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A note on evaluation of the Richardson Number in relation to
forecasting Clear Air Turbulence
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ABSTRACT. TFor forecasting clear air turbulence, Richardson’s Number Ri is one of the widely used parameters,
With increase in air traffic and aircraft operating at very high altitudes, the necessity for providing accurateinformation
on turbulenoce in clear air is keenly felt. To facilitate the evaluation of Ry as soon 28 the upper air messages are
received, nomograms and tz bl=s have been worked out and two simple methods are described for caleulating By quickly.

1. Introduetion

Turbulent conditions experienced by an aireraft
in flight may be classified into four main cate-
gories —(a) Thermal, () Convective, (¢) Mechanical
and (d) Shear.

For aircraft cruising at high altitudes, the
important types of turbulence are (b), (¢) and (d)
mentioned above. Type (b) is associated with
clouds of great vertical development. Types (c)
and (d) are termed as Clear Air Turbuleuce
(CAT) or High Level Turbulence (HLT). This
mechanical type turbulence is caused by moun-
tain waves. Some theoretical and empirical
rules have bzen obtained for forzcasting this type
of turbulence. Vaciovs attempts have been made
to forecast turbulence caused by wind shear
but no definite technique has been yet formulated.
However, a certain amount of correlation has
been found between low values of R; and shear
type of turbulence. Two simple methods for rapid
calculation of R; are, therefore, presented b:low.
2. Richardson Number and Clear Air Turbulence (CAT)

(lodman (1961) has summarised our knowledge
about clear air turbulence and the various tech-
niques for its prediction. However, it may be
mentioned that the mechanism which cavses 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 (R; ). 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.

8. Evaluation of Ei
We define the Richardson Number R; by

n=s () 2+ (5)] o

where 30/8z iz the lapse rate of poteatial tem
perature @ , u and v are the east and north
components of the wind and 7 is the accelera-
tion due to gravity. Assuming that @ , % and v
vary linearly with height in a layer of thickness
of the ordar of 3 kilometrss or less, the above
expression may be written as —
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where K2 — ( Au)® 4 (Av)?

Az ie tha thickness between two layars whose
mean potential temperatureis @ , and A@ is the
difference in potential temperature betwsen
the two boundaries of the layer under conside-
ration. Of the four variables on the right hand
side of the equation, .

(i) Az can be obtained directly from data
in upper air messages,

(W) A@ and @ can be found from a tephi-
gram, and

(i) K can be obtained with the help of a
polar diagram (Fig. 1) using the principle
of vector triangles,

Having obtained the values of the different
variables, the two nomograms given in Figs, 2
and 3 can be used to get the values of A#/0and
Az [K? respectively. Using these two values,
R; can be read off divectly from Table 1.

A further simplification of the above process
can be made, if a slight loss of accuracy is acceptad.
Values of R; at any level vary considerably from
place to place on all days. The variation generally
covas a range from 0-1 to 100. Thus, a small
loss of accuracy of about 20 per eent will not
affect the interpretation of the R; distribution
for CAT forecasting purposes. If this is accepted,
a much faster calculation is possible.
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TABLE 1
Richardson Number

(A90) sl
102 -0 1-5 2.0 253 30 35 40 43 350 535 60 65 70 75 80 85 9-0 95
0-5 05 07 10 12 15 .17 .20 23 25 a7 .20 .22 .34 37 10 42 7—-14 47
10 -10 15 20 25 20 + 34 <30 -44 <49 +34 59 <64 GO 73 T .83 88 .03
1-5 15 22 20 .37 44 D -5 [H I It | CN8 03 103 1410 120 1-23 1-32 1-40
2-0 20 29 -39 49 50 68 <79 N8 98 1:08 1-18 1-27 137 1-47 1:57 1-66 1-77 1-86
2-5 25 37 49 61 -85 .08 1410 1-2% 1-35 1-47 1-59 1-71 1-84 1-96 2.08 9.9] 2:33
30 29 +1 59 73 88 1:03 1-18 1-22 147 1:62 1-77 1-91 2-06 2-2] 2.°5 2-50 2-65 2-79
3-5 34 al (5% 86 103 1-200 137 1-44 172 103 2.06 2:23 2.40 257 2.75 2:01 2:(9 326
4-0 -39 59  -79 98 1-17 1+37 1:57 1-76 1-46 2-16 2-25 255 2.75 2-04 3-14 3-23 2 53 3-72
45 -4 66 -88 110 1-22 1-54 1-76 1-98 2.21 2.43 2.65 2.87 3-00 3-31 353 3-75 2-07 4-19
50 -49 .73 98 1-23 1-47 171 1-96 2:21 245 2-70 2-04 310 3-43 567 3.02 4-17 4-41 4-65
5-5 54 81 1-08 1-35 1-6G2 1-88 2-16 2-43 2-70 2.96 3-23 3-50 3-77 4-04 4-31 4-53 4-85 5:12
6-0 it ‘88 118 1-47 1-77 2:05 2:35 2:65 2-94 3-23 3-53 3-82 400 4-41 471 5-00 5-o0  5-59
G5 63 95 1-27 1-59 1-91 2-22 2-55 2-87 3-10 3-50 3-82 4:14 4-46 4-77 5-10 5:41 5 73 605
7-0 69 1-03 1-37 1-67 2-06 2-30 2-75 309 3-43 385 412 446 4-81 5-15 54 3-83 6-18 6-52
75 +73 1-10 1-47 1-84 2.21 2-57 2.94 3-31 3-67 4-04 4-41 4-78 515 5-51 5-88 6:25 6-61 6-98
80 -79 1-18 1-57 1-96 2-35 2:74 314 3-53 R-02 4-31 4-71 5-10 5-49 5-88 6-28 6-66 7-06 7-45
85 -93 1-40 1-86 2-33 2-79 3-25 3-72 419 4-65 5-12 569 6:05 652 6-08 7-45 701 §-33 8-85

Tocbiain Ri — Calculate K with the help of Fig. 1.
Read (A0/8) » 102 from Fig, 2,
Read A:/K*? 1'1_' m Fig, ?, and read off from this tahle the B for the values of pzIK?
and (A 8/9) » 10 vhtained
TABLE 2
Richardson Number ( £ )
K Y]
oty = e -
kt  1ps 2 4 (i 5 10 12 14 16 18 20

10 5 7-3 14-7 221 2005 I 44-2 al<6 54-0 66-3 737
19 10 1:8 -7 5ed 7 02 11-1 124 14:7 16-6 18-4
20 15 -8 1+6G 25 33 4-1 4-9 -7 G5 74 82
30 2 b - 1-4 1-8 2:3 247 3.2 3.7 4-] 46
58 w0 2 <1 G 0-8 10 1-2 1-4 1-6 1-8 2:0
78 40 10 20 30 «41 0-51 Gl -7l -81 91 1-0
07 & 07 15 22 24 37 44 -5l =54 66 74
116 60 05 10 «15 =20 <20 +31 36 -41 46 =51
116 70 -04 07 «11 15 <19 23 26 20 +34 38
155 80 03 03 I 11 o4 <17 =20 22 =25 <28
175 ho 2 =05 7 10 11 <14 «16 18 20 23
iy 100 02 <04 <05 07 -(19 11 13 <14 -16 +18

Ri = (Az]6).

(AQJE?). g,

AEIU—= 9+4 (in metres),

K—ag obtained from Fig. 1 (in metres /sec)
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Fig. 1. Polar diagram for caleulating K
A represents 050°/65 kt, B represents 080°/45 kt
Distance AB on the same scale gives K
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Even though the individual values of Az and 6
for standard isobaric intervals vary fairly largely
from level to level and from day to day, the varia-
tion in the ratio Az /@is very small We find
from an exanination of widely different upper
air conditions that the ratio remains within about
20 per cent of 9+4. Assuniing a constant value of
9:4 for Az [0, R; can be determined directly
in terms of A6 and K from Table 2, after obtain-
ing A8 and K.

For obtaining R; for layers hetween the jet/
maximum wind level and a standard isobaric level,

q
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e 8
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270 - 290 30 330" 350
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Fig. 2

a correction has to be applied, Usually the level
of maximum wind is around 10-5 km (250 mb)
where the normal value of 8 is 340°A. 2z for this
value of § is 3259 metres. Hence, R; for any layer

at such a level can be evaluated from the expre-
ssion—

R’ =(R;y X A7)]3250 (3-3)

where R;,is ths valus given in Table 2 and Az’ is
the thickness of the layer betwzen the level of
maximum wind and 300/200 mb. Table 3 gives
us B; values for different values of A 2’ and R; ,.

4. Summary and Conelusions

The ouly assumption w2 have mads is the linear
variations of @ , u and v with height.

By making the additional assumption that A z/§
is 9-4 for the layers 1000 to 700, 700 to 500, 520
to 300 and 300 to 200 mb; a quicker method can
be used for evaluating R; .
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TABLE 3
Az (metres)

Ris rIﬂﬂ‘ 200 200 ;{m .',m: 600 700 800 QM) 1000 0
0-5 01 03 05 06 (8 (9 11 12 -14 15
1-0 -3 06 <09 12 ‘15 19 21 25 28 -31
2.0 <06 12 -19 25 31 -37 43 49 35 -62
3-0 09 19 -28 -37 <46 551 -€5 74 83 -02
4-0 12 25 37 <43 61 74 <86 98 1-10 1-20
50 15 31 46 -€1 77 92 1-00 1-20 1-40 1-50
G0 <18 37 55 74 02 1-10 1-300 1500 1-700 1-300
70 21 43 <63 <86 1-10 130 1-50 1-70 1-90 2-10
8-0 .95 -40 73 08 1:20 1-50 1-70 2-00 2-20 2-50
9.0 +28 a5 -83 1-10 1-40 1-70 1-90 2-20 2-50 2-80

To uce this tab'e — Caleulate K from Fig. 1 batween the level of maximum wind/jet and a standard
Note ABand Az~ Az’ is the thickness in metres between the level of

330 mb ete.
value 200 mb or 300 mb ete

isobar value 200 mb or
maximum wind/jet and a standard isobar

From Table 2 find cut Ri s. Read against Ri s and Az" to obtain the Richardson Number for the layer

R; can be caiculated for any layer of the at-
mosphere, i.e., between the maundatory Jevels re-
ported in upper air code, or between any inter-
mediate level, such as, significant levels,
level of maximum wind ete, and a standa.d
isobaric level, provided the height and tempera-

ture and wind data of the levels are known.
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