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Vo lume trans po rts in the Pa cif ic E q uator ia l Counter- 

curren t have been estim at ed by ge ostrophic methods. A 

th e r m o c l i n i c  me thod usin g only b a t h y t h e r m o g r a p h  sections to 

estim a t e  trans ports is i n tr oduced  and evaluated. C o m p i l a ­

tion of trans po rts in the c o u n t e r c u r r e n t  along 79 hydro- 

graphic  sectio ns and est im ated tra nsports along 50 b a t h y ­

th e r m o g r a p h  sectio ns are presented. It is shown that the 

av era ge tr ans por t of the c o u n t e r c u r r e n t  decr eases almost 

lin early  from a p p r o x i m a t e l y  40 m i l l i o n  cubic meters per 

second in the w e s t e r n  por t i o n  of the Pacific Ocean to termi 

n at io n at the coast of Cen tral America. No conc l u s i v e  vari 

ations of se ason al  transport s were found.
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IN T R O D U C T I O N

The Paci f i c  Equat o r i a l  Co u n t e r c u r r e n t  flows from west 

to east across the entire Pa cif ic  Ocean, a few degrees north 

of the equator. It is r e l a t i v e l y  narrow, 300 to 700 k i l o m ­

eters wide, and it se parates the broader, w e s t w a r d - f l o w i n g 

North and South E q u a t o r i a l  Currents. As such, it acts as a 

b o u n d a r y  b e t w e e n  the great ant i c y c l o n i c  gyres of the North 

and South Pacific. Surfac e comp on ents of the co un ter c u r r e n t  

have been r e c o g n i z e d  and pr e s e n t e d  on charts for over a 

century. Ho wever , analysi s of the vo lu me transport s has 

only re ce n t l y  been  initiated.

G e o s t r o p h i c  tran sports  have been esti mated by Sverdrup 

et al (1942) , Jerlov  (1956) , Au s t i n  et al (1956) , and 

T s u c h i y a  (1961). Knauss (1961) d e m o n s t r a t e d  that v e l oci ty  

m e a s u r e m e n t s  in the c o u n t e r c u r r e n t  agree with g eos tr ophic  

cal c u l a t i o n s  to a first ap pr oximati on . These results s u g ­

gest that ge o s t r o p h i c  transports, a fu nct ion  of the slope 

of g e o p o t e n t i a l  surfaces, are a me as u r e  of actual t r a n s ­

ports. M o n t g o m e r y  and Stroup (1962), in a more c o m p r e h e n ­

sive analysis, di scuss  vol u m e  transport s as derived from 

ge o s t r o p h i c  cal cula ti ons. In a d d it io n to s u m m a r i z i n g  p r e ­

vious studies, they d e m o n s t r a t e  a g ree me nt wi t h  m e a sured  

current values.

Ex t e n s i v e  efforts have been made in recent years to 

co lle ct o c e a n o g r a p h i c  data in the Pa cif ic e q uator ia l 

regions, r e s u l t i n g  in a large a c c u m u l a t i o n  of b a t h y t h e r m o -



graph and, to a lesser extent, h y d r o g r a p h i c  data. A method 

w ill  be i nt ro duced  by w hi ch  transports in the counte r c u r r e n t 

can be est i m a t e d  solely from b a t h y t h e r m o g r a p h  data. A c o m ­

p a r i s o n  b e t w e e n  g e o s t r o p h i c a l l y  cal cu la ted transports  and 

val ues  deri ve d from the thermal stru cture will d e m o n st ra te 

the v a l i d i t y  of this new method.



T H E R M O C L I N I C  TRANSPORT

A m e r i d i o n a l  se ct ion of the counter c u r r e n t  is c h a r a c ­

ter ized by a sea surface sl oping away from the equator and 

an u n d e r l y i n g  th e r m o c l i n e  w h i c h  slopes toward the equator. 

(See Figure  1.) The thermal gradient is greatest be tw een 

25° and 1 5 u centigrade, wit h  the 20° c e ntigra de  i s o therm  

i n d i c a t i n g  the mean, as shown in Figures 2 through 5. This 

th e r m o c l i n e  se parates two distinct water densities, a we ll- 

mi xed  upper layer and a stable lower layer. If it can be 

shown that a r e l a t i o n s h i p  exists b e t w e e n  the slope of the 

t he rm o c l i n e  and g e o s t r o p h i c  transport, it may be possible  

to infer an e s t imate of actual transport, as suggeste d by 

Wyrtki (1964) .

If the ocean consists of two density layers separa ted 

by a th e r m o c l i n e  wit h  the lower layer at no motion, then 

the eastw ard v e l o c i t y  com po nent u in the upper layer accord 

ing to Sver drup et al (1942) is given by

,. •> c . Ap Ap AZ(1 ) fu = gi — 1- = g— 1- -—y P P Ay

wh ere  f = 2m sin<j> is the Coriolis parameter, g is the accel

er at io n of gravity, p the density, Ap the density differ-
A Zence b e t w e e n  the uppe r and the lower layer, and i =

is the slope of the b o u n d a r y  betw e e n  the two layers in the

m e r i d i o n a l  direction. The vo lume tra nsport T. to the eastb t
in the upper layer is given by
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(2 ) Tbt = uZAy

w he re  Z is the av er ag e depth of the upper layer and Ay is 

the m e r i d i o n a l  w i d t h  of the cou nte rcurr ent. From equations 

1 and 2 follows

( 3 )  T, =   ^ - - Z A Zb t  2a)sinq> p
For the m e r i d i o n a l  se ct io n de s c r i b e d  in Figure 1, this is

(4) T _ sAfi. (ZS - V  (ZS + V
K J b t  4oop . -s mq>
where Z ̂ and Z ̂  are the depths of the upper layer at the 

south and north b o u n d a r i e s  of the co untercur rent. C o n s e ­

quently, a r e l a t i o n s h i p  b e t w e e n  the trans por ts in the upper 

layer ana. values of Z^ and Z^ should exist, having

the form

( Z S - ZN ) ( Z S + V( 5 )  T b t  = k  —    — A  i i -
s in<(>

where

k = -sAfi-4mp

For the cou n t e r c u r r e n t ,  the m a g n i t u d e  of k can be e s t i ­

mated. A s s u m i n g  a de nsity p = 1.023 for the upper layer
x

and p0 = 1.027 for the lower layer, g = 9.81 meters per
- 4second squared, and m = 0. 729 x10 per second, gives k =

21.5x10 meters per second. By comp a r i s o n  b e t w e e n  geo- 

st ro ph ic tran sp orts and values of Z and Z ,, it should be 

shown that such a factor k exists and is appli c a b l e  at



least to ce rtain portions of the count erc urrent.
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G E O S T R O P H I C  TR ANSPORT

A total of 79 h y d r o g r a p h i c  sections were used to c a l ­

culate ge o s t r o p h i c  tra nsport in the co un ter current. An 

arb i t r a r y  level of no mo t i o n  was chosen at 500 meter depth. 

M o n t g o m e r y  and Stroup (1962) susta ined a level at 300 

meters and s u gg ested that d e e p e n i n g  the base wou ld  lower 

the ca lc u l a t e d  transport. A u s t i n  et al (1956) selecte d 400

meters, hav in g p r e v i o u s l y  shown that a deeper re fer ence

level at 500 me ters did not s i g n i f i c a n t l y  change the v e l o c ­

ity pr ofile  in the re gion of the co untercurre nt. Jerlov 

(1956) states that a p p r e c i a b l e  current ve lo c i t i e s  are found 

as deep as 400 meters, the layer of no mo t i o n  falling b e ­

tween 500 and 900 meters. Sverdrup (1944) used 700 meters 

w it h the note that a c c i d e n t a l  errors of o b s e r v a t i o n  e x e r ­

cise a gr eater i n f l u e n c e  at depths b e l o w  this level.

The e q u a t i o n  u t i l i z e d  in this study to com pute g e o ­

st ro ph ic transpo rt  T^ is

(6 ) T - 10 I - I (i5A - AiV iZ
§ y 7 Z

wh e r e  AD is the an omal y of dynamic he ight at the in dividual 

h y d r o g r a p h i c  st at ion and AZ is the in terval be tw e e n  s t a n d ­

ard depths. The s u m m a t i o n  is done v e r t i c a l l y  be tw e e n  a d ­

j o i n i n g  h y d r o g r a p h i c  stations, an av erage Coriolis p a r a m ­

eter for the r e s p e c t i v e  stations has been used, and then 

i n d i v i d u a l  columns ha ve been added to obtain the total 

transport  of the c o u n t e r cu rrent.  En tire columns of
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n e g a t i v e  transport  have not been included  in the summation. 

In the lower po rtions of the coun te r c u r r e n t  near the n o r t h ­

ern and s o u th ern b ou nd aries,  occa s i o n a l l y  geo st rophic flow 

to the west is observed. This flow has been included in the 

tra ns po rt computati on s, but sections where its effect is 

g re ater than 10% are ma r k e d  in Table I by the symbol +. The 

result s of the g e o s t r o p h i c  co mp utatio ns  are given in Table 

I .

In some instances, the h y d r o g r a p h i c  sections are 

limited, and may not co mpl e t e l y  cross the cou nte rcurr ent.

The i m p l i c a t i o n s  are that tr ansport estimates may be low. 

These li mit ed se ctions are noted in Figures 8 and 9. Arcs 

of a circle at the end of a se ction  indicate the limit of 

data sampling.

Data source s not refe r e n c e d  in the text are included 

in the b i b l io graph y.



R E L A T I O N S H I P  BE TW E E N  TH ER MAL ST RUCTURE AND FLOW

In order to d e m o n s t r a t e  that geostroph ic  currents and 

transport are in fact a s s o c i a t e d  w ith the upper layer in 

the thermal str u c t u r e  of a m e r i d i o n a l  sectio n of the 

co un t e r c u r r e n t ,  Figures 2 throug h 5 have been prepared.

The v e r t i c a l  d i s t r i b u t i o n  of te mp eratur e at the n o r the rn  

and at the s o u t h e r n  b o u n d a r y  of the c o u n t e r c u r r e n t  shows the 

d i v i s i o n  into an upper layer of high t emper at ure and a lower 

layer wi th te mp e r a t u r e s  less than 10° centigrade. The 20° 

c e n t i g r a d e  i s o t h e r m  r e presen ts  a p p r o x i m a t e l y  the center of 

the t h e r m o c l i n e  and, therefore, is a me asu re  of the t h i c k ­

ness of the upper layer. It is evident from the four f i g ­

ures that the depth of the upper layer decrea ses across the 

Pa cific  Ocean from west to east, bein g more than 150 meters 

thick at 142° east lon g i t u d e  (Figure 2) and less than 100 

me ter s at 115° we st l o n gi tu de (Figure 5). On the right- ha nd 

side of each of the four figures, the differ e n c e s  of dynamic 

he ights  across the c o u n t e r c u r r e n t  are plotted as a fu nct ion 

of depth. Their d i s t r i b u t i o n  de m o n s t r a t e s  that the strong 

flow in the c o u n t e r c u r r e n t  is c o n c e n t r a t e d  in a r e lat iv ely  

sh allow  layer near the sea su rface and that this layer c o r ­

re sponds to the w a r m  layer in the thermal structure. On the 

basis of these co mparis on s, it can be ju s t i f i e d  to compare 

ge o s t r o p h i c  t r anspor ts  with  the thickness of the upper layer 

and the slope of the the rmocline.



C O M P A R I S O N  BETW E E N  GEOSTROPIilC AND TH E R M O C L I N I C  TRANSPORTS

G e o s t r o p h i c  transports calc ulated a c cordi ng  to equation 

6 wi ll be co mpared with the r m o c l i n i c  transp ort s a c co rding to 

e q u a t i o n  5. Defi ne  a transp ort fu nction as

(7) T, b t
R

(ZS - v<zs + V
s inç

E v a l u a t i o n  of this tra nsport funct io n requires the know ledge

of the depths of the 20° cent i g r a d e  i s o th erm Z c and Z.. atb N
the south and nort h b o u n d a r i e s  of the cou n t e r c u r r e n t  and its 

me an la ti tude <j> . D i v i d i n g  geos tr o p h i c  tr ans port by the 

tr ansport f u n ct io n gives an estima te  of the factor k.

T

m
= k

Data for c a l c u l a t i o n  of the transport functions are 

taken from the same h y d r o g r a p h i c  sections for w h i c h  g e o ­

st rop hic t r anspor ts  have bee n computed. The depths of the 

2 0 ° c e n t i g r a d e  i s o t h e r m  are obtained  by linear i n t e r p o l a ­

tion. In a few cases, the bounds of the slope of the therm- 

ocline did not c o i ncid e wi th the bounds of the dynami c 

he ig ht s of the sea surface. In order that the me thod be 

co nsi s t e n t  w ith s u b s e q u e n t  e v a l u a t i o n  of i ndepend en t b a t h y ­

t h e r m o g r a p h  sections, the ge o s t r o p h i c  transport is c a l c u ­

lated w i t h i n  the bounds of a sloping sea surface, and the 

mea n lati tu de for the tran sport  fu nct ion is taken mi dway 

b e t w e e n  the bo unds of the lowest and highest ends of the
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sl opi ng thermocline. The values of the transport function 

are also listed in Table I.

A plot of g e o s t r o p h i c  transport versus the transport

f u n c t i o n  is pr e s e n t e d  in Figure 6 and shows a more or less

linear relat io ns hip. The straig ht line with a factor of 
2k = 1.5x10 me te rs per second correspo nd s wi th the p r e v i ­

ously e s tim at ed  v alue of k. Factor k versus longitu de  is 

given in Figure 7. Three dis ti nct regions are noted. From 

180° east to 1 2 0 ° west longitude, the values cluster about 

k = 1.5. To the west of 180°, the values are more dispe rsed 

though k = 1.5 ma y be inferred. Betwee n 110° west and 85° 

west, values of k are much larger. It is in this eastern 

oceani c regi on that the c o u n t e r c u r r e n t  finally disperses, as 

shown in the maps of surfac e currents by Wyrtki (1965).

This study indica tes  that volum e transp ort s in the 

c o u n t e r c u r r e n t  may be e s ti mated from m e r i d i o n a l  sections of 

b a t h y t h e r m o g r a p h  data. The only inform a t i o n  required are 

the depths of the lowest and the hi ghe st points in the 

t h e r m o c l i n e  (2 0 ° c e n t i g r a d e  isotherm) and the mean latitude.



RESULTS

The e q u a t i o n  for the r m o c l i n i c  transport has been

a ppl ied to 50 b a t h y t h e r m o g r a p h  sections and the estimate d

th e r m o c l i n i c  tra nsports are listed in Table II. A factor 
2k = 1.5x10 me te rs per second was used throughout. A s u m ­

mary by m on th and aga inst latitude and longitu de of co unt er- 

cu rrent section s used in this study is p r e se nted in Figures 

8 and 9. P o s it io ns and ranges are mapped. Calcula ted 

tr ansports in mi llio ns  of cubic meters per second are i n d i ­

cated. Circl ed i d e n t i f i c a t i o n  number s refer to Tables I or

II. South and/or n orth end points of limited sections are 

i nd icated by arcs of a circle.

T r ansp or ts  as a fu nction  of long it ude are p r esented  in 

Figure 10. The me t h o d  of c a l c u l a t i o n  and limited sections 

are noted. The d i s t r i b u t i o n  of transp orts suggests an 

upper bound w h i c h  seems to be a more or less linear func-
2tion w it h longitude. Figure  7 shows k factors around 6x10 

meters per second for the interval 110° west to 85° west.

If such a factor is app li ed to the b a t h y t h e r m o g r a p h  sections 

in this interval, the esti mated  trans ports  no tably exceed 

that upper bound. M ean  transp orts for increm ents of l o n g i ­

tude are i l l u s t r a t e d  in Figure 11. An av erage flow of 40 

m i l l i o n  cubic meters per second west of 180° de creases to 

20 m i l l i o n  cubic meters per second by 140° west longitude. 

V ol um e transpo rts cl early decreas e as the counter c u r r e n t  

flows eastward. Sverdr up et al (1942) had suggest ed  to the
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c o n t r a r y .

Some seasonal  v a r i a t i o n s  in the transports with l o n g i ­

tude are pr e s e n t e d  in Figure 12 and Table III. In the 

w e s t e r n  e q ua to rial Pa cific Ocean, the flow appears to be a 

re gul ar feature. In mid -ocean, transports seem to be 

strong du rin g Sept ember through February and w eak March 

throug h August. At its eastern extremi ty during  March 

throug h May (Figure 12) d e c rease of values indicate that 

the c o u n t e r c u r r e n t  w ould term in ate before rea ching 1 0 0 ° 

west longitude. Flow east of 100° west is in eviden ce d u r ­

ing other seasons.
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TABLE I.

TRANSPORT FUNCTIONS OF THE PACIFIC EQUATORIAL COUNTER-CURRENT

Ship / Cruise
Hydrographic
Cross-Section

Geostrophic
Transport

Transport 
Funct ion

Factor
K

I. 1
No

(P.E.C.C. ) (lO^m^/sec _) (1 0 ĥn2 /sec.) (ioz)

ALBATROSS (Oct.1947) 4°49'N 9°50 'N 39.83 29.1 1.37 18

ALBATROSS (Nov.1947)
130°521W 

5°47'N
128°13 

8 °43
'W
'N 23.36 17.0 1.37 19

ALBATROSS (Dec.1947)
149“42'W 

2 °54'N
148°36 

8 °40
'W
'N 61. 6 OF 34.2 1.80 2 0

S.F. BAIRD Eastropic
173°17'W 

(Oct.1955) 7°02'N
169“28 
12 °05

'W
'N 12.50 7.2 1.74 48

S.F. BAIRD Eastropic
115 °401W 

(Oct.1955) 6D22'N
116°09
10°58

'W
'N 10.74F 7.4 1.45 49

S.F. BAIRD Eastropic
115°24'W 

(Nov.1955) 7°33'N
115 °58 

8°24
'W
'N 3.44 0 . 6 5.73 50

S.F. BAIRD Eastropic
87 °21'W 

(Nov.1955) 7°51'N
87 °35 
9°13

■w
'N 1.43+ O. 6 2.38 51

S.F. BAIRD Eastropic
84°34'W 

(Nov.1955) 6°54'N
84°51 

8 “54 1

'W
'N 1.19+ 1 . 8 . 6 6 52

S.F. BAIRD Eastropic
84°21'W 

(Dec.1955) 3°49'N
84°42 

8 “54 1

'W
'N 13.42 1.9 7 . 1 0 53

S.F. BAIRD
90“37 'W

CRD (Nov.1959) 6°45'N
8 9 D 3 6 1U 
8°17’N 5. 73+ 1 . 0 5.73 71

S.F. BAIRD
86°441W

Tethys (June 1960) 4°34'N
88°16’ 
7 °47 1

'W
'N 15.90 9.9 1 . 60 72

S.F. BAIRD
130°58'W

Tethys (July 1960) 4°57'N
129°37'W

9°45'N 2 0 . 60 11.5 1.79 73

CARNEGIE 7 (May 1929)
142 °551W 

4°22 'N
146D481 

8 °051
W
N 3.73+ 9.3 .40 76

176°33"W 178 D48"W



TABLE I. (Continued)

TRANSPORT FUNCTIONS OF THE PACIFIC EQUATORIAL COUNTER-CURRENT

Ship / Cruise
Hydrographic
Cross-Section

Oeostrophic
Transport

Transport
Function

Factor
K

I. D
No.

CARNEGIE 7 (Oct.1929)

(P.E.C.C.) 

3°01'N 10°05'N

(lO^m^/sec.) 

42.43

(lO^hn^/sec. ) 

27.4

(1 0 *)

1.55 75

DAIFUJI-MARU (July 1956)
149 °461W 139°44'W 

3°00IN 7o30'N 43.50 29.7 1.46 16

DAIFUJI-MARU (Aug.1956)
175 °111E 162°36'E 

4°14'N 10°00'N 23.80 15.8 1.51 16A

HOKUSEI-MARU 3 (Jan.1958)
142°41'W 141°24'W 

1°521 - 6°28'N 22.50 25.9 .87 27

HOKUSEI-MARU 3 (Jan.1958)
135 °00'E 

2 °50'N 7 °36'N 10.59 17.7 . 60 28

HORIZON Eastropic (Oct.1955)
136°26'E 135 °57'E 

6°01'N 11°00'N 11.84 6 . 6 1. 79 54

HORIZON Eastropic (Oct.1955)
120°46'W 120°56'W 

8 °001 - 9°58'N 6.73 2 . 8 2.40 55

HORIZON Eastropic (Oct.1955)
lllo30'W 

5°40'-10°00'N 7.46 5.6 1.33 56

HORIZON Eastropic (Nov.1955)
1 1 1 °0 0 ,W 

7 °54'N 9°29'N 1.34 0.3 5.36 57

HORIZON Eastropic (Nov.1955)
8 9 ° 15 1W 8 8  °25 1W 
6°55'N 9°00'N 4.891 2 . 0 2.45 58

HORIZON Eastropic (Nov. 1955)
83°38'W 84°32'W 
4°051N 6°52'N 4.71 2 . 8 1 . 6 8 59

HORIZON Eastropic (Dec.1955)
77°45'W 78°54'W 
4°081N 9°03'N 19. 92- 3.0 6 . 64 60

HORIZON Equapac (Aug.1956)
1 0 2  °0 2 1W 104°34'W 

2 °591 - 6°30'N 47.26 26. 2 1.80 1 0

157 °001E



TABLE I. (Continued)

TRANSPORT FUNCTIONS OF THE PACIFIC EQUATORIAL COUNTER-CURRENT

Ship / Cruise Hydrographic
Cross-Section

Geostrophic
Transport

Transport
Function

FactorK I. 1

No

HORIZON Equapac (Aug.1956)

(P.E.C.C.) 

1°56'- B “01'N

(1 0 ^m^/sec. ) 

45.65+

(lO^hn2 /sec. ) 

IS. 6

(io2)
2.45 1 1

HORIZON Downwind (Oct.1957)
164°00'E 

3°14'N 7 °08 'N 26.52 12.4 1 . 6 6 63

HORIZON Downwind (Feb.1958)
130°03'W 129°16 

2 °0 0 'N 1 0 ° 0 2

'W
'N 18.23 7.9 2.31 64

HORIZON Dorado (July 1959)
115 °32'W 118 °58 

7 °321 - 9°47'N
■w

7.85+ 5.3 1.48 69

HORIZON Dorado (July 1959)
1 2 0 °0 0 'W 

6°001 -10°00'N 6.30+ 6 . 0 1.05 70

HORIZON Step I (Dec.1960)
1 2 0  °0 0 1w 

1°59'-10 °051N 15.42+ 3.1 4.97 74

KAGOSRIMA-MARU Equapac
95 °001W 

3°02'- 8 °00'N 68.45 28.1 2.44 14
(Aug.1956) 

KAGOSHIMA-MA.RU (April 1958)
130°001E 

4°001 - 7°00'N 25. 65 10.3 2.49 33

KAGOSHIHA-MARU (April 1958)
151°001E 

2 °001N 9 °59 ''N 68.83 2 1 . 2 3.25 34

KEITEN-MARU Equapac
153 °001E 151°00' 

1°491 - 6°00'N
'E

86.38 47.5 1.82 15
(July 1956) 

SATSUMA Equapac (Aug.1956)
135 °001E 

2°031 - 6°27'N 37.45 27. 6 1.36 23

SATSUMA Equapac (Aug.1956)
151°001E 

2 °131N 6°321'N 2 0 . 6 8  ; 19.1 1.08 24

SATSUMA Equapac (Aug.1956)
150 °001E 147 °49 1 

2°04'N 5 °031
E
N 58.58 44.0 1.33 25

141°05'E 142 °19'E



TABLE I. (Continued)

TRANSPORT FUNCTIONS OF THE PACIFIC EQUATORIAL COUNTER-CURRENT

Ship / Cruise
Hydrographic
Cross-Section

Geostrophic
Transport

Transport
Function

Factor
K

I. ] 
No

SATSUMA Equapac (Aug.1956)

(P.E.C.C.)

2 °03*- 6°30'N

(lO^m-Vsec.) 

39.85

(104m^/sec.) 

29.1

(1 0 ^)

1.37 26

SATSUMA (Feb.1958)
140°00'E 

4°00 1 - 7°00'N 15.801 15.2 1.04 32

H.M. SMITH 2 (Feb.1950)
147 °001E 

6°071-11°03'N 24.78 15.6 1.59 1

H.M. SMITH 2 (Feb.1950)
172 °00'W 

6°00'- 9°55'N 2 0 . 2 0 12.9 1.57 2

H.M. SMITH 5 (Aug.1950)
158°00'W 

5°00'N 9 °00 'N 22.06 18.8 1.17 3

H.M. SMITH 5 (July 1950)
158 °001W 157 °55 

3 °001 - 8 “00'N
'W

25.77 18.0 1.43 5

H.M. SMITH 8 (Jan.1951)
172°00'W 

3 °02'- 9°00'N 28. 69 18.9 1.52 4

H.M. SMITH 8 (Feb.1951)
158 °001W 

4°581N 6°4A 'N 16.71 10.7 1.56 6

H.M. SMITH 8 (Mar.1951)
165°35'W 165 °231 

4°56'-10°02'N
'W

19. 65 15.9 1.24 7

H.M. SMITH 11 (Sept.1951)
172 °0 0 1W 

5°00'-10°00'N 26.4 2 0 . 2 1.31 8

H.M. SMITH 14 (Jan.1952)
150°00'W 

4°00r- 8°00'N 22.06+ 20. 5 1.08 9

H.M. SMITH 33 (Mar.1955)
155 °00 ' W 

4°061 - 7°23'N 10.40 9.7 1.07 9

H.M. SMITH 35 (Aug.1956)
140°00'W 

6°091 - 9°59'N 13.85 1 2 . 1 1.14 2 1

134°451W



TABLE I. (Continued)

TRANSPORT FUNCTIONS OF THE :PACIFIC EQUATORIAL COUNTER-CURRENT

Ship / Cruise
Hydrographic
Cross-Section

Geostrophic
Transport

Transport 
Funrt ion

Factor
K

I. ! 
No

(P.E.C.C. ) (1 0 ^m-Vsec. ) (104m^/sec.) (1 0 *)

H.M. SMITH 35 (Oct. 1956) 3°571 - 9°59 'N 41.02 22.4 1.83 2 2

H.M. SMITH 38 (Mar. 1957)
160°00'W 

2°01'N 8 a56'N 15.46 14.2 1.09 62

H.M. SMITH 45 (April 1958)
145 °06 'W 149 

1 °0 0 '- 3 ° 0 1

D53'W
'N 11.08+ 14.4 .77 65

H.M. SMITH 45 (April 1958)
140°00'W 

1°30'- 3°26 'N 0.75+ 0.9 .82 6 6

STRANGER Equapac (Aug.1956)
140°00'W 

4°021 - 9°00 'N 41.23 25.0 1. 65 13

STRANGER Equapac (Sept.1956)
167 °001W 

4°00'- 8 °09 'N 35.80 21.5 1. 67 1 2

STRANGER Doldrums (Aug.1958)
175 °001W 

5 D00'- 7 ° 0 0 'N 24. 63 7.8 3.16 67

STRANGER Doldrums (Aug.1958)
107 °251W 

4°55'-10°00 'N 20.94 11.7 1.79 6 8

TAKUYO (Jan.1958)
107 °00'W 

1 °0 1 '- 8°26 'N 67.23 20.4 3.30 29

TAKUYO (Feb.1958)
153 °001E 

2 °02 '- 8 D30 'N 36. 64 19.4 1.89 30

TAKUYO (Feb.1958)
151°00'E 

1 D50'- 6°04l'N 39.15 16.3 2.40 31

UMITAKA-MARU (Nov.1958)
149“001E 

2°26'- 4°59 'N 42.53 17.8 2.39 35

VITYAZ 25 (July 1957)
135°00'E 

1°31'- 4°33 'N 38.96 2 2 . 1 1.76 36
154°00'E



TABLE I. (Continued)

Ship / Cruise

TRANSPORT FUNCTIONS OF THE ]

Hydrographic
Cross-Section

PACIFIC EQUATORIAL

Geostrophic
Transport

COUNTER-CURRENT

Transport 
Funct ion

Factor
K

I. 1 

No

VITYAZ 25 (Aug.1957)

(P.E.C.C.) 

1°54'N 3°57'N

(1 0 tlm J/sec. ) 

32.15

(lO^m^/sec.) 

23.4

(io2)

1.37 37

VITYAZ 25 (Aug.1957)
148“221E 148 °011E 

2°30'- 4°001N 32.01 14.1 2.27 38

VITYAZ 25 (Aug.1957)
140C00'E 

0°59'N 4°34'N 70.57 38.2 1.85 39

VITYAZ 25 (Aug.1957)
134°321E 134°58'E 

2 °381N 6°101N 39.12 17.3 2 . 61 40

VITYAZ 25 (Sept.1957)
128“271E 131°501E 

2°38'N 5°11'N 31.18 2 0 . 1 1.55 41

VITYAZ 26 (Nov.1957)
128°27'E 126D53 1E 

1°08'N 8°34'N 37. 93 24.8 1.53 42

VITYAZ 26 (Feb.1958)
173 °001W 174°071W 

2 “561N 9°23'N 64.37 34.4 1.87 43

VITYAZ 27 (April 1958)
172“43'E 173 °361E 

2 °58'- 9D38'N 48.50 25. 3 1.92 44

VITYAZ 27 (April 1958)
142 °00'E 

3°321 - 7°51'N 77.43 23. 6 3.28 45

VITYAZ 27 (April 1958)
143°30'E 

5 °01'- 8 °001N 17.84 15.5 1.15 46

VITYAZ 27 (April 1958)
145 °001E 

5 °271N 6 °14'N 12.07 3.1 3.89 47

VITYAZ 27 (April 1958)
143°33'E 143°28'E 

2 “581 - 5 °59'N 37.87 19.8 1.91 77

VITYAZ 27 Clay 1958)
145°00'E 

2 °521 - 5 °021N 32.07 16.5 1.94 78



TABLE I. (Continued)

Ship /

VITYAZ

TRANSPORT FUNCTIONS OF THE PACIFIC EQUATORIAL COUNTER-CURRENT

Hydrographic Geostrophic Transport Factor I.D.
Cruise Cross-Section Transport Funct ion_  K ______  No.

(P.E.C.C. ) (10bm :J/sec. ) (lO^oZ/sec. ) (10^)

27 (May 1958) 7°0Q'N S ^Q'N 5.99+ 5.0 1.20 79
135°20'E 138°06' E



TABLE II.

THERMOCLINIC TRANSPORT OF THE PACIFIC EQUATORIAL COUNTER-CURRENT

Bathythermal Thermoclinic
Ship / Cruise Cross-Section Transport

(P.E.C.C.) (lO^m-Vsec

Acapulco Trench (Oct.1954) 5°45'-10°30' N 27.0

S.F. BAIRD Capricorn
126°00'W 

4°15'- 8°30' N 17.1
(Feb.1953) 

U.S.S. BARTON (July 1946)
124°00'W 

2 °00'- 6°451N 25.8

CAVALIERI i(Aug.1952)
164°30'E 

4°151 - 7°00'N 7.2

CHALLENGER (Mar.1875)
140°001W 

2°15'N 7‘>45 ■N 34.2

CHALLENGER (Aug.1875)
146°16'E 144* 

5°54'N 9‘
*2 0 ' 
*281

E
'N 16.2

GILBERT 1 (May 1952)
147 °02'W 150°49' 

5°30'- 7°30'N
W

6 . 2

GILBERT 1 (June 1952)
1 2 0 °0 0 1W 

5°30'- 8°45''N 19.7

GILBERT 15 (Mar.1954)
130°00'W 

5°151 - 7°151'N 2 . 2

GILBERT 15 (April 1954)
110°30'W 

4°00'- 8°30''N 18.9

Japanese (Feb.1935)
155 °001W 

5°001 - 7°00''N 16.3

Japanese (Jan.1936)
136°00'E 

4°30'- 6°30’'N 44.7

Japanese (Feb.1936)
138°00'E 

4°00'- 8 ° 0 0 'N 50.0

U.S.S. LAFFEY (July 1946)
149°00'E 

4°00'- 6°45 'N 27.9

MANNING 1 1 (Feb.1952)
167°30'E 

4°30'- 8°30 'N 28.8

MANNING 1 1 (Feb.1952)
180°00' 

2°30'- 6°45 'N 34.9

MANNING 1 1 (Mar.1952)
155°00'W 

3°00'- 4°15 'N 4.7

MANNING 1 2 (Aug.1952)
169°00'W 

5°00'- 8 °30 'N 19.9

MANNING 13 (Oct.1952)
150°00'W 

6°15'N 1 0 ° 0 0 'N 23.5

MANNING 13 (Nov.1952)
152°30'W 153 

3°151 - 4°30
°30
'N

'W
4.8

MANNING 14 (Feb.1953)
168°30'W 

3°451 - 8°15 'N 31.5

MANNING 14 (Mar.1953)
150°00'W 

2°30'- 3°00 'N 2 . 8

140°00'W

.. D.
No.

101

102
103

104

105

106

107

108

109

110 

111 

112

113

114

115

116

117

118

119

120 

121 

122



TABLE II. (Continued)

THERMOCLINIC TRANSPORT OF 

Ship / Cruise

THE PACIFIC EQUATORIAL

Bathythermal
Cross-Section

COUNTER-CURRENT

Thermoclinic
Transport

I. D,
No.

MANNING 15 (May 1953)

(P.E.C.C. ) 

7°00'-10°00'N

(lO^m-Vsec. ) 

0 . 8 123

MANNING 15 (June 1953)
150°00'W 

3°30'- 7°15'N 11.7 124

MANNING 16 (Aug.1953)
170°00'W 

3°151 - 9°30'N 2 0 . 2 125

MANNING 16 (Aug.1953)
155°00'W 

4°30'- 9°00'N 23.1 126

MANNING 18 (Dec.1953)
160°00'W 

4°151 - 8°30'N 44.0 127

SERRANO (May 1949)
155°00'W 

5°15'N 10°30 'N 5.1 128

SERRANO (May 1949)
125 °00'W 123°30 

4°151 - 8°15'N
'W

7.1 129

SHELLBACK (May 1952)
125°30'W 

6°00'N 8°30 'N 2 . 1 130

SHELLBACK (June 1952)
119°00'W 120°30

4°45>. 7 c30 1N
'W

9.8 131

SHELLBACK (July 1952)
97°30I-98°00'W 
2 °30'- 5°00'N 5.5 132

SHELLBACK (Aug.1952)
85°00'W 

4°15'N 9°00i'N 3.8 133

SHELLBACK (Aug.1952)
89°00'W 88°30' 
4°30'N 9°00'

'W
'N 9.4 134

H.M. SMITH 2 (Feb.1950)
102°00'W 104°301 

1°30'-10°00'N
'W

47.5 1

H.M. SMITH 2 (Feb. 1950)
172 °001W 

5°001 - 9°30'N 25.5 2

H.M. SMITH 5 (July 1950)
158°00'W 

3°45'- 7°00'N 25.0 5

H.M. SMITH 5 (Aug.1950)
172°00'W 

5°00'- 9°30'N 28.9 3

H.M. SMITH 7 (Oct.1950)q
158 °00'W 

5°45'N 10°00j'N 34.9 139

H.M. SMITH 7 (Nov.1950)
157 °00'W 158 °001 

5°30'N 9°00j
'W
'N 38.6 140

H.M. SMITH 8 (Jan.1951)
159°00'W 158°151 

4°00'- 7°30'N
'W

40.5 4

H.M. SMITH 8 (Feb.1951)
158°00'W 

5 °00'- 6°45'N 15.2 6

H.M. SMITH 8  (Mar.1951)
165 °301W 

4°00'- 7°30'N 37.4 7

H.M. SMITH 11 (Sept. 1951)
172°00'W 

5°30'- 8°00'N 18.2 144
150°00'W



TABLE II. (Continued)

THERMOCLINIC TRANSPORT OF THE PACIFIC EQUATORIAL COUNTER-CURRENT

Ship / Cruise
Bathythermal
Cross-Section

Theriaoclinic I. D„

(P.E.C.C.) (lO^md/sec.)

H.M. SMITH 1 1 (Sept.1951) 3°30'- 8°30 rN 34.3 8

H.M. SMITH 14 (Jan.1952)
150°00'W 

5 °30'- 9 °30 'N 25.5 9
H. M. SMITH 14 (Feb.1952)

155°00'W 
4°001- 8 °30 'N 28.3 147

H.M. SMITH 14 (Mar.1952)
180°00' 

3°15'- 6°00 'N 22.3 148

H.M. SMITH 15 (May 1952)
169 °00'W 

4°301 - 8°30 'N 16.4 149

H. M. SMITH 15 (June 1952)
140°00'W 

5°0 0 '- 8 ° 0 0 'N 14.6 150

H.M. SMITH 15 (June 1952)
140°00'W 

5 °00'- 8°00 'N 16.0 151

H.M. SMITH 15 (June 1952)
140°00'W 

4°45'- 8°45 'N 18.7 152

H.M. SMITH 16 (July 1952)
140°00'W 

5 °00'- 8°45 'N 2 2 . 1 153

H. M. SMITH 18 (Oct.1952)
150°00'W 

5°15'N 9'°15'N 27.9 154

H.M. SMITH 18 (Nov.1952)
120°00'W 121' 

5 °451 - 8°45
“OO'W
'N 40.7 155

H.M. SMITH Equapac (Oct.1955)
131°00'W 

5°30'-10°45'N 9.5 156

H.M. SMITH Equapac (Oct.1955)
1 1 0 °0 0 'W 

3°001 - 5°30 'N 9.6 157

TENYO-MARU (Aug.1951)
140°00'W 

1 °0 0 !- 7°00l'N 27.4 158

TENYO-MARU (Sept.1951)
150°00'E 

2°00'- 9°30’’N 25.7 159
160°00'E



TABULATED TRANSPORTS BY MONTH AND LONGITUDE 

LONGITUDE
120°E 140°E 160°E 180° 160°W 140°W 120°W 100°W 80°W_______I__________ i__________ r__________!__________ !__________ !__________ •__________ <

TABLE III.

JANUARY ” 1«  67
29

22

FEBRUARY 16 163937
29

64 28 25 17 2°35 32 17 18

MARCH 34 2022 15 10
3 2

APRIL ile69 19 11
1

MAY 32 6 4 1 16 7 2
5 6

JUNE 12 T5!6
20
16 10

JULY 86 39 26 28 44 26 22 21 6 8 6

AUGUST >  r f * 7 « 41 23 2020 22 16 24 7 14 « 1 0 4

SEPTEMBER 31 26 36 26 18

OCTOBER 41 24 
35 42 10 40 l2 

27 28

NOVEMBER 43 38 5 39 23 41 v i  5

DECEMBER 62 44 20 15 13
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FIGURE 1. MERIDIONAL SECTION OF THE PACIFIC EQUATORIAL 
COUNTERCURRENT
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FIGURE 2. VERTICAL DISTRIBUTION OF TEMPERATURE AT THE 
NORTHERN AND SOUTHERN BOUNDARY OF THE 
COUNTERCURRENT AND OF THE DIFFERENCE OF 
DYNAMIC HEIGHT BETWEEN THESE TWO LOCATIONS 
FROM THE SURFACE TO 500 METER DEPTH ALONG 
A VITYAZ SECTION AT 142°E 
(IDENTIFICATION NO. 44)
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FIGURE 3. VERTICAL DISTRIBUTION OF TEMPERATURE AT THE 
NORTHERN AND SOUTHERN BOUNDARY OF THE 
COUNTERCURRENT AND OF THE DIFFERENCE OF 
DYNAMIC HEIGHT BETWEEN THESE TWO LOCATIONS 
FROM THE SURFACE TO 500 METER DEPTH ALONG 
A STRANGER SECTION AT 175 °W 
(IDENTIFICATION NO. 12)
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FIGURE 4. VERTICAL DISTRIBUTION OF TEMPERATURE AT THE 
NORTHERN AND SOUTHERN BOUNDARY OF THE 
COUNTERCURRENT AND OF THE DIFFERENCE OF 
DYNAMIC HEIGHT BETWEEN THESE TWO LOCATIONS 
FROM THE SURFACE TO 500 METER DEPTH ALONG 
A HUGH M. SMITH SECTION AT 150°W 
(IDENTIFICATION NO. 8 )



FIGURE 5. VERTICAL DISTRIBUTION OF TEMPERATURE AT THE 
NORTHERN AND SOUTHERN BOUNDARY OF THE 
COUNTERCURRENT AND OF THE DIFFERENCE OF 
DYNAMIC HEIGHT BETWEEN THESE TWO LOCATIONS 
FROM THE SURFACE TO 500 METER DEPTH ALONG 
A S. F. BAIRD SECTION AT 115°W 
(IDENTIFICATION NO. 49)



FIGURE 6 . GEOSTROPHIC TRANSPORT VERSUS TRANSPORT FUNCTION WITH 
LONGITUDE REGIONS AND A FACTOR K = 1.5 NOTED



FIGURE 7. FACTOR K VERSUS LONGITUDE
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FIGURE 8 . POSITIONS OF COUNTERCURRENT SECTIONS INDICATING RANGE AND TRANSPORT MAGNITUDES (lO^M^/SEC.) for THE MONTHS OF JANUARY THROUGH JUNE. 
CIRCLED IDENTIFICATION NUMBERS REFER TO TABLES I AND II
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FIGURE 9. POSITIONS OF COUNTERCURRENT SECTIONS INDICATING RANGE AND TRANSPORT MAGNITUDES (lO^/SEC. ) FOR THE MONTHS OF JULY THROUGH DECEMBER 
CIRCLED IDENTIFICATION NUMBERS REFER TO TABLES I AND II



FIGURE 10. GEOSTROPHIC AND THERMOCLINIC TRANSPORTS VERSUS LONGITUDE WITH 
LIMITED SECTIONS NOTED
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FIGURE 11. MEAN TRANSPORTS FOR INCREMENTS OF LONGITUDE



FIGURE 12. SEASONAL TRANSPORTS VERSUS LONGITUDE


