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THE USE OF UPPER CHARTS IN FORECASTING

by R.H. Clarke.
Central Meteorological Bureau, lMelbourne

(Manuscript received 9th November, 1954)

Abstract: A number of suggestions is made for the
" use of upper charts in forecasting. It 1s not intended
"to be an exhaustive list, but merely a summary of
ideas found useful in practice. In particular, the
importance of estlmatlng upper divergence and vertical
motion, and thé value of some acquaintance with char-

U'~;acterlstle types of evolution of large scale upper

"flow patterns is empha51sed

l FORECASTING THE FIELD OF SURFACE PRESSURE

- No use of the upper charts ¢éan: 1ndlcate the
surface pressure tendencles with anything approaching the.
accuracy of surface observations. However, short period “
tendencies are known to be unreliable predlctors of future
events, and a knowledge of the processes aloft associated
with surface pressure change is often an advantage.

. Tnere are a number of emplrlcal -rules available
such as those qf Miller-Annen (1950,1952) (summarised in
the same issue of this Magaz1ne) and Scherhag (1948).

Mﬂller—Annen S rules The direction of dis-
placement of the 24 hour rise and fall centres and quali-
tative change in intensity are often well indicated by
these rules. Frequently the distance of travel presents
a problem which cannot readily be resolved. The use of the
1000-500 mb. thickness change has not been tried; it might
prove useful if available when required. The Guilbert
Grossmann rules are often found to apply in this eonnection
especially with the more rapidly moving "warm air” types.

Scherhag’s rules proved somewhat disappointing,
except -

a The Guilbert Grossman rule.

(b) The effect of cold air advection (pressure
fall alort) and warm air advection (pressure
rise aloft).

This is fundamental.
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(c) - The development of -an upper low frequently Tresults
in the splitting of the 24 hour fall area: the
rapidly weakening part moving southeast, and the
stronger part to the northeast. This is essentially

-the case of the cut-off upper low mentioned by
Mfiller-Annen. e .

Alternatively, an analytical approach to préssure
change problems may be made, :

Barotropic theory The atmosphere would be barotropic if
surfaces of equal density coincided with surfaces of equal
pressure; this would mean that on constant pressure charts
there would be no isotherms; the "thermal wind" (as measured
from one c-p chart to another) would everywhere be zero,

‘ Vorticity can be defined as the limiting value
of circulation/area as area approaches zero. It is a
vector, but if the wvelocity considered is horizontal }
we are dealing with the vorticity component about a vertical
axis, and this is scalar. It may be me-sured relative
to the earth's surface (relative vorticity, commonly repre-
sented- by the symbol ¥ ) or relative to space (absolute
vortieity, represented by 45). Relative vorticity is
? v/2x -2u/2 y in Cartesian coordinates, where X, ¥, u, v
are measured with reference to the earth's surface (u east
component, v poleward component of velocity), or in "natural
coordinates” V/R - 2 V/5n where V is the speed relative to
earth's surface, R is the radius of curvature of the stream-
line (cyclonic positive) and n is measured at right angles
and to the right of the wind direction (in the Southern
Hemisphere). ' B ,
: Absolute vorticity ¢ a can be shown to equal f + £,
where £ = 242 sin @ { ¢ = latitude, {2 = angular: velocity
of earth's rotation), , oy

Now, procegding'from‘Bjerknesf*circulation theorem
setting é dp/» = O (i.e. assuming barotropic conditions)
and assuming horizontal flow, it.can easily be shown that

e g ey

1 & (Z+rf) = - adivg V
¢ F 4t S

where © = density, p = pressure, d/dt indicates time
differentiatien following a parcel, and divp 7 ;
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indicates the divergence of (horizontal)_velocity, which

in Cartesian coordinates is 5 Dy
. V , U gV
9% T3y
(If, furthe aore, -the flow is assumed to be non-divergent,
. we have a constant, 1.e. a moving particle eonserves

its absolute vort101ty )

If the real atmosphere behaves approximately
as a barotropic one, we can use the foregoing theory as an
(admittedly rather rough) approach to the problem of surface
pressure change, It can easlly be shown that if pg .- is .~
surface pressure,t is time, F)‘»ls densityy, z 1s height,
then QE - _j gleZPV dZ . . -
2t .70
where diye represents the horizontal divergence and
divy LT = _@u + 28
. 2y = /A d1v2?+- Ve grads/?
< “Now if, as is the case for a barotroplc atmosphere,
o nen V. gradz =’ a 74
en D ~ - Vo 7z
o £

2t —
. bo divg V dp .
~— (P 1 +f) dp,
- Jo “fif ET ;f

e Studies of the magnitude of upper divergence
have shown that almost invariably surface pressure change
results from the difference between two large divergences
almost equal-in magnitude and opposite in sign respective-
ly above and below a level of non divergence gt approxima- ,
tely 60C mbs, and that the upper one determines the sign .
of the change. Hence i1f we can use an upper chart, (above
600 mb) for a qualitative estimate of divergence, we may
be on our guard for possible developments gt surface level,

. Werwill not by this means be able to predict dovelopments
aloft, - , ,

Now - aivgV = 1 _a_ (%)
= 1 9 z+f): *+‘v“.’v- .(;+'f)"')
§+f ( t ‘

where = o Indicates time differentiation at a point

fixed on the earth's surface.
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If the upper system is moving without disturtion
at- -velocity . C, we Can write , i

D (L) £ - T. v(g;’+f |'
and hence ' ' ‘ .
-div.g V= 1 (V -C) « ¥ (§+f) a%
+f ' ]
: If we choose the 300 mb , level, as being near
the level of maximum divergence, we nofe that here |1s
frequently quite small compared with V, and '(
.- diV.g V c:: 1 Vo V N +f O . 1!
e V= B (T + 3 |
We now observe that o | ll
- R !
VeV £ = v 2f = 2vflcos P :
Dy r/ i

F

: }

where r is the earth's radius, and that V. r/f_; |

V cos g grad g where ¢ 1s the angle between V and
grad g SO that 235 '

7 VL=V - ‘where

' 'differentiation along a streamllne , |

-Qv) ,;

indicates

d’uA
.

| = v (v 2V u

| e A P T |

. . 1 S |

~where X = R j

. . . _ b
) ’ vV ( 2 vll CcOS. ¢_) V;)K 4-: Ké—_
= s 1 °°

- divz..,.v". = fl",»-"—.KV ,..D V/én (. r r 3 s i

|

. I

2 2y ) |

D sdn !

Thus, on this analys1s Dpo /5 t will be large and
negative when the upper chart shows the following fe,atur'es

in combination:~ |I
. ]».

(1) V is large, as in a jet stream or frontal zone.
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(£1)~ 7 :f + Kv=JV/9p is small and-positive (if Ty -
' % 0 we have a condition .of . dynamic instability)
Small £5 1s tols found in the Southern
Hemisphere just to the left of a.jet, or on

the warm air side of a frontal zoie,

(111) The braéketed term is:iarge and nqgative;'
' This will be contributed to by - - -

(a) a strong south wind component (in the
" .Southern Hemisphere) 'in low latitudes
(cos'p large), 3 L
- 2K

A (b) large V andS s negative and largs, 1.e.
e where stregmline curvature changes rapid-
1y from cyclonic to anticyclonlc (shaded

area in fig, 1), -

Figure 1.

(¢) K is large and cyclonic, and the wind .
decreases rapidly downstream, (this 1s the
so called Scherhag divergence term )

Figurs 2, .
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or K is large and anticyclonic, and the wind -
increases.rapidly'downstream. .

Figure 3.

(d) The cyclonic shear decreases rapidly down-
stream or the anticyclonic shear increases
rapidly downstream, This term could be
expected normally to:'reinforce the effccts
of item (c¢). - - . ,

Figure 4,

It is well known that the atmosphere is not'
barotropic, and that effects other: than ;
those mentioned above, must enter into a full
consideration of this problem, We have not
considered proccsses of energy transformation
which must ultimately determine the whole
sequence of cvents, v
We have ignorcd the effects of density
advection, vertical motion and vertical stability,
‘The complete solution even f ormally i1s simply not _
available, but we may consider Priecstley's tendency
equations,which allow for three dimensional flow, |
The density advection problem will not be attacked, !

Bffoct of Vertical Motion: Priestley(1948) derives an
equation for prossurc changc based on gradlient wind
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and on dceviations from gradient, As well as terms somewhat
simlilar to those gbove, there is a term involving vertical
velocity advoction, the offect of which mgy be represented
by éé Eog pressure change due to ve “thal motion =

W -

: (52 W 3 il ‘Q
I fpo_l_ vy, (FF (X X 327 )d‘p
F o n |
where F 1s a "control factor", w = vertical velocity com-
ponent, K is unit vertical Voctor° This contribution to
2Dpo arises through the fact that in rising air there is
2 ‘ : -

2 horigzontal a-gcostrophic component of flow from warm

to cold, which results in divérgence on the warm.side

and convergence on the cold side of a zone of strong thermal
gradients. In the case of conditions favourable for
pressure fall considered above, it must be rcomembered that
divergence aloft producing convergence and pressure fall

in low levels also results in vertical motion therej in
Fact, one would cxpect w > O from the ground to near
tropopause level under thoso conditions, and a contribution
to pressure fall from the gbove integrel, in the warm alr,

if there 1s g frontal zone or‘jet, As maximum w is nor-
mally found in the 600-650 mbs. level, we should look at
isotherms at this level to.ascertaln where the chief
contributlon to pressure fall from vertical motion should be.

T + 2
T 4 X

Flg¢ S

Flgurc 5 shows. upper isotherms (at say, 700, 6 O, or 500 mb.)

in a region of uniformly ascending air. (°hadcd .ohow1ng where 1t
cxpcect surface pressure fall and risc as a result of this
motion, Co < A e

: We may swmarise the results of the sbove
recasoning thus:-



(33)

the upper charts give useful indlcations of likely events

- - 'on the surface, and in lower latitudes especially, this

" method has been found to be applicable, It cannot be
used in higher latitudes in the Australian sres very
‘satisfactorily through lack of soundings south of the
Bight. B , A

—_ If the upper systems are moving slowly enough,
( C° small) the 500 mb, chart may be used, but the 300
mb. 1s perhaps the best, Pressure falls arec likely to
develop importantly on the surface beneath upper diver=-
gence, provided this pattern remgins relatively station-
ary, so that the fall continuecs for long cnough. Upper
divergence is to be recognised by strong, diffluent winds,
with cyclonic curvatures changing to anticyclonic further .
downstrcam. The presence of a Jet in abnormally low
latitudes is to be regarded as a susplcious circumstance
and sometimes precedes such a development by 2-3 days,.
These developments are strongly damped, or compensgated,
especially in low latitudes and over land masases by low
level convergence; near the coast, where friction is
less, isotherms tend to be crowled and more latent heat
1s available, the development somectimes occurs with great
suddenness, with little warning from isgllobars, These
considerations apply with greatest force to the forecast-
ing of cast coast cyclones, It will be seen that in most
cases upper divergence is to be. found with north to
northwest winds sloft, and this provides an explanation
for the well known forecasting rule that rain develops o
wih a dcep north to northwestfﬁtfééﬁ}““Uhfbffunaﬁélj”ﬁhé"
forccasting of the upper chavts on which these considerations
are based 1s at yet in its infancy,. Neverthcless. the
development of the cut off low as-described by MUller-Annen,
can often be forccast from obscrvations in the Amsterdam
Island arca. A decp and cnergetic low developing there
and remaining quasistationary is usually followed by strong
anticyclogcneals south of say Western Australia and cutting
of f an upper trough in the castorn Bight or further east,

The devclopment of low pressure beneath an
anticyclonically curved confluent stream, as indicated
by the theory presenteg above i1s seldom observed in the
Australian arca, although occasional signs of suoh g
proccess, are to be observed on the northwest coast of
West Australig, . In general, jet maxima are to be found at
Or near, uppcr troughs, especially on their eastern side, and
conflugnt jets with anticyclonic curvature, although they
probably occur in higher latitudes, are not often observed
over Awustralia, '
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.r .Bjerknes and: Holmboe-have given a, method of .
qualltatlvol';assess1ng dlvorgonco on upper charts, which ylelds,
results- somcvwhat similar to, the abové .analysis,.  Suwbject to
quallficgtlons about--the spdéd of tfmnslatlon of the systems, .
which need not usually concern us “above; 700 mbs, an asymetri-
cal low (i.c. one “gbout which the wirds are much stronger

on one side than on the other) will have divergence effects

as illuetrated in figure 6,_thapiis! if .the .

Flg.,6 o

low is thought of as moving in the dlwoction of the strong-
est wind around it, divorgence will be found on. 1ts fTorward, .
side,(and convergencc on its »ear side. This will: be. seen,
to agrce with the barotropic, analysis given eaplior, Jout.

1s of less gonoral appliCQtion.. .

The translation of "cold pools . lhen’ a ”cold pool" exists
alor't, accompanied by no surfuce low,. there is . a téndency . -
for 1t ‘to be ‘steered by the surface winds, as pointed.out .
byi‘Scherhag+ This sometimes qss1sts in the extrapolatlon

of this not uhcoémnon quture.f It should be noted that such...
a feature regularly tends to occur on the northecast rim _
of a statlonary warm: hlgh, and. is assoclated’ with cold air .
advection round-the high, * This feature should be carofully
watched for: development, for energy dlspors1on" from a-deep
upstream trough-can’ result in a weak trough developing into.
a pronouncéd upper low and later ¢yclogenesis on the surface.,

"It has been observed that whon surface cyclow::
genesis fesults ‘from ‘a- slow moving uppor low, the. former .
continues to deepen and move slowly So long as it’ is. approx-
imately bencath the upper divorgent area; evontually, however,
it frequently - lies directly béncath "the upper low,: and, this |,
appears to be a 31gn Ol its rapid mOVement away.u,v L,
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2, ESTIMATING VERTICAL MOTION FROM_UPPI“R CHARTS

The equation of contimuity may be written -
27
div /2 V = - ;51;

= /2 div Vg + Vg U794- Erfﬁy'

where Vg 1s the horizontal wind veotor, and w ‘the
vertical component, :

' - ).@E‘V\}' D/’g
'lihen S!-T = e Bt ' Vg Vﬁ_./odlv V2

For many purposes the sum of the first two terms on the
rlght hand side may be neglected, and hence,

' L H - .
(Pw) g = f /)lede
1
S { P
Wi 8 o div V dp where pg 1is
| I /?H ) 2 ‘ 0
0

ground pressure, and D H is pressupe,,ng vertical
motion and Ay density, at height H,

Y
)

Bj — 300 mb

600 mb

/A;'

=
,~—Ve A div V2 ‘,4’ Ve

1000 mb f

Fig, 7 A vertiCal distrlbution of divergence.

If, as we have assumed in Fig, 7, the vertical
distribution of divaergence is ‘

(1) convergence in the lower levels decreasing to ntl
at gbout 600 mbs, and






