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1. Introduction 

 

1.1 WAFC London and WAFC Washington have implemented harmonized forecasts of 

trial CB cloud, icing and turbulence in GRIB2 format with effect from 29 November 2011 (1200 UTC 

model run).  Verification of the WAFS trial gridded forecast of clear air turbulence (CAT) potential 

using eddy dissipation rate (EDR) calculated from the flight data is reported in a companion paper.  

In this paper, Hong Kong, China conducted a study on the performance of WAFS gridded forecasts of 

CAT potential over the Hong Kong Flight Information Region (Hong Kong FIR) during the 7 months 

period (29 November 2011 to 30 May 2012) immediately after harmonization using special 

air-reports.   

 

1.2 The special air-reports of turbulence made by pilots in-flight within the Hong Kong 

FIR during the study period were first screened to ensure that the event occurred in clear-air.  40 

special air-reports of moderate or higher intensity turbulence were identified meeting the following 

criteria: 
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(a) location of the report within the Hong Kong FIR; 

 

(b) altitude within the coverage of WAFS gridded forecasts of CAT potential 

between FL220 and FL480; 

 

(c) no significant convection were identified within 1 degree from the location of 

special air-report of turbulence and the flight concerned was not in cloud.   

 

1.3 The CAT potential forecasts are available at 3 hourly intervals (T+6. T+9…. to T+36). 

As most long haul flights tend to use the T+21 or T+24 forecast, the forecast for the grid box covering 

the location of the report and nearest to report time was selected such that: 

 

− T+21 forecast would be used if report time falls within the 3 hour window 

centred at T+21 (i.e., T+21-1.5 =< report time < T+21+1.5); 

 

− T+24 forecast would be used if report time falls within the 3 hour window 

centred at T+24 (i.e., T+24-1.5 =< report time < T+24+1.5). 

 

2. Discussion on performance of CAT potential forecast 

 

2.1 The 40 sets of T+21 or T+24 gridded forecasts of mean and maximum CAT potential 

in 3-D grid box covering the location of report with valid time closest to the report time and the 

corresponding intensity of reported turbulence are listed in Table 1. 

 

2.2 In Hong Kong FIR, one of the typical causes of CAT was due to passage of upper 

level westerly trough and the associated jet stream.  Two such cases were identified during the period 

of study for verifying the performance of CAT potential forecast. 

 

2.3 During 1 to 3 December 2011, six special air-reports of moderate turbulence within 

Hong Kong FIR were received (highlighted in yellow colour in Table 1).  The altitude ranged from 

FL240 (400 hPa level) to FL390 (200 hPa level).  Figure 1A and 1B are the 300hPa (around FL300) 

and 200hPa (around FL390) upper-air streamline charts valid for 0000 UTC 02 December 2011 

showing a sharp upper level westerly trough moving into Hong Kong FIR and the associated jet 

stream very close to the northern part of Hong Kong FIR.  Figure 2A to 2F show satellite images at 

time closest to the time of special air-report of turbulence and the corresponding T+21 or T+24 charts 

of mean and maximum CAT potential.  The forecast charts for lower levels (FL240 and FL270) 

indicated that the area of non-zero CAT potential matched with the location of sharp trough or jet 

stream.  Although the forecast values of the CAT potential were rather small, when used with other 

meteorological information, e.g. the upper air wind/temperature charts, the gridded forecasts of CAT 

potential could provide some hints of significant turbulence in this case and the performance appears 

to be better for air-reports at lower levels (e.g. FL240 and FL270) than air-reports at higher levels 

(FL390).  

 

2.4 The second case was 7 February 2012.  There were three pilot reports of turbulence, 

one was of moderate to severe intensity and the other two were of moderate intensity (highlighted in 

green in Table 1).   Figure 3A and 3B are the 300hPa and 200hPa upper-air streamline charts valid 

for 0000 UTC 07 Feb 2012 showing an upper level westerly trough within the Hong Kong FIR at 

300hPa but not so prominent at 200hPa.  Moreover, the jet stream in this case was around 4 degrees 

and 6 degrees latitude to the north of the Hong Kong FIR at 300hPa and 200hPa level respectively.  

Figure 4A to 4B show satellite images and the corresponding T+21 or T+24 forecast charts of mean 

and maximum CAT potential.  The area of non-zero CAT potential matched well with the location of 

jet stream to the north of Hong Kong FIR.  However, at the location of the special air-reports, the 

forecast CAT potential were all zero.   
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2.5 Figure 5 shows the number (frequency) of WAFC London forecasts of mean and 

maximum CAT potential for 3-D grid box covering the location of special air-report of turbulence in 

bins of 0.5.  While there may be a certain level of subjectivity in the reporting of turbulence intensity, 

the fact that these cases were clustered together lent support that indeed the moderate turbulence was 

experienced.  In these 40 sets of data, about one third of the cases the forecast value of the mean and 

maximum CAT potential were both zero.   

 

2.6 From Figure 5A, as the mean CAT potential forecast value increases, the number of 

special air-report of turbulence with mean CAT potential values decreases.  For maximum CAT 

potential forecast in Figure 5B, if the majority (13 out of 40) of special air-report with forecast value 

of zero is excluded, the number of reports in each range follows a bell shape distribution with a 

maximum and medium in the range 3.6 – 4.0.  The values of mean CAT potential forecast range from 

0 to 2.9, with none meeting the threshold value of 4% (or value > 4) for CAT of moderate or higher 

intensity (see meaning of CAT discussed in section 3 below).  For maximum CAT potential forecast, 

the values range from 0 to 6.7, with 25% meeting the threshold value of > 4. 

 

2.7 The relative frequency distribution of CAT potential forecast for the data sets 

(excluding those with forecast value=0) with special air-report of turbulence is compared against that 

for all the T+21 and T+24 hour forecast (also excluding those with forecast value=0) for all the grid 

boxes covering the Hong Kong FIR during the 7 month period of study, namely the baseline.  The 

statistics is given in Figure 6.  The distribution of both mean and maximum CAT potential for the 

data sets with special air-report of turbulence is similar to those of the corresponding baseline.  It is 

interesting to note from Figure 6B that the relative frequencies of maximum CAT potential forecast 

value in the range of 0.6-1.0, 1.6-2.0 and 2.6-3.0 of the baseline are particularly higher than the 

adjacent bins.  After analyzing the data in details, it was found that frequency of data in multiples of 

0.9 (i.e. 0.9, 1.8, 2.7) are exceptionally higher than those of adjacent values. 

 

3. Conclusion 

 

3.1 From the above discussions, it is observed that: 

 

a) Based on limited cases the gridded CAT potential forecast, when used with other 

meteorological information, e.g. the upper air wind/temperature charts, could 

provide some hints of significant turbulence and the performance appears to be 

better for air-reports at lower levels (e.g. FL240 and FL270) than air-reports at 

higher levels (FL390); 

 

b) while both the mean and maximum CAT potential forecast can range from 0 to 99, 

the largest forecast value for the data sets with special air-report of turbulence is 

2.9 and 6.7 for mean and maximum respectively within Hong Kong FIR.  This 

is on the low side as compared with the maximum in the range of 0 to 99 and the 

typical range of 0 to 30; 

 
c) in 40 pilot reports of turbulence of moderate or above intensity, about one third of 

the cases the WAFS forecast for mean and maximum CAT potential were both 

zero.  The harmonized gridded CAT potential forecast products from WAFC 

Provider States fails to provide any hint for one third of the cases which include a 

special air-report of moderate to severe intensity; and 

 

d) the frequency of maximum CAT potential forecast over all the 3-D grid boxes 

covering Hong Kong FIR for the 7 month period of study is exceptionally higher 

for forecast value of 0.9, 1.8 and 2.7 (i.e., multiple of 0.9) than those of adjacent 

values. 
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3.2 The meeting may wish to consider the following draft conclusion : 

 

Draft Conclusion 16/xx –  Need for further comprehensive verification of 

trial “harmonized” gridded forecasts of CAT 

potential 

 

That, WAFC Provider States be invited to 

 

a) conduct further improvement to the gridded CAT potential forecasts in 

order to enhance the skill of the “harmonized” gridded forecast product; 

and 

 

b) conduct comprehensive verification of the harmonized gridded CAT 

potential forecasts using actual report of turbulence to confirm the quality 

of the gridded forecast products before declaring the products operational.  

Before positive and conclusive verification results are available, the 

gridded forecast products shall still be kept for “trial” use. 

 

4. Action by the meeting 

 

4.1 The meeting is invited to: 

 

a) note the information contained in this paper; and 

 

b) consider the draft conclusion proposed in paragraph 3.2 above. 

 

 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Table 1: Value of WAFC London T+21 or T+24 gridded forecast of mean and maximum CAT potential of 

the 3-D grid box covering the location of report with valid time closed to the report time and the 

corresponding intensity of reported turbulence 

Gridded forecast 
based on time at 

(UTC) 
Forecast 

Hour 

3-D grid box covering location of 
special air-report of CAT and centre at 

Mean CAT 
Potential 
Forecast 

Maximum 
CAT Potential 

Forecast 

Intensity of 
Reported 

Turbulence
 #1

 Lat (°N) Long (°E) Altitude (FL) 

20111130 0600 21 21.25 116.25 240 0.2 3.5 Moderate 
#2

 

20111130 0600 21 21.25 116.25 270 0.0 0.0 Moderate
#2

 

20111130 1200 24 22.50 115.00 270 2.0 4.1 Moderate 

20111201 0600 21 21.25 115.00 300 0.2 3.6 Moderate 

20111201 1200 21 22.50 115.00 240 2.9 6.7 Moderate 

20111202 0000 24 22.50 115.00 240 0.8 4.0 Moderate 

20111202 0000 24 22.50 117.50 390 0.0 0.0 Moderate 

20111217 1200 24 18.75 112.50 390 1.2 3.9 Moderate 

20120108 1200 24 20.00 115.00 390 0.0 0.0 Moderate 

20120109 1800 24 22.50 113.75 240 0.0 0.0 Moderate 

20120115 1800 21 22.50 113.75 240 1.6 3.9 Moderate 

20120204 0600 21 22.50 113.75 390 0.6 4.2 Moderate 

20120206 0600 24 22.50 117.50 300 0.0 0.0 
Moderate to 

Severe 

20120206 0600 24 22.50 115.00 300 0.0 0.0 Moderate 

20120206 1200 21 21.25 117.50 340 0.0 0.0 Moderate 

20120211 1200 24 18.75 113.75 340 0.3 2.7 Moderate 

20120211 1200 24 18.75 112.50 390 0.9 3.9 Moderate 

20120211 1200 24 18.75 115.00 390 1.5 6.3 Moderate 

20120211 1200 24 18.75 112.50 390 0.9 3.9 Moderate 

20120212 0000 24 21.25 112.50 390 0.0 3.5 Moderate 

20120213 0600 21 18.75 112.50 390 0.4 3.7 Moderate 

20120213 0600 24 22.50 115.00 390 0.2 2.8 Moderate 

20120213 1200 21 18.75 112.50 390 1.0 3.6 Moderate 

20120214 0600 21 20.00 116.25 390 0.0 0.0 Moderate 

20120308 0600 21 22.50 115.00 240 0.0 0.0 Moderate 

20120317 1200 24 18.75 113.75 340 0.3 2.7 Moderate 

20120317 1800 21 21.25 112.50 340 0.3 4.8 Moderate 

20120324 0600 21 17.50 113.75 340 1.0 4.2 Moderate 

20120324 0600 24 18.75 112.50 390 0.1 1.8 Moderate 

20120324 1200 21 21.25 116.25 390 2.1 4.7 Moderate 

20120324 1200 21 20.00 116.25 390 2.4 5.4 Moderate 

20120325 0000 24 20.00 115.00 390 0.3 3.4 Moderate 

20120325 0600 21 21.25 117.50 390 0.1 2.3 Moderate 

20120326 1800 21 18.75 112.50 340 1.2 4.5 Moderate 

20120328 0600 24 21.25 116.25 340 0.0 0.0 Moderate 

20120407 0600 24 21.25 113.75 340 0.0 0.0 Moderate 

20120421 1200 21 18.75 113.75 390 0.1 1.8 Moderate 

20120512 0600 21 18.75 112.50 390 0.0 0.0 Moderate 

20120521 1800 24 20.00 113.75 390 0.0 0.0 Moderate 

20120529 0600 21 22.50 117.50 390 0.3 4.8 Moderate 

Note #1: The reported intensity of CAT encountered by pilots may be subjective in nature. 

 #2: The information in the first two lines actually comes from the same special air-report in which the 

pilot reported moderate turbulence encountered between FL240 to FL270.  To facilitate 

discussion in this paper, these information should be treated as two sets of data. 

. 
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Figure 1A: 300hPa upper-air Streamline Chart valid for 0000 UTC 02 Dec 2011 showing an upper level 

westerly trough (dashed blue line) moving into Hong Kong FIR (boundary highlighted in blue) and the 

associated jet stream (black arrow) close to the northern part of Hong Kong FIR 

 

Figure 1B: 200hPa upper-air Streamline Chart valid for 0000 UTC 02 Dec 2011 showing an upper level 

westerly trough (dashed blue line) moving into Hong Kong FIR (boundary highlighted in blue) and the 

associated jet stream (black arrow) close to the northern part of Hong Kong FIR 
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Figure 2: MTSAT satellite image (IR channel) at time nearest to time of report and charts of mean and 

maximum CAT potential 21 or 24 hour forecast with valid time nearest to time of report for the case during 

1 – 3 Dec 2011.  Location of report is marked on satellite image and CAT potential charts in red circle/dot.  

 

Figure 2A: 

  

Intensity of turbulence report: 

− moderate 

 

Time of report: 

− 0331 UTC 1 Dec 2011 

 

Time of satellite image:  

− 0330 UTC 1 Dec 2011 

 

WAFC London mean and maximum 

CAT potential forecast: 

− 21 hour forecast 

− FL240 and FL270 

− valid 0300 UTC 1 Dec 2011  
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Figure 2A (continued) 

 

Mean CAT at location of report = 0.2 

 

Maximum CAT at location of report = 3.5 

 

Mean CAT at location of report = 0.0 

 

Maximum CAT at location of report = 0.0 



CNS/MET SG/16 – WP/56 

Agenda Item 8 (4) 

23/07/12 

-9- 

 

Figure 2B:  

 

Intensity of turbulence report: 

− moderate 

 

Time of report: 

− 1039 UTC 1 Dec 2011 

 

Time of satellite image:  

− 1030 UTC 1 Dec 2011 

 

WAFC London mean and maximum 
CAT potential forecast: 

− 24 hour forecast 

− FL270 

− valid 1200 UTC 1 Dec 2011 

 

 

Mean CAT at location of report = 2.0  Maximum CAT at location of report = 4.1 
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Figure 2C: 

 

Intensity of turbulence report: 

− moderate 

 

Time of report: 

− 0303 UTC 2 Dec 2011 

 

Time of satellite image:  

− 0300 UTC 2 Dec 2011  

 

WAFC London mean and maximum 
CAT potential forecast: 

− 21 hour forecast 

− FL300 

− valid 0300 UTC 2 Dec 2011 

 

 

Mean CAT at location of report = 0.2 

 

Maximum CAT at location of report = 3.6 
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Figure 2D: 

 

Intensity of turbulence report: 

− moderate 

 

Time of report: 

− 1012 UTC 2 Dec 2011 

 

Time of satellite image: 

− 1030 UTC 2 Dec 2011 

 

WAFC London mean and maximum 
CAT potential forecast: 

− 21 hour forecast 

− FL240 

− valid 0900 UTC 2 Dec 2011 

 

 Mean CAT at location of report = 2.9  Maximum CAT at location of report = 6.7 
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Figure 2E:  

 

Intensity of turbulence report: 

− moderate 

 

Time of report: 

− 0115 UTC 3 Dec 2011 

 

Time of satellite image: 

− 2330 UTC 2 Dec 2011 

 

WAFC London mean and maximum 
CAT potential forecast: 

− 24 hour forecast 

− FL240 

− valid 0000 UTC 3 Dec 2011 

 

 

 

Mean CAT at location of report = 0.8 

 

Maximum CAT at location of report = 4.0 
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Figure 2F:  

 

Intensity of turbulence report: 

− moderate 

 

Time of report: 

− 0103 UTC 3 Dec 2011 

 

Time of satellite image: 

− 2330 UTC 2 Dec 2011  

 

WAFC London mean and maximum 
CAT potential forecast: 

− 24 hour forecast 

− FL390 

− valid 0000 UTC 3 Dec 2011 

 

 

 

Mean CAT at location of report = 0.0 

 

Maximum CAT at location of report = 0.0 
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Figure 3A: 300hPa upper-air Streamline Chart valid for 0000UTC 07 Feb 2012 showing an upper level 

westerly trough (dashed blue line) within Hong Kong FIR (boundary highlighted in blue) and an upper level 

associated jet stream (black arrow) centred around 4 degree latitude to the north of Hong Kong FIR 

 

Figure 3B: 200hPa upper-air Streamline Chart valid for 0000UTC 07 Feb 2012 showing an upper level jet 

stream (black arrow) centred around 6 degree latitude to the north of Hong Kong FIR.   
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Figure 4: MTSAT satellite image (IR channel) at time nearest to time of report and charts of mean and 

maximum CAT potential 21 or 24 hour forecast with valid time nearest to time of report for the case on 7 Feb 

2012.  Location of report is marked on satellite image and CAT potential charts in red circle/dot.  

Figure 4A: 

 

Intensity of turbulence report: 

− moderate to severe (report to the 
east) 

− moderate (report to the west) 

 

Time of report: 

− 0615 UTC 7 Feb 2012 (report to 
the east) 

− 0654 UTC 7 Feb 2012 (report to 
the east) 

 

Time of satellite image: 

− 0630 UTC 7 Feb 2012 

 

WAFC London mean and maximum 
CAT potential forecast: 

− 24 hour forecast 

− FL300 

− valid 0000 UTC 7 Dec 2012 
 

 

Mean CAT at both locations of report = 0.0 

 

Maximum CAT at both locations of report = 0.0 
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Figure 4B: 

 

Intensity of turbulence report: 

− moderate (report to the west) 

 

Time of report: 

− 0842 UTC 7 Dec 2011 

 

Time of satellite image: 

− 0830 UTC 7 Feb 2012 

 

WAFC London mean and maximum 

CAT potential forecast: 

− 21 hour forecast 

− FL340 

− valid 0900 UTC 7 Dec 2012 

 

 

 

Mean CAT at location of report = 0.0 

 

Maximum CAT at location of report = 0.0 
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Figure 5A 

 

 

Figure 5B 

 

 

Figure 5: Number (frequency) of WAFC London Mean and Maximum CAT potential forecast for 3-D grid 

box covering location of special air-report of turbulence in each range of value 
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Figure 6A 

 

Figure 6B 

 

Figure 6: Relative frequency of WAFC London Mean and Maximum CAT potential forecast for data sets 

with special air-report of turbulence against that for forecast for all the 3-D grid boxes covering Hong Kong 

FIR as baseline 


