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Non-C02 Aviation Effects

Condensation trails (Contrails) trails form when water vapor emitted 
by aircraft engines freezes producing a visible trail behind the aircraft



v

Precisely quantifying these radiative 
effects is essential for understanding the 

climate impacts of aviation.

Contrail radiative effects lead to alterations in the temperature of the atmosphere

Non-C02 Aviation Effects
Lee et at., 2021



Radiative Forcing CalculationContrail Detection

How do we quantify Contrail Impacts?



1. Contrail Detection

2. Radiative Forcing Calculations

3. Experiment Definition

4. Results

5. Conclusions

6. Next Steps

Index



1. Contrail Detection

2. Radiative Forcing Calculations

3. Experiment Definition

4. Results

5. Conclusions

6. Next Steps

Index



Allows for larger - scale analysis
Contrail Detection using AI

State of the Art on Contrail Detection

Before 2021 2021 - 2023 2023 & 2024

Image Processing Algorithms  
and first Neural Networks 

More advanced Networks but 
still not enough labelled data

Advanced Networks and a large 
labelled dataset available

Strongly depends on data availability

Ng. et al, 2023McCloskey. et al, 2021

Mannstein et at., 2012

1.  Contrail Detection

Open Problems:
- European Data
- Performance Metrics
- Instance Segmentation
- Associated RF 



1.  Contrail Detection
Training Data:

GOES-16 Ash RGB images obtained from the 
OpenContrails Google Dataset (Ng. et al, 2023)

Method: Automize the detection of contrails 
over large amounts of data using Neural 

Networks 

Still lacks a labelled dataset 
in Europe



Models Trained: 

- Instance segmentation 
(MaskRCNN & YOLO11x)

- Semantic segmentation 
(CoaT & NeXtViT)

1.  Contrail Detection



Models Trained: 

- Instance segmentation 
(MaskRCNN & YOLO11x)

- Semantic segmentation 
(CoaT & NeXtViT)

Detections on SEVIRI (Meteosat Second 
Generation): 

- Interpolation to 2km resolution (preprocessing)

- Sliding window detections

- Polygon conversion (postprocessing)

1.  Contrail Detection



1.  Contrail Detection
Visual example of performance on MSG: Contrails Detected on the 25th of September of 2023 

from 00:00 to 10:00 over France and neighbouring regions
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2.  Radiative Forcing Calculations
Cloud Property Retrievals
Cloud Optical Thickness, Cloud Phase, Cloud Effective Radius & Cloud Top Pressure 
retrieved with Optimal Cloud Analysis (OCA)

Calculation of RF using libRadtran
Radiative Transfer Model



2.  Radiative Forcing Calculations

Calculation of solar and 
thermal fluxes

Parameter interpolation over the LUTs



Total Cloud RF estimations

Contrails detected using AI Final Contrail RF estimations

2.  Radiative Forcing Calculations
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MSG (SEVIRI) Spectral Bands: 8IR & 3VIS
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3.  Experiment Definition
Time period

Data Source

Geographical extent
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4.  Results 

Diurnal Patterns

In January, daytime contrails show
cumulative CRF values at
minimums of -8 TW, while
nighttime contrails show positive
values and up to 6 TW.

The overall daily impact of the
detected contrails is warming due
to a larger amount of nighttime
contrails, which make up 62% of
the total.



The comparison between 2023 and 2024
Data shows:

4.  Results 

● A 41.03% rise in contrail coverage
between the two weeks evaluated

● A 128.7% increase in CRF values,
suggesting an increased warming from
the additional number of contrails

● A 19.02% increase in total cloud RF, in
which CRF only represents ~1%.
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The detected contrails show an 

overall warming effect throughout 

the day

Potential increase in contrail cover 

and warming from 2023 to 2024

The methods presented here enable 

comprehensive large-scale analysis

5.  Conclusions

Further research into the observed 

trends and over larger time periods 

is needed 

Preliminary Results:

The increase in contrail radiative 

forcing only represents a 1% of the 

total

Main takeaways:
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1. Validate Detections
Use a set of labeled data for 

validating of the model.

6.  Next Steps



Validation of the Contrails Detected using AI

Validation using ADS-B and 
weather data 

Validation with Ground Camera images



1. Validate Detections
Use a set of labeled data for 

validating of the model.

2. Validate RF Calculations
Quantify the errors in the LW and SW 

RF calculated values.

6.  Next Steps

3. Perform an extended 

experiment
Repeat the study over an extended 

time period to account for seasonal 

variations and incorporate additional 

data.

4. Move from MSG to 

MTG Data
Take advantage of the higher 

spatiotemporal resolution of the new 

FCI onboard MTG Satellites.



First MTG FCI Images 
available in 2024

Contrails Detected on MTG with AI 
Results shown for the 10th of October 2024 over the whole field of view of MTG satellites

Move from MSG to MTG Data



1. Validate Detections
Use a set of labeled data for 

validating of the model.

2. Validate RF Calculations
Quantify the errors in the LW and SW 

RF calculated values.

4. Share the RF LUTs 

and Trained Models
Make available to the community 

the use of these methods  for 

assessing  contrail climate 

impacts

6.  Next Steps

3. Perform an extended 

experiment
Repeat the study over an extended 

time period to account for seasonal 

variations and incorporate additional 

data.

4. Move from MSG to 

MTG Data
Take advantage of the higher 

spatiotemporal resolution of the new 

FCI onboard MTG Satellites.
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MSG (SEVIRI) Spectral Bands: 8IR & 3VIS
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