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Acceleration of global N,O emissions seen from
two decades of atmospheric inversion
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Nitrous oxide (N,0) is the third most important long-lived GHG and an important stratospheric ozone depleting substance.
Agricultural practices and the use of N-fertilizers have greatly enhanced emissions of N,O. Here, we present estimates of N,O
emissions determined from three global atmospheric inversion frameworks during the period 1998-2016. We find that global
N,O emissions increased substantially from 2009 and at a faster rate than estimated by the IPCC emission factor approach.
The regions of East Asia and South America made the largest contributions to the global increase. From the inversion-based
emissions, we estimate a global emission factor of 2.3 + 0.6%, which is significantly larger than the IPCC Tier-1default for com-
bined direct and indirect emissions of 1.375%. The larger emission factor and accelerating emission increase found from the
inversions suggest that N,O emission may have a nonlinear response at global and regional scales with high levels of N-input.
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The N0 Model Intercompanson Project (MMIF) aims at understanding and quantifying
the budgets of global and regional terrestrial N, O fluxes, emvironmental controls, and
uncertainties assocated with input data, model structure, and parameters.
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Emissions are shown in Mega tonnes N
1 Megatonne(Mt) = 1 million tonnes =X 10%%g = 1Teragram(Tg
1 kg nitrogen in nitrous oxide (N) = 1.57 kg nitrous oxid®jN

1 MtN = 1.57 million tonnes JO= 1.57 MtNO

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.
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A N,O is both a powerful greenhouse gas (GHG) and a edepleting substance.

A Per unit of mass, JO is considered 298 times as effective as a greenhouse gas as
CQ when integrating over 10§ears.

A Once emittedN,O stays in the atmosphere for longer than a human life, about
11619 years.

A N,O is the third most important GHG contributing to hurraduced global
warming, after carbon dioxide (GXand methane (CH

A N,Ois responsible for 6.5% of the global warming due to three most important
GHGs (COCH andN,O) (Updated to 2019 fronkEtminanet al. 2016, GRL)

A N,O concentration in the atmosphere reached 331 parts per billion (ppb) in 2018
(WMO 2020, United in Scienc@bout 22% above levels around the year 1750, before
the industrial era began.
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A Global NO emissions were about 17.0 (1§19.7)TgN yr! over the 18year period
20072016 (based on two approaches).

A 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 atmospherON

A Soil NO emissions are increasing due to interactions between nitrogen inputs and
global warming, constituting an emerging positivgrtlimate feedback.

A The recent increase in globaj® emissions exceeds the emission trends of the
least optimistic scenarios developed by the Intergovernmental Panel on Climate
Change (IPCC), underscoring the urgent need to mitiggdea¥hissions.
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Anthropogenic sources contribute, for the central estimate, 43% to total glofsal N
emissions.
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The global DD concentrationhas increased by about 22%, from 270 parts per billion (ppb) in
1750 to 331 ppb in 2018.
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Atmospheric concentration and growth rate over the last 40 years
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Global anthropogenic JO emissions are growing at over 1% pear year.
Agriculture is the single largest anthropogenic source ¥ Bmissions.

Anthropogenic N,O Emissions: Global
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Direct sources are those occurring where nitrogen additions are made, while
indirect sources are those occurring dowtieam or downwind
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The recent global increase in®lemissions is driven by Asia, followed by South America and Africa, while
emissions in Europe have decreased since 1990
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There is a broad range of,® emissions per person, with wealthier regions generally above the world average

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



