
551 ·515·8: 551-1,24

Correlation between Clear Air Turbulence and Temperature Gradients
at standard isobaric levels

X. S. nUASKARA RAO and A. SADAGOPAN

Meteorological Office, Bombay Airport

(Recei,.ro 16 August 1966)

An..,TH.Acr . The Ioreeaet ing officeR which rende r service t o tu rbo-p rop and jet aircraft hav e to indi cate the
probable area of CieRI' AirTurbulence (CAT) and H posslble tb c Int er sit.), altho CAT which is likely to bo er-countered
by th e aircraft. ForcCR !St ing of CAT Iroru synopt ic dat a ill besot wltb many problema which have boon dlecueeed in
Section 2 of this paper. ThOT0 is. however. an appa rent correlat ion bet ween th e occurrence of CAT and the increase
of thernla.l gradient. 'fhis was at,"i t.ieally tested ill the cese of all Rights Corwhich post.tiight report.swerc&vailable
at the Main),Ietoorologiral Office, Santacruz for the year 1964. 'I'herceul ta ofthe teat ere diaouseed in thi s paper.
nri(~fly the results lIhowthl\tthom2tbodbi.\900ontherm"'llgradient8 isa~oodguide for delineating probable areas of
CAT occurrence but th o method " ..s not very eeaelt.ive for dlecrl mluat lng difforoDt Inteneltl ea or eAT. The
met hod hila eo good potftnt iality to be ueod AI a Iorecaett ng too l.

1.Introductlon

Clcar air turbulence is encoun tered by aircraft
at ail ioveis. In the lower levels (bclow ·j ·5 km) tho
turlmlonce is caused by thermals duo to gronnd
heating, mountain waves and eddies and by vertical
wind shear. In the higher levels (above ·1·5 kill)
turbulcncc is caused by the latter t wo only. This
paper deals with clear air tu~b~llence of th.e shear
type at high levels, Thc definition of CAT IS sa.me
"S th at given by (llodmun (1961) WIth thc exce pt ion
that the level (lower) has heen brought down to
i ·5 km.

Vert ical wind sher-r iii tho most important.factor
in th e production of sme.ll-scole moti ons which
cau se CA'r (Colson 1'.11(1 Panofsky 196(1 ). Thermal
wind gives B good mCP..!'\lUC of the vertical wind
shea r iua layer. Nat..We,.th. Analys is Cent re, Wash.
(19611) has found t hr.t. the thicknesn between t wo
stand ard isobaric levels nIH! the tcmpcrnturc field
not the lower of these t wo isobaric levels are highly
correla.tet1. As the thickness gradients give a meu
sure of the thermal wind , there apparent ly ex ists
a correlation between the thermal wind and the
gradient s of temperllt ure at t he standa rd isobaric

levels.

2. Present study

Fig. 1 shows the routesscr:c,l by.n01~lb~y )[,)1.0.
and the upper air OhSeIVil,tOl" H'n which Iie III the area
of the chart. It was noticed from the routine
an , lysis of extended ch erts that ,:re~s from which
aircra ft reported CAT ~CCIll to coinc ide With areas
of tight temperature ~rediunt8 at standard isobaric
levels. This coincidence wa."\ noticed in ceses ,v·here
turbulence was expcriclle('(l over small distances
as wel! as in th ose where t ur huleuee was reported
over long stl ctlihcs of the mute. }iig 2 HhoW6 the

contours and isoth erms at the 500-mb level aloug
with t ho actual winds at 1200 GMT on 26 August
1964. The isotherms were drawn at intervals of
5°C. A commercial ai rcra ft fiying from Ist anbul
to Bomuby repor ted severe t urbulence in t.hat.
sector of the route where its flight. cross the tight
temperatures gradient associntcd with a trough of
low between the Black Sea an d t he Caspian Sea.
Tho a ircraft was flying at F . L . 175 and at approxi
mutely the chart t ime, The actual windand tempe
raturo repor ted by the aircraft are also shown in
the diagram. Fig. :~ shows t he contours, isotherms
and the winds at 3Oo-mb level at (})OO G)IT of
26 F ebruary 1964. A jet comm ercial a irliner (AI.
102/16) star ted Beirut at 1930 GMT of 25 Feb
ruary 196·1 and reached Bombay at 0005 G)IT of
26 F ebruary 1964. The aircraft was flying at F .L.
380. It encountered light to modera te t ur bulence
inte rmittently over the ent ire stretch of t he route
from 01 3° to 63° E. It can be seen from th e chert
that fairly tigh t t emperature gra<!ient s werc present
over t he sector. Thus even turbulence encounte red
at fairl y high alt it ude. above th e chart level seems
00 becorrelated to t he te mpera ture gradient at this
sta ndard isobaric level.

It is this apparent corre lation which was taken
for statistical exa mination to evolve an ea.y and
quick method of forecastiag CAT with the avail
able dat a . Also tho forecasling of t ho future position
of such area. of high thermal gradi ents is Ic..
difficult t han the prognosticat ion of are as of high
wind shea r directly.

I n our study iustead of usi ng t ho thermal gra
dicnt s us such for comparison with the intensities
of CAT rep orts, we have defined t wo thermal wind
vectors, »iz., Vs and V3'












