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It's about more than just CO2
Aviation must reduce its total impact on climate
Aviation’s total climate impact is caused by more than just
CO2. Burning kerosene at altitude also generates contrails,
induced cloudiness and NOx derivatives, that although shortlived, are estimated to contribute far more to global heating
than all the accumulated aviation CO2 to date. Even though
this has been known for years, non-CO2 impacts have been
dismissed by industry, governments and the International
Civil Aviation Organization (ICAO) as being too scientifically uncertain to warrant necessary action.
This has led to a public perception of aviation being a relatively small problem, a chronic lack of serious research and
development to investigate solutions, and ineffective regulation of aviation’s climate impact¹. Non-CO2 impacts are
not accounted for in any reporting systems or regulations:
the national greenhouse gases (GHG) inventory submissions to the UNFCCC; the Carbon Offsetting and Reduction
Scheme for International Aviation (CORSIA), nor the EU
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Emissions Trading System (ETS). In addition, all current
endeavours to “decarbonise” aviation disregard those impacts. Neither biofuels, synthetic fuels nor hydrogen would
eliminate the main non-CO2 contributors to global heating.
Mindful that non-CO2 impacts constitute the majority of
aviation’s climate heating impact and, unmitigated, prejudice against achieving of Paris Agreement goals and increase the risk of reaching climate system tipping points,
it is important that they are fully acknowledged and that
immediate action be taken to mitigate them.
Scientific research on aviation's climate impacts needs to
be stepped up, but a recent study by 21 of the most renowned scientists in the field² has resolved important uncertainties that existed about the magnitude of the non-CO2
impacts of aviation, and has set the ground for action. Further inaction by governmental regulators cannot be justified.

Total aviation-caused climate heating
is 3 times that of CO2 alone

CO2

TOTAL AVIATION-CAUSED CLIMATE HEATING
IS 3 TIMES THAT OF CO2 ALONE.

As stated by the IPCC already in 1999, persistent contrails
and aviation induced cirrus (AIC), as well as NOx derivatives, although short-lived, contribute significantly more to
global heating than aircraft CO2 emissions alone. Aviation’s
contribution to today‘s global heating, measured as Radiative Forcing (RF)³ from 1750 until today, has been estimated by the IPCC and the estimate is regularly updated by
academic researchers.
In September 2020, 21 scientists prominent in the field
published a reassessment taking into account the Effective Radiative Forcing (ERF) of non-CO2 components. Their
study concludes that today’s total climate impact of aviation is about 3 times greater than the impact alone of all
the accumulated CO2 emitted by aircraft and remaining in
the atmosphere since flying began. This effective radiative
forcing, caused by the accumulated CO2 together with the
short-lived non-CO2 components which reappear everyday
that flights continue, has contributed about 3.5% to the total anthropogenic global heating, one third from CO2 and
two thirds from non-CO2.
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The study also assessed the immediate and likely future
impact of current aviation activity using a newly developed
method5 that combines the heating effects of short-lived
non-CO2 contributors and long-lived CO2. The researchers
established that for the year 2018, total CO2 emitted by aircraft was 1 Gt, while the non-CO2 heating impacts represented the equivalent of emitting a further 2 Gt CO2 that
year. They concluded that “aviation emissions are currently
warming the climate at approximately three times the rate of
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that associated with aviation CO2 emissions alone”. In other
words, on average, a flight's CO2 impact must be tripled
in footprint calculators, in GHG reporting systems and
in national emissions inventories.

•

2.

•

CURRENTLY (2018), FROM OIL WELL THROUGH
FLIGHTS, AVIATION ACCOUNTS FOR 5.9% OF
ALL HUMAN-INDUCED CLIMATE HEATING.

For years, the aviation industry claimed that the sector was
responsible for only 2% of man-made carbon emissions6
– a number consistently cited to downplay the need for action. In fact, aviation's CO2 emissions alone are significantly higher – amounting to 2.4% of all human-caused carbon
emitted globally in 2018 according to this latest study, and
2.9% in total when CO2 emissions from the production and
distribution of jet fuel are included7. Then, adding on flying's
non-CO2 climate impacts, we calculate that aviation's on-going contribution reached 5.9% of the heating effect of all the
annual human-caused greenhouse gas emissions in 20188.
This is immense, especially when considering that this
impact is caused by a very small portion of people who
actually fly: over 80% of the global population have never
taken a flight9 while the top 10% of global income earners
use 75% of air transport fuel¹0.

3.

CUTTING AIR TRAFFIC REDUCES NON-CO2
CLIMATE IMPACTS IMMEDIATELY.

The need to multiply CO2 emissions by 3 to account for
non-CO2 is a consequence of the strong growth of the
traffic. If air traffic was steady, then fuel efficiency gains
aside, the daily heating impact of short-lived contrail cirrus
and NOx derivatives on the atmosphere would be largely constant, while the CO2 would continue to accumulate
and, even if all aviation were to cease, keep on heating for
hundreds of years. Conversely, if air traffic were reduced,
then the short-lived non-CO2 impacts would similarly
decrease and the reduction in heating would be equivalent to withdrawing large quantities of CO2 from the
atmosphere¹¹. Hence, any effort to reduce traffic, combined with measures to mitigate non-CO2 impacts, will
be extremely rewarding if these efforts are sustained.

4.

MITIGATION OF THE NON-CO2 IMPACTS OF
AVIATION IS EASIER AND WOULD HAVE MORE
IMMEDIATE RESULTS THAN THAT OF CO2 BUT
BEING RESISTED.

Apart from the needed reduction in flights, it is also possible and relatively simple to eliminate or reduce some of
aviation‘s non-CO2 contributions to global heating through
operational or technological improvements:
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Research shows that a lot of contrail formation could
be avoided by adapting flight trajectories to meteorological conditions and avoiding night flights¹². The benefit on climate would be immediate. The small CO2 fuel
burn penalty that might result could be addressed by
stronger measures to reduce CO2 emissions overall.
Moreover, contrail formation can be reduced by using
low aromatic fuels, as aromatics produce soot which
plays a key role in the formation of contrails13. Alternative aviation fuels are free of aromatics, but will take too
long to be produced in quantities needed and it is questionable how sustainable these fuels will be in the envisioned quantities. Therefore, an immediate measure
is cutting aromatics in fossil kerosene that contains an
average of 18% aromatics which can safely be reduced
in the first instance to 8% through hydrotreatment (processing with hydrogen).
The adoption of lean-burn engine technology already
available could reduce CO2 while further reducing NOx
emissions14.

Measures to cut aromatics in fuels and reduce NOx emissions will also benefit people living near airports by reducing
air pollution.
The mitigation of CO2 remains, of course, essential too.

WHAT NEEDS TO BE DONE
1. Non-CO2 impacts have to be fully accounted for by the industry, by institutions and
governmental bodies and by UNFCCC within
the framework of the Paris Agreement.
2. Known measures to mitigate non-CO2 impacts –
such as contrail avoidance, low aromatics
kerosene and the adoption of lean-burn low
NOx engines – must be pursued immediately
in addition to CO2 mitigation.
3. Research and development on operational and
technological improvements must be intensified and given as high a priority as those for
CO2 abatement, because they could have more
immediate and effective results¹5.
4. Air traffic must not be allowed to return to
pre-Covid-levels. Accordingly subsidies, tax
exemptions, and the construction and expansion of airports must cease, and the industry
must get no further financial bailouts. Governmental measures for a deep, sustained reduction of flights and for substituting alternatives
like rail travel and renewably-powered ships
must be quickly implemented.
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