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Overview of Presentation
1. What Is Eutrophication
2. Consequences of Eutrophication

• Hypoxia
• Ecosystem Degradation
• Loss of Ecosystem Services

3. Global Problem
4. Sources and Drivers

• Nitrogen
• Reactive Nitrogen
• The Nitrogen Cascade

• Phosphorus
• Sources

5. Policies, Actions, and Strategies



Eutrophication:
The nutrient (nitrogen and 
phosphorus) over-enrichment of 
freshwater and coastal ecosystems

2008 Olympic Sailing Venue, 
Qingdao, China



Consequences:

Algae Blooms
Harmful Algae Blooms
Hypoxia and “Dead Zones”



Tai Lake, China

Chengdu, China



Charles River
Boston, Massachusetts



2009
Hampton Roads, Virginia

2007
Potomac River

Harmful Algae Bloom
Fish Kill



Red algal bloom at Leigh, near Cape Rodney, NZ.

PHOTO BY MIRIAM GODFREY. USED BY PERMISSION OF NIWA SCIENCE.



Dorena Reservoir, Oregon, U.S.A.
Harmful Algae Bloom - Public Health Warning



“Dead Zone”
Chesapeake Bay
U. S. East Coast

2007



Algae Density
Gulf of Mexico
Southern U. S Coastline
2004

“Dead Zone”
Gulf of Mexico

Southern U. S Coastline
2007



Consequences:

Algae Blooms
Harmful Algae Blooms
Hypoxia and “Dead Zones”
Ecosystem Degradation



Algae covering coral

Culpera invading coral



Seagrass Loss



Greenwich Bay (Narragansett 
Bay, Rhode Island)

Chautauqua Wildlife Refuge, Illinois



Consequences:

Algae Blooms
Harmful Algae Blooms
Hypoxia and “Dead Zones”
Ecosystem Degradation
Loss of Ecosystem Services 



Ecosystem Services:

Provisioning
Regulating
Supporting
Cultural



Ecosystem Services:
Provisioning

•Food (including seafood and game), 
crops, wild foods, and spices 
•Water 
•Pharmaceuticals, biochemicals, and 
industrial products 
•Energy (hydropower, biomass fuels)
•Fibers 



Ecosystem Services:

Regulating

•Carbon sequestration and climate 
regulation 
•Waste decomposition and detoxification 
•Purification of water and air 
•Crop pollination 
•Pest and disease control 



Ecosystem Services:

Supporting 

•Nutrient dispersal and cycling 
•Seed dispersal 
•Primary production 



Ecosystem Services:

Cultural 

•Cultural, intellectual and spiritual 
inspiration 
•Recreational experiences (including 
ecotourism) 
•Scientific discovery 



Global Extent 
of Problem





Baltic Sea



Bay of Biscay



East Frisian Islands
Wadden Sea



Mauritania





Patagonia



La Jolla, California



Yellow Sea



Chou Lake, China



Dianchi Lake, China



Qingdao, China



Sources and Drivers

Reactive Nitrogen: 

Nitrogen compounds that are

Biologically active
Chemically reactive
Radiatively active



Sources and Drivers

Reactive Nitrogen (Nr): 

Creation of Nr
Production of NH3

Artificial fertilizer
Industrial feedstock

Biological Nitrogen Fixation by Crop Cultivation
Fossil Fuel Combustion



Sources and Drivers

Reactive Nitrogen (Nr): 

Major Impacts on Humans
Food Production and Security
Energy Availability



Sources and Drivers

Reactive Nitrogen (Nr): 

Numerous Adverse Environmental 
Affects

Photochemical smog
Acid deposition
Stratospheric ozone depletion
Climate change
Human health
Eutrophication



The
Nitrogen
Cascade 



Sources and Drivers

Phosphorus: 

Anthropogenic phosphorus input
3X Natural P flux rate

Mining of rock phosphate for fertilizer production
Guano



Sources of Nutrients

Population Growth
and

Human Activities



Sources of Nutrients









Manure Lagoon Spill



Aquaculture





Sources of Nutrients - Agriculture















Sources of Nutrients – Atmospheric

Fossil Fuels and Agriculture



Chesapeake Bay



Mississippi River Basin
Total Nitrogen Total Phosphorus

FROM:
Nutrient Control Actions for Improving Water Quality in the Mississippi River Basin and Northern Gulf of Mexico.  
National Research Council. Prepublication, December 2008.





Policies, Actions and Strategies



Policies, Actions and Strategies

Categories of Actions

•Improved use efficiency
•Improved practices
•Removal
•Source limitation
•Product substitution



Policies, Actions and Strategies

Programmatic Needs

•Research to address deficiencies in knowledge
•Outreach, education, communication
•Economic incentives
•Market-based programs
•New/better infrastructure
•New legal authorities



Policies, Actions and Strategies

Fruit, Low-hanging and Otherwise
Energy conservation
Hybrid vehicles
End emission exemptions for old coal-fired 
power plants
Improved agricultural practices, e.g.

Winter cover crops
No-till or conservation tillage
Precision agriculture

No ethanol from corn
Manure management
“Sustainable” diets
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US  5X Natural Flux
Globally  2X Natural Flux



HB – Haber-Bosch Ammonia Synthesis







Dollars per pound of annual nitrogen reduction
Average dollars per pound of annual nitrogen load reduction

Stormwater 
retrofits

Enhanced 
NMP

WWTP 
upgrades 

-High-

Cover 
crops

Land 
retirement

Cons.
tillage

Grassed 
buffers

Forest
buffers

Restored or 
constructed 

wetlands

21.90

47.40

6.60 3.30 3.20 3.10 1.50 1.20

Stormwater
WWTP
Agriculture
New Practices

7.00 4.70

Native oyster 
aquaculture

Algal turf 
scrubbing

3.20

Forest
harvest
BMPs

WWTP 
upgrades

-Low-

15.80

200 - 600

Stormwater 
mgmt for new 
development

92.40

Average Cost of Selected Nitrogen Reduction Measures (Dollars per pound of annual nitrogen reduction)

Cost of Nitrogen Reduction

Differential Costs in Per Pound Reductions 
Create Trading Opportunities



Building a Portfolio of Tools to Reduce Eutrophication (Illustrative)

Cost of nitrogen 
reduction 
(Yuan/kg TN/Yr)

Incremental 
nitrogen 
reduced 
(kg/year)

Cover 
Crops

Improve fertilizer 
efficiency

Expand 
riparian 
buffers by 
20%

WWTP 
denitrification (8 
mg/L)

WWTP 
denitrification (5 
mg/L)

WWTP 
denitrification (3 
mg/L)

Manure 
Management NOx Scrubbers

Municipal

Reduction Goal

Urban SW BMPs

Septic Upgrades
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