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Abstract: DLR Review of an EASA Report requested by the European Commission 

Aircraft operations contribute to climate change by emissions of carbon dioxide (CO2), nitrogen 
oxides (NOx), sulfur oxides (SOx), water vapor (H2O), aerosols, and the formation of contrails 
and contrail cirrus. Since 2012, aviation’s CO2 emissions have been regulated by the European 
Emission Trading System (EU ETS). All flights within the European Economic Area (EEA) are 
subject to this scheme. According to Article 30(4) of the revised EU ETS Directive 2018/410, ‘the 
Commission shall present an updated analysis of the non-CO2 effects of aviation, accompanied, 
where appropriate, by a proposal on how best to address those effects (before January 2020).’ 
Against this background, the EU Commission commissioned a study to EASA in 2019. Three 
main questions had to be investigated: Question 1: What is the most recent knowledge on the 
climate change effects of non-CO2 emissions from aviation activities? Question 2: What fac
tors/variables have had an impact on those effects? What is the level of that impact? Do these 
factors/variables exhibit trade-offs or interdependencies between different emissions? Question 
3: What research has been undertaken on potential policy action to reduce non-CO2 climate im
pacts? What are the pros and cons of these options in terms of implementation? What 
knowledge gaps exist?’ As of November 2020, the full report investigating these tasks has been 
published (European Commission, 2020). In December 2020, the German Environmental Agency 
(UBA), mandated the German Aerospace Center (DLR) with a study on proving/testing monitor
ing and reporting methods for non-CO2 climate impacts of aviation in the EU ETS. One important 
work package within this DLR-study was the review of the EASA study by the European Com
mission (2020). This review has been conducted with the emphasis on currently remaining re
search questions, on a risk management analysis and on measures implementable as pilot pro
ject(s). The main results of this review are presented in this report. 

-

-

-

-
-
-

Kurzbeschreibung: DLR Review des von der Europäischen Kommission beauftragten EASA Berichts 

Der Luftverkehr trägt durch den Ausstoß von Kohlendioxid (CO2), Stickoxiden (NOx), Schwefel
oxiden (SOx), Wasserdampf (H2O), Aerosolen und die Bildung von Kondensstreifen und Zirrus
fahnen zum Klimawandel bei. Seit 2012 werden die CO2-Emissionen des Luftverkehrs durch das 
Europäische Emissionshandelssystem (EU-ETS) reguliert. Alle Flüge innerhalb des Europäischen 
Wirtschaftsraums (EWR) fallen unter dieses System. Gemäß Artikel 30 Absatz 4 der überarbeite
ten EU-EHS-Richtlinie 2018/410 "legt die Kommission eine aktualisierte Analyse der Nicht-CO2-
Effekte des Luftverkehrs vor, gegebenenfalls zusammen mit einem Vorschlag, wie diese Effekte 
am besten reduziert werden können (vor Januar 2020).“ Vor diesem Hintergrund hat die EASA 
im Auftrag der EU-Kommission eine Studie erarbeitet. Es wurden drei wesentliche Fragen unter
sucht: Frage 1: Was sind die neuesten Erkenntnisse über die Effekte der Nicht-CO2-Emissionen 
des Luftverkehrs auf den Klimawandel? Frage 2: Welche Maßnahmen/Technologien haben sich 
auf diese Nicht-CO2-Emissionen ausgewirkt? Wie groß ist deren Einfluss? Gibt es gegenseitige 
Abhängigkeiten zwischen den verschiedenen Emissionen? Frage 3: Welche Forschungsarbeiten 
wurden zu möglichen politischen Maßnahmen zur Verringerung der Nicht-CO2-Emissionen 
durchgeführt? Was sind die Vor- und Nachteile dieser möglichen Maßnahmen im Hinblick auf 
ihre Umsetzung? Welche Wissenslücken bestehen? Im November 2020 wurde der vollständige 
Bericht der EASA veröffentlicht (Europäische Kommission, 2020). Im Dezember 2020 beauf
tragte das Umweltbundesamt (UBA) das Deutsche Zentrum für Luft- und Raumfahrt (DLR) mit 
einer Studie zur Erprobung von Monitoring- und Reportingmethoden für Nicht-CO2-Emissionen 
des Luftverkehrs im EU-ETS. Ein wichtiges Arbeitspaket innerhalb dieser DLR-Studie war der 
Review der EASA-Studie (2020). Dieser Review wurde mit dem Schwerpunkt auf derzeit noch 
offenen Forschungsfragen, auf einer Risikomanagementanalyse und auf als Pilotprojekt(e) um
setzbaren Maßnahmen durchgeführt. Die wichtigsten Ergebnisse dieser Überprüfung werden in 
diesem Bericht vorgestellt. 

-
-

-

-

-

-
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-
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EASA European Union Aviation Safety Agency 

EC European Commission 

EINOx Emission Index of Nitrogen Oxides 

EU ETS EU Emissions Trading System 

EEA European Economic Area 

ERF Effective Radiative Forcing 

GHG Greenhouse Gas 

H2O Water vapour 

ICAO International Civil Aviation Organization 

IEIR Independent Experts Integrated Review 

IPCC International Panel on Climate Change 

LTO Landing and Take-off 

nvPM Non-volatile Particulate Matter Emissions 

NOx Nitrogen Oxides 

OPR Overall Pessure Ratio 

RF Radiative Forcing 

RQL Rich-quench-lean 

SAF Sustainable Alternative Fuels 

SOx Sulfur Oxides 

UBA German Environment Agency (Umweltbundesamt) 
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1 Background and objective 
Aircraft operations contribute to climate change by emissions of carbon dioxide (CO2), nitrogen 
oxides (NOx), sulfur oxides (SOx), water vapor (H2O), aerosols, and the formation of contrails and 
contrail cirrus. According to the International Panel on Climate Change (IPCC), the total climate 
impact by aviation is two to four times larger than the effect of its past CO2 emissions alone 
(IPCC, 1999 and 2007). In 2009, Lee et al. (2009) estimated for the year 2005 that aircraft-in
duced CO2 contributed 1.6 % to the total anthropogenic radiative forcing while the total aviation 
effect, i.e., the sum of the CO2 and the non-CO2 effects, amounted to 4.9 %. However, uncertain
ties concerning the impact of some of these species, especially NOx emitted on high altitudes, and 
cloud effects are still large (Lee and Fahey, 2016 and Lee et al., 2009). 

-

-

Since 2012, aviation’s CO2 emissions have been regulated by the European Emission Trading 
System (EU ETS). All flights within the European Economic Area (EEA) are subject to this 
scheme. According to Article 30(4) of the revised EU ETS Directive 2018/410, ‘the Commission 
shall present an updated analysis of the non-CO2 effects of aviation, accompanied, where appro
priate, by a proposal on how best to address those effects (before January 2020).’ 

-

Against this background, the EU Commission commissioned a study to EASA in 2019. Three 
main questions had to be investigated by a team of international experts: 

‘Task 1: What is the most recent knowledge on the climate change effects of non-CO2 emissions 
from aviation activities? 

Task 2: What factors/variables have had an impact on those effects (e. g. technology/design, op
erations, fuel, market-based measures)? What is the level of that impact? Do these factors/varia
bles exhibit trade-offs or interdependencies between different emissions? 

-
-

Task 3: What research has been undertaken on potential policy action to reduce non-CO2 climate 
impacts? What are the pros and cons of these options in terms of implementation? What 
knowledge gaps exist?’ (European Commission, 2020). 

As of November 2020, the full report investigating these tasks has been published (European 
Commission, 2020). 

In December 2020, the German Environment Agency (UBA), mandated the German Aerospace 
Center (DLR) with a study on proving/testing monitoring and reporting methods for non-CO2 
climate impacts of aviation in the EU ETS. One important work package within this DLR-study is 
the review of the recent EASA study by the European Commission (2020). This review shall be 
conducted with the emphasis on currently remaining research questions, on a risk management 
analysis and on measures implementable as pilot project(s) whereas by the latter important 
practical experiences with innovative policy measures for the limitation of aviation’s climate rel
evant species can be gained and at least some at the moment open research questions could be 
answered. The main results of this review are presented in this report. It is organized as follows: 
In section 2, the results of the EC-study are investigated from an atmospheric point of view and 
an interpretation towards a risk analysis is provided. In section 3, the policy options presented 
in the EC-study are analyzed and evaluated towards feasibility. Finally, section 4 provides rec
ommendations for next steps. In the following text the study commissioned to EC by the Euro
pean Commission is called EC-report. 

-

-
-
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2 Review of atmospheric science results 
The EC-report summarises the current status of science and remaining uncertainties of avia
tion’s CO2 and non-CO2 impacts (task 1) as well as technological and operational factors for limit
ing or reducing non-CO2 impacts from aviation and related trade-off issues (task 2). The report 
addresses current knowledge in atmospheric science well and clearly states the remaining un
certainties. While the scientific basis demonstrated in the report is robust, their interpretation 
and recommendations are, by nature, more based on individual preferences. Here, we will 
shortly summarise and briefly comment the overall findings of the report. We further extend the 
discussion on the interpretation and recommendations by offering alternative pathways. 
Thereby we change the perspective from focussing on uncertainties in atmospheric science to 
analysing risks and areas of consistency. 

-
-

-

2.1 Summary on current status of science and remaining uncertainties 
(Task 2) 

2.1.1 Aviation emissions and effects on aviation radiative forcing

The EC-report (European Commission, 2020) summarises the current knowledge on aviation 
emissions. It clearly states that NOx emissions are relatively well characterised with a fleet-wise 
increase in the NOx emission index (emitted nitrogen oxides per fuel used, EI-NOx) over the last 
decades, while fuel efficiencies have increased. Other non-CO2 emissions such as sulphates and 
soot, in terms of number of particles and mass are not as well quantified yet, though progress 
might be achieved on the basis of the new nvPM ICAO certification. 

The EC-report further summarises the atmospheric impacts of aviation emissions and concludes 
that the major non-CO2 effects arise from NOx emissions and contrail-cirrus formation and 
points out that considerable uncertainties remain for quantifying either effect. Emphasis is given 
to the impact of the evolution of future background emissions, e.g. from industry, traffic, house
holds, on the estimates of future aviation NOx-RF and the large uncertainties with respect to con
trail-cirrus modelling. It is pointed out that the so-called “Effective Radiative Forcing” (ERF) is a 
more suitable radiative metric than RF, since it better relates to the expected future temperature 
effects. The ERF metric is also adopted by a wider scientific community and IPCC. The impact of 
aviation soot particles on natural ice clouds is identified as a potentially large cooling effect, 
however, the sign and magnitude of the forcing is not known with confidence. Similarly, it is con
cluded that emissions leading to changes in the aerosol concentrations potentially alter low-
level clouds and are likely to lead to a cooling with a low confidence in the magnitude. 

-
-

-

DLR review: 

The EC-report provides a very comprehensive and thoughtful status of the current understand
ing of the atmospheric impacts of aviation emissions. A large part of the summary is based on 
the findings of Lee et al. (2021) and for net NOx-RF on Skowron et al. (2021), rounding it off by 
addressing other recent literature, leading to the more general conclusion that “the largest of 
these effects are the forcing from the current-day net NOx effect and contrail cirrus.” 

-

While this conclusion and also the discussion on uncertainties can in general be largely sup
ported, unfortunately, the conclusions are not addressing how to deal with these uncertainties 
and how these uncertainties can be considered to allow for a de-risking strategy for reducing 
non-CO2 climate effects. 

-
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Exemplarily, Dahlmann et al. (2016) provided one strategy to address uncertainties in non-CO2 
aviation impacts arising from atmospheric science, in decision making for mitigation options. 
Hence, an analysis is required which analyses the risks of disbenefits when implementing non-
CO2 aviation effects. Undoubtedly, reducing uncertainties in atmospheric science is important 
and to be pursued, however, the EC-report might be interpreted in a way to first reduce scien
tific uncertainties before acting. From DLR point of view, a roadmap should rather be developed 
how to consider risks in decision making and to derive e.g. robust or no-regret measures with a 
relatively low risk of failure. 

-

In general, NOx and contrail-cirrus have both warming and cooling effects, i.e. also likely for indi
vidual flights (see e.g. Grewe et al., 2014 their Fig. 8). Though, either overall radiative effect is 
estimated to be a warming one. Any risk assessment could benefit from considering these effects 
in their spatial and temporal inhomogeneity. Additionally, a revision of the analysis technique in 
determining the total NOx-RF might also be required as indicated in Section 2.2.3 of the EC-Re
port, as there are very strong statements published on preferring so-called tagging or contribu
tion methods, when assessing the contribution of aviation NOx to RF1. This method fully decom
poses anthropogenic contributions to atmospheric concentrations and avoids attributing ozone 
from other sectors to aviation as otherwise would be done when using the so-called perturba
tion approach. This way, the contribution calculation becomes less sensitive to changes in back
ground concentrations (Grewe et al. 2012) and changes in the sign of the RF-NOx for future back
ground emissions become more unlikely.  

-

-
-
-

-
-

-

-

-

1 However, this study demonstrates that when the relationship between emissions and concentrations is nonlinear, sensitivity 
approaches are not suitable to retrieve source contributions“, Clappier et l. (2017); “The simplest approach based on increments 
(incremental approach) is often not suitable “, Thunis, 2019; “We demonstrate the utility of ozone source attribution as a powerful 
model diagnostic tool“, Bulter et al., 2020; “This leads to an underestimation of the contribution of specific emission sources to 
ozone if these impacts are used for source attribution”, Mertens et al. 2020. “Nevertheless, tagging is particularly helpful when 
answering the question as to how overall changes can be attributed to different emission sectors, and hence represents an 
attribution method that treats individual sectors more uniformly”, Matthes et al., 2021

2.1.2 Metrics and equivalent CO2 

The EC-Report provides an overview on the climate metrics and their use to derive equivalent 
CO2 emissions for non-CO2 effects. An emphasis is given on the different lifespans of CO2 (long) 
and non-CO2 (short) effects, which complicates a clear evaluation of trade-offs since those are 
dependent on the time horizon. A clear statement is made that temperature-based metrics and 
GWP* are potentially representing the temperature targets of the Paris Agreement best. A rec
ommendation of individual metrics is not provided since that would imply a user’s choice and a 
political debate on climate objectives and other socio-economic factors. 

DLR review: 

The EC-report provides a state-of-the-art discussion on climate metrics and the conversion into 
equivalent CO2 emissions. However, while there is an agreement that science cannot provide 
best climate metrics, which are equally valid for all research and political questions, there is also 
the possibility to select dedicated climate objectives from the debate between policies and sci
ence and relate these objectives to adequate and distinct climate metrics (Grewe and Dahlmann, 
2015). This potentially facilitates an easier decision process on the choice of climate metric, 
since it better discriminates between the more political decision on the climate objective and the 
more scientific decision, which climate metric suits the climate objective. There are two obvious 
climate objectives related to the Paris Agreement and the 1.5°C-IPCC report: 
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► Limiting long-term climate change: What long-term climate reduction can be achieved by
a regarded measure in order to support the target of limiting climate change in the light
of the Paris Agreement? (objective 1)

► Avoiding tipping points: What short-term climate reduction can be achieved by a re
garded measure in order to support the target of limiting overshooting effects in the light
of the Paris Agreement? (objective 2)

-

Considering the contribution of a measure to climate change hence requires an estimated future 
scenario (F), where the respective measure is applied on a daily basis. The average temperature 
response can serve as a basis for estimating the mean climate impact over a given time horizon 
of, e.g., 20 and 100 years for objective 1 and 2, respectively. This could lead to a proposal of cli
mate metrics for 

-

► Limiting long-term climate change: 100 year averaged temperature response (ATR) of a
future (F) air traffic scenario including the respective measure: F-ATR100

► Avoiding tipping points: 20 year averaged temperature response (ATR) of a future air
traffic scenario (F) including the respective measure: F-ATR20

As discussed in the EC-Report GWP* with a time horizon of 100 years or 20 years are similar to 
the respective potential on the basis of F-ATR metrics since they are both addressing tempera
ture changes and are closer related to objectives with respect to the Paris Agreement. It is im
portant to note that the impact of the choice of the metrics (here: potential of F-ATR vs. GWP*) is 
small as long as they target the same climate objective. 

-
-

The EC-report characterises the differences between climate metrics and discusses the chal
lenges for calculating CO2-equivalences based on those climate metrics. By this, the report 
touches upon requirements for climate metrics to enable the calculation of CO2-equivalences for 
non-CO2 effects. However, a clearer description of these requirements would have been more 
useful to foster any inclusion of non-CO2 effects into regulations and assessments, though cer
tainly challenging. Based upon the report, we suggest the following list of requirements that a 
suitable climate metric might fulfil: 

-

-

► Technology dependence: Changes in, e.g. the emission index of NOx should be included in
the e-CO2 calculations. 

► Emission growth dependence: The growth of emissions should be included in the calcu
lation of the e-CO2 emissions, since they largely control the impact of short-term, i.e. non-
CO2 effects. Since technologies evolve differently for individual emitted species, growth
(or decline) of CO2 and other emissions, e.g. NOx, should be treated separately.

-

► Update frequency: The dependence on the emission growth, might make it necessary to
update equivalent ratios on, e.g., an annual basis with a well-defined procedure.

► Dependence on regional emissions: Since non-CO2 effects have a temporal and spatial de
pendency, i.e., the location and time of emissions largely influence the climate impact of
those emissions, a consideration of a local dependency of the e-CO2 emission might be
required. Currently, dependencies from a more climatological point of view to weather
dependent calculations are discussed in science (Niklaß et al. 2019).

-

► Forward looking climate impact: As clearly discussed in the EC-Report, values from, e.g.
Lee et al. (2021) for different climate metrics are based upon past aviation operations
and technologies. Therefore, they are not a suitable basis for e-CO2 calculations which
target the assessment of current and future emissions and technologies.
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► Relation to the Paris Agreement: A climate metric might generally follow the target pro
vided by the Paris Agreement and by that resemble temperature targets. The EC-report
suggests temperature-based metrics (AGTP, ATR) and GWP*.

-

► Stability: Temporal changes in the CO2-equivalence calculations are envisaged to account
for future technology and socio-economic changes. Short-term fluctuations, however,
should be limited to allow for a robust and predictable evolution of CO2-equivalences,
which is also addressed in the EC-report (3rd key point of Section 2.3).

Note that this list might be extended. 

2.1.3 Summary on technology and operational factors for limiting or reducing non-CO2 
impacts from aviation and related trade-off issues (Task 2)

Emissions: 

The EC-report summarises in more detail the knowledge on non-CO2 emissions. In general, due 
to the ICAO regulations’ historical focus on air quality, the LTO emissions (take-off, climb, ap
proach, taxi/idle) are well characterised, whereas for cruise conditions emission data are not re
quired to be certified and hence are not known to the same degree of accuracy. The regulation 
relates thrust specific NOx emissions to the overall pressure ratio (OPR). More stringent certifi
cation levels led to EINOx improvements at constant OPR. However, since OPR and thereby fuel 
efficiency increased over time, the fleet-averaged EINOx has actually increased, though NOx emis
sions per passenger-kilometer decreased. The report stresses, however, that more research into 
cruise NOx emissions is required to understand the relation between EINOx at surface conditions 
and cruise conditions, especially for future engine developments and their reduction potentials. 
Non-volatile particulate matter emissions (nvPM) are now better characterised in mass and 
number based on the new ICAO regulation. However, also more research is required for nvPM 
estimates at cruise conditions. In the future, a significant reduction of nvPM emission is expected 
since recent low-emission engine technologies (lean burn and advanced RQL) will increase their 
market share. 

-
-

-

-

Trade-offs: 

Trade-offs are discussed for CO2 and NOx emissions, pointing out that increasing the NOx strin
gency below the CAEP/8 standard may come at the expense of some specific fuel consumption 
deterioration. However, it is also discussed in the Independent Experts Integrated Review (IEIR) 
that in the past, this trade-off was only very limited. No trade-off of between NOx and nvPM 
emissions was observed for recent engine technologies (lean burn and advanced RQL) since 
both emission types are reduced with respect to earlier rich burn engines. However, trade-offs 
might appear for future improvements of these engines. Anyway, further CO2 reductions are en
visaged due to commercial incentives, aerodynamic improvements and weight savings technolo
gies which lead to simultaneous reductions in NOx and nvPM. 

-

-
-

Operational measures and fuels: 

The EC-Report discusses the options of avoiding climate-sensitive regions and states that con
trail avoidance involves flying at sub-optimal conditions and hence is associated with fuel penal
ties. Sustainable alternative fuels (SAF) have shown to reduce soot particle emissions and 
thereby to reduce the contrail climate impacts. However, the greenhouse gas life-cycle of SAF 
has to be analyzed carefully, especially with respect to land use changes to balance the net envi
ronmental benefits. 

-
-

-
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DLR review: 

The EC-Report largely stresses the trade-offs between fuel use (and therefore CO2 emissions) on 
the one side and non-CO2 effects and emissions such as NOx emissions on the other side, regard
ing future technologies, contrail avoidance or more general climate-optimized flying. However, 
the trade-offs largely depend on the reference chosen. For example, when analyzing the ad
vancements of fuel use and NOx emissions over time both were reduced and the IE stated that 
the fuel penalty for NOx reductions was low, i.e. in the range of 0% to 0.5% and hence also the 
trade-off was weak. Whereas taking an engine technology and optimizing that given technology 
for a NOx reduction might have a much stronger trade-off. Potential trade-offs between NOx and 
nvPM might be hidden by the fact that all current in-service engines were developed with no 
nvPM regulation existing and therefore optimized for low NOx and fuel burn only (with the 
smoke number standard being only a plume visibility limit). Future developments might there
fore show more distinct trade-offs. However, this might be a more academic view. Similar for 
contrail avoidance. Papers like Grewe et al. (2017) or Matthes et al. (2020) presume an academic 
and ideal cost optimal scenario. And hence avoidance of either contrails or climate sensitive re
gions – by definition – lead to a fuel penalty. However, current ATM is not performed fuel opti
mal nor cost optimal and hence there are possibilities to reduce both fuel use and non-CO2 cli
mate impact, so-called win-win situations. In addition, the fuel optimal flight altitudes for cur
rent aircraft are broad enough to be able to cover a range of appropriate flight levels. Hence the 
fuel penalty for contrail avoidance is largely dependent on the reference, and more research is 
required to identify situations with minimal trade-offs between non-CO2 effects and fuel con
sumption. In addition, a combination of SAF and avoidance of climate sensitive regions might 
lead to considerable reductions in both CO2 and non-CO2 climate impacts. 

-

-

-

-
-
-
-

-

Other operational improvements, such as formation flight (Marks et al. 2021, Dahlmann et al. 
2020), intermediate stop operations (Linke et al. 2017), or climate North-Atlantic Track Systems 
might have an overall climate benefit, though dependent on the climate objective and metric. 
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3 Review of policy option results 
As explained above, this section investigates the recent EC-Report (European Commission, 
2020) concerning the potential policy measures to reduce non-CO2 climate impacts. Special fo
cus will be on their feasibility of implementation. 

-

After considering a broad range of possible measures, the EC-Report concentrated its analysis on 
six potential policy options: 

► NOx charge

► Inclusion of aircraft NOx emissions in the EU ETS

► Reduction in maximum limit of aromatics within fuel specifications

► Mandatory use of SAF (Sustainable Aviation Fuels)

► Avoidance of ice-supersaturated areas by operational measures

► Climate Charge.

EC-Reports’ main results indicate that the first two measures investigated (NOx charge and the 
inclusion of aircraft NOx emissions in the EU ETS) would lead to financial incentives for both air
craft/engine manufacturers and airlines to reduce NOx emissions. Moreover, the trade-off be
tween optimizing aircraft fuel burn (and thus CO2 emissions) and NOx emissions will also have to 
be kept in mind by the manufacturers and airlines. However, the EC-Report underlines a number 
of out-standing atmospheric science-related research questions towards making such financial 
measures implementable. Against this back-ground, the EC-Report estimates that both measures 
could potentially be implemented in the medium term, i.e. in 5 to 8 years. 

-
-

Reducing aromatics within fuel and the mandatory use of Sustainable Aviation Fuels (SAF) 
(measures three and four listed above) would reduce aviation’s emissions of soot particulates 
and the radiative effects of contrail cirrus clouds. Reducing aromatics content of fuel would re
quire kerosene producers to adapt their production processes. In addition, this production pro
cess change has to be monitored. The mandatory use of SAF could be enforced by introducing a 
blending quota which should be at least on European level. This quota would specify a certain 
percentage of SAF of total jet fuel sold which could be gradually increased. If well designed, this 
quota would lead to simultaneous reductions in nvPM and sulphur emissions and CO2 emissions. 
At this point, the EC-Report indicates a number of atmospheric science issues which have to be 
solved before the implementation of fuel-related measures (see section 2). Against this back
ground, the EC-experts conclude that reducing aromatics with-in fuel could potentially be imple
mented in the mid- (i.e. 5 to 8 years) to long-term (i.e. 8+ years) and the mandatory use of SAF 
could be implemented in the short- (i.e. 2 to 5 years) to mid-term (i.e. 5 to 8 years). 

-
-

-
-

The measures five and six listed above (avoidance of ice-supersaturated areas and a “climate 
charge”) aim at incentivizing climate friendly aircraft operations. By optimizing individual flight 
trajectories to avoid ice-supersaturated areas and other regions considered climate-sensitive, 
the formation of contrail-cirrus clouds could be reduced. In contrast, a climate charge would ad
dress all non-CO2 effects (NOx, water vapor, soot, sulphates, contrails) simultaneously. However, 
the EC-Report raises a large number of partly ‘significant’ research issues in the field of atmos
pheric science that would have to be addressed before the implementation of any such measure. 
Due to these open research questions, any measure to avoid ice-supersaturated areas could po
tentially be introduced only in the mid-term, i.e. 5 to 8 years. And a climate charge could only be 
introduced in the long-term, i. e. 8+ years, according to the EC-Report. 

-

-

-
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DLR review: 

The EC-Report provides a comprehensive and broad analysis of possible measures for the limita
tion of aviation’s non-CO2 effects. Therefore, an extensive and thorough literature review has 
been conducted. Different types of policy measures (financial incentives/market-based 
measures, rules and regulations, quotas, operational measures) have been considered. This se
lection comprises most types of potential policy measures suitable for the reduction of air 
transport’s climate relevant species. 

-

-

Unfortunately, none of the investigated potential policy measures seems to be ready for imple
mentation in the short run. According to the EC-Report, this is predominantly the case due to a 
great number of currently unsolved research questions in atmospheric science. At best, selected 
measures could be implemented after an additional research effort in atmospheric science of 2 – 
8 years (as estimated by the EC-Report for the mandatory use of SAF). In the last resort, some 
measures would need 8+ years of further research before their implementation (as estimated 
for a climate charge). 

-

From DLR point of view, the EC-Report argues too tentative and lacks economic analysis. The 
(between EC and DLR) undisputable fact that further research in atmospheric science is needed 
does not automatically lead to the conclusion that the design and implementation of any policy 
measure will have to wait until further natural scientific knowledge has been gained. In fact, 
both further research in atmospheric science and at least pilot projects for selected measures 
addressing aviation’s non-CO2 effects should be conducted in the short-term. By doing so, im
portant experiences and knowledge could be achieved simultaneously. 

-

At this point it will be important to select promising policy measures first. A selection criterion 
inter alia could be that the respective policy measure does not raise “significant” atmospheric 
science related question. According to the EC-Report, this applies to measures number one to 
four listed above (NOx charge; Inclusion of aircraft NOx emissions in the EU ETS; Reduction in 
maximum limit of aromatics within fuel specifications and Mandatory use of SAF (Sustainable 
Aviation Fuels). Another potentially promising policy measure would be to include selected non-
CO2 species in the EU ETS. This has been investigated by Niklaß et al. (2019) on behalf of the 
German Environment Agency (UBA) focussing on operational feasibility. 

As a next step, the economic impacts of different design options for the selected policy measures 
should be investigated. This should be done in order to identify the most efficient design in 
terms of costs, competitive impacts and environmental advantages for each policy measure un
der consideration. The need for further economic research, e. g. for cost-benefit analyses, cost 
estimations and their impact on European airlines and other relevant stakeholders as well as ef
fects on competition, especially between European and non-European airlines, has also been 
pointed out by the authors of the EC-Report. 

-

-

As a third step, pilot projects in co-operation with stakeholder from industry could be conducted 
for the selected, most efficient policy measures. For instance, German BDL (German Aviation As
sociation) could be a good partner for pilot projects for the use of SAF. Airlines potentially inter
ested in participating are LH, Air France, e. g. Both already declared their interest in the further 
use of SAF. As SAF is currently very expensive in comparison to traditional kerosene, economic 
aspects will play an important role here. 

-
-

On this basis, and with additional further knowledge from atmospheric science which could have 
been gained in the meantime, it will be possible to design and implement innovative policy 
measures for the limitation of air transport’s non-CO2 species. 
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4 Recommendations 
► The conclusion in the EC-Report that “the largest of these effects are the forcing from the

current-day net NOx effect and contrail cirrus” is supported.

► The EC-Report is lacking a strategy for managing uncertainties to derive a de-risking
strategy for implementing non-CO2 effects in decision making.

► Revisiting diagnostics with respect to NOx-RF which include attribution techniques and
temporal responses of methane contributions and having the potential to reduce uncer
tainties.

-

► The EC-Report is lacking a strategy for agreeing on climate metrics, which is currently
felt as a locked-in situation between policies and science. It is noted here that a climate
metric should be selected in accordance with the strategic question to be answered.
Thereby, the climate metrics choices are limited.

► No climate metric is suggested in the EC-report for good and overall accepted reasons.
However, still a set of climate objectives could have been proposed by the EC experts and
adequate climate metrics which address these objectives could have been outlined in
more detail to foster the discussion on the choice of climate metrics for the inclusion of
non-CO2 effects in regulations and assessments.

► The analysis of trade-offs might require a thorough revisiting of reference cases in the
EC-report. No-regret situations, where no trade-offs exist are largely dependent on the
individual reference situation. For example, the combination of using SAF and opera
tional measures to avoid climate-sensitive regions reduces both CO2 and non-CO2 effects
in comparison to today’s operations and fuel use. Thereby, this approach constitutes a
no-regret solution.

-

► The EC-Report provides a comprehensive and broad analysis of possible measures for
the limitation of aviation’s non-CO2 effects. This selection of policy measures comprises
most types of potential policy measures suitable for the reduction of air transport’s cli
mate relevant species.

-

► Unfortunately, none of the investigated potential policy measures seems to be ready for
implementation in the short run. According to the EC-Report, this is predominantly the
case due to a great number of currently unsolved research questions in atmospheric sci
ence.

-

► From DLR point of view, the EC-Report argues too tentative and lacks economic analysis.
DLR recommends a three-step approach at this point: Firstly, to select promising policy
measures, secondly, to investigate the economic impacts of different design options for
the selected policy measures in order to identify the most efficient design options.
Thirdly, pilot projects should be conducted with relevant stakeholders for the selected,
most efficient policy measures. In parallel, atmospheric science experts should continue
research on the remaining research questions identified in the EC-Report. By doing so,
important experiences and knowledge could be achieved simultaneously.

► On this basis, and with additional further knowledge from atmospheric science which
could have been gained in this process, it will be possible to design and implement inno
vative policy measures for the limitation of air transport’s non-CO2 species. First steps in
this direction have already been conducted by Niklaß et al. (2019) on behalf of the Ger
man environment Agency (UBA) presenting options for implementation with varying
complexity. According to Niklaß et al. (2019) it is possible to address at least some

-

-
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relevant non-CO2 species by including them into the current EU Emissions Trading Sys
tem for limitation of aviation’s CO2 emissions and respective non-CO2 effects. Hence, for 
practical testing, e.g., of the MRV scheme, an inclusion of non-CO2 effects in the EU Emis
sions Trading System is feasible on a short time scale. However, a final selection of the 
way non-CO2 effects are implemented is only recommended after a risk analysis, which 
takes, among others, uncertainties from atmospheric science into account. 

-

-



CLIMATE CHANGE DLR Review of an EASA Report requested by the European Commission  

18 

5 List of references 
Butler, T., Lupascu, A., Coates, J., and Zhu, S.: TOAST 1.0: Tropospheric Ozone Attribution of Sources with Tag
ging for CESM 1.2.2, Geosci. Model Dev., 11, 2825–2840, https://doi.org/10.5194/gmd-11-2825-2018, 2018. 

-

Clappier, A., Belis, C. A., Pernigotti, D., and Thunis, P.: Source apportionment and sensitivity analysis: two meth
odologies with two different purposes, Geosci. Model Dev., 10, 4245–4256, https://doi.org/10.5194/gmd-10-
4245-2017, 2017. 

-

Dahlmann, K., Grewe, V., Frömming, C., Burkhardt, U., Can we reliably assess climate mitigation options for air 
traffic scenarios despite large uncertainties in atmospheric processes?, Trans. Res. Part D, 46, 40-55, 
doi:10.1016/j.trd.2016.03.006, 2016. 

Dahlmann, K., Matthes, S., Yamashita, H., Unterstrasser, S., Grewe, V., Marks, T., Assessing the climate impact 
of formation flights, Aerospace 7, 172, doi:10.3390/aerospace7120172, 2020. 

Fahey, D. W., Lee, D. S. (2016) Aviation and Climate Change: A Scientific Perspective. Carbon Clim. Law Rev. 10, 
pp 97-104 

European Commission (2020) Updated analysis of the non-CO2 climate impacts of aviation and potential policy 
measures pursuant to EU Emissions Trading System Directive Article 30(4), Full-length report, Commission Staff 
Working Document, COM(2020) 747 final, Brussels, 23.11.2020 

Grewe, V., Dahlmann, K., Matthes, S., Steinbrecht, W., Attributing ozone to NOx emissions: Implications for cli
mate mitigation measures, Atmos. Environm., 59, DOI: 10.1016/j.atmosenv.2012.05.002, 102-107, 2012. 

-

Grewe, V., and Dahlmann, K.: How ambiguous are climate metrics? And are we prepared to assess and com
pare the climate impact of new air traffic technologies?, Atmos. Environm. 106, 373-374, doi:10.1016/j.at-
mosenv.2015.02.039, 2015. 

-

Grewe, V., Champougny, T., Matthes, S., Frömming, C., Brinkop, S., Søvde, A.O., Irvine,E.A., Halscheidt, L., Re
duction of the air traffic's contribution to climate change: A REACT4C case study, 10.1016/j.at
mosenv.2014.05.059, Atmos. Environm. 94, 616-625, 2014. 

-
-

Grewe, V., Matthes, S., Frömming, C., Brinkop, S., Jöckel, P., Gierens, K., Champougny, T., Fuglestvedt, J., Hasle
rud, A., Irvine, E., Shine, K., Climate-optimized air traffic routing for trans-Atlantic flights. Envi-ronm. Res. Lett. 
12(3), 034003, DOI: 10.1088/1748-9326/aa5ba0, 2017. 

-

Intergovernmental Panel on Climate Change (IPCC) (1999) Aviation and the Global Atmosphere: A Spe-cial Re
port of IPCC Working Groups I and III; Cambridge University Press: Cambridge, UK 

-

Intergovernmental Panel on Climate Change (IPCC) (2007) Climate Change 2007: The Physical Science Basis. 
Contribution of Working Group I to the Fourth Assessment. Report of the Intergovernmental Panel on Climate 
Change [Solomon, S., D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor and H.L. Miller (eds.)]. 
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA 

Lee, D.S., D.W. Fahey, P.M. Forster, P.J. Newton, R.C.N. Wit, L.L. Lim, B. Owen, R. Sausen (2009), Avia-tion and 
global climate change in the 21st century, Atmos. Environ., 10.1016/j.atmosenv.2009.04.024 

Lee D.S. Lee, D.W. Fahey, A. Skowron, M.R. Allen, U. Burkhardt, Q. Chen, S.J. Doherty, S. Freeman, P.M. Forster, 
J. Fuglestvedt, A. Gettelman, R.R. De Leon, L.L. Lim, M. T. Lund, R.J. Millar, B. Owen, J.E. Penner, G. Pitari, M.J. 
Prather, R. Sausen, L. J. Wilcox (2021) The contribution of global aviation to anthropogenic climate forcing for 
2000 to 2018. Atmospheric Environment 244, pp 1-29. 

Linke, F., Grewe, V., Gollnick, V., The Implications of Intermediate Stop Operations on Aviation Emis sions and 
Climate, Met. Z., 697-709, doi:10.1127/metz/2017/0763, 2017. 

-

https://doi.org/10.5194/gmd-11-2825-2018
https://doi.org/10.5194/gmd-10-4245-2017
https://doi.org/10.5194/gmd-10-4245-2017


CLIMATE CHANGE DLR Review of an EASA Report requested by the European Commission  

19 

Matthes, S., Lührs, B., Dahlmann, K., Grewe, V., Linke, F., Yin F., Klingaman, E., Shine, K., Climate-opti mized tra
jectories and robust mitigation potential: Flying ATM4E, Aerospace 7, 156, 2020. 

- -

Matthes, S., Lim, L., Burkhardt, U., Dahlmann, K.; Dietmüller, S.; Grewe, V., Haslerud, A.S., Hendricks, J., Owen, 
B., Pitari, G.; Righi, M., Skowron, A. Mitigation of Non-CO2 Aviation’s Climate Impact by Changing Cruise Alti
tudes. Aerospace 8, 36. doi:10.3390/aerospace8020036, 2021. 

-

Marks, T., Dahlmann, K., Grewe, V., Gollnick, V. Linke, F., Matthes, S., Stumpf, E., Swaid, M., Unter-strasser, S., 
Yamashita, H., Zumegen, C., Climate Impact Mitigation Potential of Formation Flight. Aero-space 8, 14, 
doi:10.3390/aerospace80100142021, 2021. 

Mertens, M., Kerkweg, A., Grewe, V., Jöckel, P., and Sausen, R.: Attributing ozone and its precursors to land 
transport emissions in Europe and Germany, Atmos. Chem. Phys., 20, 7843–7873, https://doi.org/10.5194/acp-
20-7843-2020, 2020. 

Niklaß, M. et al., (2019). Integration of Non-CO2 effects of aviation in the EU ETS and under CORSIA, Dessau-
Roßlau: Umweltbundesamt. 

Skowron, A., Lee, D.S., De León, R.R. et al. Greater fuel efficiency is potentially preferable to reducing NOx 
emissions for aviation’s climate impacts. Nat Commun 12, 564 (2021). https://doi.org/10.1038/s41467-020-
20771-3. 

Thunis P., Clappier A., Tarrason L., Cuvelier C., Monteiro A., Pisoni E., Wesseling J., (...), Peduzzi E. (2019) Source 
apportionment to support air quality planning: Strengths and weaknesses of existing ap-proaches, Environment 
International 130 , art. no. 104825. Appendix 

https://doi.org/10.5194/acp-20-7843-2020
https://doi.org/10.5194/acp-20-7843-2020
https://doi.org/10.1038/s41467-020-20771-3
https://doi.org/10.1038/s41467-020-20771-3

	Final report: DLR Review of an EASA Report requested by the European Commission  
	Imprint 
	Publisher 
	Report performed by
	Report completed in
	Edited by

	Abstract: DLR Review of an EASA Report requested by the European Commission  
	Kurzbeschreibung: DLR Review des von der Europäischen Kommission beauftragten EASA Berichts 
	Table of content 
	List of abbreviations 
	1 Background and objective 
	2 Review of atmospheric science results 
	2.1 Summary on current status of science and remaining uncertainties (Task 2) 
	2.1.1 Aviation emissions and effects on aviation radiative forcing
	DLR review

	2.1.2 Metrics and equivalent CO2 
	DLR review

	2.1.3 Summary on technology and operational factors for limiting or reducing non-CO2 impacts from aviation and related trade-off issues (Task 2)
	Emissions
	Trade-offs
	Operational measures and fuels
	DLR review



	3 Review of policy option results 
	DLR review

	4 Recommendations 
	5 List of references 




