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A CASE OF CLEAR AIR TURBULENCE AT MEDIUM ALTITUDES

by A. Garriock
Central Meteorologlcal Bureau, Melbourne

(Manuscript received 2nd February, 1955)

Abstract: D.C.6 aircraft flying at altitudes
between 11,000 and 19,000 feet between Melbourne
and Sydney on 7th July, 1954, reported severs
turbulence in clear alr gbove cloud with a marked
1imit of turbulence to the northwest. Various
factors faTouring turbulence in the atmosphere =
hydrostatic instability, Richardson criterla, and
terrain are considered and it is shown that the
last is the only factor which cannot be eliminated.

1, INTRODUCTION

On 7th July, 1954, on three flights of D.C.6 alr-
craft between Melbourne and Sydney severe turbulence was
experienced between 11,000 and 19,000 feet, most of this
above the level of any cloud formation. (Figure 1).

Flying at 16,000 feet the ncrthwestern limit of
the turbulence area was found to be approximately 10 miles
northwest of Holbrook. Descending the lower 1imit was
found at 11,000 feet over Wangaratta.

At 2300Z 6th, the centre of the anticyclone was
south of the genersl track of anticyclones, There was a
depregsion over the Tasman Sea, the centre belng siltuated
at 38°S 166°E with pressure below 995 mb. (about 40 mb,
lower than the central pressure of the anticyclone). The
positions of the centres on the 700 and 500 mb, charts at
0500Z were little different from those of the surface chart
six hours earller, but these upper charts showed a trough
formation, approx1mately east-west over New South Wales at
latitude 34°8, During the following 72 hours this trough
became more pronounced (see figures 2, 3, 4).

Winds reported by pilots indicated that the trough
was sharper than was suspected at the time the charts were
drawn.

Possible Canses of Severe Turbulence are:

(aP Hydrostatic instability;
(b) Richardson Number less than critical value;

(c) Mechanically induced turbulence,
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FIGURE I. AIR ROUTE
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FIGURE 2.
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2., HYDROSTATIC INSTABILITY

In a fluid, if a parcel be.dlsplaced upward and
it is less dense than 1ts new environment, it will, by
its buoyancy continue to be further displaced. In the
atmosphere the condition of hydrostatic instablility over
a large area results in the setting up of convection cells
covering areas of various size, the speed of the rising
air in each cell being mmoh greater than that of the alr
which must decend %o take the place of the air which rises,
It is the sudden transition from rising air to slowly
sinking alr and vice versa which produces, to the occupants
of an aeroplance, the sensation of turbulence.

In air where no condensation is taking place, the
buoyancy of the displaced parcel comes about when the lapse
rate is equal %o or greater than the dry adiabatic, With
condensation, the critical lapse rate is the wet adiebatioc,

On 7th July, 1954, the pllots! reports gave the
temperature at certain altitudes, or stated that
"temperatures were anproximately one or two degrees above
normal at the various altitudes", i.,e., the lapse rate was
close to that of the ICAO atmosphere, This is confirmed
by the Laverton radiosonde sounding which was carried out
in the early afternoon in the air stream south of the
developing trough and within 200 to 400 miles of where the
turbulernice was experienced.

The Laverton sounding and aircraft observations
do not indicate that the lapse rate in any shallow layer
exceeded, by =ny marked degree, the average lapse rate;
and also the reports of turbulence indicate that there
were no marked changes in the degree of turbulence through-
out the levels in which it was experienced,

As the turbulence was mainly experienced clear of
cloud and the lapse rate was considerably less than dry
adiabatic it may be concluded that hydrostatic instability
is unlikely to have been a contributing cause to the
turbulence which was experienced.

3. RICHARDSON NUMBER

The Richardson Number takes 1lnto account two
processes:

(a) an incrcazo in turbulent energy at the expense
of the kinetic energy of the mean flow;

(b) a dissipation in turbulent ensrgy resulting
from work done against a hydrostatically
stable atmosphere,
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The major assumption in this treatment is that
the miximg between displaced parcels and thelr new
environment takes place instantaneously and completely,
This assumption is not likely to be fulfilled since
parcels tend to return to thelr original positions so that
some of their turbulent energy is retained and not used in
doing work against .a hydrostatically stable atmosphere,
Combining the factors

(a) rate of gain per unit mass of energy from the
. . v \z
energy of the mean flow: = Ky ( <o - (1)

(b)  rate of loss of energy per unit mass.

- g5 (3 + T) -
the net rate of galn of turbulent energy is:-
B ¥ g (ET) o
where the terms are E = energys;
t = time;
KM = oo-eff%oient of eddy
viscosity in the vertical;
V = horilzontal velocity;
g' = acceleration due to grévity;
T = temperature;
Kg = co-efficlent of eddy trans-

port of heat;
Z = vertical os-ordinate.;
T1 = adiabatic lapse rate,
-The assumption is thal Ky = Ky
and the Richardson number is defined as
F(3E+T)

32)"

so that if there is no change in turbulent energy

Ri = - (4)

0E = o0 - (5)
g ‘
and R = 1.
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whloh is then the critical value of the Richardson number,
When Ri € 1 the first term in (3) is greater than the
second and turbulence energy increases with time,

Other values of the Richardson number for critical
conditions have been suggested and the validity of the
assumption KM = KH has been guesticned.

With the temperature distribution of 7th July,
1953, between 700 and 500 mb, the wind shear necessary

to produce Ri=1 1is =
R4 31
['gf) (. A ')

—

when T = mean temperature of layer = 257°K;
<El- = mean lapse rate of layer = =17 o
8z 1 843 X 10
degrees cm
T-’ = dry adiabatlc lapse rate = 27

875 x L0°

degrees om“l

'3 2
= 980 ~17 N 27 -2
Ti‘) ?5‘7 <<803 X 165 B.gx 1653 Sec
= 0.46 x 10~% Sec™? |

J%% = 0,68 x 10~2 Sec~l
= 0468 x 102 x 3600 hour ~%
Wind shear per thousand feet
= 0,68 ™ 36 x 1000 feet hcur~t
= 4 knots

whloh at 35°S requires a horizontal thermal gradient of
1°C in 32 n, miles, These condlitions were not approached
on 7th July, 1954, '

Winds reported by pilots are in good agreement
with the Rawin carried out at Lavemton on the afternocon
-of 7th July 1954 (see table 1)e¢ It will be noted that
the areas where turbulence was experienced were down-
stream from the Australian Alps,
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Teble 1, Laverton Rawin 0500 7th July, 1954

3000 feet 200 degrees 16 knots
5000 ™ 180 " 15
7000 | 180 : 12 v
10000 " 120 M 7 "
15000 " 120 " 18 "
20000 " 140 " | og M
25000 " 160 " VR

Scorer (1953) shows theiretically the flow over
a ridge with a wind of 13 m.sec. (25 knots) in an
atmosphere having a lapse »ate close to that of 7th July,
1954,

Ohe of his illustrations indicates that 1n a
section of the flow (oblique %o a ridge) the Richardson
number would be close to, if not under the assumed
critical value of unity, This has been recognised by
Scorer and amplified in a later article, but the conclusion
of his earlier article indicated that he had the normal
conditions of the atmosphere in mind for he wrote "The
dlscussion has been restricted to steady two dimensional
laminar flow, but the extension to three dimensions and
to unsteady and non-laminar flows must eventually be
discussed, In these fields the mathematical theory 1s
likely to be largely intractable and observational work
of greater relative importance", He thus emphasises that
although some situations may approximate to his figure,
many more will be far too complex for theoretical treatmente.

Except possibly over the ranges, the critical
Richardson number was not approached in the air stream =
that away from the ranges the Richardson criterion would
indicate a damping out of any turbulence caused by the
conditions in the air stream a8 it crossed the mountain
barrier,

4, TURBULENGE RESULTING FROM TOPOGRAPHY

The contours of the terrain under the alr route
and to the southeast are shown in flgure 1.

A feature of the terrain inland from the eastern
part of the. Victorisn Coast is the number of rivers flowe
~1Ing south into the ocean through deep valleys from the
high rough country of betwsen 2,000 and 3,000 feet
elevation some 30 nautical miles from the coastline, The
surface winds on 7th July, 1954, were apprcximately in the
direction of *“hese valleys,
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Some 70 miles from the Victorian Coast the
Monaro Range (running westnorthwest/eastsoutheast) 1is
an additional barrier across the air stream, Joining
the western end of the Monaro Range and running south-
southwest (anproximately at right angles to it) there is
a higher barrier in the Snowy Mountalns,

These features, deep river valleys in the
dirdction of the wind and two mountain ranges joining at
an angle, would cause ccnsiderable changes in "the character
of the air flow, and would most probably result in
turbulence occurring over and to the lee of the ranges,
extending to several times their height,

- As mentioned above it is not unlikely that the
critical value of the Richardson number would be passed,
thus an additional factor favouring turbulence 1s created,
However Scorer (1954) points out "no estimate of the
magnitude of the shesr required to produce instability has
proved satisfactory", but in the case under consideration
there are factors additional to shear in the air stream,

Over the Sydney-Melbourns air route winds are
generally from the westerly sector, and even when surface
winds occur from other directions, the upper winds
generally become westerly with height so that, 1f not in
the lower levels, then in the upper levels the route 1s
not down-wind of the mountainous country,. On 7th July,
1954, the winds, "southerly on the surface backed with helght
to a direction of 120° so that the air route was in the
lee of the mountain barrier, and turbulence induced there
was carried across the path of alr traffiec.

The stabllity of the air in which turbulence
was induced was such that vertical motion would be damped
out; this is borne out by the experience of a pilot who
deviated to the northwest of the alr route and found smpoth
flying. This was practicable with the aircraft flying
from Sydney to Melbourne but not so in the case of the
alircraft flying in the reverse directlon for the north-
bound route is some 15 to 20 miles southeast of the south-
bound route.

5, CONCLUSION

In the present case without the uneven flow
éntering the air strenm, the aircraft should not have
experienced turbulence effects. On 7th July, 1954, the
alr streams over the route were unusual with the wind
backing with height from southerly at the surface to east-
southeast at 15,000 feet so that the mechanically induced
turbulence from the Gippsland area was carried over the
alr route and presumably was carried furthest northwest
at altitudes at which pressurised aircraft operate,






