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Kinematic analysis of upper wind fields
G. H. )[1JLKY

Reqionnl Jlt~t('orulog ;c',l Centre, RnnJIIl!J

~\ B..";TR .·\{..'T. T he p.lo Jk'r ex plain,. n method of comput ing t ill' vf'lu('it ,~.. a mi di rec ti on of movement of t rou uh,
lin e», o)'('\oni(" ('l'ntrt"'" et c a~,.. wiat("d with " p(M'r wind til'l(I" II)" l' \'a luu t inl! \"('l'I oria l ('hH.n~l'll of wind wit h r ime.
Tfu- 1Ilf'1hod i" ,.imi!tlr to t he nne first proposed fer surface prt"!'sur'(' tif'I,I.; ,,~- Per te-rssen, hu t hIlSth e edvau ta cc - t hu t.
it r-an 1)(" UIoN) fllrallY level for which sufficient wind datu un- availab le Tlw d i"pliu-enll'll t n f a t rtlll j(hiinc ill 1\ (In''''"
su re tip lcl is llhtl\im-d b)' Pctt e rsse n in te-rms of p rc f-l'l un.' deri ' -Bti,('!'1 llf t ill' "''(llild clrdC' r; in tilt" pn- ccnt J'"J)(·t it ill
sho wn th a t t lu-d h l ,laN'mt'nt l,( a trllll~h lim' in a wilid 6('111is obt ai ned in tt'ml ~ of wind ve-locity d l'r ivRt. i\-l';ol u( the
tir"t order. 'I' li l' illal'curae,Y of'uppc r wind data ea compered to Murfac't" p rv-s ure data is somewha t otf"f't b)' t he lower
order (If t he terms in th e c qun ti on s for rhc d i-plecet m-nt o f troughli ne ».

L

"~e · l l!....I ine .., nnti cyclonic centres ;:pul o. le
lIlay also I", sim ilarly defined .

In fOfl..'cast ing t he displacement» of a
wind field , it would in general b(' sutllcic-u
to compute th e probabl e di spla cements of
the troughl ines, cyclonic cent res etc a: "0·

oiarod with th e field. To find out th e-se.
it is Jl{'("e~'IDr.r to calculate th e time rate
of change of any quantity with respect to
a moving point. If th e p oint is m,n;ng

ti c lines anl points n~~{)ciJ.~d with n wind
field . I... -t us con..i.ler th o! strecmlin e cf wind
in a horjzc ntn] plano shown in F ig, 1.
Ox and 0 )" are rectangular c("- :~rdj ll :lt ,:

uxes. 0 )" is a line of symmet ry for t hq
wind ' 8trC ~1I 1l~ . aud a long OJ" t h ~ COJU!IO!W I:t

of th e wind vanishes. This is a t r'-' Ilgh­
line III th e wind fi-Id . Takinc t he velocit v, ,-'.
oompo nvuts ns 11 and 0 along Ox ami Oy
rc,.;pcLti,'(')y , we may d efine n troughlinu
in t h~ wind Ii"ltl It)' th e condition.

v=O (or u =O) (I)
I

and 11>, the add itional cor-rlition ,

~> ( or '!.': < II ) (~)or O!l

A eyeIon ic centre is tb· point of inter ee­
t icu of two trough lines, and \\ C hnve the
condit ions.
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1. Introduction

.A prognosis of th e prcs."urc field or the
wind field , if it could be correctly done,
would solve many of th e probl ems in fore­
casting. In view of th e complexity of
dynamical methods, kinematic method s ha ve
been developed , chiefly hy Pet terssen (1910).
Petter-sen's ~1I 111 I y,..; is COnCCrIL'i pres,sure fields,
nnd in his equations th e displneement s
of charuct er-istie lines and po ints associated
with prt!s!oIure fields are obtained in terms
of pressure derivatives of th e second ord er.
As pressure at surface level is an accurately
measur ,..hle element, Petterssen 's analytical
method ~i\'c8 good results when applied
to surface IJleSSUfn fields. In the upper air.
ti lt': sIJart;cncs'i and compara t ive unreliab ility
of radiosonde pressure data preclud e th e
general use of Pet tersseu' s equa tic ns. His
method ca n he used indirectlv to forecast
the displacements of wind 8)~"item.'i in th e
npper a ir by making usc of the geost rophic
relationship bet ween wind a nd p ressun·. Such
an irdi rect app licati on will, however, be open
to object ion ns th e geost roph ic approxima­
tions is uot alwa ys valid , particularly in
tropical latitudes. An attempt is mad e in
tl .is papl'r to de velop a kinemat ic met hod
of rorcClI:iting th e displacements of wind
systems in th e upper a ir ind ependent of
pres-sure considerat ions,

2. Theoretical considerations

In the first instance it is nceer ~ary to
define in mathematical terms the characteris-
















