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Characteristics of the Surface Layer in the Northeast Pacific Ocean 

by 

L.F. Giovando and Margaret K. Robinson l 

I. INTRODUCTION 

Extensive research has indicated that, in general, the most significant 
factor affecting present-day fishing and/or maritime defense operations is 
the variability, in time and space, of the sea temperature. This variability 
is most marked within the shallower layers; in the intermediate and deep 
waters it is usually small. It is fortunate therefore that, since the 
development of the Bathythermograph (BT) - just before World War II - the 
temperature between the surface and a depth of about 900 feet has become the 
most readily observable oceanographic variable. 

Within this depth interval, the vertical distribution of temperature 
(hereafter termed temperature structure) can be characterized by gradients 
as large as 1 FO per 10 feet. In addition, the structure at any location 
can vary markedly with time. 

Although systematic temperature variations can also occur in the 
horizontal direction, they are much smaller than those in the vertical. 
In general, the most extreme horizontal gradients are present in the areas 
encompassing the western-boundary currents and their confluences (the 
Kuroshio-Oyashio and the Gulf Stream-Labrador Current complexes). In such 
areas, horizontal gradients can attain values greater than 1 FO per mile. 
The total extent of these areas, however, is small compared to that of the 
entire world ocean. Elsewhere, the horizontal gradients are at least one 
order of magnitude smaller. Thus, in general, the vertical variability 
far outweighs the horizontal in importance. It may be noted that variability 
(both spatial and temporal) away from the boundary-current areas represents 
basically a direct response to changes in meteorological factors, such as 
incident radiation, cloud cover, and wind strength and duration. 

Often it is impossible, for various reasons, to obtain conveniently 
in the field the data necessary to provide an assessment of the oceano
graphic state (including an estimate of the inherent variability) for 
immediate use. Further militating against hopes for such definition is the 
fact that oceanographic forecasting techniques utilizing easily-measurable 
parameters are still in the initial stages of development. However, a 
meaningful assessment can often be supplied from historical data, if such 
are available. If the amount of data is large enough to permit statistical 
analysis. indices of spatial and temporal behaviour for any oceanographic 
feature (i.e., measures of the variability) can be obtained, and should be 
utilizable as a fairly knowledgeable guide to present conditions. Even if 
the amount is small, the resulting aid to determination of present conditions 
should nevertheless be more useful than no information at all. 

lUniversity of California, San Diego, Scripps Institution of Oceanography, 
La Jolla, California. 
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At the present time, the feature - in the temperature structure -
most important both to fisheries and to naval operations is the surface 
(mixed) layer. In the past few years, several attempts have been made to 
display, primarily by use of BT data, the characteristics of this feature -
for example, the temporal and spatial variability of its lower boundary. 
The most ambitious work has been that pf Pattullo and Cochrane (1951), who 
considered the entire North Pacific. Since that publication, however, there 
has been a marked increase in the amount of BT data obtained from the 
Pacific, especially from the northeastern portion. In that area more than 
50,000 BT's in all, mostly of the 450-foot type, have been obtained up to 
the end of 1963, by weather, oceanographic, fisheries and naval vessels. 

The Pacific Oceanographic Group of the Fisheries Research Board of 
Canada, Nanaimo, and the Scripps Institution of Oceanography, University 
of California, San Diego, have statistically analysed data obtained from 
these BT's in a joint attempt to provide consistent indices of behaviour for 
the layer. The area examined in this study is bounded in general by Lat. 
35°N, Long. l65°W and the North American coast. Succeeding references to the 
Northeast Pacific are to be presumed to concern this area only, unless 
otherwise stated. 

II. OCEANOGRAPHIC BACKGROUND 

The oceanographic mechanisms involved in the formation of the surface 
layer in the Northeast Pacific have been discussed in some detail by Tully 
and Giovando (1963). For the benefit of those interested in the oceanographic 
background of the present work, several of the principal topics in that 
paper are summarized in this section. 

A. Regions in the Northeast Pacific Ocean 

A region is here defined as an oceanic expanse featured by the character
istic and unique distribution of one or more oceanographic properties in the 
horizontal and/or the vertical direction. In the Northeast Pacific two 
extensive distinct permanent regions - the Subarctic and the Subtropics -
have been identified by Dodimead, Favorite and Hirano (1963) on the basis 
of salinity structure - the distribution of salinity with depth. These 
writers have included in the Subarctic Region a Transitional area, which is 
narrow to westward and broadens considerably near the North American Coast 
(Fig. 1). In this area, properties gradate from those characteristic of one 
region to those characteristic of the other. 

In the Subarctic Region, precipitation exceeds evaporation over the 
year. This results in a marked permanent halocline, which is characterized 
by a 1 ~ increase in salinity between depths of about 330 and 650 feet, with 
a slight intensification in summer (Fig. 2). (By far the largest part of the 
area dealt with in this paper is located within this region.) In the 
Subtropics, however, such a halocline does not exist. The basic feature of 
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the vertical salinity distribution, in the northern portion at least, is 
a IIbroad" minimum below 1500 feet. Between the surface and depths of about 
300 feet, slight maxima generally occur (Fig. 3). 

B. Annual cycle of temperature structure 
t , 

Both major regions are featured by a basically similar annual cycle in 
the temperature structure (Fig. 4). The cycle is characterized by the 
growth and decay of a marked, seasonal thermocline which underlies a (near-) 
isothermal surface layer. This thermocline consists of a temperature 
decrease of - depending primarily upon the time of year - between 2 and 20 FO 
with respect to the generally-prevailing value in the surface layer. In 
the Subarctic Region. the temperature structure beneath this seasonal thermo
cline can be characterized either by a weak monotonic decrease in temperature 
with depth or by a maximum with a weak decrease beneath it. The two cases 

}I 

are displayed in Fig. 2 (--- and •.. ); the figure is indicative of oceanographic 
conditions at Ocean Weather Station "P" (SOON, l4S 0 W), where both cases are 
known to occur. 

The season for net heating of the sea generally begins near the vernal 
Equinox and continues for about 6 months (from about mid-April to mid
September). It both c-ommences slightly e-a't-lile r, and is of somewhat 
longer duration, in the Subtropics than in the Subarctic. The seasonal 
thermocline is generated and maintained by the interplay between the heating -
cooling processes at the sea surface and the mechanical stirring of the sea 
by the wind. The surface (mixed) layer depth is considered to be represented 
by the top of this thermocline. In both regions, the seasonal thermocline 
generally is present in the depth interval between about 50 and 300 feet. 

During the remaining period (mid-September to mid-April), net cooling 
prevails throughout the Northeast Pacific. The seasonal thermocline in each 
region sinks, and the magnitude decreases. Convection induced by surface 
co~ling is the primary mixing agent, although the strong winds typical of 
the season also are a factor in. the near-surface waters. The surface layer 
will therefore become progressively thicker and, often, isothermal throughout. 
In the Subarctic, the seasonal thermocline finally becomes very small, and 
will eventually vanish. In the Subtropics, it merges with the deep permanent 
thermocline characterizing the region (see page 4). 

During the heating season, the surface layer in the two regions is not 
in genera.l isothermal. It usually contains marked negative gradients of 
limited magnitude «~2 FO), which give the temperature profile in the 
layer an "irregular" appearance (e.g., Fig. 2). These gradients vary 
markedly with time (often within hours) in both magnitude and position, 
and thus do not form persistent boundaries in the w-ater column. They are therefore 
termed (negative) "transients". They occur because of variability in the meteor
ological factors effective at the sea surface, primarily the heat input. Many 
of these thermoclines formed near the beginning of the heating season contribute 
to the formation of the seasonal thermocline. They can be driven downward by 
wind stirring or by convection. They can be destroyed or can merge with the 
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seasonal thermocline. Such negative transients are absent during the cooling 
season, during which time both convection and wind stirring render the 
surface layer truly isothermal. However, in this season, small positive 
transients may occur. They are confined to the immediate sub-surface, being 
formed by cooling at the surface and supported by a favorable precipitation
induced density structure. Transients can also be affected by other vertical 
motions, such as those associated with internal waves (D below). 

C. Regional differences in temperature structure 

The behaviour of any late-winter remnants of the seasonal thermocline 
is different in each region primarily because of the differences in salinity 
structure. In the Subarctic, there is a marked density increase associated 
with the characteristic permanent halocline (Fig. 2). The depth to which the 
seasonal thermocline can sink is limited by the stability associated with 
this halocline. In the southern portion of the Subarctic, any winter remnant 
of the thermocline sinks only to the mean position of the top of the halocline 
(about 330 feet). In the northern (colder) part, enhanced convective overturn 
may drive it as much as 100 feet deeper. The maximum depth can be attained 
as late as the end of March, near the beginning of the next heating season. 
Significant traces of the thermocline may persist at the limiting depth for 
an appreciable period (i.e., well into the next heating season) before being 
destroyed by mixing processes; in the meantime, a new seasonal thermocline can 
have formed above it. 

In the Subtropics, however, no marked positive halocline generally exists 
at depth. It is believed that any remnants of the seasonal thermocline descend 
to a deep permanent thermocline which is characteristic of the region, and 
the mean depth of whose shallower boundary is of the order of 400 feet (Fig. 3). 

D. Internal waves 

If one omits from consideration sinking of a thermocline due to m~x~ng 
by wind or by convection, boundaries in the structure may still undergo 
vertical motion because of divergence, convergence or internal waves. Major, 
short-lived fluctuations due to divergence or convergence are apparently 
not common in the open-ocean area shown in Fig. 1. They can occur in coastal 
waters, because of such processes as upwelling. 

Internal waves, on the other hand, appear to occur throughout the world's 
oceans, at the boundary between layers of different density e.g., the top of 
the seasonal thermocline. There are only a few time series of data, however, 
which are sufficiently long to reveal, at even single points, the energy 
spectra of such waves. 

Recent studies in the Northeast Pacific indicate the existence of internal 
waves of semi-diurnal period at Ocean Weather Station "P" (Lambright, 1964; 
Tabata, 1964), and along the continental slope (Rattray, 1960). 
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Preliminary results of the analysis of thermistor-chain temperature 
observations taken, in September 1963, from the Scripps Institution's !loating 
Instrument !latform FLIP in the Transitional area (39°N, 148°W) reveal 
significant peaks in the energy spectra of the internal waves at frequencies 
corresponding to the semi-diurnal tidal period and to the inertial period 
(18.6 hours at this latitude) (Robinson and Northrop, 1965). Twenty-five 
percent of the total energy fell between the frequencies 1 cyc1e/10 hours 
and 5 cyc1es/1 hour. 

The findings cited above indicate that, in the Northeast Pacific, it 
may be expected that vertical oscillations in the depth of the top of the 
thermocline, associated with internal waves, will be dominated by low 
frequencies. 

The effect of internal waves will not alter the ~ surface mixed
layer depth. However, the value of any individual determination of this 
depth may vary markedly from the mean position over a given time interval. 
In the Northeast Pacific, the deviations are generally about 30 ft. but 
occasionally they may be as great as 100 ft. Any meaningful determination 
of the depth of the top of the seasonal thermocline must, therefore, include 
some estimate of its variability (both in time and in space). 

E. R~sum~ 

The foregoing discussion indicates that two main aspects of temperature 
variability can be associated with the surface layer in the Subarctic and 
Subtropic Regions: 

(1) The variation in thickness of the layer due to the effect of internal 
waves at its deeper boundary, and 

(2) The small, short-lived irregularities (transients) that often modify the 
otherwise isothermal structure characterizing the layer. 

This study has attempted to provide information on the layer by supplying 
the best numerical assessment of such variability and by noting, if possible, 
any regional differences. 

III. ANALYSIS OF DATA 

A. Grouping of data 

Over 50,000 BT's obtained from the Northeast Pacific Ocean were utilized 
in this study, the great majority being of the 450-foot type. They were first 
grouped by month, irrespective of year. The BT's obtained at each effect
ively "fixed" station, Le., that occupied by an Ocean Weather Station or 
by a USN Picket Vessel, were segregated for later, separate consideration 
(page 8). The remaining monthly aggregates of BT slides were in turn 
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subdivided - by location - by assignment to several types of "sub-areas" 
arbitrarily defined as follows: 

(a) West of Longitude 125°W, each sub-area (with a few exceptions) 
was assigned dimensions of ~ (2) Latitude Degrees and five (5) 
Longitude Degrees. The exceptions occur at the southern limit of the 
area considered; there the sub-areas were given a latitudinal 
dimension of three (3) Degrees, in order conveniently to complete cover
age to Latitude 35°N, the southern boundary chosen for this study. At 
the northern and western boundaries, irregularities in the coastline 
diminish the size of a few of the sub-areas. 

The positioning of these open-ocean sub-areas has been influenced by 
the location of Ocean Weather Station "p" (Latitude SOoN, Longitude 
145°W). Large amounts of BT data have been obtained monthly from 
Station "P" through several years, and it has been deemed useful, for 
comparison purposes, to conmder the Station as a point common to four 
sub-areas. 

The boundary between the Subarctic and Subtropic Regions tends toward 
the latitudinal direction. Therefore the "longitudinally-weighted" sub
areas were adopted as possessing generally the most useful form for 
noting any significant changes in temperature (and thus in the layer
depth characteristics) between these regions. 

The sub-areas were chosen to be of minimum size consistent with, as 
often as possible, the content of a statistically-significant amount 
of data during each of the summer and autumn months (June through 
November). During this period, the seasonal thermocline is well defined 
throughout the regions considered (pages 3 and 4). 

(b) Those sub-areas between Longitudes 1300 W and 125°W were in turn 
divided into smaller sub-areas. In these latter, there often occurred 
highly "localized" concentrations of temperature data - especially 
in the summer months - although no "fixed" stations were present. 
These concentrations occurred both because of the proximity of the 
localities to important research centres and because of their relevance 
to various specific studies. In addition, the smaller sub-areas are 
often affected, to some degree at least, by conditions resulting from 
the proximity of the coast. 

(c) Between, generally, Longitude 125°W and the North American Coast, 
several even smaller "inshore" sub-areas were defined. Throughout 
these, temperature data are strongly influenced by coastal effects 
during the year. 

B. Treatment of data 

As previously indicated, the BT's from each sub-area were subdivided 
by month, irrespective of xear. The following procedure was then adopted 
for each monthly group of data. 

, 
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Each BT trace was classified according to the following definitions 
established by Giovando (1962): 

(a) Thermocline: A negative temperature gradient greater than 
2.0 FO /50 ft. 

(b) Potential Layer Depth: The depth of the first discontinuity which 
introduces a new temperature trend persisting for 2.0 FO or more. 

(c) Transient: A positive or negative temperature gradient, whose 
magnitude is > 0.4 FO, but < 2.0 FO, occurring above the Potential Layer 
Depth. 

The Potential Layer Depth,so defined,is the depth of the top of the 
seasonal thermocline, and excludes the small temperature discontinuities in 
the surface layer,associated with diurnal or seasonal heating or cooling (Tully 
and Giovando, 1963). It differs from the usual definition for the depth of 
the surface (mixed) layer which requires that the surface layer be isothermal. 
The Potential Layer Depth may be construed to be the depth at which the seas
onal thermocline would be found when the surface layer becomes isothermal by 
wind mixing or by convection. 

The PLD values thus obtained for each sub-area were classified by 20-foot 
"class interval" (0-20 feet, 21-40 feet, etc.). The resulting graph of 
cumulative frequency distribution was then prepared. The following PLD values 
(all given in feet) were obtained from this graph: 

(a) M - The PLD value representing the ~ of the distribution; i.e., 
50% of the values are smaller (shallower) and 50% greater (deeper) 
than M. 

(b) Ll - The PLD above which about 16% of the data occur (i.e., are 
shallOWer than Ll). 

(c) L2 - The PLD below which about 16% of the data occur (i.e., are 
deeperthan L2). 

The values Ll and L2 therefore define the depth interval which encloses 
about two-thirds of the data. (They also provide a measure both of the disper
sion and of the "skewness" of the distribution of layer-depth values. If the 
distribution were truly normal, the values M-Ll and M-L2 would be equal, and 
each would represent the standard deviation.) On the basis of the data utilized, 
any depth shallower than Ll has a large probability of being free of the 
seasonal thermocline characteristic of the relevant sub-area. 

The substantial amount of data accumulated from various "fixed" positions 
was considered separately (page 5), but was treated in a similar manner. 
Continuous (daily) data were available from Ocean Station "P" (Lat. SOON, 
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Long. 145°W) for eight years - 1956 through 1963. Significant, though lesser, 
amounts of data were available, for some months of the year, from several USN 
Picket Vessels which operated in the area from the late 1940's to 1965. 

In addition, for each bathythermogram, the presence of (but B£! the 
numerical characteristics of) transient thermocline structure in the Layer 
has been noted. 

IV. RESULTS 

A. Representation of results 

Charts displaying characteristics of the surface layer have been 
prepared, for each month, on a format adopted from a standard Weather Service 
Chart. This features a Polar Stereographic Projection of scale 1:10,000,000, 
true at 60 o N. The charts are presented in Figs. 5 to 16. 

The notation employed to indicate information obtained about a sub-area 
is displayed, for convenience, on each monthly chart. L1, M and L2 have 
already been defined (page 7). N(PLD) represents the total number of BT 
slides utilized to obtain the values of the Potential Layer Depth (PLD) 
for the relevant sub-area. The total number of slides so used for each month 
is noted above the main legend. The grand total N(PLD) used in preparing 
the twelve monthly charts was 45,742. 

The symbol %Tr represents the percentage of the slides that were found 
to display transient thermal structure as previously defined. The number of 
slides N(%Tr) utilized in the determination of a %Tr value was often somewhat 
larger than the corresponding N(PLD) , since some slides were unsuitable for PLD 
determination but nevertheless were able to reveal the presence of transient 
structure. (The grand total number of slides so used in the present work 
exceeded the grand total N(PLD) by about 10%.) The difference between any %Tr 
value calculated from an N(%Tr) and that calculated from the corresponding 
N(PLD) was found generally to be, for practical purposes, insignificant during 
the intermediate and later stages of the heating season, at which time$ 
relatively large numbers of slides were available for each sub-area. On the 
other hand,this difference was often found to be significant during the early 
part of the heating season, primarily because of the generally very much 
fewer slides available. However, it is assumed that such values of %Tr will 
be treated with cau~ion by the reader. 

As the L1 values are presumably the most important ones listed, they 
have been emphasized on the charts by larger print. 

The general locations of the "fixed stations" are denoted by one-degree 
squares demarcated by dashed lines. Ocean Weather Station lip" is labelled 
as such, and is in actuality located at the center of its square. The 
remaining stations are denoted by the Roman nu m era1s II to IX; each is located 
at the lower right-hand corner of its square. On every monthly chart is provided 
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a table of those fixed stations from which a significant amount of data has 
been obtained for that month. Station "p" is, of course, always listed. The 
important value L1 has been underlined for each station in these tables. 

It is to be noted that data permitted the inclusion, in the chart for 
August, of layer-depth characteristics for several sub-areas west of 165°W, 
i.e., outside of the area of interest originally defined (page 2). Two 
further entries - designated as ~) and (~) - have been added to the table of 
"fi)ted-position" results for that month. These entries represent "localized" 
concentrations of data; the relevant areas in the main body of the chart are 
too small to contain conveniently the layer-depth information. They do B£! 
represent fixed positions. 

The values enclosed in parentheses (with the exception of some listed 
for April and for May - see be1o~) have been obtained by interpolation; use 
has been made of the data as portrayed in North-South sections, in East-West 
sections, and in time series for individual sub-areas. An interpolated value 
was entered for a sub-area only if it displayed consistency with respect to 
all three representations. Such values are presumed to be representative of 
the relevant sub-area and month. 

From December through March, BT's from the northern and western parts of 
the Northeast Pacific - as treated in this report - were, in general, extremely 
sparse for the 17-year period (1947-63) under study. To augment the utility 
of the charts for this period, interpolation was, of course, employed wherever 
possible. Consideration both of the oceanographic "models" for the area 
(e.g., Tully and Giovando, 1963) and of data from the few available BT slides 
permitted certain further "large-area" conclusions to be drawn about the 1ayer
depth characteristics in those portions where data were in exceedingly short 
supply. Such conclusions have been incorporated in expressions involving the 
symbols > and < (For example, utilization of a few "deep" isothermal 
BT traces, in conjunction with information upon oceanographic features such 
as ha1oc1ine depth, could provide numerical values in expressions of the 
form "L1 > __ "). Areas characterized by these minimum and/or maximum 
values have, where possible, been demarcated by heavy dashed lines. 

Many of the BT traces obtained during the early stages of the heating 
season (late April or early May) displayed two thermoclines on the basis of 
the present definition (page 7) - the shallower one being the "new" seasonal 
thermocline, the deeper one the remnant of the previous year's seasonal thermo
cline. (Therefore, if the data had been more numerous, it appears likely that 

bi-moda1 or skewed distributions could have been expected for these months over 
practically the entire area treated.) Such conditions rendered the completion 
of the charts for April and May quite difficult. In the charts for April and 
May, any parenthesized values for Ll, M or L2 which are preceded by the symbol 
» were B£! obtained by interpolation; they represent rather the results of 
an attempt to delineate more precisely than in the immediately-preceding 
months the various characteristics of the PLD. 
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To avoid making the determinations prohibitively tedious, no attempt 
was made to "weight" in any way, spatially or temporally, the data within any 
sub-area. Thus there need not, for any month, be "spatial" agreement - for 
example, between the PLD values obtained for any sub-area and those for 
fixed positions within that area - although the samples of data in disagreement 
could all be statistically significant in size. Because of such restrictions, 
contouring of PLD isolines has ~ been carried out in this paper. 

B. General results 

There are several general features of the Potential Layer Depth topography 
which are similar in all months: 

(a) The PLD is shallowest along the coast, and, between 35°N and 50 0N, 
deepens rapidly toward the west. West of 135°W, between 35°N and 55°N, 
the direction of the Potential Layer Depth contours changes from roughly 
parallel to the coast to roughly latitudinal. In the latter area, the 
data suggest that there are successive ridges and troughs associated 
with the dynamics and the boundaries of the prevailing current systems. 
The data in this area are too few to determine if the ridges and troughs 
are permanent and stationary, or if their location shifts with season. 

(b) The divergence west of Vancouver Island, between the Alaskan Current 
and the California Current, is associated with a "dome" or "ridge" in 
the Potential Layer Depth. 

(c) In general, in the northern hemisphere, the density surfaces and 
the thermocline layer slope downward to the right, and the sea surface 
upward to the right, when viewed in the direction of the current flow, 
e.g., as in the California Current. In the Alaskan Stream, however, 
both the thermocline layer and the sea surface slope upward to the right, 
when viewed in the direction of flow. Geostrophic balance is not upset, 
however, because the water beneath the thermocline is warmer and less 
dense than that in the center of the Alaskan Gyre; the density surfaces 
therefore slope downward to the right as required. 

(d) Variability, as evidenced by the normal or skewed deviations, is 
greatest between 35° and 40 0N, from the coast to 1300W; it is high from 
35°-50 0N out to 135°W. 

C. Evaluation of results 

During the period the BT data were being analysed and the present charts 
were being prepared for publication, Oceanographic Services for Defence (OSD) , 
Esquimalt, B.C., commenced publishing weekly PLD charts covering the area 
between 30 0N and 55°N,from the American coast to roughly 1500W. Within this 

.. 
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area, BT observations are taken at several locations approximately 300 miles 
offshor e, and between Vancouver Is land and Ocean Weather Station "p" (SOON, 
l4S 0 W) • 

These data offered a good opportunity for an independent evaluation 
both of the PLD charts prepared in the present study and of the estimated 
measures of variability represented by the differences between the Ll, M, 
and L2 values of the PLD. 

The study revealed that the deviations M-Ll and L2-M are frequently not 
equal and that the distribution functions are skewed or bi-modal, thereby 
posing the following questions: 

1. Are these distribution functions real, or are they artifacts of the 
size of, and of the spatial distribution of, the groups of observations 
within the sub-areas chosen? 

L2-Ll 
2. If the deviations are normalized by assuming that 2 = one unit 
standard deviation, would the probability of a successful prediction of 
PLO from the present charts be better or worse than would a prediction 
based on the skewed distribution functions, whose statistical properties 
are difficult to derive and are not herein specifically defined? 

An attempt was made to answer these questions in the following way: 

Each PLO published by OSD, Esquimalt was compared with the mean PLO 
value given on the PLO charts, for the sub-area and month in which the 1964 and 
1965 observations were taken. The deviations were segregated - first by 
sign and then by classification in terms of standard deviation units and 
skewed deviation units, as defined at the bottom of Tables I and II. 

The most surprising result was that 62% of the 1964 observations, and 
60% of the 1965 observations, were deeper than the "Chart Mean" PLO values. 
The probability that these percentages of the observations would be deeper 
than the mean by chance is « .001, provided that the chart mean is the ~ 
population mean. The statistics imply that in seven months of 1964 - February, 
March, May, June, September, October, and November - the PLD in the Northeastern 
Pacific was significantly deeper than the chart mean in the specific areas 
sampled by OSD, Esquimalt. In 1965, the PLD was significantly deeper in 
four months - March, May, June and August. For the remaining months of the 
two years, the percentages of observations deeper than the chart mean were not 
significant at the .05 level. 

One can hypothesize that the chart means are not a good estimate of the 
true population mean over each sub-area included in the summations, because: 

(a) There is a large gradient in the PLO across the area, or 

(b) The sample size was too small. 
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This hypothesis can only be tested by the accumulation of more data and by 
the continuation of statistical testing of the chart values. At Ocean Weather 
Station "P", on the other hand, data are sufficiently numerous for the statistics 
to be highly reliable. At this location, the Esquimalt sample reported 104 
observations (N) in the twelve months of 1964, and 294 in 1965. The Potential 
Layer Deptmin 64% of both 1964 and 1965 observations were deeper than the 
chart means. (The means in Tables I and II are denoted by the letter M). 
These results are significant at the .05 level. However, when each l2-month 
sample is divided into its monthly components, the number of observations is 
so small that only in July and September of 1964, and in May, June and November 
of 1965, are the percentages of deeper observations significant at the .05 
level. In September and November of 1965, the observed PLO values at Ocean 
Weather Station "P" were significantly shallower than the chart means. The 
sign of the deviations at Ocean Weather Station lip" agreed with that of the 
total sample 50% of the time in both years. 

The comparisons also show that the 1964 observations agreed better with 
the skewed deviations in five of the months, and better with the normalized 
deviations in three of the months; in four of the months there was little 
difference in the two results. In 1965, the skewed distribution gave better 
agreement in May. There were no significant differences in the other months. 

It is surprising, and unfortunate for prediction, that in only 10 months 
did 50% or more of the 1964 observations fall within ± one unit deviation 
(either skewed or normalized), and in only 3 months did the distribution of 
deviations approach the expected 68% within ± one unit deviation. In 1965, 
50% or more of the observations fell within ± one unit deviation in 9 months, 
but in 7 months the percentages were 68% or greater. Even more unfortunate 
are the high percentages which exceed ±2 and ±3 unit deviations. 

These findings suggest: 

1. That the chart deviations are too small because the samples are not 
truly representative of the actual variability within the sub-areas. 

2. That there are larger real year-to-year differences in the PLD than 
anticipated. 

3. That the probability of successful prediction of the PLO in the months 
of January, February, March, May, October, November and December, on the 
basis of historical data, is less than anticipated, and that observations 
will be required at the "local" time and place for prediction of the PLD 
to be within ± one unit deviation as given in the present PLD charts. 

4. That the 45,742 observations used are insufficient to describe 
completely the variability and systematics of the Potential Layer Depth 
topography in the Northeast Pacific throughout the year. 
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TABLE I 

COMPARISON OF 1964 ESQUIMALT OBSERVATIONS WITH PLD CHARTS 

't Deeper Than 10 Based on Normalized Deviations 10 Based on Skewed Deviations 
Month Chart OWS "P" OWS "P" CLASS* CLASS** 

N M M N 1 2 3 4 1 2 3 4 

January 37 54 20 10 51 22 19 8 56 25 11 8 

February 60 70 62 8 47 23 22 8 48 18 17 17 

March 47 64 69 13 47 26 19 8 51 21 24 4 

April 64 41 100 1 67 30 3 62 29 6 3 

May 76 67 20 4 
.. 

54 20 12 14 55 23 13 9 

June 127 62 47 15 64 30 5 1 68 28 2 2 

July 70 43 100 10 69 16 11 4 72 18 4 6 

~ August 90 60 77 13 65 16 12 7 62 19 12 7 ~ 

September 70 80 100 6 73 23 4 76 23 1 

October 65 80 86 7 57 26 8 9 58 23 11 8 

November 44 66 78 9 39 41 16 4 43 41 14 2 

December 23 ~ -_.2Q 8 57 39 4 61 26 13 

Totals- 773 62 64 104 

CLASS 1 CLASS 2 CLASS 3 CLASS 4 

* Normalized Deviations M ±(L2 -~) M ±(L2 -Ll ) M ±3(L2 -~) M) ±3(L2 -~) 
-.~ 2 ---z 

.:t* Skewed Deviations (M-Ll) (M-2Ll) (M-3Ll-) «M-3Ll) 
(M+L2 ) (M+2L2 ) (M+3L2 ) ()M+3L2 ) 

Underlined percentages, statistically significant at .05 level. 



TABLE II 

COMPARISON OF 1965 ESQUIMALT OBSERVATIONS WITH PLD CHARTS 

~ Deeper Than 10 Based on Normalized Deviations 10 Based on Skewed Deviations 
Month Chart OWS "P" OWS "P" CLASS* CLASS** 

N M M N 1 2 3 4 1 2 3 4 

January 47 49 100 9 23 58 11 8 26 53 17 4 

February 61 48 96 25 20 47 23 10 18 44 26 12 

March 86 63 100 27 43 42 14 1 44 41 14 1 

April 107 47 50 22 56 22 17 5 46 30 12 12 

May 175 77 77 26 46 ~8 5 11 60 26 6 8 

June 150 72 72 29 68 24 5 3 68 23 7 2 

.July 82 58 42 24 82 15 2 1 83 14 2 1 
It") 
.-l 

August 78 64 94 32 86 10 3 1 81 15 3 1 

September 67 46 4 25 78 8 3 1 78 7 4 1 

Octo her 48 56 63 24 67 33 69 31 

November 65 51 29 28 74 20 6 72 20 8 

December 40 58 48 23 70 28 2 70 25 3 2 

Totals- 1006 60 64 294 

CLASS 1 CLASS 2 CLASS 3 CLASS 4 

* Normalized Deviations M .:t.(L2 -~) M .:t.(L2 -Ll ) M ±,~(L2 -~) M) .:t.3(L2 -Ll ) 
-Z- 2 ---z 

** Skewed Deviations (M-~) (M-2~) (M-3~) « M-3~) 

(M+L2) (Mt2L2 ) (M+3L2 ) (> M+3L2 ) 

Underlined percentages, statistically significant at .05 level. 
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A second important feature of the temperature structure is the magnitude 
of the seasonal thermocline. In the Northeast Pacific (as well as in most 
areas outside of the Tropics), the magnitude of this thermocline at any 
point can be approximated, for any given month, by the difference between the 
mean sea-surface temperature and the corresponding mean temperature at 
300 ft., (TO - T300) , except in areas in which the depth of the thermocline 
exceeds 300 ft. in winter. 

Mean temperature charts for the area covered by the Potential Layer 
Depth charts have been published by Robinson (1957). The approximately 16,000 
BT's utilized in this work were obtained during the period 1941 through 1952. 
Monthly TO - T300 values from this publication have been summed over sub
areas corresponding to those of the monthly Potential Layer Depth charts; 
the results are included in this Appendix as Figs. 17 to 28. 

In addition to providing information concerning the magnitude of the 
thermocline, the charts are useful in providing information about the 
Potential Layer Depth in the western part of the area in which there are 
no data at all. 

In the spring months, when the probability of successful prediction 
of the Potential Layer Depth is poor, these charts indicate not only whether 
one can expect the Potential Layer Depth to be less than 300 ft., but also 
its expected magnitude when located more specifically by a synoptic observation. 

The TO - T300 charts also clearly delineate the differences between the 
California Current area, in which the Potential Layer Depth is < 300 ft. in 
winter and spring - with relatively small gradients in the thermocline - and 
the area of maximum thermocline gradient in summer, 38-42°N, l50-l55°W. 
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