
The French icing tool SIGMA (System of Icing Geographic identification in Meteorology for Aviation) has been developed by Météo France to identify aircraft icing areas. 

Recent improvements by the evolution of the input data had to be validated.  

Databases for validating icing tools mostly consist of pilot reports (PIREPs) but just a few of them are found over Europe. Météo France has identified a new way getting 

reliable flight data. This data was used to validate the icing product SIGMA. 

Aircraft Flight Reports for Validating

the French Icing Forecast Scheme SIGMA

Data Fusion

Numerical 

Model 
AROME /ALADIN

- Icing index

- Microphysics (Arome)

- Resolution:

15min

2,5km  / 11 km

Satellite
Meteosat-9

- IR channel

- Icing cloud product

- Cloud classification

- Resolution: 15min / 4km

Icing cloud Cloud classification
TIR

- 2D composite

Local: 

- Melting layer altitude

- 3D composite

- Resolution:

15min / 1km

Radar
New generation

2D reflectivity

3D reflectivity

Icing index

HOW  DOES  SIGMA  WORK? DATA  BASE 

DATA  BASE  ANALYSE 

A convention has been signed with SEFA, a famous French pilot

school, for an exchange of data. Météo France provides

information for the flight path preparation (e.g. radar pictures,

significant weather charts, TAF/METAR messages) and an

access to the SIGMA pictures of icing potential and severity

forecasts. In exchange the pilots fill up a form via web access.

This form provides the opportunity to report about icing

conditions (location, severity, duration) and the accompanying

weather phenomena. Data of three years is collected until now.

This data is very useful for validating the icing tool SIGMA.

Furthermore young pilots become aware of the importance and

utility of transmitting hazardous weather situations via PIREP.

ATR42

TB20

BE58

BE20

Annual and daily repartition are correlated with the pilot school activity. Just a few cases of moderate and severe icing cases are observed. The information given in

the flight preparation obviously help to avoid hazardous conditions. More icing cases are reported in winter. This is traced back to the fact that the flight levels

usually used by these pilots are well adapted to icing conditions in winter (FL50 to FL100). In winter 2010, most icing cases are reported due to worst winter

weather. A few reported cases are due to convection which could be easily avoided by the pilot.
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Time [UTC]

Number of PIREPs with icing conditions
per hour

N = 350
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Accompanying weather phenomena

Number of PIREPs with icing conditions and
accompanying weather phenomena
information in several flight sections

N = 241 
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Number of PIREPs with icing conditions 
per aircraft type and year
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Month of the year

Number of PIREPs per month

icing PIREPs

no icing PIREPs

Nicing = 350

Nno icing = 13600

RESULTS

POD: Probability of detection around 80% if we 

consider 15km around the plane

PODno: Probability of NO detection if we 

consider 15km around the plane 
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EVALUATION  METHODS 

Neighborhood verification is used: The same day and hour is analyzed on different domain sizes.

from 1km to 

15,5km

from 1km to 

15,5km

Nearest SIGMA level

Nearest SIGMA level

Using this methodology, we calculate the Hit (True positive, TP), the False Alarm (False Positive, FP), 

the Correct Rejection (True Negative, TN) and the Miss (False Negative, FN).

Icing  Event

Observation = Beginning and end of the icing 

event report

Forecast = At least one point in agreement 

with the observation on  a domain 

(different domain sizes used).

No  Icing  Event

Observation = Beginning and the end of the 

flight, every FL20 from the 

ground to the cruise level. 

Forecast = 1. At least one point indicate no icing. 

2. More than 50 % of domain predict     

no icing. 

3. All of the domain predict no icing.
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The data fusion takes

into account the

relevant information

from each kind of

input data. All data is

combined to identify

the icing potential

conditions areas. The

horizontal resolution

is 1km on 10 vertical

levels and available

every 15 minutes.


