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ABSTRACT. For forecasting clear air turbulence, Ri cberdson'e Number R, iB one of the widely 1I8t"(1 parameters .
With Increeeetn "ir traffic and ai rcraft opera t ing at very high ah lrndee, tb eneceestty for providi ng accurate informntion
on turbulen ce in d oor air ia keenly felt . To Iecilitete the eva luat ion of Ri as 800n ee tbe I1I'1)("r air meuagNl ere
received , nomograms and tr bl~ have heron worked out and two simple met hods are described fur calculat ing Hi q rlckly.

where a9/az i. the lapse rate of potential tom
perature 9 ," and v are the esst and north
components of th e wind and .1 is the accelora
tion due to gravitr . '\ lSsuming that 8 ,u and v
vary linearly with height in a layer of thickness
of the ord er of 3 kilometre.• or 1" -,, the above
expression may be written as -

where K' = ( I;,.u)' + (I;,.v)'

1;,.%is th , th ickness between two la} or. whose
mean potential temperature is i, and 1;,.9 is the
difference in potential temperature betwee"
th e two boundaries of the lay er under conside .
ration. Of th e four variables on the rieht hand
side of the equation. -

(i) 1;,.%can be obtained direetlv from data
in upper nir me~o;;ages, •

(ii ) 1;,.9 and 9-can be found from a tophi
gram, and

liii) K ran be obtained with the help of a
polar diagram (Fig. I) using the principle
of vector tr iangles,

Having obtained the values of the different
variable" the two nomograms given in Fig, . 2
and 3 can be used to get the values of 1;,.9 (iJ and
1;,.%/ K' respective ly. Using those two value"
H, can be read off directly from Table I.

A further ~imp~fieation of th e ab ove process
can be made, If a ahght loss of accuracy is accepted,
Valnel' of R, at any level vary considerably from
place to place on all days. The variat ion generally
covns n range from 0· 1 to 100. Th us, a small
loss of nccuracy of about 20 per cent will not
affect the interpretation of the R, distribu tion
for CAT forecasting purposes. If this is accepted,
a much faste r calculation is possible.

•

1. Introduction

Turbulent conditione experienced by an aircrnft
in flight may be classifird into four main cate
gories - (0) Thermal , (b) Convective, (e)Mechanical
and (d) Shear.

For aircraft cruising at high altitudes, the
important types of turbuleuee arc (b), (c) and VI)
ment ioned above . Type (b) is associated with
cloud. of great vertical development. Types (c)
and (til arc termed as Clear Air 'l'urbulence
(CAT) or High Level Turbulence (HLT). Thi.
mechanical type turhulence is caused by moun
tain waves. Some theoretical and emp irical
rules have been obtained for forecasting this type
of turbulence. Various attempt, have been made
to forecast turbulence caused by wind shear
hut no definite technique has been yet formulat ed .
However, n. certain amount of correlation has
been found between low values of H, and shear
type of turbulence, Two simple methods for rapid
calculation ef Ri are, therefore, presented b -low,

2. IDehardson Humber andClear Air Turbulence (CAT)

Clodma n (1961) has summarised our knowledge
ahout clear air turbulence and the various tech
niques for its prediet iou, However, it may be
ment ioned that t he mechanism which causes clear
air turbulence is not yet clearly understood.

The view has been often expressed that clear
air turbulence is related to low values of Richard
son's Number (Ri ). For delineating synoptically
favourable areas for the occurrence of CAT, we
need a quick method for computing R, . The
nomograms and tables presented below will faci
litate the calculation of R, and the method does
not . involve many assumptions,
a. Evaluation of R,

We define the Richardson Number H, by

H, =g( ~ ) 18 [( ::)'+(: rJ (3' 1)

H, = 9
/j.z I;,. 9 I;,.z I;,. 9

(1;,.,,)' + (I;,.v)' T = 9 ][i" . -0
(3'2)








