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� Definition of vorticity and divergence
� Physical interpretation
� Approximate non-divergence of synoptic-

scale motions
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3-D vorticit y is d efin ed as the cu rl of t he 

wind  velo cit y
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Since vert ical scales an d veloci ties are sm all we have
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Horizon tal co mponents ~ (10ms-1)/(10km)~10-3s-1 

Vert ical co mponent ~ (10ms-1)/(1000km)~10-5s-1

So horizontal com pon ents are  abo ut 100 t imes 

the vert ical co mponent.
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As velocity  compon ents are  relat ive to Earth

a subscrip t rel  is app lied .

Vert ical co mponent is  o f mos t meteoro log ical

relevanc e despite size. 

Often ju st  called  the vo rt icit y 

or the relativ e vort icity
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Marked lines o f 

fluid  AB, A C 

move to A ' B'  

and A' C' in  

time  dt

( )oo yx , ( )oo yxx ,d+ ( )yyx oo d+,

A, B, C are

A'  is easily seen  to be ( )tvytux oooo dd ++ ,

respectively
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Vorticit y=twice rat e of rotation.
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To get absolut e vort icity add  on 

twice eart h's rotat ion about vert ical

fzz sin2 W´+= relabs

frelabs += zz
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� From definition vorticity must be independent of the 

axes

� Take local axes Ox'y' with y' axis in direction of flow 

and x' perpendicular to it. So for anticlockwise flow 

(i.e. cyclonic in N. Hemis.) is radially outwards away 

from local centre of curvature
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curva ture
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Net vertical vorticity is sum of two parts:

� Shear vorticity

� Curvature vorticity
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Dashed  lines are lines of e qual rel. vortici ty:  units o f 10-5s-1
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Thus the divergence is about 10% of the magnitude 

of the terms which comprise it. These are therefore 

approximately equal and of opposite sign

As vg is an O(Ro) approx to v, real wind is quasi- 

nondivergent too


