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INTRODUCTION
Domestic and international aviation together 
are responsible for approximately 2 per cent of 
global anthropogenic CO2 emissions. In 2010, CO2 
emissions due to aviation were estimated at about 448 
megatonnes, which is equivalent to 122 megatonnes 
C1 (figure 1). Aviation emissions also include other 
gases, such as N2O - a potent greenhouse gas - and 
H2O emitted from aircraft contrails which can impact 
cloud formation thus having an indirect effect on 
climate forcing2. 

The yearly amount of carbon released to the atmosphere 
from aviation represents 0.03% of the total carbon 
stored in soils. Indeed, soils represent the largest 
pool of carbon on land, with an estimated stock of  
1 417 000 megatonnes in the first meter3 – more than 
the sum of the carbon contained in the atmosphere 
(840 000 megatonnes of carbon4) and vegetation 
(450 000-650 000 megatonnes of carbon4). In the first 
three meters of the soil, an even larger carbon mass 
of up to 2 344 000 megatonnes of carbon are estimated5. 
Soils interact strongly with atmospheric composition, 
climate, and land cover change. Our capacity to 

predict and ameliorate the consequences 
of global change depends in part on 

a better understanding of the 
distributions and controls 

of soil organic carbon 
(SOC).

THE PROBLEM
Emissions from domestic aviation, which represent 
35 per cent of total aviation emissions, are addressed 
under the UNFCCC agreements, most recently the 
Paris Agreement, and are included as part of the 
Nationally Determined Contributions (NDCs). 
International aviation on the contrary is not covered by 
the UNFCCC agreements, thus currently not bound 
to emission reduction regulations, although they are 
responsible for the major part of emissions. Therefore, 
the International Civil Aviation Organization (ICAO), 
a UN agency aiming to address all matters related to 
international civil aviation including environmental 
protection, has set the goal of “carbon neutral growth 
from 2020”. This goal aims at maintaining global net 

CO2 emissions from international aviation from 2020 
on at the same level. Since the 1960s, fuel efficiency in 
the aviation sector has increased by about 80 per cent 
and further improvements are projected to be limited 
to 1 to 2 per cent annually6. In parallel, air traffic is 
forecasted to grow around 5 per cent per year and 
aviation derived C emissions are expected to triple or 
quadruple by 2040. As a result, a basket of measures 
have been defined by ICAO to help achieve the 
carbon neutral goal from 2020. The basket includes 
efficiency enhancement based on aircraft technologies, 
operational improvements, enhanced use of sustainable 
fuels and market-based measures (MBMs).  
It is necessary to emphasize that these measures cannot 
be accounted for within the NDCs and thus require a 
separate registration and monitoring, reporting and 
verification (MRV) scheme.

FIG.  1 :   EMISSIONS FROM THE AVIATION SECTOR,  SOIL CARBON STOCKS AND THE POTENTIAL OF SOIL CARBON 
SEQUESTRATION TO OFFSET CARBON EMISSIONS .  1  MEGATONNE (Mt)  CO2 IS EQUIVALENT TO 0.27 MEGATONNES C.
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THE CHALLENGE
In ICAO’s Assembly Resolution AR39 from 2016, 
it was decided to implement a global MBM scheme 
in the form of the Carbon Offsetting and Reduction 
Scheme for International Aviation (CORSIA) to 
address any annual increase in total CO2 emissions 
above the 2020 levels. Even accounting for planned 
technological and operational improvements by 
2040, aviation derived CO2 emissions would 
increase to an extent that a gap of 523 megatonnes 
(equivalent to 143 megatonnes C) would remain in 
order to maintain emissions at the forecasted level 
for 2020. By 2050, this gap could even increase up to  
1 039 megatonnes7. In defining CORSIA options, 
soils can provide a significant potential for offsetting 
CO2 emissions.

Indeed, as the largest carbon pool on land, soils hold the 
capacity to store huge amounts of carbon. Soil carbon 
stocks are directly linked to the amount of carbon in 
the atmosphere within the global carbon cycle. Plants 
take up carbon from the atmosphere and after their 
death, they are only partly 
decomposed and released 
back to the atmosphere. 
The other part of the dead 
biomass remains in the soil 
and builds up soil organic 
carbon. 

 

However, the degradation of one third of the world’s 
soils has induced an enormous decrease in global 
soil organic carbon stocks. On average around 50 
700 megatonnes of soil carbon have been released 
into the atmosphere due to land use change over the 
period 1860 to 20108. In addition, soil carbon stocks 
are expected to further decline as global temperatures 
increase. By 2050 an estimate of 55 000 megatonnes 
carbon may globally be lost from the soils if mean 
annual temperatures increase by 2°C. Permafrost soils 
are particularly prone to these losses as they hold a 
substantial share of global soil carbon stocks (figure 2).

While land use and land management can lead to 
the depletion of soil carbon stocks through soil 
degradation, they can also beneficially enhance 
carbon preservation and additionally store more 
carbon in the soil, thus potentially counterbalancing 
other sources of carbon emissions to the atmosphere. 
Soil carbon sequestration entails multiple benefits in 
terms of food security, nutrition, poverty reduction 
and sustainable development because soil carbon is 
a key element to soil health and fertility due to it’s 
beneficial effects on plant growth conditions.
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FIG.  2 :  CURRENT SOIL CARBON ESTIMATES IN THE PERMAFROST REGION 9
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BOX 1. FAO ON THE GROUND
 
One of the greatest success stories of FAO’s projects 
on sustainable soil management and increase of 
soil organic carbon has been the development 
and implementation of the Quesungual Project 
in Honduras15. Quesungual system involves an 
integration of cropping and preservation of trees, 
shrubs and grasses (agroforestry), maintenance of 
a vegetation cover as well as vegetation clearing 
by hand instead of with fire, incorporation of 
organic matter into the soils and minimum soil 
tillage. The locally contextualized development 
of these practices were linked to community 
work including socio-economic aspects. Multiple 
benefits including food security and poverty 
reduction are direct impacts of such system.

As a result of the adoption of this sustainable soil 
management practice, yields almost doubled and 
soil organic matter content increased from 2% to 
3.3% in a period of 20 years16. This is equivalent to 
an increase from 15 to 25 tonnes carbon per hectare 
in the first 10 cm of the soil (assuming a bulk density of 
1.3 g per cm³). Overall, soil quality and management 
was improved through this new low-cost system, 
which replaced the previous unsustainable form 
of slash and burn agriculture. Simultaneously, soil 
moisture was increased by 20% and resistance 
towards erosion and landslides was improved, 
thus enhancing resilience of the rural communities 
against extreme weather events such as droughts 
and intense rainfall, which are expected to become 
more frequent under a climate change scenario.
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A FRUITFUL RESPONSE

The implementation of proven and successful 
practices for: maintaining SOC stocks in carbon rich 
soils (peatlands, black soils, permafrost, etc) thus 
preventing emissions and, for sequestering more 
carbon in potential soils will address the challenge of 
compensating aviation emissions. Enhancement of the 
carbon content of soils does not only prevent emissions, 
but can also store more C from the atmosphere all the 
while contributing to the enhancement of food security 
and nutrition, poverty reduction and building resilience 
to shocks and climate change. Success stories that 
increase soil carbon could offset the yearly emissions 
of aviation when being implemented at a large scale. 
The exemplary carbon gains achieved through the 
implementation of the Quesungual system (see Box 1) 
could offset the yearly approximate emissions of 290 
megatonnes C from international aviation when being 
adopted in an area as large as Ecuador or the US 
American state of Arizona. The promotion of further 
recommended sustainable soil management practices, 
can help fill the gap to offset international aviation 
climate impact (figure 3)

Soil carbon restoration can tackle degradation and 
contribute to the fight against global warming, while 
at the same time further enhancing resilience and 
offsetting CO2 emissions by transferring more carbon 
from the atmosphere and sequestering in the soil. 
 
A promising offsetting mechanisms in the framework 
of CORSIA could be achieved by supporting the 
implementation of such ground actions that aim to 
increase the carbon inputs into the soil and prevent soil 
carbon losses. Indeed, sustainable soil management 
practices can effectively store more carbon in the soil 
over the long term, thus improving food production 
and livelihoods. This would contribute to the 
achievement of numerous Sustainable Development 
Goals (SDGs) by 2030 (Figure 4). Soil carbon 
sequestration has been shown to hold the largest 
potential sink compatible with food production. 
It could mitigate about 327 megatonnes carbon per 
year10, which represents more than the yearly CO2 
emissions by the aviation sector in the atmosphere 
(figure 1). 

FIG.3 :  EMISSION GAP TO OFFSET 

INTERNATIONAL AVIATION EMISSIONS IN A 

PERIOD OF 20 YEARS (2020 TO 2040) AND 

POTENTIAL TO FILL THE GAP THROUGH 

LARGE SCALE PROMOTION OF SUSTAINABLE 

SOIL MANAGEMENT.

CULTIVATION OF 
COVER CROPS: 
6.4 TONNES C 
PER HECTARE

AGROFORESTRY 
SYSTEMS: 
440 TO 880 
TONNES C 
GLOBALLY

APPLICATION 
OF ANIMAL 
MANURE:  
10.4 TONNES C 
PER HECTARE
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FIG.  4 : 
CONTRIBUTION OF SOILS 

TO THE SDGS 14

©
FA

O
/O

R
LA

N
D

O
 S

IE
R

R
A



REFERENCES
1.         Dillon, R. & Veitch, A. 2016. Aviation emissions 
policy statement and briefing note. GSF policy 
statement and briefing. (also available at  
https://globalshippersforum.com/
media/1262/gsf-aviation-briefing-update.pdf). 

2. Burkhardt, U. & Karcher, B. 2011. Global radiative 
forcing from contrail cirrus. Nature Clim. Change, 
1(1): 54–58. (also available at http://dx.doi.org/10.1038/
nclimate1068).

3.    Hiederer, R. & Köchy, M. 2011. Global soil 
organic carbon estimates and the harmonized 
world soil database. Ispra (VA) – Italy, European 
Commission Joint Research Centre. 79 pp. 
(also available at http://www.edafologiki.gr/wp/wp-
content/uploads/2012/03/Global-Soil-Organic-Carbon-
Estimates-and-the-Harmonized-World-Soil-Database.pdf). 

4.   Ciais, P., Sabine, C., Bala, G., Bopp, L., 
Brovkin, V., Canadell, J., Chhabra, A., DeFries, 
R., Galloway, J., Heimann, M., Jones, C., Quéré, 
C. Le, Myneni, R.B., Piao, S. & Thornton, P. 2013. 
Carbon and Other Biogeochemical Cycles. In T.F. 
Stocker, D. Qin, G.-K. Plattner, M. Tignor, S.K. 
Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex & P.M. 
Midgley, eds. The physical science basis. Contribution 
of working group I to the fifth assessment report of 
the intergovernmental panel on climate change, 
pp. 465–570. Cambridge, United Kingdom and 
New York, NY, USA, Cambridge University Press. 
(also available at http://www.ipcc.ch/report/ar5/wg1/
docs/review/WG1AR5_SOD_Ch06_All_Final.pdf%5Cnhttp://
ebooks.cambridge.org/ref/id/CBO9781107415324A023). 

5.  Jobbágy, E.G. & Jackson, R.B. 2000. The 
vertical distribution of soil organic carbon and 
its relation to climate and vegetation. Ecological 
Applications, 10(2): 423–436. https://doi.
org/10.1890/1051-0761(2000)010[0423:TVDOSO]2.0.CO;2 

6. ICAO. undated. Why ICAO decided to develop 
a global MBM scheme for international aviation? 
[online]. [Cited 4 April 2017]. http://www.icao.int/
environmental-protection/Pages/A39_CORSIA_FAQ1.aspx 

7. Environmental Branch of the International 
Civil Aviation Organization (ICAO). 2016. 
ICAO Environmental Report 2016 Aviation and 
Climate Change. (also available at http://www.icao.
int/environmental-protection/Documents/ICAOEnvironmental 
Report 2016.pdf).

8.  FAO & ITPS. 2015. The Status of the World’s 
Soil Resources (Main Report). 648 p. p. (also 
available at https://hal.archives-ouvertes.fr/hal-01241064/). 

9.       Hugelius, G., Strauss, J., Zubrzycki, S., 
Harden, J.W., Schuur, E.A.G., Ping, C.-L., 
Schirrmeister, L., Grosse, G., Michaelson, G.J., 
Koven, C.D., O’Donnell, J.A., Elberling, B., 
Mishra, U., Camill, P., Yu, Z., Palmtag, J. & 
Kuhry, P. 2014. Estimated stocks of circumpolar 
permafrost carbon with quantified uncertainty ranges 
and identified data gaps. Biogeosciences, 11(23): 
6573–6593. https://doi.org/10.5194/bg-11-6573-2014 

10. Lorenz, K. & Lal, R. 2014. Soil organic carbon 
sequestration in agroforestry systems. A review. 
Agronomy for Sustainable Development, 34(2): 
443–454. https://doi.org/10.1007/s13593-014-0212-y 

11.      Poeplau, C. & Don, A. 2015. Carbon sequestration in 
agricultural soils via cultivation of cover crops – A meta-
analysis. Agriculture, Ecosystems & Environment, 
200: 33–41. https://doi.org/10.1016/j.agee.2014.10.024 

12. Wollenberg, E., Richards, M., Smith, P., Havlík, 
P., Obersteiner, M., Tubiello, F.N., Herold, M., 
Gerber, P., Carter, S., Reisinger, A., van Vuuren, 
D.P., Dickie, A., Neufeldt, H., Sander, B.O., 
Wassmann, R., Sommer, R., Amonette, J.E., 
Falcucci, A., Herrero, M., Opio, C., Roman-Cuesta, 
R.M., Stehfest, E., Westhoek, H., Ortiz-Monasterio, 
I., Sapkota, T., Rufino, M.C., Thornton, P.K., 
Verchot, L., West, P.C., Soussana, J.F., Baedeker, 
T., Sadler, M., Vermeulen, S. & Campbell, 
B.M. 2016. Reducing emissions from agriculture 
to meet the 2°C target. Global Change Biology, 
22(12): 3859–3864. https://doi.org/10.1111/gcb.13340 

13.   Maillard, É. & Angers, D.A. 2014. Animal 
manure application and soil organic carbon 
stocks: a meta-analysis. Global Change Biology, 
20(2): 666–679. https://doi.org/10.1111/gcb.12438 

14. FAO. 2017. Soil Organic Carbon: the 
hidden potential. Rome, Italy, FAO. 90 pp. 
(also available at http://www.fao.org/3/a-i6937e.pdf). 

15.  FAO. 2015. The Quesungual System: changing 
lives in Honduras | FAO [online]. [Cited 4 April 2017]. 
http://www.fao.org/soils-2015/news/news-detail/en/c/318676/ 

16.  FAO. 2005. El Sistema Agroforestal Quesungual. 
Una opción para el manejo de suelos en zonas secas 
de ladera. Rome, Italy. (also available at http://www.fao.
org/3/a-at763s.pdf).



SOILS’ POTENTIAL TO CONTRIBUTE TO OFFSET INTERNATIONAL AVIATION EMISSIONS

The Global Soil Partnership (GSP) was established in December 2012 as a strong 
interactive partnership to promote sustainable soil management. It is a mechanism 
that fosters enhanced collaboration and synergy of efforts between all stakeholders, 
from land users through to policy makers. Its mandate is to improve governance of 
the planet’s limited soil resources in order to promote the sustainable management 
of soils and guarantee healthy and productive soils for a food secure world, as well 
as support other essential ecosystem services. Awareness raising, advocacy, policy 
development and capacity development on soils, as well as relevant implementation 
in the field are among the main GSP activities. ©
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