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Preface
The Hypoxia Task Force (Task Force), consisting of five federal agencies and 12 states bordering the 

Mississippi and Ohio rivers, has been working to implement the 2008 Gulf Hypoxia Action Plan. 

Since 2008, the states and federal agencies have targeted funding to agricultural producers to 

implement critical parts of the Action Plan, improved partnerships among Task Force members and 

other organizations with similar goals, and continued to develop new management approaches 

to reduce nutrient runoff in the Mississippi/Atchafalaya River Basin (MARB) and eventually to the 

Gulf of Mexico. Although achieving measurable water quality improvements takes time, and more 

frequent extreme weather events pose challenges, the progress we are making in developing state 

and federal nutrient reduction strategies, improving access to monitoring data, sponsoring science 

forums, and coordinating with other Gulf Coast efforts is providing an excellent foundation as we 

look to the next five years of accelerating our progress. 
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Executive Summary

Background
Every summer, a large hypoxic zone forms in the Gulf of Mexico. This hypoxic zone, where 
dissolved oxygen is too low for many aquatic species to survive, is fueled by nutrient (nitrogen 
and phosphorus) runoff from the Mississippi/Atchafalaya River Basin (MARB) and is also affected by 
stratification (layering) of waters in the Gulf. Nutrient-laden freshwater from the MARB is warmer 
and less dense than the deep ocean water, and contributes to the formation of an upper, less saline, 
surface layer. This stratification of the water column restricts mixing of oxygen-rich surface water 
with oxygen-poor deep water. Furthermore, the excessive nutrient loads trigger an overgrowth of 
algae that rapidly consumes oxygen when decomposed. This decomposition in bottom waters, 
coupled with water column stratification, results in hypoxia. The nitrogen and phosphorus loads 
originate predominantly from sources relatively far upstream from the Gulf. Sources of nitrogen 
include agriculture—both row crop agriculture and animal feeding operations—atmospheric 
deposition, urban runoff, and various point sources. Sources of phosphorus also include agriculture, 
urban runoff, point sources, stream channels, and natural soil deposits. 

Low dissolved oxygen in the Gulf is a serious environmental concern that can impact valuable 
fisheries and disrupt sensitive ecosystems. Mobile animals (e.g., adult fish) can typically survive 
hypoxic events by moving to areas of higher oxygen, but this may push them into less optimal 
habitats, often along the edge of the hypoxic zone. Exposure to hypoxia can cause severe health 
effects, such as reduced growth and reproduction. Less mobile animals (e.g., clams, worms) that 
typically constitute critical food sources for fish populations cannot move to higher oxygen waters 
and are often killed during hypoxic events. 

The Task Force1 is working to reduce nutrient loads in the MARB and mitigate Gulf hypoxia. It 
provides a forum for state water, natural resources, and agricultural agencies and federal agencies to 
partner on local, state, and regional nutrient reduction efforts, encouraging a holistic approach that 
takes into account upstream sources and downstream impacts. To learn more about the Task Force 
and each of its member organizations, visit http://water.epa.gov/type/watersheds/named/msbasin/
members.cfm. 

Learn more about nutrient pollution, hypoxia, and the Task Force at www2.epa.gov/
nutrientpollution and http://water.epa.gov/type/watersheds/named/msbasin/index.cfm.

The Task Force 2008 Action Plan 
The Task Force developed the 2008 Gulf Hypoxia Action Plan2 (http://water.epa.gov/type/
watersheds/named/msbasin/actionplan.cfm) as a product of a four-year reassessment of the 
2001 Action Plan and the science and steps needed to reduce the size of the hypoxic zone and 
improve water quality in the Basin. The 2008 Action Plan reflects emerging science, including a 
report by U.S. Environmental Protection Agency’s (USEPA’s) Science Advisory Board (USEPA 2008). It 
describes a basin-wide strategy that reiterates the 2001 Action Plan’s goals of reducing, mitigating, 
and controlling hypoxia in the northern Gulf of Mexico and protecting water quality in the MARB. 
Eleven key action items in the 2008 Action Plan outline critical needs to complete and implement 
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1 Also referred to as the Mississippi River/Gulf of Mexico Watershed Nutrient Task Force.
2 The full title is Gulf Hypoxia Action Plan 2008, referred to throughout this document as the 2008 Action Plan.

http://water.epa.gov/type/watersheds/named/msbasin/members.cfm
http://water.epa.gov/type/watersheds/named/msbasin/members.cfm
http://www2.epa.gov/nutrientpollution
http://www2.epa.gov/nutrientpollution
http://water.epa.gov/type/watersheds/named/msbasin/index.cfm
http://water.epa.gov/type/watersheds/named/msbasin/actionplan.cfm
http://water.epa.gov/type/watersheds/named/msbasin/actionplan.cfm
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nitrogen and phosphorus reduction strategies, promote effective conservation practices to 
manage rural runoff, use existing regulatory controls to reduce point source discharges of nitrogen 
and phosphorus, track progress, reduce existing scientific uncertainties, and promote effective 
communication to increase awareness of Gulf hypoxia. 

What’s Been Done Since 2008:  
The Focus of this 2013 Reassessment
Action Item 11 of the 2008 Action Plan called for a reassessment in five years: 

“In five years (2013) reassess nitrogen and phosphorus load reductions, the response of the hypoxic zone, 
changes in water quality throughout the Mississippi/Atchafalaya River Basin, and the economic and 
social effects, including changes in land use and management, of the reductions in terms of the goals of 
this Action Plan. Evaluate how current policies and programs affect the management decisions made 
by industrial and agricultural producers, evaluate lessons learned, and determine appropriate actions to 
continue to implement or, if necessary, revise this strategy.” 

In response to Action Item 11, the Task Force has developed the 2013 reassessment to provide a 
snapshot of progress to date in implementing the other 10 action items in the 2008 Action Plan. 

Our understanding of the science connecting nitrogen and phosphorus pollution in the MARB 
with the northern Gulf of Mexico hypoxic zone has advanced considerably since the previous 
reassessment. These advancements have strengthened the broad consensus in the scientific 
community that nitrogen and phosphorus loads from the MARB flow down the Mississippi River to 
the Gulf of Mexico where, in combination with stratification (layering) of the water column, those 
loads contribute in a significant way to an area of oxygen-depleted water. 

Research on the Gulf ecosystem since the last reassessment (2005–2007) has led to a more 
comprehensive understanding of factors regulating hypoxia, but the overwhelming majority of these 
studies have reinforced the central tenet of the 2008 Action Plan that “reducing nutrient loadings 
from the various sources in the Basin addresses the most critical and controllable cause of hypoxia.” 
Reducing nutrient inputs into the MARB and Gulf will continue to be the Task Force’s overall approach 
towards reducing the size of the Gulf hypoxic zone and protecting in-basin waters. The advancement 
of new tools and analyses has also better refined our approaches to controlling nutrient loads. 

In the 2008 Action Plan, the Task Force revised and reaffirmed the Coastal Goal, agreeing to “strive 
to reduce or make significant progress towards reducing” the five-year running average size of the 
zone to less than 5,000 square kilometers by 2015, “subject to the availability of additional resources.” 
One of the conclusions from the 2007 Reassessment is that reducing the size of the hypoxic zone to 
5,000 square kilometers “remains a reasonable goal in an adaptive management context; however, it 
may not be possible to achieve this goal by 2015.” The nutrient reduction strategies in development 
by the states are expected to include additional state-level goals and measures of success. Tracking 
state implementation of the strategies will help the Task Force determine progress towards 
reducing overall nutrient loads getting to the Gulf. The Task Force has also formed a new workgroup 
in spring 2013 to discuss not only the time frame for achievement of the Coastal Goal, but also 
explore the benefits of supplementing the Coastal Goal with other incremental measures that track 
ongoing nutrient reduction activities and nutrient load reductions.
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Trends in Size of Hypoxic Zone 
The size of the zone varies considerably year to year, depending on natural and anthropogenic 
factors (Figure 1). Potential effects of climate change—including severe weather events, prolonged 
drought, and early spring runoff—compound this variability within the reassessment timeline. 
For 2013, the hypoxic zone measured 15,126 square kilometers, which was smaller than forecasted 
due to mixing events and winds forcing the low oxygen water towards the east. In 2012 the zone 
measured 7,580 square kilometers. Although still larger than the size of the goal, this is significantly 
smaller than the previous year’s size (17,520 square kilometers). Significant flooding contributed to 
a larger zone in 2011, while the smaller zone in 2012 can be attributed, at least in part, to summer 
drought conditions in the MARB that resulted in greatly reduced nutrient outputs into the Gulf of 
Mexico. On the basis of the current five-year running average size of the zone, and as anticipated 
in the 2007 Reassessment, the Coastal Goal is unlikely to be achieved in 2015. While incremental 
improvements and significant investments have been made, complex influences of factors like 
climate change and drought continue to provide significant challenges to measuring success.
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Figure 1. Size of the Gulf of Mexico hypoxic zone from 1985 to 2013.
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In-basin Nutrient Load Trends
According to U.S. Geological Survey (USGS) data, annual nutrient loads also vary considerably 
year-to-year (Figures 2 and 3). Between 1980 and 2011, annual nutrient loads ranged from lows of 
810,000 metric tons of total nitrogen (TN) and 73,100 metric tons of total phosphorus (TP) to highs 
of 2,209,000 metric tons of TN and 213,000 metric tons of TP. The five-year average for TN delivered 
to the Gulf generally decreased from 1997 to 2007, but it has steadily increased since 2007. The 
five-year average for TP delivered to the Gulf has generally increased since 1997. Between 1980 and 
2008, flow-normalized nitrate concentration and flux at the Mississippi River outlet have increased 
by about 10 percent. Nitrate concentrations have increased at low and moderate streamflows but 
decreased at high streamflows. Notably, nitrate concentrations decreased at high streamflows in 
the spring, when nitrate fluxes were highest. Many factors including population growth, climate 
change, atmospheric deposition, and changes in farm management practices can influence 
variability in nutrient loading. 
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Figure 2. Annual TN loads to the Gulf of Mexico.

Figure 3. Annual TP loads to the Gulf of Mexico.
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Action Items Status Summary 
Action Items 1, 2, and 3 of the 2008 Action Plan focus on developing state nutrient reduction 
strategies (Action Item 1) and federal nutrient reduction strategies (Action Item 2), and looking for 
opportunities to use existing federal and state programs to enhance protection of the Gulf and local 
water quality (Action Item 3). The Task Force continues to focus on drafting, finalizing, supporting, 
and implementing state nutrient reduction strategies as its highest priority. State strategies allow for 
flexibility yet provide similarly organized, detailed plans for making progress tailored to each state. 
Five Task Force states have already finalized or released drafts of their nutrient reduction strategies, 
while all of the remaining seven states expect to have at least draft strategies completed by late 
2013 or early 2014. 

The Task Force Federal Strategy (http://water.epa.gov/type/watersheds/named/msbasin/
nutrient_strategies.cfm) provides a blueprint for how federal agencies are currently focusing and 
planning future activities that provide targeted and well-coordinated support to states. In addition, 
the Task Force federal agencies have developed a detailed appendix (http://water.epa.gov/type/
watersheds/named/msbasin/upload/REPORT-Federal-Strategy-090612-_APPENDIX_updated.pdf) 
to the Task Force Federal Strategy as a reference to help states select, from a broad array of federal 
programs, those that could best support each phase of developing or implementing their nutrient 
reduction strategies. The federal agencies have also used the Task Force as a platform to develop 
new cooperative programs and enhance existing collaborations, increasing opportunities to 
effectively leverage limited resources to improve in-state water quality and reduce nutrient loadings 
to the Gulf. Although demand for federal assistance to Task Force states exceeds available resources, 
federal agencies are devoting significant funds and leveraging these efforts where possible. 

While developing these nutrient reduction strategies, the Task Force identified a myriad of other 
state and federal programs whose primary purpose is not specifically to mitigate hypoxia, but can 
also be used to address nutrient pollution. Examples of existing federal programs that support 
states in reducing nutrients include the Clean Water Act section 319 funding program for nonpoint 
sources and the Environmental Quality Incentives Program administered by the Natural Resources 
Conservation Service. 

Action Item 4 of the 2008 Action Plan focuses on developing, promoting, and evaluating nutrient 
conservation practices in the MARB. U.S. Department of Agriculture (USDA), which has taken the 
lead on this action item, has made progress through a variety of actions, such as creating the 
Mississippi River Basin Healthy Watersheds Initiative (MRBI) (www.nrcs.usda.gov/wps/portal/nrcs/
detailfull/national/programs/farmbill/initiatives/?cid=stelprdb1048200), the National Water Quality 
Initiative in concert with USEPA and state water quality agencies, and the Gulf of Mexico Initiative to 
promote conservation systems that avoid, control, and trap nutrients. The MRBI will have targeted 
over $341 million in technical and financial assistance across 123 projects and 640 small watersheds 
by the close of fiscal year 2013. In year four of implementation, the demand for MRBI’s targeted 
assistance remains very strong, outstripping the supply of available financial assistance by a margin 
of over two to one.

Other USDA actions include quantifying the effectiveness of conservation practices, using models 
to predict impacts of those practices, and delivering technical support to farmers and ranchers 
in the MARB though a variety of mechanisms, such as learning centers. USEPA has taken the lead 
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http://water.epa.gov/type/watersheds/named/msbasin/nutrient_strategies.cfm
http://water.epa.gov/type/watersheds/named/msbasin/nutrient_strategies.cfm
http://water.epa.gov/type/watersheds/named/msbasin/upload/REPORT-Federal-Strategy-090612-_APPENDIX_updated.pdf
http://water.epa.gov/type/watersheds/named/msbasin/upload/REPORT-Federal-Strategy-090612-_APPENDIX_updated.pdf
http://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/programs/farmbill/initiatives/?cid=stelprdb1048200
http://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/programs/farmbill/initiatives/?cid=stelprdb1048200
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on further analyzing nutrient contributions from industrial and municipal point sources and non-
agricultural sources (e.g., industries, atmospheric deposition). 

Action Items 5, 6, and 7 of the 2008 Action Plan focus on identifying and quantifying the effects 
of the hypoxic zone on the economic, human, and natural resources in the MARB (Action Item 5); 
coordinating, consolidating, and improving access to data collected (Action Item 6); and tracking 
interim progress on actions that reduce nitrogen and phosphorus by producing an annual report 
on reduction activities and results (Action Item 7). Examples of activities conducted by the Task 
Force (or its individual member agencies and partners) that address these action items include the 
following: 

 Reviewed various impacts of excessive nutrients in the MARB (e.g., costs associated with 
nutrient pollution in Grand Lake St. Marys) and impacts of the hypoxic zone in the Gulf of 
Mexico (e.g., socioeconomic impacts to the shrimp fishery in the Gulf of Mexico). Much work 
remains to better identify and quantify the effects and benefits of nutrient reduction. 

 Developed tools to track and measure progress on meeting the 2008 Action Plan, such 
as USEPA’s Discharge Monitoring Report Pollutant Loading Tool and the Nitrogen and 
Phosphorus Data Access Tool. 

 Released a Water Quality Portal in 2012 that provides consolidated, publicly available water 
quality data from USGS' National Water Information Systems and USEPA's Storage and Retrieval 
Data. 

Action Items 8 and 9 of the 2008 Action Plan focus on decreasing scientific uncertainty on source, 
fate, and transport of nitrogen and phosphorus (Action Item 8) and the effects of nutrients on 
hypoxia (Action Item 9). Action 10 promotes effective communication to increase awareness of the 
issue and actions being taken. Examples of activities conducted by the Task Force (or its member 
agencies and partners) that address these action items include the following: 

 Convened the MARB Monitoring Collaborative (composed of representatives from each Task 
Force state and federal agency) to identify monitoring objectives and necessary funding to 
establish a long-term, multiscale MARB water quality monitoring network using existing sites 
and resources. 

 Conducted basin-wide assessments and used models to greatly increase the understanding 
of nutrient delivery and transport within the MARB. These models can then be used to 
evaluate management strategies. 

 Convened workshops to coordinate hypoxic zone monitoring and modeling research, provide 
a forum for discussing the state-of-knowledge and information gaps, and provide updates on 
Task Force and other efforts. 

 Promoted communication of various nutrient reduction activities through updating the 
Task Force website with relevant information, conducting in-person meetings to share 
progress and come up with solutions, and using webinars or online virtual workshops to hold 
numerous sessions on various hypoxia- and nutrient-related topics. In addition, the Task Force 
is reaching out to organizations who have similar objectives and to identify opportunities to 
leverage resources for addressing nutrient pollution in the MARB and, ultimately, the Gulf of 
Mexico. 

Executive Sum
m

ary



x   Reassessment 2013

Numerous other activities have been taken to make progress on each of the action items in the 
2008 Action Plan. Read the entire reassessment to learn more (www.epa.gov/msbasin). 

Conclusion
As a result of our reassessment, the Task Force believes that the current 2008 Action Plan continues 
to provide a strong framework for and path toward reducing nitrogen and phosphorus in the MARB 
and reducing the size of the Gulf hypoxic zone. Its most important recommendations remain valid, 
and the Task Force members remain committed to its implementation. 

The most efficient and effective approach to move forward is for the Task Force to accelerate 
implementation of the actions contained in the 2008 Action Plan, while refining specific approaches 
as better science, new tools, and policy innovations become available. One of the refinements 
is likely to include identifying additional metrics—whether at the basin-wide or state level—to 
measure interim progress in the Task Force’s activities, such as implementation of agriculture best 
management practices or reductions in nutrient loads at a variety of scales, from small streams to 
the outlet to the Gulf of Mexico. 

The completion and implementation of the state nutrient strategies for all states in early 2014 will 
be a significant step forward in reducing nutrient loads to the Gulf.
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Abbreviations and Acronyms
4Rs Right source, Right time, Right place, Right rate

ANM adaptive nutrient management

APEX Agricultural Policy/Environmental eXtender

ARDE Atchafalaya River Delta Estuary

ARS Agricultural Research Service

AUV autonomous underwater vehicle

BMPs best management practices

CAFO concentrated animal feeding operation

CAS Conservation Activity Standard

CEAP Conservation Effects Assessment Project

CIG Conservation Innovation Grant

CPS Conservation Practice Standard

CREP Conservation Reserve Enhancement Program

Delta F.A.R.M. Delta Farmers Advocating Resource Management

DMR Discharge Monitoring Report

DNRA dissimilatory nitrate reduction to ammonium 

EQIP Environmental Quality Incentives Program

FY fiscal year

GOMA Gulf of Mexico Alliance

GoMI Gulf of Mexico Initiative

HIF hypoxia inducible-factor

HUC hydrologic unit code

HUMUS  Hydrologic Unit Model for the United States

LDEQ Louisiana Department of Environmental Quality

LOADEST Load Estimator

LUMCON Louisiana Universities Marine Consortium

MARB Mississippi/Atchafalaya River Basin

Abbreviations and Acronym
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MDEQ Mississippi Department of Environmental Quality

MPCA Minnesota Pollution Control Agency

MRBI Mississippi River Basin Healthy Watersheds Initiative

NIFA National Institute of Food and Agriculture 

NOAA National Oceanic and Atmospheric Administration

NPDAT Nitrogen and Phosphorus Pollution Data Access Tool

NPDES National Pollutant Discharge Elimination System 

NRCS Natural Resources Conservation Service

NTT Nutrient Tracking Tool

NWIS National Water Information Systems

NWQI National Water Quality Initiative

OAR Office of Air and Radiation

Ohio EPA Ohio Environmental Protection Agency

POTW publicly owned treatment works

SAB Science Advisory Board

SEAMAP Southeast Area Monitoring and Assessment Program

SPARROW SPAtially Referenced Regressions On Watershed attributes

STORET Storage and Retrieval Data Warehouse

SWAT Soil and Water Assessment Tool

TAMU Texas A&M University

TMDL total maximum daily load

TN total nitrogen

TP total phosphorus

TSP technical service provider

USACE U.S. Army Corps of Engineers

USDA U.S. Department of Agriculture

USEPA U.S. Environmental Protection Agency

USGS U.S. Geological Survey

WQIag Water Quality Index for Runoff Water from Agricultural Fields
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Action Item 1
State-level Nutrient Reduction Strategies
“Complete and implement comprehensive nitrogen and phosphorus 
reduction strategies for states within the Mississippi/Atchafalaya 
River Basin encompassing watershed with significant contributions 
of nitrogen and phosphorus to the surface waters of the Mississippi/
Atchafalaya River Basin, and ultimately to the Gulf of Mexico.”

State-level nutrient reduction strategies are a major focus of the Hypoxia Task Force (Task Force). The 
importance of developing and implementing nutrient reduction strategies to reduce nitrogen and 
phosphorus pollution in the Mississippi/Atchafalaya River Basin (MARB), and the size of the hypoxic 
zone, was originally stressed in the first 2001 Action Plan1 (http://water.epa.gov/type/watersheds/
named/msbasin/upload/2001_04_04_msbasin_actionplan2001.pdf). The 2001 version tasked 
states, tribes, and federal agencies in the MARB to develop nutrient reduction strategies by fall 2002, 
using “available data and tools, local partnerships, and coordination through sub-basin committees.” 
The goal of putting strategies in place by fall 2002 was not achieved, and a revised 2008 Action 
Plan2 (http://water.epa.gov/type/watersheds/named/msbasin/actionplan.cfm) was published 
to incorporate updated science, and to reiterate the goals and commitment of the Task Force in 
protecting the MARB and Gulf of Mexico. 

The Task Force changed its approach between the 2001 and 2008 Action Plans with regard to 
strategy development. The 2008 Action Plan identifies as its first action item the completion and 
implementation of “comprehensive nitrogen and phosphorus reduction strategies for states within 
the MARB encompassing watersheds with significant contributions of nitrogen and phosphorus 
to the surface waters of the MARB, and ultimately to the Gulf of Mexico” by 2013. By promoting 
state-level strategies, the Task Force recognizes that no one approach to nutrient reduction can 
account for the considerable heterogeneity of soils, hydrology, and land use practices as well as 
administrative and legislative differences across the MARB. 
Having each state develop and implement its own strategy 
provides flexibility for tailoring the strategy’s approaches and 
components. State-level strategies will also be the roadmaps for 
decreasing nutrient pollution. They allow for a more detailed 
basis for developing and implementing load reductions and 
provide a vehicle for coordinating with federal agencies and 
other MARB states. States are also most qualified to identify the 
stakeholders who can influence and support needed changes in 
practices and programs, targeting activities using their on-the-
ground expertise and relationships with the local constituents. State members of the Hypoxia Task Force meet to discuss state nutrient 

reduction strategies.

M
DEQ

1 The full title is Action Plan for Reducing, Mitigating, and Controlling Hypoxia in the Northern Gulf of Mexico, referred to throughout this document as the 2001 Action Plan.
2 The full title is Gulf Hypoxia Action Plan 2008, referred to throughout this document as the 2008 Action Plan.

http://water.epa.gov/type/watersheds/named/msbasin/upload/2001_04_04_msbasin_actionplan2001.pdf
http://water.epa.gov/type/watersheds/named/msbasin/upload/2001_04_04_msbasin_actionplan2001.pdf
http://water.epa.gov/type/watersheds/named/msbasin/actionplan.cfm
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To aid development of state-level strategies, in 2010, the Task Force established the State Nutrient 
Reduction Strategy Development Work Group (Work Group)—composed of state and federal 
members. The Work Group identified essential components of state-level nutrient reduction 
strategies, resource needs, potential federal resources for strategy development, and other 
information. As many states identified the lack of funding and other resource support as a major 
impediment to developing their nutrient reduction strategies, the Work Group also requested 
funding support for state-level strategy development, development of federal strategies to support 
implementation of state-level strategies, and continued communication and logistical support for 
Task Force states. Potential sources of federal funding for the states include programs, grants, or 
both from U.S. Environmental Protection Agency (USEPA), U.S. Department of Agriculture (USDA), 
U.S. Geological Survey (USGS), and the National Oceanic and Atmospheric Administration (NOAA). 
Additional USEPA funding was also made available to states for strategy development through a 
USEPA Gulf of Mexico Program Office request for proposals, and two federally sponsored workshops 
for strategy development were held in 2010 and 2011. A key consideration for these workshops 
was for each Task Force state to include representatives from its environmental, agricultural, and 
conservation agencies, as well as stakeholder organizations. This consideration is also consistent 
with two recommendations under the first action item in the 2008 Action Plan—(1) involve and 
communicate with all state-level agencies and (2) engage key state stakeholders in the very 
beginning of the strategy development process.

Furthermore, the Work Group noted that, while states generally prefer flexibility in determining their 
own nutrient reduction strategy approach and components, an aligned approach among MARB 
states is critical to increasing the likelihood of success in achieving the 2008 Action Plan goal. There 
was a broad, general consensus among workgroup members on the essential components to be 
included in a comprehensive state-level nutrient reduction strategy. These components also closely 
resemble the recommended nutrient framework outlined in the next section. 

USEPA Issues Recommended Nutrient Framework 
In a memorandum dated March 16, 2011, USEPA Acting Assistant Administrator for Water, Nancy 
Stoner, set out USEPA’s approach for partnering with states and collaborating with stakeholders 
to make further progress in reducing nutrient loadings to waters nationwide, including the MARB. 
Titled Working in Partnership with States to Address Phosphorus and Nitrogen Pollution through Use of a 
Framework for State Nutrient Reductions, the memo 
provides these Recommended Elements of a State 
Nutrient Framework: 

1. Prioritize watersheds on a statewide basis for 
nitrogen and phosphorus loading reductions 

2. Set watershed load reduction goals using 
best available information 

3. Ensure effectiveness of point source permits 

4. Control runoff from agricultural areas 

5. Control point source pollution from 
municipal and industrial sources, stormwater 
runoff, and septic systems

During rain events, stormwater runoff can carry nutrients into local water 
bodies.
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Action Item
 1

6. Implement accountability and verification measures 

7. Submit annual reports on implementation activities, biannual reports on load reductions and 
environmental impacts in targeted watersheds 

8. Develop a work plan and schedule for numeric nutrient criteria development 

These eight elements are similar to and consistent with the scope and content of the Task 
Force states’ nutrient reduction strategies. Like the Task Force State Nutrient Reduction Strategy 
Development Work Group report, the memo recognizes that a one-size-fits-all approach is 
neither desirable nor needed. At the same time, it identifies certain minimum building blocks for 
effective programs to manage nutrients (particularly watershed prioritization and load reduction 
goals), along with effective use of available programs and tools to reduce loadings from point and 
nonpoint sources. USDA and state departments of agriculture are identified as vital partners in 
efforts to address nonpoint runoff of nitrogen and phosphorus. 

Status on State Strategies (As of September 2013) 
All Task Force states expect to have at least draft strategies completed by late 2013 or early 2014. 
Below are state-by-state summaries, based on information gathered from the states, on their 
progress related to nutrient strategies. 

Arkansas 

State and federal agencies continue coordinated implementation of nutrient 
reduction efforts in Arkansas. Voluntary participation in nonpoint source pollution 
and conservation programs, decreases in point source discharge loadings in surplus 
nutrient areas, and increases in monitoring represent key elements of Arkansas’ 
nutrient reduction strategy framework. Water resource agencies are discussing how 
to incorporate and describe these elements fully in the state nutrient reduction 
strategy document. 

Illinois 

Illinois’ development of a statewide nutrient reduction strategy began with 
the initiation of a science assessment by the University of Illinois. The science 
assessment uses available data to update previous nitrogen and phosphorus 
loading determinations by watershed, identify critical watersheds, assess baseline 
conditions related to implementation of nutrient reduction practices (point and 
nonpoint sources), and identify the most effective actions to achieve needed 
nutrient reductions. This process will be done in consultation with experts in 
agriculture and wastewater management. In parallel with the science assessment 
will be development of the policy and strategy, using USEPA’s nutrient strategy 
framework as a guide. The policy and strategy development will actively engage 
stakeholders who have been working on various aspects of addressing nutrients 
since 2001, including representatives from wastewater agencies, agricultural groups, 
government, environmental groups, and academia or technical assistance providers. 

Illinois is also continuing its cooperative efforts with the agricultural community 
regarding the adoption of best management practices (BMPs) intended to reduce 
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nutrient losses from farm fields. For example, the residual nitrogen testing program 
initiated by agriculture-industry groups last year in response to the 2012 drought 
will be expanded to include additional watersheds this fall where water quality 
concerns have been identified. That effort, coupled with the promotion of cover 
crops, split nitrogen applications, and other BMPs, continues to demonstrate the 
commitment of its many partners in the private sector to address these concerns. 
Illinois anticipates completion of its strategy by March 2014.

Indiana 

Indiana’s draft strategy was released for public comment in July 2013. Its objectives 
include: acknowledgment of the obstacles facing the improvement of Indiana’s 
impaired waters; prioritization of eight-digit hydrologic unit code (HUC-8) and 
preliminary HUC-12 watersheds; the inventory and utilization of resources to 
achieve their highest impact on nutrient reduction; involvement and engaging 
of stakeholders in the state’s efforts to reduce nutrient loads; and in addition to 
regulatory control of point sources, encouragement of voluntary, incentive-based 
conservation through the many state and federal water quality related programs. 
The strategy also encourages outreach and education to conservation partnerships 
and the public alike regarding stewardship of Indiana’s waters. Many of these 
objectives will be aided by the completion of a science assessment, which will 
create a comprehensive picture of the state’s waters as a whole through a meta-
analysis of the state’s water quality data and subsequently provide insight as to the 
direction of Indiana’s strategy in the future. 

Iowa 

A final updated version of the Iowa Nutrient Reduction Strategy was released on 
May 29, 2013, following updates made in response to public comments received. 
The public comment period generated a tremendous response with over 
1,700 written comments received, and each comment was thoroughly reviewed. 
Elements of its strategy are consistent with those recommended by USEPA. Its 
development involved an intensive, two-year collaboration between Iowa’s 
Department of Agriculture and Land Stewardship, Department of Natural Resources, 
and Iowa State University. In those two years, a large team of experts conducted 
a scientific assessment to evaluate and quantify the effectiveness of current 
conservation practices for reducing nutrients. This assessment involved establishing 
baseline nutrient conditions in Iowa and estimating load reductions of various 
scenarios and their associated implementation costs. From implementing nutrient 
reduction practices in both point and nonpoint sources, Iowa aims to reduce its 
discharge of total nitrogen (TN) and total phosphorus (TP) by 45 percent each. 

The updated strategy and a summary of the comments and areas of the 
strategy that have been changed from the draft report can be found at www.
nutrientstrategy.iastate.edu. With a final version of Iowa’s strategy in place, the focus 
now is on beginning implementation.
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Kentucky 

Kentucky plans to have an early draft of its strategy to stakeholders by the end of 
October 2013, allowing time for review and revision before the draft is completed 
in December 2013. The state anticipates that the final document will be complete 
in spring 2014. An integral part of the strategy will be the continued use of the 
Kentucky Agricultural Water Quality Act to assure that agricultural operations 
of 10 acres or greater are implementing BMPs in the control of phosphorus and 
nitrogen. Under the act, cost-share technical and financial assistance funds have 
been set aside, routine informational meetings are held, operational inspections 
performed, and if needed, enforcement actions are taken. As part of the strategy, 
Kentucky in 2012 entered into an interstate agreement with Ohio and Indiana for 
an Ohio River Basin Water Quality Trading Project, where funding will be provided 
to farmers for completion of conservation projects. The trading project is in a pilot 
stage and focused on a limited number of watersheds, but plans are to expand the 
program statewide. Probabilistic monitoring of nutrient levels across the state and 
completion and implementation of nutrient total maximum daily loads (TMDLs) for 
all impaired waters also figure prominently in the strategy. 

Louisiana 

In Louisiana, the Coastal Protection & Restoration Authority and the Departments 
of Agriculture and Forestry, Environmental Quality (LDEQ), and Natural Resources 
are developing a Nutrient Management Strategy that focuses on improving water 
quality in state waters and the Gulf of Mexico. Louisiana is evaluating nutrient 
management activities, implementing BMPs to address nutrient concerns, and 
considering nutrient trapping and removal through wetland assimilation and river 
diversion projects. This interagency team recently completed a series of stakeholder 
engagement meetings with leaders from industries, municipalities, agriculture and 
forestry groups, nongovernmental organizations, and academic institutions to solicit 
input. Watershed-level assessments are being done to evaluate water quality trends 
over the past several decades and to correlate BMP implementation with water 
quality improvements. 

Through participation in the Task Force and Gulf of Mexico Alliance (GOMA) and in 
review of guidance presented by the Task Force, GOMA, and USEPA, the Louisiana 
interagency team has identified 10 key strategic components for the Louisiana 
Statewide Nutrient Management Strategy: (1) stakeholder engagement; (2) decision 
support tools; (3) regulations, policies, and programs; (4) management practices and 
restoration activities; (5) status and trends; (6) watershed characterization, source 
identification, and prioritization; (7) incentives, funding, and economic impact 
analyses; (8) targets and goals; (9) monitoring; and (10) reporting.

Minnesota 

Minnesota’s strategy development process involves a collaborative and interagency 
team of state, regional, federal, and academic partners. A science assessment of 
water conditions, nutrient loads, sources, trends, and reduction options has already 
been completed, and the statewide nutrient reduction strategy is scheduled for 

Action Item
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completion by the end of 2013. Stakeholder engagement will also occur following 
the release of Minnesota’s first draft strategy in fall 2013, including a formal 
commenting period along with availability for discussions at various stakeholder 
meetings normally held in December. The final strategy will identify a path forward 
in reducing nutrient impacts and loads to waters in and downstream of Minnesota, 
including the Gulf of Mexico. It will integrate environmental goals with actions 
needed to achieve progress toward meeting these goals. Where achieving overall 
nutrient reduction goals are cost prohibitive in the short term, Minnesota will 
consider drafting interim goals and associated adaptive management strategies that 
will assess progress and move toward achievable milestones. For more information 
visit Minnesota’s nutrient reduction strategy website (www.pca.state.mn.us/index.
php/water/water-types-and-programs/surface-water/nutrient-reduction/nutrient-
reduction-strategy.html). 

Mississippi 

Mississippi’s Department of Environmental Quality (MDEQ) and its partners have 
been implementing their comprehensive nutrient reduction strategies throughout 
the state using available resources. Mississippi’s Strategies to Reduce Nutrients 
and Associated Pollutants resulted from a highly collaborative and stakeholder 
supported process that aimed to develop and implement a comprehensive 
approach for nonpoint and point sources of pollution. The strategy development 
process began in 2009 with a focus in the Delta, which is the state’s primary row 
crop agricultural region. MDEQ and the agricultural stakeholder organization Delta 
F.A.R.M. (Farmers Advocating Resource Management) jointly led the development 
of the strategy for this region. Staff members spanning 30 governmental agencies, 
stakeholder organizations, academic institutions, and farmers all participated in 
the strategy development process. A similar level of stakeholder engagement also 
occurred while formulating strategies for the coastal and upland regions, which 
were then folded into the Delta strategy to establish the state’s nutrient reduction 
strategy. The comprehensive, state-level strategies and the Delta, coastal, and 
upland strategies are available on the MDEQ website at: www.deq.state.ms.us/
MDEQ.nsf/page/WMB_Basin_Management_Approach?OpenDocument.

Missouri 

Missouri held its first committee meeting in October 2011, and more than 
100 stakeholders participated in committee and workgroup meetings. In addition, 
a USEPA Gulf of Mexico Program Office grant was awarded to Missouri and used 
to hire two temporary full-time employees to assist with developing the Missouri 
Nutrient Reduction Strategy. To date, Missouri has developed a vision statement, 
guiding principles, watershed nutrient loading potential spreadsheet, and 
numerous strategies. Missouri has also held regular meetings with stakeholders to 
build stakeholder support and address many of their concerns prior to the public 
comment period. 
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Ohio 

In July 2013, Ohio Environmental Protection Agency (Ohio EPA) formally submitted 
its nutrient reduction strategy to USEPA Region 5 for review. Ohio EPA collaborated 
with the Ohio Departments of Natural Resources and Agriculture to develop the 
strategy, which also incorporates input from two advisory groups on agricultural 
and point sources of nutrients, as well as recommendations solicited through 
stakeholder and public workgroups. The strategy identifies the activities to improve 
effectiveness of point source permitting and targeted implementation of nonpoint 
nutrient abatement practices. Ohio EPA and other state agencies will continue to 
pursue further stakeholder engagement and public input to refine and implement 
the strategic approaches and practices laid out in their nutrient reduction strategy. 

Tennessee 

Tennessee has a draft nutrient reduction framework that will be in a final form by 
December 31, 2013. However, consistent with its Clean Water Act section 104(b)(3) 
grant, Tennessee plans on holding stakeholder meetings in 2014 and 2015. The 
meetings will be with farmers (for the nonpoint sources component) and with 
National Pollutant Discharge Elimination System (NPDES) permit holders (for the 
point sources component). Given that the purpose of these meetings will be to 
solicit feedback from the point and nonpoint communities, the framework will 
likely change. The point and nonpoint source portions of the framework in draft 
form are essentially complete. Tennessee has planned meetings with agricultural 
stakeholders in order to determine the most cost-effective management practices 
to address nutrient management. The state believes that the most effective means 
to address agricultural nutrient management is through a farmer-led approach. 
Tennessee has conducted one producer meeting, and there are more planned 
in 2014 and 2015. These meetings will hopefully bring together a core group of 
agricultural leaders to take ownership of this issue and lead by example. 

Wisconsin 

Wisconsin released a draft strategy for public comments in September 2013 
with substantial input from federal, state, and local agencies and stakeholders. 
This multiagency workgroup has prioritized a group of HUC-10 watersheds for 
phosphorus and nitrogen reduction to surface waters and nitrates to groundwater. 
The strategy also provides information on progress in enhancing nutrient load 
and trend monitoring at the HUC-8 level and creating a structure for tracking at 
the HUC-12 level, using county-level nonpoint source best management tracking 
systems and point source discharge monitoring reports (DMRs). It also documents 
how past implementation efforts have reduced by about 23 percent the amount 
of phosphorus from Wisconsin watersheds to the Mississippi River. The strategy is 
generally organized around the eight elements recommended by USEPA and is 
intended to be a "living" document that changes to reflect new developments and 
advances in Wisconsin's nutrient reduction efforts.

Action Item
 1
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Action Item 2
Comprehensive Federal Strategy
“Complete and implement comprehensive nitrogen and phosphorus 
reduction strategies for appropriate basin-wide programs and 
projects. Target first those programs and projects with significant 
federal lead or co-implementation responsibilities.”

The Task Force Federal Strategy (http://water.epa.gov/type/watersheds/named/msbasin/nutrient_
strategies.cfm) emphasizes an approach that integrates federal efforts to work collaboratively in 
identifying opportunities to align programs across agencies to support the development and 
implementation of the state nutrient strategies. It provides a blueprint for how federal agencies are 
currently focusing and planning new future activities that provide targeted and well-coordinated 
support to states. The strategy also enhances the dialogue between federal agencies and states, 
identifies actions that can leverage federal resources, and addresses the Task Force’s overall goals 
for implementing the 2008 Action Plan. The strategy is organized around the key areas identified in 
past Task Force meetings as priorities:

 Monitoring programs to measure water quality improvement over the long term

 Decision support tools

 In-basin and Gulf modeling to target high-priority areas and predict water quality impacts

 Regulatory program activities that target nitrogen and phosphorus loads 

 Financial and technical assistance

 Outreach and education initiatives that expand awareness and broaden partnerships 

In addition, the Task Force federal agencies have developed a detailed appendix (http://water.
epa.gov/type/watersheds/named/msbasin/upload/REPORT-Federal-Strategy-090612-_APPENDIX_
updated.pdf) to the Task Force Federal Strategy that compiles the past four years of federal support 
for nutrient reduction as examples of possible future support to state efforts. This appendix also 
serves as a reference to help states select, from a broad array of federal programs, those that could 
best support each phase of developing or implementing their nutrient reduction strategies. Both 
the appendix and Federal Strategy highlight many federal programs that promote innovative 
approaches to nutrient reduction, including certainty agreements for agricultural producers and 
efforts to establish nutrient trading markets. The federal agencies have also used the Task Force as 
a platform to develop new cooperative programs and enhance existing collaborations, increasing 
opportunities to effectively leverage limited resources to improve in-state water quality and 
reduce nutrient loadings to the Gulf. 

Although demand for federal assistance to Task Force states exceeds available resources, through 
leveraging, federal agencies are devoting significant funds to these efforts where possible. For 
example, in fiscal year (FY) 2011, USEPA provided $1 million in competitive grant funding for states 

http://water.epa.gov/type/watersheds/named/msbasin/nutrient_strategies.cfm
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http://water.epa.gov/type/watersheds/named/msbasin/upload/REPORT-Federal-Strategy-090612-_APPENDIX_updated.pdf
http://water.epa.gov/type/watersheds/named/msbasin/upload/REPORT-Federal-Strategy-090612-_APPENDIX_updated.pdf
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to develop and implement nutrient reduction strategies through a comprehensive partnership. 
USDA’s Mississippi River Basin Healthy Watersheds Initiative (MRBI) will invest over $341 million 
in technical and financial assistance across 123 projects by the end of FY 2013. As of April 2013, 
demand for Environmental Quality Incentives Program (EQIP) financial assistance in FY 2013 
under MRBI was more than double the available funding at $123 million across almost 3,500 
applications. Through 2013, USDA’s Natural Resources Conservation Service (NRCS) will also provide 
up to $50 million through the Gulf of Mexico Initiative (GoMI), which among other things, assists 
agricultural producers in applying management systems that avoid, control, and trap nutrient 
runoff. Section 5022 of the 2007 Water Resources Development Act provides a basis for the U.S. 
Army Corps of Engineers’ (USACE's) assistance with aquatic ecosystem restoration and other 
nutrient reduction projects. Through a variety of federal and cooperative programs with numerous 
local, state, and federal agencies, the USGS operates over 3,000 stream gages and conducts 
nutrient and wetland monitoring and modeling assessments throughout the MARB, totaling 
about $62 million in 2010. NOAA’s infusion of more than $10 million for research and monitoring 
since 2009 has improved understanding of the causes and effects of Gulf hypoxia, including 
advancement of scenario forecast models to inform nutrient management. These research 
advances help support the Task Force adaptive management approach in refining nutrient 
reduction targets and assess measures of success.

Action Item
 2
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Action Item 3
Opportunities Under Existing Programs to Enhance 
Protection of the Gulf and Local Water Quality
“While developing comprehensive state and federal nitrogen and 
phosphorus reduction strategies and continuing current reduction 
efforts, examine and, where possible, implement opportunities to 
enhance protection of the Gulf and local water quality through 
existing federal and state water quality, water management, and 
conservation programs.”

The state-level and federal strategies capture major nutrient reduction programs that target either 
or both point and nonpoint sources of nutrients. States and federal agencies are also actively 
engaged in activities whose primary purpose is not to mitigate hypoxia, but that nevertheless 
offer the additional benefits of addressing nutrient pollution and enhancing water quality, which is 
consistent with Action Item 3. 

For example, the Clean Water State Revolving Fund under the Clean Water Act offers states a 
variety of assistance options to fund water quality protection projects, including those that address 
excess nutrients. Another Clean Water Act program under section 319 applies specifically to 
nonpoint sources of pollution, including urban and agricultural runoff. It provides states, territories, 
and tribes with grant funding that supports a wide variety of activities, such as technical and 
financial assistance, education, and monitoring to assess the success of specific nutrient reduction 
implementation projects. Clean Water Act section 303(d) requires states, territories, and authorized 
tribes to identify waters impaired by one or more pollutant, including nitrogen and phosphorus, 
and develop a TMDL for these waters. A TMDL is a calculation of the maximum amount of a 
pollutant that a water body can receive and still safely meet water quality standards. In addition, 
source water protection programs under the Safe Drinking Water Act aim to prevent or reduce 
contamination of drinking water sources from contaminants, including nitrates, protect public 
health, and lower treatment costs. 

Under EQIP, NRCS provides financial and technical assistance to agricultural producers to help plan 
and implement conservation practices that address natural resource concerns, including keeping 
nutrients on the land and out of the water. Conservation Innovation Grants (CIGs) are also funded 
through EQIP and can play a role in reducing nitrogen and phosphorus runoff from agricultural 
production. These grants are intended to stimulate development and adoption of innovative 
conservation approaches, while leveraging federal investment in environmental enhancement and 
protection.
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The USACE’s Continuing Authorities Program under the Water Resources Development Act has 
three authorities that allow the USACE to perform water-related projects with costs shared among 
the federal and nonfederal sponsor(s). Project objectives include review of existing water resources 
projects to determine opportunities for environmentally beneficial structural modification; 
protecting, restoring, and creating aquatic habitats in connection with dredging of authorized 
federal navigation projects; and building projects to restore aquatic ecosystems. Another USACE 
effort is the massive coastal protection and restoration project in Louisiana, with assistance from 
many other stakeholder groups. Freshwater diversions are being used to introduce nutrient-laden 
water into marshes to restore degraded habitat and create new marsh. 

The USGS’ Cooperative Water Program (http://water.usgs.gov/coop/) can also be leveraged to 
increase support and action for mitigating Gulf hypoxia. It brings together local, state, and tribal 
water needs and decision making with USGS capabilities, involving partnerships between USGS 
and more than 1,500 state, tribal, and local agencies. Some of these partnerships focus on real-time 
monitoring of nitrate in Iowa, Illinois, and other Task Force states; long-term ambient water quality 
monitoring in Missouri; and water quality improvements and agricultural BMPs in Wisconsin and 
Mississippi. In addition, the USACE/USGS Long-Term Resource Monitoring Program (www.umesc.
usgs.gov/ltrmp.html), under the direction of the USACE Environmental Management Program and in 
collaboration with USGS, partners with other federal and state agencies in Illinois, Iowa, Minnesota, 
Missouri, and Wisconsin to provide critical information about the status and trends of key 
environmental resources to support decision makers with information and understanding needed 
to maintain the Upper Mississippi River System as a viable, multiple-use, large river ecosystem. 

The National Wetlands Research Center (www.nwrc.usgs.
gov/), also under the leadership of USGS, engages in robust 
alliances to develop and disseminate scientific information 
needed for understanding the ecology and values of 
wetlands, and for managing or restoring wetlands and coastal 
habitats. This program potentially yields significant benefits 
toward nutrient reduction and hypoxia mitigation through its 
protection of wetlands. 

Aside from the federal agencies, states are also addressing 
nutrient reductions through a broad variety of approaches. 
Some of the approaches include NPDES permitting, TMDLs, 
state-enacted legislation, partnering with other states and 
federal agencies, and education and outreach programs, in 
particular, as part of efforts to accomplish nutrient reductions 
on agricultural lands. The following section highlights the 
diversity of state efforts implemented through existing 
programs, using information provided by the states.

A restored wetland sits within a corn field in Kossuth County, Iowa. 

USDA NRCS
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Point Sources and NPDES Permits 
Several states are actively engaged in incorporating phosphorus limits into their 
NPDES permits for wastewater dischargers. 

 Minnesota is aiming to establish a watershed permit for TP (www.pca.state.
mn.us/index.php/view-document.html?gid=18770) for the Minnesota River (and 
associated allowable trading between point sources). 

 Illinois is inserting nutrient limits into NPDES permits pursuant to a 2011 
agreement with USEPA. 

 Ohio’s efforts are aimed at reducing phosphorus loads delivered to surface 
waters in the western Lake Erie Basin: NPDES permit phosphorus limits and 
accelerated implementation of selected combined sewer overflow elimination 
steps. 

 Wisconsin municipal and industrial wastewater dischargers have reduced their 
phosphorus load discharges by 67 percent since the mid-1990s in response to 
state-enacted technology-based limits. Recently enacted water quality-based 
limits in Wisconsin will further reduce the phosphorus load. 

TMDLs and Section 319 
 In Louisiana, more than 750 TMDLs have been completed for more than 200 

impaired water bodies. LDEQ, partnering with USDA and Louisiana Department 
of Agriculture and Forestry, has prioritized 40 water bodies to restore or partially 
restore by October 2016. Approximately half of these water bodies have nutrient 
impairments, and several were targeted through USDA’s MRBI, GoMI, and 
National Watershed Quality Initiative for implementing nutrient BMPs to reduce 
nitrogen and phosphorus loads entering the state’s waters. USEPA provided 
Louisiana additional section 319 funds to leverage with these federal USDA 
funds to monitor in-stream water quality improvements that should result from 
implementing nutrient reduction BMPs. 

 Other Task Force states are also involved in developing nutrient TMDLs and 
promoting agricultural BMPs in watersheds with nitrogen and phosphorus 
TMDLs already in place. 

State-enacted Legislation 
 Through a state law in Arkansas, nutrient surplus watersheds have been 

identified and designated. In those watersheds, the state law requires all 
producers to obtain an approved nutrient reduction management plan, 
nutrient applicators to become certified, and application rates to be based on a 
phosphorus index. 

 In Kentucky, the Agricultural Water Quality Act requires all agricultural operations 
of 10 acres or greater to implement BMPs in the control of phosphorus and 
nitrogen. Under the act, cost-share technical and financial assistance funds have 
been set aside, routine informational meetings are held, operational inspections 
performed, and if needed, enforcement actions are taken.
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 In 2008, Minnesota voters approved
the Clean Water, Land, and Legacy
Amendment, which among other
things, establishes a dedicated
funding source for clean water. This
sustainable and long-term funding
source—the Clean Water Fund
(www.pca.state.mn.us/index.php/
water/water-types-and-programs/
surface-water/clean-water-fund/
index.html) —will fund the
protection, enhancement, and
restoration of water quality in lakes,
rivers, streams, and groundwater.

Clean Water Fund website.

Fertilizer Use and Detergent Restrictions 
 Illinois implements bans on both phosphorus-containing dishwashing detergent

and application of phosphorus fertilizer to residential lawns by commercial lawn
care companies.

 The Minnesota Phosphorus Lawn Fertilizer Law was enacted in 2002 and
amended in 2004. It prohibits use of phosphorus lawn fertilizer unless new
turf is being established or a soil or tissue test shows the need for phosphorus
fertilization. Trained golf course staff and sod farms are exempt from these
restrictions. The law also requires fertilizer of any type to be cleaned up
immediately if spread or spilled on a paved surface, such as a street or driveway.

 Wisconsin has enacted statewide phosphate bans for lawn fertilizer and
dishwasher detergents. Previously, bans were enacted for dish detergent.

Agricultural Programs 
 In Illinois, the state’s fertilizer law was recently revised to create a Nutrient

Research and Education Council and a dedicated funding stream for nutrient
research and education. Furthermore, the Keep it for the Crops 2025 program
aims to improve nutrient efficiency and reduce nutrient losses through research
and extensive education about the importance of good stewardship practices in
communities and in agriculture to improve water quality.

 In Indiana, programs that are serving to reduce nutrient loads in the state
include the Conservation Reserve Enhancement Program (CREP), the Lake and
River Enhancement Program, the Healthy Rivers Initiative, the Indiana On-Farm
Network, the Conservation Cropping Systems Initiative, and Indiana Department
of Environmental Management’s Watershed Management Plans.

 The Missouri Soil and Water Conservation Cost-Share Program annually
provides more than $24 million in cost-share and incentive payments to
Missouri producers for implementing more than 6,000 conservation practices
and treating more than 200,000 acres of agricultural land. The Soil and Water
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Conservation Program has successfully led stakeholder efforts to develop 
project proposals and provide nonfederal matching funds for NRCS funding 
opportunities such as the MRBI and Cooperative Conservation Partnership 
Initiative, for which Missouri is expected to receive up to $45.6 million and 
$7.9 million, respectively, in additional federal cost-share funds from 2010 to 
2016. The Concentrated Animal Feeding Operation (CAFO) permit program 
has permitted all CAFOs in Missouri and requires each CAFO to develop and 
implement a Nutrient Management Plan. 

 In Ohio, an extensive education effort is underway through 4Rs (Right source, 
Right time, Right place, Right rate) nutrient outreach programs, which are 
designed to promote the principles of nutrient stewardship to Ohio’s agricultural 
producers. Training on the 4Rs is being conducted statewide through local Soil 
and Water Conservation Districts, Ohio State University Extension, and other 
agricultural organizations. Ninety-one programs reaching 5,567 participants 
have been held as of March 2013. Furthermore, $3 million in state funds are 
assisting with pilot projects (i.e., controlled drainage structures and variable rate 
technology nutrient application) aimed at agricultural nutrient issues. 

 Through a number of federal, state, and local programs in Wisconsin, state-
required performance standards and prohibitions are being implemented, 
including a phosphorus index for croplands, pastures, and other lands. 
Implementation approaches include cross compliance for working lands tax 
credits; state, federal, and local financial and technical assistance; and local 
ordinances.
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Action Item 4
Management Practices for Conserving Nonpoint and 
Point Sources of Nutrients
“Develop and promote more efficient and cost-effective 
conservation practices and management practices for conserving 
nutrients within the Mississippi/Atchafalaya River Basin watershed 
and evaluate their effectiveness at all scales beginning with local 
watersheds and aggregating them up to the scale of the Mississippi/
Atchafalaya River Basin.”

Action Item 4 tasks the Task Force with developing efficient and cost-effective nutrient reduction 
practices, and evaluating their effectiveness from the local watersheds and aggregating up to the 
scale of the MARB. Identifying effective management practices and technologies that target both 
agricultural and non-agricultural sources of nutrients is central to the success of nutrient reduction 
strategies. The USDA has taken the lead in developing, evaluating, and supporting implementation 
of conservation systems to aid agricultural producers and landowners in keeping nutrients on the 
field and reducing nutrient inputs to the MARB. These efforts include work with a broad spectrum 
of partners to find innovative methods to support conservation through environmental markets 
and agricultural certainty efforts. This section highlights the progress under the stated goals from 
Action Item 4, and reference links have been included for further follow-up. 

1. Continue to develop field and farm scale
management practices that conserve nutrients for 
the wide range of agricultural production systems 
within the MARB. 

Mississippi River Basin Healthy Watersheds Initiative 

In 2010, NRCS initiated the MRBI, a landscape initiative that targets 
financial and technical assistance for conservation in high-priority, 
small watersheds within 13 states, including the 12 Task Force 
states. MRBI emphasizes a cost-effective conservation systems 
approach, with a focus on suites of practices that optimize use of 
nutrients, control nutrient runoff, and trap or filter nutrients before 
they run into surface water or leach into groundwater. NRCS 
conservationists and partners work with farmers to develop these 
conservation systems for their individual operations. 
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On a national scale, MRBI supports additional conservation activities, focused on water quality 
concerns to a set of states and watersheds in the Mississippi Drainage Basin. At the state level, 
NRCS State Conservationists assist state and local partners who propose projects at the HUC-12 
level. Within approved projects, farmers are eligible for additional federal funds for conservation, 
leveraged by state and local in-kind services to magnify efforts. An average of 9.5 partners supports 
each of the 123 MRBI projects. Through these mechanisms, MRBI accelerates conservation efforts 
by overlaying targeted conservation assistance on top of what is generally available through Farm 
Bill conservation programs. By the close of FY 2013, NRCS is projected to have over $341 million 
invested in conservation systems on nearly 887,000 acres.

The effectiveness of MRBI’s small watershed targeting and conservation systems approach was 
modeled under the NRCS Conservation Effects Assessment Project (CEAP) in April 2013. For 
conservation systems under contract with farmers through MRBI between FYs 2010 and 2012, when 
fully applied it is projected that the per acre benefits of these systems will be 1.7 times greater for 
sediment reduction, 1.4 times greater for phosphorus reduction, and 1.3 times greater for nitrogen 
reduction compared to a non-targeted approach. More information is at www.nrcs.usda.gov/wps/
portal/nrcs/detailfull/national/programs/farmbill/initiatives/?&cid=stelprdb1048200. 

National Water Quality Initiative (NWQI)

In FY 2012, NRCS created the NWQI in concert with USEPA and state water quality agencies. NWQI 
initially targeted 154 small (HUC-12) watersheds in all 50 states and Puerto Rico to improve water 
quality, particularly in water bodies that are on the Clean Water Act section 303(d) list of impaired 
waters. Through NWQI, NRCS helps producers implement systems of conservation practices to 
reduce nutrient and sediment losses from their farms. These systems include practices to optimize 
nutrient inputs and to control and trap nutrient and manure runoff. 

Nationally, NWQI dedicated almost $34 million in funding in FY 2012 to producers who voluntarily 
implemented conservation systems. In FY 2013, NRCS will again dedicate nearly $35 million in EQIP 
funding to qualified producers in 165 watersheds. These priority watersheds were selected with 
input from USEPA and state water quality agencies, and state programs will use USEPA section 
319 or other funds to conduct water quality monitoring in these selected priority watersheds. 
Many of the small watersheds funded in FYs 2012 and 2013 are in the MARB. Through NWQI, 
NRCS is also piloting the use of its new Water Quality Index for Runoff Water from Agricultural 
Fields (WQlag) in at least one watershed per state. The Index will enable producers to evaluate 

the effects of alternative conservation 
systems. More information about NWQI 
is at www.nrcs.usda.gov/wps/portal/
nrcs/detail/national/programs/financial/
eqip/?cid=stelprdb1047761. 

Gulf of Mexico Initiative

The GoMI is a landscape conservation 
initiative that NRCS offers to accelerate 
conservation system implementation 
in priority watersheds in the Gulf of 
Mexico states. Through GoMI, NRCS Overall area of the GoMI, as well as focus areas within the initiative and priority watersheds.
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and partners work with agricultural producers to improve ecosystem health, water quality, relieve 
overuse of water resources, and prevent saltwater from entering the habitats of many threatened 
and endangered species. The GoMI project area includes selected watersheds in the five Gulf states: 
Alabama, Florida, Louisiana, Mississippi, and Texas. In FY 2012, its initial year, over $8 million was 
obligated in voluntary contracts to provide agricultural producers with assistance in accelerating 
implementation of conservation systems. More information about GoMI is at www.nrcs.usda.gov/
wps/portal/nrcs/detailfull/national/home/?&cid=stelprdb1046039.

State Water Quality Certainty Programs 

“Certainty,” “Assurance,” and “Certification” programs provide states with a tool to accelerate 
the voluntary adoption of systems of conservation practices that improve and protect water 
quality, reducing the pressure for additional state water quality regulations. These programs also 
recognize the environmental stewardship of farmers and ranchers and help lay the groundwork 
for establishment of markets for ecosystem services. Agricultural producers participate in Certainty 
programs by voluntarily implementing systems of conservation practices to reduce soil erosion and 
sediment/nutrient runoff. In turn, these producers receive assurance from the state that they have 
put into place all appropriate and practicable measures for addressing water quality concerns, for 
a defined period of time. Some states with Certainty programs have given participating producers 
assurance that their farms are in compliance with current and future state regulations for the length 
of the Certainty agreement. 

Several states within the MARB have either successfully adopted or are developing Certainty 
programs. Others are exploring the benefits of adopting such a program. USDA fully supports these 
efforts and is committed to assisting states as they develop their programs. USDA will also provide 
producers with technical and financial assistance to support state Certainty programs. 

Environmental Markets 

The quantification of ecosystem services and development of ecosystem markets present 
opportunities for reducing the costs of regulatory compliance and increasing private sector 
funding for voluntary conservation on private lands, all in service of improving natural resource and 
environmental conditions. Given its cadre of technical experts and science-based conservation 
practice standards (CPSs), USDA is uniquely positioned to play a leading role in supporting the 
development and operation of ecosystem markets. Ecosystem market practitioners view NRCS as a 
trusted resource for tools and information that can lend credibility to market transactions. 

During the period of this reassessment, USDA has made a number of significant steps to advance 
environmental markets:

 USDA’s Office of Environmental Markets partnered with the Willamette Partnership to develop 
a document titled In It Together: A How-To Reference for Building Point-Nonpoint Water Quality 
Trading Programs. This document, released in July 2012, is intended for use by states and third 
parties interested in developing credible and transparent water quality trading programs. 
http://willamettepartnership.org/in-it-together/  

 Ecosystem market transactions, particularly those involving agricultural credit generators, 
require tools that can credibly and transparently quantify ecosystem benefits. NRCS has 
developed two primary quantification tools—Nutrient Tracking Tool (NTT) for quantifying 
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nutrient load reductions, and COMET-Farm for greenhouse gas estimation. These tools allow 
agricultural producers to estimate the ecosystem benefits from proposed land management 
changes. NRCS has also developed a Water Quality Index for Agriculture, an easy-to-use 
tool that can quickly give a user a qualitative indication of the benefits of land management 
changes. 

 NRCS has funded ecosystem markets projects through CIG since 2004. An opportunity for 
water quality trading projects was offered in 2012. For these efforts, NRCS has established 
awardee networks, which are forums for the grantees to convene regularly and share 
information and lessons learned. CIG has previously funded the development of a number 
of ecosystem markets projects, including projects led by the Willamette Partnership and 
the Electric Power Research Institute, both of which have established industry leading water 
quality trading programs. 

From FY 2009 through FY 2012, NRCS has invested more than $3.8 billion in the 
regions of the Task Force states that are within the MARB through these targeted 
initiatives and other conservation programs (Table 1).

Table 1. NRCS investments in Task Force states from FY 2009 to FY 2012

Program 2009 2010 2011 2012 Total

Conservation Technical Assistance (CTA) $163,463,163 $170,288,870 $169,381,847 $151,518,609 $654,652,489 

Farmland Protection Program (FRPP) $13,842,812 $10,966,260 $16,528,779 $20,590,143 $61,927,994 

Wildlife Habitat Incentives Program (WHIP) $13,408,098 $22,017,569 $12,422,474 $13,829,360 $61,677,502 

Environmental Quality Incentives 
Program (EQIP) $240,988,094 $279,239,683 $303,997,478 $367,939,054 $1,192,164,310

Wetlands Reserve Program (WRP) $147,287,357 $203,186,503 $228,785,962 $255,910,523 $835,170,345 

Conservation Security Program (CSP) $114,787,843 $92,865,866 $83,273,380 $81,134,906 $372,061,996 

Grasslands Reserve Program (GRP) $730,925 $1,086,301 $1,600,238 $1,028,324 $4,445,788 

Conservation Stewardship Program (CSpT) $3,616,175 $134,488,502 $196,746,426 $263,245,727 $598,096,830 

Agri Water Enhancement Program (AWEP) $4,385,680 $5,901,159 $8,036,105 $7,372,859 $25,695,803 

Healthy Forests Reserve Program (HFRP) $1,321,405 $2,440,651 $3,317,797 $2,863,197 $9,943,050 

Total $703,831,554 $922,481,365 $1,024,090,486 $1,165,432,702 $3,815,836,107 

Note: Major programs do not include reimbursable funds.

2. Quantify the effectiveness of conservation practices within local 
watersheds that are representative of the wide range of soils, climates, 
and farming systems within the MARB. 
 Since 2003, USDA has worked cooperatively through CEAP to better understand watershed 

dynamics and conservation system effectiveness in the MARB. CEAP is a multiagency effort to 
measure the environmental effects of conservation practices and programs and to develop 
the science base for managing the agricultural landscape for environmental quality. Project 
findings are guiding USDA conservation policy and program development and helping 
conservationists, farmers, and ranchers make more informed conservation decisions. As part 
of the CEAP watershed assessments, USDA’s National Institute of Food and Agriculture (NIFA) 
and NRCS jointly funded 13 projects to evaluate the effects of cropland and pastureland 
conservation practices on spatial and temporal trends in water quality at the watershed 
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scale. Six of the 13 projects demonstrated water quality changes, and the results identified a 
number of important lessons:

– Conservation planning must be done at the watershed scale.

– It is important to understand critical pollutants and their sources.

– Knowledge of land use, management, and conservation practices is essential.

– It is important to select appropriate models and understand their limits.

– It is beneficial to identify farmers’ attitudes toward conservation practices and work with
them by offering economic incentives, technical assistance, and continued assistance after
adoption.

More information is available at:

– www.nrcs.usda.gov/wps/portal/nrcs/detail/national/technical/nra/
ceap/?cid=nrcs143_014135

– www.nrcs.usda.gov/wps/portal/nrcs/main/national/technical/nra/ceap/pub/

– www.ars.usda.gov/Research/docs.htm?docid=18645

Scientists from the Agricultural Research Service 
(ARS) at Temple, Texas, El Reno, Oklahoma, and 
Tifton, Georgia, developed new algorithms for the 
river basin-scale model Soil and Water Assessment 
Tool (SWAT) to simulate real-time irrigation 
management, fate and transport of hormones and 
antibiotics, and the reduction in glacier volumes. 
As part of CEAP National Cropland Assessment, 
the team validated SWAT at more than 40 USGS 
stream gauges across the country to assure realistic 
simulation of streamflow, sediment, nutrient, and 
atrazine loads. The team also completed final 
SWAT validation and scenario analyses for the 
Missouri River Basin, the Arkansas-Red River Basin, 
and the Texas Gulf Basin. Scenario runs from this model identified the optimum 
placement of conservation practices in the MARB to minimize the flux of nitrogen 
and phosphorus into the Gulf of Mexico, thus limiting the extent of the hypoxic 
zone (Moriasi et al. 2011; Zhang et al. 2011). 

 ARS scientists are also actively researching the effectiveness of conservation practices in
reducing nutrients and sediment, including cover crops and landscape water storage. In
Ames, Iowa, researchers used the Root Zone Water Quality Model to predict the impact of a
cereal rye cover crop on nitrate losses from drained fields across five upper Midwest states.
Across the region, winter cover crops planted at main crop maturity in a corn–soybean
rotation reduced nitrogen loss in tile flow by an average of more than 40 percent. If planted
in the area of the five states draining to the Mississippi River, the potential reduction in
nitrate-nitrogen losses from drained fields would be 166 million kilograms (kg) per year, or
about 20 percent of the total nitrate-nitrogen load in the river. The cost of nitrate-nitrogen

Contour farming, terraces, and rye grass field strips.

USDA NRCS

Action Item
 4

http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/technical/nra/ceap/?cid=nrcs143_014135
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/technical/nra/ceap/?cid=nrcs143_014135
http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/technical/nra/ceap/pub/
http://www.ars.usda.gov/Research/docs.htm?docid=18645


20   Reassessment 2013

removed by cover crops ranges from $2.08 to $4.13 per kg, which is competitive with other 
management practices that reduce nitrate losses to surface waters (Qi et al. 2011). 

 ARS researchers at St. Paul, Minnesota, showed that combining increased landscape water 
storage with supplemental irrigation reduces flooding and associated nutrient losses in the 
U.S. Corn Belt. It could also stabilize yields and permit the adoption of alternative cropping 
practices. Storing water during periods of excess makes the water available for supplemental 
irrigation. Restoration of wetlands and construction of ponds could provide the storage, with 
the added benefits of creating wildlife habitat, reducing downstream losses of sediment and 
nutrients, and providing additional crop biomass for forages or renewable fuels (Baker et 
al. 2012).

 USDA cooperated with partners to develop, refine, or implement the use of the following 
computer-assisted tools to facilitate conservation planning: 

– 2012 NTT. NTT provides agricultural producers and land managers the ability to compare 
nitrogen, phosphorus, potential sediment loss, and crop yield under their current 
management practices with those of an alternative conservation management regime 
(http://nn.tarleton.edu/NTTWebARS). 

– WQIag. This Web-based software application assigns a value between 1 and 10 according 
to factors affecting runoff water quality. A value of 10 represents the highest runoff water 
quality, and a value of 1 represents the poorest runoff water quality. NRCS is piloting the 
application of WQIag in at least one NWQI watershed per state (ftp.wcc.nrcs.usda.gov/
wntsc/WQI/RunoffWaterQualityIndex.pdf). 

– DRAINMOD Program. First developed by North Carolina State University in 1977 and used 
on a national platform in 1982 by NRCS, the suite of DRAINMOD products simulate whole 
system models for crop production on drained lands. Evaluations of the model have been 
field tested in Midwest settings where artificial drainage is common (Skaggs et al. 2012).

 NRCS has provided assistance for nearly 50 edge-of-field water quality monitoring contracts 
since 2008 with private landowners in eight MARB states for evaluating the effectiveness of 
conservation practices implemented on the land. These standards are discussed in the next 
section. 

 The USGS is working with multiple agencies throughout the MARB to assess the effectiveness 
of conservation actions in urban and agricultural land use settings. Examples include:

– Grove Development in Bloomington, Illinois (http://il.water.usgs.gov/data/kcb/index.html)

– Watershed restoration studies in Mississippi (http://ms.water.usgs.gov/projects/319/)

– Nonpoint evaluation studies in Wisconsin (http://wi.water.usgs.gov/non-point/index.html)

3. Review, update, or develop NRCS national and state CPSs for the 
practices most effective in conserving nutrients. 
 In December 2011, NRCS released a revised CPS for Nutrient Management (CPS 590). NRCS 

created CPS 590 to manage nutrients for plant production, minimize agricultural nonpoint 
pollution, protect air quality, and maintain or improve soil conditions. It is an important tool for 
NRCS staff and others to help agricultural producers apply nutrients using the 4R principles—
the right amount, right source, right placement, and right timing. The revisions to CPS 590 
include expanding the use of technology to streamline the nutrient management process and 
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using site-specific data to inform adaptive 
nutrient management (ANM) planning. More 
information is at www.nrcs.usda.gov/wps/
portal/nrcs/main/national/landuse/crops/npm/.

For the FY 2011 CPS 590 revisions, NRCS 
collaborated with universities, nongovernment 
organizations, and others in an effort to 
develop a science-based consensus on the 
modifications. Recommendations from 
committees outside NRCS regarding the 
revisions included those from SERA-17 and 
an ANM team. SERA-17 is an organization of 
research scientists, policy makers, extension 
personnel, and educators whose mission is to 
develop and promote innovative solutions to 
minimize phosphorus losses from agriculture. 
The ANM team includes experts from other agencies, organizations, and universities, with 
a mission of promoting and accelerating the adoption of ANM principles as a systematic 
process for on-farm refinement of nutrient management. 

 In FY 2010, USDA created Interim Standard and Specification 799 Monitoring and Evaluation.
The new standard enabled NRCS to provide financial assistance through EQIP to farmers and
ranchers to evaluate the effectiveness of conservation systems on private land. In FY 2013,
USDA revised the 799 CPS into two new Edge of Field Water Quality Monitoring Conservation
Activity Standards (CAS 201 for Data Collection and CAS 202 for System Installation). Each
activity serves to upgrade the original Interim Standard 799 with fortified scientific procedures
and standardized data collection. The objectives of edge-of-field monitoring are to assess the
efficacy of selected priority conservation systems, to calibrate models used to predict edge-
of-field nutrient and sediment reductions, and to inform adaptive management decisions.

 Of the $7 million available in EQIP nationwide to support the targeted implementation of
these new water quality monitoring standards, over $2 million is targeted for use in MRBI’s
small watersheds. An additional $2 million is targeted for use in NWQI. Using these NRCS
technical standards and a rigorous evaluation of applications, only the most promising sites—
those that are scientifically sound and include strong partner support—will be selected
for funding to implement edge-of-field water quality monitoring to assess the efficacy of
selected priority conservation practices, to calibrate models used to verify edge of field
nutrient and sediment load reductions, and to employ adaptive management to improve
conservation efforts.

 Closed depressions (i.e., potholes) are pervasive in the young glacial till landscapes of the
upper Midwest. Water from surface drainage collects at the lowest spot in the pothole,
keeping the area too wet for farming, even when using standard subsurface tile drains
in the field. Most farmed potholes are drained using subsurface tiles, but some also have
supplemental drainage from a tile riser (a pipe with holes drilled in its sides) that extends
vertically above the soil surface. ARS scientists in West Lafayette, Indiana, found that the extent
of potholes in a watershed is directly related to concentrations or loads of nutrients lost from
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that watershed. Research shows that an alternate practice, called a blind inlet, provides greater 
filtration of surface water from potholes. Compared to a tile riser, when drained with a blind 
inlet, watershed-scale phosphorus losses decreased by about 78 percent, and nitrogen losses 
decreased by more than 50 percent. 
Decreased nutrient losses in runoff 
waters improve water quality, but they 
also save farmers money, increasing 
their bottom line. In 2012 ARS 
scientists in West Lafayette worked 
with the NRCS to develop a CPS. The 
NRCS in Indiana now offers blind inlets 
as a cost-sharable practice through 
EQIP. 

 USDA developed interim CPSs for 
Denitrifying Bioreactors and Vegetated 
Subsurface Drain Outlets (saturated 
buffers). Both of these practices are 
designed to improve water quality 
by reducing nitrates entering surface 
waters from subsurface drainage; both 
are being implemented and evaluated 
for effectiveness and practicality at 
the farm level. At least 35 denitrifying 
bioreactors have been installed 
across the Upper MARB. Vegetated 
subsurface drain outlets are being 
evaluated in four states in FY 2013.

4. Assist State Extension, USDA personnel, and agricultural consultants in 
delivering nutrient-conserving practices to farmers and ranchers in the 
MARB. 
 NRCS is focusing technical and financial resources to assist states in the application of 

voluntary conservation efforts to reduce nitrates leaving farmland through drainage. A team 
of more than 20 NRCS technical specialists initially focused on addressing the intensively 
drained farmlands in the Upper MARB—Indiana, Illinois, Iowa, Missouri, Minnesota, and 
Ohio. The focus area has since been expanded to include portions of Wisconsin and three 
additional states in the Great Lakes Basin and the Red River Valley. This team is working 
in close collaboration with partners to develop and implement an Agricultural Water 
Management Action Plan, which provides outreach and financial and technical assistance 
to producers that voluntarily apply nutrient and water management practices. The outreach 
emphasizes providing information and training to producers, technical service providers 
(TSPs), contractors, and agencies. 

As part of the Agricultural Water Management Action Plan, NRCS is examining how drainage 
water management is being applied, identifying barriers to adoption, and documenting 
lessons learned by those who have implemented drainage water management. With this 
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Denitrifying bioreactors, like this one in Iowa, may operate for a decade without 
maintenance.

Jeff Cook, USDA ARS
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information, the team will make 
recommendations on how to 
increase the adoption of drainage 
water management throughout the 
focus area. The goals of this effort 
are to: (1) encourage producers 
to manage water in existing tile 
and surface drainage systems for 
environmental benefits; (2) evaluate 
recommendations for feasibility and 
priority; (3) engage with partners in 
the action plan implementation; and 
(4) stimulate innovation in addressing 
nutrient management in subsurface 
drainage systems. The action plan is 
at www.nrcs.usda.gov/Internet/FSE_ 
DOCUMENTS/stelprdb1046081.pdf. 

 A network of NRCS TSPs is available to provide for-hire conservation planning and design
expertise to farmers, ranchers, businesses, organizations, and agencies. TSPs are required to
complete an NRCS certification process, including training and verification of proficiency.
NRCS recently streamlined the training and certification for TSPs by combining two
required training courses into one course and exam. The new course is TSP Orientation and
Conservation Planning and is available online through AgLearn (www.aglearn.usda.gov). TSPs
should contact their NRCS state or regional coordinator for upcoming training events. Once
TSPs become certified through NRCS, their service/contact information is posted to TechReg,
the NRCS online registry for TSPs. Producers can search and identify available TSPs through an
online registry at http://techreg.usda.gov/CustLocateTSP.aspx.

Strengthening the TSP effort has accelerated NRCS conservation assistance to producers.
Producer use of TSPs has increased by nearly 100 percent since 2008. Currently, over 2,095
TSPs provide conservation planning and other related technical assistance to landowners.
More information on the TSP is at www.airquality.nrcs.usda.gov/wps/portal/nrcs/main/
national/programs/technical/tsp.

 NRCS is developing a campaign to promote soil health through conservation systems. A
series of seven webinars was conducted beginning in June 2011 to cover research related to
improving soil health through cropping systems. Technical experts from NRCS and university
faculty from across the nation delivered soil health information to NRCS state specialists,
field staff, and partners who work with farmers in developing conservation plans. The main
objective of the training series was to provide in-depth training on the effects of nutrient
management and healthy soils on water quality.

 Training and workshops have also been conducted at a state level to discuss the role of
healthy soils in nutrient management to improve water quality. This effort is being supported
by NRCS Technical Centers, which have incorporated soil health training workshops into their
business plans; those training workshops have been conducted throughout the country. The
format of the trainings has been formalized into a standard course for NRCS employees and
offered through the National Employee Development Center. In FY 2012 alone, more than
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5,000 people received soil health training in the United States, including approximately 2,900 
in the MARB (www.nrcs.usda.gov/wps/portal/nrcs/main/national/soils/health/). 

 NIFA supports multi-state teams of universities in relevant hypoxia research topics such as 
nitrogen management, manure management, cover crops, tile water drainage management, 
animal nutrition to reduce excess nutrient excretion, and precision farming for fertilizer 
accuracy. NIFA also supports multi-state extension projects such as the Livestock and Poultry 
Environmental Learning Center (www.extension.org/animal_manure_management) 
that offers monthly webinars and archived fact sheets and information on manure 
nutrient management. Most state extension programs offer workshops, field days, nutrient 
management training, crop fertilizer recommendations, and sometimes soil testing to 
improve nutrient management accuracy. Additional NIFA research and extension projects are 
also featured on www.usawaterquality.org.

5. Further analyze nutrient pollution contributions from point sources 
and non-agricultural sectors, including a full analysis of costs; target 
cost-effective actions to reduce nutrient loads from point sources as 
warranted. 
USEPA has taken the lead in analyzing the 
nutrient loads from point sources, including 
CAFOs, municipalities, and industries, as well 
as non-agricultural nonpoint sectors, such as 
atmospheric deposition. Recent estimates are 
that nationwide, approximately 17,300 CAFOs 
operate and that 7,600 of those (44 percent) 
have NPDES permits. In the Task Force states, 
an estimated 6,861 CAFOs exist, with 3,134 
of those (46 percent) having NPDES permits. 
Since 2008, USEPA has been working to ensure 
full implementation of the NPDES permitting 
requirements for CAFOs and to identify state 
technical standards for nutrient management 
and improve public access to these standards. 
Upcoming work will focus on collecting and 
sharing data on CAFOs and on forging new 
relationships with key stakeholders to ensure 
that activities at CAFOs do not adversely affect 
water quality. 

For point sources, including publicly owned 
treatment works (POTWs) and industrial facilities, USEPA has developed a Web-based DMR Pollutant 
Loading Tool to help users determine who is discharging what pollutant, where, and how much. 
According to data submitted through the DMR and modeled data for similar facilities, users can 
retrieve counts of the number of point sources in their state, or watershed, and for Task Force states, 
the trends in nutrient discharges for their state or watershed. More information about the features 
of this loading tool is in Action Item 7. 

Feed management is practiced on a large CAFO at a large dairy farm in 
Lafayette County, WI.
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USEPA’s Office of Air and Radiation (OAR) has developed regulations and programs that are 
reducing emissions of NOx from stationary and mobile sources by reducing concentrations of 
NOx, fine-particle pollution, ozone in the ambient air, and the oxide forms of atmospheric nitrogen 
deposition. These regulations are national in terms of their geographic applicability and provide 
significant reductions in NOx emissions and deposition. As atmospheric deposition contributes 
approximately 16 percent of nitrogen loads to the Gulf (Alexander et al. 2008), these programs have 
important implications for Gulf hypoxia and the goals of the Task Force. Initial projections through 
2020 are that controls on sources through several programs like the Clean Air Interstate Rule will 
achieve about a 4 percent reduction in nitrogen deposition to the Gulf. As USEPA OAR continues to 
improve and implement existing programs or develop new programs, the reduction in atmospheric 
deposition can also be expected to increase.
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Action Item 5
Basin-wide and Coastal Impacts of Hypoxia and Excess 
Nutrients
“Identify and, where possible, quantify the effects of the 
hypoxic zone on the economic, human and natural resources 
in the Mississippi/Atchafalaya River Basin and Northern Gulf of 
Mexico, including the benefits of actions to reduce nitrogen and 
phosphorus and the costs of alternative management strategies.”

This scientific assessment of Action Item 5 provides an overview of the activities and major research 
findings that have occurred since the release of the 2008 Action Plan. It outlines the significant 
progress achieved on understanding the impacts of nutrients and hypoxia in the MARB and Gulf 
of Mexico. Because of the large volume of information presented, this section is organized into two 
major sections—studies of excessive nutrients impacts in the basin and understanding of hypoxia 
impacts in the Gulf of Mexico.

Impacts of Nutrients in the MARB
Pollution from excess nutrients (nitrogen and 
phosphorus) has been identified as one of the 
primary causes of water quality impairment in 
the nation. Nutrient loadings to surface waters 
trigger excessive algal growth, which as they 
die and decompose, deplete oxygen levels and 
cause the death of fish or other aquatic organisms. 
Sometimes these algal blooms can be toxic 
and generate a range of harmful effects. Excess 
nutrients also threaten ground water and surface 
water sources of drinking water. Ground water 
reserves, which supply drinking water to some 
105 million people nationwide, can become 
contaminated by nutrients through soil leaching. 
Surface water sources of drinking water are 
also at risk because stormwater runoff carries 
nutrients directly to rivers, lakes, and reservoirs. 
Highly elevated nitrate levels in drinking water 
supplies and private wells can cause a decrease 
in the oxygen-carrying capacity of red blood 

Nitrogen and phosphorus pollution can impact drinking water. 
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cells, which can cause serious illness and 
sometimes death in infants. Nitrogen 
and phosphorus pollution also threatens 
industries that rely on a sustainable 
source of clean water including tourism 
and fishing. More than 14,000 waters are 
impaired by excess nutrients, covering 
at least 2.5 million acres of lakes and 
reservoirs and spanning more than 
80,000 miles of rivers and streams 
(USEPA 2009). These impacts of nitrogen 
and phosphorus on our waters lead to 
significant environmental and economic 
losses on all scales.

Cost data associated with the human 
health, recreational, and economic 
impacts of nitrogen- and phosphorus-
contaminated waters are limited, but USEPA data imply that they are significant and far-reaching. In 
the MARB, which represents 41 percent of the contiguous United States and includes 31 states, high 
levels of nutrients in drinking water—nitrate in particular—and elevated levels of by-products from 
disinfection agents used to treat the nitrate, have been linked with increased disease risks, illnesses, 
or even death (USEPA 2009). In addition to the public health costs and risks, the economic costs 
from treating impaired drinking water are considerable. One example is Chippewa Falls, Wisconsin, 
which had to develop an aggressive watershed management plan and install a costly nitrate 
removal system for a contaminated well that provided nearly 60 percent of the city’s water. It cost 
the city at least $2.5 million to protect and treat its drinking water well from nitrates (USEPA 2009).

Grand Lake St. Marys, Ohio, which feeds the Wabash River that then flows to the Ohio River before 
joining the Mississippi, is an extraordinary example of the environmental and economic impacts 
of nitrogen and phosphorus pollution. Grand Lake St. Marys covers more than 13,000 acres and is 
Ohio’s largest inland water body. However, in 2009, nutrient loading from farm runoff, failing septic 
systems, and lawn fertilizers triggered unprecedented blooms of toxic algae, leading to the death 
of fish, birds, and dogs, as well as illnesses of at least seven people (USEPA 2009). Since then, park 
revenues declined by more than $250,000/year. The lake regatta was cancelled, and five lakeside 
businesses were closed. Although local, state, and federal funds are actively being leveraged to 
restore the lake, the costs are steep. As of 2011, USEPA has provided $1.5 million for water quality 
improvements, and USDA has provided $3 million for implementing watershed agricultural BMPs. 
Conducting a full lake treatment to inactivate phosphorus is estimated to cost $8 million, while 
aerating just 2 percent of the lake surface is estimated to cost $12.7 million not including the annual 
operation and maintenance costs (USEPA 2009).

While these examples highlight the scope and costs of nutrient pollution, much work remains to be 
done on better quantifying the socioeconomic costs and benefits of nutrient reduction.

Binder Lake in Iowa covered in algal blooms.
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Impacts of the Hypoxic Zone in the Gulf of Mexico
Development of the quantitative relationship between nutrients, hypoxia, and living resource 
populations represents an important milestone that will allow for improved goal setting and 
nutrient reduction targets. During the scientific reassessment that preceded the 2008 Action 
Plan, understanding of the living resource impacts of hypoxia in the Gulf of Mexico was relatively 
limited, and quantification of population level impacts proved elusive (Rose et al. 2009). This relative 
lack of knowledge was reflected in the science reassessment by USEPA’s Science Advisory Board 
(SAB) (USEPA 2008). The SAB limited much of its review of impacts to a brief discussion of possible 
ecosystem regime shifts based largely on findings from other systems that experience seasonal 
hypoxia along with abstracts provided in an appendix. However, many of the studies represented 
in the SAB report provided fundamental information required to make some of the significant 
advances that have been seen in recent years.

Much of the progress on understanding living resource impacts since 2008 can be traced to a NOAA 
sponsored workshop convened in 2007. This workshop was the result of a growing recognition 
during the last scientific reassessment of the need to advance impacts research and focused on 
developing a state of knowledge and outlining future research priorities. The workshop resulted in 
several significant outputs. On the basis of science advances identified at the workshop, a special 
issue of the Journal of Experimental Marine Biology and Ecology (Kidwell et al. 2009) was published 
with peer-reviewed articles on the latest research of hypoxia impacts. Research and management 
priorities identified at the workshop informed the activities and critical needs outlined in Action 
Item 5 of the 2008 Action Plan. These priorities were also used to inform the development of a 
2009 Federal Funding Opportunity that resulted in the funding of three large multi-institution, 
multidisciplinary research studies that directly address Action Item 5 science needs.

Living resource impacts have been the focus of the Hypoxia Research Coordination Workshops 
in 2010 and 2012. These workshops centered on coordinating ongoing research activities, sharing 
findings and outputs, and engaging the management community. To improve capabilities to 
examine hypoxia impacts, these workshops have leveraged existing research projects, particularly 
those focused on characterizing and modeling the hypoxic zone, to improve year-to-year research 
capabilities and provide realistic modeling scenarios. In 2012 the workshop focused on providing 
an update on the state of the science and remaining research priorities to inform the scientific 
reassessment of the 2008 Action Plan. Findings from the 2012 workshop (www.ncddc.noaa.gov/
activities/healthy-oceans/gulf-hypoxia-stakeholders/workshop-2012/) were integrated with peer-
reviewed literature to develop the following assessment of research findings and remaining science 
needs related to hypoxia impacts.

Significant Research Findings

Altered Spatial Distribution and Composition

It has been well documented that bottom-dwelling species, particularly Atlantic croaker and brown 
shrimp, are displaced from optimal habitat along the Louisiana shelf as a result of hypoxia (Craig and 
Crowder 2005). This displacement often results in a congregation of species around the edges of 
the hypoxic zone, creating what has been termed the halo-effect, with many species being pushed 
both offshore and inshore of the hypoxic zone. Bottom-dwelling species are typically displaced 
horizontally; pelagic species are typically forced higher in the water column.
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Craig (2012) quantified this displacement for several species and found that many were found 
relatively close to the 2 milligrams per liter (mg/L) hypoxic edge, often within 1 to 2 kilometers (km). 
While most individuals for each species were found within this range, or farther from the edge, 
a smaller number can be found within the hypoxic zone proper. Craig (2012) found avoidance 
thresholds for the 10 species analyzed were often below 2 mg/L. For example, Atlantic croaker, 
shrimp, and Atlantic bumper typically avoid waters with dissolved oxygen concentrations of 1.24 to 
2.04 mg/L, 1.07 to 1.57 mg/L, and 0.66 to 1.31 mg/L, respectively. Much of the range of avoidance 
reflects interannual variability that is possibly a response to varying severity of hypoxia (i.e., areal 
extent). While the low avoidance thresholds for most species may indicate a relative tolerance to 
hypoxic conditions or ability to vertically migrate, these threshold values are likely close to the 
minimum dissolved oxygen levels required to avoid mortality for many species. Further, mortality 
avoidance thresholds of dissolved oxygen appear to be significantly lower than thresholds for 
sublethal physiological effects (P. Thomas, 2012, personal communication).

In addition to horizontal displacement, studies indicate that many species, particularly plankton, 
are vertically displaced. Zooplankton typically make daily vertical migrations in association with 
diel cycles, inhabiting deeper, darker waters in daylight hours to avoid predation and migrating to 
surface waters at night to feed. However, zooplankton found over hypoxic bottom waters limited 
their daytime depth to an average of 7 meters (m) higher in the water column than zooplankton 
inhabiting normoxic waters (Roman et al. 2012). The forcing of hypoxia higher into the water column 
likely increases their susceptibility to predation and might improve, at least temporarily, food 
availability for planktivorous fish. This vertical displacement of zooplankton is not uniform, however, 
and is likely dependent on the severity and percent of water column that is hypoxic (Pierson et al. 
2009). Acoustical scans also found aggregations of pelagic fish concentrated higher in the water 
column in hypoxia relative to normoxic waters (Hazen et al. 2009).

Sublethal Physiological Effects

Mounting evidence indicates that Atlantic croaker, a species considered hypoxia-tolerant, is 
exhibiting a suite of sub-physiological impacts when aggregated along the edges of the hypoxic 
zone, where waters often contain suboptimal oxygen levels. Comparative field and laboratory 
studies have isolated and established the expression of the hypoxia inducible-factor (HIF) 1α as 
a useful biomarker for hypoxia exposure in Atlantic croaker (Thomas et al. 2007; Murphy et al. 
2009; Thomas and Rahman 2009a, 2010). Upregulation of the HIF mRNA and proteins serves as 
a mechanism for suppression of aerobic metabolism under low oxygen conditions (Thomas 
and Rahman 2009a, 2010) and can lead to significant increases in reactive oxygen species that 
have been associated with cell damage and other oxidative stresses (Rahman and Thomas 2011). 
Molecular analysis has shown that the hypoxic-induced oxidative stress can affect the regulation of 
CYP1A, an enzyme indicative of a toxicity response to chemical contaminants (Rahman and Thomas 
2012). Although these efforts have focused on the relatively hypoxia-tolerant Atlantic croaker, it 
is likely this biomarker or physiological response is not species specific or limited to the Gulf. For 
example, expression of the HIF 1α biomarker was also recently found in mantis shrimp and dragonet 
exposed to hypoxia in Tokyo Bay, Japan (Kodama et al. 2012a, 2012b).

Additional research on the physiological impacts of hypoxia has focused on endocrine disruption 
and reproductive impairment. Exposure to suboptimal dissolved oxygen conditions, varying from 
just below to just above 2 mg/L, has been attributed to disruption of the key enzyme tryptophan 
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hydroxylase in the hypothalamus of Atlantic croaker (Thomas et al. 2007; Rahman and Thomas 2009; 
Rahman et al. 2011). This disruption of the endocrine system responsible for regulating the gonadal 
system can have significant effects on reproduction that can be widespread. Thomas and Rahman 
(2010) found that male Atlantic croaker collected from sites associated with the Gulf hypoxic zone 
had significant testicular impairment relative to male Atlantic croaker collected from normoxic 
reference sites. Males from the hypoxic zone had 26.2 percent fewer sperm than males from 
references sites, leading to an approximately 50 percent decrease in testicular growth. Subsequent 
analysis of female croaker from the hypoxic zone found similar impairments. While ovaries of female 
Atlantic croaker from normoxic sites were normal, 19 percent of croaker ovaries from hypoxic sites 
contained male germ cells, a sign of masculinization. In addition, croaker ovaries from hypoxic sites 
were smaller, less developed, and produced fewer viable eggs. These findings were confirmed 
through laboratory experiments, which also showed that ovaries did not recover once normal 
dissolved oxygen conditions returned. Further, a spawning trial indicated that impaired gamete 
maturation was accompanied by a dramatic decline in numbers of fertilized eggs (Thomas and 
Rahman 2009b). Widespread analysis of croaker sex ratios indicates a strong bias toward males 
around the hypoxic zone relative to croaker from normoxic waters (Thomas and Rahman 2011). As 
expected, affected masculinized female croaker exhibited significantly reduced endocrine function 
and aromatase, an enzyme responsible for the production of estrogen.

With high spatial overlap with other additional fish species (Craig 2012), Craig and Bosman (2013) 
suggest that the sublethal impacts found in croaker likely extend to the broader demersal, and 
possibly pelagic, community.

Evidence for Fisheries and Socioeconomic Effects

Research into the socioeconomic impacts of hypoxia in the Gulf of Mexico has primarily focused 
on brown shrimp, and results remain preliminary. However, research on the economic impacts of 
hypoxia on the brown shrimp fishery in the Neuse River, North Carolina, likely provides a useful 
perspective to the Gulf. In the Neuse River, Huang et al. (2010) estimated a 12 to 15 percent increase 
in revenues to the shrimp fishery if hypoxia were eliminated. However, in a later study, Huang et al. 
(2012) suggests the effect of eliminated hypoxia would actually be lower because of many other 
factors affect shrimp stocks and prices. When the shrimp supply in the United States is dominated 
by imports, improvements in the Neuse River fishery would likely have no effect on overall shrimp 
prices. For shrimpers, any gains in shrimp harvest would likely be short-lived or minimal because of 
current fishery management policies and because shrimpers typically respond to a suite of factors 
in addition to shrimp supply (e.g., weather and prices). Note that these analyses examined only 
the Neuse River fishery, although hypoxia likely affects a broader suite of species and ecosystem 
functions. Therefore, the economic benefits of nutrient reductions would have to be integrated 
across multiple factors (K. Craig, 2012, personal communication).

A broader analysis of the socioeconomic effects on the shrimp fishery in the Gulf of Mexico is 
underway, including developing a suite of economic models. Preliminary results from this study 
have found that shrimpers in the northern Gulf respond to hypoxia in a similar pattern to shrimp 
and croaker, with shrimpers fishing in a halo pattern around the edge of hypoxic zone (K. Craig, 
2012, personal communication). The large congregation of demersal species around the hypoxic 
zone coupled with targeted fishing along the edge by shrimpers has been suggested to cause an 
increase in bycatch of non-target species (Craig 2012). In addition, alterations in movements have 
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also been observed in Gulf menhaden 
fisheries and studies are underway 
(Craig 2012) to examine the role of 
hypoxia in movements of the menhaden 
fishing fleet (J. Rester Gulf States Marine 
Fisheries Commission, 2012, personal 
communication).

Next Steps and Remaining Needs

Although the connection between 
upstream nutrient loads and the relative 
size of the hypoxic zone in the Gulf is well 
established, broader ecological effects 
on the Gulf ecosystem that could reach 
even beyond the Gulf will continue to 
be evaluated. Since the last reassessment 
that culminated in the 2008 Action Plan, 
knowledge of the ecological impacts of 
hypoxia has increased greatly and many research efforts are beginning to mature. Many of these 
efforts are beginning to transition their findings from laboratory and field-based assessments into 
integrative modeling platforms that will allow for examination of multiple stressors and hypoxia 
scenarios. For example, results on reproductive impairments in croaker coupled with data on 
distribution relative to the hypoxic zone are being integrated into an individual-based model of 
Atlantic croaker in the northern Gulf of Mexico (S. Creekmore and K. Rose, Louisiana State University, 
2012, personal communication). Once fully developed, this model will allow an examination of 
hypoxia effects on croaker populations under varying scenarios and provide a framework for 
modeling impacts to additional Gulf species. Similarly, ecosystem-based models such as EcoSim 
with EcoPath and Atlantis are being developed that allow for multi-species assessments of hypoxia 
impacts, trophic dynamics, and nutrient effects.

In addition, integration of these modeling efforts with physical/biogeochemical hypoxia models 
will also allow for a holistic assessment of ecosystem effects from nutrient abatement and reduced 
hypoxia. While it is widely accepted that a reduced hypoxic area will improve overall ecosystem 
health, an emerging theory indicates there will be possible tradeoffs with some species benefiting 
more than others. In Lake Erie, Brandt et al. (2011) suggest that walleye, an important recreational 
fishery, might be benefiting from hypoxia as a result of concentrated plankton biomass above 
hypoxic waters. Similar theories have been suggested for planktivorous fish in the Gulf, such as 
juvenile menhaden, anchovies, and Atlantic bumper, although the additive effect of fishing pressure 
remains a critical unknown. Elucidating these ecosystem-wide implications through integrated 
model applications represents a critical frontier in hypoxia impacts research.

To enable these modeling capabilities, a suite of targeted research needs remains a priority. In 
general, these needs center on expanding the suite of species analyzed for hypoxia impacts and 
on improving ecological modeling capabilities. Most of the needs identified in Kidwell et al. (2009) 
remain gaps in research and should be addressed. However, advancement of the field has resulted 

Shrimp trawler.
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in the identification of specific priority needs required to advance modeling efforts. These needs 
include the following:

1. Refined assessments of Atlantic croaker sublethal and indirect hypoxia impacts and targeted 
research to examine possible sublethal impacts in additional species.

2. Multi-stressor assessments of cumulative ecosystem and species impacts.

3. Improved quantification of long-term population-level impacts of key living resources, such as 
brown shrimp and red snapper.

4. Integration into regional ecosystem planning and fisheries management efforts.

5. Improved species modeling capabilities, including incorporation of movement patterns in 
relation to the hypoxic zone and bioenergetic implications of altered foraging habits and 
suboptimal oxygen levels.

6. Refinement of ecosystem modeling capabilities that incorporates spatially explicit effects of 
hypoxia and subsequent changes in predator-prey relationships.

7. Refined quantification of socioeconomic effects and expansion to additional species.

8. Coupling of ecological models with scenario-based hypoxia models.

9. Improved understanding of the relationship between nutrient loads, hypoxia spatial 
and temporal dynamics, and living marine resources through integrated modeling and 
assessments.
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Action Item 6
Data Access and Collection
“Coordinate, consolidate, and improve access to data collected 
by State and Federal agencies on Gulf Hypoxia and Mississippi/
Atchafalaya River Basin program activities and results.”

Action Item 6 focuses on coordinating, consolidating, and improving access to data collected by 
state and federal agencies on Gulf hypoxia and nitrogen and phosphorus fate and transport in 
the MARB. The Integrated Assessment (1999) reports that a comprehensive monitoring, research, 
and modeling approach was needed to evaluate which BMPs are most effective. Fundamentally, 
the Task Force agencies have progressed on Action Item 6 over the years; nevertheless, gaps in 
data and information remain, and these agencies continue to strive for extensive data collection, 
consolidation, and access.

Basin Data
USGS has provided annual streamflow and nutrient flux (http://toxics.usgs.gov/hypoxia/
mississippi/flux_ests/index.html) data since 1980 for the MARB and nine major subbasins 
(Aulenbach et al. 2007). Preliminary spring estimates of monthly streamflow and nutrient fluxes 
from the Mississippi and Atchafalaya rivers to the Gulf of Mexico are provided in June each year. 
NOAA-supported researchers incorporate the spring nutrient load estimates into a suite of models 
to forecast the size of the hypoxic zone in the Gulf of Mexico (www.cop.noaa.gov/gulf_hypoxia_
forecast/).

The Task Force agencies are also focused on improving 
the access to a wealth of existing monitoring data that 
are critical to measuring progress of nutrient reduction 
actions. In 2012 USEPA, USGS, and the National Water 
Quality Monitoring Council released a collaborative 
Water Quality Portal (www.waterqualitydata.us/). The 
Portal provides consolidated, publicly available water 
quality data from USEPA’s Storage and Retrieval (STORET) 
Data Warehouse and USGS’s National Water Information 
Systems (NWIS) in one central location. This combination 
of STORET and NWIS data is a significant source of water 
quality information from water resource management 
groups, state and local governments, public and private 
utilities, private citizens, and other groups. USDA ARS is working with USGS and USEPA to include in 
the Water Quality Portal the Sustaining the Earth’s Watersheds: Agricultural Research Data System, a 
Web-based system providing access to soil, water, climate, land-management, and socioeconomic 

Water Quality Portal website.
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data from CEAP projects. While most monitoring data are stored in some type of online system, 
not all current long-term monitoring data are stored in one of these three national databases. The 
inclusion of all available water quality monitoring data in a common format through one portal, 
especially sites with long-term information, is critical to developing a MARB monitoring network.

At the spring 2012 Task Force meeting, a MARB Monitoring Collaborative chaired by USGS and 
NOAA was formed to identify the monitoring objectives and funding needed to establish an 
integrated long-term, multiscale MARB water quality monitoring network using existing sites and 
resources. This workgroup includes representatives from each Task Force state and federal agency. 
Water quality data have been retrieved from multiple agencies in the Task Force states. Preliminary 
assessments indicate that at least 325 active sites have at least 10 years of water quality data (at 
least quarterly sampling) that were collected at or near an active stream gauge. About 140 of those 
sites have more than 20 years of data. The collaborative continues to identify new sites, discuss data 
storage and monitoring procedures, and explore opportunities for standardizing data collection 
and storage procedures. New long-term monitoring networks established in the past 5 years, such 
as the 81 sites in the Minnesota Watershed Pollutant Load Monitoring Network (www.pca.state.
mn.us/index.php/water/water-types-and-programs/surface-water/streams-and-rivers/watershed-
pollutant-load-monitoring-network.html), will be added to the monitoring collaborative as they are 
identified.

The MARB Monitoring Collaborative is also working with other groups throughout the watershed 
to assess water quality monitoring activities and needs. For instance, the Upper Mississippi River 
Basin Association embarked on a two-year project in 2012 to develop an Upper Mississippi 
River monitoring strategy to aid the Upper Mississippi River states in moving forward with 
more comprehensive, consistent, and accurate Clean Water Act assessments of the Mississippi 
River, leading to both a better understanding of its condition and the status of water quality 
improvements. This work will also serve as a foundation for seeking long-term, stable funding to 
support Upper Mississippi River Water Quality monitoring goals (Yoder et al. 2012).

The USEPA Nitrogen and Phosphorus Pollution Data Access Tool (NPDAT) (http://www2.epa.
gov/nutrient-policy-data/nitrogen-and-phosphorus-pollution-data-access-tool) provides access to 
key information on the extent and magnitude of nitrogen and phosphorus pollution in streams. 
Additional data needs in the MARB include improving access to scientific research and refinements 
to existing spatial data sets on nutrient sources, conservation practices, and land use or land cover. 
These data are needed to develop nutrient budgets and enhance our understanding of why water 
quality conditions change over time. For example, tracking nutrient inputs from point sources helps 
to evaluate whether changes in technology and policy have reduced nutrient loads from point 
sources.

The USEPA DMR Pollutant Loading Tool (http://cfpub.epa.gov/dmr/index.cfm) provides access 
to point source nutrient information from 2007 to 2011 and can calculate pollutant loadings from 
permit and DMR data. The tool can also track the percentage of the point source load estimated 
using DMR data and modeled estimates. This tool provides a uniform method to track point source 
inputs at local, state, and MARB scales; however, some data verification issues must be addressed to 
improve the accuracy of nutrient estimates using this tool.
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To better understand whether the actions states and federal agencies are taking are sufficient to 
improve both local and downstream water quality, improvements in point source estimates and 
spatial data sets on nutrient inputs from agricultural (amounts, timing, and inputs of manure and 
fertilizer), atmospheric (including source apportionment from various sources), and urban sources 
are needed. These improvements will enhance estimates of nutrient budgets, and the calibration 
and validation of watershed models.

Following are the monitoring and data needs for the MARB:

 Annual and seasonal estimates of nutrient loads from watersheds identified as part of the
MARB Monitoring Collaborative.

 Expand intensive, long-term monitoring at multiple scales, but especially target small HUC-12
watersheds.

 Ensure all long-term water quality data are available through one Web portal, such as the
Water Quality Portal.

 Increase the number of sites with real-time nutrient data accessible via the Web.

 Increase water quality monitoring at HUC-8 and HUC-12 scales in USDA MRBI watersheds and
other watersheds where conservation practices are being implemented.

 Develop annual reports of nutrient inputs from point sources and continue to reduce the
uncertainty of point source nutrient loads by increasing point source monitoring requirements
for nutrients and verifying flow and nutrient information in the USEPA DMR Pollutant Loading
Tool.

Coastal Data
In 2012 NOAA updated the 2009 Gulf Hypoxia Monitoring Implementation Plan, which outlines 
requirements for comprehensive characterization of the Gulf hypoxic zone. Updates to the plan 
were a primary outcome of the 2011 Gulf Hypoxia Research Coordination Workshop, which is held 
annually to coordinate hypoxia research and monitoring activities. The 2012 update focuses on core 
monitoring requirements and includes the following:

 Expanded spatial boundaries of shelf-wide surveys (80–90 sites).

 Increased number of monthly shelf-wide surveys (April, May, June, July, August, and
September).

 Increased number of observational systems.

 Cross-shelf transects to address temporal gaps of shelf-wide surveys.

 Deployments of autonomous underwater vehicles (AUVs) with dissolved oxygen sensors.

 Inclusion of hypoxic volume measurements on shelf-wide surveys.

 Continued in situ observational systems and assurance that all are outfitted with dissolved
oxygen sensors.

 Data portal to maximize accessibility to, and exchange of, hypoxia data.

 Dissemination of relevant data and findings to management community.

In response to the 2009 Monitoring Implementation Plan, NOAA has continued funding for the 
mid-summer survey by the Louisiana Universities Marine Consortium (LUMCON; Rabalais et al. 
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2007) that measures the areal 
extent of the hypoxic zone 
and serves as the primary 
metric for assessing progress 
toward the 2008 Action Plan 
goal. NOAA has also continued 
taking dissolved oxygen 
measurements in conjunction 
with the summer groundfish 
survey of the Southeast Area 
Monitoring and Assessment 
Program (SEAMAP). Though not 
synoptic, this survey provides 
near real-time data through 
Hypoxia Watch (www.ncddc.
noaa.gov/hypoxia/) to inform 
hypoxic zone modeling efforts. 
Since 2009, NOAA has also 
funded two additional complementary surveys of the areal extent of the hypoxic zone. Led by Texas 
A&M University (TAMU) and conducted in June and August, these surveys provide critical context 
to the mid-summer LUMCON survey. Since 2009, NOAA funded surveys have produced further 
information regarding the behavior of dissolved oxygen in near-shore Gulf waters and increased 
resolution on the extent and duration of hypoxic episodes.

NOAA has released the first phase in developing a Gulf of Mexico Data Atlas (http://gulfatlas.
noaa.gov/) to highlight six categories of data: physical, biotic, living marine resources, economic 
activity, environmental quality, and jurisdictions. Historical dissolved oxygen data collected through 
the SEAMAP surveys are accessible through the Atlas, while historical data collected through the 
LUMCON and TAMU surveys will be accessible in phase two of the Atlas. These data sets will also 
be combined with the SEAMAP data to construct annual dissolved oxygen climatologies and 
time-series simulations of the hypoxic zone. Efforts to develop a hypoxia data portal are ongoing in 
collaboration with the Gulf of Mexico Coastal Ocean Observing System.

Webb Teledyne Glider at surface during a trial run to measure dissolved oxygen levels in the Mississippi 
Bight. The Webb Glider is owned and operated by Dr. Stephan Howden, Department of Marine Science, 
University of Southern Mississippi.
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Action Item 7
Track Interim Progress on Program Actions to Reduce 
Nitrogen and Phosphorus
“Track interim progress on the actions to reduce nitrogen and 
phosphorus by producing an annual report on federal and state 
program nutrient reduction activities and results.”

The Task Force has been instrumental in helping advance the science and synthesis needed to 
understand the nature of the hypoxia problem in the Mississippi River and Gulf of Mexico. It also 
continues to provide executive level support for coordinating the actions of participating states and 
federal agencies working on nutrient management in the watershed. The Task Force has produced 
two Action Plans to date. The 2008 Action Plan has three overarching goals: (1) the Coastal Goal to 
reduce the size of hypoxic zone to less than 5,000 km2 by 2015; (2) the Within Basin Goal to restore 
and protect waters in the MARB; and (3) the Quality of Life Goal to improve communities and 
economic conditions across the MARB. However, the lack of shorter, more specific and quantifiable 
measures in the Action Plan limits the Task Force’s ability to routinely and accurately assess progress 
toward these goals. It also creates challenges to be more action-oriented and accountable.

To better focus its missions and goals, the Task Force formed an Accountability Work Group, and 
discussed an Accountability Framework at the Tunica, Mississippi meeting in September 2010. In the 
context of the Task Force, the framework defines accountability as “the ability to objectively measure 
and report on progress toward quantitative environmental management goals, where possible, 
related to reducing nutrient pollution in-basin and its downstream impacts in the northern Gulf of 
Mexico.” The framework identified actions required of the Task Force to be more accountable. One 
action was to establish a workgroup composed of technical experts to develop reasonable and 
scientifically defensible recommendations that quantify progress toward each of the goals described 
above. Soon after the Tunica meeting, the Task Force established a Measures Work Group.

The Measures Work Group examined a broad range of indicators on the basis of their fiscal and 
technical feasibility that could be used to measure and track progress in implementing the Action Plan. 
Some of the indicators considered included: TP and TN loads in pounds/year from major municipal 
and industrial NPDES dischargers; estimated phosphorus and nitrogen load reductions on the basis 
of agricultural practices; and nutrient loads in water bodies. The Task Force is still discussing ways to 
effectively estimate phosphorus and nitrogen load reductions from agricultural conservation practices.

For point sources, USEPA has developed a Web-based DMR Pollutant Loading Tool to help users 
determine who is discharging what pollutant, where, and by how much. This will help enhance 
access to DMR data for the general public interested in their local watersheds and assist technical 
users like permit writers or watershed modelers. For the Task Force states, the loading tool includes 
a new search function that provides the same information as the general tool (i.e., dischargers, 
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pollutants, location, amounts) but limits the results to nitrogen and phosphorus data. This function 
also presents aggregated nutrient loads for facilities required to report discharges through DMR 
data and from facilities that are likely to discharge nitrogen or phosphorus but are not reporting it 
on their DMRs. (Modeling of loads for facilities without data was accomplished by using information 
from similar facilities that do report nutrient loads.) USEPA is refining the Task Force function to 
produce various reports that break up annual loadings not only by state and watershed, but also 
into a number of other categories. Additionally, the function will generate reports and counts on 
effluent limits, and monitoring requirements by geographic areas and categories.

To evaluate the effectiveness of conservation 
practices, one effort is the coordinated monitoring 
between multiple state and federal agencies 
in a subset of the MRBI watersheds. Through 
the MRBI, USDA NRCS aims to improve the 
health of the MARB, including water quality and 
wildlife habitat, by helping producers in priority 
watersheds voluntarily implement nutrient 
conservation practices. A comprehensive and 
integrated multitiered monitoring plan in priority 
watersheds is being developed to track the 
progress of these practices toward reducing 
nutrients and improving water quality. Fifteen 
small watersheds in Arkansas, Iowa, Minnesota, 
Mississippi, Missouri, and Wisconsin were selected 

for intensive monitoring under the MRBI monitoring initiative. The information gathered and lessons 
learned from these watersheds will help NRCS update its technical standard for water quality 
monitoring and help the Task Force show progress in a representative sample of HUC-12 watersheds.

Another example of a coordinated monitoring effort to address the need for data and tracking 
interim progress is the new MARB Monitoring Collaborative chartered by the Task Force in 2012. This 
collaborative aims to establish a shared reporting network of already existing sites with long-term 
nutrient monitoring and streamflow records. Historic and future data collected from this network 
will prove invaluable for evaluating where the overall impact of conservation practices and policies 
is, and to help target where new or improved nutrient reduction strategies need to be established. 
Action Item 6 also provides more detail on the monitoring collaborative.

Various tools have been developed to help Task Force states with their nutrient reduction strategies. 
USEPA designed NPDAT to support states and other partners in prioritizing watersheds on a 
statewide basis for nitrogen and phosphorus load reductions and for setting watershed load 
reduction goals, which are the first two elements recommended by the USEPA framework memo, 
which is summarized in Action Item 1. NPDAT can also help states analyze nitrogen and phosphorus 
pollution by providing data on the extent and magnitude of nitrogen and phosphorus pollution, 
related water quality problems, and potential pollution sources in a format that is readily accessible 
and easy to use.

While NPDAT focuses on watershed prioritization and load reduction goals and the Loading Tool on 
point sources, a modeling tool by NRCS known as Agricultural Policy/Environmental eXtender (APEX) 
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is now available to evaluate the impacts of conservation management decisions on environmental 
and production issues. APEX can estimate the sustainability of land management strategies for 
cropland, grazing, and pasture land with respect to factors like erosion, water quantity and quality, 
and soil quality. The management strategies that can be simulated include tillage, buffer strips, 
nutrient application, crop rotation, and more. A unique feature of APEX is its capacity to subdivide 
farms to arrive at a homogenous field scenario with respect to soil, climate, and management. NRCS is 
developing a method to use APEX for characterizing the HUC-12 watersheds. These efforts to enhance 
APEX present another critical tool for measuring success by states in reducing nutrients loads.

The Task Force states will also incorporate into their nutrient reduction strategies accountability 
and verification measures and tracking of biannual load reductions and environmental impacts 
in targeted watersheds. These components of the strategies will enhance the quantification and 
tracking of program and management efforts toward nutrient load reductions.

While the above collaborations and tools help track interim progress, the following section provides 
a few examples of the progress already made and success stories related to nutrient impairments 
since 2008, based on information provided by the states.

Examples of State Success Stories

Arkansas

The Arkansas-Oklahoma Arkansas River Compact adopted a 40 percent reduction 
goal for phosphorus loading in the Illinois River Watershed. Baseline loading was 
established to track progress. At each monitoring site, five-year rolling average 
concentrations are trending downward. The Illinois River Watershed Partnership 
leveraged more than $2,241,000 in nongovernmental funds for conservation and 
phosphorus reduction efforts. In addition, northwest Arkansas cities invested over 
$225,000,000 in POTWs (2010: 0.37 mg/L average concentration for all POTWs). Cities 
and developers in the watershed are investing substantially in non-agricultural 
stormwater controls.

Illinois

The Champaign County Soil & Water Conservation District worked with local 
agribusinesses and producers to minimize soil and nutrients from moving into local 
streams and drainage ditches through the adoption of strip till and deep placement 
of fertilizer in crop production. A program was implemented to make specialized 
farm equipment available to producers in Champaign County and to provide cost 
share payments to producers to implement strip-till, strip-till with deep nutrient 
placement, and soil testing. The program resulted in about 10,000 acres of farmland 
being planted with strip-till or strip-till with deep nutrient placement. The load 
reductions are in the table below. The project covered Champaign County with 
special emphasis on the Salt Fork Vermilion River, Embarrass River, and the Little 
Vermilion River segments in the county.

Estimated Load Reductions

BMP code BMP name Sediment (tons/year) Phosphorus (pounds/year) Nitrogen (pounds/year)

329 Conservation tillage 21,461 23,691 47,169

Action Item
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Indiana

CREP and Lake and River Enhancement have BMP cost-share funds specifically for 
improving water quality on agricultural lands and along water bodies. One project 
of note in CREP was an 84-acre riparian buffer stretching nearly 2 miles as a single 
project. This project establishes a buffer for surrounding agricultural and residential 
areas and is a sounding board for the success of CREP in protecting water quality. 
Both Indiana’s Departments of Agriculture and Environmental Management use 
the USEPA Region 5 model to estimate load reductions. All Clean Water Act Section 
319 projects and Clean Water Indiana funded practices, such as the CREP buffer, are 
included in these load reductions. On the basis of this model, the estimated load 
reductions for 2012 from practices installed under the CREP program were 86,470 
pounds of nitrogen, 43,732 tons of sediment, and 44,370 pounds of phosphorus 
statewide. The Conservation Cropping Systems Initiative has also been very 
proactive in addressing nutrient management by working with farmers to improve 
soil health while promoting the use of no-till and cover crops, keeping more 
nutrient and sediment on the fields, and increasing nutrient uptake by the plants.

Louisiana

The Ouachita and Mermentau River Basins are two basins identified through USGS 
SPAtially Referenced Regressions On Watershed attributes (SPARROW) modeling 
as contributing high nitrogen and phosphorus loads to in-stream and Gulf waters. 
In these basins, nitrogen and phosphorus trends have declined as a result of point 
source and nonpoint source programs. LDEQ is examining water quality trends 
in other basins to determine if similar reductions have occurred over the period 
of record in which LDEQ has collected ambient water quality data. In addition to 
seeing successful nutrient reductions in two key basins, the Louisiana Environmental 
Leadership Program recognizes voluntary pollution reductions, including those for 
nutrients.

Minnesota

The Sauk River Chain of Lakes (http://water.epa.gov/polwaste/nps/success319/
state_mn.cfm) is impaired by phosphorus and total suspended solids from row 
cropping and livestock operations, and discharges from on-site septic systems. 
Agricultural BMPs and upgrades to septic systems and municipal wastewater 
treatment facilities throughout the watershed have reduced TP concentrations 
to 176 µg/L—nearly achieving the regional goal of 100–150 µg/L—representing a 
48 percent decrease in TP loading.

Additionally, the Minneapolis Chain of Lakes (http://water.epa.gov/polwaste/
nps/success319/mn_chain.cfm) receives urban runoff delivering high levels 
of phosphorus and sediment from its fully developed watershed. Through 
implementing a widespread public education campaign, sediment control 
measures, and other practices throughout the 7,000-acre watershed, the 
Minneapolis Chain of Lakes Clean Water Partnership achieved significant in-stream 
reductions in sediment and phosphorus. This has helped most of the lakes stay off 
the 303(d) list of impaired waters.
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Missouri

In 2010 the Generations Program, an innovative Future Farmers of America 
partnership supported by USEPA Gulf of Mexico Program funds, was implemented 
in five Bootheel counties in southeast Missouri. This program paired youths (the 
next generation of farmers) with agricultural professionals and corn producers to 
collect cornstalk samples, test them for nitrate content, and assist producers in 
making fertilizer decisions.

Additionally, following the passage of House Bill 250, the Missouri Soil and Water 
Conservation Cost-Share Program expanded its docket of farm conservation 
practices from 17 to 49 practices in 2009. These new practices included enhanced 
sediment erosion control measures and practices that reduce nutrient, bacteria, 
and pesticide loads. Before the passage of House Bill 250, the program’s practices 
addressed only sheet, rill, and gully erosion.

Ohio

Ohio EPA conducts biological and water quality surveys on major river basins 
throughout the state and follows up with generating TMDLs for waters that are 
impaired. A survey of the Little Miami River, a National Scenic River and tributary 
to the Ohio River, conducted in 1998 revealed impairment of aquatic life uses. 
Elevated TP (median in-stream TP concentration ~0.3 mg/L) was a contributing 
cause, and the subsequent TMDL resulted in the imposition of 1 mg/L effluent 
limits for TP at major wastewater treatment plants. Following plant upgrades and 
operational changes, these facilities are in compliance with their effluent limits. Load 
duration analysis demonstrated that the new NPDES permit limits had reduced the 
ambient river TP concentration to a value near the TMDL target by 2008. Follow-up 
stream survey work in 2011 showed in-stream phosphorus concentrations have 
been reduced by over 50 percent compared to 1998 levels. Equally important, the 
biological condition of the river has improved, and the Little Miami River is now in 
full attainment of its aquatic life use designation.

Wisconsin

The state-enacted phosphorus technology-based effluent limits have resulted in 
a 67 percent load reduction from municipal and industrial wastewater facilities in 
Wisconsin. In specific HUC-8 areas, such as the central portion of the Wisconsin 
River Basin or the Upper Rock River Basin, where point sources were the dominant 
contributors of phosphorus, attaining the limit has resulted in a substantial 
reduction in load.

Year
Point source  

(data from DMR, in lbs/year)
Nonpoint source  

(data from SPARROW, in lbs/year) Total

La Crosse–Pine watershed

1995 (baseline) 255,094 119,466 374,560

2013 84,331 107,519 191,850

Castle–Rock watershed

1995 (baseline) 514,524 353,684 868,208

2013 118,066 318,316 436,385
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Action Item 8
Decrease Scientific Uncertainty on Source, Fate, and 
Transport of Nitrogen and Phosphorus
“Continue to reduce existing scientific uncertainties identified in 
the Science Advisory Board and MMR workgroup reports regarding 
source, fate, and transport of nitrogen and phosphorus in the 
surface waters of the Mississippi/Atchafalaya River Basin.”

Adaptive management provides a framework to move forward on nutrient related hypoxia 
issues in the Gulf of Mexico recognizing the scientific uncertainties of nutrient source, fate, and 
transport assessments. Key components of adaptive management include model flexibility and 
compatibility between watershed models, economic models, and Gulf of Mexico hypoxia models 
(USEPA 2008), while striving to reduce uncertainty. While significant progress has been made to refine 
our understanding and reduce the uncertainty of nutrient sources and transport throughout the 
MARB that were identified in the Integrated Assessment and the 2004 Science Assessment (Goolsby 
et al. 1999; USGS 2004), numerous challenges remain. Tomer and Locke (2011) and Sprague and 
Gronberg (2012) describe some key challenges of measuring the benefits of conservation practices 
in watersheds and highlight the importance of continued integration of long-term monitoring and 
observational and modeling studies to inform adaptive management of nutrient reduction strategies.

An extensive list of models that have been applied to enhance the understanding of source, fate, 
and transport of nutrients from the field to regional and basin scales in the MARB are described 
in the SAB report (USEPA 2008). Many of these models address needs identified in the 1999 
Integrated Assessment, which include a better understanding of nitrogen dynamics in soils and 
streams, the dynamics and timing of nitrate transport in small watersheds (drained and undrained), 
and atmospheric deposition. These field-scale results highlight spatial and temporal variability 
in nutrient processing that can enhance the development of state, regional, and basin scale 
assessments that can be used to evaluate how various management strategies across the MARB 
affect nutrient delivery to the Gulf of Mexico.

Regional and Basin-wide Scale Assessments of Nutrient 
Sources and Transport to Gulf
Basin-wide assessments have enhanced our understanding of nutrient delivery and transport within 
the MARB. Results from a variety of recent basin-scale models are in general agreement with the 
1999 Integrated Assessment that row-crop agriculture is the dominant source of nutrients exported 
to the Gulf and that nutrient hot spots throughout the corn belt contribute a large percentage of 
the annual/spring nutrient loads, but they occupy a relatively small portion of the MARB watershed 
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area (Table 2) (David et al. 2010; Alexander et al. 2008; Booth and Campbell 2007). Tile drainage in 
these nutrient hot spot areas has also been identified as a key factor accelerating nitrate export 
(David et al. 2010; Raymond et al. 2012; Schilling et al. 2012). Point sources are estimated to represent 
about 7 to 14 percent of the annual or spring nitrogen load and 9 to 27 percent of the annual or 
spring phosphorus load to the Gulf (USEPA 2008). To obtain a significant reduction in nutrient flux 
to the Gulf and reduce the size of the hypoxic zone, nutrient reduction strategies aimed at both 
nonpoint and point sources will be crucial.

Each of these models offers new insights on the sources, landscape, and hydrological factors 
affecting nutrient delivery. Numerous models have improved our understanding of nutrient 
dynamics and transport, which can be used to evaluate various management strategies. A 
few examples of basin-wide model applications are described below that highlight key factors 
influencing both the annual and spring flux of nitrate to the Gulf. Similar models are also available 
for phosphorus.

Table 2. Estimates of basin-wide source contributions to annual and spring nitrate 
export from the MARB

Integrated 
Assessment 1999

David et al.  
2010

Alexander et al. 
2008

Booth and 
Campbell 2007 

Major Sources of Nitrate/TN
Annual Nitrate Flux 

to Gulf
Winter–Spring Nitrate 

Flux from Counties Annual TN Flux to Gulf
Spring Nitrate Flux 

to Gulf

Fertilizer Runoff or Agricultural Crops 50% 76% 66% 59%

Human Consumption or Urban and Population 
Sources or Municipal Waste 11% 7% 9% 11%

Animal Manure 15% 5% 13%

Atmospheric Deposition 24% 16% 17%

Tile Drainage 17%

Natural Land 4%

David et al. (2010) correlate agricultural and human inputs of nitrogen to winter-spring (January–
June) riverine nitrate export for each of the 1,768 counties in the MARB. Winter-spring nitrate export 
was averaged from 1997 to 2006 at 153 watersheds in the MARB. The dominant factors correlated 
to spring nitrate transport included runoff times fertilizer nitrogen inputs (76 percent), tile drainage 
(17 percent), and human consumption of nitrogen (7 percent) (Table 2). Fertilized crops on tile 
drained watersheds contributed to the highest nitrate yields. The top 259 counties contributing 
greater than 7.5 kg nitrogen ha-1 that were identified for focused nutrient reduction actions were 
mostly in the corn belt from southern Minnesota, the Des Moines lobe of Iowa, northern central 
Illinois, Indiana, and Ohio. David et al. (2010) report that these counties have high crop and drainage 
fractions, high fertilizer inputs, and greater nitrogen balances compared with other counties 
throughout the MARB. Jacobson et al. (2011) use a similar approach to determine critical factors 
describing phosphorus loss and identify counties with the highest phosphorus yields throughout 
the MARB.

The USGS SPARROW model integrates water quality monitoring data from local, state, and other 
federal agencies with detailed geospatial information to explain patterns in relation to human 
activities and natural processes. Alexander et al. (2008) applied a national SPARROW model, based 
on 1992 and 2002 nutrient inputs, with about 400 calibration sites, to assess annual nitrogen and 
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phosphorus delivery to the Gulf 
of Mexico. Model estimates 
indicate that 52 percent of the 
nitrogen and 25 percent of the 
phosphorus entering the Gulf of 
Mexico from the MARB is from 
lands cultivated in corn and 
soybeans. Urban and population-
related sources contributed about 
9 percent nitrogen and 12 percent 
phosphorus. Uncertainties in 
the nutrient yield estimates 
from this model, updated with 
2002 nutrient inputs, were 
incorporated into a statistical 
ranking procedure to determine 
the probability that a watershed 
could be placed in or out of the 
top 150 watersheds that deliver 

the highest nitrogen or phosphorus yields to the Gulf of Mexico. Robertson et al. (2009) report that 
while only four HUC-8 watersheds could be reliably placed in the top 150 category for nitrogen with 
95 percent confidence, 54 percent of the HUC-8 MARB watersheds are reliably placed outside the 
top 150 category with 95 percent certainty. Most of them are in the western parts of the MARB in 
Kansas, Montana, Nebraska, North Dakota, Oklahoma, South Dakota, and Wyoming. Incorporating 
uncertainty in nutrient yield estimates in watershed rankings is critical to implementing a robust 
nutrient reduction strategy that accounts for long-term variability and model uncertainty. These 
rankings are based on estimated nutrient yields delivered to the Gulf and would change if a 
manager was interested in ranking watershed contributions to an upstream reservoir or major 
tributary where point source contributions could be an important source of nutrients locally. 
Regional SPARROW models for TN and TP for the Upper Mississippi Basin, Missouri River Basin, 
and Lower Mississippi-Texas Gulf, based on 2002 nutrient inputs, included major advancements 
in significantly increasing the number of stream load calibration sites to about 900 sites in the 
MARB. This was accomplished by including data from 47 local, state, and other federal agencies, 
developing a database for describing effluent discharges from industrial and municipal wastewater 
treatment facilities, and including regional factors that are important in explaining nutrient transport 
(Brown et al. 2011; Rebich et al. 2011; Robertson and Saad 2011). An online interactive decision 
support system can be used to identify which sources and which catchments contribute the largest 
amounts of nutrients to downstream waters and evaluate alternative nutrient reduction scenarios 
and develop science-based estimates of how changes in nutrient sources affect the transport of 
nutrients to downstream waters (Booth et al. 2011).

Booth and Campbell (2007) use a regression model to describe the relation between spring 
nitrate export from the MARB and runoff, fertilizer inputs, population, animal waste inputs, and 
atmospheric deposition. Spring nitrate export was estimated using data from 1990 to 2002 at 
27 sites throughout the MARB. The dominant sources of nitrate correlated to the spring nitrate flux 
were fertilizer runoff (59 percent), which includes overland runoff and transport in tile drains and 

The SPARROW model can be used to predict amounts and sources of nutrients that are delivered to downstream water 
bodies. The online decision support system (http://cida.usgs.gov/sparrow/) can be used to map sources and watersheds 
contributing the largest amounts of nutrients to a downstream reservoir or estuary and evaluate effects of user specified 
nutrient reduction scenarios.
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from groundwater, atmospheric deposition (17 percent), animal waste (13 percent), and municipal 
waste (11 percent) (Table 2). Regression model results indicate that about 20 percent of the MARB 
drainage area accounts for about 90 percent of the spring nitrate flux to the Gulf of Mexico. 
Watersheds with the highest spring nitrate yields also had the lowest amount of land enrolled in 
federal conservation programs. Booth and Campbell (2007) suggest scaling conservation actions in 
proportion to fertilizer use intensity as one alternative to reducing nitrate flux.

Donner et al. (2004) applied a dynamic, process-based modeling system (Integrated Biosphere 
terrestrial ecosystem model and the Hydrological Routing Algorithm aquatic transport model) to 
examine how agricultural practices and climate influenced nitrate export from the MARB. Annual 
nitrate export was estimated using data from 1960 to 1994 at 29 sites. A doubling of nitrate export 
from the MARB from 1960 to 1990 was attributed to an increase in fertilizer use, an increase in 
runoff, and expansion of soybean cultivation. Model estimates for the 1990s indicate that fertilized 
cropland accounts for 86 percent of the nitrate export, despite representing only 20 percent of the 
MARB watershed area.

The NRCS CEAP assessments of the Upper Mississippi, Ohio/Tennessee, and Missouri River 
Basins combined the APEX field-scale model with the Hydrologic Unit Model for the United 
States (HUMUS/SWAT) watershed model to estimate the basin-wide environmental benefits of 
conservation practices (Arnold et al. 1998; Neitsch et al. 2002; USDA 2011, 2012a, 2012b; Williams et 
al. 2008). Conservation practices in use in 2003 to 2006 were generally more effective in reducing 
nutrient losses in the Missouri River Basin than in the other two basins. For example, TN loss (all loss 
pathways) has been reduced by 39 percent by conservation practices in the Missouri River Basin, 
compared to only 20 percent in the Upper MARB and 17 percent in the Ohio-Tennessee River Basin. 
These model scenarios demonstrate the benefits of conservation practices, and they highlight 
that nutrient reductions could be increased if additional conservation practices were applied to 
undertreated acres. Overall, the Upper MARB has about twice as many undertreated cropped 
acres (35.2 million undertreated acres, 60 percent of cropped acres) as the Missouri River Basin 
(15.3 million undertreated acres, 18 percent of cropped acres) or the Ohio-Tennessee River Basin 
(17.5 million undertreated acres, 70 percent of cropped acres). Numerous challenges exist to linking 
conservation actions to water quality benefits at these large scales and at smaller scales. Osmond 
et al. (2012) highlight 15 important lessons learned from 13 NIFA—CEAP locations to increase the 
environmental and economic effectiveness of conservation programs.

Nutrient Load Estimation and Trends
USGS provides annual estimates of the spring and annual loads and the 95 percent confidence 
interval for the mainstem and large tributary sites of the MARB (Aulenbach et al. 2007). Load 
estimation techniques have been modified since 2002 to reduce the bias in the regression models. 
The current regression model uses Load Estimator (LOADEST) (Runkel et al. 2004) with an adjusted 
maximum likelihood estimator and a five-year moving window to estimate annual and spring loads. 
Battaglin et al. (2009) summarize changes in streamflow and flux of nutrients in the Mississippi from 
1980 to 2007 comparing baseline conditions of 1980–1997 and five-year moving averages. Stenback 
et al. (2011) highlight bias and precision issues regarding the use of LOADEST to predict nitrate and 
TP in streams in Iowa and provide some indicators to check for regression model performance. 
Load predictions in Iowa varied from 10 to 25 percent of the measured values. Garrett (2012) 

Action Item
 8



46   Reassessment 2013

improved LOADEST estimates for Iowa streams by including additional streamflow variability terms 
in the model. Sprague et al. (2011) used a new statistical technique to demonstrate that despite 
efforts to reduce nitrate levels in the MARB, little consistent progress has been made in reducing 
riverine nitrate concentrations or flux at four mainstem sites and four large tributary sites since 1980. 
This new technique for analyzing trends removes the variation from precipitation and streamflow, 
accommodates evolving nitrate behavior over time, and provides greater insights into the effects 
of conservation practices. At most mainstem and large tributary sites, concentrations increased 
more at low and moderate streamflows than at high streamflows, suggesting that increasing 
groundwater concentrations are having an effect on river concentrations. Increasing trends of 
nitrate have also been observed in some groundwater monitoring networks. For instance, nitrate 
concentrations increased more than 2 mg/L from 1996 to 2006 in eight shallow wells overlain 
by urban land uses in the Glacial aquifer system in Minnesota (Lindsey and Rupert 2012). Nitrate 
concentrations in shallow groundwater are most affected by redox conditions, followed by nitrogen 
inputs (Burow et al. 2010). Enhanced mapping of redox conditions and drainage modifications 
in high nitrogen input areas would enhance the understanding of nitrogen transport to shallow 
groundwater and streams.

Providing a finer level of detail to help states develop and implement nutrient reduction strategies, 
and assess strategy success, will depend on the continued development and comparison of suites 
of models to improve nutrient source characterization, nutrient transport and delivery, nutrient 
targeting, conservation practice evaluation, and potential lag-time at multiple scales.

Research Needs
 Continue and expand research to improve estimates of nitrogen fixation, manure 

denitrification, and soil nitrogen pool changes to improve estimates of the nitrogen budget at 
the MARB scale (USEPA 2008).

 Enhance estimates of levels of conservation intensity required to see a quantifiable change in 
water quality. What are the costs of implementing these conservation actions to meet a range 
of reduction targets?

 Improve understanding of underlying processes causing a lag between BMP implementation 
and change in water quality in streams.

 Incorporate lag response into regional and basin-scale models.

 Further research into why flow weighted concentrations and flux of TP are increasing in the 
Missouri River Basin and the Upper MARB.

 Develop decision support tools that incorporate suites of models so managers can evaluate 
potential response to proposed nutrient reduction strategies.

 Continue to develop easy-to-use, field-scale conservation assessment tools that incorporate 
estimates of nutrient reduction benefits and installation and maintenance costs.

 Use model estimates that include confidence limits for nutrient source and load estimates.

 Identify key metrics and time frames to evaluate how nutrient flux is changing over time at 
multiple scales in the MARB in comparison to the baseline.

 Enhance our understanding of how climate change and weather patterns may affect nutrient 
reduction tracking and goals.
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Information Needs
 Increase the specificity and regularity of data acquisition for fertilizer application to major

agricultural crops and manure and biosolids applied to land in terms of timing, source,
placement, and rates at a sufficiently small scale to better inform decision making about
policies and mitigation options (USEPA 2011).

 Refinements of point source contributions based on direct measurements instead of
estimated concentrations (USEPA 2008).

 Spatial information on conservation practice intensity to enhance understanding of linkages
between conservation actions and changes in stream water quality.

 Changes in policies and commodity practices can significantly alter nutrient inputs and
export. Frequent basin-wide surveys of land cover/land use changes are needed to document
the rate of land use change and what/where changes are occurring to help explain observed
changes in water quality (Wright and Wimberly 2013).

 Refinements of tile drainage intensity and extent using the Soil Survey Geographic Database
and new techniques to enhance the understanding of how tile drainage affects nutrient
transport (Jaynes and James
2007).

 Real-time nitrate monitoring of
nutrients at multiple scales to
provide critical information on
how nutrients change over short
time scales.

 Intensive, long-term monitoring
at multiple scales, but especially
in small watersheds, to track
changes in water quality and
inform watershed models.
Monitoring data should be
accessible through a single Web
portal (i.e., Water Quality Portal)
for the MARB.

Liquid manure from a hog feeding operation in northeast Iowa is being pumped onto cropland with a honey wagon.

USDA NRCS
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Action Item 9
Decrease Scientific Uncertainty of Nitrogen and 
Phosphorus Effects on Hypoxia
“Continue to reduce uncertainty about the relationship between 
nitrogen and phosphorus loads and the formation, extent, 
duration, and severity of the hypoxic zone, to best monitor 
progress toward, and inform adaptive management of the 
Coastal Goal.”

Over the past three years, NOAA has convened annual Gulf Hypoxia Research Coordination 
Workshops (www.ncddc.noaa.gov/activities/healthy-oceans/gulf-hypoxia-stakeholders/) with 
objectives to (1) coordinate hypoxia monitoring and modeling research; (2) provide a forum to 
discuss the state-of-knowledge on Gulf hypoxic zone research; and (3) inform activities of the 
Task Force and other regional ecosystem management efforts. For the third annual workshop, 
NOAA focused on two thematic areas where significant gaps in understanding existed when the 
2008 Action Plan was produced. The first area targeted the understanding of how hypoxia affects 
living resources to inform reassessment of Action Item 5; the second focused on biogeochemical 
processing to inform reassessment of Action Item 9.

Participants in the biogeochemical processes workgroup assessed the state-of-knowledge and 
information gaps on the biogeochemical pathways that process and recycle nutrients and carbon 
and ultimately lead to generation and maintenance of hypoxia. This information is key to advancing 
development of, and validating results from ecosystem scenario-based models that inform the 
nutrient reduction strategies central to the Coastal Goal of the 2008 Action Plan. Research on the 
Gulf ecosystem since the last science reassessment (2005–2007) has led to a more comprehensive 
understanding of factors regulating hypoxia, and more explicit delineation of natural and 
anthropogenic drivers has reinforced the central tenet of the 2008 Action Plan mitigation strategy 
that “reducing nutrient loadings from the various sources in the Basin addresses the most critical 
and controllable cause of hypoxia.” At the same time, these advancements are leading to an 
enhanced ability of models to inform refinement of nutrient reduction targets and evaluate them in 
the context of additional ecosystem drivers.

The 2012 workshop findings (www.ncddc.noaa.gov/activities/healthy-oceans/gulf-hypoxia-
stakeholders/workshop-2012/), which are limited to the attendees and are not necessarily informed 
by research conducted or published since the meeting, are presented below.

http://www.ncddc.noaa.gov/activities/healthy-oceans/gulf-hypoxia-stakeholders/
http://www.ncddc.noaa.gov/activities/healthy-oceans/gulf-hypoxia-stakeholders/workshop-2012/
http://www.ncddc.noaa.gov/activities/healthy-oceans/gulf-hypoxia-stakeholders/workshop-2012/
http://www.ncddc.noaa.gov/activities/healthy-oceans/gulf-hypoxia-stakeholders/workshop-2012/
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Summary of Key Points
 Processing studies and statistical assessments reinforce the strong relationship between 

springtime nutrient loading, water column primary production, mid-water and benthic 
hypoxia, and hypoxic zone areal extent, thus validating watershed nutrient load reduction as 
the most effective management practice to mitigate hypoxia.

 Physical processes (local wind strength, wind duration, river discharge volume) are also 
correlated with hypoxic zone areal extent, and are important factors influencing spatial and 
temporal patterns in nutrient flux, water column stratification, and consequently hypoxic zone 
properties.

 Nitrogen limitation is generally more important than phosphorus limitation in controlling 
primary production. When nitrogen and phosphorus co-limitation occurs, nitrogen typically 
has a greater effect than phosphorus on the co-limitation. These results validate the need to 
focus on nitrogen mitigation in the longer term but to target both nitrogen and phosphorus 
in watershed nutrient reduction strategies.

 In plume waters, strong net autotrophy is observed, but farther offshore (e.g., at more 
than 15 m depths), photosynthesis and respiration are often balanced or net heterotrophy 
is observed, and nutrient regenerative processes are favored. Trophic dynamics driven 
by nutrient regeneration is consistent with prolongation of hypoxia into the summer 
(i.e., although the Mississippi River delivers more than 5 times more nutrients than needed to 
fuel offshore hypoxia, most of the surface net autotrophy needed to fuel hypoxia occurs in 
the winter or spring).

 Sediment oxygen consumption accounted for 20–40 percent of sub-pycnocline respiration 
on average. Thus, the lower water column has higher integrated respiration rates than do the 
sediments, but the proportion varies seasonally.

 Water column nutrient availability is the predominant source for phytoplankton production; 
nutrient fluxes from sediment transformations supply only a minor fraction of nitrogen and 
phosphorus demand.

 Benthic microbial processes scavenge phosphate from bottom waters, which may accentuate 
phosphorus limitation on the continental shelf. During severely hypoxic conditions, 
phosphorus release from sediments is likely.

 Coupled nitrification/denitrification is a strong driver of sediment/water nitrogen dynamics 
under hypoxic conditions; anammox and dissimilatory nitrate reduction to ammonium 
(DNRA) are less important. Denitrification causes apparent nitrogen limitation of microbial 
processes in bottom waters of hypoxic area.

 However, one study observed net release of ammonium from sediments during hypoxic 
conditions; the released ammonium can support primary production (and oxygen 
production) in the lower water column if sufficient light is available, ameliorating the 
hypoxia. However, net release of ammonium from sediments might also promote enhanced 
nitrification (and oxygen consumption), which would exacerbate hypoxia.

 Evidence for potential benthic photosynthesis exists, but no studies have adequately 
quantified the importance of the process. This area needs further research because of the 
implications for hypoxia formation and persistence.
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 Organic matter in the sediment of the hypoxic area was relatively consolidated, suggesting
that moderate or energetic storms would be required for mobilization. However, another
study found spatial variability in the importance of sediment resuspension, and suggested
that in these patches, buried organic matter could be mobilized with low physical forcing.
The resolution of sediment mobility has important implications for the potential influence of
organic matter burial as a source of stored carbon for hypoxia formation in subsequent years.

State of Knowledge
Relationship of primary production to nutrient loading: Historical accounts suggest that highest 
primary productivity is observed closest to the river source, whereas less productive waters are 
observed at locations furthest from the source (Lohrenz et al. 1990, 1994, 1997, 1999). Prior studies 
also indicate that primary production and chlorophyll a biomass peaks are related to nitrate-
nitrogen load and concentration, and they occur at salinities of 15 to 25 where turbidity limitations 
for phytoplankton growth are reduced and sufficient nutrients remain to support elevated primary 
production (Lohrenz et al. 1997; Rabalais et al. 2002; Walker and Rabalais 2006). Recent studies have 
confirmed that chlorophyll a concentrations and primary production were significantly higher in 
surface waters of plume versus non-plume regions for the eastern shelf (Lohrenz et al. 2008; Lehrter 
et al. 2009; Quigg et al. 2011), but west of the Atchafalaya, primary production rates are similarly high 
in plume and non-plume waters (Lehrter et al. 2009; Quigg et al. 2011). Similar spatial patterns have 
been reproduced by recent modeling studies (e.g., Eldridge and Roelke 2010; Fennel et al. 2011).

Primary production rates correlated most strongly with inorganic nitrogen concentration and 
loading, but also were related to phosphorus loading and freshwater discharge (Turner and Rabalais 
2013). Nutrient-enhanced primary production and sinking of organic matter below the pycnocline 
are considered the main anthropogenic driver for benthic hypoxia. Mid-depth low oxygen 
concentrations are not only affected by the sources of the water controlled by physical factors but 
are also associated with the respiration of fluxed surface water organic matter to an upper water 
column pycnocline (Turner and Rabalais 2013).

The relationship between the input of terrestrially derived nutrients into coastal ecosystems and 
coastal hypoxia is well documented (Diaz and Rosenberg 2008). Several studies have shown 
statistically significant correlations between total nutrient loading from the Mississippi River and the 
mid-summer areal extent of hypoxia (USEPA 2008; Rabalais et al. 2007; Greene et al. 2009; Turner et 
al. 2012). Recent investigations (Forrest et al. 2011; Feng et al. 2012) indicate that physical processes 
related to local wind strength, wind duration, and river discharge volume are correlated with mid-
summer hypoxic areal extent and that the strength of correlation is on the order of that because 
of nutrient loading. This observation indicates that observed hypoxic area might be influenced 
by multiple, integrated processes. These processes influence the flux and distribution of nutrients 
into the coastal system, thus also the distribution of new carbon production that is available for 
oxidation. Further, these processes influence the distribution of freshwater and stratification and, 
thereby, the ventilation of oxygen-poor subpycnocline water with relatively oxygen-rich surface 
water.

Light and nutrient limitation: Patterns of nutrient limitation are consistent annually and seasonally. 
On the basis of a series of nutrient bioassay experiments, water column primary production was 
most often limited by nitrogen alone or nitrogen+phosphorus shelfwide; phosphorus limitation 
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was observed less frequently (Turner and Rabalais 2013). A consistent 
definition of nutrient limitation was applied by Turner and Rabalais (2013) 
to other published studies of nutrient bioassay experiments and resulted 
in similar findings. Studies examining shelf wide light and nutrient 
limitation indicated that phosphorus limitation of phytoplankton delays 
the assimilation of riverine dissolved inorganic nitrogen in the summer as 
the plume spreads across the shelf, thereby pushing primary production 
over a larger region (Sylvan et al. 2007, 2011; Quigg et al. 2011). Also, the 
mode of limitation varies temporally and spatially (Dortch and Whitledge 
1992; Laurent et al. 2012; Roberts et al. 2012 unpublished data; Turner and 
Rabalais 2013). The type of limitation changes along the salinity gradient, 
with transition from light limitation (salinity less than 15, turbid waters), 
to nitrogen with some phosphorus (relatively nutrient-rich), and then 
to mostly nitrogen+phosphorus (most dilute) that might be synergistic (Quigg et al. 2011; Laurent 
et al. 2012; Turner and Rabalais 2013). However, silica limitation also might become important and 
ultimately influence hypoxia formation given the importance of diatoms (Turner et al. 1998; Dortch 
et al. 2001). Model generated 3-D nutrient limitation patterns indicate that at salinity of less than 25, 
nitrogen, phosphorus, or light was limiting, while at salinity of more than 25, mostly nitrogen was 
limiting (Eldridge and Roelke 2010; Fennel et al. 2011; Laurent et al. 2012).

Strong dissolved inorganic carbon deficits occur in surface plume waters caused by net primary 
production (Cai 2003; Lohrenz and Cai 2006; Cai and Lohrenz 2010; Guo et al. 2012; Fry et al. 
unpublished data). This observation provides evidence that mixed layer primary production 
dynamics are tied to river nutrient inputs, but the zone of high productivity is spatially restricted 
to near the river mouth. However, a well-documented lag occurs in river discharge, nutrient load, 
and formation of hypoxia, in which the high spring discharge and nutrient loads are most relevant 
to formation of hypoxia (Justić et al. 1993, 2002). Extreme flooding events, as seen in 2011, can lead 
to conditions in the northern Gulf that shift the continental shelf from a net sink to a net source of 
carbon dioxide to the atmosphere (Bianchi et al. 2013).

Water column photosynthesis vs. respiration: Most offshore stations at more than 15-m depth 
have surface mixed layers where photosynthesis and respiration are nearly balanced, with more 
stations slightly net heterotrophic than slightly net autotrophic (Murrell et al. 2013; Fry, unpublished 
data). Surface mixed layers were primarily net autotrophic on an annual basis with some net 
heterotrophy observed in summer at one 20-m deep station 100 km west of the Mississippi 
River (C6 off Terrebonne Bay) (Justić et al. 1994). On the basis of patterns observed from other 
continental shelf systems, the deeper stations are likely nutrient limited, which would favor nutrient 
regenerative processes and nearly balanced photosynthesis and respiration (Fry et al. unpublished 
data). Similar to the dissolved inorganic carbon patterns discussed above, where nutrients are higher 
in plume waters, strong net autotrophy is observed. Calculations indicate that the Mississippi River 
delivers more than 5 times the nutrients needed to fuel offshore hypoxia, but probably most of 
the surface net autotrophy required to fuel benthic heterotrophy occurs in the winter and spring at 
times of high river discharge (Fry et al. unpublished data).

Water column respiration rates can span a wide range. According to samples collected along 
the C and F cross-shelf transects in spring through summer of 2010 and 2011, water column rates 

Photomicrograph of various diatom species.
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ranged from 3.7 to 177 mmol O2 m
-2 d-1, with both mean and median surface water rates (38.0 and 

23.3, respectively) being over twice those of bottom water rates (17.1 and 10.9, respectively) (Roberts 
et al. 2012). In that study, resource-limitation enrichment bioassays suggested primary limitation 
of respiration by carbon, with greatest stimulation when carbon, nitrogen, and phosphorus were 
added together but respiration only responded to nitrogen when both carbon and phosphorus 
were also added. Murrell et al. (2013) reported plankton community respiration measurements 
from ten cruises at sites distributed across the shelf. Volumetric respiration rates ranged from below 
detection to 99.3 mmol O2 m

-3 d-1 and showed strongly coherent vertical and horizontal variability, 
being highest in shallow surface waters and declining offshore. Surface layer samples consistently 
had higher respiration than bottom layer samples collected at the same site, a pattern observed all 
across the shelf in spring, summer, and fall months. Water column integrated rates were strongly 
dependent on the integration depth, averaging 121 mmol O2 m

-2 d-1 at sites less than 10 m deep to 
239 mmol O2 m

-2 d-1 at sites more than 40 m deep.

Vertical flux of primary productivity: Diatom flux into moored sediment traps is higher when 
diatom abundance dominates the surface water phytoplankton community (Dortch et al. 2001). 
Over a period from April to December, the carbon associated with fecal pellet flux into moored 
sediment traps exceeded the carbon contribution from diatoms (Qureshi 1995), but the traps were 
not deployed in the late winter when diatoms might have been more dominant in the settled 
material. There is likely an annual cycle of flux by diatoms, diatoms and fecal pellets, and fecal 
pellets as the source of organic matter reaching the lower water column and sediment surface, 
and this cycle varies by nutrient loading, availability of nutrients, geographic location, depth of 
water column, and a range of physical and biological factors. [See research need below.] Diagnostic 
pigments from HPLC analysis indicate that the ratio of dinoflagellates to diatoms decreased from 
1.3 at the shallowest station to about 0.37 at the deepest station, but despite these differences, 
sequence analysis suggests that calanoid copepods across the Louisiana shelf were feeding mostly 
on diatoms (Sinclair et al. unpublished data).

Benthic respiration: Temperature can help predict benthic respiration rates in the Atchafalaya River 
Delta Estuary (ARDE) and along a transect out to 30-m deep locations in the northern Gulf off of 
the Atchafalaya River (Roberts et al. 2012), in the 15- to 20-m depths on a transect off Terrebonne 
Bay within 100 km of the Mississippi River delta (Baustian 2011; Baustian et al. submitted), and across 
the Louisiana shelf area (Nunnally et al. in press and references therein). There is high variability 
(more than threefold) in benthic respiration with distance offshore. The maximum benthic 
respiration along the F Transect extending cross-shelf off of the Atchafalaya River (greatest frequency 
of hypoxia observance) does not occur until ~60 km from the ARDE at the 20 m isobaths. This 
result is consistent with previous findings from the ARDE showing that despite high inputs of river 
nutrients and organic matter, ARDE benthic respiration rates as far as 20 km offshore of the river 
deltas were not higher than other published rates for the northern Gulf of Mexico due to unstable 
sediments high in sand and low in organic matter content (Roberts et al. 2012). The spatial gradient 
of respiration on the inner continental shelf is inshore (higher rates) to offshore (lower rates) (Murrell 
and Lehrter 2011; Murrell et al. 2013).

Sediment oxygen consumption rates in summer vary primarily as a function of bottom-water 
oxygen and are typical of other estuarine and coastal systems (Baustian 2011; Murrell and Lehrter 
2011; Nunnally et al. in press; Baustian et al. submitted). On average, sediment oxygen consumption 
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accounts for 20 percent of sub-pycnocline respiration, and sediment oxygen consumption was 
a minor component of water-column respiration. Murrell and Lehrter (2011) found that most 
respiration occurs in the lower water column (~75 percent) versus the sediment-water interface 
(~25 percent), in contrast to Quiñones-Rivera et al. (2010). Several factors might contribute to the 
differences among published studies quantifying relative respiration rates in the water column 
and the sediments, including the limited number of incubations that can be completed on a 
single cruise, the time of the year, geographic location of the stations, ambient physical and biotic 
conditions, methodology (change in oxygen concentration, isotopes, respiration), and assumptions 
in calculations. Much more work is needed that is focused on improving our understanding of 
oxygen consumption dynamics on the Louisiana shelf where hypoxia occurs.

Sediment/water boundary nitrogen transformation: Some nutrient fluxes are strongly coupled 
to oxygen concentrations (Rabalais and Turner 2006; Baustian 2011; Lehrter et al. 2012; Roberts et 
al. 2012; Nunnally et al. in press; Baustian et al. submitted). Silicate, phosphate, and ammonium 
fluxes from the sediment to the overlying water are higher under lower oxygen conditions and 
concentrations of these inorganic nutrients are relatively high in bottom water. Nitrate is mostly 
taken up by sediments year-round. Nutrient flux measurements suggest that sediments supply only 
a minor fraction of water-column nitrogen and phosphorus demand by phytoplankton (Lehrter et 
al. 2012). Fluxes were potentially a more significant source beneath the pycnocline.

Nunnally et al. (in press) found that during summer hypoxia, benthic microbial processes resulted 
in net consumption of nitrate and nitrite and production of ammonium. Elevated sediment 
community oxygen consumption and nutrient remineralization occurred near terrestrial river inputs 
associated with the Mississippi and Atchafalaya rivers. Net release of dissolved inorganic nitrogen, 
in the form of ammonium, peaked in late summer. The authors suggest that released ammonium 
might be a source of nutrients for primary production in bottom waters, and can provide reduced 
nitrogen for nitrification and microbial respiration, both of which might reinforce the intensity 
and duration of hypoxia. On the basis of chamber results, benthic microbes actively scavenged 
phosphate from the bottom waters and released silicate. The results of Nunnally et al. (in press) 
suggest that addition of reactive nitrogen and removal of phosphorus due to benthic community 
metabolism could be accentuating phosphorus limitation on the continental shelf.

Denitrification occurred primarily through coupled nitrification-denitrification; mean denitrification 
rate = 1.4 mmol nitrogen m-2 d-1. If extrapolated to the area of the shelf (to the 200-m contour), 
this nitrogen sink represents 39 percent of the river TN load (Lehrter et al. 2012). The nitrification/
denitrification cycle dominates the sediment/water nitrogen dynamics under hypoxic conditions; 
Anammox and DNRA are less important than denitrification (Gardner and McCarthy 2012). Sediment 
ammonium demand is often high at the sediment-water-interface, implying that microbial 
processes are often nitrogen-limited because of nitrification/denitrification, even though excessive 
nutrient input led initially to the high primary production that, in turn, caused the high respiration 
and hypoxia in bottom waters (Lin et al. 2011). Thus, denitrification causes apparent nitrogen 
limitation at times in bottom waters of the hypoxic region.

Subpycnocline and benthic photosynthesis: Light attenuation was correlated with wind, 
discharge, and nutrients (Schaeffer et al. 2012). Estimated euphotic depths (as defined by the 
1 percent light depth) were often greater than the bottom depth (Lehrter et al. 2009; Schaeffer 
et al. 2012). However, differing levels of light penetration occurred in different years of shelfwide 
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and seasonal oxygen isotope studies (Quiñones-Rivera et al. 2007, 2010). The seasonal abundance 
and biomass of microphytobenthos along one frequently hypoxic transect ~100 km west of the 
Mississippi River delta were correlated with relatively higher photosynthetically active radiation 
levels, warmer temperatures, and the higher salinity of the bottom water (Baustian et al. 2011). 
Thus, light might be a significant factor regulating bottom-water oxygen in this system. The light 
availability beneath the pycnocline allows for substantial sub-pycnocline water-column primary 
production, averaging 25 to 50 percent of the total water-column production during spring and 
early summer (Lehrter et al. 2009). Baustian et al. (submitted), however, found little evidence 
for bottom generated oxygen in benthic incubations at ambient light levels and by isotopic 
uptake indicating primary production. They suggest that any oxygen generated under extremely 
low oxygen conditions is likely consumed immediately through sediment oxygen demand or 
chemical oxygen demand. Schaeffer et al. (2012) also determined that the euphotic depth was 
correlated to the depth at which the water column turned hypoxic on the shelf. Thus, hypoxic 
water development could be influenced by decreased light availability below the pycnocline in 
addition to other physical and biological forcing. In summary, these results suggest that freshwater 
and nutrient inputs are important regulators of shelf-wide light attenuation and, consequently, the 
vertical distribution of primary production. The incidence of below-pycnocline primary production 
has potentially important implications about the formation and persistence of hypoxia on the 
Louisiana continental shelf and warrants further study.

An organic layer of particles occurred in the bottom waters at some sites distant from the 
river mouth, suggesting that, once out of the more turbid plume waters, there is enough 
photosynthetically active radiation to penetrate down 15 m or so to possibly support a low light 
phytoplankton community (Baustian et al. 2011, 2013). The sediment algal community (cells more 
than 3 μm) found during hypoxia differed from those in the water column and were primarily 
benthic (58 to 88 percent) (Baustian et al. 2011). The abundance of benthic cells was correlated 
with light levels at the seafloor and with sediment chlorophyll a values. The presence of a viable 
community of microphytobenthos during hypoxia indicates that the potential for photosynthetic 
oxygen production exists and might influence the oxygen dynamics in the hypoxic zone (Grippo et 
al. 2009, 2010; Baustian et al. 2011, 2013).

Sediment resuspension, erodibility: On the basis of field measurements, Xu et al. (2011a) conclude 
that sediment under the hypoxic water in the northern Gulf of Mexico was fairly consolidated 
whereas muds next to the Mississippi Delta and Atchafalaya Bay mouth were more mobile, and 
therefore seemed to be more recently deposited or reworked. Xu et al. (2011a) also found sediment 
in the northern Gulf of Mexico to be more consolidated and less erodible than that measured at 
other locations, such as the Adriatic Sea (Stevens et al. 2007) and in the turbidity maxima at the York 
River, Chesapeake Bay (Dickhudt et al. 2009). This result could indicate that organic matter buried in 
sediment in the northern Gulf of Mexico requires moderate or energetic storms to be mobilized.

A three-dimensional hydrodynamic and sediment-transport model represented dispersal of fluvially 
delivered sediment on the Louisiana shelf (Xu et al. 2011b). In the one-year time scale modeled, 
much of the modeled fluvial sediment accumulation was localized with deposition focused near 
sediment sources. Little fluvial sediment could be transported into the vicinity of the hypoxic 
zone in the seasonal or annual time frame considered. In storm conditions, strong winds helped 
mix the water column vertically over the entire shelf (up to the 100-m isobath), and wave shear 
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stress dominated total bed stress. In other 
storm conditions (e.g., Hurricane Katrina), the 
water column at some stations west of the 
storm center were mixed to only 15 m of the 
20-m water column (Rabalais unpublished 
data). The ability for a tropical storm to 
disrupt hypoxia or resuspend sediments 
depends on the size of the storm, the transit 
speed, the pressure of the system, and the 
quickness of transit across the shelf (Rabalais 
et al. unpublished data for bottom oxygen 
series). During fair-weather conditions, 
however, the freshwater plumes spread onto 
a stratified water column, and combined 
wave-current shear stress exceeded the 
threshold for suspending sediment in only 
the inner-most part of the shelf. On the basis 
of a long-term record of sediment samples 
compiled by Williams et al. (2006), a mud 
band that was formed probably in the late 
Holocene exists on the Louisiana-Texas shelf 
between the 10- and 50-m isobaths, and 
centered along the 20-m isobaths. In a storm event in March 1993, the model indicated that this 
mud band experienced enhanced erosion depths relative to sediment seaward and shoreward of 
it (Xu et al. 2011b). On its shallow boundary, sediment texture played a key role; the shoals offshore 
of Atchafalaya Bay resisted erosion because of the higher critical shear stress assumed by the 
model for the sands there. Seaward of 50 m, wave energy attenuated, decreasing the frequency 
and magnitude of erosion. The boundaries of the mud band followed the landward and seaward 
boundary of hypoxia, especially along the sand-mud boundary south of the sandy shoals, implying 
that resuspension could affect the formation and duration of hypoxia on the Louisiana-Texas shelf 
(Xu et al. 2011b).

Modeling work with high-resolution oxygen profiles suggests that respiration sources shift with 
depth in the water column, with resuspended sediments becoming more important with depth 
in the water column than at the surface (Fry, unpublished results). These results suggest that 
more attention should be given to how sediments are resuspended because this process might 
be critically important for hypoxia and could occur in patches and with low physical forcing. The 
findings also suggest that buried organic matter can store memory in the sea floor that would 
support respiration in a subsequent year (as modeled by Turner et al. 2012). Water and nutrient 
discharge from the Mississippi River play a role in the formation of hypoxic water, but the discharge 
from several previous years might also be important.

Sediment load carried by the Mississippi River into the Gulf of Mexico.

NASA
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Research/Information Needs  
(as identified by workshop attendees)

Processes related to production and respiration
 Better understanding of how controls on oxygen consumption vary in space and time.

 Role of phytoplankton sinking, fecal pellet flux, and marine aggregates in the transfer 
of surface water organic matter to the lower water column and sediments over a broad 
geographic area within the hypoxic zone.

 Rates of surface and bottom water respiration rates, sediment oxygen consumption, and their 
controls.

 Integration of water column and sediment rates of oxygen production and consumption into 
coupled physical and biological models of hypoxia dynamics.

 Continued examination of benthic photosynthesis and associate physical and biotic variables.

 Role of benthic micro-algae in sediment carbon, oxygen, and nutrient cycling dynamics.

Nutrient limitation
 Spatial and temporal limitation of phytoplankton growth by multiple nutrients, inorganic and 

organic.

 Shifts in stoichiometric ratios of nutrients and loads and concentrations of nutrients on 
phytoplankton community composition and subsequent flux of materials.

Biogeochemical pathways
 Better spatial and temporal measurements of nitrogen cycling in sediments and the benthic 

boundary layer.

 More small-scale mechanistic studies of the interactions of carbon, oxygen, and nitrogen 
at the sediment-water interface and overlying water; for example the relationship between 
potential and net ammonium uptake.

 Better understanding of cycling of nitrogen, phosphorus, carbon, and elements such as iron, 
mercury, and manganese between sediments and water column.

 Benthic remineralization and time scales of benthic cycles.

 Carbon cycling—burial, remineralization, transformation—in sediments.

 Release of H2S, CH4, NH4, and Fe(II) from the sediments as oxygen sinks.

 Importance of benthic fauna as bio-irrigators in mediating the sediment exchanges of 
oxygen-consuming chemical species.

Physical and geological processes
 Role of vertical mixing and stratification in dynamic, 3-D physical models.

 Role of internal waves at the pycnocline and with regard to sediment resuspension and 
transport.

 Role of vertical mixing and lateral and horizontal transport across the area of the shelf that is 
subject to hypoxia.
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 Importance of inner shelf sandy shoals to circulation patterns.

 Influence of physical processes on biogeochemical processes.

 Role of resuspended sediments in oxygen dynamics.

Potential effects of climate change  
(conceptually modeled in Rabalais et al. 2009, 2010)
 Changes in hydrology related to Intergovernmental Panel on Climate Change predictions for 

the Mississippi River watershed; changed hydrograph of the Mississippi River; extreme events.

 Effects of higher water temperatures on stratification, solubility of dissolved oxygen, pH, 
biological rates, floral and faunal communities, winds, and currents.

 Effects of apparent sea-level rise on coastal landscape subsequent effect on dynamics of hypoxia.

 Ocean acidification interactions with hypoxia (Cai et al. 2011).

Hypoxia monitoring
 The Hypoxia Monitoring Implementation Plan (http://www.ncddc.noaa.gov/activities/

healthy-oceans/gulf-hypoxia-stakeholders/) has a strategy for tiers of information needed to 
address the needs of the Task Force.

 Basic need for the Hypoxia Action Plan is the midsummer baseline condition of hypoxic zone 
area. Additional spatial and temporal resolution has been recommended.

 Additional tiers of information can be addressed through improved understanding of 
biogeochemical processes and integration into 3-D, dynamic physical-biological coupled 
models.

 Better understanding of the distribution of hypoxia east of Mississippi River delta, which is 
complicated by multiple freshwater inputs and interaction with shelf edge processes.

 Consideration of AUVs and gliders for some aspects of hypoxia monitoring; proof of concept 
needed.

 Additional measures of hypoxia other than bottom area (as outlined in Rabalais et al. 2007), 
such as volume, oxygen deficit, duration, intensity, and application of different values of 
oxygen stress (e.g., less than 1 mg/L, less than 2 mg/L), use of oxygen saturation values rather 
than concentration.

 Additional data management needs.

Other issues
 Implications of coastal restoration projects in 

Louisiana with regard to river diversions, changes 
in hydrology.

 Integration of remote sensing products into 
observations relevant to oxygen dynamics and 
hypoxia dynamics models.

 Response to extreme events, such as storms, 
droughts, and floods with regard to hypoxia 
dynamics. Flooded cropland in southwest Iowa.

USDA NRCS
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Action Item 10
Communications
“Promote effective communications to increase awareness of 
hypoxia and support the activities of the Task Force.”

Under Action Item 10 of the 2008 Action Plan, the Task Force is tasked with promoting effective 
communications to increase awareness of hypoxia and nutrient pollution. The Action Plan identifies 
three key actions to achieve this objective: (1) manage a website to highlight Task Force activities, 
status, and plans; (2) develop and distribute an annual report describing the condition of the MARB 
and Gulf hypoxic zone, actions accomplished, and objectives for the next year; and (3) promote 
existing communication tools for outreach and education.

Since 2008, the Task Force has taken on a variety of initiatives to enhance communication and 
public awareness on hypoxia and nutrients. As specified by the Action Plan, the Task Force actively 
maintains and updates a website (http://water.epa.gov/type/watersheds/named/msbasin/index.
cfm) designed to provide relevant information on Task Force meetings, on hypoxia and nutrient 
pollution research, and on the implementation of the Action Plan. Website visitors can find a variety 
of reports, archived webcasts, and introductory 
lessons on hypoxia and nutrient pollution. 
Among the reports are three annual reports 
(http://water.epa.gov/type/watersheds/named/
msbasin/implementation.cfm#report) produced 
in accordance with the Action Plan. These annual 
reports are collections of relevant indicators 
of programmatic outputs and environmental 
outcomes, along with timely and relevant success 
stories. They help evaluate the effectiveness of 
programs and management efforts on reducing 
hypoxia and the in-basin effects of nitrogen and 
phosphorus pollution. The annual reports and 
other outreach materials developed by the Task 
Force have generally been nontechnical and seek to 
target a broad audience.

In addition to the annual reports, the Task Force produced an annual operating plan (http://water.
epa.gov/type/watersheds/named/msbasin/implementation.cfm#report) each year from 2008 
through 2011. The plans convey a variety of information about the efforts of Task Force states and 
federal agencies, such as tracking progress on the prior year’s activities, which has helped to make 
all member organizations more accountable for their actions. In that manner, the plans provide Task 
Force member organizations the opportunity to include information on needed future funding 

Past Annual Reports from the Hypoxia Task Force.

http://water.epa.gov/type/watersheds/named/msbasin/index.cfm
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and technical assistance. The plans are also a valuable 
vehicle for members to communicate actions accomplished 
and identify activities planned for the upcoming year. 
Because of the high level of detail in the annual operation 
plans, however, beginning in 2013, Task Force intends to 
consolidate and merge the content of the annual operating 
plans into the annual reports. All this information will be 
available on the website.

Other broad efforts by the Task Force to educate and 
inform have been accomplished by using webinars and 
online virtual workshops. Both federal and state Task Force 
members have held numerous public webinar sessions on 
topics as varied as USDA’s MRBI, USGS’s SPARROW Decision 
Support System, and the impacts of harmful algal blooms 
in lakes. A special series of the USEPA’s Watershed Academy 
Webcasts, known as the Nitrogen and Phosphorus Pollution Series, has focused on the causes, 
impacts, and solutions to nutrient water quality issues and has attracted thousands of participants. 
Another Task Force activity relevant to enhancing information exchange is the development of a 
series of virtual webinar workshops that brings together member state water quality, agriculture, 
and natural resource agencies to share approaches for addressing different elements of state 
nutrient reduction strategies. These have included identifying priority watersheds, ensuring the 
effectiveness of point source permits, and addressing 
agricultural sources of nutrients in state strategies.

Some Task Force members are also maintaining their 
own websites, separate from the Task Force-wide 
website, to house information on activities toward 
reducing hypoxia and nutrient pollution, educational 
materials, and associated monitoring and research plans. 
For example, the Lower Mississippi River Sub-basin 
Committee has a web page (www.epa.gov/gmpo/
lmrsbc/) on the USEPA Gulf of Mexico Program Office 
website and continues to actively educate and engage 
the public on nutrient issues. Furthermore, LDEQ has published 
a website link (http://lanutrientmanagement.org/) with a 
plethora of hypoxia-related materials on the Gulf of Mexico and 
Mississippi River. Louisiana also has a Facebook page for the 
Louisiana Hypoxia Working Group (www.facebook.com/pages/
Louisiana-Hypoxia-Working-Group/114808855347180), which 
serves as a forum for agencies, researchers, and stakeholders to 
share information on their activities and projects. The working group has also met monthly since 
2003 to help facilitate action and communication in Louisiana on nutrient issues.

Minnesota Pollution Control Agency’s (MPCA’s) website highlights the collaborations among nine 
state agencies and multiple sectors in developing the state’s nutrient strategy. This website helps 

Task Force website. 

Action Item
 10

Informative Task Force member websites. 
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the MPCA disseminate information and connect their work, and their partners’ efforts, to the public. 
In 2009 the research station and the Science Museum of Minnesota won the Gulf Guardian Award 
for their efforts to spread the word about water conservation and environmental stewardship issues 
to their many audiences. Their efforts certainly have shown that despite being thousands of miles 
from the Gulf, there is a high level of public interest on Gulf hypoxia in Minnesota.

Beyond the virtual communications, the Task Force continues to host biannual, in-person meetings 
throughout the MARB for member organizations to publicly share their progress and highlight 
barriers in their efforts to reduce nutrient loadings. For example, in August 2011, the Task Force met 
in conjunction with GOMA, holding joint sessions on issues that are priorities for both groups—
developing and implementing nutrient reduction strategies and advancing education and outreach 
on nutrient pollution and Gulf hypoxia. In September 2012, the Task Force met in conjunction 
with the National Association of State Departments of Agriculture. The meeting included a joint 
Technology Day at Iowa State University with scientific posters and industry booths about nutrient 
reduction research and methods. The Task Force April 2013 meeting featured a panel of land grant 
university administrators sharing relevant research efforts and learning about the technical needs of 
Task Force states and federal agencies. Given the land grant universities’ expertise in many aspects 
of agricultural research, including agronomy, ecology, social sciences, and economics, the meeting 
also included a dialogue between both groups on key opportunities for joint collaboration. 
These parts of the Task Force meetings build relationships between people who provide the 
research and materials needed to do nutrient reductions and those who are encouraging their 
implementation. The Task Force is also planning to pursue more partnerships with groups that have 
similar objectives, such as those groups whose interest in improving the Mississippi River includes 
reducing nutrient loads to improve water quality. Reaching out to these types of groups provides 
opportunities to leverage resources, time, and effort for addressing nutrient pollution in the MARB 
and, ultimately, the Gulf of Mexico.
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