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

By J.R. Colquhoun

Central Office, Bureau of Meteorology, Melbourne
(Manuscript received April 1967)

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 period in
September 1965. Latitude-longitude 'squares' of 2.5° were
used for tabulation of 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
occurrences were computed for geographical distributions,
flight elevations and for various parameters mainly of a
meteorological nature.

Ina stud§ covering all flight squares the most successful
parameter was vertical wind shear in the layer 10,000 ft
below thé maximum wind.

Thirty-five percent of fllghts encountered CAT, which was
mostly light., No severe or extreme CAT was reported.

'In a study covering a restricted area Richardson's number
was the best of the six parameters investigated.

1. INTRODUCTION
This paper analyses the high level turbulence data collected over the South Pacific
Region during the last of four ICAO five-day reporting periods, from 2300 GMT on 7 September
to 2300 GMT on 12 September 1965.

Data collection and methods of analysis were the same as used for the previous periods
by Colquhoun and-Bourke (1967a, 1967b) and Colquhoun (1967).

2. RESULTS OF ANALYSIS

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

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

Table 1 shows the actual distribution of clear air turbulence (CAT) occurrences
during the period. Most of the CAT reported was light and no severe or extreme CAT was
reported. :
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Table 1. Calendar of CAT occurrences from 2300 GMT 7 September to
2300 GMT 12 September 1965

(a) Flights at and below 30,000 ft

Time and Date

Occurrence of CAT

v No. of Flight Squares o ?fi;;inst:i:res
Total |None | Light | Mod.| Sev.| None | Light |Mod. |Sev.

2300, 7-0500, 8| 27 | 25 1 1 | o |92.6 | 3.7]3.7]0
0500, 8-1700, 8| 66 | 64 | 2 o | o 970 | 30| oo
1700, 8-0500, 9| 106 | 96 | 8 | 2 | o |90.6 | 7.5] 1.9} 0
0500, 9-1700, 9| 74 | 69 | 4 1 {0 [93.2 | 5.4]1.4]0
1700; 9-0500, 10| 113 [100 | 10 3 | o |85 | 88]27]|0
0500, 10-1700, 10| 40 | 39 1 o | o975 | 25| oo
1700, 10-0500, 11| 50 | 48 | 2 o | 0o {9%.0 | 40| ofo
0500, 11-1700, 11} 75 | 64 | 11 o | o (853 |14.7] oo
1700, 11-0500, 12| 89 | 81 2 6 | o |91.0 | 2.2 | 6.8 0
0500, 12-1700, 12| 72 | 70 | 2 o | o972 | 28] ofo
1700, 12-2300, 12| 34 | 32 2 o | o |91 | 5.9 ofo

Total 746 688 | 45 |13 | 0 |92.2 | 6.0 1.8] 0

(b) Flights above 30, 000 ft

2300, 7-0500, 8| 53| 53 | o | o | o [100 o | olo
0500, 8-1700, 8| 108 | 96 9 3 | o 88.9 3] 2.8] 0
1700, 8-0500, 9| 102 | 94 5 3 [ o922 | 49| 290
0500, 9-1700, 9| 43 | 38 5 | o | ossa |11.6] 0o
1700, 9-0500, 10| 76 | 66 | s s | o] ses | 6.6]6.6]0
0500, 10-1700, 10| 92 | 91 ] o | ofl99 | 11| ofo
1700, 10-0500, 11| 30 | 25 3 | 2 | o] 833 |[10.0] 6.7 0
0500, 11-1700, 11| 110 | 99 | 6 | 5 | o] 90.0 | 5.5] 4.5] o
1700, 11-0500, 12| 78 | 73 | 5 | o | o | 93.6 | 6.4| o] o
0500, 12-1700, 12| 75 | 69 3 3 | of 92.0| 4.0| 4.0f o
1700, 12-2300, 12| 55 | 53 | 2 o | o] 9.4 | 3.6 o o

Total s22 [157 | 44 |21 | o 92.1 | 5.4 2.5] 0
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(c) Flights at all levels

The geographical distribution of the percentage occurrence of all cases of CAT and

of moderate cases is shown in Fig. 2. The distribution of severity of CAT at different flight

levels is shown in Table 2.

Table 2. Distribution of CAT occurrence and severity with height

Occurrence of CAT
Time and Pate No. of Flight Squares Percentage
GMT ) of Flight Squares
Total| None |Light{Mod.|Sev. [None | Light(Mod. |Sev.
2300, 7-0500, 8| 80| 78 1 1 0 |97.4 | 1.3 | 1.3]0
0500, 8-1700, 8| 174 | 160 | 11 3 | 0o |92.0]6.3 | 1.7]0
1700, 8-0500, 9| 208 | 190 |13 5 0 [91.3 6.3 | 2.4]0 !
0500, 9-1700, 9| 117 | 107 |9 1 0 |91.4 { 7.7 | 0.9]0
1700, 9-0500, 10| 189 | 166 | 15 8 o |87.9 7.9 | 4.2]0
0500, 10-1700, 10[ 132 | 130 2 0 0 |98.5 | 1.5 o |o
1700, 10-0500, 11| 80| 73 5 2.1 0 [91.2 6.3 ] 25]0 J
0500, 11-1700, 11} 185 | 163 | 17 5 o |88.1 9.2 | 2.7]0 f
1700, 11-0500, 12| 167 | 154 | 7 | 6 | 0 [92.2 [4.2 | 3.6 0 /
0500, 12-1700, 12| 147 | 139 5 3 0o [94.6 | 3.4 | 2.0 0 (
1700, 12-2300, 12| 89 85 4 0 0 {95.5 | 4.5 o |o !
Total 1568 |1445 |89 |34 | o [92.1 |5.7 | 2.2]0 ,'
|
|
:
f
l
[
i
!
i
[

~ i
1

Flight No CAT Light Modgrate Severe Flight Squares !
Layers (ft) Flight Squares|Flight Squares {Flight Squares gli’ght Total N % with [
No. %o No. % No. %o Nilfér;os ot 20| cAT |[

€ 26,500 615 92 37 6 13 2 0 0 665 8 !
27,000-30,000 | 39 87 6 13 0 o. o ol a5 13 f
30,500-33,500 | 286 93 12 4 - 8 3 o ol -306 7 ,’
3z 34,000 488 92 32 6 12 2 0 0| "s32 8 |
All levels |1428 92 87 6 | 33 2 0 0| 1548 8

. l

} i

|

As for the March and July periods the greatest percentage of‘CAT'\“V(/l’J’. ;;ercent) occurred |
in the layer 27,000 to 30,000 ft. : i ' ‘
i i
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(b) Analysis of CAT against Vertical Wind Shear

Table 3. Distribution of CAT occurrence against the average of the magnitudes 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

Shear No. of NCOA,I?f % ?/Ic;.d.Ofor % Shear % V %

/1000 1) | S08T Joceurs caT| o TETIE R | oo co [PAT s cax
ences

< | s8a | a1 1 7 1 <4 71 1
>4 and <6 | 100 15 15 5 5 34 10| 4
36 and <8 39 2 5 1 3 36 3 2

28 23 0 0 0 0 38 0 0
(b) Flights above 30, 000 ft

<4 590 37 6| 12 2 <4 6 2
>4 and <6 | 153 16 10| 4 3 > 4 12 4
%6 and <8 49 8 16 2 4 6 15 6

>8 30 4 13 3 10 28 13| 10
{c) Flights at all levels

<4 1174 78 7 19 2 <4 7 2
34 and <6 | 253 31 12 9 4 s 4 11 4
36 and <8 88 10 11 3 3 s 6 10| 4

>8 53 4 8 4 6 38 8 6

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

(a) Flights at and below 30, 000 ft

No. of No. of
No. of y Mod. or Do Shear %o
A
KtS/};%%ro ¢y |Flight ofc Zr_ CZ"T Sev. CAT|Mod. or (Kt/ cﬁ’r Mod. or
: Squares n‘:es occurr- |Sev .CAT 1000 ft) Sev.CAT
€ ences
<4 596 43 7 7 1 <4 7 1
24 and > 6 88 12 14 5 6 4 10 4
26 and > 8 46 3 7 1 2 26 5 2
28 16 o | o 0 0 28 0 0
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(b) Fiights above 30,000 ft
' . No. No. of ) No. .Of
(Kt?}llg?); £t) Flig}?tf occizr_ CﬁT glec:/c% CZI"I‘ MOZO. or (Kstl’}ear CT:T Mozlo. or
Squares ences occurr- [Sev,CAT 1000 £t) Sev. CAT
ences
< 4 590 38 6 12 2 : <4 6 2
3 4.and <6| 147 13 9 4 3 | x4 12 4
2 6 and <8 56 7 13 2 4 26 16
28 29 7 24 3 10 > 8 24| 10
(c) Flights at all levels
<..4 1186 81 7 19 2 < 4 7 2
2 4 and <6 235 25 11 9 4 >4 11 4
s 6and <8| 102 10 | 10 3 3 5 12 4
5 8 45 7 16 3 7 58 16 7

Good results are obtained in Table 4(b) but results in all other Tables are poor. For
all CAT occurrences vertical wind shear in the layer 10,000 ft below the maximum wind is, on
_this occasion, better than the average of the magnitudes of the two vertical shears 10,000 ft
above and below the level of maximum wind, but when cases of light to moderate CAT were
excluded the results were practically the same.

{c) 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

Shear No. of NCOA;f % ﬁi%d'c)for T Shear | o %
w7100 ) [ENERY Joceuss-|oar (000 CATRIOH 00 Juca/100 nmi canlfiot 20
ences
<10 420 26 | 6 5 1 <10 6 1
10-19 253 19 8 5 2 210 10 2
20-29 ‘ 57 9 16 2 4 z 20 18 4
30-39 14 2 14 1 7 z 30 25 6
40-49 2 2 100 0 0 2 40 100 0
(b) Flights above 30,000 ft
<10 373 22 6 8 2 <10 6 2
10-19 333 35 11 7 2 2 10 10 3
20-29 | 86 7 8 6 7 3 20 7 5
30-39 28 1 4 0 0 2 30 3 0
40-49 2 | o 0 0 3 40 0 0
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(c) Flights at all levels
No. of
No. of .
No. of Mod. or % %
Sh AT :
(Kt/ le()et)rn mi) Flight occcurr- COQT Sev. CAT|Mod. or (Kts/};%a:)rn mi) CZ?T Mod. or
Squares occurr- |Sev. CAT t Sev. CAT
ences :
ences
<10 793 48 6 | 13 2 <10 6 2
10-19 586 54 9 12 2 > 10 10 3
20-29 - 143 16 11 8 6. z 20 11 5
30-39 42 .3 7 1 2 2 30 11 2
40-49 4 2 50 0 0 2 40 50 0

Table 5{a) shows fair results, but in Tables 5(b} and {c) results are poor.

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

Table 6 was obtained by combining the ""average' vertical wind shear with 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. Table 7 also shows, in brackets, the number of cases expected in each
category on a chance basis. It is seen that the ratios of actual occurrences to non-occurrences
of CAT are little different from those expected on a chance basis.
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(e) Analysis of CAT against Jet Streams

Table 8 gives the occurrence of CAT with the presence of a jet stream, '"Along" jet
refers to areas where the jet axis passed through the flight square while "left" {or right) of jet
refer to cases in the flight square not cut by the jet axis and not more than 2% degrees of
latitude from the jet axis. :

.

Table 8. Distribution of occurrence of CAT against presence of jet stream at 300 mb

(a) Flights at and below 30,000 ft

gfi'ghotf No. of CAT| % [No. of Mod{% Mod. or
Squares occurrences|CAT| or Sev. ([Sev.CAT
Left of Jet 13 1 8| 1 8
[Along Jet . 46 12 26 3 7
Right of Jet 32 2 6 0 0
Total Jet Cases 91 15 16 4 4
Total Non-Jet Cases| 655 43 7 ‘9 1
(b) Flights above 30,000 ft
Left of Jet 20 1 5 1 .5
Along Jet 107 15 14 6 6
Right of Jet 40 5 13 0 0
Total Jet Cases 167 21 13 7 4
Total Non-Jet Cases| 655 44 7 14 2
(c) Flights at all levels
Left of Jet 1 33 ‘2 6 2. 6
Along Jet 153 27 18 9 6
Right of Jet 71 7 . 10 0 Y
{Total Jet Cases 258 36 14{ 11 4
Total Non-Jet Cases|1310 87 7 23 2
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Table 9. Distribution of occurrence of CAT with presence of a jet stream and '"average"
vertical shear (Kt/1000 ft)

Jet with Ef 1:tf No. of CAT % |No. of Mod. |% Mod. or
Shear 18 occurrences|{CAT|or Sev. Occ.{ Sev, CAT
Squares

At and 2 63 12 19 3 5
Below ’ .
30,000 ft <4 28 3 11 1 4
Above > 119 19 16 5 .
30, 000 ft <4 48 2 4 2
All levels | 2 182 31 17 ; 8 4

< 76 5 7 3 4

From Table 8 it is seen that flights directly above or below the jet axis had the greatest
percentage of CAT. The frequency of CAT for flights within one "square' of the jet axis was
double that of the non-jet cases. In Table 9 "presence of jet stream' covers cases where the
jet axis was no more than 2% degrees of latitude from the flight square. A greater percentage
of CAT of any severlty occurred with ""average' vertical wind shear of 4 kt/1000 ft or more than
with shear of less than 4 kt/1000 ft.

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

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

(a) At and below 30, 000 ft

Max. Wind|No. of |No. of CAT{% cAT |N0: Mol o yioa. Max. Wind % Mod.
Speed Flight occurr- |occurr-|®® Sev. or Sev. Speed % or Sev.
(Knots) |Squares ences ences O:;:::' CAT (Knots) CAT CAT

<25 1 0 0 0 0
25- 49 | 230 12 5 1 0.4 <50 5| 0.4
50- 74 | 360 | 33 9 10 3 3 50 9 2
75- 99 70 6 9 2 3 275 10 2
100-124 24 3 13 0 0 3100 12 0
125-149 22 3 14 0 0 3125 11 0
2150 5 0 0 0 0
(b) Above 30,000 ft _
<25 3 0 0 0 0
25- 49 | 292 27 9 12 4 <50 9 4
50- 74 | 268 11 4 1 0.4 250 7 1
75- 99 | 122 8 7 1 1 2175 10 3
100-124 85 12 14 4 5 2100 12 4
125-149 41 6 15 2 5 2125 9 3
5150 24 | o | 0 0 0 o




(c), At all levels
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Max. Wind [No. of |No. of CAT|% CAT No. Mod. % Mod. Max. Wind % Mod;
. or Sev. ] - %
Speed Flight occurr- joccurr- .. |OT Sev. Speed cAaTl|°F Sev.
(Knots) [Squares ences ences enzes- CAT (Knots) CAT
< 25 4 0 0 0 0
25- 49 522 39 7 13 2 < 50 7 2
50- 74 628 44 7 11 2 2 50 8. 2
75- 99 192 14 7 3 3 > 75 10 2
100-124 1109 15 14 4 4 2100 12 3
125-149 63 9 14 2 3. > 125 10 2
3> 150 29 0 0 0 0

Table 10 shows only a small irregular increase in the percentage of CAT with
increasing maximum wind speed,

(g) 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. ’ )

Table 11. Distribution of occurrences of CAT against Richardson numbers.

1. Both values below 1.

2
3
4.
5

-Only one value below 1.

Both values above 4.

classification).

(a) Flights at and below 30,000 ft

Both values between 1 and 4.

One value between 1 and 4.

(See above for

Ri 500-400, 400-300 mb levels 300-250, 250-200 mb levels
hém};?fsgfitg;: oc(::i;r- T |Mod. or % Mod. or gfi.gl?tf ofcﬁfr— % |Mod. or |% Mod. ox
freation|Squares | ences ICAT |Sev. CAT|Sev. CAT Squares| onces |CAT|Sev.CAT|Sev. CAT
1 5 o | o 0 0 3 0" 0 0 0
2 22 0 0 0 0 20 4 20 0 0
3 105 11 |10 2 2 75 8 11 2 3
4 167 16 |10 5 3 247 18 7 6 2
5 413 30 7 6 1 367 27 7 5 1
(b) Flights above 30,000 ft
1 3 0 0 0 0 22 2 9 2
2 16 0 0 0 0 86 10 12 5 6
3 98 11 |11 8 8 216 17 8 3 1
4 231 10 | 4 2 1 305 15 5 5 2
5 487 43 9| 10 2 206 20 10 5 2
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Reasonable results ére obtained only in Table 11{a) for Richardson number classifi-
cation based on the 300-250 and 250-200 mb layers.

(h) Frequency of, and Effect of Flight Direction on, CAT Intensity

Table 12. Distribution of flights in relation to CAT Intensity

Number off % of

CAT Intensity Flights |occurrences

No CAT 113 65
Light CAT , . 37 21
Moderate CAT 23 ‘ 13
Severe CAT 0 0
All Intensities 60 35

Moderate or
Severe CAT 23 13

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

Table 13. Distribution of CAT intensity against flight direction

Total CAT of All  Moderate or Severe
Flight Direction Flights Intensities CAT
_ g No. of Occ.| % [No. of Occ. %
East 37 11 30 3 8
West 38 17 45 6 16
North 37 12 - 32 "4 11
South 40 12 30 6 15
Combined East- .
West 75 28 37 9 12
Combined North-
Scuth 77 24 31 10 13

The highest percentage of CAT occurred for flights in a Westerly direction.
() Analysis of Occurrence of CAT against Temperature Change and Clouds
There were two reports of a 1°C rise in temperature with light CAT and another of an
abrupt 2°C rise and fall also with light CAT. Falls in temperature reported were 7°C with
moderate CAT, 4°C with light CAT and 5°C with light CAT over a period of 1 hour. Another

1lot reported a temperature change from -52° to -56° to -48°C with light CAT over 25 minutes.
p g _ g

Table 14. Distribution of CAT intensity against cloud conditions

In Clear In or adjacent|In or adjacent |
to Cirrus |to Middle Cloud]
No. of | % No. of % | No. ofs| %
Occ. CAT | Ocec. CAT Occ. CAT
Any CAT 42 56 20 27 13 i7
Mod. or Sev. CAT 10 48 7 33 4 19
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‘Almost half of the turbulence is in or adjacent to either cirrus or middle level
cloud.

() Analysis of Occurrence of CAT against Fluctuations in Air Speed at the Onset of Turbulence

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

Airspeed fluctuation | Number of casesiNumber of casesiNumber of cases

at onset of of light of moderate of severe

turbulence (kt) turbulence turbulence turbulence
0 18 2 0
1- 5 28 12 0
6-10 5 11 0
11-15 _ 0 1 0
16-20 0 - 1 1
220 0 0 0
Total 50 . 27 ’ 1
fhacruation (o) 2.8 .7 18

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

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

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

There is no significant increase, with increasing severity of CAT, in the average

Average Wind Average
CAT Speed at onset Duration
Intensity| of CAT of CAT
(kt) (min)
Light 44 (10-145) 18 (1-100)
Moderate | 45 (16-110) 19 (1~ 50)
Severe - - '

wind speed or average duration of CAT.

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

In compiling the following tables the area under study was restricted to that bounded
by latitudes 22495 and 40°S and longitudes 1121°E to 160°E. CAT occurrences are analysed
for six parameters - Endlich turbulence index, ''geostrophic' vorticity, ''geostrophic' vorticity
‘advection, "average'' vertical wind shear, Richardson's number and Colson-Panofsky turbulence
index. 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.
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(a) Endlich Turbulence Index vaa/az (Endlich, 1964)

For details of this index see first article in this issue.

Table 17 gives CAT occurrences at and below 30,000 ft against the largest value in
the layers 500-400 mb and 400-300 mb and occurrences above 30,000 ft against the largest
value in the layers 300 .to 250 mb and 250 to 200 mb.

Table 17. Distribution of CAT occurrence against Endlich turbulence index

Flights at and below 30,000 ft Flights above 30,000 ft
vaa/bz Mod. ot ' Mod
No. of | CAT’ fod- 9T | % Mod. |No. of | CAT 0% O | % Mod.
(deg . % (Sev.GAT]| . % |Sev.CAT
-1, |Flight joccurr-| . . | or Sev. |Flight l|occurr- or Sev.
sec” ) CAT| occurr-|, CAT/| occurr-
Squares| ences |- CAT Squares| ences . CAT
) ences ence’s
<4 248 18 - 7 6 2 223 17 8 2 1
%4 and 6 68 12 18 3 .4 90 2 2 0 0
2,6 and<8| 31 5 |16 2 6 32 1 30 0 0
28 0 0 0 0 0 17 4 24 | 2 12

(b) “Geostrophic” Vorticity

CAT occurrences at and below 30,000 ft and above 30,000 ft were classed against
"geostrophic' vorticity at 300 mb.

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

. Flights at and below 30, 000 ft Flights above 30, 000 ft
Vorticity Mod. or - Mod
7 No. of | CAT : % Mod.| No. of | CAT 0% °% 1% Mod)|
x 10 . % |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 2 1. 50 1 50
-599 to -400 2 . 1 50 0 0 18 3 17 1 6
-399 to -200 25 2 - 8 1 C 4 44 2 5 0 0
-199 to 0 81 5 5 0 0 81 8 10 C 2 2
1to 200 168 14 8 5 3 139 2 6 0 0
201 to 400 52 10 19 4 8 58° 1 2 0 0
401 to 600 13 3 23 1 8 12 0 0 0 -0
32600 6 1 17 0 0 8 0 0 0 0

(¢} “Geostrophic” Vorticity Advection

CAT occurrences and vorticity advection were analysed in the same manner as CAT
and vorticity. .







