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. AN INVESTIGATT ON OF THE VALIDITY OF THE, GEOSTROPHIO
WIND FLOW ASSUIVJPTI NG - IN TROPICAL ARI:AS OF AUS’I'RALIA

Br K. n. oy,

- (Research Ssotion, 0.W.B., Melbourne)

o This 1nvest1gat10n was d681gned to determine: the extont

which constéant’ pressure gradients can be used, in the' immed: < .o
vicinity of the Tropic of Capricorn, for wind estimation by
aviation forecasters. Charts wero drawn to approximate to tho
0800 hours G.M.,T. 700 mb. charts. without guidance from observed
winds in’ thoe troplos by using winds available south of Latituds
26 degrces S. (except Charleville) and all the radiosonde 700 il -
heights. - Theso charts covered all .occasions on which pilot
balloon flights reached 10 ,000 ft., at any one or more of ,
Oharlevillo, dliceo Sprlngs Rogkhampton and Clongurry for the
periods Deoember January, February (1950-1951) and May, June,
July (1951). C.A.W D, Section charts wore dellberately not -
used boocause -they woro prepared by graphlcal addition, in whioh.

-1 the 1000 mb. contours are fitted to gradient winds. at .

'.v approximately 2000 ft. to a fair oxtent and.-- |

‘b. tho 1000-700 mb., thickness oontours are llkerSG flttod

. to. the wind shears botwoen 2000 and 10000 ft.

Thus it is apparent that C.A.W.D. S. working charts have assumed
‘to a large oxtont the goostrophic flow the valldlty of which it
is hopod to estimata. . , ‘ . , :

S Oons1derable care was taken in draW1ng thc charts to
offso+ partially the lack of data, 50 ft., contours: being drewn
whore desirable. The obscrved w1nds for the above occagions
were listed from Hollorith machine data and corrosponding
goostrophic winds were moasuréd from the charts -drawn as meon-
tioned abovo., . The vootor differcnces betwoeen .obsorved 10,000
ft. winds and their ocorrosponding goostrophic winds were ca_cu
lated using a hodograph.. Tho gradient winds woere not. estimat: i
but the curvature of the 700 mb. cortours et tho station’ was
noted for each case as oyolonlc, ant¢oyclonlo or stralght

Scatter diagrams were sonstructed show1ng thc voctor
departure from geostrophic conditions at ”OO mb° ¢or Gharlev1l_..
Rookhampton and Cloncurry for .-

8, cases when the geostrophlc w1nd was, g;eater than lo knots,
. and. : D ¢
b.'all values of tho geostrophlc w1nd



e a0 -

These diagrams showed as’ p01nts on a hodograph the termini
ol all vector departures. from the geostrophlc, assuming. the.-depart
urss to radiate from the same' common ‘origin 0 as thé. vestor geo-
ctrophlc wind, which is direcotedy alongs theiy-axis.. The scatterin
¢f these points (veotor teimini) was' analysed by placing a squars-
vosh grid over the socatter dlagram and’ compiling freguency distri-
btutions of the number of points in .cach squareo' In this way it
w.s possible to obtain frequency distributions ‘of the cross-compo-
ucits and longitudinal components, with respect to the goeostrophic
victor, of the geostrophic wector. departures. ' These components -
WaTe - expressed as a percentage. of the scalar value of the goostro-
ouie w1nd (Figures L, 2 and 3% Lo RIS TR B DO

Flgure 1 shows the frequency dlstributlons of the cross com-
"onents and . longltudinal compononts with the eostrophlc W1nd
*roater than lO knots for : (a)-Cloncurry,.: b? Rockharipton, -

‘() Oharlevillo (a) al1 statlons.

he cross—components were distributed approx1mately normally W1th
tho modal value. and rniean value both close to the .vdlue Of:zero -
cross- component The distribution of longltudlnal ﬂoﬂoonents,,
Lowcver, iwas skow for each of the cases with theé,modal valug of*
20% departure from ‘the scalar value.of thé geostrophlc Wlnd,,the
dcparture being negatlve. " “Phis showed that for all stdtions .
considered the actual wind had & smaller . longltudlnal component
than the geostrophic wind, which did not therefore give @ .rcliable
_Adlcatlon ‘of the magnltude of the'actual wind.. The-data for
Figure 1, classified according as’ the actual wind was greater or
loss than “the geostrophlc wind, ‘and ‘with respect to- the curvature
of- the contours ‘may be summarlsed ag’ follows -

Ourvature,— Cyclonic Stralght Antlcyclonlc Calm or
T S N , , . ~‘1nsufflclent a:
CUNumbertof Lo LT

© emses -, B0 . 61i; 7~f”JLQQQ“ ",.;'.ees

For "the. actual w1nd class1f1ed as less than or greater than the
,,tstrophic w1nd LT A S e

| Outhur . l-.Ojolonte” Amtieysionic . Stghfs
LQSS
No. of- cases * - -, ..8. TR T A , c2k

Greater

Gyclonlc curvature of the contours should result 1n an ‘actua.
wind less than the geostrophlc wind,. but sinec therc wore: as many
“anticyclonic situations ds cyclonic when the actual wind was“sub-
goostrophic, some factor appearcd to operate strongly enough to
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'ﬁan the.. geostrophlo for 21

Teduce the.actual wind to. less
cases when thé. wind' flow wa Tl yclonlo.-- :Consideration-is.
given Tater to.the probéb ature of this factor. .-Since 80%
of the oases wére assseiated  with antloyclonlc or. stralght

wind flow the negative departure. of the Llongitidinal' compon-
ents could not have besn r¢lated to the cyolonlo or, anticy—
olonlo nature of the w1nd flow. : ‘ o .

Figure 2 1ndlcatos that when the geostrophio w1nd was -
greater .than 10 knots the dlstrlbution 0L eross-componopts wastf”
dlSplaoed to. the. rlght for summer and to the left for winter
but-no conclu81on could be drawn frém this, which -would: bq sub-
stantlated by. the .cross-component. distributions in Flgu;”s 1
and 3, ~-The distrivution of longitudinal oomponents was.
skowad, to-the: left for both summer and winter,’ showing that -
for both, seasons the aotual w1nd had a sub—goostrophlo long-
1tudinal oomponont. o . . . :
, Flgure 3 shows that for all statlons throughout the yeax
the fraquercy’ digtribution of cross—-oomponontc is unimodal -and
approtimately notmal whilst that of the longitudinal oomponent
is skew with a modal wvalue of’ 25% departurc from the scalar:
value of the goostrophlo wind, the dsparbure. belng opposed to
the dlrectlon of the goostrophlc wind.

The froquenoy dlstrlbutlons shown iid Figure- 4 were con—
structed for all date available from the stations Alioce Springs,
Oharlev1lle Rockhampton, Oloncurry and Daly Waters for the =
levels: 10 OOO 20,000 .and 30,000. ft. - The oross—oomponent dis-
trlbutlon wa.s dlsplaoed to the rlght as.was the case in Figure
3, but “the 1ong1tud1nal component dlstrlbutlon was: dlsplaoed to
the left giving additional‘evidenecd of ‘@ sub-geostrophic value
of the aotual wind, The qut hand skewness of thls dlstrlbu—;

~~~~~~~

is that the magnitude of the actual wind ig less than. that of
the geOQtrophlc wind 1in the vieinity of the Tropic of Oaprlcorn
and, by inference, at lower latitudes. Godson (1952). has dis—~
cussed the relative accuracy of- Rawins and contour—measureo e
winds and concluded -that the ‘standard grror of wind veloclty
meagured by Rawin will vary with. height in tho s&me manner as
the standard. error of wind - veloclity measured by Goritour: hslghts?
Prors of measurement should therefore “have. the ¢ffest of in- -
,dreasing the ~spread;-of  fTequency Aistribitiions without alterlng
the' modal valueo ‘Godson. quoted. eight: Aifferent anvostlgatlons .
utilising various teohnlques;o gthe standard aetor .devia-
tion between the w1nd veloclt~ and As;geostrophlo wind- veloc Lt

ﬁThe tentaulve conclus1on which can be drawn from thls study




Inspection : of ‘these authors -o6nfirmsd. Godse"'

most: probable values of the: vecton standard e
expressedvj iy :

geostrophlo w1nd _.':-__b,50 ,F_ueﬁo w20

fnon—geostlfphlc W1nd compo on't may be oon31dere'

etlcally v wrltlng the equatlons of otionyinﬁthe

i » e . [ i . - i - ".3
where U,V .are. the components of the veloolty alo .ﬁtnefbw.;g
north-south and east-west axos respectively,: .. @ LeP rarg

the pressure gradients along these, axes, @ the densmty,

Vﬂf w-~au)sln¢_1s;the Oor;oljs parameter and ‘Fx,

- By subtraotlng equatlon 4! frem l We : obtaln &h e;ppession
Lor -the non geostrozyhlc component»v'along the y—- aX:Ls

du

ecompdnent weuld be Ao ol a change E

flow boetwoeen two: p01nts along a gtreamli
conelusicon: stated - earller would:; 1mply that this
should:bs. generally | gatlve A tHe. Sub- ~goostr . !
the. aotual 'wind ig-due ‘to-a jacceleratlon borm.: : }tuatlone W;?hf
negatlve aoceleratlo‘,of'w1nd,f5qw (a_soclatedewlthgdl ergen$4;¢¢
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constent pressure contours) are .not more.likely %o ocour in
tropical latitudes than synoptic situations associated with
positive aceceleration term, :so that'whilst;the‘acceleration
term;may_in_somexsituations.COntribute'to”the~magnitude of -
the non-geostrophic component it-is not &an adequate explana- -
tion. o T A - RS

. Friction- force is- & more probable explanation of:.the non- -

geostrophic component, and is generally thought to oppose. the
»Wind flow,  Gibbs (1945) investigated the motion of air in ..
low latitudes and oomputed. velues of kV, the accecleration. dus.: .
to friction for a horizontel velocity V, assuming that frietion

- wes linearly proportiqnal.to and opposite to the wind velooity.
It cannot be shown theoretically that friction is linsarly
proportional to wind velocity and Brunt (1939) considered it
likely that friotion acts at 221 degrees to the directiochn’
assumed, which Wouldpmodify”thazoonclusions.derivedﬁbyéﬁibbs,
but it would be interesting  to examine the computed values of
kV in the-light of their possible relation to the non-geostro-
phic component of the wind flow.
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project (No. 2l) in the Research Seotion, C.W.B., Molbourne,
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" COMINGS 4ND. GOINGS AMONG. THE FIELD. STAFF. : « . -

- after arpreliminary test flight, JACK. (Cold Pool) GRAY
taxied on.to the runway. on Fridey,. 10th July, for, the long:.. . .-
flight from Research Section; CiW.B. to'®agle Farm..: .Refuel~. -.°
ling was a 1ong;pno¢988«requiringptho co=operation:of many . ... -
friends. and: interrupted: from timc.to time:by a slight haze: ; & .
over. the strip, -but .at six. o'clock, with tanks filled,.flaps , ;.-
up and éngines racing,.Jack was seon heading down-wind with-. = ..
the apparent intention of. buzzing Bourke Street. - ..« 5 ..+ - .




