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Numerical predict ion of trop ical cyclone motion
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ABSTRACT. The mot ion of hurricanes is inve stiga ted ..... ith a fine-mes h q uasi -Lag rangian primitive eq ua ­
l ion model. The model is in tegra ted 10 12 hours using symme tric vortices of different size an d intensity. an d a
uniform stee ri ng;curre nt. T he vortex is found to in ten sify to hurrican e strength in each case. and large asy mmet­
ries in the win d field de velop. The struc ture of the asymm et ries is di scussed . II is suggested thai th e mot ion o f
the sto rms is rela ted 10 th e struct ure of these asymmetries .

I. Introduct ion 3. Numerica l stud~ of motion of storm s

a nd

I'( r) = I'u - (f CO " ( -;-). I~C : r e- R ( I )

p (r) ~ I'" +- a , fJ :' r • R

The initial wind field was obtained from the grad ient
wind equati on :

wh ere I' i ~ the tangentia l wind in cylindrical coord ina tes
and RrJ IS the ga s co nstant. The temperature T i:-.
assumed to ~e constant o n a surface, and is taken fro m
~ mea ~ tropi cal at!"o,phere. Init ia lly. O"' .'''r = 0 and
r l'.Ii' r IS o bta ined Irom E~ n . ( I l, and Eqn . (2) i, so lved
fo r r. The relative hu midity is speci fied at the centre
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The impact of dyn amical and ph ysical forces on the
mo tio n o r s to rm'S i, st ud ied using a uniform steering
c urr ent a nd v.orti cc.' of different size and intensi ty . A
ten -la yer ver sion o f the model with a gr id spa cing of
40 km WLIS used o n either an · ~fplane". or on a Lambert
co nfo rma l map projec t ion . T he eleven int e rfa ces were
located at the levels 0= 1.0. 0 .95 , 0 .9 , 0.8.0 .6.0 .4.
0 . 325. 0 . 25. 0 .17 5. 0 .1, O. The in itia l vortex IVa,
loc at ed a t th e centre o f" the ho rizonta l doma in whi ch
co ns isted of I I I » 8 1 grid po in ts,

(a) Initial \'orl('X

The init ia l condition .. for a n axi symmetric vo rtex are
derived fro m a pr ocedure simi la r to the o ne used bv
Anthes et al. (1971). Th e surface pr e...sure wa s se t h'\.'
th e re lati on s : ~

In the present investigation. numer ical expe riments
are carried out with the QLM to studv the motion o f
hurricanes using idea lized in it ial states. Results sho v..·
thai th e mot ion is go ve rn ed not o nly by th e steer ing
c urre nt a nd th e variati on in the cor iolis parameter but
a lso hy the effec ts o f ph ysical forcing (secti on 31.

2. Descrtnt lon of the model

The QL M can be integrated over any geographical
area, and with any suita b le horizonta l and ver tica l rcso­
lution . Any appropriat e ca rtes ia n grid (Polar stereo­
graphic. Lambert conformal o r Mercator) can he used ,
The primitive eq uat ion ", with a = p/p, as th e vertical
coordinate are used . Here P b pressure. a nd P. is th e
surface pressure. The tw o hori zontal components of
the win d (u . 1'), the potential temperature fl. the mixing
ratio q. and the surface pressure a re predic ted . The
vertical motion anti th e rainfa ll arc d ia gn o sed .

The variables are not sta ggered in th e horizontal.
u, r. 8, q a nd geopoteruial ( / 1 arc defined in each lay er.
The vertical velocity ;' is defined a t th e layer interf aces.
The boundary condili o~l ~ arc o· = 0 a t t he to p (zero pres­
s ure ) and the bot tom 01 the mo del urmosphcre.

Many ph ysical processes suc h as the co nvec tive a nd
non-convective release of latent heat. a d ry co nvective
adj ustme nt pr ocedure. the surface frict ional effects. and
sea to air transfer of sensi ble a nd la ten t heat arc inco r­
pora ted .

A Quasi-Lagrangian Mod e l (Ql.M) ha s recently been
implemented at t he Na tiona l Meteoro logica l Center fo r
th e o pera t io na l pr ediction o f hurricanes. A de script ion
of the QLM, a nd it, perfo rm ance during 1987 hurricane
season o ve r the Atlantic a re presented hy Mathur (1988).
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