
SEMINAR ENERGY & CLIMATE CHANGE

Júlia Seixas
mjs@fct.unl.pt



2

Agenda

1. Global Carbon Budget (GCP, 2020)
2. Global Methane Budget (GCP, 2020)
3. Global N2O Budget (GCP, 2020)



3

Global Carbon Budget



4

Global Carbon Budget



5

Global warming potential

…continue
Source: IPCC 2018 

(read more here ; section 2.10)

https://www.ipcc.ch/site/assets/uploads/2018/02/ar4-wg1-chapter2-1.pdf


Global Carbon Budget

Published on 11 December 2020

2020

PowerPoint version 1.0 (released 11 December 2020)

The GCP is a Global
Research Project of

and a Research
Partner of



Contributors 86 people | 68 organisations | 16 countries

P Friedlingstein UK | M O’Sullivan UK | MW Jones UK | RM Andrew Norway | J Hauck Germany
A Olsen Norway | GP Peters Norway | W Peters Netherlands | J Pongratz Germany | S Sitch UK

C Le Quéré UK |  JG Canadell Australia | P Ciais France | RB Jackson USA 

Simone Alin USA | Luiz E. O. C. Aragão Brazil | Almut Arneth Germany | Vivek Arora Canada | Nicholas R. Bates
Bermuda | Meike Becker Norway | Alice Benoit-Cattin Iceland | Henry C. Bittig Germany | Laurent Bopp France | Selma 
Bultan Germany | Naveen Chandra Japan | Frédéric Chevallier France | Louise P. Chini USA | Wiley Evans Canada | 
Liesbeth Florentie Netherlands | Piers M. Forster UK | Thomas Gasser Austria | Marion Gehlen France | Dennis Gilfillan
USA | Thanos Gkritzalis Belgium | Luke Gregor Switzerland | Nicolas Gruber Switzerland | Ian Harris UK | Kerstin 
Hartung Germany | Vanessa Haverd Australia| Richard A. Houghton USA | Tatiana Ilyina Germany | Atul K. Jain USA | 
Emilie Joetzjer France | Koji Kadono Japan | Etsushi Kato Japan | Vassilis Kitidis UK | Jan Ivar Korsbakken Norway | 
Peter Landschützer Germany | Nathalie Lefèvre France | Andrew Lenton Australia | Sebastian Lienert Switzerland | Zhu 
Liu China | Danica Lombardozzi USA | Gregg Marland USA | Nicolas Metzl France | David R. Munro USA | Julia E. M. S. 
Nabel Germany | Shin-ichiro Nakaoka Japan | Yosuke Niwa Japan | Kevin O’Brien USA | Tsueno Ono Japan | Paul I. 
Palmer UK | Denis Pierrot USA | Benjamin Poulter USA | Laure Resplandy USA | Eddy Robertson UK | Christian 
Rödenbeck Germany | Jörg Schwinger Norway | Roland Séférian France | Ingunn Skjelvan Norway | Adam J. P. Smith 
UK | Adrienne J. Sutton USA | Toste Tanhua Germany | Pieter P. Tans USA | Hanqin Tian USA | Bronte Tilbrook Australia 
| Guido R. van der Werf Netherlands | Nicolas Vuichard France | Anthony P. Walker USA | Rik Wanninkhof USA | 
Andrew J. Watson UK | David Willis UK | Andrew J. Wiltshire UK | Wenping Yuan China | Xu Yue China | Sönke Zaehle
Germany

Atlas Team Members at LSCE, France 
P Ciais | A Peregon | P Brockmann

Communications Team
N Hawtin | K Mansell | J Walton | E Pihl

Read more here Friedlingstein et al 2020

https://essd.copernicus.org/articles/12/3269/2020/


All the data is shown in billion tonnes CO2 (GtCO2)

1 Gigatonne (Gt) = 1 billion tonnes = 1×1015g = 1 Petagram (Pg)

1 kg carbon (C) = 3.664 kg carbon dioxide (CO2)

1 GtC = 3.664 billion tonnes CO2 = 3.664 GtCO2

(Figures in units of GtC and GtCO2 are available from http://globalcarbonbudget.org/carbonbudget) 

Most figures in this presentation are available for download as PNG, PDF and SVG files
from tinyurl.com/GCB20figs along with the data required to produce them.

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.

http://globalcarbonbudget.org/carbonbudget
https://tinyurl.com/GCB20figs


Anthropogenic perturbation of the global carbon cycle

Perturbation of the global carbon cycle caused by anthropogenic activities,
averaged globally for the decade 2010–2019 (GtCO2/yr)

The budget imbalance is the difference between the estimated emissions and sinks. 
Source: CDIAC; NOAA-ESRL; Friedlingstein et al 2020; Ciais et al. 2013; Global Carbon Budget 2020

https://energy.appstate.edu/research/work-areas/cdiac-appstate
http://www.esrl.noaa.gov/gmd/ccgg/trends/
https://doi.org/10.5194/essd-12-3269-2020
http://www.climatechange2013.org/
http://www.globalcarbonproject.org/carbonbudget/


Region / Country

2019 
emissions 

(billion 
tonnes/yr)

2019 growth 
(percent)

2020 projected 
growth**
(percent)

2020 projected 
emissions**

(billion tonnes/yr)

China 10.2 2.2% -1.7% 10.0

USA 5.3 -2.6% -12.2% 4.7

EU27 2.9 -4.5% -11.3% 2.6

India 2.6 1.0% -9.1% 2.4

World (incl. 
bunkers*) 36.4 0.1% -6.7% 34.1

2020 Results Summary

*bunkers: Emissions from use of international aviation and maritime navigation bunker fuels are not usually included in national totals
**Median of the four studies

Source: Friedlingstein et al 2020; Global Carbon Budget 2020

https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/


The 2020 projection is based on preliminary data and modelling, and is the median of the four studies.
Source: CDIAC; Friedlingstein et al 2020; Global Carbon Budget 2020

Global Fossil CO2 Emissions

Uncertainty is ±5% for 
one standard deviation 

(IPCC “likely” range)

Global fossil CO2 emissions: 36.4 ± 2 GtCO2 in 2019, 61% over 1990

Projection for 2020: 34.1 ± 2 GtCO2, about 7% lower than 2019

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/


Emissions Projections for 2020

Global fossil CO2 emissions are projected to decline by about 7% in 2020
Based on the median of four different estimates

The 2020 projections are based on preliminary data and modelling, and is the median of the four studies. 
Source: CDIAC; Friedlingstein et al 2020; Global Carbon Budget 2020

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/


Fossil CO2 emissions growth: 2018–2020

Emissions are likely to decline in most countries in 2020, with the largest drops in USA, EU, and India
China’s emissions have dropped less because of early recovery and significant economic stimulus

Figure shows the top four countries contributing to emissions changes
Source: CDIAC; Friedlingstein et al 2020; Global Carbon Budget 2020

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/


Source: Le Quéré et al 2020; https://www.icos-cp.eu/gcp-covid19

UEA Projection: Overall impact of COVID-19 on regional emissions

While China’s emissions declined strongly during February, 
emissions declines in the rest of the world reached their peaks in April.

https://doi.org/10.1038/s41558-020-0797-x
https://www.icos-cp.eu/gcp-covid19


Source: Le Quéré et al 2020; https://www.icos-cp.eu/gcp-covid19

UEA Projection: Overall impact of COVID-19 on emissions by sector

Global emissions from surface transport, especially road transport,
have been affected the most by the restrictions aimed at reducing infection rates.

https://doi.org/10.1038/s41558-020-0797-x
https://www.icos-cp.eu/gcp-covid19


The 2020 projection is based on preliminary data and modelling, and is the median of the four studies.
Source: CDIAC; Friedlingstein et al 2020; Global Carbon Budget 2020

Global Fossil CO2 Emissions

Uncertainty is ±5% for 
one standard deviation 

(IPCC “likely” range)

Global fossil CO2 emissions: 36.4 ± 2 GtCO2 in 2019, 61% over 1990

Projection for 2020: 34.1 ± 2 GtCO2, about 7% lower than 2019

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/


Breakdown of global fossil CO2 emissions by country

Emissions in OECD countries have increased by 1% since 1990, despite declining 13% from their maximum in 2007
Emissions in non-OECD countries have more than doubled since 1990

Source: CDIAC; Friedlingstein et al 2020; Global Carbon Budget 2020

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/


Top emitters: Fossil CO2 Emissions to 2019

The top six emitters in 2019 covered 65% of global emissions
China 28%, United States 15%, EU27 8%, India 7%, Russia 5%, and Japan 3%

Bunker fuels, used for international transport, are 3.5% of global emissions.
Source: CDIAC; Peters et al 2019; Friedlingstein et al 2020; Global Carbon Budget 2020

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.1038/s41558-019-0659-6
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/


Top emitters: Fossil CO2 Emissions per capita to 2019

Countries have a broad range of per capita emissions reflecting their national circumstances

Source: CDIAC; Friedlingstein et al 2020; Global Carbon Budget 2020

Portugal 5,0 tCO2/pax (2018)

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/


Per capita CO2 emissions

The US has high per capita emissions, but this has been declining steadily. China’s per capita emissions have levelled out and 
are now the same as the EU. India’s emissions are low per capita.

Source: Jackson et al 2019; Global Carbon Budget 2020

https://doi.org/10.1088/1748-9326/ab57b3
http://www.globalcarbonproject.org/carbonbudget/


Fossil CO2 Emissions by source

Share of global fossil CO2 emissions in 2019: coal (39%), oil (33%), gas (21%), cement (4%), flaring (1%, not shown)
Projection by fuel type is based on monthly data (GCP analysis)

Source: CDIAC; Friedlingstein et al 2020; Global Carbon Budget 2020

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/


Fossil CO2 emissions growth: 2018–2020

Global emissions in 2020 have dropped across all categories, but particularly in coal from
reduced electricity demand, and in oil from reduced transportation

Source: CDIAC; Friedlingstein et al 2020; Global Carbon Budget 2020

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/


Fossil CO2 Emission by source for top emitters

from fossil fuel use and industry
results from GCP’s analysis of monthly data



Fossil CO2 Emissions in China

Annual emissions for China hide the story of 2020, suggesting no impact from the global pandemic
Emissions from oil and natural gas continue to grow strongly

Source: CDIAC; Friedlingstein et al 2020; Global Carbon Budget 2020

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/


Fossil CO2 Emissions in USA

The USA’s emissions from oil are expected to decline sharply in 2020 as a result of restrictions on transportation
Coal emissions also decline, while the recent strong growth in natural gas falters.

Source: CDIAC; EIA 2020; Friedlingstein et al 2020; Global Carbon Budget 2020

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://www.eia.gov/outlooks/steo/archives/Oct20.pdf
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/


Fossil CO2 Emissions in the European Union (EU27)

Emissions in the EU see sharp declines in both oil and coal due to the pandemic, with less effect seen for natural gas

Source: CDIAC; Friedlingstein et al 2020; Global Carbon Budget 2020

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/


Fossil CO2 Emissions in India

India’s emissions are likely to drop about 8% in 2020, following substantial contractions in
economic activity because of strict lockdowns in response to the pandemic

Source: CDIAC; Friedlingstein et al 2020; Global Carbon Budget 2020

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/


Fossil CO2 Emissions in Rest of World

Emissions in the Rest of the World are expected to drop sharply in 2020, on the back of weaker economic activity.
Growth is estimated based on efficiency improvements of the last 10 years combined with projected economic growth.

The Rest of the World is the global total less China, US, EU, and India. It also includes international aviation and marine bunkers.
Source: CDIAC; Friedlingstein et al 2020; Global Carbon Budget 2020

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/


Top emitters: Fossil CO2 Emission Intensity

Emission intensity (emission per unit economic output) generally declines over time.
In many countries, these declines are insufficient to overcome economic growth.

GDP is measured in purchasing power parity (PPP) terms in 2010 US dollars.

Source: CDIAC; IEA 2019 GDP to 2016, IMF 2020 growth rates to 2019; Friedlingstein et al 2020; Global Carbon Budget 2020

Carbon intensity:
How much CO2 is
emitted for each wealth 
(GDP) unit produced?

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://webstore.iea.org/co2-emissions-from-fuel-combustion-2019
https://www.imf.org/en/publications/weo
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/
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Kaya decomposition

The Kaya decomposition illustrates that relative decoupling of economic growth from CO2 emissions 
is driven by improved energy intensity (Energy/GDP)

GDP: Gross Domestic Product (economic activity)
Energy is Primary Energy from BP statistics using the substitution accounting method

Source: Jackson et al 2019; Global Carbon Budget 2020

Energy intensity

Carbon intensity of 
energy

where: 
F = Global CO2 emissions from 
human sources 
P = Global population 
G = Global Gross Domestic 
Product (GDP) 
E = Energy consumption

Brief on Kaya entity

https://doi.org/10.1088/1748-9326/ab57b3
http://www.globalcarbonproject.org/carbonbudget/
https://www.actuaries.org.uk/system/files/field/document/Kaya%20identity_JC%20Final%20050219.pdf
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Consumption-based emissions (carbon footprint)

Allocating fossil CO2 emissions to consumption provides an alternative perspective.
USA and EU28 are net importers of embodied emissions, China and India are net exporters.

Consumption-based emissions are calculated by adjusting the 
standard production-based emissions to account for international trade

Source: Peters et al 2011; Friedlingstein et al 2020; Global Carbon Project 2019

http://www.pnas.org/content/108/21/8903
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/


Major flows from production to consumption

Flows from location of generation of emissions to location of
consumption of goods and services

Values for 2011. EU is treated as one region. Units: MtCO2
Source: Peters et al 2012

http://www.biogeosciences.net/9/3247/2012/bg-9-3247-2012.html


Land-use Change Emissions



Land-use change emissions

Land-use change emissions are highly uncertain, 
with no clear trend in the last decade.

Estimates from three bookkeeping models, using fire-based variability from 1997
Source: Houghton and Nassikas 2017; Hansis et al 2015; Gasser et al 2020; van der Werf et al. 2017; 

Friedlingstein et al 2020; Global Carbon Budget 2020

Indonesian 
fires

Net land-use emissions are the difference between CO2 source, 
primarily from deforestation, and CO2 sink, primarily from 

abandonment of agricultural land

https://dx.doi.org/10.1002/2016GB005546
http://dx.doi.org/10.1002/2014GB004997
https://doi.org/10.5194/bg-17-4075-2020
https://doi.org/10.5194/acp-10-11707-2010
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/


Total global emissions

Total global emissions: 43.0 ± 3.3 GtCO2 in 2019, 56% over 1990
Percentage land-use change: 39% in 1960, 14% averaged 2010–2019

Land-use change estimates from three bookkeeping models, using fire-based variability from 1997
Source: CDIAC; Houghton and Nassikas 2017; Hansis et al 2015; Gasser et al 2020; van der Werf et al. 2017; 

Friedlingstein et al 2020; Global Carbon Budget 2020

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://dx.doi.org/10.1002/2016GB005546
http://dx.doi.org/10.1002/2014GB004997
https://doi.org/10.5194/bg-17-4075-2020
https://doi.org/10.5194/acp-10-11707-2010
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/


Closing the Global Carbon Budget



31%
12.5 GtCO2/yr

Fate of anthropogenic CO2 emissions (2010–2019)

Source: Friedlingstein et al 2020; Global Carbon Budget 2020

23%
9.2 GtCO2/yr

34.4 GtCO2/yr

86%

14%
5.7 GtCO2/yr

18.6 GtCO2/yr

46%

Sources  =  Sinks

0.4%
0.2 GtCO2/yr

Budget Imbalance: 
(the difference between estimated sources & sinks)

https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/


Global carbon budget

Carbon emissions are partitioned among the atmosphere and carbon sinks on land and in the ocean
The “imbalance” between total emissions and total sinks is an active area of research

Source: Friedlingstein et al 2020; Global Carbon Budget 2020

https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/


Additional Figures
Historical Emissions



Total global emissions by source

Land-use change was the dominant source of annual CO2 emissions until around 1950.
Fossil CO2 emissions now dominate global changes.

Others: Emissions from cement production and gas flaring
Source: CDIAC; Houghton and Nassikas 2017; Hansis et al 2015; Gasser et al 2020; Friedlingstein et al 2020; Global Carbon Budget 2020

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://dx.doi.org/10.1002/2016GB005546
http://dx.doi.org/10.1002/2014GB004997
https://doi.org/10.5194/bg-17-4075-2020
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/


Historical cumulative emissions by source

Land-use change represents about 32% of cumulative emissions over 1850–2019, 
coal 32%, oil 24%, gas 10%, and others 2% 

Others: Emissions from cement production and gas flaring
Source: CDIAC; Houghton and Nassikas 2017; Hansis et al 2015; Gasser et al 2020; Friedlingstein et al 2020; Global Carbon Budget 2020

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://dx.doi.org/10.1002/2016GB005546
http://dx.doi.org/10.1002/2014GB004997
https://doi.org/10.5194/bg-17-4075-2020
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/


Historical cumulative emissions by continent

Cumulative fossil CO2 emissions (1850–2019). North America and Europe have
contributed the most cumulative emissions, but Asia is growing fast

The figure excludes bunker fuels
Source: CDIAC; Friedlingstein et al 2020; Global Carbon Budget 2020

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/
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Global Methane Budget

2020
The Global Methane budget for 2000-2017



All data are shown in

teragrams CH4 (TgCH4) for emissions and sinks
parts per billion (ppb) for atmospheric concentrations

1 teragram (Tg) = 1 million tonnes = 1×1012g
2.78 Tg CH4 per ppb

Disclaimer
The Global Methane 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.



The methane context

• After carbon dioxide (CO2), methane (CH4) is the 
most important greenhouse gas contributing to 
human-induced climate change. 

• For a time horizon of 100 years, CH4 has a Global 
Warming Potential 28 times larger than CO2. 

• Methane is responsible for 23% of the global 
warming produced by CO2, CH4 and N2O.

• The concentration of CH4 in the atmosphere is 150% 
above pre-industrial levels (cf. 1750).

• The atmospheric lifetime of CH4 is 9±2 years, making 
it a good target for climate change mitigation

• Methane also contributes to tropospheric production of 
ozone, a pollutant that harms human health, food 
production and ecosystems. 

• Methane also leads to production of water vapor in the 
stratosphere by chemical reactions, enhancing global 
warming.

Etheridge et al., JGR, 1996; 1998
MacFarling Meure et al., GRL, 2006
Rubino et al., ESSD, 2019

Updated to 2020

Sources : Saunois et al. 2016; 2020, ESSD; IPCC 2013 5AR; Etminan et al. 2016



Global Methane Budget 2017

Source: Jackson et al. 2020, ERL (Fig. 1)

Top-down 
budget



Inland waters 209 [70%]
Geological 45  [100%]

Termites 9 [100%]
Oceans          6 [100%]

Wild animals 2 [100%]
Permafrost 1 [100%]

Global Methane Emissions 2008-2017

ç Natural wetlands è

çOther natural emissionsè
çBiomass/biofuel burningè

ç Fossil fuel  è

ç Agriculture & waste è

181 [20%]149 [50%]

Top-down budget
Atmospheric inversions

576 TgCH4/yr [550-594]

Bottom-up budget
Process models, inventories, 

data driven methods
737 TgCH4/yr [584-881]

Mean [min-max range %]

37 [80%]222 [70%]

30 [50%]30 [30%]

111 [50%]128 [30%]

217 [15%]206 [15%]

Coal 42 [80%]
Gas & oil 80 [30%]

Industry and transport         7 [250 %] 

Rice         30 [40%]
Enteric ferm & manure 111 [10%]

Landfills & waste 65 [15%]

Source : Saunois et al. 2020, ESSD

Top-down budgetBottom-up budget

Bottom-up budget Top-down budget

(TgCH4/yr)

Mean [uncertainty = min-max range %]

Mean [uncertainty=
min-max range %]



Regional Methane Sources (2017)

• 64% of global methane emissions come mostly from tropical sources
• Anthropogenic sources are responsible for about 60% of global emissions.
• Largest emissions in South America, Africa, South-East Asia and China (50% of global emissions)
• Dominance of wetland emissions in the tropics and boreal regions
• Dominance of agriculture  & waste in Asia
• Balance between agriculture & waste and fossil fuels at mid-latitudes

Source: Jackson et al. 2020 ERL  (Fig 2) 

Top-down 
budget

Inverse models 



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



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

CO2 when integrating over 100-years.
• Once emitted, N2O stays in the atmosphere for longer than a human life, about 

116 ±9 years.
• N2O is the third most important GHG contributing to human-induced global 

warming, after carbon dioxide (CO2) and methane (CH4).
• N2O is responsible for 6.5% of the global warming due to three most important 

GHGs (CO2, CH4 and N2O) (Updated to 2019 from Etminan et al. 2016, GRL)
• N2O concentration 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



• Global N2O emissions were about 17.0 (15.9–17.7) Tg N yr-1 over the 10-year period 
2007-2016 (based on two approaches). 

• Global 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. 

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

• The 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.

Read the full 
paper here
https://doi.org/10
.1038/s41586-
020-2780-0

https://www.nature.com/articles/s41586-020-2780-0
https://doi.org/10.1038/s41586-020-2780-0


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


