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In an attempt to identify a cost-effec-
tive strategy to alleviate the problem of
hypoxia in the Gulf of Mexico, the World
Resources Institute undertook an analy-
sis of possible policy approaches. This
analysis specifically included other as-
sociated environmental benefits, such as
climate change mitigation and improved
local water quality, resulting from dif-
ferent policy approaches.

Although very different environmental
issues, climate change mitigation and
water quality improvements are inter-
related, since any decreases in nitrogen
reaching waterways from agricultural
land have implications for nitrous oxide
emissions, a potent GHG. For instance,
lower nitrogen fertilizer use reduces
both the nitrogen that is leached into
waterways and the amount that is vola-
tilized as GHGs. Moreover, agricultural
practices and management decisions
that slow the rate of nutrient losses to
waterways frequently improve carbon
sequestration and storage in the soil.
Agriculture has an important role to play
in climate change mitigation because
the sector is a large emitter of nitrous
oxide in the United States and also cap-
tures and stores carbon from the atmo-
sphere. Thus, a single environmental
strategy has the potential to address
multiple problems simultaneously.

Our analysis shows that the use of mar-
ket mechanisms like nutrient trading
provides not only the greatest overall
environmental benefits but also is the
most cost-effective strategy. Nutrient
trading allows sources with high miti-
gation costs to obtain credits from
sources that can reduce their contribu-
tion of pollutants to waterways at a lower
cost. Trading focuses on reducing the
cause of the environmental concern at
hand rather than promoting a specific
practice or set of practices. For instance,
under a nutrient trading program, farm-
ers would be paid according to the size

EXECUTIVE SUMMARY

The Dead Zone in the Gulf of Mexico is
a seasonal phenomenon in which deple-
tion of oxygen in the water column kills
bottom-dwelling organisms and drives
mobile marine life from the area. In the
summer of 2002, the affected area was
the size of Massachusetts. This hypoxia,
or seasonal reduction of oxygen in the
waters of the Gulf, is caused by nutri-
ent pollution, primarily nitrogen, which
is believed to come mostly from agri-
cultural sources.

Decreasing the size of the Dead Zone
and its negative effects on marine or-
ganisms will require reducing the
amount of nitrogen reaching the Gulf
by 20 percent to 30 percent. Though
seemingly unrelated, achieving reduc-
tions in agricultural nutrients in water-
ways emptying into the Gulf of Mexico
is related to the global problem of cli-
mate change. Despite the refusal of the
United States to ratify the Kyoto Proto-
col, an international treaty aimed at re-
ducing the greenhouse gas (GHG) emis-
sions that cause global warming, climate
change remains a serious environmen-
tal problem and an important national
issue. These two problems are linked
because policies to reduce agricultural
water pollution contributing to the for-
mation of the Dead Zone may also help
mitigate climate change.
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of the reductions they achieve in nitro-
gen or phosphorus loss, not on the num-
ber of acres placed in conservation till-
age or the buffer strips they plant. This
approach provides greater flexibility for
local policymakers and farmers to iden-
tify and implement the most appropri-
ate solutions in their region.

Other potential policies examined in
this study did not perform as well as
nutrient trading in reducing the amount
of nitrogen delivered to the Gulf or in
providing other associated environmen-
tal benefits. GHG trading at $14 per
metric ton of carbon provided reduc-
tions in GHG emissions and nitrogen
delivered to the Gulf as well as improve-
ments to local water quality and farm
income. However, at the current world
price of around $5 per ton of carbon,
incentives are insufficient to attract
widespread participation by farmers in
trading. Consequently, this policy op-
tion produces fewer GHG reductions,
significantly lower water quality im-
provements, and smaller increases in
farm income. Combining nitrogen trad-
ing with payments for reducing GHG
emissions provides similar benefits to
the Gulf and local water quality as ni-
trogen trading alone, but offers slighter
greater climate benefits.

Other policy options examined, such as
a tax on nitrogen fertilizer or a subsidy
to farmers converting from conventional
tillage practices to conservation tillage,
provided some water quality and climate
change benefits, but also led to declines
in farm income. The latter effect makes
taxes on nitrogen fertilizer or subsidies
for conservation tillage less appealing
options.

The final policy tested, an expansion of
the Conservation Reserve Program to

40 million acres, produces all around
positive benefits, but the magnitude is
typically lower than those achieved un-
der nutrient trading and thus does not
provide an adequate solution to the
problem.

To more effectively address the problem,
the Mississippi River/Gulf of Mexico
Watershed Nutrient Task Force (the fed-
eral, state, and tribal taskforce dealing
with hypoxia in the Gulf) or its constitu-
ent agencies can set a target and pro-
vide a mechanism to reduce the size of
the Dead Zone. This can be achieved by
formally introducing a reduction goal to
support the Task Force’s Action Plan and
endorsing programs that embrace per-
formance-based nutrient reduction op-
portunities, such as nutrient trading.
Federal and state agricultural policy can
also provide further motivation for farm-
ers to reduce their nutrient losses by
focusing incentive mechanisms, like nu-
trient trading, in those areas that con-
tribute the greatest amount of nutrients
to waterways and the Dead Zone.

INTRODUCTION

The Dead Zone in the Gulf of Mexico is
a phenomenon caused by nutrient pol-
lution, particularly from nitrogen, where
dissolved oxygen levels drop below that
necessary to sustain most marine life.
Also attributed to human activities, cli-
mate change is a global trend that is con-
tributing to sea level rise, warming tem-
peratures, uncertain impacts on forest
and agricultural systems, and increased
variability and volatility in our weather
patterns. Little national progress has
been made in reducing nutrient runoff
or GHG emissions—the root causes of
these problems.

To tackle the pervasive problem of the
Dead Zone and take advantage of the
linkages with climate change, the World
Resources Institute (WRI) undertook
a study assessing the cost-effectiveness
of policy options to alleviate hypoxia in
the Gulf of Mexico and reduce the im-
pact of U.S. agriculture on climate
change. Studies commissioned by the
Mississippi River/Gulf of Mexico Wa-
tershed Nutrient Task Force indicate
that a 20 percent to 30 percent reduc-
tion in the amount of nitrogen reach-
ing the Gulf should be sufficient to re-
duce the size of the hypoxic zone. How
this reduction will be achieved is still
unclear. The challenge provides an op-
portunity for policymakers to develop
an environmental strategy that will
create multiple benefits for environ-
mental quality and the agricultural
community.

THE DEAD ZONE IN THE
GULF OF MEXICO

The Dead Zone is a large hypoxic area
that forms every summer off the shores
of Louisiana and Texas in the northern
Gulf of Mexico, in some of the most im-
portant and profitable fishing waters in
the United States. This Dead Zone is
one of the largest anthropogenic (i.e.,
caused by human activities) hypoxic
areas in the world (CAST, 1999).

The Size

The size and extent of the Dead Zone
in the Gulf of Mexico varies both sea-
sonally and annually. Hypoxic waters
can stretch from the mouth of the Mis-
sissippi River to beyond the Texas bor-
der, and as far as 130 kilometers (km)
offshore (CAST, 1999). Consistent
monitoring of hypoxia began in 1985,
and since that time the Dead Zone has
doubled in size, reaching 22,000 square
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kilometers (km2), or 8,500 square miles,
in 2002 (Rabalais et al., 1999; Dunne,
2002; LUMCON, 2002). (See Figure 1.)

The Formation

The principal factors leading to the de-
velopment of hypoxic zones are (1) the
stratification of the saltwater/freshwa-
ter column and (2) the decomposition
of organic matter from nutrient over-
enrichment (CAST, 1999; Rabalais and
Turner, 2001). During the summer
months, warmer weather and calmer
seas cause stratification, in which
warmer freshwater floats above the
colder, denser seawater. Stratification
limits the mixing of the two layers, cut-
ting off the flow of oxygen from the sur-
face layer to the deeper saltwater layer.
The surface layer contains freshwater
from the Mississippi River, which is rich
in nutrients that promote algal growth.

The principal nutrients responsible for
eutrophication (i.e., over-enrichment)
and subsequent hypoxia in coastal zones
around the world are nitrogen, phos-
phorus, silica, or some combination of
the three. As large numbers of algae die
or are consumed by other aquatic spe-
cies, organic matter collects on the sea
floor. Decomposition of the organic
matter consumes oxygen in the saltwa-
ter layer, causing hypoxic conditions.
This condition is alleviated in the au-
tumn, when stormier weather condi-
tions and/or cooler surface tempera-
tures cause increased mixing of the lay-
ers, allowing oxygen to move through
the water column again.

The Impact

In the northern Gulf of Mexico, hypoxia
occurs when oxygen levels fall below
2 parts per million dissolved oxygen.1 At
this point, bottom-dwelling fish or
shrimp disappear from trawlers’ nets

(Rabalais and Turner, 2001). Hypoxic
areas are commonly called “dead zones”
because of the resulting widespread loss
of marine life. Mobile organisms flee
hypoxic waters, while less mobile organ-
isms suffocate as oxygen levels become
insufficient to sustain their metabolic
processes. Evidence of the impacts on
Gulf of Mexico fisheries include de-
clines in food sources for fish and
shrimp in hypoxic areas, as well as re-
duced abundance of fish and shrimp as
the size of the hypoxic zone has in-
creased (CAST, 1999).

The northern Gulf of Mexico is one of
the most important fishery resources in
the United States, generating $2.8 bil-
lion annually and providing 200,000 jobs
(Earles, 2000). Louisiana shrimp fish-
eries alone make up 33 percent of the
nation’s total fishery catch and 40 per-
cent of the catch in the Gulf of Mexico
(CAST, 1999). Despite the presence of
hypoxia, fisheries have been able to
maintain “normal” catches thus far.
However, the current lack of direct evi-

dence of economic impacts in the Gulf
of Mexico (Diaz and Solow, 1999) does
not preclude increasingly serious future
impacts on fisheries and the environ-
ment as hypoxic zones continue to grow
(Baden et al., 1990; Caddy, 1993; Diaz
and Rosenberg, 1995), possibly causing
significant economic impacts.

The Suspected Causes

The underlying cause of hypoxia is
widely believed to be nutrient runoff,
particularly nitrogen from inorganic fer-
tilizers applied to agricultural lands in
the Mississippi River Basin. Though
important for algal growth, phosphorus
and silica are not thought to play the
principal role in hypoxia in the Gulf of
Mexico (Goolsby et al., 1999). Nitrogen
is commonly a key causal factor for hy-
poxia in salt water, while phosphorus
tends to be a limiting nutrient in fresh-
water systems.

The total annual nitrogen load from the
Mississippi River to the Gulf of Mexico
has increased over the last 30 years. In

FIGURE 1 Size of the Hypoxic Zone in the Gulf of Mexico:
1985–2002

Source: Rabalais, Nancy N., Turner, R.E., and Wiseman, W.J. Jr., 2002, LUMCON (unpub-
lished data).
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particular, the nitrate load is three times
greater than 30 years ago. Nitrogen
comes from both point sources (such as
industrial facilities and municipal wa-
ter treatment plants) and non-point
sources (such as runoff from agricultural
land and urban areas). Non-point
sources are thought to contribute as
much as 90 percent of the nitrogen flow-
ing into the Gulf of Mexico annually,
with 56 percent entering the Mississippi
River above the Ohio River. Commer-
cial fertilizer and mineralized soil nitro-
gen make up about 50 percent of the
total load, while atmospheric deposi-
tion, soil erosion, and groundwater dis-
charge contribute 24 percent, animal
manure 15 percent, and point sources
11 percent.2 Of these sources, only com-
mercial fertilizer has increased signifi-
cantly since the 1950s (Smith et al.,
1997; Goolsby et al., 1999).

In contrast, the annual phosphorus load
reaching the Gulf of Mexico has not in-
creased significantly over the years,
though there is large annual variation
(Turner and Rabalais, 1991). Approxi-
mately 31 percent of the total annual
phosphorous load comes from commer-
cial fertilizers, 18 percent from animal
manure, and 10 percent from point
sources. Another 41 percent originates
from sources such as phosphorus at-
tached to soil particles3 (Goolsby et al.,
1999). Silica is not thought to be a prin-
cipal causal factor in hypoxia in the Gulf
of Mexico. Since 1950, the mean annual
concentration of silicates has declined
and stabilized (Turner and Rabalais,
1991).

While nutrients from agricultural non-
point sources play a primary role in the
development of hypoxia in the Gulf of
Mexico, industrial facilities and munici-
pal wastewater treatment plants

(WWTPs) are the primary regulated4

sources of nutrients in the Mississippi
River Basin. They discharge approxi-
mately 286,400 metric tons of nitrogen
per year and around 59,000 metric tons
of phosphorus per year5 (Goolsby et al.,
1999). There are large discrepancies in
nitrogen discharge for the various
WWTPs, ranging from 3 milligrams
per liter per day (mg/l/day) to
86 mg/l/day, with an average of 17 mg/l/
day. Phosphorus discharge ranges from
0.07 mg/l/day to 8.5 mg/l/day across the
Basin (USEPA, 2000a). WWTPs account
for approximately 70 percent of nitro-
gen and 51 percent of phosphorus point-
source discharge in the Mississippi
River Basin.

Mississippi River/Gulf of
Mexico Watershed Nutrient
Task Force and Action Plan

The hypoxic zone in the Gulf of Mexico
became a high-priority problem with
the establishment of the Mississippi
River/Gulf of Mexico Watershed Nutri-
ent Task Force (Gulf Hypoxia Task
Force) in 1997 by the U.S. Environmen-
tal Protection Agency (USEPA). The
Task Force, through the Committee on
Environment and Natural Resources
(CENR), studied the causes and effects
of excess nutrient runoff in the Missis-
sippi River Basin and developed an Ac-
tion Plan to coordinate and implement
nutrient reduction activities to alleviate
hypoxia in the Gulf of Mexico. This Ac-
tion Plan was released in January 2001
(Mississippi River/Gulf of Mexico Wa-
tershed Nutrient Task Force, 2001). The
plan outlines three long-term goals (see
Box 1), one of which (the coastal goal)
is to reduce the five-year running aver-
age of the areal extent of the Gulf of
Mexico hypoxic zone to less than 5,000
km2 by 2015.

The CENR reports suggest that total re-
ductions in nitrogen load of between
20 percent and 30 percent would be suf-
ficient to increase dissolved oxygen con-
centrations in bottom water by 15 per-
cent to 50 percent (Brezonik et al., 1999;
CENR, 2000) and meet the Action
Plan’s coastal goal. Options for reduc-
ing nutrient runoff to surface waters
include the following: improving the ef-
ficiency of farming practices, restoring
wetlands, establishing riparian buffers,
and instituting tighter controls on
WWTPs and other point sources. Many
of the mitigation options available to
reach this targeted reduction in nutri-
ent levels will also provide local water

BOX 1 Goals of the Gulf Hypoxia
Task Force Action Plan

Coastal Goal: By the year 2015, subject
to the availability of additional resources,
reduce the five-year running average ar-
eal extent of the Gulf of Mexico hypoxic
zone to less than 5,000 km2 through imple-
mentation of specific, practical, and cost-
effective voluntary actions by all states,
tribes, and all categories of sources and
removals within the Mississippi/
Atchafalaya River Basin to reduce the an-
nual discharge of nitrogen into the Gulf.

Within Basin Goal: To restore and protect
the waters of the 31 states and tribal lands
within the Mississippi/Atchafalaya River
Basin through implementation of nutrient
and sediment reduction actions to protect
public health and aquatic life as well as
reduce negative impacts of water pollu-
tion on the Gulf of Mexico.

Quality of Life Goal: To improve the com-
munities and economic conditions across
the Mississippi/Atchafalaya River Basin, in
particular the agriculture, fisheries, and
recreation sectors, through improved pub-
lic and private land management and a co-
operative, incentive-based approach.

Source: Mississippi River/Gulf of Mexico
Watershed Nutrient Task Force (2001).
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quality benefits by reducing phospho-
rus losses to local waterways and reduc-
ing agriculture-related impacts of cli-
mate change.

AGRICULTURE AND CLIMATE
CHANGE

The efforts of the agricultural commu-
nity to improve water quality are related
to the broader issue of climate change,
but policy making rarely acknowledges
or tries to build on these linkages.

Climate change is a problem of both na-
tional and global interest. Increasing
concentrations of GHGs in our atmo-
sphere cause climate change, thereby
impacting global climatic patterns. The
creation of the Kyoto Protocol in 1997

was an international attempt to gain
consensus on how to address this prob-
lem. The initial negotiations led to an
agreement by the “Annex I” (primarily
industrialized) nations to reduce their
emissions of six GHGs: (1) carbon diox-
ide, (2) nitrous oxide,  (3) methane,
(4) hydrofluorocarbons, (5) perfluoro-
carbons, and (6) sulfur hexafluoride.

The United States was a key player in
the Kyoto Protocol negotiations until it
declined to ratify the treaty in 2001.
Even though the U.S. was opposed to
the mandatory reduction targets set by
the Kyoto Protocol, reduction efforts
have continued in the United States,
focusing on voluntary initiatives (e.g.,
U.S. Department of Energy 1605(b)
program), the development of state

GHG registries (e.g., California Climate
Action Registry), and privately funded
initiatives, such as the Chicago Climate
Exchange. Despite its withdrawal from
the treaty, there is still significant mo-
mentum in the United States to address
climate change from many stakeholder
groups, including policymakers, federal
agencies, and agricultural groups.

The Agricultural Sector’s
Contribution to Climate
Change

One of the most vociferous debates sur-
rounding climate change mitigation
concerns the ability of agricultural and
forestry lands and products to seques-
ter carbon from the atmosphere. This
essentially means that carbon dioxide is
captured and then stored in the soil or

TABLE 1 Total U.S. and U.S. Agricultural Greenhouse Gas Emissions
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in plant products. However, there are
significant and promising opportunities
for reducing other GHGs that are fre-
quently overlooked.

Agriculture is responsible for approxi-
mately 8 percent of the United States’
total emissions of GHGs. (See Table 1.)
Although carbon dioxide accounts for
about 83 percent of U.S. GHG emis-
sions, agriculture’s share is less than
1 percent. A majority of carbon dioxide
emissions from agriculture result di-
rectly from production practices involv-
ing energy use, while the rest are indi-
rect emissions associated with the pro-
duction of agricultural inputs, such as
fertilizer (USEPA, 2002b). Agricultural
soils also have the ability to sequester
and store carbon dioxide from the at-
mosphere (Eve et al., 2000).

Nitrous oxide is a potent GHG. One ton
of nitrous oxide emissions has the same
warming impact (global warming poten-
tial, or GWP) as 310 tons of carbon di-
oxide.6 Approximately 74 percent of all
U.S. nitrous oxide emissions come from
agriculture, primarily from agricultural
soil management activities such as com-
mercial fertilizer application and other
cropping practices. Other sources of
nitrous oxide include nitrogen fixation
from crops, the application of sewage
sludge and manure to croplands, and the
cultivation of organic soils (USEPA,
2002b).

Agricultural soils have the potential to
sequester and store carbon, thereby re-
ducing agriculture’s overall impact on
climate change. For instance, tillage
practices that cause little soil distur-
bance (such as no-till) result in greater
carbon storage in soil than conventional
tillage practices. Different crop rota-
tions also affect the rate of soil carbon

sequestration. Many practices that im-
prove the ability of the soil or plants to
sequester carbon also reduce the loss
of nutrients from these lands. On the
downside, the accumulated carbon may
be released back to the atmosphere if
these production changes or practices
are interrupted or discontinued.

There are a number of opportunities,
however, for the agricultural community
to permanently lower GHG emissions.
The reduction in nitrous oxide from fer-
tilizer usage is one such example. If
farmers reduce their use of nitrogen-
based fertilizers, there will be fewer
nitrous oxide emissions. This would also
reduce carbon dioxide emissions asso-
ciated with the production of fertilizers.
Such reductions could ultimately help
alleviate hypoxia in the Gulf of Mexico,
whose formation is related to nitrogen
losses from agricultural fertilizer appli-
cations. This benefit has been illustrated
by Faeth and Greenhalgh (2000), where
strategies to reduce GHG emissions also
provided significant water quality co-
benefits.

LINKING CLIMATE CHANGE
TO WATER QUALITY FOR
AGRICULTURE

As described previously, nutrients, par-
ticularly nitrogen, are believed to be the
principal causal agents for hypoxia in the
Gulf of Mexico. Commercial fertilizers
are one of the larger sources of nitro-
gen in the Mississippi River Basin and
typically are not fully utilized by the
cropping systems to which they are
applied. The unused nitrogen from
fertilizer can be either retained in the
soil or lost from the soil through
(a) volatilization, (b) leaching into
groundwater, or (c) surface runoff.

Leached nitrogen and nitrogen lost
through surface runoff moves into wa-
terways, while a portion of the volatil-
ized nitrogen (either as ammonia [NH3]
or nitrogen oxide [NOx]) will convert to
the GHG nitrous oxide through nitrifi-
cation and denitrification processes. A
portion of the leached nitrogen and ni-
trogen in surface runoff also converts
to nitrous oxide emissions (Goolsby et
al., 1999; USEPA, 1999). Mitigation op-
tions available to the agricultural com-
munity are to reduce fertilizer applica-
tions, change cropping rotations, or take
land out of production. Lower fertilizer
use will also reduce the energy used in
fertilizer production, a highly energy-
intensive process. Reduced nitrogen
fertilizer use and reduced energy con-
sumption both have positive implica-
tions for water quality and climate
change.

Another mitigation option commonly
used to reduce nutrient runoff is con-
servation tillage, which involves chang-
ing tillage practices to reduce soil dis-
turbance. This has a number of effects.
The first is to increase the amount of
plant material left on and in the ground.
This slows the rate of water movement
across the soil surface, increasing per-
colation and reducing runoff. Conser-
vation tillage also reduces the loss of
phosphorus associated with sediment
loss. However, in tile drainage7 areas the
increase in percolation could increase
nitrogen loading as the nitrogen dis-
solved in water is transferred directly
from the field to the waterway.

Enhancing the ability of the soil to se-
quester and store carbon through im-
proved soil quality is another way to
reduce the loss of nutrients. Further
details on these sequestration and stor-
age processes can be found in Lal et al.
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(1998). Conservation tillage practices,
which involve less frequent plowing,
reduce net fuel consumption, thereby
reducing carbon dioxide emissions. Tak-
ing land out of agricultural production
produces similar benefits, but may also
increase plant biomass and, conse-
quently, increase the amount of carbon
dioxide absorbed from the atmosphere.
Riparian (i.e., adjacent to streams)
buffer strips are another option for miti-
gating both nutrient runoff and GHG
emissions. They slow the rate of surface
flow and increase the absorption of nu-
trients, in addition to sequestering and
storing carbon.

Livestock are potentially a source of
methane and nitrous oxide as well as
nutrient pollution. The largest emis-
sions come from the practices used to
store or dispose of animal wastes. Not
all practices for storage and disposal
necessarily provide both water quality
and climate change benefits; additional
research is needed to better understand
any linkages that may exist.

DEVELOPING AN INTE-
GRATED ENVIRONMENTAL
STRATEGY

Water quality is probably the environ-
mental problem of greatest concern to
the agricultural community. Issues re-
lated to water quality such as USEPA’s
Total Maximum Daily Load (TMDL)
rule,8 mitigation options for the hypoxic
zones in the Gulf of Mexico and Chesa-
peake Bay, eutrophication of freshwa-
ter systems, and local efforts to improve
drinking water quality are generally
seen as more imperative for farmers to
address than climate change. Taking
advantage of substantial overlaps be-
tween the opportunities available to

farmers for improving water quality and
those for mitigating climate change is
one way to move forward. The use of
such co-benefits to address climate
change is further explored as part of this
analysis.

Methodology

The World Resources Institute used the
U.S. Regional Agricultural Sector
Model (USMP) to evaluate environmen-
tal strategies aimed at improving water
quality for the Mississippi River Basin
and the Gulf of Mexico while lessening
the climate change impacts related to
agricultural activities. Developed and
maintained by the U.S. Department of
Agriculture/Economic Research Ser-
vice (USDA/ERS), USMP is the same
model used to conduct the economic
analysis commissioned by the Gulf Hy-
poxia Task Force.

Model
Designed for general-purpose eco-
nomic, environmental, and policy analy-
sis of the U.S. agricultural sector, USMP
is a static model9 that estimates how
policy, demand, or technology changes
will affect the following:

● regional supply of crops and
livestock,

● commodity prices,

● use of production inputs,

● farm income, and

● environmental indicators such as
nutrient and pesticide runoff, soil
loss and GHG emissions, soil car-
bon fluxes, and energy use.

USMP is linked to a number of national
databases: the regularly updated USDA
production practices surveys, the USDA
multi-year baseline, and geographic in-
formation systems databases such as the
National Resources Inventory. Because

of the grossness of the model, results
are used to evaluate the relative effects
of various policy options and not to pre-
dict absolute changes in production or
environmental parameters.

Model Parameters
In the past, WRI has collaborated with
USDA/ERS to improve the spatial de-
lineation of USMP, increase the diver-
sity of cropping rotations included in the
model, and simulate the environmental
impacts of various cropping production
practices and the Conservation Reserve
Program (CRP). The model includes 10
major crops (corn, sorghum, oats, bar-
ley, wheat, rice, cotton, soybeans, hay,
and silage), a number of livestock en-
terprises (dairy, swine, poultry, and beef
cattle), and a variety of different pro-
cessed and retail products. There are 45
principal regions in the original model,
derived from the intersection of the
USDA farm production and land re-
source regions, and approximately 850
different cropping rotations based on
the various crops and regions.

The environmental responses to policy
changes are derived from a crop bio-
physical simulation model, Erosion/Pro-
ductivity Impact Calculator (EPIC)
(Williams et al., 1984; Sharpley and
Williams, 1990). The dynamics of the
nitrogen and carbon cycles are complex.
The only sources of cropland nitrogen
losses to water considered in this analy-
sis are the losses associated with leach-
ing, sediments, surface runoff, and sub-
surface flow. Sequestered soil carbon is
determined from the total organic mat-
ter in soil and was calibrated to National
Resource Inventory data (Eve et al.,
2000). Nitrous oxide emissions from fer-
tilizer use were derived using the same
method as the USEPA Greenhouse Gas
Inventory10 (USEPA, 1999) and calibrat-
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ing to their estimate. The phosphorus
losses to water include those associated
with sediment, leaching, and sub-
surface flow, while soil erosion encom-
passes wind, sheet, and rill erosion from
cropland, as well as the erosion from
CRP and pasture lands.

The nutrient and GHG emission reduc-
tion options available in our model in-
clude changing tillage practices, chang-
ing cropping rotations, changing nitro-
gen fertilizer management, and taking
land out of production. Much of the land
taken out of production is converted to
CRP acreage, with the remainder mov-
ing into pasture. The environmental pa-
rameters are adjusted according to the
change in land use. Reducing nitrogen
fertilizer applications carries risk asso-
ciated with decreased yields due to plant
nitrogen deficiencies. Farmers make
decisions by trading off the risk of de-
creased yield against the potential for
increased farm income from both lower
production costs and payments for
achieving reductions in nutrient loss
and/or GHG emissions. The model also
accounts for the energy embodied in
fuel use and fertilizer production.

Supplementary Water Quality
Parameters
Building on the earlier Gulf Hypoxia
Task Force economic analysis using
USMP (Doering et al., 1999), we con-
figured the model by watersheds. We
added municipal WWTPs (point source)
information as well as nitrogen trans-
mission losses as water moves through
the system from the Mississippi River
Basin to the Gulf of Mexico. We used
U.S. Geological Service (USGS) 8-, 4-,
and 2-digit hydrological units to spatially
delineate watersheds, which allows us
to determine more explicitly the eco-
nomic and environmental responses to

policy changes both within and outside
the basin.

To account for the loss of nitrogen as it
moves through the basin, the attenua-
tion coefficients derived using the
SPARROW model (Alexander et al.,
2000) were included in the model.
These data, combined with the water-
shed delineation, provide more accurate
information on the amount of nitrogen
reaching the Gulf of Mexico from the
Mississippi River sub-basins. The model
is able to estimate the amount of nitro-
gen entering waterways (the total
amount of nitrogen from agricultural
cropping sources that finds its way into
rivers and streams in the basin), as well
as the amount of nitrogen finally deliv-
ered to the Gulf of Mexico (accounting
for transmission losses along the way).

Point source discharges and their treat-
ment levels were incorporated into the
model using 1996 information collected
for a USEPA-commissioned study
(USEPA, 2000a). Additional point-
source facilities were identified from
the National Pollutant Discharge Elimi-
nation System (NPDES) database or di-
rectly from state databases.

Omitted Model Parameters
Not explicitly considered in this analy-
sis were other elements influencing the
delivery of nutrients to the Gulf of
Mexico, including wetlands and buffer
strips (grasslands or trees), tile drains,
manure application, and river modifi-
cation and channelization. Inclusion of
additional mitigation options, such as
wetlands or buffers, would have tended
to decrease the cost of implementing
the policies tested. However, the omis-
sion of tile drains may mean that more
nitrogen is actually lost to waterways
from certain areas of the United States

than is accounted for in our analysis.
The use of tile drains often allows ni-
trogen to bypass nutrient mitigation op-
tions, including wetlands or buffer
strips. Mitigation options that reduce
the amount of nitrogen use or improve
tile drain design and drainage water
management are effective solutions. Ad-
ditional analyses that consider tile
drains would add valuable information
for identifying cost-effective options to
improve ecosystems.

Manure applications are another source
of pollution and have implications for
both nutrient losses to waterways and
GHG emissions. The inclusion of this
source would have increased the num-
ber of mitigation options available and
possibly the magnitude of point source
discharges of nutrients in the nutrient
trading options tested. In addition, affor-
estation, which could have implications
for GHG sequestration results, is not in-
cluded in this analysis.

Also omitted from this analysis are the
transaction costs associated with imple-
menting the policy options tested, as
well as monitoring costs to evaluate the
actual benefits accruing from these poli-
cies. These were omitted because the
costs associated with these policy op-
tions can differ depending upon the
design of the program, and much of this
information is either unavailable or not
documented. This is particularly rel-
evant for the GHG and nutrient trading
options. These costs could be used to
further differentiate between policy
options.

Policy Design

An enormous number of sources con-
tribute to the hypoxic zone in the Gulf
of Mexico, the majority of which are lo-
cated at large geographic distances from
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the problem’s manifestation. This makes
it difficult to communicate to those far
upstream in the Mississippi River Ba-
sin that reducing their nutrient losses
will provide benefits to the Gulf of
Mexico. Because people are typically
more concerned with local environmen-
tal problems than those occurring far
downstream, it is important to look for
policies that have local as well as down-
stream environmental benefits.

Contributors to the hypoxia problem are
diverse in nature, ranging from the mu-
nicipal and industrial sectors to the ag-
ricultural community and urban dwell-
ers. Currently, only point sources in the
municipal and industrial sectors are sub-
ject to regulations requiring nutrient
management; even then, the record on
actual permitting of sources of nutrient
discharge is spotty. As permits are re-
newed, additional nutrient discharge
criteria are being added, but these cri-
teria are not yet uniformly applied to
all point sources. The other sources of
nitrogen in the Mississippi River Basin,
including agriculture and urban areas,
are unregulated. The exception is con-
centrated animal feeding operations
(CAFOs) which will now be required
under a recent USEPA rule11 to obtain
permits regardless of whether they dis-
charge only during large storms.

Many policy options aimed at address-
ing the hypoxic zone in the Gulf of
Mexico also produce environmental co-
benefits. Considering these co-benefits
as part of the solution set provides a
more comprehensive assessment of the
overall improvement in environmental
quality and helps to determine an ap-
propriate policy to adopt.

The challenge is to devise a policy or
series of policies to ensure that each

source of nitrogen is part of the solu-
tion set for reducing the size of the Dead
Zone, and that we are able to take ad-
vantage of environmental co-benefits.
Any policy strategy should:

● reduce the size of the Dead Zone,

● maximize other environmental co-
benefits, such as climate change miti-
gation and improved local water
quality,

● be responsive to adverse impacts
on farm income and the financial
burden placed on point sources of
nitrogen, and

● minimize any adverse regional
impacts.

TESTING POSSIBLE POLICY
OPTIONS

We tested several options aimed at im-
proving water quality and/or reducing
GHG emissions to determine their im-
pact on a number of environmental and
economic variables, such as the nutri-
ent load at the mouth of the Mississippi
River, GHG emissions, local water qual-
ity, and agricultural cash flows. The
policy options tested were nutrient trad-
ing, GHG trading, conservation tillage
subsidies, an extension of the Conser-
vation Reserve Program, a tax on the use
of nitrogen fertilizer, and a combined
strategy of trading nitrogen while also
paying farmers for their GHG reduc-
tions. With the exception of nutrient
trading (which only operates in the Mis-
sissippi River Basin), all policy options
are implemented nationally.

Nutrient Trading: Several state and fed-
eral agencies are exploring this market-
based approach to reduce the cost of
improving water quality in such areas
as Michigan and the Chesapeake Bay.
In addition, USEPA released its Water

Quality Trading Policy in January 2003
(USEPA, 2003). Nutrient trading allows
sources with high mitigation costs to
obtain pollution reduction credits from
sources that can reduce their nutrient
contribution to waterways at a lower
cost. Further details on nutrient trad-
ing are outlined in Box 2.

In the nutrient trading options tested
here, municipal WWTPs (a point source
of nutrient discharges) are the only po-
tential buyers of nutrient reduction
credits. The sellers of these credits are
agricultural cropping enterprises that
can reduce their nutrient losses by
changing cropping rotations (including
CRP acreage), tillage practices, or fer-
tilizer use.

The analysis considers the trading of
both nitrogen (N) and phosphorus (P).
For each nutrient, we tested two sce-
narios with different WWTP discharge
limits. These limits act as the “cap” for
the system, as WWTPs are not able to
discharge more than the new permitted
limits. Consequently, WWTPs will need
to purchase a limited number of cred-
its, thereby constraining the number of
credits that farmers can sell. As agricul-
tural non-point sources do not operate
under a cap, farmers receive payments
for nutrient reductions but are not pe-
nalized for any increase in nutrient
runoff.

For nitrogen, discharge limits of 8 mgl/
day and 3 mg/l/day12 were imposed on
WWTPs. We tested the viability of nu-
trient trading with these nitrogen dis-
charge limits using cost curves derived
by USEPA (Wiedeman and Zhou, 2001).
The WWTP cost curves for nitrogen
were based on only biological methods
of nitrogen removal. They did not in-
clude other nitrogen removal methods,
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such as wetlands, algal scrubbers, and
spray irrigation.

For phosphorus, discharge limits of
1 mg/l/day and <1 mg/l/day13 were used.
The cost curves used for each WWTP
depended on the current treatment
technology in that plant. For WWTPs
that utilize biotowers, trickling filters,
lagoons, or biological rotating
contactors, chemical treatment was
used to reach the 1 mg/l/day P discharge
limit. For activated sludge plants, we
used a biological phosphorus-removal
system. To achieve the <1 mg/l/day

phosphorus discharge limit, an addi-
tional filtration system was used in both

chemical and biological phosphorus-re-
moval systems (Doran, 2001).

These cost curves were used to estimate
the following: (1) the nitrogen and phos-
phorus discharge reductions required
by WWTPs in each USGS 8-digit hydro-
logical unit in the Mississippi River Ba-
sin to meet the more stringent stan-
dards, (2) the cost of achieving these re-
ductions if the total cost was borne by
the WWTPs, and (3) the number of ni-
trogen reduction credits (generated by
farmers) that could be traded in each
sub-basin. All estimations were based on
a 2:1 trading ratio, where 2 pounds of
non-point source reductions are re-
quired to offset every pound of nutri-
ent discharge from a point source.

The abbreviated definitions for the trad-
ing scenarios, along with their credit
prices, are listed in Table 2. The credit
prices are based on the average cost of
achieving nutrient reductions in
WWTPs within the Mississippi River
Basin, taking into account the 2:1 trad-
ing ratio. In this analysis, trading was
only allowed between agricultural non-
point sources (cropland only) and
WWTPs in the Mississippi River Basin.

Greenhouse Gas Trading: As with nutri-
ent trading, GHG trading enables

tneirtuNPTWW
detseTstimiLegrahcsiD

tiderC
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timilegrahcsidNyad/l/gm8 Nbl/2$ 1oiranecSgnidarTN

timilegrahcsidNyad/l/gm3 Nbl/5$ 2oiranecSgnidarTN

timilegrahcsidPyad/l/gm1 Pbl/5$ 1oiranecSgnidarTP

timilegrahcsidPyad/l/gm1< Pbl/7$ 2oiranecSgnidarTP

TABLE 2 Nutrient Trading Scenarios

Nutrient TradingBOX 2

or establishing wetlands, are implemented.
These practices can frequently improve wa-
ter quality at a lower cost than upgrading
wastewater treatment facilities, but there is
a greater degree of uncertainty surround-
ing the actual nutrient reductions achieved.

To account for this uncertainty, trading ra-
tios or discount factors are applied to nutri-
ent reductions from non-point sources. For
this analysis, we used a 2:1 trading ratio; that
is, a point source must purchase 2 pounds
of nutrient reductions generated by a non-
point source for every pound of reduction
they require. The BMPs included in our
analysis were changing crop rotation and
tillage practices, changing fertilizer appli-
cation rates, and taking land out of produc-
tion through the Conservation Reserve Pro-
gram (CRP). A more detailed description
of nutrient trading can be found in
Greenhalgh and Faeth (2001), Faeth
(2000), and at the USEPA website (http://
w w w. e p a . g o v / o w o w / w a t e r s h e d /
trading.htm).

* WRI, in a complementary effort, has
developed an Internet website, NutrientNet
(www.nutrientnet.org), to help reduce the poten-
tially high transaction costs associated with esti-
mating these nutrient reductions and the diffi-
culty buyers and sellers experience in locating
each other. The site also provides an online reg-
istry to help track these trades as they occur.

The concept of trading is based on the dif-
ference in compliance costs faced by each
industrial facility or municipal wastewater
treatment plant (WWTP) depending upon
size, scale, age, and overall efficiency. This
means that the cost of meeting water qual-
ity standards may be less for one facility than
for another. Trading between point sources
provides an opportunity for those facilities
whose costs are lower to make additional re-
ductions beyond their obligation, and sell
these additional reductions to facilities
whose costs are higher.*

Trading can also occur between a point source
like a municipal WWTP and a non-point
source, such as a farmer. Point sources with
high compliance costs can purchase nutrient
reduction credits from non-point sources,
whose nutrient reduction costs are much
lower. Point source facilities are generally con-
trolled by discharge permits mandated by the
USEPA, while non-point sources are typically
not controlled by regulatory limits.

Incorporating non-point sources, such as
agriculture, into trading programs has raised
questions of uncertainty about the actual re-
duction achieved by these sources. For ag-
ricultural non-point sources to reduce their
nutrient contribution to water bodies, best
management practices (BMPs), such as
changing tillage practices or crop rotations,
reducing fertilizer rates, creating filter strips,
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sources with high mitigation costs to
purchase credits from sources able to
reduce emissions at a lower cost.

To simulate the GHG trading market,
we used carbon credit prices of $5 per
metric ton of carbon ($/t C) and $14/t
C. The former price is approximately
the current trading price14 for GHG
emissions (Senter International, 2002),
while the latter relates to the lower limit
of the estimated credit price range be-
fore the United States declined to ratify
the Kyoto Protocol (AEA, 1998). In our
model, farmers receive payments for
reducing their overall GHG emissions
(including via sequestration) below their
current, business-as-usual emission
level; in turn, if their emissions increase,
farmers must pay for these increases.
McCarl and Schneider (2001) use a
similar model design in which farmers
are paid or penalized depending on the
amount of GHGs emitted.

GHG emissions from the agricultural
sector incorporated in the model in-
clude carbon dioxide emitted in the pro-
duction process (fuel use, fertilizer pro-
duction, etc.), the carbon sequestered
and stored in agricultural soils (includ-
ing the CRP15), and nitrous oxide re-
leased from nitrogen fertilizer use.
Methane and other sources of nitrous
oxide are not considered. Afforestation
also is not included in this analysis; how-
ever, this should not significantly impact
the sequestration potential as the prices
used in this model are not high enough
to induce substantial afforestration
(McCarl and Schneider, 2001). In this
analysis, we assume that carbon seques-
tered by soils is permanently stored
there. Because our model does not ac-
count for uncertainty associated with
impermanent carbon storage in soil, nor
for carbon saturation of soils, the find-

ings from the relevant policy option may
overestimate the amount of carbon
stored in the soil. The reduction in car-
bon dioxide emissions from decreased
energy use, as well as reductions in ni-
trous oxide emissions from decreased
nitrogen fertilizer use, are also perma-
nent. The GHG trading policy tested
here operates at a national level.

Nitrogen Fertilizer Tax: Approximately
50 percent of the nitrogen lost to wa-
terways in the Mississippi River Basin
comes from fertilizer and mineralized
soil organic nitrogen (Goolsby et al.,
1999). Other non-point sources of nitro-
gen are atmospheric deposition, surface
runoff, and groundwater discharge (24
percent), and animal manure (15 per-
cent). In many instances, farmers apply
“insurance” fertilizer, hoping that cli-
matic conditions produce a “bumper”
crop. In years in which the growing con-
ditions are not ideal, crops do not use
this “insurance” fertilizer, and fre-
quently the excess nitrogen is lost to the
atmosphere, leaches into groundwater,
or moves into waterways via sub-surface
or surface drainage. Farmers may also
apply fertilizer in the fall to ensure that
if there is a wet spring, the farmer can
plant as soon as it is dry enough, rather
than having to delay planting in order
to fertilize. However, during the spring
thaw, a portion of this nitrogen leaches
into groundwater or runs off into sur-
face waterways.

Our analysis looks at applying a fertil-
izer tax as a mechanism to reduce the
use of fertilizer in the agricultural sec-
tor. The tax rate, applied nationally, is
equivalent to a 70 percent increase in
fertilizer price, corresponding to the
actual increase in nitrogen fertilizer
prices observed in 2000/2001. During
this period, limited availability of natu-

ral gas (a major input for the produc-
tion of nitrogen fertilizer) and the re-
sulting increase in energy prices led to
higher nitrogen fertilizer prices. Nitro-
gen losses included those via surface
runoff, in sub-surface flows, and
through leaching into groundwater.

Conservation Tillage Subsidies: To re-
duce soil erosion, tillage subsidies have
been used for many years to encourage
farmers to convert from conventional
and moldboard16 tillage practices to con-
servation tillage practices. Conservation
tillage also provides climate change ben-
efits, as these practices sequester more
soil carbon than conventional and inten-
sive tillage practices. In our analysis, a
subsidy payment of $25 per acre was
given to farmers changing from either
conventional or moldboard tillage to
ridge tillage,17 mulch tillage,18 or no-till
practices.19 In the past, conservation till-
age subsidies were frequently paid on a
75 percent cost-share basis. Subsidy
payments vary from $10/acre in parts of
the Corn Belt and Great Lakes states to
$25/acre for cotton acreage in the south-
ern plains and Appalachian regions
(Towery, 2000). In our model, we se-
lected a subsidy of $25/acre, as this
amount should provide sufficient incen-
tive for farmers in a majority of regions
across the United States to change till-
age practices. No restriction is placed
on the type of conservation tillage prac-
tices implemented or the acreage on
which conservation tillage is adopted,
and no specific areas are targeted. Once
conservation tillage is adopted, it is as-
sumed to be continuous.

Conservation Reserve Program: CRP is a
national conservation program insti-
tuted in 1985 in the Farm Bill, the leg-
islation governing agricultural programs
in the United States, which is revised
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every six years. The program aimed to
take marginal, highly erodible land out
of production to reduce soil erosion and
improve water quality. Although the fo-
cus of the program has remained the
same, a number of other criteria have
been included over the years. These in-
clude wildlife habitat and air quality,
which are now prerequisites of the pro-
gram. At the end of 2002, almost 34 mil-
lion acres were enrolled in this program
(USDA, 2002).

CRP land is not tilled, and typically fer-
tilizer is not applied. Therefore, any in-
crease in CRP acreage will decrease the
amount of nitrogen, phosphorus, and
sediments lost to waterways. Likewise,
GHG emissions from land placed in the
CRP also decrease, as there are fewer
nitrous oxide emissions from fertilizer
applications, no carbon emissions re-
lated to tillage operations or the produc-
tion of fertilizers, and increased seques-
tration of carbon in undisturbed soils.
The 2002 Farm Bill increased the total
allowable CRP acreage to 40 million
acres. Our analysis uses this increased
cap and includes an across-the-board
increase in rental rates20 of 20 percent.
The environmental parameters for CRP
are based on converting cropping land
to pasture.

Combined Strategy of Nutrient Trading

with GHG Payments: This option tested
a combined strategy involving a nutri-
ent trading program along with pay-
ments for reductions in GHG emissions.
We capped nitrogen discharges at 3 mg/
l/day from WWTPs, with a price of $5/
lb N for reduction credits and a payment
of $5/t C for reduced GHG emissions
from cropped land only. This strategy
was implemented only in the Mississippi
River Basin.

FINDINGS
The national-level economic and envi-
ronmental outcomes of the policy op-
tions21 we tested are outlined in Table
3. Maps illustrating the impacts at wa-
tershed level can be found at http://
hypoxia.wri.org/.

Nitrogen Delivered to the
Gulf of Mexico
Each incentive mechanism tested re-
duced the amount of nitrogen delivered
to the Gulf of Mexico, with annual de-
clines ranging from approximately 1
percent to 11 percent. (See Table 3.) The
greatest reductions were achieved by
imposing more stringent nutrient reduc-
tion discharge limits on WWTPs and
then allowing the plants to use nutrient
trading to meet those discharge limits.
(See Figure 2a.) N Trading Scenario
1 reduces the amount of nitrogen deliv-
ered to the Gulf by slightly less than
5 percent, whereas the more stringent
N Trading Scenario 2 produces reduc-
tions of slightly less than 11 percent.
These reductions come from a combi-
nation of reduced fertilizer use, in-
creased CRP acreage, and changes in
cropping rotations and tillage practices.
Similarly, the combined N trading with
GHG payments option also reduced ni-
trogen by just less than 11 percent. The
P Trading Scenario 1 produces an ap-
proximate 4 percent reduction in nitro-
gen delivered to the Gulf, while the P
Trading Scenario 2 results in almost a
6 percent reduction.

Conservation tillage subsidies result in
reductions of around 5 percent. A tax
on nitrogen fertilizer and GHG trading
at $14/t C led to reductions of around
2 percent to 3 percent. The two options
producing the smallest reductions in ni-
trogen delivered to the Gulf were GHG

trading at $5/t C (the current market
price) and extending the CRP.

With trading of nitrogen credits, the
largest regional reductions in nitrogen
delivery to the Gulf come from the
Ohio, Arkansas-White-Red, Upper Mis-
sissippi, and Missouri River basins.
Other than the Missouri River Basin,
these areas coincide with the water-
sheds identified by USGS as delivering
the largest portion of nitrogen to the
Gulf via waterways. For phosphorus
trading, the greatest reductions come
from the Arkansas-White-Red, Ohio,
Missouri, and Upper Mississippi River
basins.

The lowest-cost mechanisms were the
market-based incentives, like nutrient
and GHG trading. (See Figure 3.) How-
ever, the most cost-effective solutions
were the options based on nutrient trad-
ing, which achieved large reductions in
the amount of nitrogen delivered to the
Gulf of Mexico at low prices.

Farm Income
Not all the options tested in this analy-
sis provided financial benefits to the ag-
ricultural community as a whole. (See
Table 3.) Nitrogen fertilizer taxes and
conservation tillage subsidies led to
overall decreases in U.S. farm income,
while the other options increased farm
income. N Trading Scenario 2 and com-
bined N trading with GHG payments
produce the greatest boost to farm in-
come. (See Figure 2b.)

In the tax option, higher fertilizer prices
mean that crop acreage drops, and de-
spite higher crop prices, farm income
decreases overall. Untargeted conserva-
tion tillage subsidies induce more land
into production, leading to increased
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crop production, reduced crop prices,
and decreased farm income.

In options featuring nitrogen and phos-
phorus trading, regional differences
emerge. Most regions experience some
increase in farm income, with the larg-
est increases found in the Upper Mis-
sissippi River watershed, followed by
the Missouri River, Great Lakes, and

Ohio River basins. Under the phospho-
rus trading option, there is a small over-
all decrease in farm income in the Ten-
nessee River Basin. Nutrient trading
policies are focused in the Mississippi
River Basin, with the increases in farm
income arising from sales of
nitrogen and/or phosphorus credits as
well as higher crop prices. Although the
policy is only applied in the Mississippi

Basin, farm income elsewhere in the
country also increases because of higher
crop prices.

The conservation tillage subsidy is na-
tional in scope, but most change occurs
in the Mississippi River Basin, as this
area offers the greatest opportunities for
conservation tillage. However, in this
option, the Upper Mississippi, Missouri,

TABLE 3 Economic and Environmental Impact of the Agricultural Policy Options Tested in the U.S.
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FIGURE 2 Impact of Various Policy Options on the Environment and Farm Income
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Great Lakes, and Ohio River basins also
are subject to the greatest decline in
farm income.

Greenhouse Gas Emissions
At the higher credit price for carbon
($14/t C), GHG emissions from agricul-
tural cropping sources fall by 5 percent.
(See Table 3.) However, at credit prices
currently being offered ($5/t C), GHG
emissions decrease by about 2 percent.
The option combining N trading (at 3
mg/l/day) with GHG reduction pay-
ments ($5/t C) produces GHG reduc-
tions of around 8 percent. Other prom-
ising policy options for lowering GHG
emissions appear to come from either
imposing a nitrogen fertilizer tax or pro-
moting nutrient trading. (See Figure 2c.)
The nitrogen fertilizer tax and nitrogen
trading primarily reduces nitrous oxide
emissions from fertilizer applications.

The increase in GHG emissions under
the conservation tillage subsidy is
mostly due to increases in cropping land
(and associated higher energy use) and
corresponding decreases in CRP acre-
age found in the Missouri River Basin.

Under a national GHG trading scheme,
GHG emissions are reduced in all areas
of the country, with the largest reduc-
tions occurring in the Upper Missis-
sippi, Missouri, and Arkansas-White-
Red River basins. These declines come
from a combination of reduced nitro-
gen fertilizer use, lower energy use, and
increased acreage in the CRP.

With nitrogen trading, which operates
only in the Mississippi River Basin,
some U.S. regions (mostly outside the
Mississippi River Basin) experience
small increases in GHG emissions (less
than 0.5 percent above baseline). The
most significant of these is in Califor-

nia, where, in response to lowered crop
production in the Mississippi River Ba-
sin, trading results in higher energy
emissions from increased cropping
acres in conventional tillage. However,
if nitrogen trading programs were ex-
tended nationwide, a different picture
might emerge, involving less incentive
for increased conventional cropping and
even greater decreases in GHG emis-
sions. Nevertheless, the key issue is
whether net GHG emissions decline na-
tionally, since the impact on climate is a
global rather than localized phenomenon.

For both nitrogen and phosphorus trad-
ing, the greatest decreases in GHG
emissions are found in the Upper Mis-
sissippi, Ohio, and Missouri River ba-
sins. The reduction in GHG emissions
comes from a combination of lower ni-
trous oxide emissions from fertilizer
applications, reduced energy use, and
increased carbon sequestration.

Nutrient Losses to Waterways
All of the policy options reduce the
amount of nitrogen or phosphorus that
is lost to local waterways. Phosphorus
is the cause of eutrophication in fresh-
water systems, and nitrogen can impact
drinking water quality at the local level.
For both N and P Trading Scenarios 2
and combined N trading with GHG pay-
ments, nutrient reductions are about
double that of any other option. (See
Table 3.) The worst performer for both
nitrogen and phosphorus losses was the
GHG trading option at $5/t C. At slightly
higher carbon prices, though, nutrients
are reduced by around 2 percent. (See
Figures 2d and 2e.)

On a watershed basis, the greater por-
tion of reductions in nitrogen and phos-
phorus losses in the nutrient trading
options comes from the Upper Missis-
sippi, Missouri, and Ohio River basins.
The application of N trading programs

FIGURE 3 Cost-effectiveness of Policy Options Tested at Reducing the
Amount of Nitrogen Delivered to the Gulf of Mexico
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in the Mississippi River Basin can re-
sult in small increases (around 0.5 per-
cent or less) in phosphorus losses in
some watersheds that lie outside of the
basin. Under GHG trading programs at
$14/t C and $5/t C, the greatest reduc-
tions in nitrogen occurred in the Upper
Mississippi, Missouri, Arkansas-White-
Red River, and Lower Mississippi River
basins, while the greatest phosphorus
reductions were in the Upper Missis-
sippi and Missouri River basins.

Soil Erosion
Conservation tillage subsidies, as antici-
pated, reduce soil erosion by slightly
less than 11 percent. (See Table 3.) The
next best options for reducing soil ero-
sion, at around 4 percent, are N and P
Trading Scenarios 2 and combined N
trading with GHG payments. Surpris-
ingly, the CRP option does not perform
as well (see Figure 2f); however, this op-
tion is limited in its ability to signifi-
cantly reduce soil erosion because the
increase in CRP acreage is capped at
40 million acres. In addition, some of
the additional CRP acreage comes from
land tilled using conservation tillage
practices, diluting the impact of taking
land out of production.

A majority of the decreases in soil ero-
sion produced by a conservation tillage
subsidy comes from the Upper Missis-
sippi, Missouri, and Ohio River basins,
as well as the Pacific Northwest region.
Similarly, with the nutrient trading op-
tions, the greatest reductions come from
the Upper Mississippi and Missouri
River basins.

CONCLUSIONS

What Can Be Achieved?

Reducing the size of the Dead Zone in
the Gulf of Mexico to under 5,000 km2

is an ambitious yet achievable objective
for the Gulf Hypoxia Task Force and the
residents of the Mississippi River Basin.
A projected 20 percent to 30 percent re-
duction in total nitrogen delivered to the
Gulf of Mexico would increase dissolved
oxygen concentrations in bottom water
by 15 percent to 50 percent, shrinking
the area subject to hypoxia (Brezonik et
al., 1999). Our analysis shows that nu-
trient trading, in conjunction with more
stringent nitrogen discharge limits for
WWTPs, could reduce the amount of
nitrogen reaching the Gulf of Mexico by
approximately 11 percent annually. This
represents a half to a third of the re-
quired reductions.

Although WWTPs account for only a
small portion of total nitrogen dis-
charges in the Mississippi River Basin,
their importance is underscored by the
fact that these discharges are more eas-
ily regulated than non-point sources.
Moreover, a majority of WWTPs either
do not have nutrient removal capabili-
ties or do not use advanced nutrient
removal technology. With a 2:1 trading
ratio for WWTPs purchasing nitrogen
credits from agricultural non-point
sources, nitrogen reductions could be
up to twice as large as those nominally
required by the more stringent discharge
levels.

In our nutrient trading options, trading
was allowed only between WWTPs and
the agricultural cropping sector. In es-
sence, our model does not account for
industrial point sources, nor for the
roughly 15 percent of the Mississippi
River’s total nitrogen load that comes

from the livestock sector. Extending
trading options to include livestock op-
erations either as point sources through
permitted concentrated animal feeding
operations (CAFOs) or as unregulated
sources of nutrient loss and industrial
facilities would increase the potential
for additional cost-effective reductions
in nutrient losses. Changing waste man-
agement practices for livestock could
also have implications for GHG emis-
sions, because approximately 10 percent
of U.S. agricultural GHG emissions re-
sult from nitrous oxide and methane
emissions associated with manure man-
agement. The costs of nutrient trading
would also be lowered by allowing trad-
ing between two point-source facilities.
Depending upon the program design, ur-
ban sources of nutrient losses could also
participate in nutrient trading programs.

Taking a Closer Look at the
Co-benefits
Environmental co-benefits should be an
important part of any strategy devel-
oped to tackle an environmental prob-
lem. In the case of water quality, there
are strong ties to options for climate
change mitigation in the agricultural
sector.

With actual carbon credit prices cur-
rently at about $5/t C for GHG trading,
the agricultural community has very
little incentive to take substantial steps
toward reducing its GHG emissions. At
higher carbon prices, GHG trading can
produce more dramatic benefits for
both climate change and water quality.
Pattanayak et al. (2002) found similar
results at higher GHG prices. However,
given a low world price for carbon, there
may be greater potential for reducing
GHG emissions through nutrient trad-
ing programs involving nitrogen and
phosphorus.
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Another option to consider is combin-
ing policies like nutrient trading with
GHG payments for farmers. This pro-
duces water quality benefits similar to
the straight nitrogen trading option but
also provides small additional benefits
in terms of mitigating climate change.
In a system where agricultural sources
of non-point water pollution are unregu-
lated, it would be possible for farmers
to sell both nutrient and GHG reduc-
tion credits. On the other hand, if ei-
ther nutrients or GHGs were regulated,
then this would not be a viable policy
strategy. Presently, though, agricultural
non-point sources are not regulated for
either nutrients or GHGs.

Markets for trading carbon and nutri-
ent reductions are both still in their in-
fancy. Focusing resources on the devel-
opment of domestic nutrient-trading
markets could help meet our goal to
reduce the size of the Dead Zone in the
Gulf of Mexico, improve local water
quality, and reduce emissions that con-
tribute to climate change.

Farm income need not suffer in imple-
menting such an environmental strat-
egy. Most of the policy options tested
here could be introduced without nega-
tively impacting farm income in most
regions of the country. The analysis
shows that reductions in nitrogen de-
livered to the Gulf of Mexico can be
achieved in a cost-effective manner.
However, there were some exceptions.
Options involving conservation tillage
subsidies or a tax on nitrogen fertilizer
did reduce nitrogen delivered to the
Gulf of Mexico, but at a higher cost and
with associated declines in farm income
that make them less attractive options.

Benefits of Nutrient Trading
Nutrient trading proved to be the most
cost-effective and successful option to
meet the Gulf Hypoxia Task Force’s
goals (both coastal and within basin),
providing the greatest overall benefits
to the environment and the agricultural
community. Trading is a highly targeted
program in which farmers are paid not
according to the practices they imple-
ment or changes they make, but instead
according to the reductions in nitrogen
and phosphorus loss to the waterways
they can achieve. To make these reduc-
tions, farmers are allowed to utilize
practices yielding the greatest reduction
for the least cost. Similarly, managers
of regulated point sources facing more
stringent discharge limits can choose
the most appropriate reduction strategy
for their facilities.

Giving farmers the flexibility to choose
the mitigation option best suited to their
operations not only increases cost-effec-
tiveness but may also increase the like-
lihood of acceptance and adoption of
these programs. This would likewise
apply to the implementation of GHG
trading programs.

Another benefit of nutrient trading is
that it reduces in the short term the cost
of capital upgrades for municipal
WWTPs, which may face increasingly
stringent nutrient regulations in the
near future. If WWTPs had to meet the
8 mg/l/day nitrogen discharge limit, al-
lowing plants with high capital upgrade
costs to purchase reduction credits from
the agricultural sector would save ap-
proximately $5 billion in capital costs.
For the even tighter discharge limit of
3 mg/l/day, the total savings would be
in the order of $21 billion.

In the absence of trading, these costs
would be borne by all municipal water
users in the vicinity of WWTPs. These
savings are derived from the cost of
WWTPs having to upgrade their plants
to meet the more stringent discharge
levels (based on cost curves estimated
for the Chesapeake Bay). Instituting
nutrient trading would ease the finan-
cial burden of tighter regulation of
WWTPs and provide the agricultural
community with an additional source of
income. However, the question remains
whether point sources should continue
to bear the greatest burden for improv-
ing water quality. This burden can be
relieved to some extent through policy
or the design of trading programs, so
that non-point sources also receive dis-
charge limits and are responsible for
undertaking some form of nutrient
reduction.

Nutrient trading also has the advantage
of potentially allowing all the contribu-
tors of nitrogen to the Gulf of Mexico
to be part of the remedy. Municipal and
industrial point sources can participate
as buyers or sellers in the marketplace,
agricultural producers would typically
act as the sellers of nutrient credits, and
urban sources could enter the market
as buyers or sellers. Nutrient markets
also leave open the possibility that
CAFOs—now that they are required to
obtain permits and develop nutrient
management plans—could act as either
buyers or sellers in the market. These
reductions can come from a variety of
sources, ranging from nutrient removal
technology for WWTPs and CAFOs, to
changes in crop management practices,
to the establishment of wetlands and
buffers.

Nutrient trading presents many benefits
for improving water quality. To date,
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these programs have been slow to ma-
terialize or have been rendered unsuc-
cessful due to poor program design. The
lack of official federal trading policies
and dearth of political will to implement
and test such schemes has provided
little incentive for innovative groups or
government agencies to take on the task
of developing trading programs. The
new USEPA policy on water quality
trading should remove some of this reti-
cence. Another downside has been the
absence of a marketplace for these
transactions and the difficulty buyers
and sellers have in locating each other.
The development of websites such as
NutrientNet, an e-marketplace for nu-
trient trading, helps alleviate some of
these obstacles. As more pilot trading
programs develop across the country,
the know-how for and ease of establish-
ing these programs will increase, along
with their acceptance.

Regional Impacts of Policy
Programs contained within the Missis-
sippi River Basin can have some nega-
tive impacts in other watersheds. How-
ever, these impacts typically are rather
small and cause very little change (less
than 1 percent). In the case of nutrient
trading, these small increases in phos-
phorus losses to waterways occur mainly
in the western portions of the United
States. For most policies tested in our
analysis, the greatest positive financial
and environmental impacts tend to be
concentrated in the Upper Mississippi,
Ohio, and Missouri River basins.

Of all the policy options tested, a nutri-
ent trading strategy not only produced
the greatest overall benefits for the en-
vironment, but was more cost-effective
than the more traditional policy ap-
proaches. Trading exploits the synergis-
tic relationships between water quality

and climate change and also provides
an incentive mechanism for the agricul-
tural community to be part of the rem-
edy for the Dead Zone in the Gulf of
Mexico.

RECOMMENDATIONS

1. The federal and state agencies in the

Gulf Hypoxia Task Force should

establish and implement a nitrogen

cap for the Gulf  of  Mexico or

Mississippi River Basin.

An upper limit on the amount of ni-
trogen entering a watershed can be
defined using the assimilative capac-
ity of the aquatic ecosystem and the
reductions required to address local
water quality concerns, such as drink-
ing water quality or coastal water
quality problems. This nitrogen cap
could be for the Gulf of Mexico, the
entire Mississippi River Basin, or di-
vided between smaller sub-basins
with all nutrient sources, both point
and non-point source, included in the
cap. The TMDL rule is one way to
establish a cap on an impaired wa-
terway, and provides the impetus for
using nutrient trading to meet this
cap. If a cap were set for the Gulf of
Mexico, the adoption of nutrient cri-
teria by the upriver states and the
subsequent issuance of permits
based on these criteria would also be
required to ensure action within the
Mississippi River Basin itself.

Nutrient trading, encompassing the
entire Mississippi River Basin, is a
mechanism that allows each source
to cost-effectively meet its cap. In ad-
dition, each watershed has the flex-
ibility to identify the most cost-effec-
tive nutrient reduction practices to
implement. Trading programs can be
designed in many ways and are able

to take into account the needs of the
various sub-basins or the Mississippi
River Basin as a whole. Each source
can be allocated a nutrient discharge
limit and those sources exceeding
their limits can trade with sources
that can more cost-effectively over-
comply with their caps. Programs
that target phosphorus and nitrogen
will improve water quality in both
local waterways and the Gulf of
Mexico and will also help reduce
greenhouse gas emissions from agri-
cultural sources.

2. Federal and state agencies should do

more to promote nutrient trading

programs.

Pilot nutrient trading programs ex-
ist in many parts of the United States.
However, many of these are in their
infancy or have not executed many
trades. To facilitate the development
of successful trading programs, the
World Resources Institute, in col-
laboration with watershed partners,
has developed a website,
NutrientNet (www.nutrientnet.org),
to create a marketplace for nutrient
trading. Tools like this, coupled with
the USEPA policy on water quality
trading, TMDL-type rules, and pro-
grams like the Conservation Innova-
tion Grants Program within the 2002
Farm Bill create opportunities for
growth of these programs across the
country. The success of this cost-ef-
fective mechanism to address both
water quality and GHG emissions
from agriculture depends, to some
extent, on support and promotion by
government agencies.
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3. Federal and state agencies should

develop a coordinated and collabo-

rative approach to planning and

implementing watershed conserva-

tion measures.

Directing and combining resources
in specific watersheds will demon-
strate how the effectiveness of con-
servation programs and incentives
can be improved. Coordination be-
tween agencies leading to more effi-
cient use of program resources will
yield greater total ecosystem im-
provements. These improvements
would most likely include improving
water quality, reducing greenhouse
gas emissions, improving fish and
wildlife habitat, and maintaining
community viability.

Without this coordination and col-
laboration, the important policy and
administrative concern of “spreading
resources too thin” can arise. Should
this be the case, conservation efforts
will be too diffused, resulting in little
or insufficient ecosystem improve-
ment. Concentrating efforts in those
watersheds that contribute the most
nutrients to the Gulf of Mexico will
result in an even greater cumulative
ecosystem response.

Agency programs that could be in-
volved in funding this approach are
the 2002 Farm Bill, the USEPA wa-
tershed initiative, Clean Water Act
Section 319, U.S. Army Corps of En-
gineers Vision 2000 program, and U.S.
Fish and Wildlife Service natural re-
source assistance grants. Another ex-
ample, the Small Watershed Protec-
tion and Flood Prevention Program
within USDA National Resource Con-
servation Service, uses a locally led
approach to conservation. This pro-

gram links local, state, and federal
partners at the watershed level, pro-
viding an additional level of coopera-
tion and funding assistance. Monitor-
ing and research programs should be
used to document outcomes and de-
velop technology to better evaluate
and estimate ecosystem response.

4. Agencies should establish coordi-

nated monitoring strategies to de-

termine if watershed and conserva-

tion efforts have made a difference.

A significant drawback of many ini-
tiatives is the lack of a strategy to
monitor program impacts. The abil-
ity to demonstrate program success,
quantitatively and/or qualitatively,
will allow for better arguments to
policymakers and budgeting bodies
about the benefits of continued, in-
creased, or new funding. Similarly,
the ability to illustrate how changes
in on-farm production and manage-
ment practices or the application of
a new incentive are having an impact
will provide stronger motivation for
the agricultural community to fur-
ther adopt these practices and em-
brace these new incentives.

5. Farm conservation spending should

be targeted.

Performance-based payments allow
farmers to undertake those practices
that are not only most suitable for ad-
dressing the environmental problem
in question but are also most profit-
able. The effectiveness of various
practices and initiatives in improving
the environment differs between re-
gions. Letting farmers choose their
preferred conservation option pro-
duces the “biggest bang for the buck”
and promotes fiscal responsibility.
Nutrient trading is one mechanism

that can accomplish this. As in the
“coordinated approach” recommen-
dation, greater benefits can be
achieved by directing conservation
spending to those regions or water-
sheds with the greatest need. De-
pending on the size of a specific tar-
geted area, a shift in activities to
other areas not implementing the
policy may need to be considered.

6. Government agencies and private

organizations should explore other

opportunities to reduce greenhouse

gas emissions in the agricultural

sector beyond activities associated

solely with carbon sequestration.

There has been a general tendency
in the agricultural community to con-
centrate efforts around climate
change on carbon sequestration pros-
pects. However, there are uncertain-
ties associated with the permanence
of these reductions and the satura-
tion of the carbon pool. This empha-
sis on carbon sequestration has
masked other opportunities. Fre-
quently overlooked are opportunities
to reduce emissions of nitrous oxide
and methane, two potent greenhouse
gases with substantial climate im-
pact. These gases offer possibilities
for the agricultural sector to make
significant, permanent, and profit-
able reductions in its contribution to
greenhouse emissions. Similarly,
mechanisms such as nutrient trading
promise to capitalize on opportuni-
ties to simultaneously decrease
greenhouse gas emissions, increase
carbon sequestration, and stimulate
water quality improvements. Com-
bining nutrient trading policies with
additional payments for GHG ben-
efits, in the right policy context, is
another option to consider.
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7. A strategy should be developed to

tackle a suite of  environmental

problems rather than focusing on

individual problems as they arise.

A common feature of past conserva-
tion efforts was to concentrate on en-
vironmental problems as they oc-
curred, sometimes unwittingly cre-
ating additional environmental prob-
lems or failing to take advantage of

the potential for co-benefits among
policy options. A comprehensive ap-
praisal of all environmental concerns
facing a watershed or region will per-
mit identification of co-benefits and
assessment of tradeoffs (both eco-
nomic and environmental) to create
an overarching policy or program
with optimal impacts for the entire
ecosystem.
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NOTES

1. Normal levels of dissolved oxygen are about
5 parts per million.

2. These estimates of percent contribution from
the various sources are based on regression re-
sults from nitrogen yield models (Goolsby et
al., 1999).

3. These estimates of percent contribution from
the various sources are based on regression re-
sults from phosphorus yield models (Goolsby
et al., 1999).

4. Concentrated animal feeding operations are
also regulated, but to date, few permits have
been issued or enforced.

5. These estimates are based on National Pollu-
tion Discharge Elimination System (NPDES)-
regulated point sources. Methods and proce-
dures are outlined in USEPA (1998) and Tetra
Tech Inc. (1998).

6. Measuring global warming potential (GWP)
permits comparison of the climate change im-
pacts of various policies and practices, even
those that do not address the same greenhouse
gases.

7. Tile drains are concrete, ceramic, plastic pipe,
or related structures placed at suitable depths
and spacings in the soil or subsoil to enhance
and/or accelerate drainage of water from the
soil profile.

8. The TMDL program requires states and terri-
tories to list impaired waters and then develop
limits establishing the maximum amount of pol-
lutants, such as nutrients, that a body of water
can receive and still meet water quality stan-
dards. This amount is then allocated between
all point and non-point sources in the water-
shed. USEPA has withdrawn the revised TMDL
rule from 2000, but the 1992 rule remains in
effect and continues to be the basis for the
TMDL program.

9. A base year of 2010 is used in the USMP model
and throughout this analysis.

10. This includes direct emissions from synthetic
fertilizer and indirect emissions when nitrogen
enters the atmosphere as ammonia (NH3) and
nitrogen oxide (NOx) and returns to the soil by
atmospheric depositions, which enhances ni-
trous oxide (N2O) production.

11. The details of the December 2002 CAFO rule
can be found at www.epa.gov/npdes/caforule.

12. Policymakers examining options for the Chesa-
peake Bay, which experiences hypoxic zones
similar to those in the Gulf of Mexico, are dis-
cussing possible tightening of discharge limits
for wastewater treatment plants to either 8 mg/
l/day or 3 mg/l/day. The credit price selected
for this analysis reflects a price that is at or be-
low the average price and where the additional
nutrient reductions per dollar spent are decreas-
ing.

13. The 1 mg/l/day discharge limit represents a
transition point in technology and capital ex-
penditure for phosphorus removal. The credit
price selected for this analysis reflects a price
that is at or below the average price and where
the additional nutrient reductions per dollar
spent are decreasing.

14. The carbon prices in the CERUPT scheme in
the Netherlands ranges from EUR 3.30/t C to
5.50/t C (~US$3.30 and US$5.50), while the
ERUPT scheme expects prices to range from
EUR 3/t C to 5/t C.

15. In the model, the Conservation Reserve Pro-
gram is capped at 40 million acres—the cur-
rent legislated acreage for this program.

16. Moldboard tillage is a form of conventional till-
age where less than a 30 percent cover of crop
residues remains on the surface after the
completion of the tillage sequence. It is a pri-
mary broadcast tillage operation that is per-
formed to shatter soil with partial to complete
inversion, usually to depths greater than
20 centimeters.

17. Ridge tillage is a form of conservation tillage
where 30 percent or more of the crop residue
remains on the soil surface. The soil is left un-
disturbed from harvest to planting except for
nutrient injection. Planting is completed in a
seedbed prepared on ridges. Residue is left on
the surface between the ridges.

18. Mulch tillage is a form of conservation tillage
where 30 percent or more of the crop residue
remains on the soil surface. The soil is undis-
turbed prior to planting and any tillage or prepa-
ration of the soil is done in such a way that
plant residues or other materials are left to cover
the surface.

19. No-till is a form of conservation tillage where
30 percent or more of the crop residue remains
on the soil surface. The crop is planted directly
into the soil with no primary or secondary till-
age carried out since the harvest of the previ-
ous crop. Planting or drilling is accomplished
in a narrow seedbed or slot.

20. Rental rates are the payments on a per acre ba-
sis that are paid to farmers who enroll in the
CRP program.

21. Go to http://hypoxia.wri.org/ for details of
sensitivity analyses performed for these policy
options.
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