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Outline of my presentation

• Climate change and nitrogen
• Nitrogen and climate interlinkages
• Options for nitrogen management
• Report, workshop and IPCC
• Conclusions
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Nitrogen and climate side event at COP15
• Demonstrate the relevance of nitrogen for climate
• Propose a Special report on Nitrogen and Climate, led by TFRN, 

IGBP, INI, GPNM, ….
• Convention on Long-Range Transboundary Air Pollution Executive 

Body decision: TFRN to draft a report in December 2010
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The concerns related to Global Warming
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Events that are probably linked to 
global warming

Arctic sea ice,
1979

Arctic sea ice, 
2003



Changes to the N cycle and GHG emissions 
have the same dirvers

• population growth and 
consumption patterns

• increasing demand for 
energy, 

• food, livestock feed and 
fiber, and 

• land-use change
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Reactive N Formation has doubled
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More nitrogen is now fixed by human 
activities than by natural processes
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Trends in Reactive N formation and CO2
emissions are similar
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Nitrogen cascade and 
climate, ecosystems, human health 



Nitrogen cascade and 
climate, ecosystems, human health 
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Different timescales for air pollution, N 
and climate change

• Climate change is due to long 
residence time of non-reactive 
GHG

• Short-lived more reactive 
components affect the radiative
balance: aerosols

• These prove difficult to reduce 
and emissions sustain

• Continuing build up of N-
reservoirs, with long turnover 
times (and N2O emission)
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Past and future global N fertilizer consumption 
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Nitrogen and climate interlinkages



Nitrogen addition alters directly and indirectly 
the composition and chemistry of the 
atmosphere, and changes the radiative 
forcing. The net radiative forcing varies 
regionally.

Nitrogen addition:

Increases land CO2 uptake (-) 
N2O emission: Increases N2O (+)
NOX emission: Decreases CH4 (-)
NOX emission: Increases 

tropospheric O3 (+/-)
N2O emission: Decreases 

stratospheric O3 (+) 

WarmingCooling

Change in 
radiative forcing© IPCC 2007: WG1-AR4

Effect of nitrogen on global mean radiative forcings
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NH3 emission: Increases aerosols (-)
NOx emission: Increases aerosols (-)



N2O is a GHG and emissions increase
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Agriculture

Land use change and forestry

Industrial processes
Energy and combustion



Data from
Le Quéré (2010)

Global carbon cycle, 
2000-2008

+ denotes flux to atmosphere
- denotes flux from atmosphere
1 Pg = 1015 g = 1 Gt (Giga ton) 

Fossil fuel combustion 
+7.7 Pg C yr-1

Land use  
+1.4 Pg C yr-1

Ocean uptake  
-2.3 Pg C yr-1

(25%)

Land uptake  
-3.0 Pg C yr-1

(33%)

Atmospheric growth 
+4.1 Pg C yr-1

(45%)

Residual 
+0.3 Pg C yr-1

(3%)

The capacity of the biosphere to gain carbon 
depends on nitrogen
• N deposition enhances land/ocean uptake
• Low N restricts CO2 fertilization
• Soil warming enhances N in soil

Nitrogen and the carbon cycle
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Ecosystem pool dC/dNdep (g C/g N)

Non-woody plant 
biomass

4

Woody plant biomass 25

Forest floor and soil 21

Total 49

29

Aboveground tree carbon gain
dCtree/dNdep = 61 g C/g N Thomas et al. (2010)

Liu & Greaver (2009)

Forest carbon gain
dC/dNdep = 24 9 g C/g N

Soil carbon gain
dCsoil/dNdep = 19 g C/g N Janssens et al. (2010)

Nitrogen enhances terrestrial carbon storage
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Nitrogen deposition and carbon storage
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N deposition increased carbon storage by:
~0.3 Pg C yr-1 in terrestrial systems
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Limitations of P, other nutrients ..?
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13 European, 11 U.S. Sites        12 Forest sites; Oak savanna

Effect of N on Net Ecosystem Exchange 
and biodiversity of forest ecosystems
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O3 damage to crops and ecosystems
• a significant suppression of the 

global land-carbon sink as 
increases in ozone concentrations 
affect plant productivity

• Crop loss: 4% wheat in 2000 and 
3% in Maize, well established for
Europe an the US.

• In 2030 this will increase
worldwide

20 N2010, New Delhi, 
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Average relative yield loss from 2 metrics for the 4 crops, year 2000 (van Dingenen et al., 2008) 

Ozone damage on brown knapweed and lettuce
Copyright P. Bungener Copyright D. Velissariou



Indirect effects of N on climate

� Too little nitrogen can lead to decreased food production, soil 
erosion, and losses of carbon  

+ Plants and soils sequester carbon. Nitrogen from fertilizer or 
atmospheric deposition can enhance C storage in forests and 
agricultural soils 

+ Nitrogen fertilization of lakes, rivers, and estuaries increases 
productivity affecting C uptake. 

± Nitrogen in deposition may currently be causing some C 
sequestration, particularly in forests, but full life-cycle analyses of the 
reactive N may show less of a net greenhouse gas benefit. 

� Excess N fertilization or deposition increases the loss of CO2 to the 
atmosphere and N2O emission, and is having harmful effects on 
biodiversity, the quality of groundwater, rivers, lakes, and estuaries.

21 N2010, New Delhi, 
India



Global radiative forcing due to European emissions
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Butterbach-Bahl et al., 2011

W/m2

← -24
← +21

← +3

← -16

← -16



Net GHG effect in EU of 1 kg Nr in the cascade 
kg C/kg N
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EURURALIS scenario’s
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Scenario’s of Nr production on the GHG balance (Eu)
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Options for nitrogen management



Three stages in the relationship between increasing
Nr and response of climate relevant effects

27 N2010, New Delhi, 
India (Erisman et al., 2011)
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Cost effective GHG and N emission reduction in agriculture
• Fertilizer production

- N2O abatement
- Carbon sequestration

• Fertilizer use
- Right time, place, technology, rate
- Slow release fertilizers

• Crop and land management
- Nitrogen and water management
- Crop selection
- Tillage
- Optimize energy/food yields

• Livestock:
- Increase productivity, manage manure and soil C

• Product efficiency
- Bioenergy/food

28N2010, New Delhi, 
India

07-12-2009 28

Catalyst to reduce 
95% N2O at 
fertilizer plants

Side event COP15 Nitrogen and 
climate



Global GHG abatement cost curve for the 
agriculture sector, 2030

29 N2010, New Delhi, 
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Source: Global GHG Abatement Cost Curve v2.0. 



Solutions at Many Scales
• Goal - optimize nitrogen’s benefits - minimizing problems.

Produce food with minimal Nr loss to environment
Produce energy with no Nr loss to environment

• Action is possible at many levels
Local--individuals can have impact.
National--need strategy and political will to manage N 
International--N is global; integration among nations is critical.

• Steps towards policies
INI, serves as a forum for scientists, technologists and policy makers
Nanjing Declaration on Nitrogen Management (2004)
Global Partnership on Nutrient Management, GPNM (2007) 
Task Force on Reactive Nitrogen, TFRN (2008)

• To move the policy process forward:
TFRN is drafting a report on Nitrogen and Climate
INI is convening a Global Nitrogen Assessment
IPCC will take N management into account in AR5 …..

30
N2010, 

New Delhi, 
India
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Report on Nitrogen and Climate



Recognized by different organizations

• NitroEurope: Integrated project on Nr and GHG
• NinE: chapter in ENA
• TFRN: report to EB
• INI: Global Nitrogen Assessment
• IGBP: Synthesis&Integration
• GPNM: assessment of nutrients and climate effects in 

estuaries
• IPCC: AR5 in 2013

32 N2010, New Delhi, 
India
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Report on Nitrogen and Climate - content
0. Main messages
1. Summary for policymakers
2. Introduction
3. Why nitrogen and climate?

Nitrogen is essential for life
Differences over the world
Are the time scales for N and climate different?
Nitrogen losses and the cascade

4. Direct and indirect links between nitrogen and climate
Increased Nr supply and climate effects
Quantification of the direct and indirect links between nitrogen and climate
The influence of climate on nitrogen

5. Multiple global effects due to N: opportunity for co-benefits
Food security
Energy security and industry
Human health and well-being
Ecosystem services and biodiversity

6. Options for nitrogen management
7. Scenarios for future reactive nitrogen, climate, environment and human impact; Cost and benefits

8. Synthesis
9. References
10. Annex 1. The most important direct and indirect links between N and climate
11. Annex 2. Influence of climate change on nitrogen

33 N2010, New Delhi, 
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Report on Nitrogen and Climate - procedure
• Outline presented at IPCC meeting in October: proposal for an 

IPCC workshop 2011
• First draft presented and discussed at N2010, New Dehli, 

December 2010
• Final first report presented to the Executive Body (December)
• Final first assessment report presented and launched at the 

Conference: Nitrogen and Global Change: Key Findings – Future 
Challenges, April 2011 (where ENA will be launched)

• Spring 2011 IPCC workshop on Nitrogen and Climate
• Final report and high level publication, 2012
• Presented at Open Science conference 2012, London. 
• Royal Society meeting in the Global N cycle (2012)
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Concluding remarks
• Fertilizing the biosphere with reactive nitrogen compounds 

lead to ecosystem, health, water and climate impacts
• Nitrogen deposition can lead to additional carbon 

sequestration and to impacts on biodiversity and ecosystem 
services

• Nitrogen addition to the biosphere might have a net cooling 
effect of 1 W/m2; Life Cycle Analysis  is needed to show the 
full impact

• Nitrogen management is essential for the environment and 
can have a positive effect on the net GHG exchange

35 N2010, New Delhi, 
India
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