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DEEP SEA TIDE AND CURRENT OBSERVATIONS IN THE 
GULF OF ALASKA AND NORTHEAST PACIFIC

Carl A. Pearson
Oceanographic Division, National Ocean Survey, NOAA

Rockville, Maryland

ABSTRACT. Tide and current records from 
three deep sea stations in the Gulf of 
Alaska and northeast Pacific are examined.
Deep sea tidal amplitudes are approximately 
equal to those of adjacent shore locations.
The tide wave appears to be a progressive 
wave traveling northward parallel to the 
continental slope.

INTRODUCTION
Until recently, knowledge of tides of the ocean has been 

based almost solely on observations taken along the coast. Un­
fortunately, coastal tides are greatly influenced by local to­
pography and prevalent weather conditions. Measurement of 
deep sea tides is essential to the understanding of the dynam­
ics of continental shelf circulation, but logistic and tech­
nological problems have prevented any extensive observational 
programs.

In 1972 the National Ocean Survey (NOS) began a limited pro­
gram for the measurement of offshore tides and initially de­
ployed two deep sea tide and current measuring systems in the 
Gulf of Alaska from the NOAA Ship SURVEYOR. The gages were 
located to the south of Middleton Island, in line with the 
entrance to Prince William Sound. An objective of the project was to help define the tide wave in its transition from the 
deep sea across the continental shelf. This is considered an 
important area as Prince William Sound is to become the ter­
minus for a trans-Alaska pipeline, and a knowledge of the tides 
of the region will be imperative with the expected large in­
crease in tanker traffic.
Another system was deployed by the NOAA Ship OCEANOGRAPHER 

while conducting various oceanographic investigations off the 
coast of Vancouver Island in 1973. This area is near the 
approaches to the Strait of Juan de Fuca, another area of in­
creasing tanker traffic.

The tide and current information obtained in both areas, 
especially in the Gulf of Alaska, has become increasingly 
relevant in light of the research now being conducted over the



continental shelves in relation to future development of oil 
reserves.

Deployment sites of the deep sea tide and current measuring 
system are shown in figure 1. Table 1 shows the position, 
depth, dates of installation and retrieval, and lengths of the 
tide and current series.

INSTRUMENTATION
The tide gages used during this project are equipped with a 

Bourdon tube pressure transducer with a frictionless optical 
readout (described by Filloux 1970, 1971). Relative pressure 
was recorded 10 times per hour on a strip-chart recorder con­
trolled by an Accutron timer. Richardson—type film recording 
current meters were also used; the sampling rate was 6 times 
per hour in the 1972 installations and 4 times per hour in
1973.
Figure 2 shows the mooring configuration used. The tide gage 

is housed in a 66—cm internal diameter aluminum sphere mounted 
on an aluminum instrument base. Flanking the tide gage are 
two AMF acoustic release transponders. A steel bar bridges 
the release mechanisms of the transponders, and is connected 
by a chain to the anchor base tripod in such a way that if 
either release fires, the instrument base is freed from the 
tripod. Floatation is provided by a syntactic foam buoy con­
nected to the instrument base by 37 m of cable. The current 
meter is suspended directly beneath the buoy.

DATA REDUCTION
The Accutron timers in the tide gages showed a tendency to 

drift at a rate of about 2 to 4 minutes per month. Time drift 
was determined by checking the time just before deployment and 
upon recovery, and was corrected by assuming a linear drift 
rate. Laboratory tests have since confirmed the linear drift 
rate. Data were tabulated at 1-hour intervals for the Gulf 
of Alaska stations. The interval was 1/2-hourly for the Van­
couver Island station due to the short duration of record.

The Bourdon tube is subject to creep resulting from the in­
tense abyssal pressures at operating depth. The creep, which 
has been found empirically to approximate a logrithmic curve, 
results in an apparent gradual monotonic increase in sea level 
pressure. The rate of creep, usually about 50 to 100 mb dur­
ing the first month of deployment, decreases with time. The 
creep was removed by fitting the data by least squares to the 
curve

Y = A + B In (AT) ,
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where Y is the creep curve in mb, and AT is the time elapsed 
in hours since the gage was emplaced on the ocean bottom. This 
curve was then subtracted from the data, after which a pre­
liminary analysis was performed and the residual series was 
scanned to detect tabulation errors.

The current meter timers had a greater drift rate which was 
also assumed to be linear. Data were low passed with a cutoff 
period of approximately three hours to prevent aliasing in the 
analysis, and decimated to one point per hour.

QUALITY OF DATA RECOVERED
The lengths of the series obtained are shown in table 1. The 

deep Gulf of Alaska deployment (station 1) and that off Van­
couver Island (station 3) both provided tide data of excellent 
quality. The gage on the shelf near Middleton Island (station 
2) was subject to wave noise of a few centimeters amplitude.
In addition, there seems to have been a malfunction in the 
sensing or recording mechanism of the gage, so the reliability 
of the data is open to question. Since stations 1 and 2 were 
quite close together, and a preliminary analysis indicated 
little difference in the tidal constants, the analysis of tides 
at station 2 has been omitted from this report.

The current meter at station 2 operated satisfactorily for 
almost 34 days before running out of film. At station 1, the 
current meter stopped measuring speed after about 2 days, 
possibly because of the cold temperatures and low current 
speeds. However, it continued to record current direction.
At station 3, the current meter operated properly during all 
18 days of deployment.

GENERAL DESCRIPTION OF TIDES AND CURRENTS IN THE REGION
Tides in the northeast Pacific and Gulf of Alaska are mixed, predominantly semidiurnal, with the ratio;

--------  = O.o.
M + S
2 2

This area is part of the northeast Pacific semidiurnal amphi- 
dromic system, although the various empirical and mathematical 
tidal models differ greatly in the location of the amphidrome 
(Hendershott 1973). The tide crest propogates in a counter­
clockwise direction, or northerly along the North American
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coast. The mean daily tidal range increases from about 1.7 m 
at Cape Mendocino, to 2.4 m at Cape Flattery, to over 3.0 m 
at Sitka and the northern Gulf of Alaska.

The Aleutian Subarctic (or North Pacific) Current sets to the 
east and divides into two branches at approximately 48°N before 
reaching the North American Continent (fig. 1). One branch 
sets to the south as the California Current and the other to 
the north to become part of the counterclockwise gyre in the 
Gulf of Alaska known as the Alaska Current (Sverdrup et al.
1942).

Figures 3 and 4 show plots of 15-day sections of the tide and 
current series. Figure 3 shows the hourly tide at the deep 
Middleton Island station (station 1), and the filtered hourly 
currents at the shallow site (station 2). Figure 4 gives the 
1/2-hourly tide and filtered hourly current plots at station 3.

The semidiurnal characteristic is evident in both the tides 
and currents. The negative trend in the plot of the east com­ponent of the current at station 2 (fig. 3) is a manifestation 
of the westerly drift of the Alaskan Current.

TIDAL ANALYSIS
The data were analyzed for tidal components by the response 

method (Munk and Cartwright 1966), using a procedure of anal­
ysis based on that suggested by Cartwright et al. (1969). For
the analysis of deep sea tides, the response method gives re­
sults slightly better than those obtained by traditional har­
monic methods (B. Zetler, personal communication). It also 
has a certain physical advantage in that it measures the 
ocean's response to the gravitational potential itself, rather 
than analyzing the data for a set of predetermined frequencies.

In this study a complex reference series was computed using 
the second-degree expansion of the gravity potential. For the 
analysis of short term pelagic series, Cartwright et al.
(1969) recommended the use of a complex reference derived from 
a long series for a nearby coastal station. Tofino (Vancouver 
I.) was chosen for this purpose. Therefore, the gravitational 
potential formed a reference for predicting a complex Tofino 
series, which became the reference in the analysis of the 
deep sea records. Complex predictions of the deep sea tide 
records then became the references for the respective current 
stations. Note that the deep sea tide records are in millibars 
while the reference series are in centimeters. Therefore, the 
admittance amplitudes are not true admittances, but rather the 
admittance times the ratio of mb/cm. The same applies to the 
current admittances which include the ratio

cm s"1 mb"1.
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TIDES
Tables 2 to 6 show the results of the analyses, giving the 

response admittances (ratio of station tide to reference in­
put) and harmonic constants derived from the admittances.
Table 2 gives the constituents of the Tofino reference tide. 
Table 3 shows the results of the analysis for the nearby tide 
station 3. Semidiurnal admittance amplitudes are close to 
unity, while there is some amplification in the diurnal band. 
Phases at the deep sea location tend to lead Tofino for both 
species, probably because of delay across the continental shelf.

The analysis for deep sea tide station 1 in the Gulf of 
Alaska is given in Table 4. Both species show an amplification 
over station 3, and both have a phase delay of about 1.5 hours relative to station 3.

The amplitudes at both deep sea stations are comparable to 
those at nearby shore stations. For example, M2 at station 1 
is 108.8 mb (111 cm), while at Sitka it is 109.5 cm, Yakutat 
111.5 cm, and Kodiak only 94.7 cm. Ki is 48.4 mb (49 cm) at 
the deep sea station, 45.5 cm at Sitka, 45.2 cm at Yakutat, 
and 39.0 cm for Kodiak. Thus, there has been no amplification 
of the semidiurnal tide across the continental shelf, and in 
fact, the diurnal tide appears to be greater at the deep sea 
locations than at the shore stations. This probably can be 
attributed to: the narrow continental shelf, the fact that 
the tide wave progresses along the coastline rather than 
running up against it as a standing wave, and the dissipation of energy by the many sounds, inlets, and archipelagoes along 
the shore of western Canada and around the Gulf of Alaska.

It is of interest to note that the diurnal and semidiurnal 
gravitational tides account for nearly all the variance (about 
99.8 percent) of the deep sea tide records as opposed to 85 
percent to 95 percent typical of coastal stations. This is 
because the deep sea gages are away from the effects of storm 
surges and other changes in water height which sometimes 
affect coastal gages. Since the tide gages were in the deep 
ocean, shallow water constituents are insignificant and wave noise is largely attenuated.

CURRENTS
The progressive vector diagram of station 2 (fig. 5) indi­

cates the predominant southwesterly flow. During the first 
3 days the flow was northeasterly; then it reversed and flowed 
toward the southwest with a mean velocity of 16.5 cm/s at 251°true.
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Tables 5 and 6 give the results of the response analysis for 
the last 29 days of current observations at station 2. No lags 
were used (because of noise in the current series), resulting 
in a constant admittance in each species. An estimate of 
standard error per lunar month, defined by Cartwright et al. 
(1969) as

27.3
days of seriesresidual variance 

recorded variance
is given for each species.

The gravitational (diurnal and semidiurnal) tidal currents 
accounted for about 60 percent of the variance in the north 
component. In the east component, which had a larger total 
variance, the gravitational current accounted for 52 percent. The semidiurnal tidal current admittance was about twice that 
of the diurnal in the north component, while admittances for 
the east component were approximately equal.

This can be explained by referring to the current ellipses 
for Kx and M2 (fig. 6). The major axis of Kj has an aline- 
ment of 258° true while that of M2 is 60° true. Therefore the 
alinement of M2 is a greater departure from an east-west ref­
erence. In addition, the major axis of Kx is about three 
times the length of the minor, while for M2 the ratio is only 
2:1. An interesting feature of the current is that both el­
lipses are alined approximately with the mean current. This is 
also the approximate alinement of the continental slope in the 
area (fig. 1), which again indicates that the tide wave pro­
gresses along the slope rather than across it.

The phase of the major axis of the M2 current lags the tide 
by approximately 1.0 hour, while that of the K! leads by 2.5 
hours. Admittance amplitudes are approximately equal for both 
species.

The residual current series was further analyzed for the 
terdiurnal and quarterdiurnal bilinear interaction constit­
uents. A reference series was formed by multiplying together 
the terms of the complex predicted diurnal and semidiurnal 
current series. The terdiurnal series was formed by the prod­
uct of the diurnal and semidiurnal complex predictions, and 
the quarterdiurnal series from the square of the complex semi­
diurnal predictions. For the north component, the bilinear 
tide accounted for only about 2 (cm/s)2 of the variance. The east component variance was reduced by an additional 17 (cm/s)2 
by.including the bilinear terms.
A periodogram, showing spectral energy distribution at fre­

quency intervals of 0.03448 cycles per day for the north and
6



east components of station 2, is given in figure 7. It shows 
energy at 3 and 4 cycles per day, and at periods of 1 month,
1 week, and about 3 days, in addition to the diurnal and semi­
diurnal tidal bands. There is no discernable energy at the inertial frequency of 1.7 cycles per day.

DEEP CURRENT STATION
Even though current speed was obtained for only 2 days at the 

deep station, examination of the data is still worthwhile.
Means of the north and east components of the current data over 
4 tidal cycles show an average speed of 3.8 cm/s at 009° true. 
This predominant flow can be seen on the progressive vector 
diagram of figure 8 which also shows the "cusps" resulting from the tidal signal.

In the relative frequency diagram of figure 8, current speeds 
are plotted as a function of direction and as the percentage of 
observations for each 5° of direction. This permits comparison 
of the direction readings during the 2 days for which speeds 
were recorded with those over the entire period of observation. 
The similarity between the relative frequency of direction both 
for the first 2 days (lines) and for the entire series (circles) 
is evident. Approximately 50 percent of all observations fall 
in the northerly quadrant suggesting a near bottom current 
flowing roughly counter to the Alaskan current at this location.

VANCOUVER ISLAND CURRENTS
The plot for station 3 (fig. 4) indicates a semidiurnal cur­

rent. However, the strength and phase of the signal vary re­
lative to the tide record. The periodogram of the north and 
east components of the current is given in figure 9 (frequency 
interval 0.0667 cycles per day). It indicates a strong broad 
band semidiurnal peak, centered on M2 in the north component 
and S2 in the east component. The diurnal signal does not 
appear to rise much above the background noise of either com­
ponent, nor does there appear to be energy at the inertial fre­
quency of 1.5 cycles per day. A response analysis showed 
little coherence with the surface gravitational tide. The 
(apparently) coherent portion of the semidiurnal tidal current 
accounts for about 45 percent of the variance within the tidal 
band of the north component, and less than 10 percent of the 
east component. This is reflected in the M2 current ellipse 
(fig. 10) which shows the major axis inclined a little west of 
north and a very small minor axis. The major axis approxi­
mately parallels the continental slope, although the low 
signal-to-noise ratio introduces a large amount of uncertainty. 
The computed harmonic constants for M2 were 2.5 cm/s with a 
Greenwich phase of 201° for the north component, and 0.9 cm/s, 13° for the east component.
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The mean current during the period of observation was about 
1 cm/s toward the south-southwest. However, the progressive 
vector diagram (fig. 11) shows a southwesterly current (down- 
slope) during the first half of the observation, then a shift 
to south-southeast (parallel to the slope) with the burst of 
semidiurnal energy beginning on about the ninth day (also see 
fig. 4) .

CONCLUSIONS
The deep sea tide and current data from three locations in 

the northeast Pacific Ocean and Gulf of Alaska indicate a pre 
dominately semidiurnal tide wave which progresses northward 
parallel to the continental slope. The tidal amplitudes at 
the two deep sea locations (just seaward of the continental 
slope) are approximately equal to those at adjacent coastal 
stations. Tidal current ellipses are alined with the general 
direction of the continental slope isobaths. In comparing the 
observed M2 with global maps published in Hendershott (1973), 
which was based on a global numerical tidal model, it appears that the Hendershott model best fits the data in the northeast 
Pacific.
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Table 1.—Positions and lengths of series.

Position
no. Lat. Long.

Depth
(m) Deployed Retrieved

Days of 
tide data

Days of 
current data

i 58°45.7 145°42.8 4370 7/16/72 8/27/72 41 2*
2 59°22.2 146°13.8 150 7/20/72 8/27/72 34 34
3 48°58.2 127°17.1 1999 8/21/73 9/8/73 18 18

♦Directions were recorded for 34 days

Table 2.—Response analysis for Tofino, British Columbia, predicted from 369-day harmonic constants. 

Reference: gravitational potential

1,2
C (0,+48, +96) 
2

Lat. 49°9N 
Long. 125°55W

Frequency
(CPD)

Admittance, station to reference
AnplitiUe Phase lead 

REAL IMAG (R) (°) Harmonic
constituents

Hanmnic constants
G

(cm) (°)
K
(°)

0.8932
0.9295
0.9661
0.9973
1.0027
1.0393

0.4149 -0.6896 0.8048 -59.00.4261 -0.8058 0.9116 -62.10.4322 -0.7834 0.8948 -61.10.4265 -0.9174 1.0118 -65.10.4205 -0.9574 1.0457 -66.30.3022 -1.2237 1.2604 -76.1Predicted variance 1194 cm2

Ql

Mi
P,

4.1 239.0
23.9 242.1
1.8 241.1

12.3 245.1 
38.6 246.3
2.6 256.1

113.1
116.2
115.2
119.2 
120.4
130.2

1.8591
1.8960
1.9323
1.9689
2.0000
2.0055

-0.8709 0.7693 1.1620 138.5-0.8171 1.4376 1.6535 119.6-0.2795 1.5356 1.5609 100.30.2110 1.2689 1.2863 80.60.1656 0.9380 0.9525 80.00.1000 0.8775 0.8832 83.5Predicted variance 5437 cm2

2.2 221.5
20.0 240.4 
98.6 259.7
2.3 279.4 

28.0 280.0
7.1 276.5

329.7
348.6

7.9
27.6 
28.2
24.7

Total predicted variance 6631.4 cm2

9



.5

8I

-HI
?
S4-1
.§
•P•H
$

CTi
r-CO

00

x

O
H1
oo
LO
oo
CM

 
2

 CM
 
 rH
 
  

rH
r-Q
r-
rH£

 CTi<J\ 

cm in ^ oo co vo rs'm ro in ^ in • ••••• xo m <Ti n n kD ^ in ct\ a\ ro ocn cn o h h n 0> H ^ 1-t rH
CM ro no

LO 00 rH VO CTi 1*1 Ur m H N H • • ■ • ■ • ••••••oo CM VO o i—1 CO rH o n oo co inCM CM ro VD O'! rH CO VO VO VD CM CM CM CM CM CM >H CM CM CM CM CM

* (Ti tT H OJ H co rH oo ro rr cmK ■§ ^ CO (N CO cm o r-* cm oo r- CM rH TT cm cr\ cm

CM CM CM CM CM CMo o s « h) a- Z g 1-q w X

in n rp o h oo oo cm in oo m co h* in
in o m* cm n o HlOOinHHO 

m CM CM rH rH rH

<#> <#>
(T>

II
a) m 8ID Lf) ID CO r* p- H cn H in't Ol rH H (N C* H n H CO m COSSs? H oo id in in cn o (T\ CTi H HCIHHHHH O O C7» CT! O O

H rH rH rH rH t—XN O O rH rHCMf 1
O (N Tf in M CJ CM H* rH O LO LO in^fooinoi M* 00 CM CO I—o HHooinn CO H1 LO VO O O ro ro (N O O rH LO rr ro CM CM CM • • • • • • • ••••• o o o o o o • O O O O O O ■

vo ro ro <j\ rH vo cr> cm rH cm^rr^CMooiHH- h oo co m ooVO rj< in fN ' 00 a\ CM VD CTi cn 
00 00 O'! O'! O'! O') • ••••• 
o o o o o o

CM LO rH ro r- ro O CO CTi o LOro o> VD CM cr CTi VO CM 00 o LOCTi CM VD cr» o ro LO CTi ro VD o o00 o> <T\ av o o 00 00 O'! CTi O o
o o O o rH •H rH rH rH rH CM CM

10

oo

I It
ot
al
 p
re
di
ct
ed
 v
ar
ia
nc
e 

66
74
.2
2 
mb

2 
= 
99
.7
9%
 

Re
si
du
al
 v
ar
ia
nc
e 

13
.8
2 
nt
o2



ta

4-1

<u

I

>1%

O*

CM

00
?i

x

4

inoo
0

J

 LO

« i
O 
h
n

CM

  
 
 

coo
OJ

 

a^ o in O'* CM m O'* rH in 00• • • • • • • • • • • •«0 in in o 00 O co 00 CM ai tT rH<d o rH rH CM co o CM in rH CM CMrH rH rH *H rH co CO co

in CM in O'* rH cd CO in o CM• • • • • • • • • • • •oo CM rH in in 00 <d o^ o in COin in in in r^ CO in 00 rH rH rHCM CM CM CM CM CM CM CM CM CO CO co

cm r- co in tj* h in in oo in rr
EC ■i in o cm in oo m CM rH oo cm in o\CO rH ^ cm o co

CM CM CM CM CM CMO O 2 C4 « h> 3- 55 55 ^ w «

oin id in h oo in• in in h o r- ^  ••••• • co oun c o oj o ^ >cr  m1 h m id oI I rH rH CM CM H H CM fO CO COI I I I I I I I I I
c#> c#>00

OJ 8 wcorH ID 00 C* I CM h Mn o n h 5 -H 05 o in oo oo co oo Is rH CO O M1 Is co co Mn in o rH CO O CT* O  CM
CM CM CM CM CM CM rH O H H CO CO

rHCM rH rH rH i-H rH r—KN1

CO
CM
<T>

rH in in CO CD 00 rH oO H1 O rH rH oo gj 00 o 00 co in CO00 rH  rr CM CO in 0 CO in in rH in O'*
O CM CO H1 ^ 5 CO co in r-• • • fa • • • • • •O O O O O O -H o o O o o oI I I I I I I I

*£> t>in in in CM rH CO 00 in CD00 CM in r- CO -H in CD CO O'* inin co 00 rH ^ in o inCM CM CM »H rH rH p3 o o o o o
rH pjrH rH rH rH rH rH •H rH rH rH

CM in rH CO CO rH O CO CD O LOCO CD in r- CM <r* o^ in CM 00 O LO
cd CM in CD O co UO <D co in O O00 CD cd CD O o 00 00 CD O'* O O
O O o O rH rH rH rH rH rH CM CMI OO

21rH

o

w0)
fd

M

§

J

CM

h 

oo CM inm
h

 

 i
1 

CM

&
m

ooCMn
 CO
O'*

 

CD
CD
ooin<#>

  
 

CM

rHrH
in

n



t

<j\
CN

-P

in
<T>
CN
cm

 

 
 
 
 

S

VO
rH
co

 
h
O

VO ro vo o VO ro
• • • • • • •

r- CN VO 1—1 CN vo 00
CN rH rH CN LO

ro ro CN CN

00 in rH in CN vo ro
w OO ro 00 o> ro in rH COin vo H1 r- o G\ CN

iH rH CN CN ro rH

CN 00 IT) 00 VO VO VO 
r—I r" CN rH O

H Ho « s^w" sfg

ON §0 O
<T> 00 00 00 o• • • • rH • • CN

r- +1 o o o + | in in +
ON (T\ rH rH rH CT» CT>

in in n n n m ro r- r- r- ro ro r- r- CN CNo o o o o o o • • o o o o
dP CN vo 00 O 00 vo
»H rH vo dP ro in dP 00 00 o• • • • • • ro ro o ro+ CN rH CN i00 ro H* • • •+ |ro ro + |ro CN rH

CN CN
ro ro CN CN

CN CNm in vo vo
CN CN

o o I I cn

in O ro O in rocr» CN vo CN o CNCN o <T\ ro O VO roCTl o CO a\ O 00• • • •O rH rH rH CN ro ro

To
ta

l 
re

co
rd

ed
 v

ar
ia

nc
e 6

0.
41
 

To
ta

l 
pr

ed
ic

te
d 

va
ri

an
ce

 38
.3

2 
= 

63
.5

% 
To

ta
l 

re
si

du
al

 v
ar

ia
nc

e 2
2.
09

12



Ta
bl

e 
6.

—Re
sp

on
se

 a
na

ly
si

s 
fo

r 
cu

rr
en

t 
st

at
io

n 
2,
 e

as
t 

co
mp

on
en

t,
 c

en
ti

me
te

rs
(R

ef
er

en
ce
 s

er
ie

s 
in

 m
il

li
ba

rs
)

LO CM 00 CM CD o CO o• • • • • •*0 <d TJ* O'\ o vo H covo 00 rH CO iH O coCO CO co

r- ro o CO o• • • • • oo in o O' rH CO VO 00 rH ro O CO co VO CD04 CM CO CO

Ch VO ■H in in • • • • • • • CM Tf CM O CO rr rH

o « zW afSB

■ad)
o o o^ 9^ H r| O • • iH , ’ ’ • rH, • CM , • • rHVO VO + + | O' +1 o n r- r- +H1 H* VO co co£ I I I

r

i
_ CD

r- r» r- r- oo ooas* in in in o oCD <D ooo CO tj* ^O O o o o o o o • • • • • OO o o o o o

vo ld in hfMin <#> CD 00 00 c#> VO dP CO CO O dPClHH • • • r- in oo 00 • • • VO CO rH.VO in rH 
+ H HVO VO in in inin in

m in

00 CO CO g CD CDvo vo rf
T3 VO VO VO T? £i -H fi o\ CDCM CM■ o o o e o v -H O O

03 • •o o o o o

m O CO O O in coCD CM vo CM o in CMCM o CD co o co vo coCD o 00 CD o CD• • • • • 00 CD
• • •

o rH rH rH CM CM co CO

Ta
ta

l 
re

co
rd

ed
 v
ar

ia
nc

e
14

9.
08

 
To

ta
l 

pr
ed

ic
te

d 
va

ri
an

ce
 94

.2
7 

= 
63

.2
% 

To
ta

l 
re

si
du

al
 v

ar
ia

nc
e 54

.8
1

 

13



14
8°

Fi
gu
re
 1 

.-
-D
ep
lo
ym
en
t 
si
te
s 
of
 t
he
 d
ee
p 
se
a 
ti
de
 a
nd
 c
ur
re
nt
 m
ea
su
ri
ng
 s
ys
te
m.

14



/O (f/VJT XXWXfXS

t/fMX
SXXCOAS XfXASS/kf/XXX*?

XXA/XXCX/C XV/9AX
nexr/tnaA/ iS///T

xv jwxa/x A'xrs’f

37 Meters

XXaiAJT/C XVZXXJX
770*assX>o//X>XZ
X/X>X cTXi'cfX
/A/xxfi/A-rx/vr jBxxx
XASXyXaX ^XLfX (XJ?/X>o£>)

Figure 2.--Mooring configuration of the deep sea tide and current 
measuring system.
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CURRENT STATION 2 

CURRENT ELLIPSES
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Figure 6.--Tidal current ellipses, current station 2 (Gulf of Alaska).
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CURRENT STATION 3 
M2 CURRENT ELLIPSE

cm s

Figure 10.—tidal cur­
rent ellipse, current 
station 3 (offshore 
Vancouver Is.).

Station 3
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FILE NUMBER 1
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Figure 11.--Progressive vector diagram, cur­
rent station 3 (offshore Vancouver Is.).
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