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'CLEAR AIR TURBULENCE ANALYSIS OVER THE SOUTH PACIFIC REGION
FOR A FIVE-DAY PERIOD IN JUNE 1965

By J.R. Colquhoun

Central Office, Bureau of Meteorology, Melbourne..

ABSTRACT

Areas of non-occurrence as well as areas of occurrence
of high level clear air turbulence (CAT) over the South
Pacific Region were determined for a five-day per1od in
June 1965, Latitude-longitude 'squares' of 2. 5% were used
to tabulate the flight data. Flights were divided into
(1) flights at and below 30,000 ft and (2) flights above
30,000 ft. Frequency distributions and percentages of CAT
occurrence were computed for geographical distributions,
flight elevations and for various parameters mainly of a
meteorological nature.

Vertical wind shear in the layer 10,000 ft below the
maximum wind and the average of the magnitudes of the
vertical wind shear through the 10,000 ft layer above and the
10,000 ft layer below the maximum wind were the most
successful parameters studied.

Thirty one percent of flights encountered CAT. No severe
or extreme CAT was reported.

Five parameters - Endlich's turbulence index average
vertical wind shear, Richardson's number, vorticity and
vorticity advection - were included in a restricted study
covering flight squares in the area bounded by latitudes 223 OS
and 40°S and longitudes 1121°E and 160°E. "Average"
vertical wind shear and Endlich's turbulence index gave the
most consistent results.

1. INTRODUCTION

This paper analyses the high level turbulence data collected over the South Pacific
Region during the third of the four ICAO five-day reporting periods, from 2300 GMT on
8 June to 2300 GMT on 13 June 1965.

Data collection and methods of analysis have been described in the two preceding
articles - the reports of the analyses of the first two periods (Colquhoun and Bourke, 1967a, b).

2. RESULTS OF ANALYSIS

The areal distribution of the flight squares is shown in Fig, 1.

(a) Analysis of CAT Occurrences with Time, -Geégraphical Location and Height

Table 1 shows the actual distribution of clear air turbulence (CAT) occurrences during
the period. The majority. of the cases of CAT were light and there were no reports of severe or.
extreme CAT. There is very little difference between the percentages of CAT, both light and
moderate, encountered in the two flight layers. The overall percentage of moderate CAT,

1.3 percent, is the lowest of the three periods studied.
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Table 1. Calendar of CAT occurrences from 2300 GMT 8 June to 2300 GMT 13 June 1965.

(a) Flights at and below 30, 0001t

Occurrence of CAT
Time and Date ) R Percentage
L . No. of Flight Squares of Flight Squares

GMT Total |None|Light| Mod.[Sev.| None | Light|Mod. | Sev
2300, 8-0500,. 9| 58 50| 8 0 o |86.2 [13.8] o 0
0500, 9-1700, 9| 49 43| 6 o | o878 |12.2] o 0
1700, 9-0500, 10| 111 96| 15 0 0 | 86.5 |13.5| 0 0
0500, 10-1700, 10| 113 106 7 0 o | 938 6.2 0 0
1700, 10-0500, 11| 129 125 1 3 0 | 96.9 0.8 2.3{ 0
0500, 11-1700, 11} 100 | 96| 4 0 0 96.0-| 4.0] o 0
1700, 11-0500, 12| 87 82| 5 0 | 0| 94.3 5.7 0 0
0500, 12-1700, 12| 46 43| 3 0 0 | 93.5 6.5| 0 0
1700, 12-0500, 13| 81 67| 14 0 0 | 82.7 {17.3| o 0
0500, 13-1700, 13| 27 25| 0 2 0| 92.6 0| 7.410
1700, 13-2300, 13| 16 11| o 5 0| 68.7 0 [31.3] 0

Total 817 744 | 63 10. 0| 91.2 7.6 1.2 0

(b) Flights abc_)vev30, 000 ft

2300, 8-0500, 9 117 107 | 5 5 | o o914 4.3 4.3 oﬁ
0500, 9-1700, 9| 213 | 203 8 2 0]95.3 | 3.8]0.9[ 0
1700, 9-0500, 10| 220 | 200/ 14 6 0 |790.9 6.412.7] 0
0500, 10-1700, 10| 196 | 179 | 15 2 0 91.3 | 7.7]1.0] o
1700, 10-0500, 11| 165 156 7 2 0 ]94.5 | 4.3|1.2| 0
0500, 11-1700, 11| 161 157 | 4 0 0| o975 | 2.5] o 0
1700, 11-0500, 12| 133 | 12310 | © 0{925 | 7.5 0|0
0500, 12-1700, 12| 165 150 | 14 1 0 | 90.9 8.5 0.6 0
1700, 12-0500, 13| 190 174 | 13 3 0| 91.6 6.8 1.6 0
0500, 13-1700, 13| 154 144 | 8 2 0| 93.5 5.2 1.3] o
1700, 13-2300, 13] ~ 6 6| o 0 0 [100.0 0 0 0

Total 1720 (1599 | 98 | 23 0 |93.0 | 5.7|1.3[ 0
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(c) Flights at all levels

Occurrence of CAT
Time and Date . Percent;ge
No. of Flight Squares _ of Flight Squares

GMT Total | None| Light| Mod.| Sev.| None | Light| Mod.| Sev.
2300, 8-0500, 9| 175 157 13 5 0 |89.7 7.4 1 2, 0
0500,. 9-1700, 9| 262 246 14 2 0 |94.3 5.310.4 0
1700, 9-0500,‘10 331 296 29 6 0 89.4 8.811.8 0
0500, 10-1700, 10| 309 285 22 2 0 92.2 7.110.710
1700, 10-0500, 11| 294 281 8 5 0 95.6 2.711.710
0500, 11-1700, 11| 261 253 8 {0 0 197.3 2.7 0 0
1700, 11-0500, 12| 220 205 15 0 0 93.2 6.8 0 0
0A500, 12-1700, 12| 211 193 17 1 0 191.5 8.0 050
1700, 12-0500, 13| 271 241 27 3 0 |88.9 {10.0}{1.1-] 0
0500, 13-1700, 13| 181 169 8 4 0 93.4 4.4 12.2 |0
1700, 13-2300, 13 22 17 0 5 0 [77.3 0 |22.7 | 0

Total 2537 2343 | 161 |33 0 [92.4 | 6.3}1.370

The geographical distribution of the percentége occurrence of all cases of CAT and of
moderate cases is shown in Fig. 2 and the distribution of severity at different levels in Table 2.

Table 2. Distribution of CAT occurrence and severity with height

Flight No CAT Light ’ Moderate Severe Flight Squares
Layers (ft) Flight squares| Flight squares|Flight squares| % with
No. % No. % | No. % No. |Total No. | ‘cpp
26,500 688 93 43 6 12 2 0o 0 743 8
27,000 - 30,000 34 83 7 17 0 Y 0 0 41 17
30,500 - 33,500 591 90 60 "9 9 1 o o0 660 10
>34, 000 962 96 32 3 11 1 0 0 1005 4
All levels 2275 93 | 142 6 32 1 0 .0 2449 7

CAT occurred most frequently in the layer 27,000 to 30, 000 ft.

In the period from 1700 GMT on the 11th to 0500 GMT on the 13th many cases of
CAT (mainly light) were reported. Most of the CAT on these days occurred in the vicinity of an
upper trough extending to at least 200 mb which developed on the 11th and became extremely
well defined on 12 June. The axis of this trough was along a line from the eastern tip of
Victoria to the northeast tip of the Northern Territory.
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(b) Analysis of CAT against Vertical Wind Shear

Table 3. Distribution of CAT occurrences against the average of the vertical wind shears
through the 10, 000 ft layers above and below the level of maximum wind.

(a) Flights at and below 30,000 ft

No. of

Shear ??i.g}?tf NEA;E % gde‘z’c%'c‘z; Mod(y.0 or (Sél:;ar % Moz‘i or
(Kt/ 1000 ft) Squares occurr- CAT occurr. Sev. 1000 ft) CAT| Sev.
ences ences CAT . CAT
<4 ‘ 364 17 5 0 0 <4 5 0
24 and < 6 293 33 11 7 2 24 120 "2
26 and < 8 107 13 12 2 2 26 14 2
28 53 10 19 1 2 58 19 2
(b) Flights above 30,000 ft
<4 782 19 2 3 0.4 <4 19 3
34 and < 6 591 | 43 | 7| 11 2 %4 11 2
36 and < 8 260 48 | 18 7 3 36 17 3
1 oss 87 11| 13| o2 2 28 11 2
| {c) Flights at all levels
<4 1146 36 3 3 0.4 <4 3l 0.3
>4 and < 6 884 76 - 9 l18 : 2 24 ) 11 2
26 and < 8 367 61 17 9 2 56 16 2
g 140 21 15 3 2 8 15 2

Table 4. Distribution of CAT occurrences with vertical wind shears in the layer 10,000 ft below
the level of maximum wind.

(a) Flights at and below 30, 000 ft

No. of
. No. of ' % - %
Shear 'gloi. }ftf' CAT % ISVIOd' C(I);T Mod. or (Sé)te/altr % |Mod. or
(Kt/1000 £t) | ¢ ugares occurr- |CAT o::'rr_ Sev. 1000 1) |CAT | Sev.
4 ences v CAT CAT
_ences :
<4 374 15 4 0 0 <4 4 0
54 and < 6 225 21 9 4 2 >4 13 2
"126 and < 8 151 23 15 5 3 26 16 3
38 67 14 21 1 1 1 58 21 1

R S o



(b) Flights above 30,000 ft

100

No. of
Shear g?i.g}?tf N%'A;‘f % gi(:f.l'czg Moo/;;. or S(}I;etaltr %y MoZﬁ or
(Kt/1000 £t) Squares o:;:::—,,- CAT occurr- SC(:JT 1000 ft) CAT CS:ZYT
ences
<4 811 19 21 4 0.5 <4 2| 0.5
24 and < 6 456 38 8 8. 2 24 11 2
26 and <8 344 51 15 8 2 56 14 2
%8 109 13 12 3 3 28 12 3
(c) Flights at all levels
<4 1185 34 3 4 0.3 <4 3( 0.3
>4 and <6 681 59 9 | 12 2 34 12 2
26 and <8 495 74 15 | 13 .3 26 15 3
8 176 27 15 4 2 28 15 2

Neither of the vertical shears listed show any marked superiority over the other.

(¢) Analysis of CAT against Horizontal Wind Shear

Table 5. Distribution of occurrence of CAT with horizontal wind shear at 300 mb.

(a) Flights at and below 30,000 ft

No. of No. of
Shear . glo{g}(:: CAT T I\SA:\?..CCX.T Mozo. or Shear % Mod(.% or
(Kt/100 n mi) Squares occurr- { CAT occurr- |Sev. CAT (Kt/100 n mi)| CAT Sev. CAT
ences ences
<10 365 25 7 4 1 <10 7' 1
10-19 303 37 12 6 2 210 11 1
20-29 99 4 4 0 0 %20 7 0
30-39 34 3 9 0 0 2 30 14 0
40-49 11 3 27 0 0 > 40 25 0
50-59 1 0 0. 0 ] 2 50 20 0
260 4 1 25 0 0 260 25 0




(b) Flights above 30,000 ft
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No. of No. of
. Shear No.. of C‘AT % Mod. or T Shear % %,
(Kt/100 n mi)| F Rt | ocirr- |caT |SeV: CATMod. or (Kt/100 n mi)| caT [Mod- oF
Squares ences occurr- |Sev.CAT, Sev. CAT
ences
<10 950 55 6 8 1 <10 6 1
10-19 490 42 9 8 2 210 9 2
20-29 189 10 5 1 0.5 220 9 3
30-39 51 10 20 5 10 2 30 15 7
40-49 32 4 13 1 3 > 40 10 3
50-59 3 0 0 0 0 5 50 0 0
2 60 5 0 0 0 0 3 60 0 0
(c) Flights at all levels
<10 1315 80 6 12 i <10 6 1
10-19 793 79 10 14 2 210 9 2
20-29 288 14 5 1 0.3 520 8 2
30-39 85 13 15 5 6 3 30 15 4
40-49 43 7 16 1 2 240 14 2
50-59 4 0 0 0 0 5 50 8 0
2 60 9 1 11 0 0 5 60 11 0

Results in Table 5 suggest that horizontal wind shear is not strongly related to CAT

T occurrence.

({d) Analysis of CAT against Combined Vertical and Horizontal Wind Shears

Table 6 was obtained by combining the "'average' vertical wind shear with the
horizontal wind shear in the same class intervals as in Tables 4 and 5.

The statistics in Table 6 are summarised in Table 7 for combinations of vertical and

horizontal wind shear. Values expected by chance are shown in brackets.
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) When both shear classes are below the dividing values the ratio of the number of
CAT occurrences to the number of CAT non-occurrences is better for the experimental figures
than for the chance figures. With both shear classes above the dividing values there is little
difference between the two sets of figures.

(e) Analysis of CAT against Jet Streams

Table 8. Distribution of occurrence of CAT against presence of jet stream at 200 mb

(a) Flights at and below 30, 000 ft

: g;’i‘g}i’: No. of CAT | % |No. of Mod|% Mod. or
Squares occurrences| CAT| or Sev. Sev. CAT
Left of Jet 46 8 17 2 4
Along Jet 117 20 17 1 1
Right of Jet | 90 10 11 2 2
Total Jet Cases 253 | 38 15 5 2
Total Non Jet Cases| 564 35 6 5. 1
(b) Flights above 30,000 ft
Left of Jet 97 | 11 11 2 2
Along Jet - | 226 -39 17 6 : 3
Right of Jet 145 18 12 2 1
Total Jet Cases 468 68 15 710 27
Total Non Jet Cases| 1252 - 53 4 13 1
(c) Fliéhts at all levels
Left of Jet 143» 19 13 4 3
Along Jet 343 59 17 7 2
Right of Jet 235 28 12 4 2
Total Jet Cases 721 106 15 15 2
Total Non Jet Cases| 1816 88 5 18 1

Table 9. Distribution of occurrence of CAT with presence of a jet stream and ''average' vertical
shear (Kt/1000 ft)

No. of

Jet with Flight No. of CAT % No. of Mod.| % Mod. or
Shear g occurrences | CAT | or Sev. Occ.| Sev. CAT
Squares
At and 24 248 38 15 5 2
below
<
30,000 1t 4 5 0 ) 0 0 0
Above 24 450 64 14 10 2
30,0008t 1 oy 18 4 22 | 0 0
All levels 24 698 102 15 15 2
<4 23 4 17 0 0
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The jet stream analysis does not show squares to the right of the jet to be favourable
for CAT. This is contrary to the results of the previous two periods. The greatest percentage
of CAT occurred along the jet axis for flights above 30, 000 ft and for the combined levels. The

@ small number of cases of jet with shear less than 4 kt /1000 ft makes evaluation of the results
impossible.

() Analysis of CAT against Maximum Wind Speed in the Vertical

Table 10. Distribution of occurrence of CAT against maximum wind speed in the vertical -

(a) Flights at and below 30,000 ft

Max. Wind Flight No. of (;_AT % CAT I:I)‘:'SZ/‘I:d.' % Mod. Max. Wind % % Mod.
Speed Squares occurr- |occurr- ' o |or Sev.| - | Speed caT|°TF Sev.
(Knots) ences ences | o CAT (Knots) CAT

<25 0 0 0 0 0

25- 49 42 1 2 0 0 < 50 2 0
50- 74 145 14 10 7 5 % 50 8 2
75- 99 203 13 6 1 0.5 > 15 8 1
100-124 171 14 8 2 1 5100 9 1
125-149 153 18 12 1 1 2125 9 1
3150 71 2 3 1 B! '
(b) Flights above 30, 000 ft

<25 259 7 3 1 0.4

25- 49 284 12 4 3 1. < 50 3 1
50- 74 339 T 20 6 3 1 > 50 8 1
75- 99 192 . 18 9 0 0. 2 75 9 2
100-124 317 30 9 5 2 2100 9 2
125-149 155 15 10 5 3 2125 9 3
2150 - 119 10 8 3 2

(c) At all levels

<25 259. | 7 3 1 0.4

25- 49 326 13 4 3 1 <50 3 1
50- 74 483 34 7 10 2 % 50 8 2
75- 99 395 31 8 1 0 % 75 9 1
100-124 488 44 9 7 1 2100 9 2
125-149 308 33 11 6 -2 2125 9 2
2150 190 | 12 6 | a 2

No relationship between CAT and maximum wind speed is evident in Table 10.
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(g) Analysis of CAT against Tropopause Height and Temperature

Results of this analysis in this period were poor and-have not been included.

(h) Analysis of CAT against Richardson’s Number

. Classification of Richardson's numbers for layers 500-400, 400-300 mb and layers
300-250, 250-200 mb.
1.. Both values below 1.
Only one value below 1.
Both values between 1 and 4.

One value between 1 and 4.

K oh W N

Both values above 4.

Table 11. Distribution of occurrences of CAT against Richardson numbers (See text for

classification).
(a) Flights at and below 30, 000 ft .
) 500-400, 400-300 mb levels 300-250, 250-200 mb levels
Ri Numbers [—ro— =5 No. of | GAT
Classi- | v oo | P [Mod. or |% Moa. |17 % |Mod. or |% Mod.
fication 18 oceurr- |~ arlSev, CAT|SevCAT|[. '8 occurr-| ~aplsev. CAT|Sev. CAT
Squares | ences Squares| ences
1 0 0 0 0 0 26 2 8 0 0
2 81 7 9 0 0 205 | 15 7 2 1
3 153 9 6 - 2 1 81 8 10 4 5
4 237 14 6 4 2 249 16 6 0 0
5 314 32 10 6 2 224 21 9 6 3
(b) Flights above 30,000 ft.
1 0 0 0 0 0 71 7 10 2 3
2 86 8 9 2 2 419 34 8 9 2
3 280 23 8 4 1 285 24 8 1 0.4
4 610 41 7 6 1 609 32 5 3
5 689 40 6 8 1 281 15 5 5 2

The results in Table 11 are poor. For flights above 30, 000 ft there is a decrease in
the percentage of CAT with increase in Richardson numbers classification but the percentages
are all low.
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i) Frequency of, and Effect of Flight Direction on, CAT Intensity

Table 12. Distribution of flights in relation to CAT intensity

Number of % of

t it
CAT Intensity Flights Joccurrences

No CAT 166 . 69
Light CAT 60 24
Moderate CAT 16 7
Severe CAT . 0 0
All Intensities 76 : 31

Moderate or
Severe CAT 16 7

Thirty-one percent of flights encountered some degree of CAT.

Table 13. Distribution of CAT against flight direction

Total CAT of All Moderate or
Flight Direc;ion Fliohts Intensities Severe CAT
g No. of Occ.| % {[No. of Occ.] %
East 75 27 36 7 9
West 65 29 45 5 8
North 34 17 50 2 6
South ' 55 19 35 4 7
Combined East-
West 140 56 40 12 9
: Combined North-
{ South 89 36 40 6 7

The highest percentage of CAT occurred for flight directions of west and north,

Four flight forms gave information of temperature changes at the onset of CAT.
One reported a temperature rise of 6°C with light CAT. Two reported falls of 2°C with light
CAT and the last experienced a 6°C fall with moderate CAT.

Table 14. Distribution of CAT intensity against cloud condition

\
’ () Analysis of Occurrence of CAT against Temperature Change and Clouds

In Clear In or adjacent | In or adjacent
€ to Cirrus to Middle Cloud
No.of | % |No. of % No. of %
Ocec, CAT | Ocec. CAT Occ. CAT
| Any CAT 75 77 | 23 23 0 0
Mod. orSev. CAT 17 89 2 11 0 0

Only a small percentage of CAT occurred in or adjacent to cirrus.
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(k) Analysis of Occurrence of CAT against Fluctuations in Air Speed at the Onset -of Turbulence

Table 15. Distribution of severity of turbulence with fluctuations.in the indicated airspeed
at the onset of turbulence

Airspeed fluctuation [ Number of cases|Number of cases|Number of cases

at onset of of light of moderate of severe

turbulence (kt) turbulence turbulence turbulence
0 32 2 0
1-5 44 9 0
6-10 4 7 0
11-15 0 0 0
16-20 0 0 0
220 0 0 0
Total 80 - 18 - 0
Fluceusion (50 21 46 °

The mean airspeed fluctuation at the onset of moderate turbulence was more than
double that of light turbulence.

() Analysis of CAT against Wind Speed and Duration of CAT

Table 16. Distribution of CAT intensity against average wind speed at onset of CAT.
Extreme values are shown in brackets.

Average Wind Average
CAT Speed at onset Duration

Intensity . of CAT of CAT
- (kt) {min)
Light 52 (10-140) [18 (1-240)

Moderate| 72 (20-100) |12 (2- 60)

Severe - -

As the severity of CAT increases the average wind speed increases and the average
duration decreases.

3. ANALYSIS OF CAT AGAINST FIVE PARAMETERS FOR A RESTRICTED AREA

In compiling the following tables the area under study was restricted to that bounded
by latitudes 22% and 40 degrees south and longitudes 1124 and 160 degrees east. CAT occurrences
are analysed for the five parameters - Endlich turbulence index, ''geostrophic'' vorticity,
"geostrophic'" vorticity advection, "average" Vertical wind shear and Richardson's number,
These parameters were calculated from the data at 2300 GMT on each day and correlated with
CAT occurrences for the 24 hour periods centred on this hour. Colson and Panofsky's (1965)
turbulence index was not studied in this period.




(a) Endlich Turbuler_lce Index
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(Endlich, 1964)

Table 17. Distribution of CAT occurrence against Endlich turbulence index vda/Az

] Flights at and below 30,000 ft Flights above 30,000 {t
Aa/A : .
vee/bZ o, of | CAT Mod. or lg nrod. [No. of | CAT Mod. or o \od)
. % |Sev.CAT . % |Sev. CAT
(de; C-l) Flight |occurr- CAT| occurr-|°F Sev.|Flight Joccurr- cAT| occurr- |°F Sev.
eg s¢ Squares| ences CUrTt GAT Squares| ences v CAT
ences : ences
<4 462 28 6 3 1 410 28 7 4 1
%4 and <.6 45 4 9 3 7 271 31 11 4 1
2.6 and <.8 7 0 0 0 0 68 5 7 2 3
2.8 7 0 0 0 0 18 4 22 3 17

(b) “Geostrophic” Vorticity

Table 18. Distribution of CAT occurrence against "geostrophic' vorticity at 300 mb

.. Flights at and below 30, 000 ft Flights above 30>, 0001t
Vorticity Mod. or Mod. or
7 No. of CAT ’ % Mod. | No. of CAT ’ % Mod|
x 10 A % |Sev.CAT . % |[Sev. CAT :
Flight occurr- or Sev.|Flight [occurr- or Sev |
-1 CAT]| occurr- CAT| occurr-
(sec ) . |Squares| ences . CAT Squares| ences CAT
ences ences
$ -600 0 0 0 0 0 7 0 0 0 0
-599 to -400 3 0 "0 ) 0 9 1 11 0 0
-399 to -200 74 . 10 14 3 4 140 6 4 2 1
-199 to O 129 13 10 1 1 224 30 13 4 2
1 to 200 213 9 4 2 2 306. 26 8 6 2
201 to 400 96 0 0 0 0 80 5 6 1 1
401 to 600 5 0 0 0 0 5" 0 0 0 0
> 600 1 0 of o 0 2 0 of o 0

() “Geostrophic” Vorticity Advection

Table 19. Distribution of CAT occurrence against 'geostrophic' vorticity advection at 300 mb

Vorticity Flights at and below 30,000 ft Flights above 30,000 ft
Advection I\, of | CAT - |Mod. of g nod.| No. of | CAT Mod. or | o Mo,
11 . % |Sev.CAT . % | Sev. CAT
x 10 Flight |occurr- or Sev.| Flight | occurr- or Sev |
CAT| occurr- CAT| occurr-
-2 Squares| ences CAT | Squares| ences CAT
(sec ) -ences ences
£-150 39 1 3 1 3 91 9 10 5 5
-149 to.-100 34 1 3 0 0 45 3 7 0 0
-99 to -50 83 3 4 1 1 105 5 5 0 0
-49to G 153 9 6 1 1 252 22 9 4 2
1to 50 104 5 5 2 2 148 14 9 0 0
51 to 100 57 92 16 1 2 78 11 14 4 5
101 to 150 19 3 16 0 0 20 3 15 0 -0
>150 32 1 3 0 0 34 1 3 0 0







