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200MB_DIVERGENCE ASSOCIATED WITH RAPID
AND INTENSE CYCLOGENESIS

16th - 18th MAY, 1955,

By W, J, Gibbs

Central Meteorologlcal Bureau,
Melbourne.

(presented to AeNoZo Al Ae Se Meeting9 Melbourne, August, 1955)

Abstract: The relationship between 200mb.
divergence, vertical motion and cyclogenesis

is discussede Two methods of the evaluation

of dlvergence from the 200mb. absolute vorticity
patterns are compared, = The results are
presented of .computations of 200mb. divergence
on 16th, 17th and 18th May, 1955 when rapid

and intense cyclogenésis occurred off the north
coast of New South Wales. :

le INTRODUCTION -

Since 194L. when a network of regular upper air .
dbservatlons first became available in Australia, routine
daily analyses have been made of the patterns of the
. topography of isobaric surfaces, at first only for 700mbe
to which was added the 500mb. analysis in 1948 and in 1951 °
the 300, 200 and 100mb. analyses.

The immediate requirement was to chart the wind. Fficld
in three dimensions for the provision of forecasts for
aviation, but the analyses have been found useful in prog-
- nesticating developments in the M, S.L. pattern.

2, THE GEQSTROFHIC. ASSUMPTION
Due to initial lack of upper WlndhebserVatlonsg
particularly at higher altifudes, the wind field has been
detérmined indirectly from the fleld .of pressureo. .

The equation of motion may,be written
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“inere .'"s the wind Vector.'f“”““w”w”
)b“lS'den81tyo h C
p. is pressure.
72 is vector of angular ve1001ty of the
—» €arth.
F is frictional accelerations
grls geopotent1al.

' It :is found, ag @ first approx1matlon, that at.
Tatitudes higher than 20 , unaccelerated, frictionless, qua81-
hydrostatic conditions may be assumed, so that

f’(kap),::—-T7P§ (4).,‘
--,where ;;1s Coriclis parameter.
g’ls unit vertical.vector.

Vpls component of . Wind speed along

pressure surface p.

ThlS relatlonshlp is used to derlve the w1nd field
from the pressure field.

It should be remembered that this approximation is
accepted only because of the lack of upper wind data, and
that .it. is of limited value near the ground (because there ¥
may not -be. neglected) and is of" decreas1ng reliability :

proachlng the equator because -the magnitudes of V, ]_X - and
f(X x. V) become much sialler and of. comparable magnltude with
the neggected terms of equat1on (1) - o L o

A further compllcatlon arlses.

Equatlon (2) may be rewrltten

vg=.-. 1. 2%

. P C te

T n

where vg is- geostrophic Wlnd Speed and n is distance
on a pressure ‘surface,

In practlce the geostrophlc w1nd is evaluated by -
determining the change. in geopotential (A% ). over a . -
distance & n, If the error in Lli is & then
the error in Vg»is-given by - e

énvg = -1 .
f Hn
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At 200mb the root mean sqguare. of. d@? at a
point 'is approximately 150 gep.fte. and if this is the error
in. LLA % over a distance of.200 n.m at .25° latitude, & v
is LO kte o , _ . .

o .. The increasing network of radar/radio wind :

~ observations over Australia, the :Pem.s. error of which is
of the order of 5 knots, suggests that analysis for high
levels should be based primarily on upper wind observations
and that the geostrophic wind should be used as an auxiliary
aid in analysis. - N B ‘

This plan is followed in routine 300, 200 and 100mb.
analysis in Australia, a technique of streamline — ismtach
analysis (Gibbs9 19533 being used which is based mainly on
observed winds and a jet stream model.

3¢ DIVERGENCE, VERTICAL MOTION
AND PRESSURE TENDENCY

One of the most important considerations in rainfall
forecasting is the guestion of vertical motion. This is
often expressed as dz/dt but as isobaric surfaces are quasi-
horizeontalrand quasi-stationary it is possible to use dp/dt
as a measure of the vertical component of velocitye. As the
direct measurement and analysis. of the field of vertical
motion is impracticabley, it is necessary to use an indirect
method of evaluation. . S

From the-equatibn of continuity

. d’f):-_— - ,JV""\?
F=
- it may be shown that
N . A . vl . | —
- - - %% -7 = —W; -J plepV dp (5)

o E po.
Furthermore from the hydrostatic equation

dp = - /" g dz

it may be shown that

o . o
A%mewf div_V. dp
P
pPo

o
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Now observations show -that dlv V is of the ordey'
of 107 =5 sec -1 so that if dlvéV' 1070 ‘g ec _1; where div ﬁ’is
the mean dlvergence ‘from sea level to the top of the atmosphere

D;pq@'t 36nm. hr. -1 which is far greater than that usually
observed. ' It is generally accepted that the explanation of
the dlscrepancy 1's the existence of 1ayers of. divergence of

dlfferent sign so that d1v V << dlvpV; - A popular conceptlon

of the vertical dlstrlbutlon of dlvergence is glven in figure 1.

N

- . ! . 200 mbe’
!

/ B _ut 1000, b :

Divpvr;ve? .0 D1v V 4~ve-_

/fhll-?fmm 600 1

Figure 1. Generalised representatlon of vert1cal '
distribution of divergence.

From equation (5) it will be seen that the vertical
velocity 7 at any level is proportional to the area on the
dlagngm below that level, due regard being paid.to sign. If
dlvp at 200mb. is large then lepV at lower levels must be

correspondlngly large and of opposite sign so that large. 200nb.
divergence is associatedwithlarge vertical _gloc1t1es. It is
also generally assumed that-a p081t1ve d1v at 200 mb. is

associated with fall1ng Mo Se Ls pressures. The 1mportance of
the evaluation of d1vergence in the upper tropOSphere is
therefore apparente.

Lis» DIVERGENCE AND VORTICITY

From the Bjerknes Clrculation Theorem it may be
shown (Petterssen 1950) that . .

c_iQ,_—;—,-QdivV-t-S+E (7
at P '
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where Q is absolute vorticity.
S is the number of pressure-specific
volume solenoids per unit areas
F is the vorticity of the friction force,

If solenoidal and frictional terms are ignored
we have . ' '
7 2 Vv
3 — —— - [, 0
lepV = - 1 de _ 1 Q. _ e _ (9)

9 aT QT Q

If further the term 1 P Q is neglected as being
Qo :
oomparatively small we have

dlvv—..n_-‘l V. V Q -~ (10)
P q

Whlch offers a method of evaluatlng divergences. This may be
done in one of two ways.

We may assumeegeostrophic conditions and using the
grid due to Matthewman and Sawyer (1951) evaluate the vorticity
advection and absolute vorticity ( and hence the divergence)
direct from the 200mb. constant pressure topography; or we
may evaluate vorticity using the relationship

Q:fwgﬁ\+v -2V
- : ST
and thereafter find vortlclty advection and-divergence,
.-belng relative vort1c1ty., -

The latter method is- preferred because the geo-
strophic assumption is only supplementary, because.of the
errors in 200mbs geopotentials and because it is believed
the method gives'a more .accurate . smoothed plcture of the
wind field.

- If the Sawyer—Matthewman technlque is used with a =
grid length of 180 n.m. figures 2 and 3 may be used to B
convert ‘the values from the grld into Ve7Q and Q and hence
derive divergencee



éLL,:.

The: grid:, used is of the shei)e:;”‘slffbwn 1n figure Ly and

Figure L4 Sawyer..—Mati;hewfnan grid for the evaluation
of vorticity advection and vorticitye.

in use .is best: plotted ‘on a transparent overlay. ‘The ‘grid is
aligned so that BH is tangent to a contour at Oy the differences
E-A; H-B § G=Cy; F-D and U~V being eval&ated in units of 10
geopotential feete ~The ‘value:of i}oz in 'figur-ef'z is_t_hen
evaluated by using the. relatlonshn,p .

(A z)2 L(E-—A) *—(H—B)T(G-C)*r 5 (F-D)J l U-V_(

from Whlch Vo V"is read off for the appropriate latitude.
Absolute vortlclty is evaluated by placing the grid so that
F is on the’ point prev1ou'sly occupied by O and then values .
Ay By Cy D and F are read off.in terms of geopotentlal feet
andd z comnuted using "the equatlon ‘ _ :

Az = (A+ B+ C+D - 4F),

Applying this value in figure 3, Q may be read off for the
appropriate latitude.

- On the assumptlon that V 74 1s equal to V. V Qs
divergence can then be evaluated, using the relationship
—

WY Ve =1 Vo<
Q



25

« - If the streamline=isotach method is used values of
V:and < V/H5n may be evaluated using an overlay shown in
5 . Y PE e R L OVE e

”figure Se
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+* Figure 5; Grid for evaluation of relative
- vorticity. = Radius of curvature in degrees of
latitudey curves spaced at 1 deg. late, . -
intervals along 0X. .o '

In evaluating ¥V at a point on the streamline isotach

chart V is obtained"from the isotach pattern and R by finding
the curve in the grid-which fits the curvature of the stream-
.TYine. = If the curvature :6f the streamline ‘is cyclonic' ¥V is

positive, being negative when streamline curvature is gnti—'
cyclonice =~ Knowing the values of 'V.and R, the value of this
component of the relative vorticity may be obtained from
figure 6. ' The value of the 5V component is determined

' ‘ ’ %n . , . .
by placing the line OX normal to the streamline and reading
off - the scale along OX the distance in latitude degrees
between isotachs. The isotach interval (V) is then applied
to the ordinate in figure 6 and the appropriate isotach
spacing selected from which the value of the 3%V component

_ Co ) Sn

is determined; being positive when speed increases to the
left of the isotach direction, and negative when the speed
increases to the right.s Adding these two components to
the value of 'f' gives the absolute vorticity. From charts
containing streamlines and absolute vorticity isopleths
Vo Q and. Q can be determined, giving divergence.

Tests have shown_that the smoothiﬁg inheréhtf'
in the streamline-isotach technigue produces a more even.
pattern of divergence than does -the Sawyer-Matthewman. technique,
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- Be THE SITUATION 16th-18th MAYq 1955

Figures 7, 8 and 9 show the extremely rapid’ development
of a MeSsLs cyclone near Brisbanes  On 16th a low with .
centre below 992mb. was located west of Tasmania, and by 17th
had moved to a position just south of Tasmania and had lost
intensity. By 05 GeMoTe 18th a low which had developed near
Brisbane at 05 GeMe To 17, had deepened to such an extent that
its central pressure was below 980mb. and had moved south-
eastward over the Tasman Sea.. L

The evaluation of the 200mb. pattern is shown in
figures 10y 11, 12, 'On 16th a trough in the westerlies was
apparent over eastern Australia with a wind speed maximum
west of its axis ‘at approximately the same longitude as the
Me So Lo cyclone centre west of Tasmania. On 17th the trough
had become sharper and the speed maximum had moved to the
axis of the trough, which had moved only slowly eastward.
By the 18th the speed maximum had extended to. .the:east of
the axis of the slowly moving trough.

v - Figures 13, 14 and 15 illustrate the pattern of
. the 200mb. absolute vorticity during the periods It will. .
be seen that a maximum of absolute vorticity was closely
“associated with the speed maximum due to the strong cyclonic
shear in that region9 but on the 17th and 18th the sharpenlng
of the trough causes a marked charge in the shape of the -
absolute vorticity maximums It will also be noted that thils
vitally affects- the vorticity advectiori:-for whereas on 16th
streamlines and isopleths of absolute vorticity are ‘roughly
parallely; on 17th and 18th they are approx1mate1y normal one
to the other over a con81derab1e areds . :
- ThlS effect is- apparent on figures: 16, 17 and 18
showing the "200mb. divergence Whlch Was evaluated on the o
assumption o : : '

D _— -' _]_. 'Vo v Qo~

The pattern on 16th is “in conformity with the popular p1cture
of divergence ‘agsgociated with a speed maximum butthe values :
are small, and therefore doubtful, except over Queensland and
Western Australia. On the 17th there is a maximum of '
divergence exceeding 8 x 10~2 sec —l in the vicinity of the
area in which the rapid surface deepening occurred some =

12 hours later, and on 18th this maximum moved southeastward
over the Tasman Sea in association with the surface cyclone.

Ori both 17th and 18th the validity of the maxima of divergence -
in lower latitudes is suspect because of the likelihood of
large percentage errors in Q.
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