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Who are we ? &

Aviation

Former scientists from Climaviation/SU-IPSL, co- X e
founders of Klima consulting, young start-up Climaviation
alming to provide services to reduce industry’s

climate impacts

Mandated by T&E to write a report defining a way . T E
forward on the science and technology of contrail :

avoidance
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1. Assess uncertainties that matter for contrail avoidan[ze\ How do we go from

2. ldentify knowledge gaps . . o
3. Make recommendations for future R&D / sclence to action-:

- _/




The well-known climate impacts of contrails &

Aviation

Aviation accounts for 2-3% of CO, emissions worldwide
but its overall contribution to global warming (*) is
around 4-5%

Contrails are the largest single contributor to aviation’s p' .
climate impact

- For a given flight, contrails exert a large radiative impact
for a short period whereas CO, exert a small radiative impact
for a very long period.

Contrail avoidance represents a relatively quick and
easy mitigation solution to implement:

A minority of the flights is responsible for a majority
of the warming dueto contrails

* as measured by radiative forcing (RF) 3



Potential of contrail mitigation

300

A 50% reduction in contrails (at 250
the global scale) would decrease i
the additional warming to be -

expected by 2050 by 6% (i.e.
0.03°C out of about 0.5°C).

Temperature change (mK)

Assumptions:
Aviation grow as in Scenario SSP3-7.0
Global warming does not stabilize below 2°C.

| = Total impact of aviation

{ ==2 11% of total contrail forcing
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Aviation

Temperature impact of aviation - SSP3-7.0

Avoidance starting in 2030 of:

50% of total contrail forcing

Potential reduction in
additional warming in
2050: 0.03°C
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OSCAR aviation, Audrey Lecouffe (Climaviation/IPSL)
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Contrail formation & climate impact

.

Aviation
2 O
Formation . ‘
SAc cij‘\riteria(SI based on a EVOIUUO“
thermodynamic ; .
approach to estimate the ares of fhe atmosphere) Induced-cirrus
critical temperature and sl i Sk
humidity level where activation to detect Perturbs the radiative budget,
contrail can form persistent contrail by reflecting solar radiation and
preventing terrestrial radiation
from escaping
Initial Crystal Number T :
. Concentration (ICNC), oil, Initial Cor,]tra”
Model"ng background aerosols, vPM properties
Several contrail impact , ‘ L :
model developed (CoCiP, | SlZ€and shape of crystals, Radiative _ Climate
SCCFs, ATCIm, | et effects impact
APCEMM. ..) arth’s radiative pe atio
Study of the efficacy and Climate
feedbacks of climate model adjustments




1) Where are the scientific uncertainties?

nfluence o
the initial

ICNC on
contrail
evolution?
What impact
of SAF?

y . N
" Formation

®
Aviation

What about
the lifetime
of a contrail?

What about
contrail

overlapping?

SAc criteria, based on a EVO|Ut|0n
thermodynamic ISSR (humid and cold . N
approach to estimate the aren of(t#gnétrggspchcére} " Induced-cirrus | Should we

critical temperature and combine with SAc

humidity level where activation to detect Disturb radiative budget,

focus more

Several contrail impact
model developed (CoCiP,
aCCFs, AirClim,
APCEMM, ..)

coniallcaniiony persistent contrail | ’g‘z‘ﬁf:aorﬁr;:g.i:tt.g‘ ]?rgﬁ”l 5 o
| P g ) on radiative
= transfer
Initial Crystal Number \ o i i ?
. Concentration (ICNC), oil, Initial contrail calculations?
Mode”lng background aerosols, vVPM properties

K
Size and shape of crystals, \ F o4
lifetime of contrail to study Radiative -

Earth’s radiative perturbation effects
| 4

Or climate

Climate feedback?

<
feedbacks of climate model / adjustments

Study of the efficacy and




2) What are the technical gaps for contrail
avoidance strategy?

How to better
What tools do we

predict ice- Should we focus o oett
supersaturated on airline-led or need 1o have better
region in ATM-led observatlo.ns.? What
numerical weather mitigation? characteristics for

forecast models? humidity sensors?

Operations Verification
O O O O
Science Technology
How to integrate How can we
contrail avoidance verify the
in flight planning mitigation?
system without What kind of
disrupting air traffic How big is the observations is
and affecting difference needed?
capacity? between the
forecast and the
observed

climate impact ?

&

Aviation

Contrail
avoidance
strategy



3) Recommendations &

Aviation

Which research topics to prioritize?

modelling studies - What research questions need to be addressed in
priority when aiming at contrail avoidance strategy? What is the minimum
viable contrail model for contrail avoidance?

observational studies - What observations do we need to improve
processes in weather and climate models?

numerical weather prediction forecasts - How accurate weather
forecasts need to be to operationalize contrail avoidance?

design of the observing system - What observing system is required to
operationalize and verify contrail avoidance?



Methodology \ &

Aviation

Literature review: Stakeholder insights:
What has been done? What's needed?
« Modelling research o Interview scientists with
» Operational trials that took different views on the

pertinence of contrail

place ; ;
avoidance strategies

 Understand the scientific
and technical gaps

 Acknowledge the pros and
cons of SAF for contrail

management

a Feel free to connect if
you want to give insights




Timeline &

Aviation
Flight trials in CICONIA project:
Klima consulting will work with Air France to
provide climate-optimised trajectories
Initial contact 1st stakeholder 2nd stakeholder
stakeholders consultation consultation
Start of the project: D1: End of December D2: End of March

Mid-October
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/ \ Aviation
Klima consulting aims to reduce the
climate impact of flights by bridging the

gap between research and industry
A /

?
Wants to know more Email contact@klima-consulting.fr

Connect with us!
Site web https://www.klima-consulting.fr

Thank you for your attention!
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