
Global Nitrous Oxide Budget

Published on 7 October 2020

2020

PowerPoint version 1.0 (released 7 October 2020)

The GCP is a Global
Research Project of

and a Research
Partner of

In partnership with



Acknowledgements

The work presented here has been possible thanks to the enormous observational and 
modelling efforts of the institutions and networks below

Atmospheric N2O datasets 
NOAA/ESRL | AGAGE | CSIRO

Inventories
FAOSTAT | GAINS | EDGAR 4.3.2| GFED v4.0 

Other sources
SRNM | one nutrient budget model | 
Mechanistic Stochastic Modeling

Full acknowledgements provided in Tian et al. (2020) Nature

Atmospheric inversions
INVICAT| PyVAR| MIROC4-ACTM | GEOSChem

Land models
DLEM | LPJ-GUESS | LPX-Bern | OCN | ORCHIDEE 
| ORCHIDEE-CNP | VISIT 

Ocean models
Bern-3D | NEMOv3.6-PISCESv2-gas | NEMO-
PlankTOM10 | UVic2.9 | NEMO-PISCES 3.2



Contributors 57 people | 48organisations | 14countries

Global N2O Budget - Scientific Steering Committee:

H Tian USAςCo-Chair |RL Thompson NorwayςCo-Chair|JG Canadell  Australia|W Winiwarter Austria| P SuntharalingamUK 
| EA Davison USA |M Prather USA| P Ciais France|RB JacksonUSA |  P RaymondsUSA | P Regnier Belgium |GMaenhout
Italy | F Zhou China

Contributors:

Rongting Xu USA|Naiqing Pan USA |ShufenPan USA |Glen P. Peters Norway | Hao Shi USA |Francesco N. Tubiello Italy| Sönke Zaehle 
Germany|Gianna Battaglia Switzerland|Sarah Berthet France |Laurent Bopp France|Alexander F. Bouwman The Netherlands |
Erik T. BuitenhuisUK | Jinfeng Chang China |Martyn P. Chipperfield UK| ShreeR.S. Dangal USA |Edward Dlugokencky USA |
James Elkins USA |Bradley D. Eyre Australia| BojieFu China |Bradley Hall USA |Akihiko Ito Japan|FortunatJoosSwitzerland|
Paul B. Krummel Australia |Angela LandolfiItaly| Goulven G. Laruelle Belgium| Ronny Lauerwald France |Wei Li China |
Sebastian Lienert Switzerland |Taylor Maavara USA |Michael MacLeod UK| Dylan B. Millet USA |Stefan Olin Sweden|Prabir K. Patra 
Japan |Ronald G. Prinn USA |Daniel J. Ruiz USA |Guido R. van der Werf The Netherlands |Nicolas VuichardFrance |JunjieWang 
China| Ray Weiss USA |Kelley C. Wells USA |Chris Wilson UK | Jia Yang USA |YuanzhiYaoUSA

HanqinTian, RongtingXu, JosepG. Canadell, Rona L. Thompson, Wilfried Winiwarter, ParvadhaSuntharalingam, Eric A. Davidson, Philippe Ciais, Robert B. Jackson, 
Greet Janssens-Maenhout, Michael J. Prather, Pierre Regnier, NaiqingPan, ShufenPan, Glen P. Peters, Hao Shi, Francesco N. Tubiello, SönkeZaehle, Feng Zhou, Almut
Arneth, Gianna Battaglia, Sarah Berthet, Laurent Bopp, Alexander F. Bouwman, Erik T. Buitenhuis, JinfengChang, Martyn P. Chipperfield, ShreeR.S. Dangal, Edward 
Dlugokencky, James Elkins, Bradley D. Eyre, BojieFu, Bradley Hall, Akihiko Ito, FortunatJoos, Paul B. Krummel, Angela Landolfi, GoulvenG. Laruelle, Ronny Lauerwald, 
Wei Li, Sebastian Lienert, Taylor Maavara, Michael MacLeod, Dylan B. Millet, Stefan Olin, Prabir K. Patra, Ronald G. Prinn, Peter A.Raymond, Daniel J. Ruiz, Guido R. 
van der Werf, Nicolas Vuichard, JunjieWang, Ray Weiss, Kelley C. Wells, Chris Wilson, Jia Yang, YuanzhiYao (2020) A comprehensive quantification of global nitrous 
oxide sources and sinks, Nature, 7 October 2020



Publications of the Global N2O Budget Activity

https://doi.org/10.1038/s41558-019-0613-7

https://doi.org/10.1038/s41586-020-2780-0

https://doi.org/10.1175/BAMS-D-17-0212.1

https://doi.org/10.1038/s41558-019-0613-7
https://doi.org/10.1038/s41586-020-2780-0
https://doi.org/10.1175/BAMS-D-17-0212.1


Emissions are shown in Mega tonnes N

1 Megatonne(Mt) = 1 million tonnes = 1× 1012g = 1 Teragram(Tg)

1 kg nitrogen in nitrous oxide (N) = 1.57 kg nitrous oxide (N2O)

1 MtN = 1.57 million tonnes N2O= 1.57 MtN2O

Disclaimer
The Global Carbon Budget and the information presented here are intended for those interested in 

learning about the carbon cycle, and how human activities are changing it. The information contained 
herein is provided as a public service, with the understanding that the Global Carbon Project team make 

no warranties, either expressed or implied, concerning the accuracy, completeness, reliability, or suitability 
of the information.



ÅN2O is both a powerful greenhouse gas (GHG) and a ozone-depleting substance.
ÅPer unit of mass, N2O is considered 298 times as effective as a greenhouse gas as 

CO2 when integrating over 100-years.
ÅOnce emitted, N2Ostays in the atmosphere for longer than a human life, about 

116 ±9 years.
ÅN2O is the third most important GHG contributing to human-induced global 

warming, after carbon dioxide (CO2) and methane (CH4).
ÅN2Ois responsible for 6.5% of the global warming due to three most important 

GHGs (CO2, CH4 and N2O) (Updated to 2019 from Etminanet al. 2016, GRL)

ÅN2Oconcentration in the atmosphere reached 331 parts per billion (ppb) in 2018 
(WMO 2020, United in Science), about 22% above levels around the year 1750, before 
the industrial era began.

N2O Basics



ÅGlobal N2O emissions were about 17.0 (15.9ς17.7) TgN yr-1 over the 10-year period 
2007-2016 (based on two approaches). 

ÅGlobal anthropogenic emissions increased by 30% since 1980, dominated by 
nitrogen fertilization in croplands. The anthropogenic emission increase is almost 
exclusively responsible for the growth in atmospheric N2O. 

ÅSoil N2O emissions are increasing due to interactions between nitrogen inputs and 
global warming, constituting an emerging positive N2O-climate feedback. 

ÅThe recent increase in global N2O emissions exceeds the emission trends of the 
least optimistic scenarios developed by the Intergovernmental Panel on Climate 
Change (IPCC), underscoring the urgent need to mitigate N2O emissions. 

Highlights



The Global N2O Budget (simplified) 

Anthropogenic sources contribute, for the central estimate, 43% to total global N2O 
emissions. 



Atmospheric N2O concentrations over the last two millennia

The global N2O concentrationhas increased by about 22%, from 270 parts per billion (ppb) in 
1750 to 331 ppb in 2018.

Source: BoM/CSIRO/AAD



Atmospheric concentration and growth rate over the last 40 years

The growth in global atmospheric N2O is accelerating
The mean growth rate since 2000 is 0.84 ppb/yr



Global Anthropogenic N2O Emissions

Global anthropogenic N2O emissions are growing at over 1% pear year.
Agriculture is the single largest anthropogenic source of N2O emissions.

Direct sources are those occurring where nitrogen additions are made, while 
indirect sources are those occurring down-stream or downwind

(industry, fossil fuels, others)



Anthropogenic Emissions by World Region

The recent global increase in N2O emissions is driven by Asia, followed by South America and Africa, while 
emissions in Europe have decreased since 1990



Anthropogenic Emissions per Person by World Region

There is a broad range of N2O emissions per person, with wealthier regions generally above the world average

Oceania excluded to make figure clearer. Oceania emits around 6kgN per person


