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Foreword

Nutrient overenrichment from anthropogenic sources is one of the major stresses on coastal
ecosystems. Generally, excess nutrients increase algal production and the availability of organic
carbon within an ecosystem—a process known as eutrophication. Scientific investigations in the
northern Gulf of Mexico have documented a large area of the Louisiana continental shelf with
seasonally depleted oxygen levels (< 2 mg/l). Most aquatic species cannot survive at such low oxy-
gen levels. The oxygen depletion, referred to as hypoxia, forms in the middle of the most impor-
tant commercial and recreational fisheries in the conterminous United States and could threaten
the economy of this region of the Gulf.

As part of a process of considering options for responding to hypoxia, the U.S. Environmental
Protection Agency (EPA) formed the Mississippi River/Gulf of Mexico Watershed Nutrient
Task Force during the fall of 1997, and asked the White House Office of Science and Technol-
ogy Policy to conduct a scientific assessment of the causes and consequences of Gulf hypoxia
through its Committee on Environment and Natural Resources (CENR). A Hypoxia Working
Group was assembled from federal agency representatives, and the group developed a plan to
conduct the scientific assessment.

The National Oceanic and Atmospheric Administration (NOAA) has led the CENR assess-
ment, although oversight is spread among several federal agencies. The objectives are to provide
scientific information that can be used to evaluate management strategies, and to identify gaps in
our understanding of this complex problem. While the assessment focuses on hypoxia in the
Gulf of Mexico, it also addresses the effects of changes in nutrient concentrations and loads and
nutrient ratios on water quality conditions within the Mississippi—Atchafalaya River system.

As a foundation for the assessment, six interrelated reports were developed by six teams with ex-
perts from within and outside of government. Each of the reports underwent extensive peer re-
view by independent experts. To facilitate this comprehensive review, an editorial board was
selected based on nominations from the task force and other organizations. Board members were
Dr. Donald Boesch, University of Maryland; Dr. Jerry Hatfield, U.S. Department of Agricul-
ture; Dr. George Hallberg, Cadmus Group; Dr. Fred Bryan, Lou151ana State University; Dr.
Sandra Batie, Michigan State University; and Dr. Rodney Foil, Mississippi State University. The

six reports are entitled:

Topic 1: Characterization of Hypoxia. Describes the seasonal, interannual, and long-term
variations of hypoxia in the northern Gulf of Mexico and its relationship to nutrient load-
ings. Lead: Nancy N. Rabalais, Louisiana Universities Marine Consortium.

xi



xii

Economic Costs and Benefits of Reducing Nutrient Loads to the Gulf

Topic 2: Ecological and Economic Consequences of Hypoxza Evaluates the ecological and
economic consequences of nutrient loading, including impacts on the regional economy. Co-
leads: Robert J. Diaz, Virginia Institute of Marine Science, and Andrew Solow, Woods Hole
Oceanqgraphic Institution, Center for Marine Policy. ;

Topic 3: Flux and Sources of Nutrients in the Mississippi—Atchafalaya River Basin. Identi-
fies the sources of nutrients within the Mississippi-Atchafalaya system and Gulf of Mexico.
Lead: Donald A. Goolsby, U.S. Geological Survey.

Topic 4: Effects of Reducing Nutrient Loads to Surface Waters Within the Mississippi River
Basin and Gulf of Mexico. Estimates the effects of nutrient-source reductions on water qual-
ity. Co-leads: Patrick L. Brezonik, University of Minnesota, and Victor J. Bierman, Jr., Limno-
Tech, Inc.

Topic5: Reducing Nutrient Loads, Especially Nitrate—Nitrogen, to Surface Water, Ground
Water, and the Gulf of Mexico. Identifies and evaluates methods for reducing nutrient loads.
Lead: William J. Mitsch, Ohio State University. -

Topic 6: Evaluation of the Economic Costs and Benefits of Methods for Reducing Nutrient
Loads to the Gulf of Mexico. Evaluates the social and economic costs and benefits of the
methods identified in Topic 5 for reducing nutrient loads. Lead: Otto C. Doering, Purdue
University.

These six individual reports provide a foundation for the final integrated assessment, which the
task force will use to evaluate alternative solutions and management strategies called for in Public

Law 105-383.

As a contribution to the Decision Analysis Series, this report provides a critical synthesis of the
best available scientific information regarding the ecological and economic consequences of hy—
poxia in the Gulf of Mexico. As with all of its products, the Coastal Ocean Program is very in-
terested in ascertaining the utility of the Decision Analysis Series, particularly with regard to its
application to the management decision process. Therefore, we encourage you to write, fax, call,
or e-mail us with your comments. Our address and telephone and fax niumbers are on the inside
front cover of this report.

/J/&%_ S S

David Johnson, Director Donald Scavia, Chief Scientist
Coastal Ocean Program v National Ocean Service



Executive Summary

In this report we analyze the Topic 5 report’s recommendations for reducing nitrogen losses to
the Gulf of Mexico (Mitsch et al. 1999). We indicate the relative costs and cost-effectiveness of
different control measures, and potential benefits within the Mississippi River Basin. For major
nonpoint sources, such as agriculture, we examine both national and basin costs and benefits.

Based on the Topic 2 economic analysis (Diaz and Solow 1999), the direct measurable dollar
benefits to Gulf fisheries of reducing nitrogen loads from the Mississippi River Basin are very
limited at best. Although restoring the ecological communities in the Gulf may be significant
over the long term, we do not currently have information available to estimate the benefits of
such measures to restore the Gulf’s long-term health. For these reasons, we assume that meas-
ures to reduce nitrogen losses to the Gulf will ultimately prove beneficial, and we concentrate on
analyzing the cost-effectiveness of alternative reduction strategies. We recognize that important
public decisions are seldom made on the basis of strict benefit—cost analysis, especially when
complete benefits cannot be estimated. We look at different approaches and different levels of
these approaches to identify those that are cost-effective and those that have limited undesirable
secondary effects, such as reduced exports, which may result in lost market share.

We concentrate on the measures highlighted in the Topic 5 report, and also are guided by the
source identification information in the Top1c 3 report (Goolsby et al. 1999). Nonpoint sources
that are responsible for the bulk of the nitrogen receive most of our attention. We consider re-
strictions on nitrogen fertilizer levels, and restoration of wetlands and riparian buffers for deni-
trification. We also examine giving more emphasis to nitrogen control in regions contributing a
greater share of the nitrogen load.

Although we are limited by existing data and existing analytical capacity, within these con-
straints we provide information for making policy judgments by setting bounds and parameters
for different approaches to nitrogen reduction. Topic 5 was primarily concerned about producers’
ability to achieve nitrogen reductions using feasible production practices. Our analysis accounts
for economic impacts on the producers and keeps changes in acreage and exports within historic
bounds of recent past adjustments—something of concern to many in the agricultural sector.

Fertilizer restrictions are a more cost-effective means of reducing nitrogen losses than strategies
based only on wetland restoration or buffers. They are more cost-effective than a fertilizer tax,
because of the tax’s impacts on producer net returns. Wetland-based strategies are more expensive
than fertilizer-reduction strategies to achieve the same goal of reducing nitrogen loss. Land-
retirement costs and wetland-restoration costs outweigh the higher environmental benefits gen-
erated by wetlands. Based on uniform assumptions about denitrification efficiency, focusing on
restoring wetlands proportional to nitrogen losses is less cost-effective than enrolling wetlands at
lowest cost. Vegetative buffers are least cost-effective, due to low nitrogen filtering relative to
wetlands, lower wildlife-associated benefits, and high land-retirement costs.
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A 5-million-acre wetland restoration combined with a 20% reduction in fertilizer is the most
cost-effective, practicable strategy we examined for meeting a 20% nitrogen loss-reduction goal.
This strategy reduces nitrogen loss by about 20% with few, if any, secondary effects that are be-
yond our historical experience of sectoral adjustment in agriculture: Reducing fertilizer by 45%
meets the goal for a slightly higher cost. A policy that includes wetlands has additional advan-
tages because it meets other policy objectives and generates wildlife and recreation benefits.

For the agricultural sector, cost savings from reduced fertilizer nutrient inputs are modest in most
cases. However, commodity prices and aggregate producer net returns rise at increasing levels of
nitrogen-loss reductions. This is not a result of lower nitrogen fertilizer costs; instead, it derives
from reduced production resulting from reduced fertilizer inputs. These begin to be significant
when nitrogen-loss restrictions reach 30% and higher. Aggregate returns to U.S. agriculture in-
crease, but costs are imposed on some who are constrained to abandon profitable production in
order to meet nitrogen-loss goals. Severe restrictions on nitrogen loss from agriculture mean that
production ceases on acres in the Mississippi River Basin that are especially vulnerable to nitro-
gen loss. The restrictions also cause shifts to cropping systems that lose less nitrogen. Production
of crops with high nitrogen losses is also increasingly shifted out of the basin. Some producers
suffer these losses, while those remaining in production with cropping systems that provide rela-
tively high value reap benefits from increased commodity prices as the supply is reduced due to
nitrogen restrictions.

We find only modest aggregate impacts on the sector for up to a 20% nitrogen-loss reduction
(comparable to the 15-20% reduction in nitrogen losses from agticulture deemed feasible and
recommended by the Topic 5 team). We find that restoring 5 million acres of former wetlands
also has minimal impact on agricultural production and related factors. At the 10-million-acre
level, noticeable price, land-use, and other impacts occur.

Livestock producers bear more costly feed grain input costs as prices increase under nitrogen-loss
restrictions. Consumers of basic commodmes, and the finished food and fiber products derived
from them, suffer some loss from price increases caused by production changes and acreage re-
stored to wetlands. There is also a potential cost from decreased agricultural export volumes that
depends upon the level of nitrogen restriction (although the walue of exports increases because of
price increases). Export reductions become more important and begin to break out of historical
bounds when nitrogen loss is restricted to 30% or more. The primary concern of the agri-
business industry is loss of sales in an expanding free-market environment where market share is
voluntarily constrained to meet environmental objectives. Also, reduced acreage in production
and reduced output can have negative impacts on input and shipping sectors.

As nitrogen use is restricted inside the basin, increased nitrogen, phosphorus, and sediment loss
in agricultural production occurs outside. Reducing nitrogen losses to the Gulfis likely to impose
additional pollution costs on the rest of the nation as an indirect impact. Price increases due to
reduced production within the basin will intensify crop production elsewhere. The extent of de-
rived environmental impacts is estimated to be up to the 20% nitrogen loss-reduction level.

Finally, institutional factors are important in any broad-based effort to reduce nitrogen loss in
the Mississippi River Basin. For any program, administration, monitoring, verification, and en-
forcement costs and capabilities must play an important part in the final choice of strategy or ac-
tion. These costs become even more critical in a region such as the Mississippi River Basin,
which includes many independent political jurisdictions. Policies need to be coordinated across
political boundaries, and the costs of coordination increase if multiple strategies are employed.
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Introduction

1.1 SCOPE OF THIS REPORT
The objectives assigned to the Topic 6 team were to:

“Evaluate the social and economic costs and benefits of the methods identified in Topic 5
for reducing nutrient loads. This analysis will include an assessment of various incentive pro-
grams and will include any anticipated fiscal benefits generated for those attempting to re-
duce [nitrogen] sources.”

We compiled the information available in the literature and analyzed it where énalytical tools
and data already existed. In carrying out our task, we have:

o Analyzed the Team 5 recommendations as far as possible.

o Used the Topic 2 analysis of the costs of hypoxia to the Gulf to represent the value of
benefits that may be ascribed to the Gulf from reducing nitrogen flows from the Missis-
sippi Basin to the Gulf.

o Identified the relative costs of reducing nitrogen flows, to indicate the cost-effectiveness
of various measures.

e Indicated, to the best of our ability, estimates of consumer and producer surplus, tax bur-
dens, and incidence of costs to various groups.

Although we lacked an adequate foundation of existing work to estimate social costs, we have
kept such eosts in mind and have sometimes flagged them in analyzing alternative ways of re-
ducing nutrients that would create relatively greater or lesser social costs.

For this report we have not recommended or analyzed specific policies or policy alternatives.
These will be considered in the Integrated Assessment that will draw together the work of all of
the six reports. Whenever possible, we have analyzed different actions that may be taken to re-
duce nitrogen flows and have presented ranges of possible actions to allow the Integrated As-
sessment team to judge the efficacy, secondary impacts, and cost-effectiveness of a particular
action applied at different levels.

1.2 REPORT OUTLINE

Chapter 2 refers to the work of the Topic 3 team on the sources of nitrogen and their magni-
tudes, proportional contributions, and characteristics. It reviews some of the important guidance
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developed by the Topic 5 team on setting priorities and concentrating on specific sectors and ap-
proaches. It also presents some important aspects of existing policy-setting strategies, along with
background information on existing work presented for important focus points in the Topic 3
and Topic 5 reports, including nitrogen loss from agriculture and economic studies on wetland
use in nitrogen control. '

Chapter 3 provides a background for the assumptions and criteria that are common to economic
analysis. It explains how the characteristics of nonpoint-source pollution are particularly impor-
tant to analyzing potential mitigation policies because most of the nitrogen reaching the Gulf
comes from nonpoint sources. This chapter also discusses the economic considerations impor-
tant in selecting policy instruments, examines some of our criteria and assumptions, and briefly
looks at benefit—cost analysis and an explanation of our criteria and assumptions.

Chapter 4 analyzes the costs to the agricultural sector and the rest of society of both using alter-
native strategies in the Mississippi Basin to reduce nitrogen loss from agriculture and using dif-
ferent amounts of wetlands to control nitrogen loss. Different ranges of control are simulated
for the two aggregative analyses to assess indirect and well as direct costs and impacts. The
chapter also includes a discussion of point-source reductions.

Chapter 5 looks at the environmental benefits within the basin resulting from different actions
taken to reduce nitrogen loss to the Gulf of Mexico. Chapter 6 assesses the results and identifies
the strategies that achieve established program goals at least cost. Chapter 7 discusses institu-
tional considerations relevant to a range of different policy options, and Chapter 8 summarizes
this report’s important findings.

Appendices A and B provide information on and the results of an analysis of animal waste and
atmospheric deposition. Appendix C describes the EPIC (Erosion Productivity Impact Calcu-
lator) model used within the U.S. Mathematical Programming system.
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Problem Setting and Methods

2.1 SOURCES OF NITROGEN

The nitrogen balance table developed in the Topic 3 report provided a critical input for the
Topic 5 and Topic 6 analyses. The relative contributions of direct nitrogen inputs and recycled
nitrogen inputs are presented in Table 2.1. To the extent possible we have been guided by the
balance sheet for our emphasis on various sources. -

TABLE 2.1. Annual nitrogen inputs.

Nonpoint Sources

New Inputs

Fertilizer 30.0
Legumes and pasture/hay 19.0
Atmospheric deposition . 5.5
Recycled Inputs

Potentially mineralizable soil nitrogen 29.5
Manure ' 12.0
Wet ammonia deposition 2.4
Point Sources

Municipal 1.0
Industrial 0.3
Total ' @100.0

2.1.1 Guidance from Topic 5

Most of our effort has been on nonpoint sources, reflecting the recommendations from the
Topic 5 report on methods and impacts of reducing nonpoint sources. This includes nitrogen
losses from agricultural fertilizer, legumes and pasture, manure, and potential mineralization of
soil nitrogen. Together these account for 90.5% of the total.

We have not been able to account for manure.as being explicitly separated out from other non-
point nitrogen sources. Manure is also a difficult balance sheet variable because corn produced in
one place with fertilizer inputs may be fed through an animal in the same place, and the manure
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nitrogen thus may be subject to double counting. However, we have added a more extensive dis-
cussion of manure as a source because of the current concerns about manure as a pollutant and
because we believe that changes in the structure of the animal industry can lead to a greater pro-
portion of the manure in the basin ending up in the Gulf (see Appendix A).

We have presented some of the information available on atmospheric deposition of nitrogen.
This comes primarily from Chesapeake Bay, but provides some estimates of costs of reducing at-
mospheric nitrogen. We have also provided some analysis on municipal point-source nitrogen
through an example of using tradable permits to reduce the cost of more stringent point-source
requirements (see Appendix B). '

The Topic 5 report highlighted four approaches to reducing nitrogen loadings:
¢ Reducing nitrogen use by and nitrogen loss from agriculture.

e Intercepting laterally moving water through riparian buffers, controlled drainage, and
wetlands, particularly targeting areas with high concentrations of nitrates.

e Installing tertiary treatment systems for point sources.

e Providing a system of river-diversion backwaters in the Mississippi Delta and Upper Mis-
sissippi.

To a great extent our analysis of reducing agricultural nitrogen losses parallels the Topic 5 rec-
ommendations in adjusting fertilizer levels, changing practices and cropping systems. We did not
analyze expanding the distance between tile lines. We also approached the animal manure source
differently, looking at the major component that is spread on the land.

We have analyzed the restoration of wetlands and riparian buffers in the amounts discussed in
the Topic 5 report. We have not analyzed controlled drainage, which is much more limited in
application. We also did an analysis of concentrating the wetlands and buffers in regions of high
nitrogen concentrations.

Our approach to tertiary treatment of point sources has been to look at the extent to which di-
rect treatment costs could be mitigated by trading with less costly nonpoint-source control—in
this case agriculture. The suggestion to use wetlands for treatment can be considered on the basis
of the acres required and the costs and benefits of wetlands from our specific wetlands analysis.

Both the river diversion at the Delta and flood diversion in the Upper Mississippi relate again to
the creation of additional areas of wetlands plus additional engineering works. These were not
analyzed as a specific case, but would be based on the analysis of the benefits and costs of wetland
restoration. ’

2.1.2 Geography of Nitrogen Sources

The Topic 3 report maps those watersheds contributing the highest concentrations of nitrogen.
On an engineering basis and on the basis of cost per unit of nitrogen reduced, one normally
thinks in terms of first reducing the pollutant from the most concentrated sources. However, we
found this approach was not as clear-cut for nonpoint sources, given the limited information we
had. From the Topic 3 maps, the upper Corn Belt is an area of high concentration. From our
analysis of reducing the net loss of nitrogen from agriculture across the basin, one can see the
extent to which this area makes more adjustments—for example, in fertilizer use and cropping
shifts—to achieve a given reduction in nitrogen loss with the least financial loss to farmers. In
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creating wetlands to reduce nitrogen loss, we did examine concentrating new wetlands geo-
graphically on the “hot spots” of nitrogen loss; however, we found no clear advantage in doing
so. The geographical limitation to a hot-spot watershed or region tended to greatly increase land
acquisition cost, given the limited supply of wetland sites. '

2.2 POLICY SETTING

2.2.1 Water Quality Laws

2.2.1.1 THE CLEAN WATERACT

In fall of 1997, Vice President Gore directed the U.S. Environmental Protection Agency
(EPA) and the U.S. Department of Agriculture (USDA) to collaborate in preparing a
Clean Water Action Plan to implement the Clean Water Act of 1972, as amended. The
general goal of that parent legislation is to achieve “fishable and swiminable waters” for
all Americans. Twenty-six years later, much remains to be done. Approximately 40%, or
18,000, of those water bodies tested are still out of compliance with that goal. A 1994
report to Congress (USEPA, 1994a) indicated that 23% of river impaimients, 43% -of lake
impairments, and 47% of estuarine impairments were caused by nutrient enrichment.
Two years later, the 1996 National Water Quality Inventory (USEPA 1998a) reported
even higher levels of mutrient impairment: 40% of impaired rivers, 51% of impaired lakes,
and 57% of impaired estuaries. Agriculture was identified as the most widespread source
of pollutants, followed by municipal sewer systems and urban storm-water nmoff. While
point sources have been largely controlled, nonpoint pollution from agricultural,
suburban, and urban sources remains the most challenging national water quality problem.
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Another important part of the Clean Water Action Plan establishes goals for reducing pollution
from ammal feeding operations. A draft “Unified National Strategy for Animal Feeding Opera-
tions” was released by EPA Administrator Browner and USDA Secretary Glickman on Sep-
tember 16, 1998. These animal operations create nutrient problems for 35,000 miles of nearly
700,000 miles of river surveyed, including segments that feed the Mississippi and eventually the
Gulf of Mexico. The strategy emphasizes voluntary action by livestock producers to develop
comprehensive nutrient management plans by 2008. Units larger than 1,000 animals and those
discharging d1rect1y into water bodies will be requlred to develop such plans as part of EPA’s
current perm1tt1ng process. EPA will also be reviewing national environmental gu1de].1nes for all
animal operations. (See Appendix A for a further discussion of the animal waste issue.)

2.2.2 Conservation Policy Setting

Several important federal laws establish the context for further actions to reduce nutrient pollu-
tion of the Gulf of Mexico. Farmers make production and marketing decisions in response to
incentives established in markets that are defined by various rules for participation, including
those contained in federal law. Changes in farmer behavior in the interest of further improving
downstream water quality may require adjustments in those market rules. Policies and programs
affecting water quality have emerged at all levels of government, but of most importance here are
federal laws that transcend local and state boundaries. Particularly important are the federal
conservation programs that are usually included in the various farms bills. The Conservation
Reserve Program and the Environmental Quality Incentive Program, described below, are the
largest of these.

In the future, states are likely to take on an increasingly important role in protecting water qual-
ity. Initially, this will be in the form of regulation and special restrictions, like Jowa’s and North
Carolina’s regulations relating to livestock operations animal waste. Many states are unlikely to
be willing to spend the dollars targeted toward conservation and water quality that the federal
government does. However, it appears likely that states will adopt a regulatory approach toward
specific statewide or regional problems that will be more constrammg than the blanket federal
regulation.

2.2.3 Agricultural Policy Setting

2.2.3.1 FARM AND FOOD POLICY

The “greening” of U.S. food pd]icy really began with the Food Security Act of 1985 and has
continued through the current Federal Agricultural Improvement and Reform Act of 1996
(FAIR). Most likely, any future farm and food legislation will also acknowledge the relationships

between food production and natural resource quality.

Title XII of the 1985 Farm Law (P.L. 99-198) introduced Sodbuster, Swampbuster, and con-
servation compliance provisions to establish a firm policy link between the price- and income-
support aspects of food policy and protecting the quantity and quality of natural resources. Farm-
ers could retain eligibility for income supports only by protecting natural resources. The success
of the environmental incentives depended very much on the availability and attractiveness of the
income supports to eligible farmers (Reichelderfer 1990b). The Conservation Reserve Program
(CRP) was introduced to permit government to lease the most erosive lands for 10 years to pro-
tect them against further damage or to prevent them from contributing to water quality prob-
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lems downstream. Primary emphasis in 1985 was on-farm soil productivity, rather than off-farm
damages.

The Food, Agrlculture, Conservation and Trade Act of 1990 (P.L. 101-624) continued the
green initiatives of the 1985 law, by adding the watershed-based Water Quality Incentive Pro-
gram and expanding the CRP to focus more on off-farm water quality than on soil erosion.
There has been much concern about the expiration of the temporary CRP contracts and the
potential consequences (Ervin et al. 1991). All of these programs rely on market incentives to
encourage a pattern of farmer decisions that will have attractive social consequences. The cross-
compliance provisions, however, added a mandatory aspect by requiring farmers to recognize that
if they are to enjoy the benefits of income protection or risk reduction by government programs,
they must consider the impacts of their production decisions on other natural resource users.

The 1996 Farm Law (P.L. 104-127) further strengthened the environmental thrust of the
conservation reserve with the Environmental Conservation Acreage Reserve Program
(ECARP), and added an important incentive program to encourage farmers to reduce runoff
that causes water quality problems (Ogg and Kuch 1997). Deliberate language to “reconcile pro-
ductivity and profitability with protection and enhancement of the environment” clearly estab-
lishes the intent of this new era in farm and food policy. The law continues conservation
compliance but grants farmers additional flexibility in establishing compliance.

While ECARP enables some farmers to terminate CRP contracts early, those provisions do not
apply to lands that have an erodibility index greater than 15 and that include filter strips, grass
waterways, or riparian areas. Farmers may also sell long-term or permanent easements on wet-
lands and undertake wetland restoration with cost-share assistance through USDA (Osborn
1996). While the link between wetland easements and eutroph1cat1on problems in the Gulf of
Mexico may be indirect, wetlands perform critical environmental services in conjunction with
farm operations that have long-term significance.

Two programs that provide incentives for restoring wetlands and riparian buffers to intercept
nutrients before they reach streams are the Wetland Reserve Program (WRP) and USDA’s
Conservation Buffer Initiative. WRP, first authorized in the 1990 farm bill and continued in
the 1996 FAIR Act, has authority to enroll 975,000 acres of cropland that was formerly wetland
in long-term or permanent easements and to share the cost of restoring wetlands (USDA 1997).

Along with the Emergency Wetlands Reserve Program (EWRP), more than 700,000 acres of
restored wetlands have been enrolled to date, with a large proportion in the Mississippi Delta
and Corn Belt regions. The Conservation Buffer Initiative builds on efforts in several programs,
primarily the continuous sign-up provisions of the Conservation Reserve Program and the
Conservation Reserve Enhancement Program (CREP) (USDA/NRCS 1997). Producers will-
ing to restore riparian buffers to permanent grass or trees can bypass competitive bidding in
regular sign-up periods. Annual rental costs and a share of the restoration costs are paid. The
CREP uses the continuous sign-up in conjunction with additional state program incentives to
encourage buffer restoration. More than 700,000 acres of continuous sign-up practices have been
enrolled to date, and USDA has approved CREPs in seven states, with nearly a dozen more in
the application process.

The Environmental Quality Incentive Program (EQIP) of the 1996 Act is directly aimed at
inducing farmers to do a better job of reducing nutrient runoff than they would otherwise. It is
meant to push them beyond what may be rational for their business and not simply pay for what
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they are inclined to do anyway (Libby 1998). For reasons more political than scientific, half of
the EQIP dollars are to be targeted on livestock operations smaller than 1,000 animal units.

While the program language speaks of “maximizing environmental benefits per dollar spent” at
the national level, allocation priorities are set by states, with national efficiency defined as the
sum of state priorities as further influenced by the 50% mandate for livestock. Farmers bid for
EQIP dollars by indicating their 5- to 10-year conservation plans, which include changes to
cropping systems, manure, and nutrient management. Conservation tillage options are seen as
particularly effective in reducing nitrate and phosphate runoff (Fawcett 1995). Total incentive
and cost-share payments for conservation and resource protection may not exceed $10,000 per
farm per year, or $50,000 for the full contract. Total authorization is $200 million per year, most
of which is redirected from the Commodity Credit Corporation (Osborn 1996). EQIP pay-
ments are included with other positive programs in the farm legislation as incentives for the
farmer under the Conservation Compliance Program noted above.

Other provisions of the FAIR Act relevant to Gulf of Mexico water quality implications of agri-
culture include the Forestry Incentives Program, authority for flood plain €asement purchase, the
Wildlife Habitat Incentive Program, and the Farmland Protection Program, which helps state
and local governments buy conservation easements on farmland.

2.3 REDUCING NITROGEN LOSS FROM FERTILIZER

Fertilizer is a major factor in the nonpoint nitrogen loss from agriculture. One reason for this is
the extremely high value resulting from the use of nitrogen. For example, at county average levels
of corn production, an extra pound or pound and a half of nitrogen will yield an extra bushel of
corn if other nutrients and moisture are adequate. At $0.18 a pound, nitrogen can yield an extra
bushel worth $2 or more.

There are two ways farmers react to this point strategically:

e First, extra nitrogen may be supplied as insurance against nitrogen loss that would cut
production. Such loss could occur with heavy rainfall, saturated soil, and resulting deni-
trification. An extra 10-20 pounds of nitrogen costing a few dollars can result in an extra
10-15 bushels worth at least $20-$30. This is a very rational insurance approach to add-

ing what may otherwise be excess nitrogen.

» Second, farmers may add extra nitrogen to take advantage of an especially good year
when moisture and other nutrients are not limiting, temperature is just right, and extra
nitrogen will give a boost to production. Again, an extra couple of dollars have the capac-
ity to increase returns tenfold in an especially good year as well as in a bad year when ni-
trogen may be lost.

These trade-offs are illustrated by the case studies in section 2.3.1, which éxplore the economics
of reducing nitrogen loss. Unfortunately, there are few case studies that examine these issues in a
thorough, consistent way that can provide guidance across the entire Mississippi Basin. While
these case studies provide some insight, a consistent modeling approach, such as that provided by
the U.S. Mathematical Programming (USMP) modeling framework (which is supported by
biophysical process modeling of nitrogen losses) is required to make credible estimates of both
the economic and the physical impacts of alternative approaches to reducing nitrogen from agri-
cultural production. '
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2.3.1 Reducing Nitrogen Loss from Agriculture

Qiu (1996) evaluated the economic and environmental impacts of alternative farming systems
and trade-offs between watershed net returns and nonpoint-source pollutants in Missouri’s
Goodwater Creek watershed. Because any case study reflects the soil, ‘climate, and physiographic
characteristics of its location, it cannot be widely extrapolated to an arca as diverse as the entire
Mississippi River Basin. Goodwater Creek watershed is located in a claypan soil region that cov-
ers a swath from northeastern Oklahoma to southwestern Illinois, including portions of Mis-
souri; therefore, the results for Goodwater Creek watershed cannot be generalized widely.

In Goodwater Creek, annual net return per hectare was directly related to fertilizer application
rate when other factors were held constant. High fertilizer and pesticide applications distin-
guished the farming system with the highest returns over all sub-watersheds ($237.65/ha, or
$96.17/ac) from the least profitable farming system ($49.13/ha or $19.88/ac) with the same till-

age and rotations.

Concentration of nitrate—nitrogen in surface runoff was significantly affected by fertilizer appli-
cation rate and crop rotation, and varied spatially in the watershed. Farming systems with higher
nitrogen application rates generated higher losses, other factors held constant. Within the same
fertilizer application category (high, medium, or low), losses were highest for farming systems
with more row crops (corn and soybeans) in the rotation and lowest for rotations with more
close-grown crops, such as wheat. Farming systems with high fertilizer application rates that had
more row crops in the rotation generated the highest nitrogen losses. Average concentrations in
runoff for these farming systems were 13.45 ppm without riparian buffers, and 3.82 ppm with
riparian buffers, reducing surface losses by about 70%.

Qiu found significant trade-offs between profitability and water quality. Total watershed net
return decreased as nitrogen losses were decreased. Without riparian buffers, total watershed net
return decreased $26,483 per ppm for a 5% reduction in losses and $37,298 per ppm for a 50%
reduction. Total net return decreased more in some sub-watersheds than in others as water
quality improved. For certain sub-watersheds, there was no trade-off between total net return
and water quality.

2.3.1.1 NITROGEN CREDITING AND TESTING

Economic theory tells us that in deahng with the problem of nonpoint-source pollution—
particularly nitrogen (N) contamination of surface water—the most efficient strategy is to reduce
- N application rates in areas where they are excessive for crop needs. This is essentially a win-win
situation because reducing N application rates both reduces fertilizer costs and increases profit
margins, as well as decreases N contamination of surface water. This win-win situation can only
occur if producers are operating on the flattened portion of the fertilizer response function.
While farmers may be optimizing physical production rather than economic return, experience
and good agronomic extension knowledge will have moved them to the left, back toward the
portion of the yield-response function in which reducing N application rates implies a reduction
in crop yields. Except within a relatively narrow range of reductions, decreased N application will
reduce crop yields in this range and reduce incomes.

Most crop production today is based on general, soil- or region-based fertilizer recommendations
developed by university agricultural extension personnel. Nutrient planning based on crediting all .
potential sources of nitrogen and testing soils, plants, and manures for nitrogen content can re-
duce nitrogen applications over typical practice. Nitrogen management can be improved by in-
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creasing the efficiency of nitrogen use, defined as the percent of N applied to the land that is
used by plants (Mabler and Bailey 1994). Proper crop and N fertilization management can re-
duce nitrate loss to the environment and achieve optimum crop production (Keeney and Follett
1991). Recent evaluations of long-term corn experiments show that fertilizer N removal by corn
grain rarely exceeds 40% of total available N, and is often much less at economically optimum
corn yields (Blackmer 1986; Oberle and Keency 1990). Depending on the initial level of fertili-
zation, efficiency can be improved by increasing crop uptake of applied N, achieving the same or
higher yield with reduced application of N, and reducing N losses by changing the timing
and/or method of application (Bock and Hergert 1991).

The extent to which producers across the Mississippi River Basin are currently overfertilizing is
unknown, but some case studies indicate that significant reductions can occur without reducing
yields. Based on USDA Economic Research Service surveys of Nebraska farmers, Fuglie and
Bosch found that nearly half of the surveyed farmers have used N fertilizer recommendations
from a preplant N test and were achieving N fertilizer reductions of 18-33% with no loss in
yield. Shortle et al. (1994) found that 36% of farmers used late spring soil tests and were able to
reduce N fertilizer use by 40%. A study of USDA cost and returns data by Trachtenberg and
Ogg found that N fertilizer savings of 24-32% could be obtained by crediting all sources of N
available on the farm. .

While some reduction in N fertilizer over typical application rates could be obtained using cred-
iting and preplant soil testing, the costs of providing this information to producers and providing
sufficient incentive to ensure adoption of these methods are not well known.

2.3.1.2 PRECISION NITROGEN APPLICATION

Applying nitrogen at rates that exceed crop uptake can increase nitrate—=N concentrations in
surface and ground water, contaminate drinking-water supplies, and degrade aquatic ecosystems.
Nitrogen fertilizer is typically applied to a field at a uniform rate. Application rates needed to
achieve economically optimum crop yields, however, can vary within fields due to spatial variabil-
ity in soil moisture, soil N mineralization rates, and ‘the efficiency with which crops use N. Uni-
form application of N may not achieve maximum net return when N is overapplied in some
areas and underapplied in other areas of a field. Overapplication of N could degrade water quality,
and underapplication could reduce crop yield and net return. Varying the N application within a
field based on site-specific growing conditions can reduce over- or underapplication of fertilizers

(Kitchen et-al. 1992) and increase the efficient use of N (Fiez et al. 1994; Sawyer 1994).

Prato and Kang (1998) evaluated the economic and environmental impacts of variable and uni-
form N application for 35 sample fields in Goodwater Creek watershed. First, a soil type analysis
evaluated the differences across the 10 soil types in the 35 sample fields. Second, a field-level
analysis evaluated the differences across the 35 fields.

On the same soil type, variable application generally produced higher returns, but often also led
to higher nitrogen and phosphorus losses in runoff. These differences were more pronounced
for rotations of row crops (corn and soybeans), and less likely with rotations involving sorghum
and wheat, where uniform application was more profitable. These results generally held when
comparing across fields composed of different soil types, as well. Overall, variable-rate application
increased both net return and nutrient losses to the environment for row-crop rotations, but
produced mixed or negative results with close-grown crops.
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The study results indicated that the profitability and water quality benefits of variable application
are sensitive to the distribution of soil types in a field and with crop rotation. Despite the intui-
tive logic of matching nitrogen application to site-specific crop needs, variable application’ was
not uniformly superior to uniform application in terms of increasing net return and improving
water quality in Goodwater Creek watershed.

2.3.2 Restoring Wetlands to Reduce Nitrogen Loss

Case studies of the economics of wetland restoration have generally focused on estimating the
costs, rather than the benefits, of restoration. They provide some guidance for modeling wetland
restoration, but are not comprehensive enough to substitute for a systematic modeling approach.

Heimlich et al. (1989) and Carey et al. (1990) determined that the average easement and resto-
ration costs for a least-cost wetland reserve from restoring hydric cropland ranged from $845
million for a 1-million-hectare (2.5-million-acre) reserve ($845/ha or $341.95/ac) to $2.4 billion
for a 4-million-hectare (10-million-acre) reserve ($600/ha or $243/ac) in 1988 dollars. Minne-
sota, Jowa, and Missouri would have the highest wetland reserve acreage. Several studies esti-
mated the present value of net returns from converting wetland to agricultural land, including
land-clearing and -preparation costs. These values can be viewed as the opportunity cost (loss in
net agricultural income) of restoring agricultural land to wetlands. Present values ranged from
$376/ha ($152/ac) in the Mississippi Delta region (Kramer and Shabman 1986), to $1,573/ha
($637/ac) in North Carolina (Danielson et al. 1988; Danielson and Hamilton 1989), to $635/ha
($257/ac) in central Minnesota (Danielson and Leitch 1986).

The Des Plains River Wetland Demonstration Project in Wadsworth, Illinois, evaluated the
economic efficiency and political acceptability of building and managing wetlands for nonpoint
pollution control in a 182-hectare (450-acre) site (Hey 1988). Restoring 10% of the lost wet-
lands along the Mississippi River (2.5 million ha, or 6.2 million ac) in a 15-year period would
cost $24 billion, or $988/ha ($400/ac). The annual operating cost would be $160 million, or
$64/ha ($26/ac). Such a restoration effort would require an annual investment of $247 million.

Wengrzynek and Terrell (1990) studied several prototype nutrient/sediment control systems for
controlling nonpoint-source pollution from cropland—namely, watershed land treatment prac-
tices, sediment basins, grass filter strips, wetlands, deep ponds, and polishing areas. These systems
were des1gned to reduce soluble phosphorus, nitrogen, organic matter, bacteria, and fine sedi-
ments in lakes and streams. Construction costs ranged from $14, 000 to $22,500 for systems
between 8.5 and 66 hectares (21 and 163 acres) in size, or $1,647-$341/ha ($667—$138/ac), re-
spectively. Average annual costs of construction and maintenance were $49/ha ($20/ac).

Prato et al. (1995) evaluated the benefits and costs of converting cropland in two Missouri
counties to wetlands. Results showed that conversion was economically feasible when waterfowl
hunting benefits were high, a restored wetland was enrolled in the Wetland Reserve Program,
and the landowner received full cost sharing on wetland restoration costs. When hunting bene-
fits are low, wetland conversion is not economically feasible. This study suggests that it would be
economically feasible for a landowner to convert hydric cropland to a wetland, provided the
revenue from waterfowl hunting leases on the wetland exceeds wetland maintenance costs.



CHAPTER 3

Role of Economics in Policy Analysis

Economics can play an important role in identifying least-cost policy strategies that produce the
water quality that society desires.-An economic framework provides a foundation for coordinat-
ing policy formulation among different layers of government, as well as ensuring consistent, fair,
and unifying policies across geographic space. Because correcting pollution problems often re-
quires changing the behavior of polluters, it is important to have a conceptual model of that be-
havior. From an economic perspective, polluters operate within a profit-maximizing economic
framework. Thus, one can think of water quality protection policies as altering some of the eco-
nomic variables a polluter considers when making daily production decisions.

Economics is only one of many factors included when public policy decisions are made. This is
certainly true for environmental issues when the public’s values have great influence on policy
decisions. What follows is a discussion of the economic rationale for our analysis (that also helps
explain what drives it), as well as identification of some of the assumptions central to this and
other economic analyses.

3.1 = GOAL OF ENVIRONMENTAL POLICY

The fundamental goal of environmental policy is to get polluters to treat the external costs of
pollution as a cost of production, a process termed “internalizing the costs.” This goal can be ac-
complished by inducing (through economic incentives, such as taxes and subsidies) or by requir-
1ng (through standards and regulations) polluters to 1nternahze the external costs that they
impose on society through their pollution-related activities. Ideally, the resulting level of pollu-
tion control is an efficient solution, or one where the expected net economic benefits to society
are maximized. Expected net economic benefits are defined as the private net benefits of produc-
tion (such as aggregate farm profits) minus the expected economic damage cost of pollution.

I'While we do not discuss this explicitly, existing market distortions that are outside of the regulatory agency's
control must be taken into account when designing optimal incentives. Otherwise, the performance of incentives
will be limited. A variety of agricultural policies—such as price floors, target prices, and deficiency payments—
that are designed to support farm income also have the effect of stimulating production. The resulting use of
more chemical inputs and more intensive land use may lead to increases in nonpoint-source pollution
(Miranowski 1975; Reichelderfer 1990a; Ribaudo and Shoemaker 1995). The FAIR program has phased out many
of these policies, explicitly to reduce market distortions. Other programs, such as acreage retirement programs
and paid land diversion, are supply-control programs that may help to offset the effects of some support poli-
. cies. Recently, some supply-control programs and other agricultural conservation programs (e.g., Sodbuster and
Swampbuster) have been targeted to environmentally sensitive land and linked to agricultural support policies.
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Note that decisions must be made based on the expectation of damage levels because, when de-
cisions are made, it is impossible to accurately predict damages due to the varying nature of pol-
lutant runoff and transport. Consequently, the efficient solution is often referred to as the ex
ante efficient solution, meaning that it is the expected outcome as opposed to the actual or real-
ized outcome.

3.1.1 Efficiency and Benefit—-Cost Analysis

The economically efficient solution to pollution problems can be defined by three conditions:

o For each input and each site, the marginal net private benefits from the use of an input on

© the site equal the expected marginal external damages due to the use of the input. The last
unit of the input used in production should provide an equal increase in net private bene-
fits and expected damages. This condition is violated, and an economically efficient out-
come is not achieved, when farmers ignore the benefit~damage trade-offs associated with
most input use. The result is higher (lower) use of pollution-causing (-mitigating) inputs
and runoff levels that are above the economically optimal level. -

o An acre of land should be brought into production as long as profits on it are larger than the
resulting expected increase in external damages. Under this condition, the benefits (or
profits) from allowing an acre of land into production should exceed the expected social
costs of the production activity. This condition defines the optimal amount of land in
production. Margmal acreage is defined as land where the profits from production activ-
ity equal the activity’s expected contribution to damages in the efficient solution (i.e., it is
on the margin). Acreage where production activities generate a positive (negative) differ-
ence between profits and expected damage contribution is defined as infra-marginal
(extra-marginal). From an economic perspective, it is only efficient for the marginal and
infra-marginal acreage to be in production.

o Technology should be adopted on each site such that the incremental impact of that te