
 

 
 

MEMORANDUM 
 
 
 
Ref. AN 10/3.1 WAFSOPSG-Memo/43 
  15/4/13 
 
 
 

To:  Members, World Area Forecast System Operations Group (WAFSOPSG) 

From:  WAFSOPSG Secretary 

Subjects:  Follow-up to WAFSOPSG Conclusion 7/13 — Training material for the new 
WAFS gridded global forecasts for CB clouds, icing and turbulence 

Action:  Note the information and send comments, if any, by 26 April 2013 

  You will recall that the seventh meeting of the World Area Forecast System Operations 
Group (WAFSOPSG/7) held from 17 to 21 September 2012 in Lima, Peru, formulated Conclusion 7/13, 
where in part a), tasked the WAFC Provider States to proceed with the development of computer–based 
initial training material for WAFS gridded global forecasts for CB clouds, icing and turbulence, in view 
of its availability on the WAFSOPSG website to support Amendment 76 to Annex 3— Meteorological 
Service for International Air Navigation. 

  In this regard, the WAFC Provider States (WAFC London and WAFC Washington) have 
developed a PowerPoint presentation which is proposed to form the basis of the training that the WAFCs 
will be providing to users to support the operational introduction of the gridded global forecasts of CB 
clouds, icing and turbulence. To ensure the maximum benefit for users, the WAFC are requesting 
feedback from the WAFSOPSG members regarding the suitability of the material before they commit to 
turning it into a training tool (with voice over), accessible via the web.  

  Therefore, I would kindly invite you to review the attached PowerPoint presentation and 
to provide comments, if any, at your earliest convenience, but not later than 26 April 2013. Any 
comments should be sent directly to the WAFC focal point, Mr Nigel Gait (nigel.gait@metoffice.gov.uk) 
with a copy to me (rromero@icao.int ).Thank you in advance for your kind assistance. 

 Best regards, 
 
 
 
(signed by) 
Raul Romero 

 
Enclosure: 
   PowerPoint presentation 
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mailto:rromero@icao.int


Guidance on the harmonized 
WAFS Grid point forecasts for CB 

Cloud, Icing and Turbulence 
 
 
 

WAFC London and WAFC Washington 
March 2013 

http://psc.apl.washington.edu/sea_ice_cdr/images/


Contents 
• Introduction 
• Access to data 
• Intended use of grid point forecasts 
• Description of data values and algorithms used 
• Grid Interpolation 
• Harmonization process 
• Differences between Grid point forecasts and 

SIGWX  forecasts 
• Suggested usage 
• Visualisation of WAFS Grid point forecasts 
• Quality control and continuous improvement 



Introduction (i) 

• The grid point forecasts of CB Cloud, Icing and 
Turbulence have been developed by the WAFCs 
to meet a requirement set by IATA.  

• These grid point forecasts are designed for use 
in computerised flight planning 

• The development has been overseen by the 
ICAO World Area Forecast System Operations 
Group. 



Introduction (ii) 

• The forecasts consist of grid point data at 
multiple vertical levels that cover the entire 
globe. 

• They are produced for the same grid points as 
the WAFS wind, temperature and humidity 
forecasts.  

• More information can be found here:-
http://www.icao.int/safety/meteorology/wafsopsg/
Pages/default.aspx 
 

 



Introduction (iii) 

• Grid point forecasts are produced for 11 
timesteps: T+6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 
36, 

• And are updated every 6 hours, 
• use a regular 1.25 x 1.25 degree grid, 
• and are issued in the GRIB2 data format  



Access to data 
• The data are made available via the Secure 

SADIS FTP service and WIFS 
• and will be added to the SADIS 2G Satellite 

broadcast from November 2013. 
• Users require a SADIS, WIFS or user developed 

workstation to access, decode and display the 
data 

• Users may need to upgrade their software to use 
the new products 

 



Access to data (ii) 

• The CB, Icing and Turbulence grid point 
forecasts are made available about 90 minutes 
after the wind, temperature and humidity data 
due to the extra processing required 



Intended Use of Grid point 
forecasts  

• The WAFCs produce WAFS upper-air grid point 
forecasts for use in flight planning. 

• These forecasts include wind, temperature, humidity, CB 
clouds, icing and turbulence. 

• These forecasts are provided in digital format (i.e. GRIB2 
code form) and are designed to be integrated directly 
into automatic flight planning systems.  

 



Intended Use of Grid point 
forecasts (ii) 

• Operators need to define their requirements for making 
use of the grid point forecasts with their service providers 
according to their own business models and safety risk 
management plan 

  
• Dispatchers, pilots and flight briefing providers should be 

aware of what thresholds their suppliers have utilised  
when using these forecasts  
 



Intended use of grid point forecasts 
(iii) 

• the WAFCs support the flight documentation 
requirements of Annex 3 by providing:- 

• WAFS SIGWX forecasts as well as upper-air wind, 
temperature and humidity grid point forecasts.  

• The WAFCs do not provide visualizations of upper-air 
gridded CB clouds, icing and turbulence forecasts in 
support of flight documentation (Annex 3, Chapter 9 
refers). 
 



Data values - CB cloud (i)  
• Forecasts of cb cloud use an algorithm based on cloud 

amount and precipitation intensity 
• The horizontal extent of CB cloud in each grid box is 

given a value between 0 and 1. 
• A figure of 0.5 implies 50% coverage of CB cloud in that 

grid box (a grid box is 1.25 x 1.25 degrees in size) 
 



Data values - CB cloud (ii) 

• The base and top of the CB cloud are provided 
in metres above mean sea level. 

• These heights are easily converted  to Flight 
Levels in accordance with the ICAO Standard 
Atmosphere 

• (all heights given in WAFS Forecasts are relative 
to the ICAO Standard Atmosphere) 



Data values – Icing  
• The icing algorithms are based 

on a combination of cloud 
condensate (ice and water), 
temperature, relative humidity 
and vertical motion parameters 
that predict the presence of 
super-cooled liquid water 

• The values range from 0 to 1 
and are a potential for the 
presence of icing. 

• The higher the value, the 
greater the risk of encountering 
icing 

• Due to lack of observations it is  
not currently possible to indicate 
the severity of icing  

 



Icing – vertical levels 

• Icing Forecasts are produced for 6 vertical 
layers, each having a depth of 100hPa. 

. 
Layer centred at 

(hPa) 
Layers from  

(hPa) 
Approximate 
Flight level 

300 250-350 270-340 
400 350-450 210-270 
500 450-550 160-210 
600 550-650 120-160 
700 650-750 080-120 
800 750-850 050-080 



Data values - Clear Air Turbulence 
• (CAT) – is derived via an algorithm that is based 

on the Ellrod Index.  The Ellrod Index results 
from an objective technique for forecasting 
clear-air-turbulence (CAT). 

•  The index is calculated based on the product of 
horizontal deformation and vertical wind shear 
derived from numerical model forecast winds 
aloft.   

• The theoretical limit to the data range is 0 to 99, 
but most values are <40 



CAT – (ii) 

• The higher the value the greater the risk of 
encountering turbulence 

• Due to lack of detailed observations it is not 
currently possible to indicate severity of  
turbulence 



CAT– vertical levels 
• CAT Forecasts are produced for 6 vertical 

layers, each having a depth of 50hPa. 
. 

Layer centred at  
(hPa) 

Layers from  
(hPa) 

Approximate 
Flight level 

150 125-175 410-480 
200 175-225 360-410 
250 225-275 320-360 
300 275-325 280-320 
350 325-375 250-280 
400 375-425 220-250 



In-cloud turbulence (ICT) 

• The in-cloud turbulence algorithms are based on 
(i) the model indicating the presence of a cloud, 
and (ii) the change in potential energy with 
height, which is a measure of instability.   

• The range of values in the data is from 0 to 1 
and are a potential for encountering in-cloud 
turbulence. 
 



In-cloud turbulence – vertical levels 
• In-cloud turbulence Forecasts are produced for 

5 vertical layers, each having a depth of 100hPa. 
. 

Layers centred 
at  (hPa) 

Layers from  
(hPa) 

Approximate 
Flight level 

300 250-350 270-340 
400 350-450 210-270 
500 450-550 160-210 
600 550-650 120-160 
700 650-750 080-120 



More details 

• Can be found on the ICAO website:- 
 
• http://www.icao.int/safety/meteorology/WAFSO

PSG/Pages/GuidanceMaterial.aspx 
  
• Full list of GRIB2 forecast parameters here:- 
• http://www.icao.int/safety/meteorology/WAFSO

PSG/Guidance%20Material/WAFS%20GRIB2
%20Specification%20(V4.0).pdf  

http://www.icao.int/safety/meteorology/WAFSOPSG/Pages/GuidanceMaterial.aspx
http://www.icao.int/safety/meteorology/WAFSOPSG/Pages/GuidanceMaterial.aspx
http://www.icao.int/safety/meteorology/WAFSOPSG/Guidance Material/WAFS GRIB2 Specification (V4.0).pdf
http://www.icao.int/safety/meteorology/WAFSOPSG/Guidance Material/WAFS GRIB2 Specification (V4.0).pdf
http://www.icao.int/safety/meteorology/WAFSOPSG/Guidance Material/WAFS GRIB2 Specification (V4.0).pdf


Maximum and Mean values 

• The native resolution of the WAFS forecast 
models is much finer than the 1.25 degree 
resolution of the grid point forecasts. 

• To provide some information on the variability of 
the data within each grid box, a maximum and 
mean value is calculated for each grid square for 
the Icing, CAT and ICT (in cloud turbulence) 
forecasts .   



Grid Interpolation  

5   7    5   2    0 
7  10   7   5    0 
5   7    5   2    0 
2   5    2   0    0 
0   0    0   0    0 

• Here, values of CAT range 
between 0 and 10 within the 
grid box. 

• The maximum value of 10 
and the mean value of 3 are 
the figures disseminated 

• Grid interpolation is done by 
the WAFCs during 
production of the forecasts 
 
 

 

 
 



Numbers of files 
Parameter Levels Timesteps No. Of files 
Mean Icing 6 11 66 
Maximum Icing 6 11 66 
Mean In-cloud 
turbulence 

5 11 55 

Maximum In-cloud 
turbulence 

5 11 55 

Mean CAT 6 11 66 
Maximum CAT 6 11 66 
CB Horizontal 
extent 

1 11 11 

CB base height 1 11 11 
CB top height 1 11 11 



Harmonization process 
• Provides consistency between WAFC London and 

WAFC Washington datasets 
• A two-member ensemble of WAFS forecasts 
• Before issuance, the WAFC London and WAFC 

Washington forecasts are harmonized using an identical 
process 

• For each parameter, timestep and pressure level (if 
applicable) 

• Mean forecasts (CAT, Icing, in-cloud turbulence) 
    are calculated from the ‘mean of the two means’ 
• Maximum forecasts from the ‘higher of the two maxes’ 
• CB horizontal extent – maximum value 
• CB top – higher value 
• CB base – lower value 
 



Harmonization process (ii) 

• In a rare event, the harmonization process 
may not occur 

• Each WAFC then makes available its 
independent forecasts 

• A WAFS administrative message will be 
issued to notify users that independent 
(unharmonized) forecasts have been 
issued 



Differences between grid point 
forecasts and SIGWX (i) 

• The gridded forecasts of CB cloud, Icing and 
Turbulence are quite different from the 
traditional Significant Weather forecasts issued 
by the WAFCs. 

• The differences are described in the next few 
slides 

• The user has more choice as to how the 
information can be used and visualised   
 
 
 
 
 

 

 



Differences between Grid point 
forecasts and SIGWX (ii) 

Feature Grid pt. forecasts SIGWX 

Availability T+6 to T+36 at 3 hour 
intervals 

T+24 only  

Coverage Global Icing is EUR,NAT, 
MID, Asia South only 

Vertical resolution Discrete vertical layers Single vertical layer – 
simplified 

Type Range of data values 
(potential) 

Deterministic 

Severity Scale of potential for 
icing 

Subjective 
assessment 



Differences between Grid point 
forecasts and SIGWX (iii) 

Feature Grid pt. forecasts SIGWX 

CAT Potential 0-99 MOD/SEV 

In Cloud Turbulence Potential 0-1 in all 
cloud 

MOD/SEV in non-CB 
areas depicted 

Icing Potential 0-1 in all 
cloud 

MOD/SEV in non-CB 
areas 

CB All CB coverage is 
forecast 

ISOL EMBD, OCNL, 
OCNL EMBD AND 
FRQ only depicted 



Supplementary information for all 
users  

• Areas depicted by the gridded data will be 
different from and more fragmented than the 
smooth shapes shown on SIGWX charts 

• Users may choose what to visualise depending 
on their operational requirements 

• Software providers should choose appropriate 
thresholds using the following guidance 



Use of CAT Data 

• The Maximum CAT field has greater skill than 
the Mean CAT field 

• A threshold of ~4-6 is recommended for the 
location of moderate or greater CAT 

• CAT algorithm performs best near Jet 
streams/areas of strong wind shear 

• It performs less well in areas of lighter winds, 
e.g. near the tropics. 



CAT Thresholds 
• Verification statistics* have 

been produced that show the 
hit rate and false alarm rate for 
encountering moderate or 
greater turbulence above 
certain thresholds. 

• E.g. For a CAT value of 6 or 
more, the hit rate can be 
expected to be 0.43 and FAR 
0.11.  

• Users may wish to use their 
own threshold to meet their 
own operating requirements 

*Based on limited global data 

 



Use of Icing data 

• Threshold data is based on use of the more 
conservative ‘maximum’ Icing field 

• A threshold of 0.1 is recommended for  
avoidance of any icing in Extended Diversion 
Time (EDTO) planning. 

• A threshold of 0.7 gives similar areas of 
coverage to the areas shown on SIGWX charts.  



ICING Thresholds 

• Verification statistics 
showing the Hit rate and 
false alarm rate for 
encountering icing above 
different thresholds at 
FL100. 

• For an Icing threshold 
value of 0.1 or more, the 
hit rate can be expected 
to be 0.9 and the FAR 
0.16 



Use of CB data 

• Threshold data is based on the harmonized 
‘maximum’ horizontal extent 

• Threshold of 0.5 approximates the area of 
coverage of OCNL CB shown on SIGWX charts. 



CB Thresholds 

• Verification statistics 
showing the Hit rate and 
false alarm rate for 
encountering CB above 
different thresholds of CB 
Horizontal extent. 

• E.g. For a threshold 
above 0.4, hit rate is 0.71 
and FAR 0.08 



Visualisation of WAFS Grid point 
forecasts   

• The WAFCs do not provide visualisations of the 
WAFS Grid point forecasts 

• Contact your SADIS or WIFS workstation 
provider if you require software to display the 
WAFS Grid point forecasts 

• Some examples of visualised WAFS grid point 
forecasts follow, these have been provided by 
the US National Weather Service. 



Example visualisation of CAT and 
Jet Stream Location 



Example visualisation of Icing 



Example visualisation of CB 



Quality control and further 
improvement 

• More observations will allow calculation of probability 
and severity and allow verification to be extended 
globally 

• Further development of algorithms are planned over the 
next few years which will improve the information to 
satisfy user requirements 

• Comments and feedback on the user guide are 
welcomed 

• A webpage has been set up for feedback – to subscribe 
please go to:- 
http://infolist.nws.noaa.gov/read/all_forums/subscribe?na
me=wafs_grids_support&page=all_forums 

http://infolist.nws.noaa.gov/read/all_forums/subscribe?name=wafs_grids_support&page=all_forums
http://infolist.nws.noaa.gov/read/all_forums/subscribe?name=wafs_grids_support&page=all_forums
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