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MOTIVATION PHD

The main motivation of this study is:

= To predict where contrails form and persist, a problem that remains highly uncertain.

One of the biggest contributor in climate impact is contrail. Also In 2024, the global average temperature exceeded 1.5°C above pre-industrial levels for the first time:
= To use collaborative Al to predict contrail outbreaks and estimate their climate impact.

= To help aircraft avoid flying regions where persistent contrails are likely to form.
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— U. FCCC, “Framework convention on climate change. adoption of the Paris Agreement,” 2015
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An ISSR occurs: Radiative Forcing is:

= Ambient air is supersaturated with respect to ice. change in the net radiant energy flux at the top of the atmosphere or

tropopause.
= Relative humidity with respect to ice (RH;) > 100%. Pop

= caused by a particular factor such as contrails, clouds, and etc.
Schmidt-Appleman Criterion
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— Appleman, H.: The formation of exhaust condensation trails by jet aircraft, Bulletin of the American Meteorological Society, 34(1), 14-20, 1953.
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STATE OF THE ART (ISSR & RF)

Study / Reference

Key Focus / Methodology

Main Contribution Limitations

Burkhardt, U., &

Karcher, B.
Global climate impact

Numerical weather prediction
(NWP) using ECMWEF _ : :
atmospheric humidity and 0.

7y ISSR prediction remains
0 highly sensitive to
humidity uncertainty in

A\ A:-MA occurrence and persistence in
global contrail-climate simulations,

!

of contrail cirrus (2023).

Geraedts, S., et al.
A scalable system to
measure contrail
formation on a per-flight
basis (2024).

Wang, M., et al.
3 : Observations of
& . microphysical properties
> and radiative effects of a
contrail cirrus outbreak
over the North Atlantic
(2023).

Wolf, K., et al.

Sensitivity of cirrus and
contrail radiative effect on
cloud microphysical and
environmental parameters
(2024).
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temperature fields.

Al-based prediction framework

integrating weather forecasts
and flight trajectories.

Observational study of
contrail cirrus RF.

Sensitivity analysis
of contrail RF.

Radiative Forcing (W m~?)
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highlighting the importance of
accurate upper-tropospheric
humidity forecasts.

Developed scalable operational
prediction of ISSR occurrence for
individual flight segments using
atmospheric data and automated
validation.

Quantified warming contribution
of persistent contrails under real
atmospheric conditions.

Demonstrated strong dependence
of RF onice crystal size and
atmospheric humidity.

PhD Doctoral Meetings 2026 |PhD Program in Aerospace Engineering

NWP models.

ISSR prediction accuracy
depends strongly on
forecast humidity
resolution.

Focused on a single
contrail outbreak event
over the North Atlantic,
limiting global
generalization.

Relied heavily on
idealized radiative
transfer simulations
rather than direct
observations.
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OPEN GAPS AND RESEARCH GOALS PHD
(— Scientific Gap —\ [/ Scientific Gap N Scientific Gap —\

There 'S, no work on p.redlctlng Existing models, either detect Contrail RF uncertainty
Contrail Outbreak directly from - - - . .
) . contrails, or predict contrail- remains very high due to
thermodynamic atmospheric . . . .
. . . likely zones, or estimate RF missing physics and coupled
fields, especially using NWP . .
. . i independently. - forecasting.
variables in a forecasting Tz
framework.

N A N

Main Contribution Main Contribution Main Contribution
f_ N\ [/ N\ [/ .

Forecasting contrail Jointly forecasting contrail developing a forecasting
outbreaks from atmospheric #N,»  Outbreaksand their Short- framework that combines
predictors at different N wave RF and Long-wave RF. many conditions into a single

workflow to improve the
consistency of contrail climate-
impact prediction. )

pressure levels. ~

Develop a collaborative Al

ﬁ 2 framework for predicting
@% @ contrail outbreaks and their
% c /.

associated radiative forcing.

1
More accurate contrail prediction
O Better climate impact estimation
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— . Ortiz, et al., “Enhancing GOES-16 Contrail Segmentation through Ensemble Neural Network Modeling and Optical Flow Corrections,” TechRxiv, Jan. 21, 2025.
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Model Performance Metrics
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Forecastlng Process Contrail Outbreaks with Net Radiative Forcing
2023-10-16 00:00 UTC - Orthographic Projection
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CONCLUSION

contrail clustering and estimates Radiative Forcing.

A forecasting framework that couples ISSR occurrence with

FUTURE DIRECTIONS

physically consistent framework.

Evolving from foundational model to a more comprehensive and

ISSR occurrence

Skillin detectio

large-scale
contrail
outbreaks with

relatively false
alarm rates.

Constrained to
clear-sky
conditions.

Contrail clustering RF Estimation

HIGHLIGHTS

n Provides first-order
estimates of contrail

First order insights

Highlights the
potential of a process-
oriented approach for

:J radiative forcing that
capture the general identifying contrail-
magnitude and QV prone regions under

spatial distribution.

KEY LIMITATIONS

Does not address
microphysical
evolution.

clear-sky conditions.

Moderate detection
sensitivity and
biasesin

temperature and
humidity fields.
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Higher-resolution meteoritical inputs:
Integrate a higher resolution data to better resolve
atmospheric structures and improve detection and
forcing estimates.

Improve microphysical parameterization:
Incorporate advanced microphysical schemes to
better represent contrail formation and evolution.

Physical constraints and variability:
Incorporate advanced microphysical schemes to
better represent contrail formation and evolution.

Extend to cloudy scenes:
Develop methods to extend detection and forcing
estimates to cloudy scenes.
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~

=1\ We presented a prototype of the model in ECATS 2025 conference as I //
k\ =| | aposter. /
\'\\\f j‘"’// :

/ \ Attended to external and internal workshops:

[ CO2

)

/
/
/

IATA-RAeS Workshop 2026 (9 & 10 March) —

Contrail Management: progressing towards risk-informed decision making (online).
5t ECMWF-ESA Machine Learning Workshop 2026

(13 to 17 April) (online).

Exchange Workshops of the PhD program in

Aerospace Engineering (in person).

/ [= \  We submitted a conference paper to IWAC 2026
\ 557/ conference (17 to 19 November). -

) We submitted the first Journal paper to IEEE Transactions on / z
| % | Geoscience and Remote Sensing (TGRS). “_
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Thanks a lot for your attention!
Questions?

Collaborative Learning For Intelligent Meteorological Aviation

PhD Student: Danial Akbari
Supervisors: Javier Garcia-Heras Carretero & Amin Jafarimoghaddam

This work was supported by the KAIROS project. The authors gratefully
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Joint Undertaking and its members under grant agreement No 101114701.
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