,
¢
-
“
K
"
1
’
PO
v
v

WIND DRIVEN OCEAN SURFACE TRANSPORT N

) OMMONWEALTH SCIENTIFIC AND INDUSTRIAL RESEARCH ORGANIZATION ' :
_,D1v1510n of Fzsherles and Oceanography S
‘- _J' -t' ‘_. . ) ".,“ : - ‘l: “ N - |. ) n. e .’ ’:" -\ “,‘ ."‘ ! .‘-“-'. . . 7.; . :‘
.';‘V "VI"_“‘ . ) { - - ,:REPORT:_Sz. L . , . . N :., | ‘.“‘ . , . .
I% . . L. RS _.-;”' . "_, ’ tl :. '_‘ L |
- - o - ) o Do 3 '

. , . , . .: S
. ; _
AROUND AUSIRALIA | Lot
a . B O A L .
rot N ' (P , . . ¥ . : .
* = . * l N " . . [ .
. N o . Lo FER . ' ' 3 .
: ' LT - . g .,
N VT . - & . . } . . N .
. - - ' . ! f . -
aa i . ‘o . K
co ! ' .t Tt . .. ) !
e ' . P E . L . ” A
TN . By G.R. Cresswell. -~ . \ o
' ' . . . -
. oL . L R )
r 30 : . : P . ‘ . . .
' ERR , v , ) , K A I
[ ‘ I8 B . . ' : Ay - ' 2, - .
. ,
' ' - vl - l [ . - L
. t R b . , . )
. - Lt ..
N IS . ' . - 3 * .
.. [ L - ' . . .
M - Tyt . ' G ' . “ . -
e L ‘-, Cl 2 . - -
.t . ' N L ’ N g N N \ -
' ' - ! v . o,
. . . [ - . } A L Lo ~ ] 1
T 1 . . Y 1 ., , .
. ERN . L 4 Lo )
. * ks
L - “x . . . . . -
ot ¥ . ! oo~ N * : RS e s
tE k] N - - L. \ P N N N . . . )
® ‘ " ! T " 1 - . '
' , N - B PR T
- \ ; ' RN . R
. . . ¥ . . . ,
‘ . \ SR . X . .
. < T M v e - v i . vy - v Vi L .
[ . , . - v , L I . . T,
. . A ) . . .
. N o i - . . . . : .
b Yo ‘. . < ~ 4 ) A . [ ,
. . IR - . . . n
. . . . e L . - P
- . - . . . X . A
i l , . ' - 4 . - 4
[ " PR . A . vy
! , "y Lo ' [ - ” .
. ' - .
. T v POt . . ‘ . - .
L et ) a . - - - .
h L . i | B . L ) ' * . o,
= - ‘ + L P N L -~ .
1 ‘ - . ¢ . ‘ . | . » . .
’ ; ! 4 i ' ' ’ T ' .
' N . cel N, L “ AR -
N ~ S * LS Ty P
. . : - i ~ AN D P
’ N * ¥ N . M "t ' N
. r . e Lot b . ! - -
. . . . PR N C . B * . ~ N - L
- I“. ‘ N N ) ) r " h‘_ - . 3 .
L Vs - . . L. -
_‘Ih. " N o ST ~ . - .
J . L. P ‘ ) .
* e . . . : o
o poosT T N [N ’ N 5 O, N
. - - Al . . o . . .-
. . - - . "
. - A Ly , 5 v, . ; . .
. ¢ P y ' PR - . - . '
. : M L b e ‘ A
- ‘ arlne a: oratory Do A R
.' I I ot . . . . “
e, Cronulla Sydney U oo e
IR ) T A .
) . ) ’ i M + L - . 7 . A - .
,- e ‘ r : M t . PR . . "4 . LN N L
. i ' - < » . - -~ N ,
: . s - . . f - .
N . ‘ -~ . B ; N " r Al .
! o w7 P . . oF J N - .
N . - Tt L . . ‘ . .
' N . . P ) .. ,
t , . [ ] . . R
. yo I . . . ' .
. f i . Y - , .
. - . . A .

N
Y
4



COMMONWEALTH %5=2 ¥ OF AUSTRALIA

COMMONWEALTH SCIENTIFIC AND (NDUSTRIAL RESEARCH ORGANIZATION

Division of Fisheries and Oceanography

REPORT 52

WIND - DRIVEN OCEAN SURFACE TRANSPORT
AROUND AUSTRALIA

By G. R. Cresswell

Marine Laboratory
Cronulla, Sydney
1972



WIND-DRIVEN OCEAN SURFACE TRANSPORT AROUND AUSTRALIA

Abstract

. Fofonoff's computational method for determining wind-induced
ocean transport from atmospheric pressure data has been applied to
the Australian area. The method showed offshore drift in Western
Australia to peak during the summer months, thereby supporting the
suggestion that the rock lobster larvae may commence their mlgratlon
by riding these currents. : -

INTRODUCTION

Fofonoff (1962) developed a computational method for determin-
ing wind-induced ocean transport using as data a 5 grid of monthly
mean sea level atmospheric pressures. Wickett (1967} applied the
technique to a time series study of North Pacific zooplankton con-
centrations. He found that the zooplankton concentration off
California showed a dependence on the amount of southward surface
transport one year previous in an area 1,200 miles away to the NW.
In this area strong southerly surface tran5port could divert enrich-
ed waters from the Alaskan gyre across the underlying eastward geo-
strophic flow. Once across they could travel souttward on the
California Current. S .

) Aagaard (1970) has applied the’ technlque to the Greenland and
Norwegian Seas to show that the observed major persistent features
of the circulation can be quantitatively explained as wind-driven.

Several fisheries in Australia -~ such as the rock lebster in- .
dustry in Western Australia.(Chittleborough and Thomas, 1969) -
depend heavily on the successful marathon migrations of larvae.
These larvae will ride the ocean currents as have countless genera-.
tions of their predecessors. In the absence of direct measurements,
Fofonoff's method, albeit subject to the data quality and the valid-
ity of the method per se, can give an input of information. .With
this in mind the method was adapted for a southern hemlsphere grid.

Additionally, in’ COllaboratlon w1th Mr W.P. wlckett of the .
Fisheries Research Board of Canada, the computer program for the 5°
grid of monthly mean pressures was modified to act on a 2° grid of
daily pressures for studying oceanographic events in the N.E.
Pacific coastal domain (Wickett and Thomson, unpubllshed) This _ ..
program was then adapted’ for grids along the ‘east and wpst Australlanm
coasts.

~ METHOD

In Fofonoff's method geostrophic winds are calculated from press-
ure gradients in the atmospheric pressure 59 grid and then, by apply-
ing a contraction and a rotation to account for surface friction,
the surface winds are calculated. The pressure gradients at each
point - icome -frem. finite differences of pressure calculated from.the
pressure .at:the point and at .the six nearest points. The -action of-
the wind stress on the sea theoretically gives ‘rise ‘to the Ekman"
spiral: in the southern hemisphere the surface current vector is 45
to the left of the wind and the deviation ‘increases with depth while
the vector magnitude decreases. FEkman's (1905) calculations were
the case of non-accelerated drift' currents in an idealized ocean for
which the equations of motion were
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whefe’A'is'tﬁe'éddy'ﬁiséosity'caéfficiéﬁt (cf._Neﬁménnfand,Piérson,i,
1966). The solution is given by

u = Vne-(“/D)zcés(HSO - L)
. _ : D-
v = Voe-("/D)zs‘in(MSd-- Iy - © @)

v/ / %ukp Sind

with E o Vo o

H

T is the surface stress and D is the Ekman depth (= ™ A/py sing)
which, for A;having;ﬁn average value of iOanmf? gm sec‘i, is about
50 metres for latitude 30°, At this depth the current vector has
reduced to e " times the surface value, about 1/23, and is opposite-
ly directed: to the surface current vector.’ T -

If y and v:are integratedqutween'depthSrz = Q and z = ®, assum-
ing the wind to be in the y direction, then the total mass transport
is in the x direction and is t/2w sin¢. ' In other words the transport
is 90° away from the wind direction; for the 'southern hemisphere the
latitudes, ¢, are taken to be negative so the déflection is to the
left. - T v ST " : '

To calculate the surface speed, V, , from the ‘mass transport
values given in this report the association is-that-a transport of
1,000 metric tons sec™l km occurs with a surfdce ‘speed of 8.5 cm/sec
or very roughly 20C km/month.. Once again. A has been taken to be
100 em™1 gm sec~1 and in ‘the southern . hemisphere. the.surface velocity
vector will be 45° to the right of the transport vector. . : '

Fofonoff assumed a sQuapéﬁ;Jiéﬁ veiécifj}ﬁgpéndénce“for the wind
stress; ‘the zonal (eastérly)ﬂan@ngridiona%_@nqp;herly) components .

were respectively
sk
= 2 2%
TXV = Py cDﬁ_(us * Yg)‘,?g
_ ;_;é‘,:,é %'[;5 . (3)
T¢ T Pa cDmggsuT:Ys)"uvs >
where-pa'is mean athdsﬁheric.deﬁsity,~CDva'constant drag coefficient,
and ug and v, the surface wind components. The zonal and meridional
components of Ekman transport, are. then .

H

it
. . L (u)
Vg

Ty /20 sind
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Fig. 2.- A time series of surface transport vectors for SOOS., 115°E.
determined from a 5° grid of menthly mean atmospheric pressures.

MEAN % %
A . > — A ... .. &

¢ ¥ I ¢ ¥ ™
1 3
JULY 1971
Mean N\ 7( \ \Y\ f}/\
® « 7 w Ve g X Coe . P b R
1 ~|¢ e J/ \ 3
OCTOBER 1971

MEAN

JANUARY 1972

| \7 NS AN

NEN N — X\

1 v V"(’ ¥ \ ‘¥ R B
-—— \\\i
I000 METRIC TONS/KM /SEC

\\\‘\; 3o

APRIL 1972

Fig. 3.- Time series of surface transport vectors for 3008., 114°E.
determined from a 2° grid of daily atmospheric pressures for selected
months.




5% Grid of Monthly Mean Pressures

To perform the transport calculations in the present work values
were ‘required for the ‘contraction and rotation of the geostrophic
wind vector; the drag coefficient, C;; and the mean atmOSpherlc den-
sity, p_+ The contraction factor was 0.7, as used by Fofonoff, while‘
the rotation, based on emplrlcal results for relatlvely low latltudes
(Carstensén, 1967), was’ '20°%; " The' drag coefficient, C., was 0.0026
(Wu, 1969) and the mean atmospheric den31ty ‘was 0. 00192 as used by
Fofonoff ’

. I 7

The data used were monthly mean atmospheric’ pressure maps for
the southern hemisphere.for 1960-1962. These maps are published by
the South African journal”"Notos", with the most .recent ones avall-
able’ belng thosé ‘for 1962: - They were’ sealed at p01nts ‘on_a’ 5° grld
Surface transports-weré machine plotted for the region 20 S.-45°S.
100°E.<170 E. as if ‘Austrdlia did not exist. Then an overlay map was
used during reproduction (cf. Wickett et al., 1968). The final maps
unrealistically show surface transports on the continent. Only one
map, that of January 1960, has been reproduced here (Fig. 1); the
others are on file and readily available to interested parties.

roge

(08

Because of the interest in the western rock lobster larval mig-
ration a time series of surface transport vectors was drawn for 30°S.,
115 E., the centre of the reef bioclogical studies (Fig. 2). It is
particularly interesting that during the summer months, from November,
to March :when the larvae are hatching, the offshore transport maxi-"
mlges. Note also that the wind driven surface:vector Vo would be
45~ to the rlght of the transport vectors drawn, or generally due
west. . L -

2° Grid of Daily Pressures

The drag: doefficient, C;, for daily pressure values was taken ' '
to be 0.0012." =2 grids were selected for thé weéstern and eastern
Australian codstal strips, the former for pos51ble appllcat1on to
the western rock lobster larvae migration: - The cofiputer programs
for both are working but at this time we W1ll only treat the time
serles of tranSport vectors for 30 S 114 E in Western Australla.

As the 5 grid work for 1960~ 1962 had revealed seasonal varia-
tlons in the transport, the daily atmospheric pressure maps for the
months of July and Octoger 1971, and January and Aprll 1972 were
scaled at' peints on'a 2= grid.’ For the point 30%s.- . 114°E. the
pregsure gradlents cage from Bressure values for' the p01nts 2805.,
112°E. and 116°E.; 30 S., 110°E. 114° E, and 118 E., 32 S., 112°E,
and-116°E. - Flgure 3 shows the: da;ly transport vectors and the °
monthly means for the four months. Reasonably consistent and strong
southward transports occurred in January Note that the surface
vector, V,, would ibe to the southwest o ’

P



CONCLUSIONS

Fofonoff's method of determining surface transports from a 5©
grid of mean monthly atmospheric pressures has shown offshore tran- . ‘
sport in Western Australia to peak during the summer months. It is -
during these months that the rock’lobster larvae hatch and, are
transported seawards. Chittleborough and Thomas (1969) were the
first ‘to propose offshore surface wind drift as the important process
for the larval offshore transport. :

It is not apparent from the transport vectors calculated in this
report how the larvae could return to the coast. :

Thé_meﬁhoﬁ was adapted to a 2° grid 6f.daily atmospheric press-
ures and’the months of July, October, January and April for 1971/72 .

were treated. Maximum surface transport occurred during January al-
though if was directed southward. . The corresponding actual surface .
vector, V,, would have been directed to the SW.
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