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OFFICE OF THE ADMINISTRATOR
EPA SCIENCE ADVISORY BOARD

DATE
EPA-SAB-07-006

Honorable Stephen L. Johnson
Administrator

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, N.W.
Washington, D.C. 20460

Subject: Hypoxia in the Northern Gulf of Mexico: An Update
by the EPA Science Advisory Board

Dear Administrator Johnson:

Over a year ago, the EPA Office of Water (OW) asked the Science Advisory
Board (SAB) to evaluate the most recent science on the hypoxic zone in the Gulf of
Mexico as well as potential options for reducing the size of the zone. The hypoxic zone,
an area of low dissolved oxygen that cannot support most marine life, has been
documented in the Gulf of Mexico since 1985 and was most recently measured at 20,500
km?, an area approximately the size of New Jersey. The SAB was asked to address the
science that has emerged since the 2000 publication of An Integrated Assessment:
Hypoxia in the Northern Gulf of Mexico (Integrated Assessment), the seminal study by
the Committee on Environment and Natural Resources that served as the basis for
activities coordinated by the Mississippi River/Gulf of Mexico Watershed Nutrient Task
Force. The SAB was also asked to address the most recent science on water quality in
the Mississippi Atchafalaya River basin, an area of 31 States and Tribes that drains
approximately 40% of the contiguous United States. Further, the SAB was asked to
discuss options for reducing hypoxia in terms of cost, feasibility and social welfare. To
address this question, the SAB found it necessary to discuss recent research on water
quality as well as research on policy options, in particular, those policies that create
economic incentives.

Following OW’s request, the Science Advisory Board Staff Office convened an
expert panel under the auspices of the chartered SAB. This SAB Panel consists of 21
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distinguished scientists from academia, industry and government agencies with expertise
in the fields of oceanography, ecology, agronomy, agricultural engineering, economics
and other fields. Over the past year, the SAB Panel held numerous public meetings and
considered information from invited speakers as well as over 60 sets of public comments
in the development of this report.

In issuing the attached report, the SAB reaffirms the major finding of the
Integrated Assessment, namely that contemporary changes in the hypoxic area in the
northern Gulf of Mexico are primarily related to nutrient loads from the Mississippi
Atchafalaya River basin. To reduce the size of the hypoxic zone, the SAB finds that a
dual nutrient strategy is needed, targeting at least a 45% reduction in both riverine total
nitrogen flux and riverine total phosphorus flux. The SAB offers these as initial targets
while stressing the importance of moving in a directionally correct fashion then adjusting
policy on the basis of lessons learned and changed conditions. Climate change will likely
contribute to changing conditions. A number of studies have suggested that climate
change will create conditions where larger nutrient reductions, e.g., 50 — 60% for
nitrogen, would be required to reduce the size of the hypoxic zone. An adaptive
management approach, coupling nutrient reductions with continuous monitoring and
evaluation, can provide valuable lessons to improve future decisions.

The SAB was asked to comment on the Task Force’s goal of reducing the size of
the hypoxic zone to 5,000 km” by 2015. Although the 5,000 km? target remains a
reasonable endpoint for continued use in an adaptive management context; it may no
longer be possible to achieve this goal by 2015. Accordingly, it is even more important
to proceed in a directionally correct fashion to manage factors affecting hypoxia than to
wait for greater precision in setting the goal for the size of the zone.

The SAB underscores that in considering management strategies to reduce Gulf
hypoxia, EPA should consider the many benefits of nutrient reduction in the Mississippi
Atchafalaya River basin. Such “co-benefits” include improved groundwater and surface
water quality, wildlife and biodiversity, recreation, soil quality, greenhouse gas reduction
and carbon sequestration. In many cases, co-benefits may exceed the benefits of hypoxia
reduction.

Finally, to reduce hypoxia in the Gulf, a systems view, looking at all sources and
effects, is needed. The SAB urges the Agency to consider its options with respect to both
non-point and point sources. Non-point sources have long been acknowledged as the
primary source of nutrient loadings, however the SAB finds point sources are a more
significant contributor than previously thought. Atmospheric deposition of nitrogen is
also playing a role in hypoxia. In addition, it may be necessary to confront the conflicts
between hypoxia reduction as a goal on the one hand and incentives provided by current
agricultural and energy policy on the other. Some aspects of current agricultural and
energy policies are providing incentives that contribute to greater nutrient loads now and
in the future. The SAB recognizes that if agricultural, environmental, and energy policies
are to be aligned to support hypoxia reduction, cooperation across a broad spectrum of

i



0NN N kAW~

11-19-07 Science Advisory Board (SAB) Hypoxia Panel Draft Advisory Report
-- Do Not Cite or Quote --
This Working Draft is made available for review and approval by the chartered Science Advisory
Board. This Draft does not represent EPA policy.

interests, including the highest levels of government, would be required. We note that
regulatory options under the Clean Water Act, an area within EPA’s purview, are
addressed by the National Academy of Sciences (NAS) in its recent study, the
“Mississippi River and the Clean Water Act.” As pointed out by the NAS, EPA has
regulatory authority under the Clean Water Act to address watershed wide issues.

The Executive Summary in the attached Advisory highlights the SAB’s findings
and recommendations with more detailed science presented in the main body of the

report. We appreciate the opportunity to provide advice on this important and timely
topic and look forward to receiving your response.

Sincerely,

Dr. M. Granger Morgan, Chair Dr. Virginia Dale, Chair
Science Advisory Board SAB Hypoxia Advisory Panel

il
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NOTICE

This report has been written as part of the activities of the EPA Science Advisory
Board, a public advisory committee providing extramural scientific information and
advice to the Administrator and other officials of the Environmental Protection Agency.
The SAB is structured to provide balanced, expert assessment of scientific matters related
to problems facing the Agency. This report has not been reviewed for approval by the
Agency and, hence, the contents of this report do not necessarily represent the views and
policies of the Environmental Protection Agency, nor of other agencies in the Executive
Branch of the federal government. Mention of trade names or commercial products do
not constitute a recommendation for use. Reports of the EPA SAB are posted at:
http://www.epa.gov/sab.
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Glossary of Terms

Algae: A group of chiefly aquatic plants (e.g., seaweed, pond scum, stonewort,
phytoplankton) that contain chlorophyll and may passively drift, weakly swim, grow on a
substrate, or establish root-like anchors (steadfasts) in a water body.

Anaerobic digestion: Decomposition of biological wastes by micro-organisms, usually
under wet conditions, in the absence of air (oxygen), to produce a gas comprising mostly
methane and carbon dioxide.

Animal feeding operation (AFQO): Agricultural enterprises where animals are kept and
raised in confined situations. AFOs congregate animals, feed, manure and urine, dead
animals, and production operations on a small land area. Feed is brought to the animals
rather than the animals grazing or otherwise seeking feed in pastures, fields, or on
rangeland. Winter feeding of animals on pasture or rangeland is not normally considered
an AFO.

Anoxia: The absence of dissolved oxygen.

Bacterioplankton: The bacterial component of the plankton that drifts in the water
column.

Benthic organisms: Organisms living in association with the bottom of aquatic
environments (e.g., polychaetes, clams, snails).

Best Management Practices (BMPs): BMPs are effective, practical, structural or
nonstructural methods that are designed to prevent or reduce the movement of sediment,
nutrients, pesticides and other chemical contaminants from the land to surface or ground
water, or which otherwise protect water quality from potential adverse effects of
agricultural activities. These practices are developed to achieve a cost-effective balance
between water quality protection and the agricultural production (e.g., crop, forage,
animal, forest).

Bioenergy: Useful, renewable energy produced from organic matter - the conversion of
the complex carbohydrates in organic matter to energy. Organic matter may either be
used directly as a fuel, processed into liquids and gasses, or be a residual of processing
and conversion.

Biogas: A combustible gas derived from decomposing biological waste under anaerobic
conditions. Biogas normally consists of 50 to 60 percent methane. See also landfill gas.

Biomass: Any organic matter that is available on a renewable or recurring basis,

including agricultural crops and trees, wood and wood residues, plants (including aquatic
plants), grasses, animal residues, municipal residues, and other residue materials.
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Biomass is generally produced in a sustainable manner from water and carbon dioxide by
photosynthesis. There are three main categories of biomass - primary, secondary, and
tertiary.

Bioreactor: A container in which a biological reaction takes place. As used in this report
a bioreactor is a container or a trench filled with a biodegradeable carbon source used to
enhance biological denitrification for removal of nitrate from drainage water.

Biosolids: Nutrient-rich soil-like materials resulting from the treatment of domestic
sewage in a treatment facility. During treatment, bacteria and other tiny organisms break
sewage down into organic matter, sometimes used as fertilizer.

Cellulosic ethanol: Ethanol that is produced from cellulose material; a long chain of
simple sugar molecules and the principal chemical constituent of cell walls of plants.

Chlorophyll: Pigment found in plant cells that are active in harnessing energy during
photosynthesis.

Conservation Reserve Program (CRP): CRP provides farm owners or operators with an
annual per-acre rental payment and half the cost of establishing a permanent land cover,
in exchange for retiring environmentally sensitive cropland from production for 10- to
15-years. In 1996, Congress reauthorized CRP for an additional round of contracts,
limiting enrollment to 36.4 million acres at any time. The 2002 Farm Act increased the
enrollment limit to 39 million acres. Producers can offer land for competitive bidding
based on an Environmental Benefits Index (EBI) during periodic signups, or can
automatically enroll more limited acreages in practices such as riparian buffers, field
windbreaks, and grass strips on a continuous basis. CRP is funded through the
Commodity Credit Corporation (CCC).

Conservation practices (CPs): Any action taken to produce environmental
improvements, particularly with respect to agricultural non-point source emissions. The
term is used broadly to refer to structural practices, such as buffers, as well as
nonstructural preactices, such as in-field nutrient management planning and application.
Conservation Practice standards have been developed by NRCS and are available at:
http://www.nrcs.usda.gov/Technical/Standards/nhcp.html.

Corn stover: Corn stocks that remain after the corn is harvested. Such stocks are low in
water content and very bulky.

Cyanobacteria: A phylum (or “division”) of bacteria that obtain their energy through
photosynthesis. They are often referred to as blue-green algae, although they are in fact
prokaryotes, not algae. The description is primarily used to reflect their appearance and
ecological role rather than their evolutionary lineage. The name “cyanobacteria” comes
from the color of the bacteria, cyan.
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Demersal organisms: Organisms that are, at times, associated with the bottom of aquatic
environments, but capable of moving away from it (e.g., blue crabs, shrimp, red drum).

Denitrification: Nitrogen transformations in water and soil that make nitrogen effectively
unavailable for plant uptake, usually returning it to the atmosphere as nitrogen gas.

Diatom: A major phytoplankton group characterized by cells enclosed in silicon
frustules, or shells.

Dinoflagellates: Mostly single-celled photosynthetic algae that bear flagella (long cell
extensions that function in swimming) and live in fresh or marine waters.

Edge-of-field nitrogen loss: A term that refers to the nitrogen that is lost or exported
from fields in agricultural production.

Effluent: The liquid or gas discharged from a process or chemical reactor, usually
containing residues from that process.

Emissions: Waste substances released into the air or water. See also Effluent.
Eutrophic: Waters, soils, or habitats that are high in nutrients; in aquatic systems,
associated with wide swings in dissolved oxygen concentrations and frequent algal
blooms.

Eutrophication: An increase in the rate of supply of organic matter to an ecosystem.
Greenhouse gases: Gases that trap the heat of the sun in the Earth's atmosphere,
producing the greenhouse effect. The two major greenhouse gases are water vapor and
carbon dioxide. Other greenhouse gases include methane, ozone, chlorofluorocarbons,

and nitrous oxide.

Hydrogen sulfide: A chemical, toxic to oxygen-dependent organisms, that diffuses into
the water as the oxygen levels above the seabed sediments become zero.

Hypoxia: Very low dissolved oxygen concentrations, generally less than 2 milligrams
per liter.

Lignocellulose: A combination of lignin and cellulose that strengthens woody plant cells.
Nitrate: An inorganic form of nitrogen; chemically NO;.

Nitrogen fixation: The transformation of atmospheric nitrogen into nitrogen compounds
that can be used by growing plants.
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Non-point source: A diffuse source of chemical and/or nutrient inputs not attributable to
any single discharge (e.g., agricultural runoff, urban runoff, atmospheric deposition).

Nutrients: Inorganic chemicals (particularly nitrogen, phosphorus, and silicon) required
for the growth of plants, including crops and phytoplankton.

Phytoplankton: Plant life (e.g., algae), usually containing chlorophyll, that passively
drifts in a water body.

Plankton: Organisms living suspended in the water column, incapable of moving against
currents.

Point source: Readily identifiable inputs where treated wastes are discharged from
municipal, industrial, and agricultural facilities to the receiving waters through a pipe or
drain.

Pre-sidedress-nitrate test (PSNT): A soil nitrate-N test determined in surface soil
samples (usually 0 to 30 cm or 0 to 12 in deep), collected between corn rows when the
corn is about 15 c¢cm (6 in) tall. Adjustments in the rate of side-dressed N can be made if
the soil test indicates elevated nitrate-N levels, based upon calibrations that vary among
growing regions. When successfully calibrated, the test results can be used as an index of
the amount of N that may be released during the course of the growing season by organic
sources such as soil organic matter, manure, and crop residues.

Productivity: The conversion of light energy and carbon dioxide into living organic
material.

Pycnocline: The region of the water column characterized by the strongest vertical
gradient in density, attributable to temperature, salinity, or both.

Recoverable manure: The portion of manure as excreted that could be collected from
buildings and lots where livestock are held, and thus would be available for land
application.

Recoverable manure nutrients: The amounts of nitrogen and phosphorus in manure that
would be expected to be available for land application. They are estimated by adjusting
the quantity of recoverable manure for nutrient loss during collection, transfer, storage,

and treatment; but are not adjusted for losses of nutrients at the time of land application.

Respiration: The consumption of oxygen during energy utilization by cells and
organisms.

Riparian floodplain: Area adjacent to a river or other body of water subject to frequent
flooding.

xxil



03O\ LN kAW~

11-19-07 Science Advisory Board (SAB) Hypoxia Panel Draft Advisory Report
-- Do Not Cite or Quote --
This Working Draft is made available for review and approval by the chartered Science Advisory
Board. This Draft does not represent EPA policy.

Soil tilth: The physical condition of the soil as related to its ease of tillage, fitness as a
seedbed, and impedance to seedling emergence and root penetration. A soil with good
“tilth has large pore spaces for adequate air infiltration and water movement, and holds a
reasonable supply of water and nutrients. Soil tilth is a factor of soil texture, soil
structure, and the interplay with organic content and the living organisms that help make
up the soil ecosystem.

Stratification: A multilayered water column, delineated by pycnoclines.

Sustainable: An ecosystem condition in which biodiversity, renewability, and resource
productivity are maintained over time.

Urease and nitrification inhibitors: Urease is a ubiquitous soil microbial enzyme that
facilitates the hydrolysis of urine and urea to form ammonia. In the soil, ammonia
readily hydrolyzes to ammonium. Soil ammonium also is formed by the mineralization
of soil organic matter and manures. Ammonium is then oxidized or “nitrified” first to
nitrite (NO;) and then to nitrate (NOs), which is highly soluble and subject to movement
in the soil with the moisture front, or leaching under certain conditions. Under anaerobic
conditions, NO; can be “denitrified” to the gases nitrous oxide (N,O) and nitrogen (N),
and released to the atmosphere. Urease inhibitors are chemicals applied to fertilizers or
manures to reduce urease activity. Under certain environmental conditions urease
inhibitors can temporarily inhibit or reduce ammonia loss (volatilization) to the
atmosphere from urea-containing fertilizers or manures. Nitrification inhibitors are
chemicals which can temporaritly inhibit or reduce nitrification of anhydrous ammonia,
ammonium-containing or urea-containing fertilizers applied to the soil; which may
indirectly help to reduce denitrification losses of N. Under certain environmental
conditions, urease and nitrification inhibitors help improve soil retention and crop
recovery of applied N, which may reduce potential environmental N losses.

Voluntary programs: Voluntary conservation programs that have no significant financial
incentive (positive or negative) to encourage the adoption of conservation practices.

Watershed: The drainage basin contributing water, organic matter, dissolved nutrients,
and sediments to a stream or lake.

Zooplankton: Animal life that drifts or weakly swims in a water body, often feeding on
phytoplankton.
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List of Acronyms

ADCPs — Acoustic Doppler Current Profilers

AFO — Animal Feeding Operation

AMLE — Adjusted Maximum Likelihood Estimate
ANNAMOX — Anaerobic Ammonia Oxidation

A/P ratio — Agglutinated to Porcelaneous ratio (based on the relative abundance of three
low-oxygen tolerant species of benthic foraminifers; Pseudononin altlanticum,
Epistominella vitrea, and Buliminella morgani)

ARS — Agricultural Research Service (USDA)

AUs — Animal Units

BBL — Benthic Boundary Layer

BMPs — Best Management Practices

BNR — Biological Nutrient Removal

BOD — Biochemical Oxygen Demand

Bu/A — Bushels per acre

C — Carbon

CAFO — Concentrated Animal Feeding Operation

CASTnet — Clean Air Status and Trends Network

CC or Ccc — Continuous Corn

CCC — Commodity Credit Corporation

CCOA - Corn-Corn-Oat-Alfalfa (crop rotation)

CDOM - Colored Dissolved Organic Matter

CEAP - Conservation Effectiveness Assessment Program
CENR — Committee on Environment and Natural Resources
Cm — Corn-meadow (crop rotation)

CMAQ — Community Multiscale Air Quality model

COAA — Corn-Oat-Alfalfa-Alfalfa (crop rotation)

CO, — Carbon Dioxide

cph — cycles per hour

CPRA — Coastal Protection and Restoration Authority
CREP — Conservation Reserve Enhancement Program

CRN - Controlled — and slow Release N fertilizers

CRP - Conservation Reserve Program

CRPA — Coastal Protection and Restoration Authority

CS or CSb — Corn Soybean rotation

CSP — Conservation Security Program

CTA — Conservation Technical Assistance

CTDs — Conductivity, Temperature, and Depth instrumentation
CVs — Coefficients of Variations

DDGs — Dried Distillers Grain

DIN:DIP — Dissolved Inorganic Nitrogen:Dissolved Inorganic Phosphorus
DO — Dissolved Oxygen

DOC — Dissolved Organic Carbon
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DOE — Department of Energy

DOM - Dissolved Organic Matter

DON - Dissolved Organic Nitrogen

DRP — Dissolved Reactive Phosphorus

EBI — Environmental Benefits Index

ECa — Electrical Conductivity

ENR — Enhanced Nutrient Removal

EPCy — Equilibrium P Concentration

EPIC — Environment Productivity Impact Calculator model
EQIP -- Environmental Quality Incentives Program
ERS — Economic Research Service (USDA)

Fe'™ — Ferrous Iron

FR — Federal Register

FWA — Flow Weighted Average

GAO — General Accounting Office

GCOOS — Gulf of Mexico Coastal Ocean Observing System
GCTM — Global Chemistry Transport Model

GHG — Green House Gases

GIS — Geographic Information System

GLWQA — Great Lakes Water Quality Agreement
GOM -Gulf of Mexico

GPS — Global Positioning System

GWW — Grass Waterways

HAB — Harmful Algal Bloom

HAP — Hypoxia Advisory Panel or SAB Panel

HEL — Highly Erodable Land

HLR — Hydraulic Loading Rate

HRUs — Hydraulic Response Units

HUC — Hydrologic Unit Code

HYDRA — Hydrological Routing Algorithm

IATP — Institute of Agricultural and Trade Policy
IBIS — Integrated Biosphere Simulator model

1JC — International Joint Commission

IPCC — Intergovernmental Panel on Climate Change
ISNT — Illinois Soil Nitrogen Test

LOADEST — Load Estimator model

LOWESS — Locally Weighted Scatterplot Smooth curves
LSNT — Late Spring Nitrate Test

LUMCON - Louisiana Universities Marine Consortium
M — Million

MGD — Million gallons per day

MARB — Mississippi-Atchafalaya River basin
MART -- Management Action Reassessment Team

Mn " — Manganese (oxidation state common in aquatic-biological systems)

MRB — Mississippi River basin
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MR/GMWNTF — Mississippi River/Gulf of Mexico Watershed Nutrient Task Force
MSEA — Management System Evaluation Area

N -- Nitrogen

N, — Nitrogen gas (colorless, odorless, and tasteless gas that makes up 78.09% of air)
N,O — Nitrous Oxide

NADP — National Air Deposition Program

NANI -- Net Anthropogenic Nitrogen Inputs

NAS — National Academy of Sciences

NASA — National Aeronautics and Space Administration

NASA-SeaWiFS — NASA Sea-viewing Wide Field-of-view Sensor (project providing
qualitative data on global ocean bio-optical properties)

NASQAN - National Stream Quality Accounting Network (USGS water-quality
monitoring program)

NECOP — Nutrient Enhanced Coastal Ocean Productivity

NGOM - Northern Gulf of Mexico

NH; -- Ammonia

NH,4" -- Ammonium

NHx — The total atmospheric concentration of ammonia (NH3) and ammonium (NH;")
NOAA — National Oceanic and Atmospheric Administration

NO; — Nitrite Nitrogen (NOy") if in water and Nitrogen Dioxide (NO;) if in air

NO; — Nitrate nitrogen

NOx — Mono-nitrogen oxides, or the total concentration of nitric oxide (NO) plus
nitrogen dioxide (NO,)

NOy — Reactive odd nitrogen or the sum of NOx plus compounds produced from the
oxidation of NOX, which includes nitric acid, peroxyacetyl nitrate, and other compounds
NPDES — National Pollutant Discharge Elimination System

NPSs — Non-Point Sources

NRC — National Research Council

NRCS — Natural Resource Conservation Service

NRI — National Resources Inventory

NSTC — National Science and Technology Council

O, — Diatomic Oxygen (makes up 20.95% of air)

OM — Organic Matter

P — Phosphorus

PEB index — An index based on the relative abundance of three low-oxygen tolerant
species of benthic foraminifers; Pseudononin altlanticum, Epistominella vitrea, and
Buliminella morgani

POC — Particulate Organic Carbon

ppmv — Parts per million by volume

ppt — Parts per thousand

PS — Point Source

PSNT — Pre-Sidedress Nitrate Test

RivR-N -- A regression model that predicts the proportion of N removed from streams
and reservoirs as an inverse function of the water displacement time of the water body
(ratio of water body depth to water time of travel)
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SAB — Science Advisory Board

SCOPE — Science Committee on Problems of the Environment

SD — Standard Deviation

Si — Silicon

SOC — Soil Organic Carbon

SOM - Soil Organic Matter

SON — Soil Organic Nitrogen

SPARROW - Spatially Referenced Regression on Watershed attributes model
SRP or DRP or ortho P — Soluble Reactive Phosphorus, Dissolved Reactive Phosphorus,
Orthophosphate

STATSGO - State Soil Geographic database

STORET — STOrage and RETrieval data system (EPA’s largest computerized
environmental data system)

STPs — Sewage Treatment Plants

SWAT - Soil and Water Assessment Tool model

THMB — Terrestrial Hydrology Model with Biogeochemistry

TKN — Total Kjeldahl Nitrogen

TM3 — Tracer Model version 3 (a global atmospheric chemistry/transport model)
TN — Total Nitrogen

TP — Total Phosphorus

TPCs — Typical Pollutant Concentrations

TSS — Total Suspended Solids

UAN - Urea Ammonium Nitrate

UMRB — Upper Mississipppi River basin

UMRSHNC — Upper Mississippi River Sub-basin Hypoxia Nutrient Committee
USMP — U.S. Agriculture Sector Mathematical Programming model

USACE — United States Army Corps of Engineers

USDA — United States Department of Agriculture

USEPA or EPA — United States Environmental Protection Agency

USGS — United States Geological Survey

WRP — Wetlands Reserve Program
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Conversion Factors and Abbreviations

MULTIPLY BY
centimeter (cm) 0.3937
millimeter (mm) 0.0394

meter (m) 3.281

kilometer (km) 0.6214
square kilometer (km?) 0.3861
hectare (ha) 2.471
hectare (ha) 0.01
liter (L) 1.057
liter (L) 0.0284
gram (g) 0.0353
gram per cubic meter (g/m”) 0.00169
kilogram (kg) 2.205
metric tonne (tonne) 2,205.0
metric tonne (tonne) 1.1023

cubic meter per second (m3/s) 35.31
kilogram per hectare (kg/ha) 0.893

CONCENTRATION UNIT

milligram per liter (mg/L)

TO OBTAIN

inch (in)

inch (in)

foot (ft)

mile (mi)

square mile (mi®)

acre (ac)

square kilometer (km?)
quart (qt)

bushel (bu) US, dry

ounce (0z)

pound per cubic yard (Ib/yd’)
pound (Ib), avoirdupois
pound (Ib), avoirdupois
U.S. short ton (ton)

cubic foot per second (cfs)
pound per acre (Ib/ac)

APPROXIMATELY EQUALS

part per million (ppm)

The following equation was used to compute flux of chemicals:

concentration (mg/L) x flow (m’/s) x 8.64 x 10 = metric tonne per day (tonne/d)

XxXVviil
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Executive Summary

Since 1985, scientists have been documenting a hypoxic zone in the Gulf of Mexico
each year. The hypoxic zone, an area of low dissolved oxygen that cannot support marine
life, generally manifests itself in the spring. Since marine species either die or flee the
hypoxic zone, the spread of hypoxia reduces the available habitat for marine species, which
are important for the ecosystem as well as commercial and recreational fishing in the Gulf.
Since 2001, the hypoxic zone has averaged 16,500 km? during its peak summer months', an
area slightly larger than the state of Connecticut, and ranged from a low of 8,500 km*to a
high of 22,000 km”. To address the hypoxia problem, the Mississippi River/Gulf of Mexico
Watershed Nutrient Task Force (or Task Force) was formed to bring together representatives
from federal agencies, states and tribes to consider options for responding to hypoxia. The
Task Force asked the White House Office of Science and Technology Policy to conduct a
scientific assessment of the causes and consequences of Gulf hypoxia through its Committee
on Environment and Natural Resources (CENR). In 2000 the CENR completed An
Integrated Assessment: Hypoxia in the Northern Gulf of Mexico (Integrated Assessment),
which formed the scientific basis for the Task Force’s Action Plan for Reducing, Mitigating
and Controlling Hypoxia in the Northern Gulf of Mexico (Action Plan, 2001). In its Action
Plan, the Task Force pledged to implement ten management actions and to assess progress
every five years. This reassessment would address the nutrient load reductions achieved, the
responses of the hypoxic zone and associated water quality and habitat conditions, and
economic and social effects. The Task Force began its reassessment in 2005.

In 2006 as part of the reassessment, EPA’s Office of Water, on behalf of the Task
Force, requested that the Environmental Protection Agency (EPA) Science Advisory Board
(SAB) convene an independent panel to evaluate the state of the science regarding hypoxia in
the Northern Gulf of Mexico and potential nutrient mitigation and control options in the
Mississippi-Atchafalaya River basin (MARB). The Task Force was particularly interested in
scientific advances since the Integrated Assessment and issued charge questions in three
areas: characterization of hypoxia; nutrient fate, transport and sources; and the scientific
basis for goals and management options. The SAB Hypoxia Advisory Panel (SAB Panel)
began its deliberations in September of 2006 and completed its report in August of 2007
while operating under the “sunshine” requirements of the Federal Advisory Committee Act,
which include providing public access to advisory meetings and opportunities for public
comment. This Executive Summary summarizes the SAB Panel’s major findings and
recommendations.

Findings

Since publication of the Integrated Assessment, scientific understanding of the causes
of hypoxia has grown while actions to control hypoxia have lagged. Recent science has

! The areal extent of the full hypoxic region has not been mapped with sufficient frequency to completely
understand its temporal variability. The limited number of observations that have been taken more than once
per year suggest that the hypoxic region reaches its maximum extent in late summer. There are physical and
biological reasons to expect such a pattern of temporal variation but available data provide a conservative
estimate of the maximum extent of hypoxia. The actual areal extent may be larger than estimated.

1
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affirmed the basic conclusion that contemporary changes in the hypoxic area in the northern
Gulf of Mexico (NGOM) are primarily related to nutrient fluxes from the MARB. Moreover,
new research provides early warnings about the deleterious long-term effects of hypoxia on
living resources in the Gulf.

The SAB Panel was asked to comment on the Action Plan’s goal to reduce the
hypoxic zone to a five-year running average of 5,000 km® by 2015. The 5,000 km? target
remains a reasonable endpoint for continued use in an adaptive management context;
however, it may no longer be possible to achieve this goal by 2015. In August of 2007, the
hypoxic zone was measured to be 20,500 km? (LUMCON, 2007), the third largest hypoxic
zone since measurements began in 1985. Accordingly, it is even more important to proceed
in a directionally correct fashion to manage factors affecting hypoxia than to wait for greater
precision in setting the goal for the size of the zone. Much can be learned by implementing
management plans, documenting practices, and measuring their effects with appropriate
monitoring programs.

To reduce the size of the hypoxic zone and improve water quality in the MARB, the
SAB Panel recommends a dual nutrient strategy targeting at least a 45% reduction in riverine
total nitrogen flux (to approximately 870,000 metric tonne/yr or 960,000 ton/yr) and at least a
45% reduction in riverine total phosphorus flux (to approximately 75,000 metric tonne/yr or
83,000 ton/yr). Both of these reductions refer to changes measured against average flux over
the 1980 - 1996 time period. For both nutrients, incremental annual reductions will be
needed to achieve the 45% reduction goals over the long run. For nitrogen, the greatest
emphasis should be placed on reducing spring flux, the time period most correlated with the
size of the hypoxic zone. While the state of predictive and process models of NGOM
hypoxia has continued to develop since 2000, models similar to those in place at that time are
still the best tools for producing dose response estimates for nitrogen (N) reductions, with
most recent model runs showing a 45 — 55% required reduction for N in order to reduce the
size of the hypoxic zone. A number of studies have suggested that climate change will create
conditions for which larger nutrient reductions, e.g., 50 — 60% for nitrogen, would be
required to reduce the size of the hypoxic zone.

New information has emerged that more precisely demonstrates the role of
phosphorus (P) in determining the size of the hypoxic zone. Contrary to conventional
wisdom that N typically limits phytoplankton production in near-coastal waters, the NGOM
exhibits an unusual phenomenon whereby P is an important limiting constituent during the
spring and summer in the lower salinity, near-shore regions. Phosphorus limitation is now
occurring because over the past 50 years excessive N loadings have dramatically altered
nitrogen to phosphorus ratios. Taken together, N and P both contribute to excess
phytoplankton production and the hypoxia associated with such production, and they will
need to be reduced concurrently to make progress in reducing the size of the hypoxic zone.
The SAB Panel’s best professional judgment is that phosphorus reductions will need to be
comparable (in percentage terms) to nitrogen reductions to reduce the size of the hypoxic
zone.
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Scientific advances have improved our understanding of the physical factors that
contribute to hypoxia. One physical factor that has changed substantially over the past
century is river hydrology. The hydrologic regime of the Mississippi and Atchafalaya Rivers
and the timing of freshwater inputs to the continental shelf are critical to mixing and hypoxia
development. The most important hydrological change over the past century has been the
diversion of a large amount of freshwater from the Mississippi River through the Atchafalaya
River to the Atchafalaya Bay, and maintenance of this diversion by the U. S. Army Corps of
Engineers. The major injection of freshwater into Atchafalaya Bay, some 200 kilometers to
the west of the Mississippi River Delta, has profoundly modified the spatial distribution of
freshwater inputs, nutrient loadings and stratification on the Louisiana-Texas continental
shelf.

Methods used by the U.S. Geological Survey (USGS) to calculate nutrient fluxes in
the MARB have changed since the Integrated Assessment. The latest USGS estimates show
that total N flux averaged 1.24 million metric tonne/yr (1.37 million ton/yr) from 2001 —
2005 (65% of the flux is nitrate), and the total P flux averaged 154,000 metric tonne/yr
(170,000 ton/yr). This change represents a 21% decline in total N flux and a 12% increase in
total P flux when compared to the averages from the 1980 — 1996 time period. The spring
(April — June) flux of nutrients appears to be an important determinant of hypoxia, for that is
when the river is disproportionately enriched with both N (especially nitrate) and P. Spring
total N flux has declined since the 1980s; whereas total P flux shows a 9.5% increase (when
average total P flux for 2001-2005 is compared to the 1980 — 1996 average). USGS data also
show that during the last 5 years, the upper Mississippi and Ohio-Tennessee River subbasins
contributed about 82% of nitrate-N flux, 69% of the TKN flux, and 58% of total P flux,
although these sub-basins represent only 31% of the entire MARB drainage area.

The SAB Panel’s estimates of point source discharge show that point sources
represented 22% of total annual average N flux and 34% of total annual average P flux
discharged to the NGOM during the last five years. New methods also have been used to
calculate nutrient mass balances (net anthropogenic N inputs, NANI). NANI for the MARB
has declined in the past decade because of increased crop yields, reduced or redistributed
livestock populations, and little change in N fertilizer inputs. From 1999-2005, NANI
calculations show 54% of non-point N inputs in the MARB were from fertilizer, 37% from
nitrogen fixation, and 9% from atmospheric deposition.

The SAB Panel finds that the Gulf of Mexico ecosystem appears to have gone
through a regime shift with hypoxia such that today the system is more sensitive to inputs of
nutrients than in the past, with nutrient inputs inducing a larger response in hypoxia as shown
for other coastal marine ecosystems such as the Chesapeake Bay and Danish coastal waters.
Changes in benthic and fish communities with the change in frequency of hypoxia are cause
for concern. The recovery of hypoxic ecosystems may occur only after long time periods or
with further reductions in nutrient inputs. If actions to control hypoxia are not taken, further
ecosystem impacts could occur within the Gulf, as has been observed in other ecosystems.

Certain aspects of the nation’s current agricultural and energy policies are at odds
with the goals of hypoxia reduction and improving water quality. Since the Integrated

3
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Assessment, an emerging national strategy on renewable fuels has granted economic
incentives to corn-based ethanol production. The projected increase in corn production from
this strategy has profound implications for water quality in the MARB, as well as hypoxia in
the NGOM. Recent energy policies, combined with pre-existing crop subsidies, tax policies,
global market conditions and trade barriers all provide economic incentives for conversion of
retired and other cropland to corn production for use in ethanol production. Such
conversions are projected to lead to corn production on an additional 6.5 million ha (16
million ac) in coming years with the majority of this increase occurring in the MARB.
Without some change to the current structure of economic incentives favoring corn-based
ethanol, N loadings to the MARB from increased corn production could increase
dramatically in coming years, rather than decreasing, as needed for the NGOM.

Recommendations for Monitoring and Research

Most of the research and monitoring needs identified in the Integrated Assessment
have not been met, and fewer rivers and streams are monitored today than in 2000. The
majority of monitoring recommendations in the Integrated Assessment remain relevant and
should be heeded. The SAB Panel affirms and reiterates the CENR’s call to improve and
expand monitoring of the temporal and spatial extent of hypoxia and the processes
controlling its formation; the flux of nutrients, carbon, and other constituents from non-point
sources throughout the MARB and to the NGOM; and measured (rather than estimated)
nitrogen and phosphorus fluxes from municipal and industrial point sources.

The SAB Panel affirms the need for research in the following areas identified in the
Integrated Assessment: ecological effects of hypoxia; watershed nutrient dynamics; effects of
different agricultural practices on nutrient losses from land, particularly at the small
watershed scale; nutrient cycling and carbon dynamics; long-term changes in hydrology and
climate; and economic and social impacts of hypoxia.

A suite of models is needed to simulate the processes and linkages that regulate the
onset, duration and extent of hypoxia. Emerging coastal ocean observation and prediction
systems should be encouraged to monitor dissolved oxygen and other physical and
biogeochemical parameters needed to continue improving hypoxia models.

To advance the science characterizing hypoxia and its causes, the SAB Panel finds
that research is also needed to:

e collect and analyze additional sediment core data needed to develop a better
understanding of spatial and temporal trends in hypoxia;

e investigate freshwater plume dispersal, vertical mixing processes and
stratification over the Louisiana-Texas continental shelf and Mississippi
Sound, and use three-dimensional hydrodynamic models to study the
consequences of past and future flow diversions to NGOM distributaries;
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e advance the understanding of biogeochemical and transport processes
affecting the load of biologically available nutrients and organic matter to the
Gulf of Mexico, and develop a suite of models that integrate physics and
biogeochemistry;

e clucidate the role of P relative to N in regulating phytoplankton production in
various zones and seasons, and investigate the linkages between inshore
primary production, offshore production, and the fate of carbon produced in
each zone;

e improve models that characterize the onset, volume, extent, and duration of
the hypoxic zone, and develop modeling capability to capture the importance
of P, N, and P-N interactions in hypoxia formation;

To advancing the science on sources, fate and transport of nutrients, the SAB Panel
recommends research to:

e develop models to simulate fluvial processes and estimate N and P transfer to
stream channels under different management scenarios;

e improve the understanding of temporal and seasonal nutrient fluxes and
develop nutrient, sediment, and organic matter budgets within the MARB;

To enhance the scientific basis for implementation of management options, the SAB
Panel finds that research is needed to:

e cxamine the efficacy of dual nutrient control practices;

e determine the extent, pattern, and intensity of agricultural drainage as well as
opportunities to reduce nutrient discharge by improving drainage
management;

¢ integrate monitoring, modeling, experimental results, and ongoing
management into an improved conceptual understanding of how the forces at
key management scales influence the formation of the hypoxia zone; and

e develop integrated economic and watershed models to support adaptive
management at multiple scales.

Developments in the biofuels industry have created new questions for researchers to
address. More research is needed on biofuel life cycles in order to identify system efficiency
with respect to environmental effects, economics, and resource availability of biofuel
alternatives. That is, research needs to evaluate the environmental effects of different biofuel
production processes on soil, water quality and climate under realistic strategies of deploying
production facilities and moving the biofuels to the market. Current incentives favor corn[’



0NN LN kAW~

11-16-07 Science Advisory Board (SAB) Hypoxia Panel Draft Advisory Report
-- Do Not Cite or Quote --
This Working Draft is made available for review and approval by the chartered Science Advisory Board.
This Draft does not represent EPA policy.

based ethanol production, although research has thus far shown fewer environmental
consequences with other feedstocks, e.g., cellulosic feedstocks such as switchgrass. Yet the
technology for conversion of cellulosic feedstocks to biofuel is not yet commercially viable.
Policies of all kinds (taxes, subsidies, trade) could be used to support research and
technological developments for those biofuels that balance high energy yields with the lowest
environmental impacts.

Recommendations for Adaptive Management

Adaptive management provides a framework for ongoing management in the face of
uncertainty. It requires that conceptual models be developed to guide management and that
management actions be treated like well-monitored experiments that answer questions for
improving decisions with each successive cycle of learning. The most urgent need is to
decrease nutrient discharge. In fact, nutrients should be decreased as soon as possible before
the system requires even larger nutrient reductions to reduce the area of hypoxia. Already
many taxa are lost during the peak of hypoxia, and there has been a shift in the relative
abundance of fish species. Increases in certain pelagic species can disrupt food web
structure, and the new system may respond in a quite different way to changes in nutrient
level. The SAB Panel thus agrees with the CENR’s emphasis on decreasing nutrient
discharge in the context of adaptive management.

These adaptive management actions must be interpreted in view of both field
measures and models of their effects. Conceptual models are needed for nutrient
management at several spatial resolutions from small catchments, to large watersheds, to the
entire MARB in order to guide research and ongoing adaptive management at each of the
relevant scales. To the greatest extent possible, feedbacks should be incorporated into the
models so that management is accompanied by learning about the full systems of linkages
between human activities and hypoxia as well as the full range of co-benefits of N and P
reductions.

Management Options

Large N and P reductions, on the order of 45% or more, are needed to reduce the size
of the hypoxic zone. To do this, the SAB Panel found the most significant opportunities for
N and P reductions occur in five areas:

= promotion, via research and economic incentives, of environmentally sustainable
approaches to biofuel production and associated cropping systems (e.g.,
perennials).

* improved management of nutrients by emphasizing infield nutrient management
efficiency and effectiveness to reduce losses;

= construction and restoration of wetlands, as well as criteria for targeting those
wetlands that may have a higher priority for reducing nutrient losses;
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* introduction of tighter N and P limits on municipal point sources; and

* improved targeting of conservation buffers, including riparian buffers, filter strips
and grassed waterways, to control surface-borne nutrients.

Importantly, not all approaches will be cost-effective in all locations; the optimal
combination and location of these practices will vary across and within watersheds.

In terms of cropping systems, research comparing nutrient discharge between
alternative cropping systems (including row crops and non-row crops such as perennials) and
a corn-soybean rotation shows that significant nutrient loss reductions could be achieved by
converting current corn-soybean rotations to alternative crops or alternative rotations.
Moreover, since corn crops require more nitrogen input, cellulosic sources (e.g., perennial
grasses, fast-growing woody species, etc.) could, by comparison, provide alternative energy
while protecting water quality. However, the technology for converting cellulosic sources to
biofuel is not yet commercially viable. Significant reductions in nutrient runoff could also be
achieved if nutrients are managed more efficiently on farms, for example by moving to
spring fertilization rather than fall. More wetlands are needed, especially in those areas that
promise the greatest N and P reductions. Since the greatest N and P runoff is coming from
upper Mississippi and Ohio-Tennessee River subbasins, where the highest proportion of tile
drainage occurs, measures to improve drainage water management are urgently needed. In
fact, improved targeting of almost all agricultural conservation practices in the region [e.g.,
conservation buffers, wetlands, land set aside in the Conservation Reserve Program (CRP),
drainage water management, etc.] could achieve greater local water quality benefits and
simultaneously contribute to hypoxia reduction. Nearly all of these opportunities were
recognized in the Integrated Assessment.

The CENR did not emphasize tighter limits on municipal point sources; however new
calculations from the SAB Panel indicate that 22% of annual average total N flux and 34% of
annual average total P flux to the Gulf comes from permitted point-source dischargers. The
SAB Panel’s calculations further demonstrate that tighter limits on N and P in effluent (3 mg
N/L and 0.3 mg P/L) from sewage treatment plants could realize an estimated 11% reduction
in annual average total N flux and a 21% reduction in total annual average P flux to the Gulf.
Although the exact N and P limit could be debated, clearly there are regulatory opportunities
to significantly reduce N and P fluxes to the Gulf. The cost associated with such regulations
could be reduced if trading programs for point and non-point sources are properly developed
and implemented concurrently with regulations.

Protecting and Enhancing Social Welfare in the Basin

Implementing the management options needed to reduce nutrients will clearly affect
the social welfare of many who live in the basin. On the positive side, N and P reductions
will improve environmental quality within the basin and, as the Integrated Assessment
documented, these co-benefits can be highly valuable. Second, if the costs of implementing
these management options are borne largely by residents in the region, then
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preserving/enhancing social welfare will require implementing policies that target the most
cost-effective sources and locations for nutrient reductions.

Subsidies, not regulation, have been the government’s primary tool for managing
agricultural production and income support in the U.S., as well as conservation in agriculture.
Hence re-structuring subsidies and conservation programs represents an important tool for
reducing nutrient runoff from agricultural production. The Integrated Assessment recognized
numerous agricultural management practices that improve water quality but did not discuss
the efficiency of the tools for their implementation. A large body of economics literature
exists regarding the relative merits and cost-effectiveness of taxes, regulations, voluntary
approaches, permit trading, subsidies, and other instruments that could apply to reducing
nutrient losses. This research indicates that if significant behavioral changes are to be
realized, incentives are needed across a wide range of sectors. Such incentives can be
positive (e.g., subsidies) or negative (e.g., taxes or direction regulation with enforcement
actions), but they must be strong enough to change behavior. A thorough and quantitative
comparison of all possible incentives for all sectors was beyond the SAB Panel’s scope;
however, research indicates that the following approaches are cost-effective.

First, the establishment (and continuation where appropriate) of targeting and
competitive bidding mechanisms results in lands enrolled in conservation programs (e.g., the
Conservation Reserve Program, the Environmental Quality Incentives Program, and the
Conservation Security Program) that achieve maximum environmental benefits. Moreover,
conservation compliance requirements extended to nutrient management, if adequately
monitored and enforced, could be cost-effective. Targeting conservation practices to the
locations within a watershed where they produce the most N and P reductions (and co-
benefits) and targeting entire watersheds that have relatively high N and/or high P
contributions are both cost-effective targeting approaches.

Second, economic incentives are needed for the full range of conservation options.
Incentives for development of technologies to convert cellulosic perennials to biofuels would
be needed to greatly reduce N and P losses from agricultural systems. Re-structuring
eligibility requirements for existing subsidies to reward conservation in all its forms (in-field
nutrient management, cover crops, conservation buffers, wetlands, alternative drainage,
manure management) could help mitigate the unintended consequences of agricultural
production.

Conclusion

In sum, environmental decisions and improvements require a balance between
research, monitoring and action. In the Gulf of Mexico, the action component lags behind
the growing body of science. Moreover, certain aspects of current agricultural and energy
policies conflict with measures needed for hypoxia reduction. Although uncertainty remains,
there is an abundance of information on how to reduce hypoxia in the Gulf of Mexico and to
improve water quality in the MARB, much of it highlighted in the Integrated Assessment.

To utilize that information, it may be necessary to confront the conflicts between certain
aspects of current agricultural and energy policies on the one hand and the goals of hypoxia
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reduction and improving water quality on the other. This dilemma is particularly relevant
with respect to those policies that create economic incentives. The SAB Panel's
recommendation to address the structure of economic incentives stems from sound science.

Basing management decisions on sound science means taking action at several
different scales, addressing conflicts between policies, and acting in the face of uncertainties.
Lessons learned from current actions can inform and improve future decisions. While
actions must come first, they must also be coupled with monitoring and modeling of
management activities within a conceptual framework to improve understanding of the
system. Done well, this process of adaptive management means that, over time, society will
benefit from cost-effective environmental decisions that reduce hypoxia in the Gulf and
improve water quality in the MARB.
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1. Introduction
1.1.  Hypoxia and the Northern Gulf of Mexico — A Brief Overview

Nutrient over enrichment from anthropogenic sources is a major stressor of aquatic,
estuarine, and marine ecosystems. Nutrients enter ecosystems through off-target migration
of fertilizer from agricultural fields, golf courses, and lawns; disposal of animal manure;
atmospheric deposition of nitrogen; erosion of soil containing nutrients; sewage treatment
plant discharges; and other industrial discharges. Excessive nutrients promote nuisance
blooms (excessive growth) of opportunistic bacteria, cyanobacteria, and algae. When the
available nutrients in the water column have been sequestered in plant biomass, the nuisance
blooms die, decompose, and deplete dissolved oxygen in the water column and at the
sediment water interface. This oxygen depletion, known as hypoxia, occurs when normal
dissolved oxygen concentrations in shallow coastal and estuarine systems decrease below the
level required to support many estuarine and marine organisms (< 2 mg/L).

Hypoxia can occur naturally in deep basins, fjords, and oxygen minimal coastal zones
associated with upwelling. However, nutrient induced hypoxia in shallow coastal and
estuarine systems is increasing worldwide. A large hypoxic area, averaging about 16,500
km? (10, 250 mi®) and ranging from 8,500 to 22,000 km® (3,100 to 7,700 mi*) forms annually
between May and September in the northern Gulf of Mexico. Shown in Figure 1, the
northern Gulf hypoxic zone is the largest in the United States and the second largest
worldwide. Hypoxic conditions result from complex interactions between climate, weather,
basin morphology, circulation patterns, water retention times, freshwater inflows,
stratification, mixing, and nutrient loadings. Nutrient fluxes from the Mississippi!
Atchafalaya River basin (MARB), coupled with temperature and density induced
stratification have been implicated as the primary cause of hypoxia in the northern Gulf of
Mexico (NGOM) (CENR, 2000).
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Figure 1: Map of the frequency of hypoxia in the northern Gulf of Mexico, 1985-2005. Taken from N.N.
Rabalais, LUMCON, 2006.

10



O 001N DN B W=

10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

11-16-07 Science Advisory Board 