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Global status of earth’s 10 life-sustaining biophysical systems

nitrogen

The planet has a fever

The gresn line represents the upper safe limit of each of the earth's
‘ 10 life-sustaining biophysical systems. Where “mercury” has risen

above that line, humanity has already transgressed the boundary,
risking potentially irreversible “tipping points.”
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Source: Nature, "Planetary Boundanes: A Safe Opersting Space for Humanity,” 24 Sept. 2000

(Rockstrom et al. 2009)



Nitrogen (and not phosphorus) is the primary culprit
for coastal eutrophication and hypoxia

(although controlling both is best policy)
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Seine and Scheldt Basins and Belgian coast of North Sea
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Teragrams of nitrogen

Global trends in nitrogen use per year
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Regional scale perspective important for nutrients.

Changes are driven by global energy and agricultural policies.

But with exception of N,O, nutrient cycles are altered at local
to regional scales, not global scales, and effects are
manifested at these local to regional scales.



Worldwide Growth in Fertilizer Use
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algae blooms that suck
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SOUTHERN BERAZIL: Rapid
population growth and
industrialization around

Sa0 Paulo, poor civic sewage l

treatmant and vibrant sugar
cane production all contribute
to this new South American
nitrogen hotspot.
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NORTH CHINA FLAIN:
IWlore vigor ous application
of fertilizer has produced
Stumning increases in mame
and wheat production, bt
China now has the highest
fertilizer inpats in the world.
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Flux of nitrogen from the landscape to coastal oceans in rivers for contrasting
regions of the world in the temperate zone (kg per km? of watershed
area per year; from Howarth et al. 2005).
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Chinese watersheds
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Per capita NANI by region (partial analysis)

Nutrient NOx N fixation sum .O f Consumption
e . . Reactive .
fertilizer Emission and net ) relative to
. . Nitrogen
Region consumption (kg flux of N safe
. . . (kg N .
(kg N/capita, | N/capita, in food . operating
2009) 2000) | and feeds Pe boundary
capita)
Africa 2.5 0.9 ? 3.4 0.7
South America 12.2 1.2 ? 13.4 2.6
Southeast Asia 12.7 0.7 ? 134 2.6
India 13.0 0.5 ? 13.5 2.6
North America 35.9 9.6 ? 45.5 8.9
Europe 18.4 3.1 ? 21.5 4.2
East Asia 24.3 1.2 ? 25.4 5.0
Australia 30.8 7.9 ? 38.8 7.6
Other 10.5 0.6 ? 11.0 2.2
Global 15.4 1.5 4.6 21.5 4.2

UNEP Sustainable Resource Use Panel (2011 draft)




Technical solutions for nitrogen pollution:

e Agricultural fields: reduce fertilizer amount and
timing; change cropping systems; plant winter cover
crops; control drainage seasonally

e CAFOs: treat wastes as society does for human waste

e Vehicle exhaust: tighten emission standards;
encourage hybrid vehicles and electric vehicles

e Power plants: tighten emission standards; encourage
renewable electricity (solar, wind)

e Sewage treatment: require denitrification treatment

Howarth et al. (2005) Millennium Ecosystem Assessment



But also think about policy solutions,
particularly regarding diet and biofuels....



Farm nitrogen balance for US (~1995; Tg per year for entire US)
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fertilizer use
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Instead of this:

The country would use only 1/3" as much fertilizer,
and would have much less nitrogen pollution!



Biofuels
Global Production of Liquid Biofuels:
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2009: National goal
to reduce nitrogen
pollution down
Mississippi River
by 45% to limit size
of dead zone.

Several models indicate
national ethanol policy
will make this difficult or
Impossible, and instead
nitrogen pollution likely to
Increase.... 30% to 40%

Or more (Donner and Kucarik
2008; Simpson et al. 2008, 2009;
EPA 2009; Costello et al. 2010)




Predicted Nitrogen Load from Mississippi River basin to meet US Ethanol Targets

(Costello et al. 2010) . 2015 targets
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CONCLUSIONS:

Nitrogen is the primary culprit.

Nitrogen pollution is growing globally, with
agriculture as the primary driver.

Technical solutions exist, and can help, often at
little cost.

But policy considerations of diet (meat!) and
energy (liquid biofuels!) are critical.
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