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Context: IniTAF project Machine Learning methodology & LGBM classifier
The IniTAF project is intended to provide TAF initialization T Observed ceiling information is extracted from METARS
— freeing up time to focus on forecasting the evolution of the most critical parameters (i.e horizontal visibility in case of fog Win -
formation, etc.). = \=  speéd  Eachcomponent of every METAR LFAQ 011500Z AUTO 12012KT 9999 OVC007 06/06 Q1018
vertical profile s a predictor METAR LFAQ 011600Z AUTO 12011KT 9999 BKN0O7 OVC011 06/06 Q1017
Several inputs are required to initialize TAFs from model data: wind, cloud cover, ceiling,etc. || |
HU METAR LFAQ 011900Z AUTO 12012KT 9999 OVC012 07/06 Q1015
Some of them are directly computed in NWP models: wind speed and direction.
. R o ) \ LGBM p
Others require further developments- VISIbIIIty’ Cellmg' ] " ] \\\ Classifier /// Light Gradient Boosting Machine (LGBM)
P b o Ke et al. 2017
Ceiling: Aeronautical definition and thresholds ™ : Cort?]pzred to O;rgg grafjlelptht:goBSI;[/llhg
Annex 3 - Meteorological Service for International Air Navigation, ICAO \\\ methods (e.g. oost), lig '
Aeronautical ceiling is the lowest cloud layer base height with: K : R:Eg:gz lrﬁ;ghefgsttﬁrsee tdsimension
- cloudiness greater than 50% in a radius of 8 km from the airport 1 e .
- cloud base %eight < 5000 ft ’ P [Celllng classification (see TAF thresholds) ] — negative: a lot of parameters to tune.
Ceiling significant thresholds for TAF evolution groups
SO LOLYit Heluiie St Comparison: LGBM CEILING DIAG Vs NWP CEILING DIAG (benchmark)
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TAE evolgtion Year 2017 - 66 French airports

groups

Note that ceilings upper than 5000 ft do not have to be mentioned in TAF messages. Binary predictions for different thresholds Predictor importance LGBM method
B LGBM importance of predictors
Recall — precision curves - AUC improvements by adding predictors (left to right)
Lo — LGBM
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Benchmark ceiling diagnosis based on cloud fraction Year 2017 - 66 French airports Hit rate Hu T  Wind TKE cldlig. cldice snow
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State of the art: « NWP CEILING DIAG » [ Forecast Vs. hourly METAR ceilings ] 0.0 0.2 0.4 0.6 0.8 1.0 000 093
outputs from AROME (cloud fraction > 50%) - speed water content content

Seity, Y., et al. "Cloud and microphysical schemes in content
ARPEGE and AROME models.” Main ceiling Hit rate False Alarm
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60 - Green/red numbers refer to improvement/loss
1000 - R compared to NWP ceiling diagnosis. Figure: LGBM CEILING DIAG. Frequency of observed (blue)
g 20 and forecasted ceilings (green). Runs 00h, 06, 12, 18.
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Figure: Cloud fraction vertical profile. NWP ceiling diagnosis 0 130 500 1000 1500  =5000%
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Figure: NWP CEILING DIAG. Frequency of observed o 1000
(blue) and forecasted ceilings (red). Runs 00h, 06, 12, 18. £
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o W e Rehalels Dates : 1st january 2017 to 10th january 2017
i . i W Paris / Roissy Charles de Gaulle airport.
— Hourly extracted on a 3D grid around the airport (20 km \'| L ade s Runs 00, 06, 12, 18. Lead times : 6 to 11h.
x 20 km x 6000 ft a.g.l). SNy P
- Traat i Misses are reduced with  Very low ceilings (<100 ft) are False alarms are reduced
Mot o L e o A 23] LGBM diagnosis. missed with LGBM diagnosis for low ceilings with LGBM
I e gﬁ model
Ceiling information in METARSs
== P .
LT . . Conclusion — future work
- averaging - learning: year 2016 — 66 french airports
- corrections ™| hourly data ~ 10° observations. . o . . . . .
due to terrain y - Binary scores show better results for LGBM ceiling diagnosis than a direct cloud fraction based diagnosis (NWP CEILING DIAG)
- e e . which was used as a benchmark.
elevation _ - verification: year 2017 — 66 french airports
hourly data ~ 10° observations. — Results are significantly improved when ceiling threshold rises.
— - Work on case studies has to be continued to improve the classification (discrimination for very low clouds).
hu %
3D grid information Median vertical - Use of direct 3D grid information should be explored with convolutional neural networks (CNN).

around the airport profile at the airport.
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