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Nomograms for evaluating Richardson Number for forecasting
Clear Air Turbulence
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AB gT RAcr. ItCj arch in the IMt decade h l."show n tbtt one of the m~to )rJlo~ ical parameters which i8 associeted
with clear ele tu ebulenee (CAT) is Ricberdson'e Xumber. To make Hleberdson number RI usefu l for forecastin g
the Iocat lon and intensity oCOAT . we rmde a 8~udy under Indian e-ndlticn s of tbe eeeociatton between CAT and
di ff'ereot. r,lng~ in the value oCHi . In thh p.lpJf a ~e't of nomograms illpresented by whir-h Hi may beestimated with..
out eIal, irate calculations and with . fairdewei oCacc uracy for tbe layer between 30Jand 200 mb. imllar nomogrema
can be prepared fur other iaobart c levels for tho use of different types o f aircraft in operat ion in India. I£ a s ingularity ,
like a wind maximum , i. Cound between 300 and 200 mb, Ri may healltO computed separately Cor the Ieyer between
300 mb and the level of maximum wintl and Cor tho Ieyee between tho level of maximum wind and 200 rub.

•

•

r. Introduction
The phenomenon of clear air t urbulence is a

major hazard for high level aviation, All turbu
lenco causes varyin~ degrees cf discomfort. Rut
oooasionally aircraft experience, without visible
indication or warning, severe jolts Of bumps,
wl.ich arc refereed to as clear air turbulence (CAT).
While dheussin3 the subject of CA'l', Re iter ( 1 9G~)

observed " Dirncn!ion~ of t urbulent urees are
usually small. Occasionally OUl) may, however,
run into turbulence extending over several hund
dreds of kilometres. .As an average value one may
take 900 metres in the vertical and 75 W 100
kilometres in the horizontal" . Although CAT has
been observed and studied for well over a decade,
much remains to be known. There is no satisfac
tory method at present for forcollsting areas of
CAT at av iat ion meteorological offices.

A parameter which I...s been found, useful by
munv workers in t his field, is Hichardson' s number
H; .' This expresses the ratio of the static stability
of the atmosphere to tho sq l.~le of the vertical
wind shear at a given point. Under ideal condit ions
valucs of R; greater than unity are ..ssoeiated
with no t urbulence, while va lues loss thau unity
are associated with t urbulent condit ions. I t has
to be recognised thaf tb e phenomenon of
CAT occurs in various dimensions, ranging from
small seale motion to moso-scalo phenomena.
Opinion is rather di.vid~ on tho practical uti.lity
of R ichardson's cr itenon for CAT forecasting,
But , considering the fact tha t most of th e other
criteria ale rather qualitative, and that then
is .. practical need ~o~ objective methods fo; fore
cestine turbulence, It IS folt that careful est imates
of R, eare likely to provide a useful practical tool
for prediction of turbulence.

Pinus (1957) found that 85 per cent of high level
turbulence was associ..ted with R; values lees
than 4. Bercnger ami Hoi-sat (1959) incHcate
that with H, ~ I, 70 per cent or more flighte
report t urbulence and with U, > 8, less than 10
per cent do s o, Ru stenback (19G3) studying CAT
over USA finds that U; is a useful parameter
under certain meteorological and geographical
conditions. He fin<ls that the best correlat ion
between low R, and CAT occurred in the eastern
half of USA helow both the level of maximum wind
and the t ropopause, Brig~< (19Gl) st udied 10~

case. of severe CAT at heights above 10,000 ft
in tile vicinity of the British Isles, and found
that about 70 per cent of CAT were a-soeiated
with ll i below 5. A~ r\~gart.l8 forecast,ing, Hriggs
find, that tbe mean valu -s of Ri < 5 and of
horizontal shear > 0·3 hr- I cover more than
80 p" cent of t he occu rrence of CAT. Rao (1964)
observed that the lower the R; , tbe greater is the
probability uf turbulence and th e more severo
it i. likely to he. Theoreti cally, it has been shown
by Sutton (19.53) t hat turbulence will decay
when Ili > (1-<1), where (( is a positive number
whose value h.. not been determined in general.
Following this many auth ors have assumed that
CAT occurs iu regions of R; < I.

2. Nomograms for calculating Richardson Number

In this paper a set of m mograms is presented,
which may be used for a quick calculation of Ili
from upper air teletype messages, for t he layer
300-200 mb, J et aircraft usually cruise in th is
layer. Mazumdar and J amil (1002) have briefly
discussed the essential deta ils of Richardson 's
theory of a tmospheric turbulence and have cited
several interesting cases of turbulence. In a








