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CIRCULATION NEAR THE &1ASHI~rGTON COAST

INTROOOGTION

The area covered in this paper is a section of the Northeast

Pacific Ocean bordering the West Coast ot North America between the

parallels of 1,40 and ,10 North and extending 600 mUes seaward (Figure,

1) (I The ooast is moulltainous and contributes considerable runoff to the

sea from heavy precipitation in winter and the melting of the snow in

early summer o Two concentrated sources of tresh water are the Strait

of Juan de Fuca and the Colwnbia River which drain large inland areaso

The St:r,ait differs markedly from the river irithat it is the mouth of a

large tidal basin and is deeper than 100 fat~oms for a considerable dis­

tanoe inshoreo As a result of the tidal actions its erfiuent has baen

consi.derably altered by mixing with the cold deeper watero

The continental shelfg as measured by the l()Q.Dfathom crontourJ

extends about 40 miles offshC!re nea.r the Strait of Juan de Fuca and

narrows to about 20 miles both northward and southwardo Beyond the SlOpeD

depths increase gradually to about 2000 fathoms 0 A number of seamounts

rise ,from. this deepel" water 11 but the batl\Ymetry of only £ few has been

worked out in any detaUo

The climate of the region is 'PX'edominantly maritime Tdth pre....

vailing, southwesterlj onshore winds accompanied' by heavy precipitation

from autumn to springn In summers oonsiderable air now is from the

northwest and north and little precipitation. occurs o '



j.'he oi.reulation ~).f th~~ .~o;M,hE:ast Pacific ·j.s predominantlJr

clocktv-1.se to latitude uOo North» giving way to counterclockwise south

'of 50° ·North (RverdruP9 Johnson ,3nd ~leming.9 1946)0 The colder water

along the northern periphery of the w..ain easterly drift in mii-ooean.9

the so~alled Aleutian or Subar.otic Current I) splits in an illcodef'ined

,zone 'f~ll seaJf1ard froll! t·he ooast near 45° ,North»' both orientation and

position of thf; z·one of di'Yf-rge:oce varying ~"i th the SeaSOna 'roo northerly

arms the Alaska Cur:-ent g recurvea thro l1gh the Gulf of .i\laska; and the

southerly -:ll'ITl~ the Galifcrni.a Gurrent~ sets south t.zell offshore at lower

:latitudeso Off the Washington and Oregon Coasts in winter~ the Davidson

Current feeds water northward inahoreo The area studied» being an area

:of di.v€~rgence~ is charaoterized by '617eak an.d poorly- defined currents whioh

'are easily influenced b~; temporally cha.nging wind· patterns ·and looal

bat~etrie irregularitieso

The me3snrements to be reported in this paper were carried

'out with the Research Vessel MoV0 BRO~'lN BE~.H. during seven offshore cruises

-in the spring f.lnd summer months of 191)2 and 19530 Because C'f the antici=

pated variations f)~ currents 1·rtth time.9 determinations of circulation pat­

terns by dW'namic topograohiAs lo1ere su~~lemented by use of the Geomagnetic=

jt~leotroc:>Ki.netograph( It was quiokly tiacove~d that the l;;!.tter instru.'T~nt

wasmeasllrtng curreYlts (or ~ffects) very lI1Uch greater thar.t those from dyn~·.mic

'topographies~ and showing a .rotary variation v.rith timeo In recent cruises

therefore ~ several t;im.a studies have 'oean made to discover the nature of

the rota~ variationso

Pllrther e'ri~nce of the reality nf the rotary- variations was

obtained hy" ii.rect (~urrent mea.surements f';rom an anchor station on Cobb
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Seamount, a se:unoUUj rising very sharply from 1500 fathoms depth to within

16 fathoms of the ~lrface, and located approximately 270 miles west of the

Washington CC'ast (4()oou45o'tN~130o-46031t·l)o The results from two such time

studies are f\resentod in some detaUo

Ant\ther sl,here of activity has been a d.&tailed investigRtion of

the outflows 'of the Strait or Juan de FUca and th'3 Columbia River, particu­

larly the latter. ~:'he outfiow of the Columbia bas been traced for over 200

miles seawa~o The position and structure or this long plume of less saline

ftter is of interes~i as an indicator of offshore circulation and mixing,

and because of the possible influence it may exert in directing the salmon

which mi.~rate to and from the river o

'the cirouJ.ation near the coast of Vancouvel· Island and the mouth

of the Strait of Juna de Fuca has been discussed bY' 'l'ully (1938 1 1941) on

the basis of salinities and temperatures meaa1J.red near the coast, often in

shallo,., wat~r. The~le measurements as well aA those of Marmer (1926) made

from Swifts\1I'e Ligh1,ship establish the direction of outflow of the Strait

of Juan de Fuca·as r.ortlmestwardo? very elos~ and parallel to the coast of

Vancouver Island~ '}'ul1y further shcn-lS the a.ccumulation of fresh water

along the coast due to the prevailing southwesterly winds in spring and

early summer, 1dth a gradual transition to a condition of upwelling in a

narrow band along the coast under infiuence of the northerly winds of late

summer 0 He interpre ts the resulting dynamic topographies as representing

northwesterly flows close to the coast in early ~r and a reversal in

directi.on in late summer" The la.tter flow, however, is overcome by the

generally northwest~rly outflow of the Stl alt of" Juan de Fuca near the

mouth of the Straitll Similar conclusions as to the seasonal shift in

'"3'''
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CurI'ents were reached bY' Thompson and Van Cieve (19)6) from drift bottle

experiments co~ncE;d about 80 miles off ~he Canadi.an Coastc Theseauthors

also relate the change in direction of nOli during the.. summer to a change

in ldnd pattern0 Some dynamic seotions along the coasts of Ttlashington

and Oregon are presented by' Sands (1937) ~ but these are too tew in number

and too olose to shore to correlate lJith the present worko

Farther offshore:J the circulation off the Oanadian Coast has

been studied bY' Doe (1952) and Goodman .and Thompson (1940) in two seotions s

from the Strait of ouan de Fuoa to Dutch Harbor;J and from the Stra.it of

Juan de FUca to Hawe.iio Still farther offshore, the Carnegie Cruise VII

(Fleming fJ 1945) established the gross. structure of the eastward fiow1ng

Aleutian Gurrent and the beginning ot 1ts separation into southeasterly

and northeasterly b:ranohes 0 Two or more sections have also been made by

Scripps Institution ot OceanographyJ the U., S" Fish and Wildlife Service,

and the U" So Na.vy n:lectrotiics Laboratory~ but the results are unpublishedo

To the south,!) Scripps Institution of Ooeanograp~have studied the ooastal

currents very inteneively and their cruises have ocoa.sionally come as far

north as the Colwnbia Rivero Thus the details of the oirculation near

the Washington Coast. are. little mONn:!

With respe:ct to the GoEoKo.9 as used in areas oE wealc and poorly

defined currents such as this" there is little publishedo The in'terpre­

tation of the results as currents is in ·some question, as is the "KII. factoro

The apparently rotary current changes observed, although indicated by von

Arx (19,0) J have not. been carefully analyzed, probably because in areas or

high currents they a.re relatively less important 0 Oceanographers at

Scripps Institution of Oceanogra.phy are known to be ''lorking on this problem~

D
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As otheri5 he.'l'=! sug~~st,ed, th"? hoM.zontal grad.iants of tempera-

ture and salinit.y may 1)9 generalized ill tw'o r.epreB8nt';1 tions ~ one for

spring and early smnm€l.' and one. tor- late sUJmner:. The '..sinter conditions

have not· heen studied" l?igu,ret!~ 2 and 3shot'll' the hori.~()nta.l distX'i.bu.tion

of 51.1.r-faoe 'temper-at.ure and surface salinity in April....Mays 1953, the data

naving be/3n. smoothed to eliro.inat-e local fluctuationso 'rne piling up of

\I)'arm surface lmter along tpaS coast or "iTancouver Island is evidentQ

1?lgures h a.n.dS shQV.)· the ounditiona in. Ju~Y'~ 1952,) Hare t,he

breakdown of spring ~ond.i"iiions is just/ b~gi.nn.iT'..g to 8.ppaar( 'fbe 'f,i'c~t,er

which earli.er incre~sed in temperatut~ essen tiully IIp ·t.C,"1 ~,hf~ coast i.e

effect is more mar·kad. i.f 'lJp.:r.t.i.cal 5~otic.rl~ of' temperature are pl(')i~ted.?
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approaching the coa.stn Close t,o tht::Jlouth of th~ Strait c,f Juan de l?t.l(~~aD

the effect is accentuated .3.t the s~lrface probably' ~C;~i.llS€l of t.he rn.i.:xin.g

:'i'igu.res 6. and 7' (smoothed sOIn.ewtat) slim,T the cond lti.ons in Sep-

above ciata becallse oX the'.~.i~'ferent rlreas cO\t'e~dJl there is still surco

ficial evidence of upw'elling in th!~ :region near th~ mouth of the Strait of

Juan de Ii'ucao Along t.he '/vashington t~oast south of the Straitjl the sube>

surfaoe 1iemperature structl:n~ in.d.icates tile presence of upl\Tel1i!i.g l\ybich»

howe'o'erSi does not reach thr-: ~'ll:~fJc€; b~ca.use of ~. bi8P.keting la~rer of less

saline 'iY'ater" rrhis is especially so ~..n thE"~ lri.oin1.ty of the Colu.m'b:l.a. River

"illouth where t~he surface kl'aters f'J.c:w:t.n~ s':;:;-~Nard ?.r(~ rapictly l"€.pla,ced bY'

river ef~:luento A).OTIC t:hc' OreglJr4 Ucast 5u'uth of the Colttmhia~ low tempera-

tlllres cl1a.l"'acteristi.c of 'llpwel1ing a~ 2:y,a ~-n. 8-;1parent at the sruofaaeo

~lgl1res 6 a!1d 7 a.lso show the first resuj"ta (If .;, detailed study

of the Columbia. [{·iver out,novo rrh8 plume of water ha''1r:tng a aalin1ty less

t.han .3200%
0 1S seen to 8·~tend o'ver 20e miles to thl? .souttrv.~·esto Asaoei....

tion of the Tt."'ake stz'eam is ~..n i.tself evid.'9:f1ca of thb generall.:." southerlJr

set of the currents in t,his X'Bgion curing the SU1T1!Tlero J\.t the: '(relocities
I

indicated by the ctrnamic topcgraphy for tile general area~ th.r:: time ra=

quired roX" thE: wate!t to tra'trel to th:::- outer limits of thE: 32%0 isosal

is of the order of one to twCJ months!) and hence the 't'osition of thiS' limit

establishes a minimum 'value i.'or the integrstea curr.er..~,s for at least this

periodo
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The processes of mixing in the wake stream ha.ve not yet been

examinedo However» there is some' :interest attached to the' abrupt change

in salinity gradient seaward of the 3100% 0 is~salo In essentially ali

of the area between this and the next isosal,p the surface salinities are

greater than 3105%0 and mostly ereater than 3107% 00

The dynamic topographies within 300 miles of the coast have

bean quite oonsistent in all the eruises analyzedc Since only Cruise Noo

1 in Julys 1952 D 'Went as far offshore as 600 milesJ} data from this cruise

are combined with a aomposite of all the others to obtain a generalized

diagram for the area which is presented as Figure 80 The curves south

of 46°...30 9 are based principally upon data from Cruise No o 9 in early

September~ 1952 0

Appearing generally in all cruises are the lower dynamic heights

to the west of about 1.30OW'p corresponding to northerly or northeasterly

fiows of 5 em/sec or lesso Come charJges in gradient occur in different

months but the general picture is 11ttle altared except that the contours

seem to tend more nearly northward in the. early summerD as l40uld be ex'"

peoted from the meteorological conditionso Also appearing L?} all" the cia.ta

is evidence for a defleotion southward of northeasterly flowing .stream~

lines in the area be·t,ween 128° and 1300w and 47° to 490~30fNo The data

of Cruise No o 9 indica~ that this flcnf continues southward along the

'lvashington Coast and is probably responsible for carrying the Columbia

River water southwardo These results are consistent with those of Doe

(1952)0
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GoEoKo RESULTS AND TIME STUDIES

Early in t:,e investigations J it was discovered that apparent

currents measured hourly by means of the GoEoKo along a cruise track

showed continual changes in direction and magnitude~ suggesting the

rotary changes of tidal period observed at lightshipso These curren"lis

typically- had peak values-of 15 CD 20 cm/sec and occasionally as high as

.35 em/sec s the correction .factor ftK" for the GoEoKo being taken as

unityc To be contrasted with these are the velocities below 5 cm/sec

determined from the dynamic heightso Tidal periods could be found in

the ciata by harmonic analysis ~ but the amplitudes were onlY' about one­

fifth as great as the observed peakso Later it was discovered that

inertial periods were present.!) with amplitudes of the same magnitude or

some'to1hat greater than those of tidal periodo The inertial period in

this area is approximately 16 hours, The harmonic analyses of these

data were interpreted with some reservations due to the fact that th~

ship was rapidly changing position and to the evident existence of appar­

ently random fluotuations of considerable magnitudeo

In order to derive the residual non-fluctuating currents in

this situati.oni} the data have been calculated as 48=hour X'l,nning meansj

48 hours being the lElast common multiple of 16 and 12 hourso If tidal

and inertial constituents are present.!) they should disappear in the'

averages together wii:,h the greater part of those of shorter and random

periods 0 This is admittedly a rather brutal treatm.ent,p as any fluctua­

tions in the residual current are severely smoothed therebyo Howevers

it has served for the prelimini~ investigationBQ



~.

!

A serious disadvantage is the faot that the ends of a aontinu=

ous series of observations may be approached within only 24 hours by av....

eraged resultss and hence any lengthy break in continuity of the data may

leave large ga.ps in the reaultso Twenty-f'our hour groupings also have

been tried and are found to ~emove most of the fluctuations and leave

smaller gapso It is preferred to use 48-honr means where possibles howCl>

ever,9 since the results will be less ambiguouso

The results of such a treatment to the data of Cruise No o 7

are shown in Figure 90 The large gap i.n the data on the northem- leg

of the cruise is due to the break in continui.ty oocasioned by a short

stOrlno Twenty-four ~our means s how'Bvers show the residual currents

setting south to southwest throughou t most of the northern leg with velo­

cities of the order of 5 to 8 cm/seco A comparison with Figure e shows

some similarity of GQEoKo means to the dynamic heights along 48°a»OVN

but none whatsoever along 50o....30 gNo The current pattern is also intern­

ally 'inconsistent ~ requiring the existence of a region of' convergence

within the area surveyedSi an improbable situationo It appears evident

therefore thAt the GuEoKo s in this region~ does not always measure the

longcuterm average flows associated with the distribution of mass 0 The

converse might be true in regions where strt')nger current~ are foundo

It is postulated therefore that the currents measured are

shallow wind-dri.ven currents of short durationo To test this h3"Pothesiss

average wind vectors have been plotted along the course,1t There is reason­

able correspondence along 48°....30 v assundng the resulting nOli to be 450

to the right. or the wind and lagging it t3' a few hourso In the northwest

corner or the su.rvey~· there appears to be s.n incons1.stencyo However» the



16c:>mlle courge~ obta ini.nf]; G{'J~oKo fi~ee 2.nrouteo f{vdrogruphic station:!

Two e:{p(-~riments of 3 -to U ·)2.ys & d\J.~a.tion. ~Yere tharefore rm-3de in. June and

Au.gnsts 19S3j) Cruises No o 29 ~.nd 31» respect:lv"elyo
•

In Cruise I~r)c 29» the ship steC:l.med bqcl.-.:waxod .3.11d forward two

hours' J;"t).n orl re"iprocal headlngssliaking GoEoKo .fixes every- hou~ together

wi-t,h {)ther datao Posi.tions were fixed frequently by loran, a.nd h~"Ctcographic

tb~rE be:tng some into "rde-:pende!}oe ill the rre~sli.reiOents bec.9.use each \jat~

...,10=
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expe:'.:iments of this type in lvhich he has simultaneously followed a freely

drift,ing buoy (persc1nal cOmTnUnicat/ion) o' An attempt to do ·this 'tvith an

improvised buoy and drag was abandoned after the buoy lost its drag and

l~as itself llE'a rly lest at night du.-ring a rada.r failure<.

The results of thj.s experiment have been expressed as r10rth

and east components of ~\Telocj.ty and are presented in. Figure 100 K has

been assumed to be unity and corrections have been made for electrode

droop.~ The results are surprisingly consistent and have given rise to

a: renewed belief in the reality of Gc:EoK., measlJ.rements-: The 16-hour

L"1.ertial peri-od is evident, by -visual inspection~ Much of the distortion

is due to o·liher components,9 principally'the semidiurnalo Some smoothing

ha.s neen practiced but there is d'1.i'i'iculty :in :::l0ciding 't'll'hich fluctuations

. may be, real and which due t,o experimental uncertainty" Due to the inter­

dependence 0 f separattr fixes) errors often appear symmetrically in altera>

nate or adjacent points 0 Moreover ~ in some cases the record can not be

in·~erpreted rnore accurately than several tenths of a mjJ~li\tolt(l

In correlation with this experfment~ an anchor station was OCOU­

pied for the preceding thr'ee and oneonhalf days atop Cobb Seamount (See Figr.

ure 8) Cl Here currents were measured G.t 20 meters deoth wi.th an Ekman cur·"

r~nt meter every 30 minutes s and temperature st·ructures 'tveremeasured

hourly by bathythermograph.. Bathythermograms 't'lere cUso obtained hourly

~ring the time study 1vith the GoE.JL Three hydrographi.c stations were

oocunied at corners of a 30...mile square about the seamount to obtain

~lnamic heights f'or ~omparisonCo The time stru<t ."\1Tith the GoEe 1Co vias per..

formed, in depths ranging from 1 J 500 to 600 fathoms and between 30 and

i5 miles northwest of t,he seamount.. The ship drifted south during the

period!)

....11~··



!

~.

•

'fhe direct current measurements also sho..~ rotary ~hanges con....

taining tidal and inertial componentsn The .basic periods are less well

defined because of the motions of the. shipgbu.t these motions are small

COITl'Jaredto those ')f a ship anohored in deep waterp It is assumed in

these two ex~eriments that there should be some similarity in the currents

on a sharp isolated seamount to thOSE in the adjacent/deep watero On the

l)ther hand~ oonsiderable di.stortion near the seamount would not be sur"",

or1.sing0

The results of harmonic analysi.s D..ce given in Table I~ for

both the direct measl.n:'ements and the GoEoKo Only the 160 and 12-hour

components are considered of: primary' im!1ortance s b'lt the higher harmonics

are presented to suggest the .magnitude of the amplitudes ,which could re­

sult from random data in a seri~s of this lengtho The contribution of
I

each constituent is a.ssumed ·to be expressed i,n the form

vn ~ 'n cos (9 m K1 )

ve :: Ve cos (9 co» ~)

'where v and v are the instantaneous values of the north and east compo-n e- --nents of ve1ooity'p VIi and Va are the cprresponding amplitudes,:> 9 is the
Cac:=a. _ i. c-.

time angle of the constituent and K1 and ~ are the local' epochs, the-
negative of the conventional phase a.ngles the origin of time being the

time of local lunar transit on the first day of the anohor stationo

If K2-Kl expressed as all .3n,ele less than 1800 is positive9 rota­

tion of the current ve:}tor with time 1$ clockwiseo In '9artioularJ) if ~­

K1 =90° and Vn : Ves the current hOdogram for tM constituent is a airaleo- -
Theoretlcallys circular changes are to be eJt:pected in the inertial come:-

ponent an:i generally elliptical changes in the tidal oomponent ...
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~wj. th amplitudes of the order of 2'~ f'~lei but TJ1.t.h ;;,~eriodz poorly definedo

IJisual e1:amination suggests six-hour and. towo-hour periods rat1er" than

those of -twelve or sixteen honrst> It is .f(~lt. ther.efore that th'3:::e in...

te!L'1al \·yaV8S .are not a determi.ni.rJ.g irLf1.uenca on the G~E.)Ko results; but,

that they possibly account for so~e (,i:' the aberrations and sh0rt""peX'iod

cortstltu~ntsn

"
iTj. '.rable II!,; the <9. iTe.rage residual c:~tl~!'ent IJalculat.ed from 'the

th:,"eE! t tme st,ud.i.ss is C Jmparod with the 'jynami.c topographies and vrith the

~~)p:,;,oxima.te drift of -the sh:i.p as determ:lned. by deviations from t·h.e courses

run~ measured by loran fixes~ In Cruise No~ 29~ the GoE~Ko compares well

t\rith the drift of thn ship but not· with th~ dynamic; topcgraphiest' This

was in a pel"';.od of' l~.f.{ht t,r'inc.i.$ in lJhJ,ch t.he ship might be expe<;ted to

move ltlith the t-later~ In Crui:;ie Hoc 31$ there is little agreem...:n-c. s pcssi.,...

blyo becallse the win.ls averaged 20 knotStTCIln. the north ~ Hm.,ev(~r~ the

. direct ourrent measurements compare fav-orably with the dynamic topographies

close to the seamount: Farther away, tbe 'velocity and direction deri.ved

from the 't,opographie~l are extremal:; ~lncertairJ and. are not shown:. In seems

well established therefore that "the rot,aT.'j1' changes observed by the GoE oK>

in deep water have their counterpart in ·tihe direct maastu'ements of cur-

rents~

CO';\JSLUSIONS 1\ND SUMMAHI.....~~~ .. ....,.,..~.---- ...~,

Tha wate r c irculat ion off the Qct":lsts of Vancollver Island; !.~ash....

ington and Oregon it'" late spring an.d SUITlJll(~r has '-"een studied by means oi'

ct--namic -t,opog:ra~hies md the G:lE~K, A picture 15 presented lv-hinh fills a

previously existi:ng gap in the info:rmatton tor the central ar~ble 'I'he



,

relatively flat qynamic topograpqy is especially sensitive to transient

conditions and experimental errore Nevertheless s the topographies coo­

sistentl.v show B.weak northeast~rly circulation at 5 em/sec or less~ part

of whioh is defleoted southward off Vancouver Island to continue along

the coast past 45° Northo . 'this circulation pattern is consistent with

previ.ous work in the adjoining areas,9 and with the assumed divergence

of the Aleutian Current beginning well offshore around 45° Northn

The GoEoKo has been shown to measure apparent currents which

rotate in direction and fluctuate in intensityo The peak nows are of

the order of 2Qa.3S cm/sec which is several times greater than the Ilet

£1o\"1s 0 The rotations contain semidiurnal and inertial constituents.9

the latter predominatingo

A time study in direct measurement of currents on Cobb Sea­

Mount$ 210 mUes of'fshorei has been compdr€:d with a similar time stu<tr

with the GoEoKa in the adjoining deep watero Harmonic analysis of the

North and East components of velocity has produced amplitudes of 1....11

om/sec for the semidiurnal constituentso The relative differences are

the same as the corresponding changes in· the mean tidal range at Astoria

during the period of the measurements 0 The ampl!tudes of the inertial

cQnstituent were 9 and 13 em/sec in one case and 22 oS om/sec in the

others a diffe'rence ascribed to an abrupt· change in wind velocityo

Another time stud;r wJ..th the GoEoKo showed simUar results s but smaller

aniplitudeso The combined results suggest that the currents being

measured. by' the GoEoKo a!'e real\) This conclusion is supported by the

published results of current measurements a.t several deep-sea anchor

stations which sh~ similar variationsD
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The net curre.nts obtatned ·bY·1·fTet",3gi'n.~, the GoEoKg ['ef;ult,~ show

1ittle correspondence ':nth t..hose i::'.dicateo. by d.y.r..amic topographies 0 The

former probably represent ·shcrt=tem surface ourrents duoe to the "W'ind~

whereae the dynamic topographi.ea rep~sent tntegrated effect.s over longer

periodso .

IrA '10nclusionj) it is 5ugi~;ested that progress In the interpre­

tation of cU!'rents :i..r:: this area :reqll1.res a bet.te!' insight :tnto the cause

and nature of the tran.sierlt currantso 'rb.e GoB,.K.. should. be llseful in

these studies 1) but nfI...\st 1)6 furth~r ev.ll11ated in terms of direct measuJ:Dee:o

mentso
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'fABLE 1

~~RMONIC ANALYSES· OF CURF~TS

DIRECT MEASUREMENTS AND GoEaKa COMPARED

4 r:- 11 Augus t, 1953

IF.. 1 24~8 16 12,,4 I 80 3 6 r,2' 4~1 I
J • er10d i so ar hours 1-----.:~-"""'9+'_---.-------r ~
I Dir~ I GF:K Dir~ GEK Diro: I t}EK Dir o ; GEK Dir o f GF:K Dir o GEK
r---------------'---I-~H----~--*----t---~---+-----i+-- .......I-·--#----4---i
I .IN<> COmp, 2,,? I 30 0 112~6 22 e 4 6.8 ! 7 0 6 1 3~i.l 11~1 I I. '1 ! 2~S ! 0,,9 I 0 0 8 ,
I Amplitude, I I I I I ! -! I I

• cm/sec· ,Eo COlllP~ 9:1 122061 9 0 1 110S! 2 00 i 2,,6 I 0 •.5 ! 2 03 2,,0 1103

IL ,.~ h IN. Co~. i ~ 192 ~~3-38~f-l-l-l~13-.2~-~-.3-2~1~3-1-9~-12-0~1~2-9-2~1-~-O-9~-1-82~-3-1-e~
oca~ ~~oc , I

1S,.*, in degrees IFo Compo 295 279 68 102 2'34 85 112 124 18· 177

* The constituents .are expressed as the cosines" and X is the positive angle measured
from the time of local lunar transit on 4 August tothe time of. constituent maximumo



.0

TABLE II

111tID4:0NIC ANALYSES OF CUH.REI~TS

7 ... 10 June 1953

.* The cons-tj:liu9n.trs 8xe expressed as cosines J ancJ.l:i is
the pos:i.tive e.ngle measured l:r'cm ·the time of local
lunar tl'Ullsi-JJ on 7 Jane to the t:L"..e of constiiiuent
maximum.~
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TABLE III

COMPARISON OF· NET VELOGITIES

-

Velocity Set
om/sec Or

-- :-..:

Cruise Noo 29

GoEoKo 606 1~

Dynamic Topograpl'(f 3 05S

Drirt of Ship 5 lS$

Cruise Hoo 31
Direct Measurement ...-.!to.2.. 09,. r

GoEoio 3\)6 270

Danamic Cobb Seamount 10 100
l'opograpl\r

GoEoKo Position ? ?

Drift of Ship 10 173
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FIGURE 2.

BROWN BEAR CRUISE NO. 26

30 APRIL - 10 MAY 1953

\ HORIZONTAL DISTRIBUTION

\ SURFACE TEMPERATURE °c

\,,
I

I
I
I
\
\

1300

470---+------------1~-~~---

48°---+-----+-------+--1t---------..........----.,;;:~----~......-----I-----...

9.5

"49o-8.5_~9::3111l1:.0 -----:::Illr-+- ----.:Il~-----:'---+_~~~IUIW- ~

\
\
\
\

I

tf



•
o b • •

FIGURE 3.

BROWN BEAR CRUISE NO. 26

30APRIL - 10 MAY 1953
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FIGURE 4.

BROWN BEAR CRUISE NQ 7
2-13 JULY 1952
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FIGURE 5.

BROWN BEAR CRUISE NO.7
2-13 JULY 1952
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FIGURE 6.

BROWN BEAR CRUISE NO. 33
2-13 SEPTEMBER 1953
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32.0. FIGURE 7.

BROWN BEAR CRUISE NO.33
2-13 SEPTEMBER 1953
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FIGURE 8.

DYNAMIC HEIGHT ANOMALIES_~_~;.4------"_460

o OVER 1000 DECIBARS
COMPOSITE DIAGRAM
SUMMER CONDITIONS

1952-1953

1.30
w
o
z
«
"'01234567
~ eM / SEC

CURRENT
VELOCITY (AT 480)

1-_~~~---_---L---_-L.-_--_....I-_---~--_--L_--_---I-_---~----44D30'
FORM UW-OL-OS-I

14~O!.:.O 1!..;3~8°=----__~13~6~O ~13~4~O --:1~3.:.2°-------=-13T0=-o----1:..aj2r8°w;&!'D7J.:__-:.12T6;;......·----..;..;.12r4-o---St.30'

1.20
f/)

~

:J
0
I-
2
0
(.)

I.., Z
'G IIJ 1,25• LLI

~....
ILl
m



a ..
.'"

LEGEND
~ MEAN WATER VELOCITY

(Each barb = I em/sec)

) ~ MEAN WIND VELOCITY
(Each barb.= 2knots)
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FIGURE 9.

BROWN BEAR CRUISE NO.7
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