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• ABSTRACT
1'1 streClrl function has bean fitted to JOHSDAP 73 data and, afterassesuMent

,
of v3rious approaches, flow patterns proäuccd for each day of thc oxereise. 1'1

" ... ' ..
12-day sni.lplc is shotm. COl':lpnrisons hü.VG bean made between these patterns and

two nu~erical model results. Alternatives to thc'strcal':l function tcch~iquc are

noted nnd some proGress rcportcd towards ti1cir use in shelf-sea environments.

INTRODUCTIOlI

Hunter (Rof 1) pointed out that Vr.;ry often thc currcnt vcctors produced

from moorcd currcnt meter networks were intcrprctcd subjectivclY and that one

conscqucnce of·this was that thc magnitude of thc vcctor tlaS seldon given as much

i~portance as thc dircction of flotT. Objectivcly thc tt~ parameters are of equal

inportance. He feIt tImt thc application of a strcam function to represent a set

of velocity vcctors from an irro~ular1y spaced.array tlou1d producc a mere meani~~ful

current field than th~ patterns of floH usually provided. In this paper We show

the kind of results obtaincd from fittine a strcam function to thc JOHSDAP 73

current meter data{Ref '2). A. more dctailcd rcport hns bean produced (by D J
.'
La"Trencc) and will be pub1ishcd in duc cou]:,se. For the moment we are aiming .

simply to shou the main features of hin rcsu1ts.

HETBOn

Q Data prep~rution and selcction

Thc nvailablc JOHSDi\P 73 currcnt moter dat.J. at thc Fisheries Laboratory,

in the form of ralT 10-ninute rendings , tlOre <J.veragcd ovar. 24 houl"'s 50 minutes

to remove tides. Hourly tahulatcd data from tuo Dutch, light vessels \mr'e also

encodcd and averagcd over 25 hours. The averages were contred at 12 hours GUT

of eElch dny. Tliif3 mcthod produces an ampli tudc! factor foX' thc dominnnt H
2

, tide

of less than 0.0007, thus f12 tidal strcü.ms of 150 cm/sec would be rcduced to

- 1 -

iud
Thünen



,..~
( .

loss than 0.1 cr:J/sec which "laS considered adequClte as the expected Hind driven

currcnts Hould be of ord8r 15 cm/sec (thc rnedinn dnily avcra[;e wind speed, fram

the JONSDI\P 73 report, ''las about 7crn/see) and thc residual drift of the order

of 2-4 ern/sec.

Fron tho available data set, 8 sitos (Figura 1) were seleeted to give a

long run of 41 days frotl 8 September to 18 Oetober. The upper current meters

from 6 T1oorod rigs wore used, with instrunents ranging from 6 to lL. m beIm.. chart

datum. At the t.lO light vessels, Noord-Hindcr and Taxel, measuroments wore 6 m

below tho sen surface.

b Strean function fittinG

rollowing Hunter (Ref 2) tho str8<l.'U function was fitted hy a polynornial

in x and y

..'

Wn = L i1 ••
J.J

i j .
i-{ Y ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

"here i ~ 0

j ;. 0

1 ~. (i + j) ~ n

Thus n governs the· order of the polynomial

Thc number of tcrns' will be. (n + 1) (n + 2)/'2 - 1-

The transports for the Southcrn BiCht ar" approxinated by

Q.±.. = T :< uhaY X·

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• (2 )

- Q!. = T :< vh
0;< y

. whcre velocities (u, v) fron tlw cun~ent motors are eonsidcrc.:d representative of

the entir<:; 1-:ater eolumn, thc depths, h, are mlJasurod from chart datum .:lt oach site •

and T is the componcnt of tr<tnsport in cach cnso.

Then, if there are m sitos to bo used, one gcts from differcmtiating (1)

and substituting in (2) a system of 2 11 linear equiltions in (n+ 1) (n + 2)/2 - 1

unknovms. This system is generally ovcrdotermined and has to bo· solved in thc

lCilst squares sonse. 1\ program to solve tho exact case was also developcd and

verificd usint-~ Hunt8r's drogue data.

Tho main l-lork done i1iJ.8 to solvo tho cocfficionts a .. usin~ daily datn sets
~J

from thc 8 sitcs for polynor.'Jials of order "nil = 2, 3 9 4 andprodueG not only

cstimatcs of thcir standard dcviations, hut also thc spatial variance of thc

transport Lefore and after fitting, the residuals at the.sites~ thc stream

function valucs at rectnneular grid points~ ilnd thc vorticity evaluntcd at the

mid-grid position.

- 2 -



•

RLSULTS

•

Values of 'Y >lere printcd out at rcctangular grid positions to' pormit '

prel.iminarY,:exar:lination and contouring. A grid sp<:tcing of 25 km and 9 points,

along E-il and H-S axcs Here uGed to cover thc Southcrn BiCht. Thc x-y co-ordinate

system origin was (00 longitudc,.520 lT).' Tofacilitutc contourinß a,mean was

rümovcd fro~ each set to force tho central point to 'zero. ,As'hand contouring

provcd to be slot-l and inaccurate, the ' c;rid 9~ta points fOl' 'each sol~tion wore.

storod for use by an interpolation program which used Cl l6-point bicubic splinc,

and dclincates thc contours using synbols on the line printer. Thc scale chosen

was 1:700,000 to match Admiralty Chart 2182, rcquiring 67 lines of 112 points each.

These pictures thcn forn thc final product.

It tms found that thc 'Y 3 patterns gavo the best fit i'tS f<:tr as thc data Nas

conccrncd and some sampIe rcsults of thc daily transport fields are shown in

Figure 2. Only contours relatinr; to the lIintorior rcgionll of Figura 1 are shotm

'in this prcscntation.

DISCUSSIOH

n D<1ily menn flot-l

Tho most strikinr; feature of the 41 du.ily ficld patterns in the lack of.
, ' ,

perG~stcnce of features from one day to thc nc}~t. In tho dcep ocean features

have been 'found tdth 1ifo tines of tens of days (Ref 3) so that thair deve1op­

::lcnt cnn bc trnccd by 1:10am; of tcchniqucs of this kind. In sha1lm'1 seas Hhere thc

response time cf water circulation patterns to changes of the wind regime is

of thc order of hours or a day at thc most, such an app1ication doos not soom

to be possib1e. It is possib10, hOtTcvor, to aSGess cach d.::li1y fiold subjcctivcly

and to produce groups of basic shnpes und/or basic mean f1ot'1 dircctions and

thus bring ~ome ordel' to thc tine series of dai1y flow patterns. For cxample,

• thG majority of patterns (27 of L~l days) had mean f10w direction north or north­

tlGst. Furthcrnoro, ü mnjority of these days (21 of 27) hnd patterns of oither

siop1e diverGence or sinp1e S-shapcd curvature us one nover. dOlffistream. In

Figuro 2 the patterns for 10-12, 15, 17-18 September are part of these general

populatimos. Such grouping a11o~lS proper pcrspoctives to be gained betwcen thc

oV0ral1 mean pattern found and the occurrcnce of day-to-day variations in a

spatia1 sense. Other interpretative tcchniquns, that attcmpt to rcducc,the spatial

patterns to dni1y vectors u.nd rc1ato these to the wind rc~incs (Fieure 3) on1y

rdinforce conc1usions reached by the simpler approach taken cy, for examp1e,

Rnmster, Hadler and Jones (Roferencc 4).
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are shown, hased on tHo-dimensional non-linear numerical nodels.

It is intcresting to noto, incidentally, that a major feature of the.

JONSDAP 73 daily streanline patterns is thü prevalcnco of a wost or north-west

cornronent at least over that part of thc Southern Bight beinß considercd. The

inportance of such a tr8nd lfas not really appreciatcd in tho first general nsscssment

of these data because most residual volocitios in the central zone were small and

variable (Neunann factors of < 30%, Ref. 4) and their relationship uith thc regimes

on either side not clear in consequencc (Refcronce 5). In fact this is .exactly

the type of situation it was hoped the application of the stream function technique. .

would clarify and WG foel that it has done so.

b 41-day mean flOH

Fi&uro 4(a) ShOHS thc streamline pattern ('f'3) tagether uith thc 41-day mean

transports upon ilhichit is bascd. For comparison, two other streamlinc patterns

•Figura 4(b) 1s takan fron Prandle (Rof 6) and shows residual flOHS duc to H
2

tidal forcing at the boundaries. Clcarly tho north-easterly drift in thc north of

the 'interior' region agrecs with tha 1\1 3 mean pattern but to thE: south the stream­

lines generally sh.mr only a slicht bending tmmrds thc west, tho nean direction

being mn:: or north. Along thc south-wcst boundary, of the interim' region, thore

is a ITlcandcr that has both Hest and C<1st conponents and a closed p;yrc just abovc

52on. Th0 sense of the gyrc is countor-clod:wisc whercas the nean ~ 3 pattern

has clockHisc curvatl.lro. Flm'l mtlllnitudcs are lfe<lk hore, howover. l\.cross thü entire

intorior region, the flow nabnitude is about 5 x 104 m3/sec in both northern and

southern regions. This is only a factor of 2 lowar than thepresent ~3 nean pattern

so thora is rcasonable agreement.

l\.nother Qoool incorporating thc non-linear effects of tidal forcing is duc

to Nihoul and Rondny (Rof 7). Thair Figura 2 is reproduccd hore as Figurc 4(c). •Again tho flow dircction in tho northcrn rczion is north-east. In tho southern

region, the streanlincs ShOH only very slif3ht ~vcstlvard deviation fron north-oast.

There is Cl ~Trc off the Anglian coast, counter-clockHise, in aßrcenent with Prandle

and oppositc to thc 'f'3 pattern curvature. l\.cross the entire interior.region, the

magnitude of flow is about 2 x 10
5 n

3
/scc, which is a factor of 2 abovc thü flOH

sl.lggestod by the ~ 3 flow pattern.

It may he suggested that comparisons of thc numerical model outputs with

eithcr thc 41-day 1!J 3 rcgine or any of the dailY stream function patterns is· not

vcry mcaninGful bocausc by thair vary ntlturc thc models ralate to those features

of the circulation patterns that are instrinsically stahle. Consequcntly only whcn

a very lang (> 100 day?) str{~an function nean field is takan will the results

begin to approach thc snoothness of the nWJcrical model rcsults. Unfortunately
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since both traditional field data sets and the modclling approach tcnd to smooth out

short-pcrioJ and small-scale variations that are potentially of great importance in

bothpurc' and applicd aspects of i:lal'ine biology, many workers only think in terms

of such regimes. It scems to us that atimc scrics of strealil function floll charts

providcs a salutary l-Tarning "'.:0 bmmrc of Guch an attitude of nind.

c Future llOrk

In the last 2-3 years thera has been great interest in the probIen of

prescnting irrcgularly spaced vector mcasurcmcnts in an objcctivc fashion and
. ,

various alternatives to the Hunter stream function appro~ch have beeu developcd.

,Freeland and Gould (Ref 3) "mpirical orthogon~l function" approach has been

examined in detail and as a preliminaryto the trial of this method away from thc

deep occan lvhere it is bcc~ming popular, thc correlation facto~s have been evaluated
, '

for the 8 sitcs used in the prcGcnt work. Preliminary e;caI'lination ShOVlS some

consistcncy of these Hith distanee, whieh is thc first prerequisitc for the adoption
,',

of thc method(Figure 4). ~ problem to bc faead is whcther boundaryeonditions

can be incorporated. Thair incorporati6n might mean one would havc to abandon the
. ,

analytic solution and go to pcrhaps a Lagranr,ian multiplier type solution.

~n important'by-product of this preliminary werk is thc 'differenec in character

shOlm in Figure 5 bctwccn tidal stremn data noasurcd at light vcsscls and JONSDAP

73 moored current meter stations respectively. Thc differenees are so great in

fact that thc light vessel data llould havc to be i~norad in the drawing of any

tentative curvcs. Invcstigation of the originG of these differcnces, Hhich He

think arc due to tlore subtlc factors than thc differcnces in the position of the

mcasurCl"lcnt and the sampling intCi,"'val, 1'louIc obviously be of eonsiderable interest.

CONCLUSImrs

1 Th~ use of strean function fitting and other rclatcd tcchniques to thc data

from moorcd current meter netuorks providcs new perspeetives for investigators.

2 As yct thc rulcs for assassing a time scries of strcam funetion floH piltterns

are undefinüd but thought should be givcn to thc devclopment of objectivc guidelines

and particularly to thc comparison of such patterns with the outputof numerieal

models at daily intcrvals.

3 ~t the tine-senle of one day the eirculation of thc Southcrn Bight during

JONSD~ 73 contained si8nificant ~r8st and north-w.Jst-going eonponcnts of drift

not fully reeognized before.

L~ Light ship tidal stroam data is very different in charactcr to moored rocording

eurrent neter data.
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STREAM . FUNCTION GRm LIMITS-

UINTERIOR" REGION ...

1°E

• 'JONSDAP' sites

5'

L

Figtire 1 'lhe Southem :Bight showing the 8 JONSDAP '73 stations used, the limits of the stream f'unction grid, and
the 'interior' region ovar which the stream function was judged valid.
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8 Sept 73

11 Sept 73,

14 Sept 73

•

9 Sept 73

12 Sept 73

15 Sept 73
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. 10 Sept 73

13 Sept 73

16 Sept 73
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•
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18 Sept 73 19. Sept 73

F1sure 2 Stream f'uncUon contours f'or polynomial of' order 3 over '1nter1or'
region only (see F1sure 1). Daily averflged transports. Transport
between adjaoent contours = 0.5 x 105 m3/seo•
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VECTOR SCALE
o 20 { Wind speed (m/s) (trom reference ,) t1----+-----11 & .

Numbers of transport stream lines found arrows indi~ate direction·
in each daily tield (ie ~ total transport towards whlch flow occurs
per day)

l = signiticant trend of shape shown in vector away trom general flow found on this day
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Fig 3. Vector time senes of wind end stream function fields
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41 day MEAN TRANSPORT FI ELD

(JONSDAP 8 Sept - 18 Oct 1973)
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o 2
I I 111 Obs&rved Transport

rn/sec

Transport between adjacent contours = 0 .5 IC 105 rn%ec

Figura 4a. 41 ~ mean transport field (JONSDAP, 8 September-18 October 197;).
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Figura 4b Residual flew from numerical model with ~ "tidal forcing (D. Prandle,
1977, Figura 4, prel1 minary manuscript, submitted to Proc. Ro;r. Soc.).
Stream Une units are 104 m3/sec. 'Inter10r' region of Figura 1 10
superimposed. ~e ratio of x to ;r seales io about 9:10.
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Figura 4e Residual f'low f'rom numerioal model with ~ tidal forcing and river
inflow. (Du.e to Nihoul and Ronday (1975), Figure 2. Copied from
D. Prandle, 1977, preliminar,y manuseript, submitted to Proe. Roy.
Soe., Figura 5.] Stream. line units are 104 m3/see. I Interiorl
region of' Figure 1 is superimposed. 'lhe ratio of' x to y seales i8
about 9:10.
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F1~ 5 Correlat1on tactor tor camponents of transport fram 8 JONSDAP '73 sites against site separation
distanoe. Data Are daily averages tram 8 September to 19 October 1973.


