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~ell Design for the Hecate Model Tide Gauges 

I. Introduction 

The Hecate Model (Fig. 1) is a hydraulic model of the region 
c·onsisting of Dixon Entrance, Queen Charlotte Sound and Hecate Strait 
(Fig. 2). The model to prototype scales are: 

horizontal - 1 foot = 4 nautical miles 
vertical - 1 inch ~ 25 feet 
time - 61.5 seconds== 1 solar day. 

Tides are generated in the model by computer- controlled tilting plates 
(Fig. 3). Maximum tidal range in the prototype is 25 feet, equivalent to 
one inch in the model. The vertical displacement of the water is measured 
by electronic tide gauges (Fig. 4); and recorded on an8-channel recorder. 

The tide gauges are capable of a recorded resolution nf 0.002 inches 
and have a time response of 0.5 seconds. This accuracy is often undesirable 
because of the presence of spuriouB ripples on the water surface. They are 
superimposed on the tidal oscillations and may make interpretation .of the 
records difficult. 

The ripples have much higher frequencies than do the tidal oscilla­
tions. Especially troublesome were some having periods of 1. 5 and 3 seconds. 
Therefore, i.t was decided to develop a filter which could isolate the tide 
gauge sensing probe from the unwant~d oscillations without greatly attenua­
ting the effect of the tides. The device adopted consisted of a cyclindrical 
well, housing the probe, with a small hole in the bottom to provide for the 
entry of water. The determination of optimum hole size was obtained with 
the aid of an analogue computer (Fig. 5). 

II. Analysis of the problem 

Derivation ?J. the governing equation 

The physical situation is illustrated in Fig. 6, where the stilling 
well diameJ::er is D and inlet hole diameter is d . The height of tide i.n 
the well i.s ?i and outside the well is E . . The bottom of the well is at 
a distance h below mean sea level. · 

Accelerations, which are relatively small in this case, can be 
neglected, Therefore, Bernoulli's equation can be applied between points 
in the flow entering the inlet hole and the flow at the free surf ace out­
side the well. (Bernoulli's equation cannot be applied directly between 
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points inside and outside of the well because of the sudden expansion 
through the inlet hole, with a consequent loss of energy). Assuming a 
howt>geneous, imcompressible fluid, we obtain 

+ 
(1) 

where 1J;, is the vertical velocity of the water surface outside the well, 
1JJ. is the velocity of flow at the inlet hole and 9 is the acceleration due 
to gravity. 

From continuity 

(2) 

where lf~ is the vertical velocity of the water surface inside the well, 
and discharge coeffi.cient f<J.. accounts for both contraction and friction 
factors of the flow through the inlet hole. Since 'l.J;: and V~ are approximately 
equal, it is seen that Vd. e}cceeds ·~ by, nearly, the ratio of the .squares of 
the two diameters involved. Therefore, the \.{;2 term can be dropped from 
equation 1 provided d << D. Then, combining the first two equations: 

v?z. - (3) 

for flow into the hole. To account for flow in both directions through the 
hole, equation 3 must be modified sligh~~ to 

(4) 

This is the equation governing stilling well response. 

farametric dependence of the govern~~g equatioE: 

The equation fo; U'>z. is dependent on the parameters kd. and d . 
To determine the relationship of these parameters and the value of k.i, the 
following experiment was undertaken. 

Stilling wells of diameter D = 2.835 inches were fitted with holes 
varying in size from 1/16 inch to 1/2 inch. Each well was attached to a 
tide gauge and the gauge output connected to a recorder. The holes were 
stoppered and the gauges put in undisturbed water so that the dimension h 
in Fig. 6 was approximately one inch. The stoppers were removed and 
records obtained of the rise of water in the wells as a function of time. 
These records are duplicated in Fig. 7. 

Since the water surface did not have a tidal oscillation impressed on 
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it, E -::::. 0 
as 

Also, at t-:::..0, 1z.-=-h, Equation 3 may then be rewritten 

J~~ 
. t 

d" f - Kd. [5i f29 d.t 
-h f-?{ 

0 
(5) 

Integrating: 

M fh ;:::. J(1. d7.. fi9 t - -2. D'- (6) 

This is the equation of a straight line, Thus, plotting [-?z against t/2 

should yield a straight line with a slope .of 

rn = 
(7) 

Such a plot is shown, for various hole sizes, in Fig. 8. It is seen that, 
within the limits of experimental error and for the values of d used, 
there is no dependence of h1 on d From the straight line fitted by the 
least mean squares method, we obtain 

0.7<;;8 
Thus, only a one parameter variation exists, namely the hole size d , 

Qetermination of optimum hole size 

Oscillations in the model basin consist of the pri.mary tide with 
superimposed undesirab.le ripples, This situation can be represented mathe­
matically by setting 

+ 
(8) 

where A is the amplitude of the primary tide and WA is its frequency, and 
8 and W8 are corresponding quantities for the ripples. Equation 4 now 
becomes 

(9) 

This is a non-linear equation whose solutions are best examined with the 
aid of an electronic analog computer, The parameter d is then easily varied 
and the response ~of the stilling well can be obta~ned for the different 
oscillations, 
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Analogue computer setug 

Equation 9 can be written in a more convenient form by letting 

A ' (;._)~ t o< - stn 

f:3 - 8 s IV\ W8 t 

k' ~- l(l Fzi . c:J.2-
to give D'2-

The functions ~and~ are easily generated 
the equation of simple harmonic motion (i.e. 
The requisite components are shown in Sections 
3 and 4 of Fig. 9. 

(10) 

on the computer by solving 
,., 7. 
x -:::;::. - 0...) x ). 

A function generator (Section 1, Fig. 9), i.n conjunction with a diode 
circuit, produces [s191'\ (<><+j9-'h)] J lo<.+~-~\ The function generator by 
itself is not sufficient because it can not be set to give an infinite 
slope, as required at the origin by '::1 """[s1~.,_ X] {Rf, The diode circuit 
provides the infinite slope segment~ 

Section 5 sums <>< and (E to give a forcing function output, Section 6 
is a time base generator used with an x-y recorder to produce traces as 
a function of time. The remaining circuitry, Section 2, supplies the final 
links to produce the desired solutions. 

Amplitude and frequency of the forcing functions is controlled by the 
potentiometers and capacitors associated with Sections 3 and 4. Any desired 
initial conditions can be provided by the initial condition power supplies. 
Hole size is changed simply by stacking resistors in parallel, as shown in 
Section 1. 

Ripple- free case 

The first case examined consisted of a primary ti.de only ( /3=0) 
wi.th two periods and various amplitudes. The period of 31. l~ seconds corres­
ponds to a semi-diurnal tide in .the model. The value of d was varied from 
one-sixteenth to one-half inch in increments of one-sixteenth inch. A 
typical group of solutions is shown in Fig. 10. 

Information from all solutions obtained is tabulated in Table I and 
dispiayed graphically in Fig. 11 through 14. Certain conclusions may be 
immediately drawn. For a given value of d , the amplitude response varies 
inversely with tidal amplitude and directly with the period. Similarly, 
phase lag varies directly with tidal amplitude (and directly with the period 
for hole sizes of 3/16 inch or less). For a given amplitude of tide, 

) 

) 
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amplitude response varies directly, and phase lag varies inversely,. with the 
hole size. 

The minimum hole size required to provide any desired percentage of 
amplitude response, for any particular tidal amplitude, can be obtained 
from Fig. 11. For example, to assure a 100% amplitude response for a semi­
diurnal tide of one inch range (the maximum in the model) requires a minimum 
hole size of three-eighths inches. However, this applies only to the ripple­
free case. The :filtering action of the stilling wells on ripple components 
cannot be ascertained from these (or similar) graphs because of frequency 
coupling effects when two or more frequencies of oscillation are present at 
the same time. 

Response curves of the type shown in Fig. 15 result for the case 
/B =/: 0. Solutions for vario.us values of ripple amplitude and frequency were 
obtained. The pertinent data from these curves is tabulated in Table II, 
and shown graphically in Fig. 16 through 21. Again it can be seen that 
amplitude response varies directly with the primary tide period for a given 
hole size. Also, for a given amplitude and period of tide, amplitude 
response varies directly, and phase lag varies inversely, with the hole 
size (as before). Further, it is clear that both amplitude response and 
phase lag are nearly independent of ripple amplitude and frequency for the 
values shown. Any slight dependence which may exist is certainly overshadowed 
by the variations with hole size. 

The amount of ripple penetrating the filter was measured at the peaks 
of the response curves (high and low water amplitudes and times are the 
important features of the model tide records), The data i.s listed in 
Table III and plotted in Fig. 22 through 24. It is seen that the percen­
tage ·of ripple damped out varies directly with ripple amplitude and inver­
sely with ripple period, for a constant hole size. For constartt ripple, 
the percentage damped is inversely proportional to the hole size. 

Choice of inlet hole size 

It is evident from Fig. 22 that the hole size must be kept as small 
as possible to provide adequate ripple damping over a wide range of ripple 
amplitudes and frequencies. This requirement is exactly opposed to that 
required for good amplitude and phase response of the primary tide (F·ig . 

. 16 and 17). A compromise must be made. 

The value of hole size finally chosen was nine-thirty-seconds of an 
inch. This size ensures at least a 90% amplitude response with very little 
phase lag. At the same time, 65% or more of the most troublesome ripple is 
damped out. A graph combining these criteria is shown in Fig. 25. 

An indication of the improvement in tide records obtained with the aid 
of a stilling well is given in Fig. 26. It is seen that the wells are 
admirably suited to the purpose for which they were designed. 

W.R. Bell 
N.E.J. Boston 
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Table I. Values obtained from curves using a primary tide only and 
various hole sizes 

Hole size Tidal Period Tidal Amplitude Stilling Well Stilling Well 
d T A Phase Lag Response (R) 

{inches) (sec~ {inches) (sec) (inches) 

1/16 31.4 l. 0 9.0 .060 
1/8 " " 6. L~ .250 
3/16 " " 5.4 .523 
1/4 " " 3.9 .805 
5/16 " " 2.4 .952 
3/8 " " 1. 4 1.000 

1/ 16 31.4 0.5 7.8 .042 
1/8 " " 6.3 .166 
3/ 16 II " 4. Lj. .328 
1/4 " " 2.7 .450 
5/16 " " 1. 4 .496 
3/8 " " 0.9 .500. 

1/ 16 31. 4 0.25 7.0 .031 
1/ 8 II " 5.6 .114 
3/ 16 " " 3.3 .206 
1/ 4 " " 1. 6 .242 
5/ 16 " II 1.1 .250 
3/8 " " 0.7 .250 

1/16 15.7 0.25 4.0 .015 
1/8 " " 3.3 .059 
3/16 " II 2.7 .125 
1/ 4 " " 1. 8 .192 
5/16 " " 1. 2 .234 
3/8 II " 0.7 .250 

1/ 16 15. 7 .125 3.8 .011 
1/8 " II 3.2 .042 
3/16 II " 2.3 .081 
1/ 4 " " 1. 4 .112 
5/16 " II 0.7 .125 

1/ 16 15.7 :04 3.7 .006 
1/8 II II 2.6 .024 
3/16 II II 1. 2 .038 
1/4 " II 0.2 .040 
5/16 " " 0.0 .040 

) 

Normalized 
Response 

R/A 

.060 

.250 

.523 

.805 

.952 
1.000 

.084 

.332 

.656 

.900 

.992 
1.000 

.124 

.456 

.825 

.968 
1.000 
1.000 

.060 

.236 

.500 

.768 

.936 
1.000 

.088 

.336 

.648 

.888 
1.000 

.150 

.600 

.951 
1.000 
1.000 

) 



Hole Tidal 
Size Amp. 

d A 
( inch_l( inch) 

1/8 .25 
3/1.6 ll 

1/4 ii 

5/16 " 
3/8 " 
1/8 .25 
3/16 II 

1/4 . II 

5/16 " 
3/8 " 
3/16 .25 
1/4 " 
5/16 " 
3/8 " 
1/16 .25 
1/8 II 

3/16 II 

1/4 " 
5/16 II 

3/8 " 
3/16 .25 
1/4 II 

5/16 II 

3/8 " 
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Table II. Values obtained from curves using a primary tide with 
superimposed ripple and various hole sizes. 

Tidal Ripple Ripple Stilling Well Normalized Stilling Well 
Period Amp. Period Mean Response Mean Resp. Phase Lag 

IA B \s R ~/A 
(sec) (inch2 ~-~c_2 (inch) (sec) 

31. 4 .0732 2. 70 .106 .424 5.8 
" " " .190 .760 3.8 
11 " Ii .230 .920 1. 9 

" " ·" .241 .964 1. 6 
11 " " .244 .976 1.1 

31. 4 .0694 1.37 .103 .412 5. 4 
" " " .191 .764 3.3 

" " " .228 .913 1. 8 

" ·" " .238 .953 L2 

" II 
. " .. 244 . 976 1..0 

31.4 .0347 1. 37 .197 .788 3.3 
II " II .234 .936 1. 5 

" " '" . 2Lf2 .967 1. 0 
" II " .245 ,979 0.9 

31.4 .0745 5.93 .033 .132 7' 1 
" " " .109 .436 5 .. 3 

" II " .200 .800 3.6 
" " " '2.22 .888 2.0 
II " " .231 .924 1.4 
" " " .237 .948 0.9 

15.7 .0347 1.37 .124 .496 2.6 
II II " .182 . 728 1. 8 
" " " .222 .888 LO 
II " 

,, 
'23'6 .944 0.9 
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Table III. Ripple damping data (TA = 31.4 sec) A = 0.25 inches) 
) 

Hole Size Ripple Period Ripple Amp. Amplitude of Ripple % of Ripple damped 

d (inch) Te (sec) 8 (inch) on peaks of response (1-~)100 
curve C {inch2 

1/8 1. 37 .06% · .. 0017 97.6 
3/16 " II .0062 91. 0 
1/4 " II .0108 84.5 
5/16 " " .0158 77. 2 
3/8 " " .0221 68.2 

3/16 1. 37 .0347 .0037 89.2 
1/4 II " .0062 82.0 
5/16 " II .0125 6Lf. 0 
3/8 " " .0176 49.4 

1/8 2.70 .0732 .0035 95.2 
3/16 " II .0102 86.1 
1/4 " " .0183 75.0 
5/16 " " .0326 55.5 
3/8 " " .0433 40.8 

1/16 5.93 .0745 0 100.00 
1/8 " " .0040 94.6 
3/ 16 " " .0125 83.2 
1/4 · 11 II .0310 58.3 
5/16 II II .0534 28.3 
3/8 II II .0662 11.1 

) 



Figure 1. 
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Transport calculations for the North Pacific Ocean 
Septem~er, October 1961 

Sverdrup (1947), Stommel (1948), and Munk (1950) have shown that the 
total steady~state transport of mass in the ocean depends primarily on the curl 
of the wind stress components acting on the surface of the ocean. Calculations 
have been performed to estimate the wind stress over the surface of the. oce.an 
by computing me.an geostrophic winds from pressure differences betwee.n grid 
points, applying a transformation. to estimate 'Surface winds and using a "square 
law" formula to relate wind speeds to surface stresses (Fofon.off, MSJ 1960, 1961). 
The purpose of these calculations is two-fold. FirstJ to find out how long 
an averaging period is necessary to approach steady-state condition~ and se.con.d,, 
to gain some. idea of the variability, both with latitude and time, of the. 
transport that is imposed on the ocean by the atmosphere, 

Detailed descriptions of the method used for evaluating the transports 
are given in the introduction. to the annual volumes of transport computations 
(Fofon.off, MS, 1960, 1961), The actual computer program :fbr the calculation. 
of mass transport is contained in the program manual M-1 (Fofonoff and FroeseJ 
Ms, 1960), 

Six grid points in regions of special interest have been selected to 
evaluate the transport components for a given month in terms of mean values, 
They lie in the Gulf of Alaska (.55° N, 155° W), Ocean Station "P" (average 
values at 50° NJ .150° Wand 50° N, 140° W), we.st of California Current (35° N, 
135° W), adjacent to the Kuroshi.o Current (30° N ·' 160° E), the Oyashio Current 
(4.S 0 N, 155° E), and the Kamchatka Current (50° N, 160° E), 

At each grid point the mean value.s and the standard deviations of the 
transport components from values for the same month fr.om previous years are 
given in tabular form, In addition, the mean values of the i.nte.grated total 
and geostrophic transport for the month and e.leven preceding months are given 
and compared with similar averages in previous years to indicate the long term 
trend of computed transport, 

The departures of the monthly values from their means have been divided in.to 
three classes in terms of the number of standard deviations from the mean, The 
classes are: 

Class 1: departure of less than one standard deviation. from the mean (68% of 
values .for a Gaussian. distribution). Values falling in tb~s range are termed 
"normal". 
Class 2: departures of one to two standard deviations from the mean (1.7% of 
values for a Gaussian distribution), These values wi.11 be referred to as 
"above normal" or "below normal". 

,• 



Class 3 ~ departlt'es greater than two standard deviati.ons from the mean (5% o.f 
values for a Gaussi.an di.stribution). Values whose variati.on falls i.n this range 
wi.11 be denoted as "strongly above normal" or "strongly below normal". 

TransEort charts 

I. 

n:. 
III. 
IV. 

Monthly mean sea-level atmospheric.pressure given as the anomaly of mean 
atmospheric pressu.re from 1000 robs. in units of 1/10 mi.Ui.bars. 
Meridional component of Ekman transport (VE) in units of 10 metri.c tons/km/sec, 
Zonal component of Ekman transport (U,J i.n units of 10 metric tons/km/sec. 
Meridional component of total transport(V) in uni.ts of 100 metric tons/km/sec, 

The values shown on chart IV are -V 

V. Integrated total transport ( 'f) i.n uni.ts of 100 J 000 metric tons/ sec. 
VI. Integrated geostrophic transport ( 'f~ ) in units of 100,000 metric t:ons/sec. 

The convention of signs adopted h that northward and eastward transport 
shall be considered as positive and southward and westward flow shall be negative. 
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Assessment of transport calculations for September.,. 1961 

The atmospheric pressure field showed the normal "high" and "low" pressure 
areas as being slightly more· intense than usual for September. This gave rise 
to greater Ekman transport at all six grid poi.nts. All zonal components of 
Ekman transport were "strongly above normal" with the exception of Ocean Station 
"P" which, bei.ng situated near the centre of the ·"high" pressure areaJ only 
showed "above normal" transport. Meridional component of Ekman transport did 
not show as much of an increase. It was "normal" at .Ocean Station "P" and in 
the Kuroshio Current, ·"above Normal" for the Kamchatka Current and in the Gulf 
of Alaska,, and "strongly above normal" for the Oyashi.o and California Currents. 

The meridional component of total transport was "normal" for each grid 
point except the Kuroshi.o Current which was "above normal" and the ·oyashio and 
Kamchatka Currents which were "stongly below normal" and "strongly above normal" 
respectively. 

The components of integrated:i: transport. were "normal" .for the Gulf of 
Alaska and Ocean Station "P". The Oyashio and California Currents showed 
"above normal" and "below normal" components respectively. The integrated 
transports were "strongly below normal" for the Kamchatka Current. The integrated 
geostrophic transport was "above normal" for the Oyashio Current. 

Trends of integrated transport were "below normal" for the Gulf of Alaska 
and "above normal" for the California Current and the integrated geost.rophic 
component for Ocean Station "P". 

Assessment of trans£ort.calculations for Octobe~ 

The atmospheric pressure pattern was typical for October. As usual a high 
pressure area developed over China. 

Ekman transport components were "normal" for all grid points except the 
California and Kuroshio Current points where the zonal components were "above 
normal" and "strongly above normal" respectively. 

The meridional component of total transport was "above normal" for the 
Kuroshio and California.Currents. The other grid points had "normal" components. 

Integrated transports and the trends of integrated tran~port were 11 normaltt 
for all the selected grid points. 

C.K. Ross 
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Table I. A comparison of transport components at selected grid points 
wi.th the average values for the same month from previous years. 

1. Kamchatka Current (50° N, 16~ E) 4. Gulf of Alaska (55° N J55° W) 
Sept Sept Sept 1)1. - ;; I Sept . Sept Sept 

1961 1960 · Mean 
(55-60} 

I x-xl 
er Class 1961 1960 Mean <J' 

(55-60) 
7 Class 

VE -35 
UE 18 
-v -39 
i' -91 
'Va - 70 
q:; 239.7 
~ 252.8 

-19 
17 

0 
119 
1.32 
315.7 
328.4 

-5.2 ' 
-0.8 
15.0 

109.3 
120.2 
226.6 
239.4 

9.6 
9.5 

16.2 
68.5 
65.8 
86.0 

, ... 87.4 

~~ashi.o (42_0 N, 15.5° E) 
Sept Sept S'ept 

3.11 
1.98 
3.33 
·b.21 
2.90 
0.15 
0.15 

3 
2 
3 
3 
3 
1 
1 

VF- -·35 
Ue 25 
-v -93 
'f 57 
'-V'il 61 
\fi 91.3 
ljl~ 90. 7 

-14 
10 

-76 
58 
61 
94.8 
95.l 

-12.2 
13.5 

-56.0 
44.0 
45. 8< 

119.4 
119 .2 

10.8 
11.4. 
4;1, 7 
21. 0 
21. 6 
27.6 
26.9 

2.11 .T:OI 
0.89 
0.62 
0. 70 
1.02 
1.10 

5. Ocean Station "P" (.50° N ,_ 145° _N2_ 
Sept Sept Sept lx..:.)<:j 

3 
2 
1 
1 
1 
2 
2 

1961 1960 Mean <J 
I x-xl 

(!'-' Class 1961 1960 Mean er Class 
(J 

\{ -35 
UE 24 
-v 27 
'Y -202 
"\) -187 
-~ 
lf 91.3 
if~ 120. 9 

-16 
18 
22 

-161 
-145 

83.6 
118.0 

(55-60) 

-2.8 
2.7 
5 ,Q, 

-50.7 
-35.0 

66.2 
94. 8 

7.0 
7.9 

10.9 
126.1 
126.6 
41.3 
44.4 

4.61 
2. 70 
2 .. 02 
1.20· 
1.20 
0.61 
0.59 

3 
3 
3 
2 
2 
1 
1 

v. E -46, 5 
18. 0 
36.0 

-22. 5 
-18. 5 

50.3 
56.7 

-32 
29 
13 

-29 
-27 
36.2 
39.2 

(55-60) 

-31. 3 
22.7 
-1. 2 

' .. -4. 8 
-2.3 
35.8 
38.4 

14.2 
12.6 
40.7 
33.2 
34.4 
17.0 
16.8 

1. 07 
0.37 
0.91 
0.53 
0.47 
0.85 
1.09 

2 
1 
1 
1 
1 
1 
1 

3. Kurioshio (30° N 1 140° E) 6. California Current {35° ~ 
Sept Sept Sept I><-x I Sept Sept Sept lx-><I 
1961 1960 Mean Cl 

CJ' 
~~~~~~~<.5_5-_6_0~)~~~-~~~~~ 

1961 1960 Mean 0- q- Class 
~~~-______i55-6Q~2~-

Class 

VE'. 46 6 13.o 
UE 16 l 10.8 
-V 38 11 8.2 
~ -140 -293 -246.9 
\~ -188 -321 -·264.3 
~ -326.7 ·-241.0 -292.3 
~=1~].3 -249.4 -296.6 

Explanation of tables: 

6.4 ~ 3 Vro: 21 4 -1.3 
7 . 9 o . 6 6 1 Ue. - 6 9 - 3 6 - 2 7 . 8 

17..l 1.74- 2 -v 62 59 17.5 
81+. 7 1. 26 2 '¥ - 3 -14- -24. 0 
93.4 0.82 1 ~~ -4 -14 -23.2 
53.0 0.65 l tp -38 .. 9 -24.'7 -32.2 
48. 3 ~. __ 1 _____ .~.._,_-_3_6_. 8 __ -_2_3_. 8 __ -_30_., 2 

is based on (55-60) values 
denotes devi.ati~n from mean in terms of standard deviation 

5.7 
16.6 
46.2 
10.9 
10.4 
6.1 
6.1 

3.92 
2,48 
0.93 
1. 93 
1. 85 
LlO 
1. 08 

are trends of integrated transports based on the straight mean of the month and 
the eleven preceding months. 

Classei are explained on page 1-2, 

.• 

3 
3 
l 
2 
2 
2 
2 
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Table IL A comparison .of transport components at selected grid points 
with the average values .for the same month from previous years. 

1. Kamchatka Current ~50° Ni .160° E2 L1 .• Gulf of Alas.ka ~55° N2 155° w~ 

lx<xl I ><-xi Class Oct Oct Oct Cf' 7 Class Oct Oct Oct 
1961 1960 er- --...~-

1961 1960 Mean Mean er 
~55-602 - .~55-602 

vii -38 -46 - 36. 7 19.8 0.07 1 Vi: -43 -12 -29.0 45.3 0.31 1 
Ue 13 -6 1. 5 19.6 0.59 1 u~ -3 -1 -2.0 16.7 0.06 1 
~v -17 21 4.2 63.1 0.34 1 -v -204. -87 -141. 5 112.3 0.56 1 
'f -18 378 120.5 304.8 0.45 1 If 222 130 1'77. 2 133.7 0.34 1 
Y' 17 412 151. 8 206.7 0.45 1 ~') 227 131 180.0 137.6 (};34 1. 
t\13 2.06. 7 331,3 229.4 82.0 0.28 1 I./' 99.0 101.5 116. 2 35.4 0.49 1 
ifi'a 219.8 346.7 242.0 86.4 0.26 1 if, 

';) 98.7 101.9 115. 8 35.1 0.49 1 

L_Qiashio ~45° NI 155° E~ 5. Ocean Station "P" ~50° N 2 . 14·~~ W2 

Oct Oct Oct Ix-xi Class Oct: Oct: Oct 1)(-xl Glass 
1961 1960 Mean () 

(J 1961 1960 Mean a~ 
o-

(55-602 ~2_5,-60~ 

VEE -16 -7 -16. 5 13.5 0.004 1 ~ -108.5 -62 -75.8 65.5 0 . .50 1. 
Di;:. 7 -3 2.2 11.2 0.43 1. Ue. 30.5 40 31. 7 19.6 0.06 1. 
-v 43 28 27.7 23.8 0.64 1 -v -13.0 -119 -43' 5 L~4. 1. 0.69 1 
\j) -314 -241 -157.3 292.4 0.54 1 'f 26.0 '77 34.2 31. 6 0.26 1 
~lf-a- -290 -196 -123.8 286.0 0.58 l ~ 34.5 82 40.3 35.2 0.16 1 
o/ 85' 3 35.5 66.6 48.t.i. 0.39 1 tp 46.0 42.5 36.4 19.2 0 . .50 1 
~ 0 118.2 71,6 108.8 47.1 0.20 1 l¥~ 52.8 45.8 39.0 19.6 0. 70 1 

3. Kuroshio (30° N, 140° E} 6. California Current: (35° N l-135:.J!l_ - -
Oct Oct Oct: l><-)(1 Class Oct: Oct Oct. l><->Z/ Class 

() 
1961 1960 Mean 

a~ 
() 1961 1960 Mean Cl 

-.. -. -- ~55-602 __ __ J55-60l 

\th 81 73 37.7 20.5 2. 11 3 II,; 2 ·-11 -6.8 4., 6 l. 91 2 
Ue. ·-18 -35 -11..5 12.1 0 .. 54 1 uf.',: -27 -5 -7.5 23.5 0.83 1 
-v -51 -44 -6.7 27.1 1..63 2 -v 55 36 12.3 28.8 1.48 2 
tp -230 -216 -206.8 7'5.4 0.31 1 o/ -15 -21 -15' 7 9.6 0.07 l 
~ -285 -236 -231. 5 81. 9 0.65 1 41~ -15 -20 -15. 2 9.4 0.02 l 
~ -326. 7 -246.6 -290.0 53.5 0.69 1 Qi -38.4 -25.1 -32.2 6.6 

., 

0.94 1 
lV~-329.3 -256.6 -294.4 50.4 0.69 1 tp~ -36.3 -24.1 -30.4 6.8 0.87 l 

Explanation of table - see Table L 
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MERIDIONAL COMPONENi--Or EKMAN TRANSPORT 
In 10 metric tons /second I kilometer 
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F I G·. 2 ZONAL COMPONENT OF EKMAN TRANSPORT 
In 10 metric tons I second I kl lometer 

·-·-1960 I (1955·60)mean ± O'" .....,.1961 
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MERIDIONAL COMPONENT OF TOTAL TRANSPORT 
100 metric tons/second/kilometre r (1955• 60)meon ±0"' ....... 1961 
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INTEGRATED TOTAL TRANSPORT 
in millions of metric tons /seMnd. 

! (1955-GO)meon ±er -1961 
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, INTEGRATED GEOSTROPHIC TRANSPORT 
In millions of metrlq tons /second 

--·-1960 y (1955·60)mean .±0" .._._.. 1961 
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FIG· 6 TREND OF INTEGRATED~ TOTAL TRANSPORT 
In millions of metric tons /second · 

----1960 I (1955-GO)mean :1:0' +-+-> 1961 
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FIG· 7 TREND OF INTEGRATED GEOSTROPHIC TRANSPORT. 
in millions of metric tons I second 
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'l'he data presented in this circular were obtained from weekly radio 
reports of .daily seawater temperatures observed at fc:mr lightstations ~ 

'l'riple 'Island, Mcinnes Island, .Amphitrite Point, al'.ld Entrance Island; and 
from monthly reports of .daily temperatures at Langanl Island, .Cape 'St. 
,James~ and Quatsino (Kains Island) lightstati0ns. These latter reports 
are .forwarded to the San Diego Biological Laboratory of the U;S. Bureau: . 

. of ·Commercial Fisheries for use in their monthly sea~surface temperature 
charts of the eastern Pacific ~cean. 

This circular is a summary of the data for the two months of November 
and1becember, 1961. 

1'he data are tabulated in 'hble :i;. as monthly average temperatures. 
'l'he classifi.cations indices. recorded in the last column of Table I re­
present the number of ·~ standard deviation units that the monthly mean 
differs from 10-year grand monthly mean · (+ is a warmer anomaly; - is a 
colder anomaly). 

Seawat;er _lemJZet'ature ·conditions in the Hecate Strait re5ion 

At Mclnnes and Triple Islands, the seawater temperatures cooled off 
-quite steadily during November and into the first part of December. Then, 
there was very little cooling at Mc!nnes for the .remainder of the month) 
but at Triple it continued at the rate of 1 F0 each week. This monthly 
variation in cooling rates is shown in Table I by the fact that the Novem­
ber-'0ctober temperature anomalies for both stations were greater than those 
for December-November. In November, the monthly mean temperatures at 
Mcinnes and Triple were 1~ F0 colder than in;· 1960, whilst in December this 
colder anomaly had increased. to 2~ F0 at th~ former and to 2 F0 at the 
latter station. The increasing cool trend at Triple is also shown by the 
change of the classification indices ffom -2 to -3. 

Seawater temperature conditions. along t1!.~.-ocean coasts 

Monthly average temperatures at Langara Island were slightly colder 
than average during both months. The rate of cooling was 2~ F0 per month 
(Table I). Temperatures at Langara are slightly cooler than at the other 
three oceanic stations, - Cape St. James, Kains and Amphitrite. At these 
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three stations the November monthly average was 47° F) and the December 
average was 45° F. The temperatures at Cape St. James in November were 
about average and were the same as in 1960. December temperatures were 
colder than in 1960 and also colde;r than average. 

Temperatures at Kains Island and Amphitrite Point were significantly 
colder than average for both months. The classification indices were -2 
and -3, whereas those for Langara and Cape St .. James were only -1. U.S. 
B.ureau o.f Commercial Fisheries ocean temperature charts for November and 
Decembe/ show a region of cold temperature anomalies adjacent to the 
Vancouver Island coast. Weekly average temperatures at Amphitrite during 
November were as much as 5 F0 colder ·th·an at the same time in 1960, .when 
there were warmer than· :average temperatures. 

The same colder-than-average temperature conditions were also noted 
in the temperature records from Entrance Island and ·Departure Bay. Tempera­
tures at the latter station had the larger anomalies. November tempera­
tures were 4. F0 colder than tn October) and December temperatures were 
about 3 F0 colder than in November. The difference with 1960 temperatures 
was not: as large as at most of the other observing stations. Temperatures 
in December were more anomalous to average conditions than those in 
November. 

B.C. coastal seawater temperatures observed at the eight stations 
(Tabfo I) :for November and December wer~ colder than average in all 
instances except one'. The monthly mean temperatures were colder than 
those observed in 1960) especially at Amphitrite Point. The cold anomalous 
condition was greater in December than in November. Records from Kains 
and Amphitrite indicate that a region of colder-than-usual ocean tempera­
ture was present off the west coast of Vancouver Island. 

H. J. Hollister. 

) 



Station 

Langara I. 
Cape St. James 
Triple I. 
Mclnnes I. 
Ka ins I. 
Amp hi trite Pt. 
Entrance I. 
Departure Bay 

----
Station 
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Table I. Monthly means of seawater temperatures (°F) 
November and December, 1961 

Nov. Nov.-
1961 Oct. 

46. 5'>'( -2.8 
47.2* -2.9 
4·6 .2 -3. 7 
1+6 .1 -L~. 7 
4.7. 2 -3. 5 
4.J' 1 -3.6 
47.6 -3.9 
l+6. 9 -4. 5 

Dec. Dec.-

Nov. diff. Nov. 1961- Classific'n/ 
1961-1960 ·~~~--~~-10__.y~r-.. ~a_v~'g_e_.~_s_t_~~---

-0.8 
+0.1 
-1. 4 
-1. .5 
-2.0 
-1+. 9 
-0.8 
-0, L~ 

-1.1 
+0.1 
-1. 5 
-0. 3** 
-1. 9 
-2.7 
-0. 3 
•. 0. 5 

-1/ 1. 5 
+0/1.3 
-2/ l. 2 

- 2/ l. 4 
-2/ l. 9 
-0/1. 0 
-1/ 1. 1 

Dec. diff. Dec. 1961- Classific'n/ 
---·-· -· -·--..-1961 __ ,,_ -~_'2V, ... .....12.§._k-_1_9_6.,...~--~a_v_' .... &r-e_. ___ s. t_r __ 1d_.. ___ d_e_v_' n __ . 

Langara r.. L~3. 9* -2.6 -1. 7 -1. 0 -1/1. 3 
Cape St. James 45 .1~'< -2.1 -1. 9 -0.9 -1/ l. 2 
Triple I. l~3. 5 -2.7 2 r.· - • :J -2.5 -3/ 1. 5 
Mc Innes r.. 44.2 -1. 9 -1. 9 -0.8*~'( 

Kai.ns 1. 44. 9* -2.3 -2.6 -2.1 -2/ 1. 6 
Amp hi trite Pt. 45.0 -2.1 -3.7 -2.5 -3/ l. 6 
Entrance I. 45.1 -2.5 -0.3 -0.6 -1/1. 0 
Departure Bay 4.3,5 -3.4 -1. 3 -1. l -2/0. 9 

--
'l'(l-27 mean '/(*7-yr. av' ge. 

· .... ,_ 
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Jransport calculations for the North Pacific Ocean 
'·Novem1J.er 1901 · ·· '· 

Sverdrup (1947), Stammel (1948), and Munk (1950) have shown that the 
total steady-state transport of mass in the ocean depends primarily on the curl 
of the wind stress components acting on the surface of the ocean. Calculations 
have been performed to estimate the wind stress over the surface of the ocean 
by computing mean geostrophic winds from pressure differences between grid • 
points, applying a transformation to estimate surface winds and using a "square ,. 
law" formula to relate wind speeds to surface stresses (Fofonoff, MS, 1960, 1961). 
The purpose of these calculations is two-fold. First, to find out how long 
an averaging period is necessary to approach steady-state conditions and second, 
to gain some idea of the variability, both with latitude and time, of the 
transport that is imposed on the ocean by the atmosphere. 

Detailed descriptions of the method used for evaluating the transports 
are given in the introduction to the annual voiumes of transport computations 
(Fofonoff, MS, 1960, 1961). The actual computer program fur the calculation 
of mass transport is contained in the program manual M-1 (Fofonoff and Froese, 
Ms, 1960). 

Six grid points in regions of special interest have been selected to 
evaluate the transport components for a given month in terms of mean values. 
They lie in the Gulf of Alaska (5.5° N, 155° W), Ocean Station 11 P11 (average 
values at 50° N, 150° W and 50° N, 140° W), west of California Current (35° N, 
135° W), adjacent to the Kuroshio Current (30° N, 160° E), the Oyashio Current 
(45° N, 155° E), and the Kamchatka Current (50° N, 160° E). 

At each grid point the mean values and the standard deviations of the 
transport components from values for the same month from previous years are 
given in tabular form. In addition, the mean values of the integrated total 
and geostrophic transport for the month and eleven preceding months are given 
and compared with similar averages in previous years to indicate the long term 
trend of computed transport. 

The departures of the monthly values from their means have been divided into 
three classes in l:erms of the number of standard deviations from the mean. The 
classes are: 

Class 1: de.parture of less than one standard deviation from the mean (68% of 
values for a Gaussian distribution). Values falling in this range are termed 
"normal". 
Class 2: departures of one to two standard deviations from the mean (17% of 
values for a Gaussian distribution). These values will be referred to as 
"above normal" or "below normal". 

f' Cr 
t / 

_..,.,~~,·.-<>·>-,; .r > 
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Class 3: departu:es greater than two standatd deviations from the mean (5% of 
values for a Gaussian distribution). Values whose variation falls in this range 
will be denoted as "strongly above normal" or "strongly below normal". 

Transport charts 

I. Monthly mean sea-level atmospheric pressure given as the anomaly of mean 
atmospheric pressure from 1000 mbs. in units of 1/10 millibars. 

II. Meridional component of Ekman transport (VE) in uni.ts of 10 metric tons/km/sec. 
III. Zonal component of Ekman transport (Ui;) in units of 10 metric tons/km/sec. 
IV. Meridional component of total transport(V) in units of 100 metri.c tons/km/sec. 

The values shown on chart IV are -V 

V. Integrated total transport. ('t') in units of 100,000 metric tons/sec. 
VI. Integrated geostrophic transport ( Y13 ) i.n units of 100?000 metric tons/sec. 

The convention of signs adopted is that northward and eastward transport 
shall be considered as positive and southward and west'\N'ard flow shall be negative. 
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Assessment of transEort calculations for November 2 1961 

The atmospheric pressure field was relatively normal for the month of 
November. The northern low pressure area was shifted slightly to the north 
01er the Bering Sea and was of lesser intensity than usual. The high pressure 
areas over China and off the coast of the United States were present as in 
previous Novembers. 

The components of Ekman transport were normal except the meridional 
component for the Gulf of Alaska and the zonal components for Ocean Station 
"P" and the California Current which were 11 below normal". 

The total transport components were slightly 11 below normal" for the 
Gulf of Alaska and the California Current, 11 above normal" for the Kuroshio 
and 11 normal 11 for the remaining three grid points. 

The components of integrated total and geostrophic transport were 
normal for all selected grid points save the Oyashio and Kuroshio Currents 
which were "below normal". 

The only grid point to show deviation from the "normal" trends of in­
tegrated transports was the California Current which was only slightly 
"below normal". 

C.K. Ross 
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Table I. A comparison of transport components at selected grid points with 
the average values for the same month from previous years. 

Kamchatka Current {55° Ni 160° EL 41 Gulf of Alaska {55° NI 155° w2 
Nov Nov Nov Ix ... ~·/ Nov Nov Nov · I><- ~I 1961 1960 Mean u ---- Class 1961 1960 Mean () -·Class 

{55-60} 
(["' 

{55-602 er' 

Vi:. -40 -10 -48. 8 40.4 0.22 1 Ve -20 -7 0.2 14.3 1. 41 2 
\Jr::. - .5 - .5 -6.7 10.9 0.16 1 UE 8 •. 5 10 .. 5 22.6 0.11 1 
-V -22 1.8 -38.7 40.6 0.41 1. -v -15.5 - 75 -87. 8 .53.7 1.2.5 2 
l\' 281 323 326.0 1. 7 6 0.26 1 .·l}J 133 121 167.2 .50. 3 0.68 1 
~~ 318 347 350.0 173 0.19 1 \\{' 133 120 167.2 50 . .5 0.68 1 
\.\-' 203.2 313. 3 230.0 61. 0 0' LJ.4 1 qi'\ 100.Q 101. 0 114.4 36.0 0.40 1 
Li)~ 217.4 329.2 243.0 64.1 0.40 1 ~ 99.8 101. .5 114.0 3.5 '.5 0.40 1 

2. Oyashio Qyrrent {4.5~_N, 15.5° E2 5. Ocean Station "P"_(.50° N 1 11+5° W~ 

VE -27 -3 -40.2 27.0 0.49 1 Vi:: -62.0 -69 -51. 5 26.1. 0.40 1 
UE -3 -4 -4.2 7.9 0.15 1 UP- 15.5 25 64.8 44.3 1.11 2 
-V Lfl 2 51. 7 45.3 0. 2LJ. 1 -v -33 . .5 -125 -65.2 46.8 0.68 1 
'+' -387 101 5,7 217 1. 82 2 \jJ . 73.0 118 40.8 67.8 0.48 1 
l_\)'b - 352 146 4.9, 3 214 1. 85 2 'o/. 77 .o 123 45.2 66.4 0.48 1 
\.jJ 44. 6 26.5 66.3 59.7 0.36 1 cp~ 42.3 .51. 8 35.8 17.6 0.37 1 
qi~ 76. 7 61. 7 108.6 5.5. 2 0.58 1 tp'd 48.9 .53 .1 38.6 18.1 0 0 .5 7 l 

3. Kuroshio Current (30° Ni 140° E2 6. California Current {35° N 1 1.35° w2 

Ve 26 7 35. 7 17.5 0.55 1 Vr: -17 -38 -10.5 15.3 0.42 1 
Ue -29 -9 -26.8 15.9 0.14 1 Ui: -5 -5 0.5 3.1 1. LfS 2 
-v 30 I 2 -6.7 27.l 1.. 35 2 - \/ 54 44 8.7 40.6 1.11 2 
'-V -193 -185 173.0 17.5 1.14 2 It' -18 -19 -19.0 12.2 0.82 1 
~'a -203 -190 183.7 16.7 1. 24 2 lV~ -17 -17 -18. 8 11. 6 0.16 1 
qJ -328.6 -247.0 -290.8 52.2 o. 72 1 o/ -38' 3 26.6 -32.2 5.0 1.. 22 2 
\f0 -330.Lf 256.3 -294.6 48.9 0.73 1 tfl,_- 36. 3 -26.4 -30.2 5.1 1..19 2 

ExElanation of tabl~: 

Cj'"'f is based on (55-60) values. 

I >C- ~I 
denotes deviation from mean :...:..--- in terms of standard deviation. er 

I 

4J I 1.\1 ~ are trends of integrated transports based on the straight mean of the 
month and the eleven preceding months. 

·Classes are explained on pages 1-2' \ 
) 

\ 
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F lG· I 
MERIDIONAL COMPONENT. OF EKMAN TRANSPORT 

In 10 metric tons /second /kilometer 
·--· 1960 J (1955·60)meon:l:O" ......... 1961 

I •. KAMCHATKA CURRENT (!50"N .160° E) 4. GULF OF ALASKA (55°N 1 155°W) 

100 

-100 

2. OVASHIO CURREN1' (45° N , 155° E) 5. OCEAN STATION "p" (50°N , 145°W) 
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50 

3. KUROSHIO CURRENT (30°N, 140°E) 6. CALIFORNIA CURRENT (35°N ,135°W) 
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F I G 2 ZONAL COMPONENT OF EKMAN TRANSPORT 
· in 10 metric tons I second /kilometer ) 

·---1960 . I (1955·60)mean :I: O"' .......... 1961 

I. KAMCHATKA CURRENT 1iso•N 'tao•E) 4. GULF OF ALASKA (669 N trsis•w) 
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FIG. 3 MERIDIONAL COMPONENT OF TOTAL TRANSPORT 
100 metric tons/second/kilometre 

---- 1960 r (1955- 60)meon :!:0- . -1961 
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F I G' 4 
, INTEGRATED TOTAL 'TRANSPORT 

' in mlllior1s of metric tons /second. 
) 

----1960 ! (1955-60)meon ±0" --1961 
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FIG·5 
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I. KAMCHATKA CURRENT 
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INTEGRATED GEOSTROPHIC TRANSPORT 
in millions of metric tons /second 

I (1955-GO)meon .±er ........, 1961 

(50.N ,1eo•E) 4. GULF OF ALASKA (55°N ,15!fW) 
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FIG· 6 TREND OF INTEGRATED TOTAL TRANSPORT 
in millions of metric tons /second · 

--·· .. 1960 I ll955·60)mean ±er _....1961 

I, KAMCHATKA CURRENT' (50°N,160°E) 4. GULF OF ALASKA (55°N,155°W) 
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FISHERIES RESEARCH BOARD OF CANADA 
Pacific Oceanographic Group 

Nanaimo, B, C, 

Circular 1962 - 5 
February ~' 1962. 

Oceanograph.ic observations from Weather ship C, M. S. "St, 
.Gatharines11 , Cruise P-61-4, September 13-0ctober 30, 1961 

Observations between "Swiftsure11 and Station "P" 

The station positions occupied between "Swiftsure" and Station 11 P11 are shown 
in Fig. 1. 

Temper,ature observations 

Fi.gure 2 shows a section of temperature between "Swiftsure" and Station 
"P" for mid-September, It can be seen that the surface temperature was 15° C 
at Station 1, rose to a maximum (16. 3° C) at Station 3 and then fell gradually 
to a minimum (13.5° C) at Station 11 P". During the six week interval between 
mid-September and the end of October cooling of the surface water occurred in 
the section, being most marked at Station 1 (by 5 C0

) and least at Station "P" 
(by 3 C0

). As shown in Fig. 3, the surface temperature for the end of October 
was 9.9 °C at Station 1. From there it rose to a maximum (12.2 °C) at Station 
3, where a maximum was previously noted (Fig. 2). Then it decreased gradually 
to a minimum (9.9° C) at Station 6A (midway between Station 6 and Station "P")J 
and increased to 10.4° C at Station "P". 

At mid-September and also the end of October the seasonal thermocline in­
creased in magnitude and depth seaward from "Swiftsure11 • 

There was a greater temperature decrease in the upper 50 m of water 
during the period from the middle of September to the end of October, 1961 
(3 C0

) than during the corresponding period in 1959 (1 C0
) (Circular 1959-27). 

The temperature inversions . app.e.aring .betwe.en 100 and 200 m depth almost 
disappeared in 1961 whereas they persisted in 1959 (data not available for 
1960). 

Figure 4 shows the temperature changes in the depth interval 100 through 
500 mbetween "Swiftsure" and Station 11 P11 • General cooling occurred durfng the 
period from the beginning of August to mid-September with marked cooling towards 
the coast and west of mid-section; however, warming occurred east of the middle 
and east of Station "P". 

In contrast to this there was less change during the following six weeks 
to the end of October except near the coast where marked cooling occurred at 
Station 1 and warming at Station 2. 

From Station 3 to Station 6A between the middle of September and the 
end of October warming was general from 100 to 150 m depth and cooling was 
general from 150 to 200 m depth. This warming and cooling is accompanied by 
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the disappearance of the temperature inversions. The temperature changes during 
the period from the beginning of August to the middle of September are not as 
easily related to the formation of the temperature inversions during that period. 

Salinity observatio.!!._~ 

As shown in Fig. 5, the surface salinity in mid-September between "Swift­
sure" and Station "P" varied from minimums at Stations 2, 4 and 5 to maximums 
at Station 3) 4A and "P". The surface salinity at the end of October (Fig. 6) 
became more regular and increased from the coast to Station "P". 

During both periods) wave-like features were evident below 200 m depth in 
the salinity section as shown in Fig. 5 and 6. It is of interest to note that 
while a "hump" occurred at Station 4 (isohalines 33. 9 and 34. ~ ) in September) 
a. 11 dip" occurred in October. 

On comparing the isohalines occurring between 100 and 500 m at Station 2 
for the two periods it is seen that the salinity increased from the middle of 
September to the end of October. Si.nee the temperature also increased here at 
the same time it is probable that there was a northward transport (assuming 
warmer more saline water lies to the south). 

Observations at Station "P" 

Temperature observations: - As shown in Fig. 7 the monthly mean surface 
temperature for August and September are appreciably warmer (l-2°) than the 
corresponding means of 1960. The October mean is nearly the same as the 1960 
mean while the November mean is again about 1° warmer than the 1960 mean. 

The August, September and October means are about 1° warmer than the 
10-year monthly means (1951-1960) and the November value is about 1° lower 
than the 10-year mean. 

Temperature structures for selected times from July 4 to October 11, 1961 
are shown in Fig. 8. This series of structures shows a sequence of the growth 
and decay of the thermocline during this period. 

Temperature inversions occurred in the depths between 100 and 200 m 
(Fig. 8). However) they were evident in only half the total number of 
observations. 

As shown in Fig. 9 temperature inversions between 100 and 200 m are evi­
dent every year at the beginning of November for the years from 1958 through 
1961. 

fhan_g~ of heat content: - The average rate of change of heat: content from 
the surface to 100 m depth during the period July 4-August 3 was +~20 gm cal/cm2/ 
day. Duri.ng the period August 3-September 17 it was +370 gm c21/cm /day and 

during the period September 17-0ctober 11 it was -167 gm cal/cm /day. These 
values are somewhat larger than expected during these periods. 

) 
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Oxygen observations: - The oxygen structure at Station "P" for selected 
times between July 4 and October 11, 1961 are shown in Fig. 11. In general, the 
oxygen concentration varied inversely as the temperature above the thermocline, 
indicating its dependence on the solubility of oxygen in water. 

From 100 to 200 m it can be seen. that the oxygen concentration increased 
when the salinity decreased (Fig. 10 and 11). This could indicate a northward 
transport of water. 

Figure 12 shows oxygen structures for the end of October for the years 
1959 - 1961. The oxygen concentration was 0.025 - 0.05 mg at/l less in 1961 
than in the previous two years. 

Current observations.: - One parachute drogue drift measurement was attempted 
on October 6, 196L Two drogues were set out, one at 10 m depth, the other at 
60 m depth. The drogues were positioned once four hours after they were released 
They had drifted 2 1/4 and 2 1/2 miles north west respectively. The 60 m drogue 
travelled 1/4 of a mile further than the 10 m drogue. 

Biological observation~: - There were two Pomfret and one small shark caught 
between S~ptember 16 and 30. Very little fishing was done after that. 

Black footed albatross were numerous throuhout the patrol though there 
were fewer at the end of October than in the middle of September. Up to six 
Laysan albatross were observed towards the end of October. 

Numerous clumps of kelp were observed throughout the patrol. 

D.G. Robertson. 
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Sverdrup (1947), Stammel (1%8), and Munk (1950) have shown that the total 
steady-state transport of mass in the ocean depends primarily on the curl of the 
wind stress components acting on the surface of the ocean. Calculations have 
been performed to estimate the wind stress over the surface of the ocean by 
computing mean geostrophic winds from pressure differences between grid points, 
applying a transformation to estimate surface winds and using a "square law" 
formula to relate wind speeds to surface stresses (Fofonoff, MS, 1961, 1961). 
The purpose of these calculations is two-fold. First, to find out how long an 
averaging period is necessary to approach steady-state conditions and second, to 
gain some idea of the variability, both with latitude and time, of the transport 
that is imposed on the ocean by the atmosphere. 

Detailed descriptions of the method used for evaluating the transports are 
given in the introduction to the annual volumes of transport computations (Fofonoff, 
MS, 1960, 1961). The actual computer program for the calculation of mass trans­
'port is contained in the program manual M-1 (Fofonoff and Froese, MS, 1960). 

Six grid points in regions of special interest have been selected to evalu­
ate the transport components for a given month in terms of mean values. They 
lie. in the Gulf of Alaska (55° N, 155° W) ·' Ocean Station "P" (average values at 
50° N, 150° Wand 50° N, 140° W), west of California Current (35° N, 135° W), 
adjacent to the Kuroshio Current (30° N, 160° E), the Oyashio Current (45° N, 
155° E), and the Kamchatka Current (50° N, 160° E). 

At each grid point the mean values and the standard deviations of the trans­
port components from values for the same month from previous years are given in 
tabular form. In addition, the mean values of the integrated total' and geostro­
phic transport for the month and eleven preceding months are given and compared 
with similar averages in ~revious years to indicate the long term trend of 
computed transport. 

The departures of the monthly values from their means have been divided into 
three classes in terms of the number of standard deviations from the mean. The 
classes are: 

Class 1: departure of less than one standard deviation from the mean (68% of 
values for a Gaussian distribution). Values falling in this range are termed 
"normal". 
Class 2: departures of one to two standard deviations from the mean (17% of 
values for a Gaussian distribution). These values will be referred to as ''above 
normal" or "below normal". 

\_f '\/\("---/----
._. 
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Class 3: departures greater than two standard deviations from the mean (5% of 
values for a Gaussian distribution). Values whose variation falls in this range 
will be denoted as "strongly above normal" or, "strongly below normal". 

Transport charts 

I. Monthly mean sea-level atmospheric pressure given as the anomaly of mean 
atmospheric pressure from 1000 mbs. in units of 1/10 millibars. 

II. Meridional component of Ekman transport (VE) in units of 10 metric tons/km/sec. 
III. Zonal component of Ekman transport (UE) in units of 10 metric tons/km/sec. 
IV. Meridional component of total transport ( V) in units of 100 metric tons/km/ sec. 

The values shown on chart IV are -V 

V. Integrated total transport( \.fl ) in units of 100,000 metric tons/sec. 
VI. Integrated geostrophic transport ( ~3 ) in units of 100,000 metric tons/sec. 

The convention of signs adopted is that northward and eastward transport shall 
be considered as positive and southward and westward flow shall be negative. 
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Assessment of transport calculations for December, 1961 

Since 1955 the atmospheric pressure field over the North Pacific has shown 
considerable variability from one December to the next. Generally there is a 
high pressure area over China and another in the mid-latitudes over the United 
States or extending out over the ocean. A low pressure area is found between them 
but its centre will shift from the mid-Pacific to the northeastern edge of the 
Gulf of Alaska, to the Aleutians and even over the Bering Sea. In December 1961 
the high pressure area over China was slightly more intense than in the past. 
A "high'' was also found off the coast of the United States and did not differ 
appreciably in magnitude from previous years. The low was found slightly south 
of the Aleutians ~nd was less intense than usual. It was this pressure distri­
bution that gave rise to the water mass transport for the month of December. 

The meridional component of Ekman transport was "normal" for the eastern 
grid points whereas it was "below normal" for the Kuroshio and Oyashio Currents 
and "strongly above normal" for the Kamchatka Current. The zonal component 
was 11 below normal" for the Kamchatka and California Currents and "strongly 
below normal" for the Oyashio Current. 

The meridional component of total transport was "above normal" for the 
Oyashio Current and "below normal" for the Kamchatka Current. 

The integrated total transport for the Kuroshio Current and the integrated 
geostrophic transport for Ocean Station 11 P11 were both slightly "below normal". 
The Gulf of Alaska showed "strongly below normal" integrated total and geo­
strophic transport components. 

The trends of integrated total and geostrophic transport were "normal" 
for all selected grid points. 

C.K. Ross. 
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Table I. A comparison of transport components at selected grid points 
with the average values for the same month from previous years. 

Kamchatka Current ~50° Nz 160° E2 4. Gulf of Alaska {55° Nz 155° w2 
Dec De.c .D.ec: 1><-x I Dec Dec Dec \x-xl 
1961 1960· ,.,·Me·an CJ ....,,._ Class 1961 1960 Mean u - Class 

~55-602 
() 

{55-602 0-

69 -33 -22.5 23.3 3.92 3 Ve 4 16 0.2 34.0 .11 1 
-47 -8 -11. 2 24.8 1.44 2 Ua -7 32 -10. 0 25.7 .12 1 
-3 -63 -69.8 39.l 1. 71 2 -v - 75 -126 -108.0 69.9 .47 1 

408 412 443.0 242.5 .14 1 o/ 92 147 252.8 59.3 2. 72 3 
391 426 461. 8 516.1 .14 1 ~ 91 142 251. 0 60.8 2.64 3 
202.8 278.6 232.0 36.2 .83 1 tp~ 95.4 87.9 117 .2 34.1 .67 1 
214.5 292.3 246.5 35.0 .91 1 q:J~ 95.5 87.8 117. 2 34.1 .67 ]_ 

Oyashio Current ~45°N 2 155° E2 5. Ocean Station "P" {50° Ni 145° w2 
Dec Dec Dec Ix -xi Dec Dec Dec 1><-x I 
1961 1960 Mean CJ Class 1961 1960 Mean (J ~Class 

{55-602 0- {55-602 0--

-1 -64 -46. 5 . 25.7 1. 77 2 VE -37.0 1 -56.5 60.5 .32 1 
-50 -5 -10.2 17.6 2.26 3 Ui.;: 22.0 78 53.2 45.3 .69 1 
-59 -33 -20.5 32.7 1.18 2 -v -47.0 -77 -99.8 58.7 . 90 l 
363 145 213.8 .339 .1 .44 1 tjJ 67.5 55 109.2 5L3 .83 1 
378 184 262.2 343.7 .34 1 y;~ 71. 0 105 122.3 45.2 1.13 2 
62.8 25.8 47.0 68.9 .23 1 lp 43.3 46.3 33.5 11.2 .88 1 
92.8 56.5 77. 7 68.1 .22 1 ~ 46.1 53.l 37.3 12.0 . 73 . 1 

Kuroshio Current poo Nz 140° E2 6. California Current {35o Ni .135° w2 
Dec Dec Dec Jx-xl Dec Dec Dec I 11 ·iii 
1961 1960 Mean (J Class 1961 1960 Mean () -pass 

{55- 602 er {55-602 
() . 

-9 -1 2.7 9.7 1. 21 2 v;- -17 -23 -28.2 31. 0 .36 1 
-35 -28 -30.5 15.6 .29 1 Ur=; -18 33 20.0 23.2 1. 64 2 
-5 -8 o.o 7.2 .70 1 -v 52 56 13.3 47.1 .82 1 

-512 -338 -339.7 152.3 1.13 2 lj) -19 -26 -18. 7 12.5 .02 1 
-478 -316 -330.7 153.3 .96 1 lJJci -18 -25 -17.8 13.9 .Ol 1 
-343.1 -257.7 -300.0 45.6 .95 1 i -37.8 -27.8 -33. 3 5.0 .90 1 
-343.9 -264.4 -306.3 45.3 .83 1 0 -35.8 -26.5 -31. 5 5.1 .84 1 

Explanation of table: 

()" is based on (55-60) values 

Ix-xi denotes deviation from mean in terms of standard deviation c;-

tp, I.Pi are trends of integrated transports based on the straight mean of the month 
and the eleven preceding months 

Classes are explained on pages 1-2. 
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Nanaimo, B. C. 

Circular 1962 - 7 
March 12, 1962. 

Oceanographic observations from the W.eathership C. M. S. "St. Catharines" 
Cruise P-61-5.J.. December2_, 1961-Jaunary 22, .1962 

Introduction 

Oceanographic observations are made from C.M.S. "St. Catharines" at Ocean 
Station "P" (Fig. 1) through alternate six-week periods, and en route to and 
from the station. To monitor the oceanographic conditions from surface to bottom, 
bathythermograms are taken twice daily. Serial oceanographic observations from 
the surface to 2000 m depth are made twice weekly on station. Observations are 
made to the bottom once a week. These samples are analyzed for temperature, 
salinity and dissolved oxygen and silicates. In addition special observations are 
made to observe internal waves, radiation, plankton, bio-productivity, drift, 
sea life, etc. 

This circular summarizes the temperature data observed during the period 
December 5-8, 1961 to. January 19-21, 1962. 

Temperatures in the line "S" - "P" section 

(a) At 3 metre depth 

Continuous records of temperature at 3 m depth were obtained from a 
temperature sensing element at the engineroom seawater intake. This thermograph 
along line "S" - "P" is reproduced in Fig. 2. The upper trace corresponds to 

cbservations taken during Dec 5-8, 1961 and the lower one to Jan 18-21, 1962. These 
values were found to correspond to the temperatures observed with reversing 
thermometers at 10 ci depth, with ±o.2 C0

• 

On comparing the temperature records in Fig. 2, it was noticed that the 
average decrease in surface water temperature during the seven week period was 
about 1.5° C. Station 3 and Swiftsure were the two regions where the most marked 
cooling occurred. This marked cooling (2.5° C) brought about the complete dis­
appearance of the former warm region at Station 3 and also created a sharp de­
crease in temperature near the coast. 

During the earlier period (Dec 5-8, 1961) the surface temperature varied 
irregularly between Swiftsure and Station 4A. Using a base line of 9° C for the 
above segment of line "S" - "P"., three relatively warm regions were evident. The 
most significant of these was in the vicinity of Station 3. The two others were 
at Station 1 and at a position between Stations 4 and 4A. From Station 4A, the 
temperature decreased irregularly to Station "P". Between Station 6 and "P", the 
surface water was considerably cooler than the adjacent regions. 

In the thermograph record of January 18-21, 1962, there was a rapid increase 
in temperature from "Swi.ftsure" to a position a little short of Station 1. From 
here to a position between 4 and 4A.1 the temperature was relatively constant 
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except for a region of colder water at Station 2. From a position between Stations 
4 and 4A, to Station "P" the temperature decreased very irregularly. ) 

(b) Vertical distribution of temperature 

The depths of the top of the seasonal thermocline (Potential Layer 
Depth) were determined from a single bathythermogram. Therefore the depth of 
these values should be viewed with some caution owing to the possible effects of 
internal waves (Fig. 3). In most cases the surface layer was truly isothermal. 
Only few possibly "transient thermoclines 11 were apparent as shown by the symbols 
~'~ and/':, (bathythermograms were drawn at selected positions to facilitate a 
further interpretation of the figure). 

On comparing the two·sets of observations) the usual deepening of the thermo­
cline during the seven week interval was observed in all but three positions. 
At Stations 2, 4A and "P", the top of the thermocline remained at the same depth. 
A temperature inversion had replaced the former negative or normal t:hermocline at 
Stations .2 and 4A. At Station 11 P11 , the magnitude of the thermocline had been 
reduced from 2.5° C to 1.0° C. The three other positions of interest: are at 
Station 1, between Station 3 and 4, and between Station 5 and 6. At these posi­
tions the thermocline appeared to have deepened markedly. 

Figures 4.a and 4b show isotherms, temperature inversions, and isothermal 
layers, that were recorded along the line during Dec 5-8, 1961 (in Fig. 4a, the 
isotherms were drawn 1° C apart; and in Fig. 4b, the isotherms were 0.5° C apart 
and the depth scale was contracted). It was evident from these temperature 
contours between 100 and 300 m depth (Fig. 4a) that colder water, relative to 
adjacent regions occurred in the vicinity of Station 5 and between Station "P" 
and 6. Otherwise, the ocean temperature increased gradually toward Swiftsure. 
Below 300 m (Fig. 4b), there was a very gradual increase in temperature from 
Station "P" to Station 1. 

FigurIBSa and Sb present data that was taken Jan 18-21, 1962. Both figures 
showed that at almost all depths there was a steady increase in temperature from 
Station "P" to Station 1. 

The positions and depths of temperature inversions and isothermal layers 
are identified in the Fig. 4a and Sa. As a point of interest, the large bands 
of persistent inversions were most often a feature of the colder zones. 

Figure 6 shows the difference between temperatures observed during the 
previous patrol (Oct 27-30, 1961) along line "S" - "P" and those taken on the 
outbound portion .of the present cr.uise (Dec 5-8, 1961.). The magnitude of· 
surface layer cooling is perhaps the.most significant feature of this diagram. 
The other .feature is the su.bstantial warming evident just below the thermocline 
at Station 1. and Station 5. 

In Fig. 7, the extent of seasonal cooling of the surface layer again dominated 
the picture. Two other features i.n the figure warrant attention. At Stati.on 1, 
there was a conspicuous decrease of the subthermocline warming conditions that 
were evident in Fig. 6. At Station 2, a significant warming zone appeared with 
its nucleus at 360 m and extending as far down as 1000 m. 
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Temperatures at Ocean Station "P" 

In Fig. 8, the 10-year monthly mean surface sea temperatures (1951-1960) 
and the monthly mean surface sea temperatures of 1960 are presented £or comparison 
with the recent monthly mean surface sea temperatures. All but the month of 
December had been plotted and discussed in previous circulars. In December the 
monthly mean surface sea temperature was 6.5° C. This value is 0.5° C colder than 
the corresponding temperature of the 10-year mean and 0,5° C warmer than last 
year's mean. 

Figure 9 shows the thermograph temperature records.at the 3 m depth, the 
depths of the top and bottom of the thermoclines from the two daily bathythermo­
grams, and the maximum and minimum wind speeds of the day. 

The vertical extent of the thermocline may well be an indication of the rela­
tive strength of the vertical mixing processes. It is possible that there are 
other factors influencing this vertical dimension of the thermocline, such as 
phase differences in the internal waves at the top and bottom of the thermocline 
and the horizontal velocity shear of ths drift current. 

The maximum and minimum wind speeds (knots) were included in Fig. 9. From 
a cursory examination of the data, no obvious relationship was seen between wind 
speed and the rates of temperature change in the mixed layer or between the wind 
speed and the depth of the thermocline. 

Temperature values at selected depths for each of the thirteen oceanographic 
stations taken at Station "P", are listed in Table 1. Temperatures in the top 100 
m were influenced mainly by surface seasonal effects. However, Station 507 (Table 
1) showed a substantial increase in temperature from that observed two days pre­
viously. A condition which could only be attributed to advective influence. 
Between 100 and 1500 m depth, temperature changes were small and random. Below 
1500 m, the data from all five of the very deep stations showed that there were 
no significant changes in temperature. Previous examination of the thermometers 
showed that the instrument error had a standard deviation of ±o.015° C. There­
fore, a significant change was defined as a temperature difference greater than 
0.03° c. 

Studies of Station "P" data, from 1956 through 1960, currently being made 
suggests a two year cycle of the temperatures in the 100 to 700 m depth range. 
During the five years, the highest temperatures in the two-year cycle occurred in 
early 1958 and early 1960. If such a two-year cycle could be considered real, 
another peak in temperature at Station "P" between 100 to 700 m depth should 
appear before the middle of this year. 

Chemical observations 

The results of the oxygen and silicate analysis carried out at Ocean Station 
''~' indicated that the values were similar at all depths during the six weeks 
(Dec 8, 1961-Jan 18, 1962). 

Marine observations 

One handsaw fish was caught at Station "P'' and its internal organs were 
brought back to the Biological Station. Three other marine organisms were 
collected at Station "P" and brought back. 

W. Atkinson. 
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Table l, Temperatures (C 0
) at selected depths at Ocean 

Station "P" (9 December 1961 through 17 January 1962) ) 

Station Depth (metres) 
Date No. 10 -so 100 150 200 250 300 500 750 

9/12/62 501 6,99 6. 72 5. 72 3.86 4.10 3.87 3. 7.5 3 . .52 3.26 
12/ 12/ 61 .502 6.68 6.61 4.25 4. 15 4.13 3.92 3.80 
14/12/61 .503 6.68 6.42 4.53 4.1.5 4.02 3.84 3.76 3.57 3.29 
18/12/61 .504 6.42 6.42 4.37 4.13 4.10 3.87 3.74 
20/12/61 .505 6.32 6.33 4.31 4.21 4.05 3.85 3.76 
25/12/61 506 6.00 6.02 4 .. 01 4.09 4, 11 3.79 3. 72 3.56 3.23 
27/12/61 .507 6.17 6.17 3. 94 4. 1.5 4.07 3.87 3. 77 
1/1/62 .508 6.07 6.06 4.17 4.18 4.08 3.86 3.75 3.62 3.30 
5/1/62 509 5.9.5 .5.9.5 4,36 4.33 4.05 3.90 3. 77 
9/1/62 510 5.93 .5.93 4,21 4,31 4,02 3.86 3. 77 3.56 3.25 

.12/1/62 511 5.89 5. 90 4.46 4.30 4., 13 3.90 3.82 3 . .59 3.23 
15/1/62 .512 5.82 5.83 4.63 4.35 4.05 3.95 3.81 
17/1/62 513 5,59 5.57 4.22 4.0.5 4.00 3.96 3.82 3.54 3.25 

Station Depth (metres) 
Date No. 1000 1.500 2000 2500 3000 L~OOO 

9/12/61 501 2.90 L30 
12/12/61 502 
14/12/61 503 2.91 2.32 L95 1. 76 1.62 
18/12/61 504 
20/12/61 .505 
25/12/61 506 2.86 2.30 L93 1. 74 1. 62 l. 52 
27/12/61 507 
1/ 1/ 62 508 2.87 2.31 1. 94 1. 71 1. 61 1.52 
5/1/62 509 
9/1/62 510 2.88 2.32 1. 95 1. 75 1. 63 l. 51 

12/1/62 .511 2.89 2.31 
1.5/1/62 512 
17/1/62 513 2.89 2.36 1. 97 1. 74 1.63 l. .51 

w· 
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FISHERIES RESEARCH BOARD OF CANADA 
Pacific Oceanographic Group 

Nanaimo, B, C, 

Circular 1962 - 8 
March 16, 1962, 

Oce8:!19graI?hic survey of ~Northeast Pacif~ 
Apr_i~. 

An oceanographic survey of the Northeast Paci.fie Ocean is scheduled 
for the period April 16 to May 6, 1962. One ship) C,N,A.V. 110shawa".i will 
occupy four oceanic stations and conduct coastal surveys over the continental 
shelf between San Francisco and Victoria, The approximate position and 
length of t:Lme on station is shown in Table L 

The princ.i.pal purpose of thi.s survey is to i.nvesti.gate the transition 
zone ge~ne:rally known as the Sub··polar Front with respect to its biological 
and chem1.ca1. ch«iracteristics, There is some evi.dence that .i:i.t Station "P" 
(50° N, 145° W) "blobs" and "tongues" of warmer water tend to intrude. 
In order to recognize the "patchiness" biologically and chemically it has 
been found necessary that we should study t:he biological. and chemical 
characteristics of water situated at a considerable distance south and 
west of Station "P", 

1. Oceani.c stations ., At each station a routine hydrographic bottle cast 
t:o 300--m ;rii'f'b;-;;-;;;~Te for temperature and salini.ty profiles. Phytoplankton 
pigments and settled samples also will be collected to an approximate depth 
of 200 m. Several deep casts to 3000 m and at two stations to '-1000 m will 
be made to collect samples for the analyses of particulate and soluble 
organic material. Larger samples of particulate organic material wi.11 be 
collected from ca. 500 m for the purpose of more detailed analysis. Light 
measurements) inorganic nutrients and other determinations will be made 
at these stations, weather and time permitting. 

2. ~~l stations •· The coast.al stations shown in Table -I are subject: 
to considerable alteration with respect to position and number. The 
purpose of this portion of the cruise is to examine the 'land mass' effect, 
especially with respect to phytoplankton pigments. Other analyses will be 
performed if time permits. 

T .R. ·Parsons. 
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Table I 

Ocean stations 

Position ~oximate time on 

47° 00' N 133° 00 1 w 24. 

43° 00 1 N 14-1° 00 1 w 12 

Lfl o 00' N 143° 00' w 12 

38° OO' N 145° 00' w 2LJ. 

.££~1 stati~ 

40° 20 1 N, 100 mi.les due west from the coast J 30 
1.0 stations at 10 mile intervals 

42. 0 50' N (same as 1Fl) 30 

46° 50' N II " 30 

48° 00 1 N 
,, 

" 30 

Schedule 

Leave Esquimalt 1200 hrs 16 April 
28 April 
30 April 
4-6 May. 

Arrive San Francisco 
Leave San Francisco 
Arrive Esquimalt 

hrs. 

hrs. 

hrs. 

hrs, 

mi.n, 

min, 

min, 

min, 

l 
/ 

stat.Ion 

each 

each 

each 

each 



FISHERIES RESEARCH BOARD OF CANADA 
Pacific Oceanographic Group 

Nanaimo, B. C. 

Circular 1962 - 9 
March 30) 1962. 

J.;r:o12os~.1- .Oceanographi.£ _S,1::1£vey of the N9_rtheast Pacific Ocean 
' .J1ay. 21 to J!:!h..J_,_J.ill_ 

An oceanographic survey of the northeast Pacific Ocean is scheduled for the 
period May 21 to July 7, 1962. Two ships, C. N .A. V. ·"Oshawa'' and "White throat" 
will occupy about 220 oceanographic stations (Fig. 1). The positions are 
listed in Table I. 

1. At each station, serial observations of temperature) sali.nity and 
dissolved oxygen will be made. On the Conti.nenta:l. Shelf, serial ohs£:rvations 
will be made to near the bottom. In mid-ocean areas observations will be made 
to 1200 metres depth except for the special stations designated in Fig. 1 and 
Table I, At these, observations w:Hl be made to a maximum depth of 4.000 metres. 

2. BT observations will be made at all stations,, In addition) each day 
between 0800 and 1000 hours, a series of 8 BT' s (one.every 1.5 mi.n.) will be 
t::<aken. These wtll be analyzed and :reported each noon to the Meteorological 
and Oceanographic Informat:i.on Centre, Esquimalt,, B.C. 

3. Vertical and horizontal plankton tows will be made once a day. 

4. The echo.scattering layer will be monitored with an EDO sounder. 

Proposed Schedule 

f.:.N. A.~: "White throat" 

May 25 - Depart Esquimalt, B.C. May 21 - Depart EsquimaltP B"C. 
May 26 ~ Anchor vicini. ty of old Swift- May 30 - Arrive Astoria, Ore. 

sure light (24. hr) 
. June 5 - Arrive Kodiak, Alaska June 1 - Depart Astoria 
June 7 ~ Depart Kodiak June 17 "' Arrive Kodiak, Alaska 
June 16 - · ('.rrive Pri.nce Rupert, B,C. June 19 - Depart Kodiak,, Alaska 
June 18 - l)epart Prince Rupert July 7 - Arrive Esquimalt. 
June '30 - Arrive Esquimalt. 

A.J, Dodimead. 



Table I 

Station Positions - C.N.A.V. '
10shawa 11 

Stat;l.on Latitude L~)na!J:_~~ Station Latitude Longitude -'f·· """''!" .. r .. -.,.,- -·-
1st Les 

1 L~8° 32' N 124:0 51 1 w .51 58° 30' 1.39° 38' 
2 1+8° 36' 125° 32' 52 58° 18' 140° 00' 
.3 48° 37' 126° 00 1 53~'1' 57° 5/1: 1 140° 45' 
L~* 48° 1+2 t :l,26° l1;()' St+ 57° 30' 141° 30 1 

5 48° lt6' 127° lvO' !"r::'. .u 57° 2.0' 142° 39' 
6* 48° 50' 128° 40' 56~'( 57° 10' 1.1+3 ° 50' 
7* t.,.8° 59' J.300 1.,.0' 57 57° 00' 145° 00' 
8* lt9° 07 ~ 132° Li:() I 58 56° 00 1 145° 00 1 

9 1+90 1..5' 1.3Lt0 i,J.() I 59 55° 00 1 llf5° 00' 
10* 49° 25 1 136<'> lf0 t 60* 55° 23' 143° 4Li 1 

11 1+90 32' l.38') l.tO,. 61 .55° /,~5 'I 142, 0 30 1 

12.* t,9° fj.(l I 1Lf0° l.+O I 62. 56" 08' 11+1° 15 1 

13* 4.9° M1. 1 v:~20 f;.() I 63~'( 56° 30' 140° 00' 
lLt 1+90 ()()I Vi:2,., 50' bl} 560 l1.() I 139° 00' 
15 L~8° Ol)' J./.f3" 00' 65 56" l.15 1 138° 00' 
16 l.1.8° 00 1 l/+5° 00 1 66 560 50'' 137° 00' 
17* /}80 ()()I lLf 7" 00' ( ''.' ) ,. 56° 55' 136° 30' 
18 49° 00' 1!.t-7'' ()()' Ms 560 58 1 136° 05' 
19* 50° 00' lLiT' 00' 69 56° S9' 136° 00' 
20 .n<> ()QI J.1+ 7 0 00' 70 56° 30' l'.360 30' 
21 52(,) 00' :1.t.1.r 00' n 56° 00'' 1:37" 00' 
2.2* 53° 0()1 llf r Q() I 72 t~ tD 0 

.).) 15 f 139° 00' 
2.3 5lf" C)O I J.L1.7° 00' 73 !""f''O 

,).) O&' 138° 00' 
'21+~'t 5 !«? ... ~ 00' ll.~7"' 00' 71.~ 55° 02 r 137° 00' 
25 I" t"·O 28' J.l1.f3~ (){)I ~·~ ,. 54.o 5.5 I 136° 00' .) ?, ··' .) 
26 55~ t• o"· I J.l.j. 9 () 00' 16 51.i:" 49' 135° 00' .,).). 

2..7* :Jl'.io :wi 1.50° 00 1 77 St1: 0 Lt5 I 134° 00' 
28 56° .56 1 150° !.f() f 18 51.~o 36' 133° 00' 
2.9. t~ 1" ..l .. ,• 05' 1511(} CH' '.?9 51.~o 23' 1.310 22' 
30 57° 14' 151° 14' 80 5Lf0 12 1 131° 16' 
31 57° 26' 151° 30' 81 54° i.5 I 131° 02' 
32 5'70 36' 151° I+/.~ I 3rd Leg 82 54° 18 f 133° 04' 

2nd .·Leg 33 58° 23' 151° 11' 83 Stto 1.5 I 133° 26' 
3tf 5go 40' 150° 38' 8lf 5W' 12' 133° 47' 
35 59° 00' 150° 00' 85 54° 08' 134° 09' 
36 58° 54' 149° 31 1 86 5lfo 00' - 135° 00' 
37 58°47' 149° 00 1 87 54° 00' 137° 00' 
38 58° 35' 148° 00' 88* .54° 00 1 139° 00 1 

39 58° 23 1 147° 00' 89 54.0 00 1 141° 00' 
40 58° ll./ l/.1.6 ° 00' 90 54° 00' 1~ .. 3° 00' 
41 58° 00' 14.5° 00' 91~( 53° oor 143° 30 1 

41A 58° 30' l4S 0 00' 92 52° 00' 14.1+0 00' 
42* 59° 00 1 llf5° 00' 93 52° 00' 142° 00' 
43 59° 26t 1L~5° 00' 9li.~'<' 52° 00 1 140° 00 1 

44 59° .33' 14.5° 00' 9.5 52° 00 1 138° 00' 
4!i 59° 21.i:' J.li.3° 28.' 96')'( .52° 00 r 136° 00' 
t~6 59°. 18' 1Li:2° 30' 9 '7 52° 00 1 134° 00 1 

47 59° 10' ll1.l° 1.5 f 98 52° 00' 132° 00' 
lf8 59° 03' 11.~()0 00' 99 52° 00 I 131° .30' 
lj.9 58" 56' 138° 5Cl I 100 52° 00' 131° 12' 
50 58° li.3' 139° 13 1 

')'(Serial observations to a maximum depth of 4000 metres. 



Table I (cont'd) 

Statim} Po~t ions - C.N.A.V. "Whitethroat" 
,. .. _ ....... ·---

.~tat i,2!1 __ Lat i t_u?e _,......_... _ _fo1~f£.~~e Station Latitude _J;;ongi tu$de ·-----
1st L~g J. 48° 20' 125° 00 1 53~'<' 52° 00' 152° 00 1 

2 48° 10 1 125° 30' 5Lf 53° 00' 152° 00' 
3 48° 05 1 126° 00 l 55 53° 48' 153° 00 1 

4 Lf 70 40' 127° 30 1 56 54° .32, 154:0 00' 
5 1+7° 18 1 129° 00' 57 55° 12 1 154° 54,t 
6 l.j.60 50 1 1.30" 30 1 58 55° 2,7 I 155° 14:' 
7* 4.6° 30' 132° 00' 59 55° 39' 155° 30 1 

8 1.,.50 30 1 132° 00' 3rd Le:,g 60 57° 10 1 152° 00' 
.9 44° 30 1 132° 00 1 61 .56" .30' 152° 00' 
10 L~3° 30 1 132° 00' 62 56° . :?.5 I 152° 00' 
11 lf2° 30' 132° 00 1 63 56° :t.O' 152° 00' 
12* ,uo :3 () 1 :L.32° 00 1 61.~ 

.. 
56° 00 1 152. 0 00' 

13 if2 ° 20' 130° 30 1 f ,. ),) .')6" 00' 152° 00' 
lLf Lf3° 00 1 129" 30 1 66 54" 30' 15LJ;0 00' 
] '"* .::> t.f3° 30' 128° 30' 67 St/' ooi 1.56° 00' 
16 t+L1.o 00' 12.7° 30' 68 5i1.o 13' 158" 00' 
17 t,Lf o 30' 126° 30' 69 St+o 30' 160° 00' 
18 1,.5(•. OS' 12. 5 ° 30 1 70 S!.i" 00'' 159° I.JS' 
19 /..i.50 ?.l' 12 rlO 00' :; l''<' .'130 00 1 119° ~i8 I 

20 45° 2.5 I 12.Li. 0 L1.() 1 72. 5:?.,o 00 1 1.58° t.'.1.8 I 

21 l~5° 30 1 12,lj:<? 15 1 n 51° 00 1 158° 20' 
2nd L~ 22 45° :io I 1Zl1. 0 LfO' lt~·k 50° 00' 1S7° 52 1 

23 t+6° 2 '"' ..) 125° 00' 75 4.9" OO' 15°7° 2'.8' 
21.; li.5. 0 t" t' I .).J 126') 00' '76 11.8° 00 1 isr 00' 
2.5'>'( 1+5°. 38' 12r 30 1 7'.h'<' !+?° 00' JSi'o 00' 
2.6 1,50 20 1 129° ()()I 78 L1.6° 00 1 J5i''-' 00' 
27 li .. 5° 02.' 130" 30' 79 Lf5° 00' 157° 00' 
28'1'< 1.~1.fo 4.5 ' 132° 00' 80 M1° 00' 157° 00' 
29 4-4° i.W' 13:1/l 30' 81* 4.T" OO' 15'1° 00' 
30 44° 10 1 135° 00' 82 42° 00' 157° 00' 
31 1.~4.0 08 1 136° 30' 83 42° 38' 155° 00' 
32 Li.t1:0 03' 138° 00' 841( l+30 16' 153° 00' 
33 4L1. 0 00' ll~0° 00 1 85 L1.3° 53 1 151° 00 1 

31.+'>'< /.1.J" 00' 1L+0° 4.1 1 86 44.o 31 1 149° 00' 
35 4;2° 00' 14.1° 18' 87 45° 00 1 147° .30 I 
36 L1.l 0 00' 1/.1.1° SO' 88~~ 45° 20 1 146° 00' 
37 L1.0° 00 1 11.i.2° 25 1 89 Lf.5 o 38' 144.0 30' 
38* 39° 00' 143° 00 1 90'k Li.so 58 1 143° 00' 
39 39° 30' 1Lf5° 10' 91 L1.6° 15' 141° 30' 
40 1+0° 00' 14-7') 30' 92. 46° 30' 1/.f0° 00' 
/4.1 41° 00' 1L+7" 30' 93·1< £'i.6o 30 1 138° 00' 
£'i:2* 42.~ 00' 147° 30' 91. l.j.60 30' 136° 00' 
43 43° 00' 147° 30' 95 46° 30' 134° 00' 
4-4 M}o 00' l/}7'~ 30' 96~( /.:1.6° 30' 132° 00' 
45 45° 00 1 147" 30' 97 Lf6° 50' 130" 30 1 

46 46° 00' 147° .30' 98 47° 18' 129° 00 1 

47 ti.6° 40' 11+9° 00 1 99 t4.} 0 L/.0 I 127° 30' 
48 47° 20 1 1.50° 30' 100 t+8° 0.5 I 126° 00' 
49* 1+8° 00' 152° 00' 101 f.J.8" 10' 125° 30' 
50 l}9" 00' 152° 00' 102 L}go 2,() I 125° 00 1 

51 50° 00' 152° 00' 
52 .510 00' 152° 00 1 

~'<Serial obsel;"vations to a maximum depth of 4000 metres. 
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FISHERIES RESEARCH BOARD OF CANADA 
Pacific Oceanographic Group 

Nanaimo, B. C. 

Circular 1962 ~ lO 
March 30, 1962. . ;; ..... , ....... : ;•i:" 

,•j_. 

This report is based ori the data radioed in on the 16th M~rch, 1962 from 
.John Meikle who is aboard the C.M.S. "St. Ca.tharines". The. data we.re con•· 

cerned only with temperatures observed from the surface to 300 metres depth 
along line 11 811 

- "P". 

Figure 1 describes the geographical positions of oceanographic stations 
between "Swiftsure" and Ocean Station "P". 

Figure 2 illustrat~s the temperature. distribution along the. li.ne 11 S11 - 11 P11 , 

from the surface to 300 metres depth. The warmest water encountered was in 
the surface isothermal layer at the coastal end of the line (Station 1, 8.4° C). 
The coldest surface waters were at Station "P" (.5.9° C). The temperature 
distribution conveniently separates line 11$11 •• 11 P11 into three distinct regions. 
A warm water vegion occurred at the coastal end' (between Stations Land 2). In 
this region, the horizontal gradient showed a marked temperature decrease to 
Station 2. In the mid-section -0f the line (Stations 2-5), the temperatures at 
each level were nearly constant. At. the seaward end of the line, there was 
at all levels another marked decrease of temperature :from Stations 5 to "P". 
In this way, the seaward end of the line was identified as a cold water region" 

Fi.gure 3 describes the differences between temperatures observed six weeks 
previously (19-22 Jan. 1962) and these last observations (28 Feb. - 5 Mar. 1962). 
Positive values indicate warmer temperatures in the latter perlod. In this 
figure, four features are brought to our attention. These we;ce the temperature 
increasesevident at Station 1 and at "P", and the temperature decreasesobserved 
at Stat.iqn 2 and in the region seaward of Station 3. 

The changes in temperature evident at Station 1 and 2 appear to have had 
a si.x·-week cycle dating back to autumn last year (Oct 27··30, 1961). Whenever 
warming was observed at Stat.ion 1, cooling was evident at Station 2 and vice­
versa. These temperature differences at Station 1 occurred in the near-surface 
waters; whereas, the associated t.emper.s1ture differences at Station 2 occurred 
below 200 metres depth. 

Th£~ temperature decreases observed between Stations .3 and 4.A are attri­
butable to seasonal cooling of the surface isothermal layer. There were no 
evident temperature changes in this zone below the thermocline. 

At Station 11 P11 ) temperature increases were observed from the surface to 
a depth of about 250 metres. Normally, seasonal cooling occurs at this time. 
Thus, the warming of the near surface waters can only be attributed to a 
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northward transport of warmer waters. During the six weeks previous to the 
arrival of the C.M.S. "St. Catharines") the continuous temperature record 
(C.M.S. 11Stonetown") of Station "P" water at the 3 metres depth did show a 
1/2 C" increase. The speculation made in Circular 1962 - 7 (March 12) 
1962), that there is poss:l.bly a two-year cycle of advance and retreat of warm 
(southern) waters, may be borne out, if the warm water intrusion persists. 

A further and more extensive report regard:i.ng the findings from the 
eritire cruise will be made sometime after its return on 16 April 1962. 

W. Atkinson. 

) 

I 
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FISHERIES RESEARCH .BOARD OF CANADA 
P~cific Oceanographic Group 

Nanaimo, B. C. 

Circular 1962 - 11 
April 2l~, 1962. 

Transport calculations for the North Pacific Ocean 
;[_anuar:y:, Febr;7a;y 19~~ 

Sverdrup (1947), Stommel (1948), and Munk (1950) have shown that the total 
steady~state transport of mass .in the ~cean Aepends p~imarily on the curl of the 
wind stress components acting on the surface of the ocean. Calculations have 
been performed to estimate the wind stress over the surface of the ocean by com­
puting mean geostrophic winds from pressure differences between grid points, 
applying a transformation to estimate surface winds and using a "square law" 
formula to relate wind speeQ.s to surface stresses (Fofonoff, MS 1960, 1961). '!'he 
purpose of these calculations is two-fold. First, to find out how long an aver­
aging period isnecessary to approach steady~state conditions and second, to gain 
some idea of the variability, both with latitude and time, of the transport that 
is imposed on the ocean by the atmosphere. 

Detailed descriptions of the method used for evaluating the transports are 
given in the introduction to the annual volumes of transport computations 
(Fofonoff, MS 1960, 1961). The actual computer program for the calculation of 
mass transport is contained in the program rnanual M-1 (Fofonoff and Froese, MS 
1960). 

Six grid points ln regions of special interest have been selected to eval­
uate the transport components for a given month in terms of mean values. They 
lie in the Gulf of Alaska (55° N, 155° W), Ocean Station "P" (average values at 
50° N, 150° W and 50° N, 140° W), west of California Current (35° N, 135° W), 
adjacent to the Kuroshio Current (30° N, 160° E), the Oyashio Current (45° N, 
155° E), and the Kamchatka Current (50° N, 160° E). 

At each grid point the mean values and the standard deviation~ of the trans­
port components from values for the same month from previous years are given in 
tabular form. In addi.tion, the mean values of the integrated total and geostro­
phic transport for the month and eleven preceding months are given and compared 
with similar averag~s in previous years to indicate the long term trend of 
computed transport. 

The departures of the monthly values from their means have been divided into 
three classes in terms of the number of st'andard'.·deviations from the mean. 1'he 
classes are: 

Class 1: departure of less than one standard deviation from the mean (68% of 
values for a Gaussian distribution). Values falling in this range are termed 
"normal". 
Class 2: departures of one to two standard deviations from the mean (17% of 
values for a Gaussian distribution). These values will be referred to as 
"abnormal". 
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Class 3: departures greater than two standard deviations from the mean (5% of 
values for a Gaussian distribution). Values whose variation falls in this range 
will be denoted as·"extreme 11 • 

Transport charts 

I, . Monthly mean seaw level atmospheric pressure given as the anomaly of mean 
atmospheric pressure from 1000 mbs. in units oe' 1/10 millibars. 

II. Meridional component of Ekman transport (V&) in units of 10 metric tons/km/sec. 
III. Zonal component of Ekman transport (UE) in units of 10 metric tons/km/sec. 
IV. Meridional component of total transport (V) in units of lOO_metric tons/km/sec. 

The values shown on chart IV are .. v .. · 

V. Integrated total tr(.\nspo'rt ( ~-) in\inLts ·of lOO, 000 metric tons/sec. 
VI. Integrated geostrophic transport (If'~-) :tn. units of l00,000 metric tons/sec. 

The convention of signs adopted is that northward and eastward transport: 
shall be'· considered as positive and southward an'd westward flow shall be negative. 
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Mses_s.ment of transport calculations for JanUfll"J'.:i 196~ 

Generally the atmospheric pressure was higher over the North Pacific in Janu­
ary 1962 than it has been in January for the past seven years. An almost normal 
pressure patternwas formed consisting of a strong "high" over China. and Russia, 
another weaker 11high11 at the coast of the United States· and a "low" between the two. 
Usually the centre of the 11 low11 is near the Aleutian Islands, However in January 
1962, the "low" was shifted west and south to a position between Japan and the 
Kamchatka Pennisula. In this monfuthe pressure anomaly (from 1000 millibars) in 
the "low" was positive whereas it is normally negative. 

This pressure distribution left the transport components on the eastern side 
of the North Pacific "normal" except for the meridional' component of Ekman trans­
port in the California Current which was slightly uabnormal". 

However on the west coast the transport components showed more deviation from 
the mean. The components of Ekman transport were "extreme" for the Kuroshio 
Current and "abnormal" for the Oyashio Current. The meridional component was 
"abnormal" for the Kamchatka-Current. 

The meridional component of total transport was "abnormal" for both the 
Kamchatka and Kuroshio Currents. 

The integrated total and geostrophic components were "abnormal" for the 
Kamchatka and Oyashio Currents. The trends of integrated transport were "normal" 
except for the Kamchatka Current which was "abnormal". 

~~~~;>ment of transEort calculations for. Februar_y, 19_~~ 

The atmospheric pressure pattern over the North Pacific Ocean in February 
1962 was not markedly unusual. There was a "low" area at the western end of the 
Aleutian Islands and a "high" Gver China. Normally, a "high" forms off the 
U.S. coast. However, in February 1962, it did not develop to its normal value. 
Coupled withA~eak ''high" the "low" over the Aleutians had lower pressures than 
usual. It was this pattern that gave rise to the transports calculated. 

The Kamchatka Current and the Gulf of Alaska showed the merid.ional component 
of total transport and the trends of- integrated transport "abnormal" with the 
remaining- co1nponents reni.aining- "nor1iial!' II • .. 

The Oyashio and Kuroshio Currents were similar in that both had "normal" 
components of integrated and trends of integrated transport with "abnormal" 
total transport and "extreme" zonal component of Ekman transport. However, the 
meridional component of Ekman transport was "normal'1 for the Oyashio and "abnormal" 
for the Kuroshio. 

Ocean Station "P" was normal for all components studied except the Ekman 
transport which was "abnormal". 

The California Current had "abnormal" trends of integrated transport and 
integrated total transport. Otherwise the components were ''normaltt. 

C.K. Ross 
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Table 1. A comparison of transpor: t components at selected grid poi.nts with ) 
averag~yalues for the same month fr~revious xears. ----

1. Kamchatka Current {50° Ni 160° E2 4. Gulf of Alaska (55° N2 155° w2 
Jan Jan Jan , il<-xl Jan Jan Jan l'K-)(l 
1962 1961 Mean CJ' <J Class 1962 1961 Mean () --- Class 

{55-602 {55-602 ~ 

Vi: 5 -46 -20.2 16.8 l.5o. 2 ~ 17 79 12.7 15.7 0.27 1 
UE 2 -63 -33.8 40.0 0.89 1 Ur:: -17 27 -·3. 8 79.5 0 .. 17 1 

--Y -15 -144 -125.2 64.5 1. 71 2 -v ..; 120 -129 -55.8 89.8 0. 72 1 
~ 49 550 402.2 ·336.7 LOS 2 \.\) 169 209 239.0 209.0 0.33 1 

!~ 44 547 410. 7 352.0 .1. 04 2 4i 166 197 233.7 203.4 0.33 1 
~p 161. 1 278.6 215.8 51.8 1. 06 2 If 92.1 100.3 122.0 43.0 0.70 1 
q;~ 172. 6 291. 3. 230.2 48.8 1. 18 2 o/\ 92.9 99. Lf 122.0 <'J.2. 6 0.68 1 

2. oiashio Current {45° NI 155° _ID____ 5. Ocean Station "P". ~50° N 1 _145° W2 

Vr:: -3 -95 -53.8 35.3 1. 44 2 Ve -3.0 3LL 5 -22.3 29.2 0.66 1 
u~ -3 -67 -35.7 24.7 1. 33 2 Ui= 23.5 86.0 33.3 53.5 0.17 1 
-v -32 3 -50.0 Lf9. 0 0.37 1 -V - 28. 0 -135. 5 -52.5 90.2 0.27 1 
·yJ 11 822 371. 7 . 317. 3 1.14 2 If' 41. 0 138.5 89.9 96. 6 0.50 1 

.fea 7 869 412.2 334.l 1.21 2 
~ 

41.5 l3L~. 5 90.7 95.l 0.52 l 
ljJ -4. 8 65. 7 52.5 87.6 0.66 1 35.2 54.0 31. 6 10.9 0.33 l 

·CR 
°<I 

21. 0 95.8 81. 6 89.4 0.68 l o/. ~ 38.3 60.5 3Lf. 6 10.4 0.36 l 

3. Kuroshio Current {30° N, 140° - .... 
E) 6. California Current (35° J:h. 135° W) 

Vi: -4.2 -12 -18. 3 9 .. 3 2.56 3 Ve 2 - 7 Lf -51. 2 51. 5 1. 03 2 
Ui:: -44 -37 -2L5 9.2 2.45 3 Ue. 8 123 36.5 56.5 0.50 1 
-v -18 9 7.2 17.6 1. 4.3 2 -v lf8 61 15.8 65.l 0.49 1 
l.jJ -152 -581 -365.8 305.4 0. 70 1 Y-1 -17 -35 -28.0 29.8 0.37 1 
% -122 -510 -339.7 274.6 o. 79 1 Jli -18 -32 -25. 2 27.5 0.26 1 
~ -307. 3 -286.5 -304.8 22.0 0.11 1 ?. -36.3 -29.9 -34 .. 6 5.8 0.29 1 

Cf\ -311. 6 -289.2 -311.2 23.8 0.02 1 -34.6 -28.6 -32.8 5.9 0.31 1 a 

Explanation of table on page 5. 

) 
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. Table 2. A comparison of transport components at selected grid points with 
_§!~age _ _values for the same month from previ£~~s year~. 

1. Kamchatka Current ~50° N .i... 160° E) Lt. Gulf of Alaska {55° NI .. 1~50 W)..:_ 
Feb Feb Feb I)< -xl Feb Feb Feb lx-Y:I 
1962 1961 Mean ~ - Class 1962 1961 Mean \j"' - Class 

~55-6Q2 er ~55- 60} _ a-

Vi: -25 8 -12. 2 17.7 o. 72 1 Vr: 17 0 0.7 21. 8 0.75 1 
U.-:: -41 -11 -31. 0 23.9 0.42 1 l)I'!: 13 -15 0.5 17.3 o. 72 1 
-v -20 -51 -66.7 34.5 1. 3 5 2 -v lf - 10/.i. -/.f6. 2 41.4 1. 21 2 
IV 167 357 196. 2 172. 9 0.17 l l\1 25 165 194.0 181.1 0.93 1 

.!~ 166 365 203.8 171. 6 0.22 l Ji 22 16!+ 191. 8 1'74. 7 0.97 1 

o/. 
145.3 278.7 222.6 56.7 1. 36 2 

~ 
80.4 106.1 120.4 31. 5 1. 27 2 

156.0 309.0 236.6 53.6 1. 50 2 81. l 105.3 120.6 31. 2 1. 27 2 
\ 

2. O:l:ashio Curre~_!: ~45° Nl..._155°~E) 5. Ocean Station 11 P11 {50° Nz 1Lf5° W) 

vf -·40 -23 -36.8 29.8 0.11 1 vi!. 4.5 -so -29.5 31. 3 1. 09 2 
Ue -52 -33 -2.5 15.8 3.13 3 Ur!: 4.5 37 17. 8 9.2 1.45 2 
-v -Lf9 -105 -23.8 18.6 1. 35 2 -v -2.0 -137.0 3.2 72. 5 0.07 1 

\\) 154 343 177. 7 145~3 0.16 1 .l!J 37.5 160.0 34.2 95.9 0.03 1 
lVe~ 163 379 200.8 144.9 0.26 1 

~ 
36.5 164.5 36.0 93.3 0.01 1 

~ -20.6 n. 5 56.0 98.1 o. 78 1 25.0 63.7 33.2 20.7 0.40 1 

~6 3.0 101. 5 85.6 100.3 0.82 1 2 7. '7 70.5 36.0 20.4 0.41 1 
~ 

l~ __ Kurosh:i.o~E_rent (30° ..B.i. .. J.Li·,9_0 ..fil_ __ 6. California Curre~35° R~J)S..:_fil__ 

Ve: -25 -25 - 7. 7 9.6 1. 81 2 4: -17 - /51 -35.5 67.0 0.28 l 
Ve; -·25 -28 -8.2 7.5 2.24 3 v~. 8 25 26.5 5 7. Lj. 0.32 1 
-1/ 23 7 5.7 15.9 1. 09 2 -v -1 118 19. 0 51. 5 0.39 1 
\\' -267 -558 -366. 7 168.2 0.59 1 Yi 1 -110 -15.8 15.4 1. 09 2 
w~ -· 217 -499 -351. 0 149.7 0.90 1 \fl~ 3 -106 -13. 2 16.6 0.98 1 

~ 
.. 283. 1 -305.0 -304.l 38.2 0.55 1 l -27.0 -35.3 -35.2 5.7 1. 4/.i . 2 
-288.l - 30Lf. lf -309.8 33.2 0.65 1 -25.5 -33.8 -33.2 5. Lf 1.42 2 

.. --------- ----------·-~ 

.~XElanation o~_!ab~~ 

f' is based on (55-60) values. 

lr><I denotes deviation from mean i.n terms of standard deviation. er 

Lp) '¥~ are trends of integrated transports based on the straight mean of the month 
and the eleven preceding months. 

Classes are explained on pages 1-2. 
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FISHERIES RESEARCH-BOARD OF CANADA 

Pacific Oceanographic Group 
Nanaimo, B, C. 

Circular 1962 - 12 
APR 2 4 1962 

L.C. CS,>a1'!,tal Se;awa_ter~mper;~~res 
J l;ltiuarY, Feb.£t!a;rlJ_ Mar_ch~§1 · 

A weekly report of the da:i.l.y seawater tempe:i::ature.s observed at four 
lightstations ~ Triple J:sland, Mcinnes Island~. Entrance Island and Amphitrite 
Poi.nt .. i.s broadcast on Wedne~ida:y mornings from rad:!.o stati.on CBU', A ·r.eport 
of the monthly mean. seawe;ter tempex·atu:re (computed :Erotn the da.:Uy observa.t.ions 
between the ls.t and 27th) :ts rece:tved .from thr·ee other lightsta.tiomi ~ at: 
Langara Isla.ndi Cape~ Sl:. ~fames and Kai.m• Island; These montl1ly temperature 
reports are transmitted to the San Dif~go l>:!.ologic:al Laboratory· of the'1U;S. 
Bureau of Commerc:l.al F:f.she.d.es for· use in their monthly sea••suiface tempe·ra~ 
ture charts ot the Easter~·Padif{c Ocean. 

this circuia:r i.s l~h~ summa~y .o:t. the data' :for the. three months of J'armary ~ 
February and March,. :l962. 

The· monthly nman 'fi:~ntl)~rt3.ture ·data are tri.bulated ln Tab le l i .,_lo:qg with 
various anomali.es and ,t,h~L:~~Jas!s~,;!¢~~;~t.io:~ Ui~Utt.e~. ,'.!:heme· i.mU,oes 1, r.ec.ord<;d 
in the last colu,nm. of,:,.1;ha.)17~~·~:~~:<,;l1ep~~pen:t:; t:l1t11 .. _1>lumbe1;»:·of J standard devi.ati.on 
units there ax·e in. t:h.e;c:ati(;)i:tt1:1.1y· bililtween•,t:hli~q:noX)l.t,hly •. li!~~·!'.:m··t:emptillt'!fttllJlte. a111d·'the 
lO··year grand mottthly mean• tempetatur.e; a.:p0Ut.i.ve•1 {t) .. index ind:icates"a 
warmer anomaly, a negative (-) i.ndex a colder anomaly. 

There was li.ttle significant regional d:i,fference between the cond:t.ti.ons 
at the eight stationf]l,except that reports from the four northern coast stations 
of Langar.a, Tri.ple, Cape St. James and Mcl'.nnes showed a mor,e consistent coider­
than·· average tendency, duri.ng the three··month per:l.od. Temperatures reached 
a mini.mum dur:l.ng the last week in February and st.arted to warm up slightly during 
March. March monthly mean temperatures are the coldest of the three monthly 
reports. 1962 temperatures were 2 to 3 :&' 0 colder than for the same period 
i.n 1961. The monthly mean temperatures· for these northern coast stations were 
generally in the -1 class:Lfication :tndex which is not a si.gni.ficant departure 
from average but does indicate a tendency. (Sign:l.ficant dif :Eerences would be 
over one standard deviation difference, Le .. +2 or -2 classifications). 
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Seawater tem2erature conditions in sou~ B .C . .£2astal wat~ 

A warming-up period occurred in the southern coastal region duri.ng the 
first three weeks in February, so that the monthly mean temperatures for 
February were about 1 F0 warmer than for .January, The usual March warrrd.ng-up 
tendency was added at this same temperature level so that in the southern 
region, January mean monthly temperatures were the coldest. Monthly mean 
temperatures for all three months were 1~ to 2 F"' colder than in 1962. Classi­
fications of anomalies with the·l.0-year average indicated that temperatures 
were slightly colder than average in January, but warmed up to average con­
ditions in February and March. 

General_suffi!!!~Y 

Seawater temperatures on the west coast of Vancouver Island and in the 
Strait of Georgi.a warmed up in February~ whilst in the northern B.C. regions 
temperatures cooled off until March. In the north, the anomaly with average 
temperatm:·es was slightly colder for all three months~ whereas in the south it 
was only colder than average in January, and average the other two months. 
Temperatm~es this year were 2 E' 0 colder than in· 1962. 

H.J. Hollister 

) 
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Table X. Monthly means and anomalies of seawater temperature (''F) 
January, February, March, 1962. 

,....-~·-""-
. 
Jan~- 1962- ClassU~ diff. Jan. Jan. Jan. 

~on _1_962 .Pec.:.'61. 1962~ 1961 ~lp yr. av '_ge Stnd,*~ 
. I 

Langara I. L,.3.t+ -0.5 ~1.4 +0.3 +0/1. 5 
Cape St. James 44, .6 -0.5 ··2. 3 -0.7 -1/1.1 
Triple :t • 42.7 -0.8 -2.4 -1.1. -l/1.8 
Mc Innes I. 4.2. 9 -1 .. 3 "' 2. 3 -0 • 6~'c·k 
Ka ins J. • 44 .• 6* -0.3 -2 ;4. -1. l ... 1;1.~,, 
Amphi.trite Pt. A4 .• 8 -0.2 f"} '" 

-1 .. .! 1 ,. ... ' ... ; ~l/1.5 

Entrance I. 4.'.Lli· -L 7 .. ::: • 0 -0.9 ~2:/C'.9 

De:pa.rture Bay 1.,2. 9 ·~O .6 -1.?. -0.5 ··l/(l.8 

Feb. Feb.,. Feb. di.ff. Feb. 1962- Claesificun/ 
St at i. O'f.'!.. M•--· .,,._ __ ,..,.).,... 9...,.6_g __ _j. ai~L:...-..... , .,. ~ . .12.§1;· 19 61. . . . 10 Y'£.· §.V .:.S.e S tnd. d.t7.!'I' 

0 n ................. ---l--\-1""'--'-'""1"1-1 

Lan.gar a I. 42. 'l* 
Cape St. James t,.4 .• 2:i~ 
Triple I. /.i.1.8 
Mc Innes I. . 42.9 
Ka ins I. 45.1.1.* 
Amphitrit:.e ·pt;. 46.1 
Entranc~~ ·r. 4,14, .2 
Departure Bay li.1.t ~ 0 

~--,-..wi<·- ' 

Mar. 

'"'0.7 
.. o .l~ 
~(). 9 
±0.0 
+0.8 
+;L.~~ 
+o.~· 

, +1. l. 

Mar.-

-t.9 
. ~1.6 

•. 2 .• 9 
··2.'.3 
··J. ,6 
•· 1. 9 
-J..t~ 

·"O. l 

,~o. ::i 
~0.6 
,., 1. '! 
···O .6~'c'k 
-,(). 4 
,.o. :c 
:±:(). () 
+n. ;, 

•. ()/1 "~ !\, •·.J' 

' 1/1..; 
- ~i;/:\.. 6 

··O/L::~ 
.. ("/_.;;; 
•. (,./(. 9 
+.1 i; .o 

~ _..,. _ _,_/ji\ __ .UO .... ~ 

_____ .. , __ ,... ____ .. _,._......,,.._ 

Mar. diff. Mar. 1962- Class:1.f:tc 1n/ 
Station 1962 Fe~. .l 9 6 -2. :) ~9 §.1 ___ ,___,,, ... . .... ....,... __ .............. __ ;;:.,.;:;,;....._ ___ ....-;;...;..;....._;;;,.;;...;..;.__.;;;l.;;.O_y..,;r.;;...;_..;;~;.;;.v, ... 1ag.;;;;.e. __ _!tB!: __ dev~!L 

Cape St. .James 
Triple I. 
Mc Innes I. 
Ka ins I. 
Amphitrite Pt 
Entrance I.. 
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-o .~. 
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··2/l.2 

-0/l. 3 
-1/l.2 
·~0/0.9 
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......,..----
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This cruise was made to study the transition zone known as the Sub-polar Front 
and further to determine the extent of the 'land mass effect' with respect to 
plant pigments~ver the coastal region from nqrthe.rn California to southern British 
Columbia. In another project an intensive study was made of the distribution of 
plant pigments i.n ocean water over an area o:E approximately 50 square miles. 

The progressive lessening of the halocline and the deepening of the 
thermocline to a temperature maximum of 14° C at 100 m in sub-tropical water 
were recorded in this region. Plant pigments decreased from approximately 0.5 
mg chla/m3 at the northern edge of the front to less than 0.2 mg chl~/ni3 in 
s~1b·· tr-;pical water. A pronounced accumulation of pigments at 100 m in sub­
tropical water was noted. Particulate carbon profiles to 3000 m showed that 
sub-tropical water contained less particulate carbon, per unit volume of sea 
water, in the euphotic zone, than has been found in sub-arctic water. However 
the quantity of particulate carbon below 500 m was substantially the same in 
both regions. Surface soluble silicates decreased. from 11 f1 g at Si/ 1 at the 
northern edge of the Sub-polar Front to 3 >'- g at Si/l in sub-tropical water. 
Nitrate, soluble organ:i.c, phytoplankton, iooplankton and heterotrophic samples 
were taken over this region and will be analyzed ashore. 

2. ~E_egions. 

Lateral plant pigment profiles off the coast of northern Cali.forn~a, 
Oregon and Washington showed that coastal chlorophyll a values of 1-.10 mg/m 
decreased sharply to less than 1 mg/m3 at a distance of approximately 60 miles 
from the coast. This corresponds to a total depths of 200~500 m. In all 
cases, however, the immediate: .. · inshore water (ca. 40 m) showed less chloro­
phyll~ than water situated approximately 20-30 miles off the coast. From 
bathythermograph and salinity data this phenomenum appeared to be associated 
with an upwelling of deep water in the immediate:.. vicinity of the coast. The 
stability of the upwelling must further be assumed to be too low for maximum 
plant growth, such as occurred further from the coast. 

3. Plant pigment distribution in an oceanic 50 s~ mile area. 

Twenty-seven plant pigment determinations were made over a 50 sq mile 
area of oceanic water. The distribution of pigments in this area showed 
approximately 100 per cent higher concentration of plants in the southern portion 
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of the square than in the northern· portion. Since silicates and salinities were 
the same in the four corners and centre of the square, it may be tentatively 
assumed that the distribution of plants reflected a distribution in the zooplank­
ton population because of grazing. 

T.R. Parsons. 

l 
/ 
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Trapsport calculations for the North Pacif tc Ocea12: 

March 1962 

Sverdrup (1947), Stammel (194.8), and Munk (1950) have shown that the total 
steady-state t~ansport of mass in the ocean depends primarily on the curl of the 
wind stress components acting on ~he surface of the ocean. Calculations have 
been performed to estimate the wind stress over the surface of the ocean by con~ 

puting mean geostrophic winds from pressure differences between grid points, 
applying a transformation to estimate surface winds and using a "square law" 
formula to relate wind speeds to surface stresses (Fofono.ff, MS 1960, 1961). The 
purpose of these calculations is two-fold. First, to find out how long an aver­
aging period is necessary to approach steady-state conditions and second, to gain 
some idea of the variability, both with latitude and time, of the transport that 
is imposed on the ocean by the atmosphere. 

Detailed descriptions of the method used for evaluating the transports are 
given in the introduction to the annual volumes of transport computations 
(Fofonoff, MS 1960, 1961). The actual computer program for the calculation of 
mass transport is contained in the program manual M-1 (Fofonoff and Froese, MS 
1960). 

Six grid points in regions of special interest have been selected to eval­
uate the transport components for a given month in terms of mean values. They 
lie in the Gulf of Alaska (55° N, 155° W), Ocean Station "P" (average values at 
50° N, 150° W and 50° N, 140° W), west of California Current (35° N, 135° W), 
adjacent to the Kuroshio Current (30° N, 160° E), the Oyashio Current (45° N, 
155° E), and the Kamchatka Current (50° N, 160° E). 

At each grid point the mean values and the standard deviations of the trans­
port components from values for the same month from previous years are given in 
tabular form. In addition, the mean values of the integrated total and geostro­
phic transport for the month and eleven preceding months are given and compared 
with similar averages in previous years to indicate the long term trend of 
computed transport. 

The departures of the monthly values from their means have been divided into 
three classes in terms of the number of standard deviations from the mean. The 
classes are: 

Class 1: departure of less than one standard deviation from the mean (68% of 
values fo.r a Gaussian distribution), Values falling in this range are termed 
11 normal". 
C.lass 2: departures of one to two standard deviations from the mean (17'%.~of 
values for a Gaussian distribution). These values will be referred to as 
"abnormal", 
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Clas~:_~: departures greater than two standard deviations from the mean (5% of 
values for a Gaussian distribution). Values whose variation falls in this range 
will be denoted as·"extreme". 

Transport charts 

I. Monthly mean sea-level atmospheric pressure given as the anomaly of mean 
atmospheric pressure from 1000 robs, in uni ts of 1/ 10 millibars. 

II. Meridional component of Ekman transport (VE) in units of 10 metric tons/km/sec. 
III. Zonal component of Ekman transport (UE) in units of 10 metric tons/km/sec. 
IV, Meridional component of total transport (V) in units of 100 metric tons/km/sec. 

The values shown on chart IV are -V. 

V. Integrated total transpo'rt ( lV) in units of lOOJOOO metric tons/sec. 
VI. Integrated geostrophic transport (tr'°¢ ) in units of 100 J 000 metric tons/ sec, 

The convention of signs adopted is that northward and eastward transport 
shall be considered as positive and southward and westward flow shall be negative. 
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Assessment of transport calculations for March, 1962. 

The atmospheric pressure pattern for March 1962 featured a '"low" centred 
near the Kamchatka Penni~sula and a "high" over the eastern Pacific· Ocean. For 
the past three years the "low" has been positioned in the Gulf of Alaska but 
in the previous five years it was further west. Thus March, 1962) .resembles 
March of 1955-59 more closely than in recent years. The magnitudesof the pre-
ssure ano~alies were not unusual for the month of March. . . 

Th~., :tra)'.isport components were generally "normal" compared .to· the 1955-60 
means. 'J:he meridion~l component of Ekman transport for the Qyas.hio Current was 
"abnormal". The only "abnormal" components of integrated total and geostrophic 
transp~rt w~re at Ocean Station "P". . . 

The trends of integrated transport were differing more from the 1955-60 
mean. ·· As in February the trends for the Gulf of Alaska and the Kamchatka 
Current were "abnormal". The trends have become "abnormal" for the Oyashio 
Current and for the California Current they have developed fro~ habnormal" to 
"extreme". During the last twelve months it is seen that: the 'Kamchatka Current: 
has tended to be a weaker southward current and the mean current at 45° N,, 
155° E (referred to here as the Oyashio Current) has changed from a southward 
current to a northward current. This indicates that the location of meridional 
convergence has shifted to the north. 

C.K. Ross 
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Table 1: A comparison of transport compon,ents at selected grid points 
with the average values for the same month from previous years. 

1. Kamchatka Current (50° N, 160° E) 
Mar Mar Mar I x _ x I 
1962 1961 Mean CJ' 

(55- 60) CJ 

-18 
-3 

-74 
354 
365 
156.5 
168.2 

16 
-20 
-25 
219 
219 
275.9 
305.8 

0 
-29.5 
-76.0 
329.2 
339.5 
225.2 
239.2 

28.9 
30.0 
69.l 

174.4 
173.2 
49.8 
48.5 

0.62 
0.88 
0.03 
0.14 
0.15 
1.38 
1. 46 

Oyashio Current (45° N, 155° E) 
2. Mar Mar Mar 

1962 1961. Mean 
(55-60) 

V1: -53 -12 -23.5 
Ue; o . -19 - 22. 8 

-v -41 -37 -35.8 
y.! 136 368 149.5 
~ 1.76 388 1.81.2 
i:V -39.9 98.8 58.0 % -1.4.7 128.8 87.4 
3. Kuroshio Current (30. 0 

Mar Mar Mar 
1962 1961 Mean 

q;-:11 
Ue -3 
-v -7 
~ -269 
% -267 
·'t -273.l 

cv'd -219.5 

3 
-6 
-9 

-389 
-370 
-329.8 
-327.5 

(55-60) 
-3.3 
-4.8 

2.8 
-303. 7' 
-306.5 
-301.4 
-306.6 

21. 1 1. 40 
31.4 o. 73 
52.6 0.10 

225.2 0.06 
230.9 0.02 

69. 8 1. 4.0 
71.. 6 1. 43 

10.0 0.77 
6.3 0.29 

10.5 0.93 
153.6 0.23 
149.3 0.26 
43.0 0.66 
43.8 0.62 

c:r- is based on (55-60) values. 

4 .. Gulf of Alaska (55° NL 155° W) 
Mar Mar Mar 

cl.ass 1962 1961 Mean v I x-)il class 

1 
1 
1 
1 
1 
2 
2 

class 

2 
1 
l 
1 
1 
2 
2 

class 
1 
1 
1 
1 
1 
1 
i 

(55-60) a-

VE 0 
Ui:. 1 

-V -9 
\.\) 43 
\V, 43 
ii"i~ 
'i' 75.3 
'Cj]~ 7 6. 1 

1 
-24 
-66 
lOLf 
103 
97.3 
96.9 

-0.7 
-15.0 
-53.2 
106.5 
106.7 
123.2 
123.0 

.5. 3 
30.3 
63.5 
64.8 
64.5 
33.0 
33.3 

0.13 1 
0.53 1 
0.70 1. 
0.98 1 
0.99 1 
l.45 2 
1.41 2 

5. Ocean Station "P" _{.50° N, 145° W) 
Mar Mar Mar 
1962 1961 Mean 

(55-60) ~class 

~ -24.5 -18.5 -40.7 22.3 0.73 1 
1 
1 
2 
2 
1 
1 

l)IE" 13.5 2.5 24.7 22.l 0.51 
-v -25.5 -56.5 -76.5 67.6 0.75 
~ ll.O 76.5 65.8 47.3 1.16 
~ 1.2.5 78.0 69.7 48.8 1.17 
~ 19.5 61.9 34.6 21.8 0.69 
o/%- 22. 2 68. 7 3 7. 6 21. 5 0. 7 2 

6. California Current (35° N, 135° W) 
Mar 
1962 

Vr:. -15 
~ -9 
-v 23 
4J -30 
~ -28 v -22.5 
~ -21.Lf 

Mar Mar 
1.961 Mean 

. (55-60) 
-95 

19 
124 
-84 
-77 
-40.3 
-38.3 

-12. 5 
-4.2 
12.5 

-33.8 
-32.2 
-3.5.0 
-32.8 

17 .1 
10.9 
45.3 
22.0 
21. 7 

.5. 4 
5.5 

r class 
0.1.5 
0.44 
0.23 
0,17 
0.19 1 
2.32 3 
2.07 3 

1 
1 
1 
1 •' 

1 ><-)(I 
~ 

denotes deviation from mean in terms of standard deviation 

'Y) cpi are trends of integrated transports based on the straight mean of the month 
and the eleven preceeding months. 

Classes are explained on pages 1-·2. 
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FISHERIES RESEARCH BOARD OF CANADA 
Pacific Oceanographic Group 

Nanaimo, B, C. 

Circular 1962 - 15 
May25, 1962 

Oceanographic observations are made from C.M.S. "St. Cat.hari.nes" through 
al.tern.ate six··week periods at Ocean StatJ.on "P" (Lat 50° N, Long 145° W) 
and en route to and from the station to monitor the oceanographic conditions 
in the eastern Subarcti.c Pacifi.c Ocean. This program has been i.n operation 
sine¢ July 1956. A seven.,,;week patrol, carrying one oceanographer) departed 
27 Jfkbruary and returned 16 Apri.1. A comprehensive program of physical 
anct,/'biological observations was accomplished. This circular will deal) 
afinost entirely, with temperature data. 

</;;~Jl1E•!.!! tu~e~n""Swi!J;.§~!!!!.![_.Q£!!an Stat ion "P" 

Figure 1.describes the geographical positions of oceanographic stations 
between ''Swift sure" a.nd Ocean Station "P". 

Temperatures obtainr;o);d outbound be.tween "Swi.ftsure" and Ocean Station 
"P" (28 February·-<:?, March, F'ig. 2) show(~d the usual maxi.mum at station 1 
and minimum at St.at.ion "P". This grc~di.ent. was most evident in waters 
above 250 m depth. Below 250 m a secondary maximum occurred around station 
3 due to a warm water intrusion below the thermocli.ne. Waters at the 
surface and above 1.00 m depth had a cold water trough in the vicinity of 
station 4A and an area of fairly uniform temperature which included stations 
5 and 6. Taylorgraph recordings (Fig, '7) of temperature at 3 m depth showed 
a series of sharp fluctuations about one. half degree magnitude through this 
otherwise uniform area. Temperatures encountered i.n the surface isothermal 
layer at the Station "P" end of the line were of the order of L 0 C0 higher 
than might be expected after the winter cooling. A comparison of tempera­
tures along the "S-P" line at th.is time and those of the same time period 
a year earlier (Fig. 6) shows amarked warming. In this comparison the 
warm:lng at Stat:lon "P" was about 1.0 C0 and as much as 1.5 C0 between stations 
6 and "P". The slight cooling that occurred in patches closer to the coast 
can be attributed to the relative positions of internal waves and/or water 
intrusions at t.he time the surveys were. taken. Comparison of the tempera­
tures along the line (28 February-2 March) with those obtained six weeks 
earlier (19-22 February) Fig. 4) also showed a slight warming at Station 
11 P11 • The warming of deeper waters at station 3 indicates the aforementioned 
warm intrusion formed sometime during the six week period. 

Temperatures obtained inbound along "P-S" (13·-16 April, Fig.3 )show a 
further w1a~m:i.ng effect at Station up" and vicinity (Fig, 5), The area 
around stations 5 and 6, previously described as having uniform 



temperature) cooled a small amount and Taylorgraph recordi.ngs of surface 
temperatures (3 m, Fi.g. 7) do not show any of the :fluctuati.ons present on 
the outbound line. The Taylorgraph also indicated the cold water trough 
at Ste.ti.on 4A had disappeared. The warm water intrusion previously noted 
at stati.on 3 was no longer present. -1,ack of data :for stations 4 and 4A 
prevents us from saying whether t:hi.s i.ntrusion had disappeared or merely 
moved seaward. 

The monthly mean su:r.face temperatures (Fig. 8) for the first three 
months o:E 1962 show a consi.derabl.e warm:Ln.g between January and February but 
little further change through Ma:rch. Th:Ls warming places the February 
1962 mean monthly tempe.:r.·at:ure a .full centigrade degree warmer t:han the 
February 1961 mean and about 0.5 C0 above the ten-year mean 1 1951-60. A 
further investigat::l.on of t:hf; te.mpcE!:t:at:ures at 10 m depth 1 read from bat:hy·· 
thermograms taken during Ft~.hruary 1 M.;irch .and April of the years 1958 to 
1962 inch1sive (Fig, 9) de.:rnonst:n:lt;e.s that these. temperatu.r:es during 1962 
are similar t:o these of 1958. The intermediate years of 1959 1 1960, and 
1961 had temperatun~s about 1, 0 c0 cr:>ldr;,r' 

Reversing thermomet:e.r obse.rvat:Lons at Station "P" during the patrol 
showed a slight general warming above 75 m. Between the depths 100 and 
200 m temperatures fluctuated considerably in as&ociation with a tempera~ 
ture inversion. This temperature i.nve.:rsion occurred from about 150 m 
depth to 200 m (Fig. 11) and was present throughout the patrol in some 
de.gree, A plot of temperat:ures at selected depths (Fig, 10) seems to 
i.ndicate t:lutt the· temperat:ure. in.v<:!rs:Lon occurs at whatever de.pt:h the t:em,. 
peratures approached lt, 5() C. Assuming that these t.empe·rature :1.nversions 
occurred in. the top of the halocline, it: is possible that they were pro· 
duced by an influx of colder water in the denser halocline, These temm 
perature inver·sions were also evident at: the seaward end of line "S~:P" 
during both outbound and inbound tr.·i:msits, 

Bathythermograms taken i.n the course of the regular daily program 
did not give any evidence of heati.ng from the atmosphere. There were no 
transient thermoclines. 

J'.H. Meikle. 
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:LS~ified~-~.i:.£!.~te Method for Manual Calculatio.~ of 
Qy_namic Height ~J:ld P?.!_entiE;l;l__.§!l~E.B~£~~ 

Sometimes, in the course of plotting dynamic height and potential energy 
anomalies, an error in temperature or salinity is detected. It is often not 
expedient: to await machi.ne recomputati.on of the station and too laborious 
to recall the vanishing art of computing dynamic height and. potential energy 
anomaly from hydrographic. tables. A simple set of linear formulas has been 
devised to assist the oceanographer in these distressing circumstances. 

Given the Northeastern Pacific Ocean, one can express the increment of 
dynamic height and potential energy anomalies from one standard depth to the 
next in the form 

--

where T and S denote temperature and salinity and the coeffici.ents A, a and 
b are constant at each standard depth. 

To use the formula, one needs to obta:l.n values of temperature and 
salinity at the standard depth that are better :suited to oneus fancy, and to 
apply the formula to the depth intervals above and below the depth in ques­
tion. The formula gives the increment whl..ch has to be added cumulatively 
starting with an acceptable value of dynamic height) Le. the value at the 



-2·· 

standard depth above the depth at whi.c.h an error is notic.ed. The recalcu­
lated value for the next standard depth below the error will differ slightly 
from the original. This difference has to be subtracted from all succeeding 
standard depths, A similar procedure is followed for the potenti.al energy 
anomaly • 

. The set of formulas yi.el.d quite acceptable results even for values of 
T-io of the order of 2°C, 

N.P. Fofonoff 

J 
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0 .050 + 0.002.5(T1 - 3) - 0.0191(81 - 34) 

+ 0.0025(T2 - 3) - 0.0191(82 - 34) 
--·-----.... ~-·---~---... --·-··-~-·------·-------

0 .100 + 0.0050(T1 - 3) - 0.0382(S 1 - 34) 
+ O.OOSl(T2 - 3) - 0.0383(Sz - 34) 

----

;---

0 .101 + 0.005l(T1 - 3) - 0.0383(81 - 34) 
+ 0.0052(T2 - 3) - 0.0384(82 - 34) 

--------·--·---·--·---------
0 .103 + 0.0052(T 1 - 3) - 0,0384(S 1 - 34) 

--·---·-=-~0053(T_~0,038~~~-s 2 : 34) 

0 
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+ 0.0175(T2 - 2) - 0.1185(8 2 - 34) 
--· ---------· ·----------

0.494 + 0.0292(T1 - 2) - 0.1979(8 1 - 34) 
+ 0 ._0325(T~ __ _::. __ 2) _::~_.:_19~7 (Sz - 34) 
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--· 
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0.465 + 0.0374(T1 - 1) ~ 0.2068(8 1 - 34) 
+ 0.0397(T2 - 1) - 0,2086(8~ - 34) 

_.,,.,_ 

The formulas are arranged for use on a desk calculator with 
accumulative and negative multiplicat:Lon keys. The subscript 
(1) refers to the temperature and .sa.li.ni.ty at the first standard 
depth (Zf) and the subscript (2) to the temperature and salinity 
at the second standard depth (Zi + 1) , The temperature (T 0 ) is 
decreased with depth to keep the difference (T - T0 ) small. 
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21. 39 + 1.19(T1 - 2) -
+ l. 35(T 2 

.•. 2) .. 

1.. 18cs1 .. 3!+) 
l. S"J{S 2 ·• 34) 
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3.18(82 - 34) 

6.37(81 - 34) 
7.99(S 2 - 34.~ 

8.00(S 1 - 34) 
9.1l(S 2 - 34) 

--------1-f-->·----.. ~----~---··--··--------f 
1200-1500 

1500-2000 

2000-2500 

40.33 + 2.03(T1 - 2) - 14.58(8 1 - 34) 
+ 2.11(T2 - 2) - 18.39(s2 - 34) 

89.52 + 4.52(T1 - 2) - 30.60(81 - 34) 
+ 6,71(T 2 - 2) Lfl.22(S 2 ~· 34.) 

103.69 + 6.73(T ~ 1) - 41.31(8 - 34) 
+ 8.29(T~ - 1) - 52.23(8~ - 34) 

--+i·----....,-----·-·----·-
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130.12 + 8.3l(T1 - 1) - 52.35(81 - 34) 
+ 10.77(T2 - 1) - 63.44(8 2 - 34) 

~--, .... ~----~ 

156.82 + lO:aocT1 - 1) - 63.sscs 1 - 34) 
+ 13.54(T2 - 1) - 74.82(82 - 34) 

\ 

184.70 + 13.57(T1 - 1) - 74.98(8 1 - 34) 
+ 16.48(T~ - 1) - 86.53(8 2 - 34) 

The formulas are arranged for use on a desk caleul.ator with 
accumulative and negative multi.plication keys. The subscript 
(l) refers to the temperature and sal:i.ni.ty at the first standard 
depth (31) and the subscript (2) to the temperature and sali.ni.ty 
at the second standard depth G?:i + 1) . The temperature (T0 ) i.s 
decreased w:lth depth to keep the difference (T ··· T0 ) small. 
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June ·7, 1962 

This report is based on 'I'aylorgraph recorded surface temperatures from 
the C.C.G.S. 11 Stonetown11 and temperatures observed from C,C,G,S, "St, 
Catharines 11 between Station 11P11 and Swi.ftsure Bank (F'i.g. 1) during the 
perioda April 11 - 16 and May 23-27, 1962. The C,C,G.S. "St, Catharines" 
data was radioed by C .D. McAllister on May 29, 1962. 

The temperature changes that occurred from 100 m to 300 m depth bet­
ween mid-April and the end of May are shown in Figure 2, Cooling was 
predominant in the section with particularly strong cooling occurring at 
Station 6. The only signi.fi.cant amount of warming occurred at Sta.ti.on 2. 

The surface temperatures recorded by the Taylorgraph on the C.C.G.S, 
"Stonetown" between Statfon 11 P11 e.nd Swiftsure during mid-April and the end 
of May are illustrated in Figure 3. The 10 metre temperatures obtained by 
the C.C.G.S. "St. Catharines" at the end of May are also included in the 
same diagram. It can be seen that the temperature near the surface had 
increased about 1 C0 at Station 11P11 and had increased progressively to­
wards the coast during the C.C.G,S. "Stonetown" patrol, Near Swiftsure 
Bank the water near the surface had warmed a.bout 2. 5 ct), 

The 10 metre temperature sent in from C.C.G,S. 11 St, Catharines" were 
obtained up to four days earlier than the inbound c.c.G.S. "Stonetown" 
Taylorgraph temperatures and are at least seven metres deeper. The dif­
ferences in time, depth~ and latitudinal position will account for the minor 
temperature differences. 

D.G. Robertson 
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FISHERIES RESEARCH BOARD OF CANADA 
Pacific Oceanographic Group 

Nanaimo, B. C. 

Circular 1962 - 18 
July 17 J 1962 

Trans2ort calcul~~ions for the North Pacific Ocean 
'AEri~ ~~y~~~~-~-~~-

sverdrup (19!+7)) Stomrnel (194.8) J and Munk (1950) have shown that the total 
steady-state transport of mass in the ocean depends primarily on the curl of the 
wind stress components acting on the surface of the ocean. Calculations have. 
been performed to estimate the wind stress over the surface of the ocean by com­
puting mean geostroph~c' winds. fi:·om pressure differences between gri.d points) 
applying a transforinl.it:ion to est:j.mate surface winds,and usi.ng a "square law11 

formula to relat,e wind speeds to· surface stresses (Fofonoff) MS 1960) 1961). The 
purpose of the.se calcv}:ations i:s. two-· fold. FirstJ to .find out: how long an aver­
aging period is necessary to approach steady-state conditions and second 1 to gain 
some idea of t:he va'riabUi.ty.i both ·with latitude and time .i of the t.ransp~rt that 
is imposed on the .ocean by the atmosphere. 

Detailed'~~~driptions of the method used for evaluating the transports are 
given in the introduction to the annual volumes'of transport computations 
(Fofonoff J MS 1960.9 l96l), The actual computer program for the calculation of 
mass transport. is contained in the program manual M-1 (Fofonoff and Froese.i MS 
1960). 

Six grid points in regions of special interest: have been selected to eval­
uate the transport con1ponent:s for a given month in terms of mean values, They 
li.e in the Gulf of Alaska (55° N, 155° W), Ocean Station "P" (average values at: 
50° N, 150° W qnd 50° N, 140° W)~ west of.California Current (3~ 0 N.i 135° W), 
adjacent to the Kuroshio Current (30° N.? 160° E), the Oyashio Current: (45° N1 

155° E), and the Kamchatka Current (50° N.i 160° E), 

At each grid point the mean values and the standard deviations of the trans­
port components from values for the same month from previous years are given in 
tabular form, In addition, the mean values of the integrated total and geostro­
phic transport for the month and eleven preceding months are given and compared 
with similar averages in previous years to indicate the long term trend of 
computed transport:, 

The departures of the monthly values from their means have been divided into 
three classes in terms of the number of standard deviations from the mean, The 
classes are: 

_Glass l_.:. departure of less than one standard deviation from the mean (68% of 
values for a Gaussian distribution). Values falling in this range are termed 
"normal". 
~~ departures of one to two standard deviations from the mean (17% of 
values for a Gaussian distribution), These values will be referred to as 
"abnormal". 
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Class 3: departures greater than two.standard deviations from the inean (5% of 
values for a Gaussian distribution). Values whose variation falls in this range 
will be denoted as "extreme" . 

I. 

II. 
III. 

. IV. 

. Monthly mean sea-level atmospheric pressure given as the anomaly of mean 
atmospheric pressure from l.000 rubs. in uni.ts. of 1/ lO millibars. 
Merid;Lonal component of Ekman transport (VE-) in units of 10 metric tons/km/sec. 
Zonal component of Ekman transport (UE:) in units of 10 metric tons/km/sec. 
Meridional component of total transport (V) in units of 100 metric tons/km/sec . 

The values shown on chart IV are -V. 

V. Integrated total transpdrt ( ~) in units of 100,000 metric tons/sec. 
VI. Integrated geostrophic transport (l/"~ ) in uni.ts of 100, 000 m,etric tons/sec. 

The convention of signs adopted is that northward and eastward transport 
shall be considered as positive and southw.ard and westward flow shall be negative. 

Fofonoff, N.P. MS, 1960. 
1955-58. Fish •. Res. 
Nos. 77-80, 93 p~. 

Transport computations for the North Pacific Ocean 
Bd. Canada, MS Rept., Oceanogr. and Limnol. Series, 

MS, 1961. · Transport computations for the North Pacific Ocean 1959. 
Fi.sh. Res. Bd. Canada, MS Rept., .Oceanogr. and Limtiol. Series, No. 85, 
181 pp. 

Fofonoff, N. P., and C. Froese. MS, 1960. Programs for oceanographic computations 
and data process1.ng on the electronic·digital computer ALWAC III-E. M-1 
miscellaneous programs. Fish. Res, Bd. Canada, MS Rept., Oceanogr. and 
Limnol. Series, No. 72, 35 pp. 

Munk, W.H. 1950. On the wind-driven ocean circulation. J. Meteorol. L (2), 
79-93 .. 

Stommel, IL 1948. The westward intensification of wind-driven oceap. currents. 
Trans. Amer. Geophys. Union 29, (2): 202-206. 

Sverdrup, H.V. 1947. Wind-driven currents in a baroclinic ocean; with appli­
cations to the equatorial currents of the Eastern Pacific. Proc. Nat~ 

'·''· Acad. Sc., 33 (11): 318-326. 

.!iOT~: This circular is the last· in the series ·of transport c'al.culatlons for the 
North Pacific Ocean. No further transport calc~lations will be made at Pacific 
Oceanographic Group for the present. 

.. 

) 
' / 
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Assessment of TransEort Calculations for AEril 1962 

The month of April 1962 shows a high incidence of 'abnormal' and 'extreme' 
values of all transport components. At the grid points on the western side, the 
meridional component of Ekman transport shows a marked change towards the northJ 
the values all being more positive, and the departure from the mean lying in the 
'extreme' range. On eastern side the values of this component are normal. The 
zonal <:omponent of Ekman transport shows an extreme increase to the east ,in the 
Kamchatka Current, an extreme increase to the west in the Gulf of Alaska, remains 
near normal in the Oyashio Current and at Ocean Station "P", and shows abnormal 
changes to the west and east in the Kuroshio and California Currents respectively. 
The trends of total and geostrophic transport are less in absolute value at 
all grid points except that for the Kuroshio Current. In most cases, the departures 
from the mean were similar in magnitude and direction to those for the month of 
April 1961. 

Again, this month was characterized by the large number of extreme and 
abnormal values of transport components. The meridional component of Ekman trans­
port remained 'extreme.' in the Gulf of Alaska, deviating in a southerly direction 
from the .mE~an value. The departure from the mean of the meridional component 
of total transport: at Ocean Station "P" was in the extreme range, the deviation 
taking place in a northerly direction. The trends of integrated total and 
geostrophic transport were all less in absolute value than the mean, the depar­
ture being abnormal or extreme for c;111. grid points excepif0 that at.Station "P". 

)\ 

F.M; Boyce. 



Table 1: A comparison of transport components at: selected grid points with 
the average values for the same. month from previous years. 

·-----·---·---
1. Kamchatka Current ~50° N, .160° E~ . ··- ~.!._Gul.Lsit Ala§lls~ (55° N 1 12_~ 0 W) _ ·----

Apr Apr Apr lx.-'X:J . Apr Apr. Apr \·:~;::-.]ZJ . 
1962 1961 Mean ~ ---Class · 1962 1961 Mean ..-.:f <f' ·Class 

- ..J.22_,~-.;6;...:;:.'0..,_J _____ ~ ___ ... -----~ ... --_i?.5·· 6_QL.......__.._ 

vf!; '\fi . I.' ··"20' ' -11.0· ' 
-2 -30 .. 27. 9 1.1. 9 2.35 3 ~ -40 

-17 15,2 0.59 1 
U'E' 48 32 9.4 15.7 . 2,, L1.5 3 -2 ".1,.? 11.1 .3. 7 6 3 

-v 10 -8tf -95. 3 .30. 7 '3. 4.3 3 ·~-v ·-178 ·: 7'6. -5~.o 36.3 3.50 3 
"i' 42 46 .307. 0 lL•8 1. 79 2 i: 95 80 6,5.0 47.8 0.6.3 l l 58 

63 326 . .3 151 1. 78 2 Li 96 . 82 66.0 4.8. 8 0.61 1 
155.l 2Li7.3. 22.7 .9 4.'7 . 7 1.53 2 'j: }6 . .5 .99. 3 117. 7 28.2 1. 46 2 

~l.68.8 2'77. 6 21+L1., 3 47.3 1. 60 2 if~77.2. 98.7 117. 3 28.1 1.4.3 2, 

_... ... _____ ,.,,.,... __ , .. _,_,,~·-.. -~.,,--.. --.... "'--.. --------·-..... ,....... ---------·----
.3:.:._ .. ~hi~L.£:\2£.£$.E.Li'.:!~5°. ~ i ... ...122.'.'.....!L._. ____ .-2..:. .. ....Qs:ean S t;,,a_ti.<m ~~P~.'....~·----

Apr Apr Apr j ':<.·-.fi.I Apr Apr. Apr \?Cr): I 
1962 1961 Mean <!" -- Class 1962 1961 Mean ~ --;;;:- Class 

---·-----rm __ ..;.i?_j:::..§.Ql_ _______ ,_ ~.• •-·--~·-- , ________ ___ill_:§QL ________ _ 

V.ft-'J: ~4 ~· .55 -5 7. /.1. 12. I+ 4.31 3 V12 36 - 37 -36.9 30.6 0.03 l 
Ur::- 31 48 2.9. 3 20.6 0.08 l U'f." 7 8 17.6 9.0 1.17 2 --.v -3 -56 -.31. 7 66. 7 o. l.1-3 l - \I -73 8 -37. 3 47.4 0.75 l 1: -137 ~.450 20.0 176 0.89 1 

1' 
66 -5.0 25.7 48.5 0.83 l 

,,, ~-·12.2 -12.9 62.3 186 0.99 1 ~ %> 68 ·· 1 29.0 50.0 0.78 1 "l -38.8 '?'7.5 63.7 68.8 1. L1.9 2 t 25.6 53.8 38.0 19.3 0' 6l~ l 
;l\:;"~_,-19.2 105. (~. 92 .. 7 70.2 1 .. 59 2 2.7. 8 60.7 4.1, 5 19.5 0.70 1 

-·-----"'"''"~""'~""'''""--~~''"'""'''"'"'" ___ ........... -...... ,,., __ ~·-· -· .. ~ ........... -.--
J . .:.._!$U~£-. .9.!:~£.~:$;B!: .... 122:..l'i.i-l~&_-----2.!..---9.§l lj.!£~9.1=1rrent (3 5 .'.'..L~L 

Apr Apr· Apr \"J(,...·-)Z.I Apr Apr Apr . \'H,.-X:.I 
1962 1961 Mean ~ --;;:.~ Class 1962 1961 Mean <f -::;::- Class 

--·--·-·--·· •• ·---~55-60~ ---· (~5_:60) -·---· 

Ve 8 . L1. 0.7 3. Lf 2.15 3 Vw ~ 14. -3 -16 16.7 0.12 l 
0e: 0 .5 5. 4, 3.6 1. 50 2 ~ 1 ., 14 -11. 0 7. 4, 1. 35 2 

,.-\j 8 -2 -1. 5 8.7 1. 09 2 46 .37 11.2 54 .. 8 0.64 1 
~ -154 .. 350 ··323. 9 122 1.39 2 i••53 -30 -42.4 52.l 0.20 1 
~-173 -369 -3.36.6 138 1.18 2 .. 51 M28 M39,7 15.8 o.n l 
~ -256.8 -339.4 ~157.6 3 7 . .3 2.82 3 -~ -24 .. 4 -38.2 -35.4 4.7 2.. 34. 3 

i-263.2 w.338.Li. ··306.9 36.2 1.21 2 ~·-23.3 -36.2 -33.5 4.5 2.27 3 
"t> --- -------------..• 

E~)anasJ.~.E of table: 

(j- is based on (55-60) values 

\")(.,.- :;<.;I 
-- denotes devi.ation from mean in terms of standard deviation 

(j"'~ 

) 

are trends of integrated transports based on the straight mean of the month 
and the eleven preceding months 

\ 
/ 

Classes are explained on pages 1-2. 
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Table 2: A comparison of transport components at selected grid points with 
average values for the same month from previous years. 

./ 

1. Kamchatka Current _(50° Ni 160° __ E) 4. Gulf of Alaska ~55° N~--
May May May I 1!.-i"Z I May May May \")(..-iZ~ 
1962 1961 Mean <:r"" Glass 1962 1961 Mean ~ -:;;,;=- Glass 

_(55-60) <::i""" (55-:.§.QL ___ .,.,. __ ,_ 
~-

V.f!i". -3 -17 -13. 7 13.8 0.78 1 w -19 1 -1. 6 .5. 4 3.22 3 
ue: 5 1 -4.1 10.3 0.88 1 \)E· 10 7 17.9 22,4 0; 3.5 1 
--\} -12 -54 - 7. 2 33.7 o, 14 1 -\/ -61 -5 -71. 5 89.7 0.12 _:.l l 85 Lf84 361.5 20Lf 1.36 2 

~ 
62 lL~ 32.9 35.1 0.83 1 g 98 497 376.6 214 1. 30 2 64. 14 3.3.3 35.6 0.86 1 

~ 12.2. 9 267.3 227.4 71. 0 1. 47 2 

~ 
80.6 99,8 116,3 26.4 L35 2 

3134 280,5 241. 3 70.5 1. 52 2 81. 4. 99.2 116. 0 26.4. 1. 31 2 

----· '""' .. _ ........ p .. ~ .. 

2. 02aspio Current 4.5° N .1ss0 E --~tation "P" ~50° Ni 141:Ji2. 
May May May 

\~~, 
May May May <i ,.,~, 

. 1962. 1961 Mean <t"' Class 1962 1961 Mean Class 
<l' <:f' 

------ .. (55-60) (55-60) 

Vrr: -12 -55 -22.1 24.4 0.41 1 vr= -4-4 ··16 -25.9 25.6 o. 71 1 
U-E 13 27 12.3 16. '7 0. OL~ 1 0:e 9 13 32.6 32.1 0.73 1 ·-v -24 -55 -1.3.3 25.7 0.42 1 -v 6 -30 ··29. 5 23.l . 3. SL~ 3 

'"t -113 129 2.0. 3 131 1. 02 2 {1 1 22.0 2.6 25.1 0.06 1 
. 1:~ -96 179 58.l 118 1. 30 2 I8 4 22.5 4.5 22.0 0.25 1 
~-57.0 84.1 67.3 61. 5 2.05 3 ~ 23.8 52.1 .38. Lf 17 . .5 0.83 1 
~ -42. 2 .l lt1 .. 7 96.1 6Li .• 0 2.16 3 ~ 26.3 58.9 42.2 17.6 o. 70 1 

___._..,......_._,... ________ ""' -·'" -
~_K~sh~E_.ent __ t3~~--------6 . __ Gal};_f~fnia Current_ .~1:5.:.. Ni. 13.5:.._fil. 

May ·May May t2L-~J May May May \;v-Tc: I 
1962 1961 q- Class 1962 1961 - Glass Mean 
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FISHERIES RESEARCH BOARD OF CANADA 

Pacific Oceanographic Group 
Nanaimo, B. C. 

Circular 1962 - 19 
Aug1.ist 23, 1962 

The. report i.s based on the data received from C.C,G,S. "Stonetowrt" and 
C,C.G.S. 11St. Catharines 11 , The information from the C.C.G.S. "St. Catharines" 
was radioed in on the 16 August 1962. 

Figure 2 is made up of two continuous records of temperature (28 June-
2 July and 1.' August. 0

• 6 August) at the 3 metre depth along the Line "P"-"S". 
A prom:! .. nen-t feature of the· i 1outbound 11 temperature record is the many sharp 
discontinuities in th(~ tre.mperatur:e gradients. These discontinuities are fewer 
and not as acute on thl: 11 inbound" temperature record. The near surface tempera­
tures seaw«.ird of Station 2 show an increase of 3°C in the interval between ob­
servati.ons, Toward the coi:,st from Station 2, the increases were 2°C and less. 
The pea.k temperature on the 11 outbound 11 passage was between Station 1 and 2. 
On t:b.e · n:1..nbound 11 passage, the peak had shifted seaward to Station 4. 

A corrrpar:! .. son of the temperature distribution along Line "P"-"S" (Fig. 3) 
during late .June with that in early August shows that the top of the seasonal 
thermocline has magnified and has formed closer to the sea-surface (""'10 m depth). 
The ear August observations of temperature distributi.on indicate that at Station 
1 the temp•~rature gradient is noticeably steep from the surface to .50 metres. 
Tb.is E~harp temperature fall is assoc:i.ated wi.th "upwelling" i.n this area. The 
early August observations :i.ndicate that Station 4 is in the centre of a pool or 
band .::if wa.rm water extendi.ng from the surface to a depth of 100 metres. One 
explana.t~.o'.'l. for tl:d<o: pool of (low salin:!.ty) warm water may be the piling up of 
coastal water relc~ca.ted ar~ a result of the 11upwelling11

• The other explanation 
could be the northeastward. transport of Columbia River Water. The presence of 
the temperature inversion between Stations 6A and 5 in the early August obser­
vations wi.11 again be mentioned in association with a related feature in Figure 
4. 

Figure 4 shows the temperature changes along the L:l.ne "P"-' 11 S11 between early 
August and late June observations. The large decreases in temperature at Station 
1 i.s attributed to the occurrence of coastal 11upwelling". At Station 4, the 
depth and degree of warming is again noticeable. The temperaturlf inversion 
between Stations 6A and .5 (Fig. 3) lies just within the zone regi~tering a drop 
:l.n temperature in the five weeks between observations. 

Figure 5, complimentary to Figure 3, shows the salinity distributions along 
the Line "P"-"sii for the same two peri.ods of observations (1 August-6 August 
and 28 J'une~2 July)., The upward slope of the isohalines at Station 1, in early 
August observations, repeat the indication of "upwelling" at this area of the 
coast, whereas the late ..A.me observations at Station 1 show the isohalines to 
be horizontal pointing out the absence of "upwelling". 
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The temperatures at the depth of the ·33.8 %0 isohallne along the Line "P"-''S" 
are greater than 6.5°C east of Station 4 and less than 6.5°C west of Station 4. 
This condition serves to mark Station 4. as the western boundary of an intrusion 
of warm water northward along the coast. 

The salini.ty changes· along the Li.ne 0'P 0
i-

11 s11 between early August (1 August-
6 August) and late June (28 June-·2 j'uly) are pictured in Figure 6. The 

·"upwelling", at Station 1, during early Au.gust results in a considerable 
increase i.n salinity to a depth of at least 200 me'tres over the previous 
five weeks'. The zones of significant salinity changes, located at Stations 2, 
3, :S, and 6, correspond with the zones of significant teni.pe.rature changes 
(Fig. 4). (Salinity increases are related to temperature decreases and salinity 
decreases with temperature increases). 

The two most obvious featu.res in the early August data are the "upwelling" 
at the coast and the pool c.f WBLrm low salinity water in the surface 100 metres 
at Station 4 .• 

W, Atkinson 

.. 
) 
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.9~£.graphic 2_b~~y_ations from Weathershi.E, 
.9-·.£:.£J?..!. St. Catharines. _Qruis~~-2.1_J1ay 22-July ~.J. 1962 

In addition to its meteorological duties the Canadian Coastguard Weather­
ship "St. Catharines" carries out regularly scheduled oceanographic observations 
during each patrol at Stat: ion "P") and also ~!l....!2.l!!£ to and from Station "P") 
(Fig. 1). This report is an immediate assessment of the regular oceanographic 
observations made duri.ng the voyage beginning May 22 and ending on July 2, 1962. 

].£...!..Sill: to and from Station "P" continuous thermograph recordings of tem­
perature are obtained from a depth of 3m. The dominant feature of the record 
du:ri.ng the outbound voyage was the irregular gradient. The net temperature 
decreasE! was about 3C 0

• However) pronounced minima occurred near stations 2 
and 4A. The minima were of 1C 0 amptitude. By the time of the inbound voyage, 
5 weeks later, the mean 3 m temperature had increased by about 2. 5C 0

) the . 
gn1di.ent had increasE:1d and only tras:es of the former minima remained. 

Temperature changes between Stn. P and Swiftsure in the six weeks between 
the outward and inward passages (May 23-27 to June 28-July 2) are shown in 
Fig. 3, Warming occur.red throughout the~ Section at depths less than 80 m. 
The amount of the change decreased uniformly from a maximum of l~ C0 near 30 m 
depth to Stn. 1 to about 2C 0 at Station P. Between Stn. 3 and 6 the warming 
extended to at least 500 m depth, with the core centred near 300 m at Stn. 5 .. 
This suggests that the disappearance of the 3 m temperature minimum (see above) 
in the vicinity of Stn. 4A, was due to an intrusion of warm water. The cooling 
near the coast appears to be an intensification of a trend which has persisted 
to some degree since March, 1962. 

The disappearc;ince of the 3 m temperature minimum near Stn. 2 seems more 
1 ikely to have resulted from a· combination of seasonal heating and lateral 
mixing, or· to .the passing of a "cloud" of water rather than a persistent 
warming. 

Variations of temperature observed at Stn. P (Fig. 4) during the cruise 
suggest that the cooling shown near Stn. P in Fig. 3 may be a reflection of 
relatively short term fluctuation, rather than a major cold intrusion or trend 
to cooling. This emphasizes the caution with which the plots of temperature 
change should be interpreted. · 

The most prominent feature of the vertical sections of temperature (Fig. 
·5 and 6) is the suggestion of a boundary at Stn. 5, to the west of which temp­
erature grad;i.ents steepen markedly and a temperature inversion is observed, 
The boundary appeared to have intensified between the outhound and the inbound 

\.J \.-\ 
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voyage, partly due to the warming at Stn. 5. 

.Tu.mE~t,yre conditions~-

Mean monthly thermograph temperatures (3 m) at Stn. P :ln April, May and 
June, 1962 (Fig. 7) were about 0.5C 0 higher than the 10-year means for these 
months. The mean temperatures for these months were also higher than the 
corresponding means in the previous two years. 

(Fi.g. 8) 
Near the end of May /temperatures above 100 m depth were warmer than those 

in the same peri.od in the previous two years, but the difference had lessened 
by the end of June. Below 100 m depth temperatures tended to be warmer than 
those i.n the same period in 1961 (e2ccept in the minimum layer of the tempera­
ture inversion) but colder than those in 1960. (Fig. 9). 

(Fi.g. 10) 
The increase in temperature/which occurred above a depth of about 70 m 

between March and June 1962 may be attributed mostly to seasonal heating. 
However, the increase between 70 and 100 m and that between 200 and 500 m, 
during the same peri.od can be due only to the movement of warmer water into 
the Stn. P region by currents or mixing. 

Comparison of Febru<-iry··March and May-.June, 1962 temperatures in the 100-
200 m depth range is complicated by the presence of a temperature inversion. 
However, in June) the w~tters in the minimum temperature ·layer appeared to be 
colder and those :l.n the maximum temperature layer were warmer, 

The temperature inversion appElared in all bathyt:hermograms at Stn. P, 
during this cruise, and occurred at greater depths than during the February­
March period of observation. 

f<;ince the oxygen concentration in the minimum temperature layer of the 
i.nven;ion w1rn less i:.han th.::1t in the previous winter's upper layer, immediately 
above it, it may be inferred that the minimum was not formed by cooling during 
the winter. If this had been the case, a sharp oxygen maximum should have 
been associated with the temperature minimum. If mixing had been sufficient 
to reduce the oxygen content in a temperature minimum recently formed by 
winter: cooling one might expect that the minimum would be modified or erased. 
The. difference between the oxygen content in the temperature minimum and in 
the water immediately above it suggests that if mixing alone was responsible 
for the decrease in oxygen content, the original temperature minimum may 
have been too cold to have been formed near Stn. P. 

During the May-June 1962 period of observations, temperatures tended to 
lncrease from the surface to 50 m depth, but showed little if any net. change 
below 50 m. 

The depth of the top of the thermocline decreased from about 60 m near 
the end of May, to about 20 m near the end of June. This may be a consequence 
of the seasonal increase in stability and decrease in mixing intensity. 

Although two regions of strong gradlent (30-40 m and 100-120 rn) were 
usually present, the thermocline was essentially continuous from its upper 
limit to a depth of about 120 m. During the same period in 1961 the bottom 
of the thermocline occurred at a depth of about 75 m, as it ususally did in 
June 1960. However, in 1960 the thermocline extended to 120 m when a tempera-

'\ 
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ture inversion was present. 

~rimary ~roduction 

The mean primary production was lL~O mg C/m2 /day ·~ 25%, somewhat less than 
previous observations would lead one to expect at this time of year. 

~lankton 

Zooplankton was abundant throughout the cruise and catches in both hori­
zontal and vertical tows consisted mainly of copepods. 

A total of about 300 salmon were caught. During the first week on Station 
sockeye were predominant. Thereafter coho were the dominant catch. Almost 
half the salmon were caught in a single 7-day period. The fish were feeding 
heavily on a~ - like squid. Very few empty stomachs were observed. 
In the last week of June the salmon catch declined but was replaced by pomfret. 
A total of about 70 pomfret were taken, the mean weight of which was about 
2~ - 3 lbs, 1 lb greater than during July 1961. 

Feeding sperm whales were not uncommon. 
fur seal were sighted. On several occasions 
observed, apparently hunting petrels. 

One sea lion and several small 
a pair of longtailed jagars were 

G.D. McAllister 
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B. C. Coastal Seawater Temperatures 
AE.ti.L...,.~§L,__~~ 

A weekly report of the daily seawater temperatures observed at four 
lightstations - Triple Island, McI.nnes Island, Entrance Island and Amphitrite 
Point ... is broadcast on Wednesday mornings from radio station CBU. A report 
of the monthly mean sea.water temperature (computed from the daily observations 
between the 1st and 27tl">~ i:s re.cei.ved from three other li.ghtstations, at 
Langara Island, Cape St. JamE.'~s and Ka.ins Island. These montl).ly temperature 
reports are transmitted to th~ San Diego Biological Laboratory of the U. S. 
Bureau of Commercial Fisher:le:"' for use in their monthly sea-surface temperature 
charts of the Eastern Pacific Ocean. 

This circular is a summa.ry of these reports :for the three months of April, 
May and June, 196 2. , 

The monthly mean temperature data are tabulated in Table I, along with 
various anomali.es and the c laGsi.ficaU011 indices, These indi.ces, recorded in 
the last column of the T·?.ble, represent the number of·~ standard deviati.on units 
there are i.n the anomaly between the monthly mea.n temperature and the 10-year 
grand monthly mean temperat.·1re; a positive (+) index indicates a warmer anomaly, 
a negative (··) index a colder anomaly, 

Sea2ater te1!!£§~ures aloqg_!:.he ocean coast 

If the four ocean coast stations - Langara, Cape St. James, Kains and 
Amphitrite - are considered as a unit, it can be noted that a colder than average 
anomaly has been increasing in scope during the three months. Cape St, James' 
reports show a significant anomaly of -2; the negative anomalies at the other 
three stations indicate a trend, In the months of May and June,the 1962 monthly 
mean temperatures were about 2F 0 colder than in 1961. 

The seasonal warming-up rate is at its greatest during these three months. 
At Cape St. James,tthe monthly rate increased from l.5F 0 to 2.5F 0

• Unfortunately, 
observations wer~~made at Langara during June~ due to a misunderstanding between 
relief observers, but the rate of warming-up in June would probably be 2~F 0 , At 
Kai.ns Is land, the rate was 3F 0 in June, but at Amphi tri.te it dropped to a low 
3/4F 0

• The colder June temperatures at Amphi.tri.te are possibly the result of a 
large colder-than-average body of ocean water that has been building up off the 
Washington - Oregon coast in the past two months. 

Monthly mean temperatures for Triple Island have been colder than average 
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for the three-month period, and the 1962 - 1961 anomaly has been a negative one 
of 2~ to 3~F 0 , A similar colder-than-average condition is noted in the reports 
for Mcinnes Island, but probably not as cold as at Triple. 

~~mEeEature conditions in southern B. C. coastal waters 
nor mo/ 

Reports for Entrance Island and Departure Bay indicate/\monthly mean temperatures 
for the three months, with a slight colder-than-average trend apparent in the May 
reports, This i.s possibly due to the fact that May air temperatures were 2 to 5F 0 

below normal on the B, C. coast, The 1962-· 1961 anomaly was insignificant in 
April, but increased to a negative l~ to 2F 0 in the other two months. 

General e:ummary 

B. C. coastal temperatures were normal during April; were colder than average 
i.n May; and were still slightly colder than average on the ocean and northern coasts 
in June, but had returned to normal in the Strait of Georgia. 

H ,J, H.ollister 

) 
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Table I. Monthly means and anomalies of seawater temperature C'F) 
April, May, June, 1962. 

·-~-----·--·-
April 

_S_ta_t_i9_n __________ l.2§1_ 

Langara I. 
Cape St. James 
Triple I. 
Mcinnes I. 
Kai.ns I. 
Amphitri.te Pt. 
Entrance I. 
Departure Bay 

4.4. 5·k 
4lj .. 6 
l1.J. 9 
44.8 
4 7. 8'l( 

4.9 .o 
48.3 
48.6 

April -
March ·---

+2 .. 3 
+L6 
+2. .1 
+2.. 3 
+2. .4 
+3.3 
+.3. 6 
+6 .• 3 

Apr. diff. 
1962-1961 

-0.7 
-3.3 
-2.3 
- 2.. 4 
-1.5 
-0.1 
+0.2 
+0.3 

+o.o 
- 1. .5 
·-0 '9 
-0. 9~'1"1'< 
+0.2 
+0.5 
+o.o 
-0.1 

+0/1.5 
-2./1.1 
-1/1.3 

+O/LO 
+t'>/L 2. 
+0/0,6 
-0/1.2. 

May May - May di.ff, May 1962- Classifi.c 1n/ 
J?.!§t!;qn _____ ~--·--·--_1262 __ ~.E!.!., ____ ! 962.: 1_96_]_. __ 10, YE..:~:.S~~ 

Langara L 4.6 .O'>'< +l. .5 -2 .o 
Cape St. James 46 '3~'< +1. 7 -2 .. 5 
Triple L 46,2 +2.3 -3.6 
Mc Innes I. 47.8 +3.0 -2.8 
Ka.ins L 49 .4.)'<; +l.6 -2.3 
Amphitri. t e Pt. 5Ll +2.' 1 -Ll 
Entrance I. 53.1 +2.. 8 -1. 3 
Departure Bay .52.. 9 +4 .. 3 -1.4 . 

--·-----· .. -------·----·---
June June - June di.ff, 

.. §..tat ioB:_ _____ ,_. ____ l 96_~----21~--------· 196 2·-1961 

Langara·r. 
Cape St. James 
Triple I. 
Mcinnes I. 
Kains :r.. 
Amphitrite Pt. 
Entrance I. 
Departure Bay 

No observations 
48.9~'(' +2.6 
49.8 +3.6 
5L7 +3.9 
52.7~'( +3.3 
51. 9 +O, 8 
58.6 +5.5 
59' 5 +6. 6 

~'cl-27 mean 

-J..4. 
-2.8 
-2.3 
-1. 8 
-1.4 
-2.1 
-· 1. 9 

-LO 
-· 1. 3 
·· l. 6 
-1.. 3~h'< 
-·O, 8 
+0.2 
-1. l 
·-1.8 

June 1962-
lOY.:f_;. av 1 ge 

-1. 7 
-2.1 
-0. 6~b'( 
-0.1 
-0.6 
+O.l 
+0.2 

~'o'<8-yr, av' ge. 

-1/1.3 
-3/0.7 
-2./1.4. 

-1/1.1 
+O /1. 8 
-1/1.7 
-1/1.9 

Classific 1 n/ 
Stnd, dev 1 n 

-2/1.5 
-2/1.8 

-0/1.4 
-1/1.8 
+0/2 . .5 
+0/2.5 

/ 
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Canadian Oceanographic Research in the Subarctic Pacific Region 
during 1962 

by A. J, Dodimead 

Oceanographic research in the Subarctic Pacific during 1962 has 
consisted of: · 

1. A two-ship survey of the eastern Subarctic during the early 
summer period (May 25 to July 5). 

Two vessels, CNAV "Oshawa" and "Whitethroat" occupied 218 stations 
(Fig. 1). On the continental shelf, observations of temperature, salinity 
and dissolved oxygen were made to near the bottom. In the oceanic area, 
observations were made to 1200 metres depth, except at "special" stations 
where samples were obtained to the bottom or 40100 metres depth, which 
ever was least. Bathythermograph, secchi disc and plankton (vertical 
and horizontal tows) were also made throughout the area. The period of 
the survey, the station positions and the observations are almost identi­
cal to those of the previous year. The data have been published. 

:?.. Oceanographic observations at Ocean Station "P" and enroute 
to and from the station during alternate six~week periods (February 27-
April 16; May 22·-July 2.; July 31-September 17; and October 23-December 
10) aboard CCGS "St. Catharines11 • Bathythermograph observations were 
maintai.ned aboard CCGS "Stone town" during the other periods. 

Observations were similar to those in previous years. Data to 
August have been published. 

3. Presentation of weekly charts of sea surface temperature, 
depth to top of seasonal thermocline, magnitude (~T) of the seasonal 
thermocline, and depth to the bottom of the thermocline, by the Canadian 
Oceanographic Information Service, Esquimalt, B.C. 

These charts are compiled from bathythermograph data from several 
Canadian and United States services, involving.oceanographic, fisheries 
and naval vessels from both countries. Additional sea surface tempera­
ture data are obtained in weather reports from ships in transit. 

4. Evaluation of an Airborne Radiation Thermometer (ART) as an 
operational instrument for measuring sea surface temperatures. 

Patrols by the Royal Canadian Air Force were made twice weekly off 
the Canadian coast throughout the summer months. 
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5. Monthly presentation of atmospheric pressure di.stributions 
and transports computed from wind stress :i.n the northern Pacific. 
These charts now cover the period 1955 through June 1962. 

6. Coastal monitor surveys (3). Data for the. first two surveys 
have been published. 

7. Daily observations of surface temperature and salinity at 
14 lightstations. 

8. Completion of Chapter VI - Review of Oceanography of the Sub­
arctic Pacific Region by A.J. DodimeadJ F. Favorite and T. Hirano. 

Oceanographic conditions, 1962 

The data from the early summer cruise are presented in the same 
manner as i.n previous reports. 

The distributions of temperature and salinity at the bottom of the 
upper zone are presented in Fi.g. 2 and 3 respectively. These are con­
si.dered to be a remnant of.i and to x:e.present the isothermal, isohaline 
conditions that existed in the upper zone (75 to 125 metres depth) 
duri.ng the later winter period (March). 

West of long. 145~ W, the water was warmer (about 1 C0
) than ob­

served during 1961 and almost as warm as during 1958. The 10 metre 
temperat.i.1rc::,; at Ocean Stat:i.on 11 P11 for late winter (January - March) 
are shown in. F'i.g. 4.. These are re.pre.sentative of the temperature in 
the isothermal upper zone. Annua.1 differences at Ocean Station "P" 
generally apply to most of the mid-ocean eastern Subarctic. 

Off the British Columbia coast, oppos:Lte anomalies occurred. 
Water, warmer than 7° C at the bottom of the upper zone was not as 
extensive as during the preceding years (1958-1961) (Fig. 5). However, 
the water was warmer than duri.ng 1955 through 1957. The daily seawater 
observations suggest that condi.tions were slightly below average in 
March, 1962. 

Salinities at the bottom of the upper zone (Fig. 3) were, in general, 
sli.ghtly less (0. l to 0. 2 '/,,,) than observed in 1961. 

By mid-June, the surface waters above the seasonal thermocline 
(to approximately 30 metres depth) had attained temperatures and 
salinities shown in Fig. 6 and 7 respectively. 

Comparison of these temperatures with those observed in mid-June 
1961 show that in mid-ocean (south o:f. lat. 55° N and west of long. 135° W), 



the surface waters were still warmer in 1962 (Fig. 8). The greatest 
difference (3 to 4 C0

) occurred in the southern part of the region. Here, 
temperatures in this period were also greater than the 30-year mean. 

Around the coast, the water was slightly colder in June, 1962 than 
in 1961 (Fig. 8). This anomaly is confirmed in the daily seawater obser­
vations, which also indicate that near-ave.rage conditions prevailed 
(tendency to be slightly above average along the Canadian coast). 

Surface salinities (F'ig. 7) were still lower (about 0. 1 to 0. 2 %,) 
in June 1962 compared to June 1961. 

Monthly mean sea surface temperature charts and anomalies compared 
to the previous year a.nd a. 30-year mean are publish.tad by the Bureau of 
Commercial Fisherier Biological Laboratory, San Diego, California. 
Mean sea surf a cl'~ temperatures for Au.gust 1962 are shown in Fig. 9. 
Compared to August 1961, the water was now slightly colder in August 
1962 (maximum di.fference of l C0

) at least south of lat. 55° N (no 
data :cwrth of lat. 55" N). Data from Ocean Station "P" and from the 
lightstations showed similar anomalies and also indicated that near­
average conditions prevailed throughout most of the area. 

The temperature distribution on the surface of salinity ·· 33. 8 %, 
(Fig. 10) is representative of conditions in the non-seasonal zone below 
the halocline. Yearly variations in this distribution are indicati.ve 
of changes in the circulation of the lower zone water. Warm water, 
greater than 6.5° C along the Canadian coast extended slightly further 
north in 1962 than during 1959 through 1961 (Fig. 11). This change is 
opposite to that in the upper zone waters in this area. 

Data from Ocean Stat.ion "P" indicate that there was very little 
change in the lower zone waters (between 200 and 500 metres depth) 
from mid-March to mid-June. It is reasoned that the lower zone condi­
tions were establi.shed early in the year throughout the area and 
remained much the same, at least till the end of summer. 

The surface circulation deduced from the geopotential topography 
(Fig. 12 1 0/1000 decibars) shows si.milar features as in other years. 
However, off the Canadian coast, the circulation appeared to be rela­
tively weak. 
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Introduction 

FISHERIES RESEARCH BOARD OF CANADA 
Pacific Oceanographic Group 

Nanaimo, B, C, 

Circular 1962 - 23 
October 26, 1962 

B,C, Coastal Seawater Temperatures 
~August, September, 1962 

A weekly report of the daily seawater temperatures observed at four light­
stations - Triple Island., Mcinnes Island., Entrance Island and Arnphitrite Point -
is broadcast on Wednesday mornings from radio station CBU, A report of the 
monthly mean seawater temperature (computed from the daily observations between 
the 1st and 27th) is received from three other light.stations, at Langara Island, 
Cape SL James and Kains Island, These monthly temperature reports are trans·­
mi.tted to the San ~ieg~ /~iological Laboratory of the U '.S, Bureau of Commercial 
Fisheries for 1'.tse 1.~ t}1'6ir monthly sea- surface temperature charts of the Eastern 
Pacific Ocean, 

This circular is a summary of the data in all these reports for the months 
of July, August and September, 1962, 

The monthly mean temperature data are presented in Table 1, which also 
lists the month-to-month anomaly, the 1962-to-1961 anomaly, and the classifica­
tion index, This index represents the number of ~ standard deviation uni.ts 
there are in the anomaly of the monthly mean temperature with the 10-year aver­
age of the monthly mean, A classifi.cation index of 2 o:r. more would indicate a 
significant departure .from normal temperature levels, A posit1ve (+) index 
indicates a warmer anomaly and a negative (~) index indicates a colder aqomaly, 

The data from the eight stations are grouped into 3 main geographical 
regions in Table 1 for ease of summarizing the reports, and these groupings 
do not necessarily mean that: the stations in a group respond sirnilarily to 
meteorological and oceanographic reactive forces, 

The ocean coast 

The seawater temperatures observed at the four stations located on the 
ocean coast - Langara, Cape St, James, Kains and Amphitrite - were generally 
normal for the months of July and August, Amphi.trite showed the only si.gnifi­
cant colder deviation from the 10-year mean, September was a month of change, 
where the general ocean coast temperature conditions could be considered as . 
average, but individual station conditions were quite variable, Temperatures 
at Langara for September were a -3 classification, definitely colder than aver­
age .. whilst at: Cape SL James the temperature report shows a tendency to warmer 
than average conditions, 
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When comparing 1962 water temperature conditions with those of 1961, there 
is an overall trend of colder-than-1961 conditions. The anomaly was greatest 
in Jt.i.ly (about 3 F0

). and gradually decreased to less than 1 F0 in September, 
Again, this latter month was one of variable trends showing considerable change 
in individual station reports. 

Warmest temperatures were generally recorded in August, with the usual 
seasonal cooling trend taking effect in September; except at Cape St. James. 
At this station, September was the warmest month. This could be due to an 
influx of a tongue of warmer oceanic water. 

Northern B.C. coastal waters 

Reports from Triple and Mcinnes show that seawater temperatures in July were 
colder than average, and that. during the following two months, conditions were 
average. The colder-than-1961 anomaly was greatest in July (about·2.5 F0

) and 
decreased to about 0.5 F0 in September. August temperatures were the warmest, and 
a definite seasonal cooling trend became apparent in the September reports. Tempera­
tures at Mclnnes were generally 1.5 F0 warmer than at Triple, which difference is 
g~nerally maintained throughout the summer months. 

Southern B.C. coastal waters 

The weather over the lower mainland regions was quite cool in July and August, 
and considerably warmer in September; These weather condi.tions are ·reflected to 
some degree i.n the seawater temperature reports for Entrance Island and Departure 
Bay. July temperatures were average, but August temperatures were significantly 
colder than average, showing the probable cumulative effect of low summer heating. 
September temperature conditions were quite opposite, and were signi.ficantly 
warmer than average. The seasonal warming-up rate was positive in Julyi but dur­
ing August a significant cooling trend developed, so that August temperatures were 
~ooler than in July. This cooling rate decreased to a more normal amount in 
September. 

The colder-than-1961 anomaly was about 1.5 F0 in July, but increased to 4.5 F0 

in the cold August, and reversed itself to a warmer-than-1961 anomaly in September. 
Thi.s warmer- than-1961 anomalous condi. ti.on was al so evident in the seawater t.em­
perature at Amphi.trite in September, so it was probably the result of warmer 
weather that extended over the whole southern B,C. coastal region. 

General summary 

Seawater temperature conditions during July.i August and September for the B.C. 
coastal region were generally average, except in the Strait of Georgi.a region, 
where abnormal local weather affected seawater conditions to give colder-than­
average temperatures in August and warmer-than-average temperatures in September. 
There was an overall trend of colder-than-1961 conditions, except for September in 
the Strait of Georgi.a. August was generally the warmest month of the year. ~ 

) 

H.J. Hollister 

,, 
\ 



-3-

Table 1. Monthly means .i anomalies (6) and classi.fications 
.of B. C. coastal seawater temperatures (°F) 

Langara I. 
Cape St, James 
Kai.us I. 
Amphitrite Pt, 
Triple I. 
Mcinnes I. 
Entrance I. 
Departure Bay 

Langara I. 
Cape St, James 
Kains I. 
Amphi.trite Pt. 
Triple L 
Mcinnes I. 
Entrance I. 
Departure Bay 

Langara I. 
Cape St:. James 
Kains I. 
Amphi.trit:e Pt. 
Triple I. 
Mciiihes I. 
Entrance I. 
Departure Bay 

July, August, September, 1962. 

July July 6 
T~ J 1:!:}.y-· J une6 1962-1961 

51. l -1. .5 
52.0 +3,l -3.4 
54. 5')'( +1.8 -2.l 
52.2 +0.3 -5.2 
.52. 9 +3.1 -2.9 
53.8 +2.1 -1. 8 
62.8 +4.2 -1. 3 
63.2 +3.7 -1. .5 

Aug. Aug, 6 
Te!fil?., ~:.;£!;!.!YL. 1962-1961 

52, 3'ic +1.2 -0. 1 
53' 3')'( +1.3 -4 .• 2 
.5.5' l'/( +0.6 -1. 8 
5.5.6 +3.4 -1.1 
54.5 +l.6 -1. 8 
56.0 +2 .. 2 -0.9 
.59.8 -3.0 -4.9 
60.8 -2.4 -4 .. 3 

Sept, Sept. 6 
T~_s eE t:, :.~:!IB~-·--·---l_ ... 9 __ 6_· 2'- 19.§.1 

51. 9* 
54.3')'( 
54. 3')'( 
.55.5 
.53. 2 
54.9 
.59. 2 
.59. 8 

')'c 1-27 mean 

-0,4 
+LO 
-0.8 
- 0' 1. 
-1. 3 
-1. 1 
-0,6 
·-1. 0 

... 1.2 
±o.o 
-1. 3 
+0.6 
-0.4 
-0. '7 
+1.1 
+1. 7 

Classification 

-0 
-1 
+o 
-2 
-3 
-1. 0'b" 
+o 
·-0 

Classification 

-0 
-1 
-0 
-0 
-0 
-0.4')'(* 
·-3 
-2 

··3 
+1 
-2 
+o 
-0 
- 0' 2.~'t•k 
+2 
+2 

** 6 from 8-yr. av'ge. 
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Pacific Oceanographic Group 

NanaimoJ B, C. 

Circular 1962-24 
December 17, 1962. 

· PreliJE..:i.:..ll§.El .as,.§._es.s.:~of~ceano~hlc conditions observe£ 
durinJL.!l:le Pad.fie Naval Laborato~lar Pack OE~E~, 

~P.F!l 17-May 12, 1962 

Acoustic experiments were made in the Canadian Basin of the Arctic 
Ocean (Fig. 1) in three ph~ses. The first was the measurement of cross-basin 
underwater sound transmissionsbetween Ice Islands Arlis II, T3 and Ice Camp I. 
Thf~ ice islanclswere occupied by personnel of United States Underwater Sound 

iboratory and Lamont Geophysical Laboratory, while Ice Camp I was occupied 
iy personnel from Pacific Naval Laboratory and Pacific Oceanographic Group. 
(Polar Pack group). The second phase was simi.lar except that Ice Camp 2 was 
occupied instead of Ice Camp l. The third phase was a sound transmission 
shot-run made by the Polar Pack Group along a line over the Continental Shelf 
from Camp 2. The Canadian Group was dires:;ted by Mr. A.R. Milne of Paci.fie 
Naval Laboratory. Other personnel engaged in the operation were: T. Hughes, 
J. O'Malia (P~cific Naval Laboratory); T. Harwood (Defence Research Board, 
Ottawa); R.H. Herlinveau:x (Pacific Oceanographic Group). 

Personnel and equipment were flown into Mould Bay, Prince Patrick Island, 
(Joint Canadian-United States Weather Station) by RCAF Air Transport Command 
in a C-130 from Vancouver, B.C. The party was then transported out to Ice 
Camp l from Mould Bay by RCAF DC-3 aircraft (2500 lb in each aircraft). The 
camp was established on an ice lead approximately 4000 ft by 400 ft, 3.5 to 
4 ft thick and approximately 130 miles off shore. 

The original plan was to complete the observation at this camp then move 
to about 300 miles off shore and set up another camp. This plan had to be 
abandoned because of the damage to one DC-3, and the demand of other committ­
ments on the RCAF aircraft. The plan was changed and personnel and equip-
ment were transported by RCAF-ATC to Isachsen (Fig. 1), the base of the Polar 
Continental Shelf Project. From here the party and equipment were flown out by 
"Otter" aircraft to an ice camp which had been set up by the Continental Shelf 
Project for carrying out surveys on the Continental Shelf. This camp was on an 
ice lead approximately 500 ft wide, 1500 ft long and 7 to 8 ft thick. Ii was 
situated approximately 60 miles north of Borden Island, Fig. l. 

Seven serial oceanographic observations and sixteen bathythermograph lower­
ings were made at Camps 1 artd 2, and at Arlis II during the period April 27 to 
May 11, 1962. Five Fjarlie bottles were used for the seri.al observations. Each 
was equipped with protected an unprotected thermometers. The salinity samples 
were drawn and stored in citrate bottles. These samples were analyzed at 
Nan?imo 9 B.C. on a conductivity salinometer. One of the seven stations was 
taken at Arli.s II with Nansen bottles by G. Brusca (U of South California). The 
samples were titrated at Pt. Barrow by W. Senb!f.r (U.S. Hydrographic Office.). 

tlBRARY . 
INSTITUTE OF OCEAN SCIENCES 
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The data were computed on an ALWAC III-E digital computer at the Uni­
versity of British Columbia, to be published in a manuscript report series of 
Fisheries Research Board, 

Rhase 1 {24 April-2 May) 

Oceanographic observations were made at Camp 1 during this phaser and 
combined with data observed at Arlis II during the following week (Phase II) 
to define the structure, Figure 2 shows the temperature, salinity and sound 
velocity structure along with the accepted classification ~f water masses. 

The data show that there is a temperature maximum associated with the 
Pacific Waterl overlying a minimum in the surface immediate water. 
The temperature increqses with depth to a maximum on the' Atlantic Water, 
zone, than decreases to a minimum near the bottom of the Intermediate Lower 
Water zone. Below 2000 metres depth in the Arctic Residence Water,an adiabatic 
t·emperature increase is evident, 

In the salinity structure two haloclines are evident, one associated 
with the Arctic-Pacific water interface and the other associated with the 
Pacific-Surface Intermediate Water zone. 

The sound velocity increases throughout the depth. A near isovelocity 
condition occurs between 75 to 100 metresJ where the effects of the tempera­
ture increase (Pacific layer) is nearly compensated for by an increase in 
salinity and pressure, 

The sequence of bathythermograms shown in Figure 3 indicate that the 
temperature maximum in the Pacific Water zone appeared to oscillate between 
about 70 and 80 m in a period of about 6 hours. 

ghase II (6-10 May) 

Figure 4 shows the oceanographic structure observed at Camp 2 and at 
Arlis II (the same as in Fig, 2), The multiple oceanic zone structure 
appears to be modified at Camp 2 on the Continental Shelf. There were marked 
coincident thermocline and ha~ocline from about 75 to 360 m depth. Above and 
below this structure the waters were nearly homogeneous. 

Phase ];_II (10 May) 

The oceanographic data observed at the beginning and end of the occupancy of 
Camp 2 are shown in Fig. 5. The principal features of the structure are the 
coincident halocline and positive thermoclines, with near homogeneous zone above 
and below them. There are two thermoclines. It is believed that the upper one 

!pacific water is evident from Bering Strait northward and east.ward in 
the Canadian Basin. \ 

j 
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is a remnant of the Pacific Water maximum from the oceanic region (see Fig. 2). 
The change of depth of the structure during the period is believed to indicate an 
internal oceanic seiche. 

During the period of occupancy, the suspended equipment hung vertically in 
the water. Evidently there was little or no motion relative to the ice cap. 
However on the final day (11 May) there was evident movement of the ice. Open 
water leads, parallel to the coast, appeared on the shoreward side of the camp. 
Evidently the onshore pressure on the ice (e.g. wind) relaxed or an offshore 
current developed in the water under the ice. The condition could not be 
resolved because it was necessary to abandon the camp hurriedly without making 
further observations. 

The temperature-salinity relations shown in Fig. 6 confirm that there was 
no change of water mass during the period. The changes in structure (Fig. 5) 
were due to internal oscillations .of about 25 m amplitude. 

The author would like to thank the personnel of RCAF Air Transport Command, 
Continental Shelf Project (DM & TS), Joint Canadian-United States Weather 
Stations (Mould Bay and Isachsen) whose co-operation and assistance were 
appreciated. 

R. H. Herlinveaux. 



130 

C.ANADtAN 
BASIN 

Figure le 



TEMP· ( •c) SAL. (S %0) S/V (fVsec.) 
31.0 320 33.0 34.0 35.0 

-2.~·o;.... ..... ---~'~·O.__.....,~......,o~~,---1~.o~~~"::"""T-:-"1:-:-~~-r---4-10•0---r-~4-e+oo..__,, ___ 4~00 .... ~ 
Arctic Surfac~ ater 

............. a ... o.'D.iil. PJcific ~ater 
·c..g.... 't'. -------!--------...... - ~ ...... -.-.-----

Surface Intermediate at.e "···lilmia 
2 001----_::::::-...o&.L..,.---1---------~t-i'----~"4l!a.,--,---... ----------11 

300 

400 

500 

600 

700 

~900 

3000 

-CAMP 1,29/IV/J 
~·-r.:t·• ARLI S Il, 7/V/52 

. . 
·~ 

SA~\ 

Atlantic Water 

Intermediate Lower Water 

Arctic Resident Water 

Figure 2. 

~ 

.. 
: 
I 
: 

i 



""":' 
E -
:c 
l-
£L 
l&J c 

50 

-1.0 

a:r. I. 
1943127/IV/6 

-10 

B.T.2. 
2300/27/IV/62. 

1001--- ---+-----+----

150 

200 

2501-----~------1-------1-~ 

TEMPERATURE (T°C} 
0 -1.0 0 

B.T. 3. 
0140'28/IV/62. 

-1.0 

B.T.4. 
0458128/IV/ 62-

-1.0 

B.T.5. 
0600/28/IV /62. 

0 



TEMP. (°C) SAL.(S%o) S/V(ft/sec.) 
31.0 32.0 33.0 34.0 

-2.po ..... ___ -_,_~----~~or-...----'-·o~~~..,...----------.---,---48-o_o _____ 4~9~o-. 

100 

300 

400 a Ari is n:, 7/V/62 
• CAMP 2, 7/V/62 

500 

TEMPERATURE 
·~ . 
·-------;1-------~ 

I ' 
: . . . . . 

soo--~·-~~-~----~-f~-~---+------~·--~1 
--------

. 
•' : 700 

! 

. . 
~ . . . 

: . 
i soo---------- i-----------'-1-----l -+--. ------1 
'-' ,. : : 

! : ii ! 
I ,. ' 

i ~ 
I : 

. 
.....,._ ___ ~ -----1 . . . 

' . 
+-----~~~---

\ 
\ . . . 
. 
'• . 

--------·~--1 

~000..._ ______________ .L.... _______________ ...._ ______________ ~------~--------



-2.0 

TEMP. (°C) 

-1.0 

100 

0CAMP2, 7/V/62. 

mCAMP2,ll/V/62. 

31.0 
0 

.. ... ... 

32.0 
1.0 

--
___ ."<!k . .. 

SA L .(s °loo) 
330 34.0 35.0 

4700 

S/V (ft./Hc) 

4800 4900 



i 

-

I. 0 

--&' ....... 
w 
a:: 0 => -I-
a:t 
er.: 
w 
a.. 
:2E 
w 

,_ 

I-

I 

0 
0 
ui 
(\J 0 q 

CD 

"' .... 
b 

I 

0 
0 
,..:. 

"' b 

I 

0 
0 
er) 
(\j 

I -
4 0 

300 . 
I - T/S'CAMP 2 

--~--+-1-~-1---~----+~--+---+~--1-~-1---+-1-~--1--250 . -+---I 

0 Stn. 5, 7/V/62. 

& Stn 6, 11/V/62. 200 

-

I 
-1.01-1----1--~---1---1-1---+---+--ll---f-l----ll----I---+-_........... 150 ---1----+--tl 

150. 

?A A j ./ 
1 ~~~:1--~-:--/~-J../1~0~0..:__~~oo 1 5 · 

su~a~ I I 
50~ Freezlna Point 

- 2 . 0 _....__I _...._
75 

• ..._,,L--..a.i.---+--....U...' / ____../. -.l.l----L---ll • .____.--l----'----"--..:.--

31.0 32.0 330 34..0 35.0 

SALi NI TY {0/oo) 

Figure 6. 


	231055-62images
	231055-62Areport
	231055-62Breport



