues include market form, regulatory oversight, methods and authorities for enforcement, and the legal
rights and responsibilities of the various parties, including those of the agency. Scale issues include the
geographic scale (statewide, watershed, river segment), the diversity of trading participants (point and
nonpoint sources, similar businesses or industries) and the pollutants to be traded.
While there are a wide array of technical, economic, legal and regulatory, and sociopolitical alternatives,
we discuss five broad policy approaches for effluent trading that might be taken by the TNRCC. It is
important to note, however, that these five approaches are not comprehensive, nor are they mutually
exclusive. We discuss advantages and disadvantages of each approach, how each approach has been applied
elsewhere in the U.S., and the implications for each approach to TNRCC. We do not attempt to provide an
exhaustive discussion of the many additional decisions about the structure of such a program that would be
required as these have been explored in greater depth in the earlier chapters of this report. The decision about
which approach to take will depend upon the institutional goals of the TNRCC.
APPROACH 1: DEVELOP STATEWIDE RULES FOR EFFLUENT TRADING
The first approach that might be taken by the TNRCC would be to provide rules that would govern
trading throughout the state. Such rules might sanction trading at any scale, and could establish virtually any
trading structure. A system of rules must define the program at a level of generality such that it is applicable
to the whole state, both describing the kinds of trades that are to be allowed and setting the parameters for
those trades that are permitted. Such rules might apply to any or all of the five forms of effluent trading:
intra-plant, pretreatment, point/point, point/nonpoint, and nonpoint/nonpoint. Examples of such a rulebased approach are found in the national trading program for SO2, the State of Texas' air emissions trading
program (§101.29 of the TNRCC's General Rules) and Michigan's ongoing effort to develop statewide trading
rules for water quality trading.
The rules governing an effluent trading program will determine the market form that will result. If a
commodity market is desired, then the rules must establish the process through which certificates will be
issued and can be transferred. Similarly, the rules governing a contract market must lay out clearly the
conditions under which water quality improvements can be transferred and the extent to which obligations
for water quality improvements can be transferred from one source to another. Among other issues that must
be resolved in establishing effluent trading rules are whether the market will be open or closed, what
pollutants can be traded, what trading ratios are required, and whether banking will be allowed. The reporting
obligations of traders should also be specified.

Example
The best available model of a statewide rules approach is that of the proposed Michigan Effluent Trading
Rules (see Chapter 3). These detailed rules were developed over many months and through repeated
interactions with stakeholders and U.S. EPA officials. While the rules have yet to be implemented, they
represent an extremely useful guidance document for any agency seeking to implement effluent trading,
regardless of the approach taken. Nonetheless, it is not clear whether Michigan's efforts will result in success.
Final approval for the rules is still pending at this date and the evaluation of the success of the program is
years away.
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Advantages
The advantages of a statewide trading framework that is regulated through administrative rules are the
continuity and certainty such a framework would provide for effluent trading in Texas. This approach would
provide clear regulatory authority for the technical elements of a given trade. Rules could readily be written to
describe the pollutants that are eligible for trading and place limitations on trading in certain regions or under
local water conditions (for additional information see Element 1 in Chapter 5). Boundaries of trading partners
could be limited to coincide with watershed boundaries, basins, or river reaches, depending on the
preferences or biases of the agency (see Element 2). The participants in the trade could be directed to
encourage point and nonpoint source trades through trading ratio strategies (see Element 3). Since such
restrictions would be transparent in the rules, parties would avoid the expense of pursuing trades that do not
meet the requirements of the agency. The generality of the system could reduce the transaction costs of
implementing the system since rules should standardize legal and regulatory requirements across the state.
Regulatory uncertainty for pollution sources will also be diminished since the administrative rules would
presumably be consistent with CWA and other statutory requirements (see Element 8). This framework could
mandate that trades are implemented under only very explicit circumstances such as a TMDL process (see
Element 9). Finally, the enforcement and eligibility requirements of trading parties could be clearly delineated
(see Element 12).
Disadvantages
The disadvantages to a statewide trading framework through administrative rules are process and
structure-related. Administrative rules tend to impose uniform structure across all trades. The need for such a
general structure can often serve as a barrier to trades when potential trades do not fit neatly into the
regulatory structure. Creating rigorous oversight mechanisms in the rules that apply to all trades can lead to
substantial transactions costs for both the traders who are required to file numerous reports and the agency
that would need to review, approve, and administer trades. In a rule-based approach, trading ratios, rules
regarding the banking of pollutant credits, and third party participation would have to be codified, eliminating
some flexibility. A successful set of rules must be applicable across the entire state and have sufficient
safeguards to ensure the environmental goals are met, without imposing prohibitive transactions costs on the
market. The development of such rules, therefore, would be a significant challenge requiring substantial
investment time by both TNRCC staff and stakeholders.
Recommendations for Approach 1
There are several critical implementation issues that must be considered, should TNRCC choose to
develop statewide rules for effluent trading. These issues include:
1. This approach will be implemented evenly across the entire state, but should explicitly limit
participation in a given trade to the immediate watershed of the degraded water body.
2. The agency should identify internal constraints to implementing statewide rules for effluent
trading. These constraints take several forms, and include institutional resistance to
implementing uncertain procedures, intra-agency jurisdictional conflicts, and resource availability
for time-intense regulations.
3. TNRCC should determine the degree of institutional risk it is willing to accept in this process.
This willingness to accept risk (defined as the probability of no improvement of water quality)
should be reflected in the rules.
4. The agency should identify the external constraints to implementing statewide rules. These
constraints include interagency jurisdictional conflict and statutory limitations.
5. The TNRCC should implement an intra- and inter-agency education program to reduce
knowledge uncertainty and increase trust between agency employees. The high degree of
resistance to this type of regulatory approach is generally driven by lack of knowledge. Increasing
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knowledge of the complexity of this process, as well as its efficiency, will improve working
relationships between and among state agencies responsible for managing water quality.
6. The TNRCC should determine at the outset the criteria for eligibility in a trading program.
7. The agency should convene a technical advisory committee composed of representatives from
critical state and federal agencies to oversee and comment on rules as they develop.
8. Finally, the agency should develop a stakeholder advisory group to work iteratively with TNRCC,
Region VI EPA, Texas State Soil and Water Conservation Board, Texas Department of
Agriculture, and Texas Department of Health to create statewide rules.
APPROACH 2: ALLOW TRADING THROUGH ASSOCIATIONS
Trading through associations represents another vehicle for effluent trading. In this scenario, a group of
affected parties could develop and implement a strategy for reducing its total pollutant load. The role of the
TNRCC could be limited to simply sanctioning an association and allowing trading to take place, or could
involve actively assisting or encouraging stakeholders to establish associations. Once an association is formed,
the TNRCC would provide oversight, sanctioning, and monitoring at the level of the association as a whole,
limiting the transaction costs to the agency and association members. Under this approach the association
would be responsible for assessing and collecting appropriate fees from the member groups, delegating
pollutant loads, and managing existing and future loads to the receiving water body.

Example
Tar-Pamlico Basin Association is the primary example of this approach to date and the association has
been quite successful in reducing effluent from the association's members at relatively low cost. In that
instance a group of POTWs proposed the framework and convinced the North Carolina's Division of Water
Quality to allow the group to be monitored as a whole. As a result, the Association’s members voluntarily
accepted much of the onus of developing the structure. While nonpoint sources are not members of the
association, association members have made contributions to a government-managed fund that is charged
with achieving nonpoint reductions through subsidies for BMPs.
Advantages
The advantages to trading associations approach are optimum flexibility, minimum regulatory
requirements, and minimum cost to TNRCC to manage and oversee the process. The critical technical
elements identified in Chapter 5 (i.e., Elements 1 – 3) could be mandated by TNRCC to any trading
association. The trading association approach offers potential economic benefits that could promote
participation (see Element 4). This approach promises reduced transaction costs to participants through
reduced information cost, since participants would presumably be from the same area and share the costs of
developing this information. The participants in a trading association have the flexibility to strike a balance
between efficiency, efficacy and equity.
Disadvantages
There are, however, numerous limitations and disadvantages to a system dependent upon trading
associations. First, for such associations to be successful there must be leaders willing to promote the
potential for trading and organize the rest of the group. Hence, the potential for success is inherently variable,
resulting in increased uncertainty of compliance and increased enforcement costs (see Element 7).
Associations are most likely to be successful among a set of similar enterprises that share common goals.
Furthermore, the members must all be located in the same watershed or stream segment so that trading
between members is appropriate. Finally, it must be possible to measure the aggregate effluent of the
members of the association so that compliance with its goals can be ensured. Hence, the potential for such a
trading association is probably limited to point sources as permittees with contractual controls over NPS
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pollution. This kind of group permitting approach might be vulnerable to legal challenge as an inappropriate
delegation of TNRCC - U.S. EPA CWA authority.
Recommendations for Approach 2
Should TNRCC choose to allow effluent trading through trading association the critical implementation
issues that must be considered include:
1. Trading association scale should be limited to the immediate watershed of the degraded water
body of concern.
2. The agency should identify internal constraints to implementing trading associations for effluent
trading. These constraints include institutional resistance to permitting groups to collectively
reduce pollutant loading, intra-agency jurisdiction conflicts, and resource availability for oversight
of trades.
3. TNRCC should determine the degree of institutional risk it is willing to accept in this process.
This willingness to accept risk (defined as the probability of no improvement of water quality)
should be reflected in the guidelines provided for trading associations.
4. The agency should identify the external constraints to allowing trading associations. These
constraints include interagency jurisdictional conflict and statutory limitations, as well as federal
policy constraints from EPA Region VI.
5. The TNRCC should implement an intra- and inter-agency education program to inform
participants and regulatory personnel of the process, its associated risks, and associated benefits.
6. The TNRCC should identify potential locations, geographic constraints, water quality criteria,
and other criteria for potential trading associations. Candidate locations should be evaluated to
insure the potential trading market is adequate to provide viable trades. Motives for trades should
be identified based on water quality improvement objectives.
7. The agency should convene a technical advisory committee composed of representatives from
critical state and federal agencies to oversee trading associations.
8. Finally, the TNRCC should determine the internal enforcement procedures and external
reporting requirements necessary to decrease uncertainty in multi-party permitting.
APPROACH 3: PROMOTE AGENCY-BROKERED TRADES
A third approach to nutrient trading is state agency-brokered trades. In this scenario, TNRCC would
actively broker trades of pollutants between parties (largely through TPDES permits), working on a case-bycase basis to identify potential trading partners, developing trade-specific enforcement criteria, determining
who would be eligible to participate, and identifying where the trades could occur. The TNRCC would have
maximal control over this process, and would assume almost all liability for the trade. Under this approach
the TNRCC would explicitly control the trading market, since the trading partners would be selected, the
value of the pollutant assigned, and the terms of the trades determined by the agency. The TNRCC would
also determine trading ratios, pollutant-banking policy, and the eligibility of third-party participants. The
TNRCC would also be likely to assume much of the transaction costs associated with each trade. Market size
would be limited by this approach, as participants would be selected by TNRCC.

Example
The Minnesota Pollution Control Agency has taken this approach twice in recent years. In both cases
major point sources sought a major expansion in their permitted effluent. In each instance the agency worked
closely with the source to develop a specific plan that would allow the desired expansion while reducing
nonpoint effluent upstream from the source. These trades required substantial site-specific scientific analysis.
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As a result of this analysis, the agency has a high degree of confidence that the pollution-reduction goals will
be met. However, such costly analysis can only be justified when large and valuable trades are under
consideration, limiting the extent to which this approach could be implemented on a broad scale.
Advantages
The advantages of this approach are the close control and influence the TNRCC could have over the
trading process. The agency could establish the classes of pollutants to be traded (see Element 1), determine
trading boundaries (see Element 2), and recruit both point and nonpoint source trading partners (see Element
3). The economic incentives for this type of trade may or may not be sufficient to promote this trading
option – the location and circumstances of the trade environment will dictate this element (see Element 4).
This approach should yield a trading program that has clear eligibility and enforcement components (see
Element 12).
Disadvantages
The disadvantages of this approach are related to the degree of control of the process exerted by the
agency. By controlling the trading process, TNRCC would have to determine where trades would occur,
which pollutants would be eligible for trade, and the mechanism by which those trades would occur. The
information costs, uncertainty associated with this strategy, and potential conflict would all be born by the
TNRCC, resulting in very high transaction costs (see Element 5). Of necessity this approach would result in
limited flexibility and efficiency (see Elements 6 and 7). Hence, while this approach may allow for some cost
savings when there is a need for large trades, it would not be well suited for relatively small trades by a large
number of sources.
Recommendations for Approach 3
Should TNRCC choose to broker effluent trading, the agency should consider the following
implementation issues:
1. The TNRCC should broker trades based on a priority list of degraded water bodies. This priority
list should rank the risk of each degraded water body to humans, wildlife, and ecosystem
processes. Participants in brokered trades should be limited to the immediate watershed.
2. The agency should identify the qualified candidates for trading within the state, their location
relative to other candidates, and their relative impact on water quality.
3. TNRCC should determine the degree of institutional risk it is willing to accept in this process.
This willingness to accept risk (defined as the probability of no improvement of water quality)
should be reflected in the selection of trades to broker.
4. The agency should identify the external constraints to brokering trades. These constraints include
interagency jurisdictional conflict and statutory limitations, as well as federal policy constraints
from EPA Region VI.
5. The TNRCC should implement an intra- and inter-agency education program to inform
participants and regulatory personnel of the process, its associated risks, and associated benefits.
6. The TNRCC should identify market potential for each priority location. Candidate locations
should be evaluated to insure the potential trading market is adequate to provide viable trades.
Motives for trades should be identified based on water quality improvement objectives.
APPROACH 4: CONDUCT A DEMONSTRATION PROJECT
A final trading option is for the TNRCC to undertake a demonstration project in a limited geographic
area to explore one or a variety of trading structures. Based on the experience in this area the agency could
then determine the feasibility of effluent trading, and decide whether to develop statewide rules, pursue
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trading on a case-by-case basis, seek to establish associations in other areas of the state, or decide to not
pursue effluent trading in the state. It is likely that a successful demonstrations program would be replicated
elsewhere. Hence, the agency should make decisions regarding the approach taken and the structure of the
program with an eye on the state as a whole.
Example
Numerous projects nationally have developed that might be considered demonstration projects as we are
defining them here. The effluent trading program for Lake Dillon, Colorado has been developed for a single
watershed but was not intended to serve as a model for future projects. While valuable lessons have been
learned from the trading program, it is not one that can be readily expanded to other watersheds or the entire
state. The demonstration in the Kalamazoo watershed in Michigan, on the other hand, is specifically being
developed for the purpose of informing the simultaneous development of a statewide program (Batchelor,
1999a). Stakeholders in the Kalamazoo watershed have been influential in the development of the Michigan
rules discussed in Approach 1.
Advantages
The advantages to using a demonstration project are obvious: By trying out the program on a relatively
small scale, substantial learning can take place about what is and is not likely to succeed. In the context of a
demonstration project, stakeholders can be involved in planning activities to a greater extent than might be
possible on a statewide basis (see Element 13). The trading participants would interact as participants in a
study, communicating concerns and ideas for process and structure improvements throughout the study. All
of this interaction and experience in a relatively small region increase the success of the program as it expands
to a broader area.
Disadvantages
The disadvantage of using a demonstration project lies in its limited scope and the inevitable unique
characteristics of any area. The emphasis on a demonstration project may require substantial investment of
agency time and resources, yet would have immediate payoffs only at a relatively small scale. Particularly if the
agency is putting into place a system that can be generalized to the state, the costs of developing and
implementing such a system would be offset by the benefits on a small scale. Hence, the advantage of the
demonstration must be great enough to warrant the cost of delaying the program to the rest of the state. On
the other hand, if the intent is to pursue trading more broadly, then policy makers should be wary of finetuning the program to the conditions present in the demonstration project site.
Recommendations for Approach 4
A demonstration project has many advantages and can take the form of any of the three previous
approaches, so the associated recommendations for each approach also apply. If TNRCC chooses to
implement an effluent trading demonstration project, the agency should consider the following
implementation issues:
1. The TNRCC should identify sites for a demonstration process based on clear assessment criteria.
A process for nominating and assessing trades should be established early.
2. The agency should develop a demonstration project at a location based on the diversity of
traders available, the nature of the pollutant(s), the types of sources, and the complexity of the
system. Overly complex problems that do not yield successful outcomes will discourage trading
in future circumstances.
3. The TNRCC should select a demonstration project at a site where there is adequate water quality
degradation to promote public participation. However, a site in which substantial rights and
power-based conflicts exist is unlikely to result in the kind of fruitful interaction between
stakeholders that is necessary for a demonstration project to succeed. Hence, a site should be
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selected where bargaining is likely to be driven by a common interest in improving water quality
at the lowest possible cost.
4. TNRCC should determine the degree of institutional risk it is willing to accept in this process.
This approach places almost all the risk of the project on the agency.
5. The TNRCC should implement an intra- and inter-agency education program to inform
participants and regulatory personnel of the process, its associated risks, and associated benefits.
APPROACH 5: MAINTAIN CURRENT POLICIES AND PROCEDURES
The final approach that TNRCC might take is to maintain current policies and procedures for water
quality management. Under this approach TNRCC would seek to remedy excessive nutrient loading to rivers
and streams through regulation of point source dischargers, using the TPDES process under the current
command and control structure. The agency would continue to address nonpoint source loading through
incentives and demonstration projects administered through the Texas State Soil and Water Conservation
Board. While other options have been explored theoretically (e.g., Segerson 1988), none of these has been
implemented in practice except the effluent trading approach.

Advantages
This approach has the advantage in that it follows a familiar model and can readily be pursued within
existing regulatory structures. Hence, agency resistance to this approach is minimal, and the public's need to
learn about new programs is avoided. However, as stated in the previous paragraph, the traditional regulatory
approach has not been successful and, without major extensions in the regulatory authority to address
nonpoint pollution, it is likely that the state's current water quality problems will not be solved.
Disadvantages
The current approach is noteworthy for having difficulty in efficiently and equitably responding to
changing conditions, particularly for NPS pollutant loading. The number of Texas streams listed on the CWA
303(d) list is growing under this approach. It will ultimately lead to increased conflict between urban and rural
water users and decreased water quality. The likely endpoint for this approach will be a command and control
response, resulting in increased regulation of agriculture and increased limits to point sources for nutrients.
Ultimately agricultural producers may be required to apply for permits prior to application of any fertilizer
(chemical or organic), will have to establish a nutrient management plan for all production activities, and will
have to inventory each stage of their production process to demonstrate compliance.
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