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through a relatively deep, narrow ohannel. This seotion oompriaes 
• 

Poeaeeeion Sound whioh leads into two arms, Port Susan, a terminal basin, 

and gradually shoaling Saratoga Passage. The latter leads to Deception Pass 

whioh in turn oonneots to the Strait of Juan de Fuoa. 

1.4 LOCATION OF SAMPLING STATIONS 

Of the many stations sampled by theM. V. CATALYST in Puget Sound 

and contiguous waters, five were oooupied repeatedly and at quite regular 

intervals throughout most of the period 1952 to 1942· (See Pigurea 2 and 3). 

These stations were selected for detailed analysis and were spaced from 

Pillar Point in the Strait of Juan de Fuca to Jefferson Head in the central 

portion of the main basin of Puget Sound. The locations of the stations, 

bottom depths, and number of times each station was visited during the period 

1952 to 1942 are given below: 

Depth to 
Latitude Longitude Bottom Times 
North We at (meters) Visited 

Pillar Point 48° l8o2 I 124 ° 03 .1' 18) 97 
Port Townsend 48° oe.o 122° 41.1 1 111 120 
Tala Point 47° 56.2' 122° )8.1 102 113 
Point No Point 47° 54-0' 122° 28.7' 205 125 
Point Jefferson 47°44.5' 122° 25·4' 284 168 
Green Point 4 7° 17.1 122° 42.8 86 24 • 

*Visited monthly by theM. v. BROml BEAR from January 1953 
through December 1954. 

These stations are selected as representative of the Strait of 

Juan de Fuca whioh ia the immediate source of relatively undiluted ooean 

water; Admiralty, Inlet vthich ia a turbulent zone where waters of the Strait 

mix with those discharging from Puget Sound; transition zones at the· 

entrances to Hood Oane.l and the main basin of Puget Sound; .and lastly the 
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main basin of Puget Sound proper. The CATALYST stations thus represented 

conditione in the Strait of Juan de Fuoa and three of the principal sub-

divisions of Puget Sound. A station oooupied by .the M. v. BROiiN BEAR off 

Green Point in the southern basin of Puget Sound has bean included to repre-

sent conditione in that major aubdivion of the area not routinely covered 

by the CATALYST surveys. This station was occupied at a different and 

shorter period than the other stations and consequently findings cannot be 

expected to represent average conditions quite as well. However, the major 

oceanographic differences found appear to stem from the difference in 

oceanographic environment rather than the difference in sampling. 

1.5 SAMPLING AND DATA 

Sampling was oarried out routinely, using reversing water bottles 

fitted with deep-sea reversing thermometers. A protected thermometer was 

paired with an unprotected thermometer at appropriate levels as a means of 

' oheoking the depth of sampling indicated by the meter wheel. Sampling 

intervals were spaced more closely in the upper part of the water column 

where the gradients of properties are usually greater, and farther apart with 

increasing depth. The last bottle in the line was lowered to only a few 

meters from the bottom. 

The observations were taken irrespective of the stage of the tide. 

The raw data were reduced by graphical method to correspond to every first 

and fifteenth of the month for all the standard levels aeleoted for analysis. 

Mean values were computed from the scaled numbers. These mean values are 

based on the observations made in 1934~41. CATALYST data oolleoted in 19)2, 

1933, and 1942 were not included in the analysis because of considerable 

gaps in the observations. 
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3 • TEMPERATURES AND SALINITIES IN PUGET SOUND 

AND THE STRAIT OF JU~_N DE FUOA 

.3·1 GENrRAL CONSIDERATION OF THE DIS'IR!BUTION OF WATER CHARACTERISTICS 

In general, the observed distribution of subsurface water proper-

ties is the result of advection and diffusion. Where large-scale exchanges 

were involved, the adveotive transfer is associated with the mean motion 

~~ and the non-adveotive transfer - diffusion - with the random or turbulent 

motion. At the surface, changes in water properties are not limited to 
; 

, interchange between the water parcels themselves but interchange oan also 

occur between the sea surface and the overlying air. In the tidal waters of' 

the Puget Sound area the greatest and ·most abrupt changes in local water 

charaoterietioa are generally associated with water movement and not with 

surface interchange (Barnes, Oollias, and Paquette, 1955)• Both lateral and 

vertical movements occur but at a given location and depth the lateral flow 

is more likely to o ause the larger changes. This is usua) in coastal tidal 

systems where ver tioal movement ia reetr icted by· the development of e. 

stable water column such as occurs during periods of high runoff and heating. 

In stratified water, the deneity.gre.dient acts as a barrier to vertical 

interchange of properties and permits the aurfaoe layer to reepond freely 

to the wind which may drive it in a different direction from the underlying 

layer. 

• 
5 ·2 C<RRELATION OF SURFACE TEMPERATURES WITH AIR TEf.iPERATURES 

It is reo ognized that knowledge of the ·1uanti tative interohange of 

heat aoroes the water surface ia fundamental to a full explanation of the 



10 

The accuracy of the measurements conforms with the customary re-

quireroente in oceanographic work. The temperature measurements are accurate 

0 to within =0.02 o. The salinities are believed to have an accuracy better 

than 0.05 o/oo. 

• 
2· BAOKCROUND PHYSICAL OOEANOCJU.PHY A.ND INF'LUENOING FACTCRS 

2.1 CIRCULATION IN PUGET SOUND AND THE STRAIT OF JUAN DE FUOA 

Puget Sound is one of the deep, fjord-like, glacially modified 

embayment& contributing to the Northeast Pacific. It ia primarily 

characterized by a deep inner basin in communication with outside waters 
! 

across a sill deep enough to provide continuing but somewhat restricted 

ventilation of its deeper waters. The gross water movements are driven pre-

dominantly by the changes in water level aeaociated with the tides·. The 

area, however, is one in which precipitation and runoff exceeds evaporation. 

The resultant hydrostatic head leads to a net surface outflow of less saline 

water overriding a net inflow of relatively high salinity water at depth. 

Winds also drive the surface waters ~ some extent, but in general their 

effect is small compared to that of the tide. The very irregular bathymetry 

of the channels and basins influences the local currents, and sills restrict 

the depth of free water interchange. The effect of the deflecting force of 

the earth's rotation has been discerned, particularly in the.Strait of Juan 

de Fuca. In response to the driving and modifying forces both the oscilla-

ting tidal currents and the net circulation varies greatly from time to time 
• 

and from place to pla.oe within the area. 

In considering the layered circulation the outflowing eurfaoe 

water ia a varying mixture of fresh water from precipitation and runoff and 
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seawater entrained from the lower layer. This salt water entrainment would 

result in progreeaive freshening of the Sound waters were it not for the 

compensating net inflow of seawater in aub-eurfaoe layers (Paquette and 

Barnes, 1951)• The two-layer system may persist throughout the year, but 

at times and plaoea of intensive tidal and wind mixing, the stratification 

may break do\m affording mau exchange throughout the water column. 

Paquette and Barnes (1951) oonolude from ourrent measurements made 

at 22 stations in Puget Sound from an anchored ship, that the looe.l deep 

currents are associated primarily with the tides and guided locally by the 

submarine topography. The aurfaoe currents, on the other hand, are also 

appreciably affeoted by winda, and vary considerably with looation. Obser­

vations made in Puget Sound sho;" currents up to 6 to 8 knots in narrow 

aonetriotiona like Deception Pass and Taooma Narrows. In the Admiralty 

Inlet currents run up to 6 knots on the basis of measurements made by the 

u. s. Coast and Geodetic Survey on July 7-11, 1952· In moat of the bays, 

circulation is relatively aluggish as observed in a tidal model of Puget 

Sound. Prominences like Admiralty Head generate a aeries of eddies in tidal 

currents which may persist after the change of tide. 

In model atudiee Barnes, Lincoln, and Rattray (1954) observed 

that the rate of flushing is le.rg9ly governed by the salinity of the in­

flowing deep water, the type of entrance, and the amount of runoff. An 

increase in the souroe salinity in the Strait of Juan de Fuca quickly 

increased the salinity at depth in the main basin of Puget Sound, and that 

in the subsidiary basins more slowly. A new equilibrium structure wa.a 

reached a.t all depths throughout the area. in about 90 days prototype time. 

A decrease in the source salinity resulted in a. quick decrease in the 
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upper layers to a depth of 50 to 100 meters in the main basin and also in 

Hood Oanal, but deeper waters were still changing after 100 days. In Hood 

Oanal, water below 70 meters changed only slightly in 166 days. 1hia ia 

attributed to a combination of shallow entrance sill, relatively small tidal 

prism, and relatively great depth of the oanal. Thus, the deep waters of 

Hood Oanal are flushed out only slowly and Dabob Bay at the deeper end may 

not flush every year (University of Washington Department of Ooeanography, 

1959)• The model studies have also shown that flushing is moat rapid in the 

fall a~;companying the intrusion of high-salinity water from the sea and not 

during periods of maximum runoff. 

2 ·2 LOOAL HUlD IPITATION AND RUNOFF 

Fresh water addition comes principally from precipitation whioh 

amounts to only about 35 to 40 inches annually. In Seattle about 44 per oent 

of the annual precipitation oooure in winter and 72 per cent in autumn and 

winter. Taking this looation as representative of conditions in the Sound, 

the preo1pitation falling during the rest of the year is only a small frao-

tion of the total annual amount. Thh ie attributed to the infrequent 

occurrence of oyo lonio atorme over the Sound, especially in summer. 

the 

Regional precipitation variations in a number of key stations 

general area are strikingly large u shown below:* 

Years of 
Record ~inter Spring Summer Autumn 

Key Station (1910-1940) 

Tatoosh Island ;o ;1.28 15.88 6.16 22.28 
Port Angeles 30 n.41 ;.85 1.86 6.69 
Port Towns end ;o 6.5; 3· 77 2·51 4.59 
~uiloene ;o 17.61 8.22 3·57 10.68 
Seattle ;o 14.24 6.57 2.67 8.74 

* Taken from Table 2-2, page 65, Volume I, Puget Sound 
and Approaches - A Literature Survey, University of 
Washington Department of Ooeanography, (1953a). 

Yearly 

75.61 
2) .82 
17.42 
39·89 
;2.21 

of 
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THE TEMPFR.\TUR E AND SALINITY CHARACTER ISTIOS 011' 

PUGET SOUND AND STRAIT oF· JUAN DE FOOA BASED ON' THE 

M. V • CATALYST OBSERVATIONS OF 19.52 TO 1942 

I. INTRODUCTION 

1.1 HISTORY AND PURPOSE OF INVESTIGATION 

Until rooent years the temperature and salinity oharaoterietioa 

of Puget Sound and adjacent waters have been known only in a general way. 

This was in part due to laok of facilities for making a aeries of oontin-

uous observations of a detailed nature. In 19.51 the former Oceanographic 

Labor a tor iee, now the Department of Oceanography of the University of' 

Washington, was established and in 19.52 an oceanographic veseel, the M. v •. 

CATALYST, was put into aervioe. Subsequently temperature, a~linity, and 

other water properties were measured, at first intermittently, but on a more 

or len regular and continuing baais until early 1942. The oceanographic 

progr&m we.a inactive during the war years 1942 to 1946. Beginning in 1948 
r 

field work was resumed on a limited scale using the School of Fieheriea 

vessel M. v. Oncorhynchus, and this program was intensified with the aoqui-

aition of theM. v. IROi'IN BEAR in 1952, ten years after the withdrawal of 

the CATALYST. The coordination of the early CATALYST findings" has been 

needed to ilucidate the physical oceanography of the region and to serve as 

a guide to future studies. 

The study outlined herein was started in 1949-50 and resumed in 

1955-56 and is intended as a contribution to the coordination and analysis 
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of the temperature and salinity data whioh have been collected. It is a 

descriptive study of the time and apace distribution's of the temperature 

and salinity of Puget Sound a~d adjacent waters. Its aims are three: 

(l) To organize and process the available data collected from 1932 to 1942 

into a convenient form to aid other workers on the physical structure of 

the waters of the region; (2) To determine and interpret the eeasonal 

changes that occur in different parts of the water oolumn and area; and 

(;) To set up a basis for comparing future similar observations and to serve 

as a background for their detailed use. With this three-fold purpose, the 

limits of the study were arbitrarily set to exolude details whioh will merit 

separate studies as supplementary data beoome available. Although certain 

of the observations made during the period 1948-55 are referred to in 

explaining or extending the earlier information, no analysis of these later 

data per se has been attempted. 

1.2 DESORIPTION OF AREA 

Puget Sound and the Strait of Juan de Fuoa is a portion of the 

fjord-like ayetem debouching into the Northeast Pacific Ooean at Oape 

Flattery, about 48° 30' N (Figure 1). South of Oape Flattery the coast is 

quite regular without any major break for several hundred miles. To the 

north the mainland is flanked by off-lying islands, and both island and main­

land ooasts are deeply indented with numerous fjords. The continental shelf 

within 200 miles of Cape Flattery ia relatively narrow, the distance of the 

100-fathom (18? meter) contour varying from 15 to 50 miles off the ooast and 

averaging about 30 miles off. The 1000-fathom oontour in this area lies 

from :?0 to 75 miles offshore with an average distance of 50 milee • 
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A submarine valley about 4 miles wide and roughly 100 meters 

deeper than the flanking bottom extends from the mouth of the Strait of 

Juan de Fuoa southwesterly aoroee the continental shelf and continues 

down the slope• It attains a maximum depth of )80 meters before crossing 

a 2)0-meter sill some 30 miles from Oape Flattery. Seaward of this sill 

the bottom drops to 100 meters within a distance of 15 miles. Inshore the 

Strait of Juan de Fuca continues eastward as an extension of this valley to 

Whidbey Island, a distance of 80 miles. Over most of ita length the Strait 

is quite uniform varying from 9 to 13 miles wide, with mid-channel depths 

deoreasing rather gradually from about )00 meters near Oape Flattery to 100 

meters near ita head. 

Puget Sound extends southwestward from the head of the Strait of 

Juan de Fuca and is connected to it primarily through Admiralty Inlet, a 

constricted channel having a sill depth of about 73 meters and least width 

.of 2-1/2 miles (Univerai ty of Washington Department of Oceanography, 1953 b). 

Deoeption Pass of 12 meters sill depth e.nd 100 yards least width provid~s a 

secondary oonn~tion. Lastly, Swinomish Slou@1, roughly 100 yards wide and 

3 meters dredged depth, provides an indirect and very minor connection. 

Puget Sound is divided into a number of sub-basins and contributing channels. 

Estuaries of eleven prominent rivera and a number of smaller streams are 

scattered along its heavily dieaeoted ooaatline. It has an area of 767 square 

nautical miles at mean high water and has a shoreline, including islands, 

of 1,157 nautical miles (McLellan, 1954). Its average depth is about 63 

meters and maximum depth 284 meters which oooura in the main basin off Point 

Jefferson. 



The Stra.i t of Georgia., the northern lobe of this inland water 

system is approximately 2,000 square nautical miles in area and 155 meters 

average depth, with a. maximum depth of 420 meters. It connects to the head 

of the Strait of Juan de Fuca through Haro and Rosario Strai·ta and the 

lesser paeeagee through the San Juan Islands. 

1•3 SUBDIVISIONS OF PUGET SOUND 

For convenience in considering the looal oceanography, sub-

divisions of Puget Sound have been selected as shown in Figure 2. The 

sections are in general delimited by eilla or by lateral oonetriotions in 

the channels. The principal sills are shown in plan view in Figure 2, and 

profile in Figure 3. In the latter, maximum channel depths are shown for 

along-channel profiles extending into the Strait of Juan de Fuca from the 

southern reaches of Puget Sound proper, and of tributary Hood Canal. 

Admiralty Inlet, Section I of Puget Sound, connects the Strait of 

Jua~ de Fuoa to the main basin of Puget Sound, Section II, and to Hood Canal, 

Section III· A threshold sill about 73 meters in depth ~iee at the outer 

extremity of Admiralty Inlet, but only a lateral constriction marks ita entry 

into the main basin. Hood,Oanal, with a maximum depth of about 185 meters, 

opens into Admiralty Inlet, and thus indirectly into the main basin and the 

Strait, through a rather long, narrow channel. This channel has inner and 

outer sille of approximately 50 and 70 meters in depth, reapectively. The 

southern basin, Section IV, with a maximum depth of about 165 meters, connects 

to the main basin through the Tacoma Narrows which hae a sill depth of 47 

meters. It comprises numerous branching channels and small inlets. The 

northeastern part of the main basin of Puget Sound oonneots to Section V 
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through a relatively deep, narrow ohannel. This section comprises 
• 

Possession Sound which leads into two arms, Port Susan, a terminal basin, 

and gradually shoaling Saratoga Passage. The latter leads to Deception Pass 

whioh in turn oonneots to the Strait of Juan de Fuca. 

1.4 LCOATION OF SAMPLING STATIONS 

Of the many stations sampled by theM. v. CATALYST in Puget Sound 

and contiguous waters, five Here oooupied repeatedly and at quite regular 

intervals throughout moat of the period 1952 to 1942· (See Figures 2 and)). 

These stations were selected for detailed analysis and were spaced from 

Pillar Point in the Strait of Juan de Fuca to Jefferson Head in the central 

portion of the main basin of Puget Sound. The locations of the stations, 

bottom depths, and number of times each station was visited during the period 

1932 to 1942 are given below: 

Depth to 
Latitude Longitude Bottom Times 
North West (meters) Visited 

Pillar Point 48° 18.2 1 124 ° 03 ·1 1 183 97 
Port Townsend 48° oe.o 122° 41.1 1 111 120 
Tala Point 47° 56.2' 122° )8.1 102 113 
Point No Point 47° 54 .o• 122° 28.7' 205 125 
Point Jefferson 47° 44.5 1 122° 25 .4' 284 168 
Green Point 47° 17 ol 122° 42.8 86 24 ... 

• Visited monthly by theM· v. BROWN BEAR from January 1953 
through December 1954. 

These stations are selected as representative of the Strait of 

Juan de Fuoa which is the immediate source of relatively undiluted ooean 

water; Admiralty, Inlet 'IThioh is a turbulent zone where waters of the Strait 

mix with those discharging from Puget Sound; transition zones at the· 

entrances to Hood Canal and the main baein of Puget Sound; .and lastly the 
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main basin of Puget Sound proper. The CATALYST stations thus represented 

conditione in the Strait of Juan de Fuoa and three of the principal sub­

divisions of Puget Sound. A station occupied by .the M· V. BRmm BEAR off 

Green Point in the southern basin of Puget Sound has been included to repre­

sent conditione in that major aubdivion of the area not routinely covered 

by the CATALYST surveys. This station was oooupied at a different and 

shorter period than the other stations and consequently findings cannot be 

e:xpeoted to represent average conditions quite ae well. However, the major 

oceanographic differences found appear to stem from the difference in 

oceanographic environment rather than the difference in sampling. 

1.5 SAMPLING AND DATA 

Sampling was oarried out routinely, using reversing water bottles 

fitted with deep-sea reversing thermometers. A protected thermometer was 

paired with an unprotected thermometer at appropriate levels as a means of 

checking the depth of sampling indicated by the meter wheel. Sampling 

intervals were spaced more closely in the upper part of the water oolumn 

where the gradients of properties are usually greater, and farther apart with 

increasing depth. The last bottle in the line was lowered to only a few 

meters from the bottom. 

The observations were taken irrespective of the stage of the tide. 

The raw data were reduced by graphioal method to correspond to every first 

and fifteenth of the month for all the standard levels seleoted for analysis. 

Mean values were computed from the soaled numbers. These mean values are 

based on the observations made in 1934-41. CATALYST data colleoted in 1932, 

19)), and 1942 were not included in the analysis beoause of considerable 

gaps in the observations. 
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3. TEMPERATURES AND SALINITIES IN PUGET SOUND 

AND THE STRAIT OF JU~.N DE FUCA 

3·1 GENERAL CONSIDERATION OF' THE DISTRIBUTION OF WATER CHARACTERISTICS 

In general, the observed distribution of subsurface water proper-

ties is the result of adveotion and diffusion. Where large-scale exchanges 

were involved, the advective transfer is aaaoc iated with the mean motion 

:t and the non-adveotive transfer - diffusion - with the random or turbulent 

motion. At the surface, changes in water properties are not li~ited to 

' , interchange between the water parcels themselves but interchange can also 

occur between the sea surface and the overlying air. In the tidal waters of 

the Puget Sound area the greatest and ·most abrupt changes in local water 

characteristics are generally associated with water movement and not with 

surface interchange (Barnes, Collie.~, and Paquerte, 1955)· Both lateral and 

vertical movements occur but at a given location and depth the lateral flow 

is more likely to cause the larger changes. This ie usua: in coastal tidal 

systems where vertical movement is restricted by, the development of a 

stable water column such as occurs during periods of high runoff and heating. 

In stratified water, the density. gradient acts as a barrier to vertical 

interchange of' properties and permits the surface layer to respond freely 

to the wind which may drive it in a different direction from the underlying 

layer. 

• 
3 ·2 OCRRELATION OF SURFACE TEMPERATURES WITH AIR TEt-iPERATURES 

It is r eoognized that knowledge of the ':tuanti tative interchange of 

heat aoroas the water eurfaoe is fundamental to a full explanation of the 
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The accuracy of the measurements conforms with the customary re-

quirementa in oceanographic work. The temperature measurements are accurate 

to within ~0.02° o. The salinities are believed to have an aoouracy better 

than 0.05 o/oo. 

• 
2· BAOKCROUND PHYSIOAL OOEANOCRAPHY AND INF'LUENOING FACTCRS 

2.1 0 IROULATION IN PUGE'l' SOUND AND THE STRAIT OF JUAN DE FUOA 

Puget Sound is one of the deep, fjord-like, glacially modified 

embayments contributing to the Northeast Paoific. It is primarily 

oharaoterized by a deep inner basin in communication with outside waters 
! 

across a sill deep enough to provide continuing but somewhat restricted 

ventilation of its deeper waters. The gross water movements are driven pre-

dominantly by the changes in water level associated with the tides·. The 

area, however, is one in which precipitation and runoff exceeds evaporation. 

The resultant hydrostatic head leads to a net surface outflow of loss saline 

water overriding a net inflow of relatively high salinity water at depth. 

Winds also drive the surface waters tp some extent, but in general their 

effect is small compared to that of the tide. The very irremular bathymetry 

of the ohannels and basins influences the local currents, and sills restrict 

the depth of free water interchange. The effect of the deflecting foroe of 

the earth's rotation has been discerned, particularly in the.Strait of Juan 

de Fuoa. In response to the driving and modifying forces both the osoilla-

ting tidal currents and the net circulation varies greatly from time to time 

and from place to place within the area. 

In considering the layered circulation the outflowing eurfaoe 

water is a varying mixture of fresh water from preo ipi tation and runoff and 
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seawater entrained from the lower layer. This salt water entrainment would 

reaul t in progressive freshening of the Sound waters were it not f'or the 

oompensating net inflow of seawater in eub·surfaoe layers (Paquette and 

Barnes, 1951). The two-layer system may persist throughout the year, but 

at times and places of intensive tidal and wind mixing, the stratification 

may break down affording mase exchange throughout the water column. 

Paquette and Barnes (1951) oonolude from ourrent measurements made 

at 22 stations in Puget Sound from an anchored ship, that the looal deep 

currents are associated primarily with the tides and guided locally by the 

submarine topogaphy. The surface currents, on the other hand, are also 

appreciably affeoted by winds, and vary considerably with location. Obser­

vations made in Puget Sound ehow ourrents up to 6 to 8 knots in narrow 

oonetriotiona like Deception Pass and Tacoma Narrows. In the Admiralty 

Inlet currents run up to 6 knots on the basis of measurements made by the 

u. s. Coast and Geodetic Survey on July 7-11, 19,52. In most of the bays, 

circulation ie relatively sluggish as observed in a tidal model of Puget 

Sound. Prominences like !dmiralty Head generate a series of eddies in tidal 

currents which may persist after the change of tide. 

In model studies Barnes, Lincoln, and Rattray (19;4) observed 

that the rate of flushing is largely governed by the salinity of' the in­

flowing deep ~ater, the type of entrance, and the amount of runoff. An 

inoreaee in the source salinity in the Strait of Juan de Fuoa quickly 

increased the salinity at depth in the main basin of Puget Sound, and that 

in the subsidiary basins more slowly. A new equilibrium structure waa 

reached at all depths throughout the area in about 90 days prototype time. 

A decrease in the source salinity resulted in a quiok decrease in the 
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upper layers to a depth of 50 to 100 meters in the main basin and also in 

Hood Oanal, but deeper waters were still changing after 100 days. In Hood 

Oanal, water below 70 meters changed only slightly in 166 days • ,:"hie is 

attributed to a combination of shallow entranoe eill, relatively small tidal 

prism, and relatively great depth of the oanal. Thus, the deep waters of 

Hood Oanal are flushed out only slowly and Dabob Bay at the deeper end may 

not flush every year (University of Washington Department of Oceanography, 

1959)· The model studies have also shown that flushing is most rapid in the 

fall .. ,~ompanying the intrusion of high-salinity water from the sea and not 

during periods of' maximum runoff. 

2.2 LOOAL ffillDIP!TATION AND RUNOFF 

Fresh water addition oomes principally from precipitation whioh 

amounts to only about 35 to 40 inohee annually. In Seattle about 44 per cent 

of the annual precipitation oooure in winter and 72 per cent in autumn and 

winter. Taking this looation as representative of conditions in the Sound, 

the precipitation falling during the reet of the year is only a small f'rao-

tion of' the total annual amount. ThiEl is attributed to the inf'r equent 

occurrence of oyo lonic storms over the Sound, especially in summer. 

the 

Regional precipitation variations in a number of key etatione 

general area are strikingly large u shown below:• 

Years of' 
Record ~inter Spring Summer Autumn 

Key Station (1910-1940) 

Ta toosh Island ;o )1.28 15.88 6.16 22.28 
Port Angeles )0 11.41 3·85 1.86 6.69 
Port Towns end )0 6.5; 3· 77 2-51 4-59 
Quiloene 30 17.61 8.22 3·57 10.68 
Seattle )0 14.24 6-57 2-67 8. 74 

• Taken from Table 2-2, page 65, Volume I, Puget Sound 
and Approaches - A Literature Survey, University of' 
Washington Department of Oceanography, (1953a). 

Yearly 

75.61 
2;>.82 
17.42 
39·89 
32-21 

of 
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The major runoff oomee from rivera originating in the Cascade 

Mountains -- the Skagit, the largest river draining into the Sound, 

Stillagua.mish, Snohomish, Duwamiah, Nisqually, and Puyallup; and in the 

Olympic Mountains -the Skokomiah, Duokabush, and Dosewallipa. 

For most of the rivers that flow from the higher mountains, two 

high-water periods are usual, one period ooourring in winter and the other 

in the spring. In the 9kag1t River, whioh contributes approximately 35 per 

cent of the total mean runoff of Puget Sound, the maximum monthly runoff 

occurs in May and June. The discharge ranges between 2,740 and 94,)00 

oubio feet per eeoond (o.f.e.) and averages about 14,)45. During floods 

the discharge may increase from 5,000 to 75,000 o.f.s. within a period of 

two weeks. 

These floods are not unusual in the Skagit River. Those that 

occur in November and December are caused by winds kno\<tn locally as the 

11 ohinooks 11 • The spring-early floods, on the other hand, are the result of 

the melting snow oaused by the vernal warming. 

In the shorter streams that drain relatively low elevations, no 

such destructive floods are on record. From the low-water period in the 

autumn the runoff starts to peak in November, reaching a maximum in December 

or January. These high-water periods are the direct result of preoipitation 

in the form of rain. Once the ground reaches saturation, more than 80 per 

cent of the rain precipitation becomes runoff. 

2 ·3 WIND SYSTEMS 

The ;-tind patterns for Puget Sound and the Strait of Juan de Fuca 

are to some extent governed by the prevailing air rnaea oiroulation off-shore, 
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' the local topography modifying the.flow patterns over land. This observa-

tion is confirmed by a recent work of Harris and Rattray (1954) on.the 

surface winds over Puget Sound and the Strait of Juan de Fuoa. 

Wind circulation along the Pacif'io Coast is largely governed by 

two distinct types of pressure distribution found in the North Pacific 

Ooean. Normally a Paoifio high is located near latitude ?0° N longitude 

140° W, and the Aleutian low centers near latitude 50° N and longitude 
• 

180° w. The high pressure cell intensifies in sUmmer and dominates wind con-

ditions during this period. The anticyclonic winds during this period are 

predominately northwest along the Washington ooast, and west over the Strait 

of Juan de Fuoa. Upon reaching Admiralty Inlet the surface winds intrude 

southward to the lower end of the Sound (Harris and Rattray, 1954). In 
' 

winter the Aleutian low intensifies simultaneously with the weakening of the 

anti-oyolone, resulting in a reversal of the wind systems along the coast. 

The change in direction usually commences in Ootober when the prevailing 

flow becomes southerly again. At times during the period from Ootober to 

Maroh a closed oounter~lookwiee circulation develops in the region north 

of the Olympic Mountains. Thus the looal wind patterns cannot be explained 

solely on the bas is of the changing atmospheric pattern over or near· the 

region but local topography muat also be considered. 

Spring and autumn are periods of transition in the annual wind 

structure. Shifting winds from directions other than northwest and south-

east generally prevail but, again, these are guide~ by the looal topography. 

The total wind movement at the ocean coast is quite large exoept 

in summer, while inland it is comparatively small due to influence of the 
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terrain. The highest recorded wind velooi ty in 'i'leetern Washington wu 

84 miles per hour ~t Tatooah Island and 95 miles per hour at North Head, 

registered on January 29, 1921. · 

2.4 COASTAL AND OFFSHORE CIRCULATION 

In winter, when southerly and southeasterly winds prevail, the 

movements of the waters off the Washington coast are dominated by the 

north setting Davidson Current. Thompson and Robinson (1934) report a 

velocity of about two-thirds of a knot. Fleming (1955) notes that the 

current ia close to the ooast and is present only during the winter months. 

Seaward from the Davidson Current some 300 to 400 miles the oold California 

Current sets south to the latitude of Lower California. 

Tully (1942) observes that under approximately steady conditions 

the non-tidal circulation in the area of the approaches to the Strait of 

Juan de Fuoa represents a dynamic balance between the drift currents and the 

land drainage flow from the Strait, and that between these two current• is 

a region of maximum density indicative of "upwelling". Part of the water 

leaving the Strait turns northwestward along the coast. but some ie 

deflected to the left and southward by the character of the bottom topo­

graphy. Marmer (1926) showed that the tidal currents of this ooastal area 

are rotary, continuously turning olookwiee, and continuously varying in 

stre~gth. 

In the Strait of Juan de Fuoa a predominating surfaoe ebb main­

tained by exoess of precipitation and river runoff is superimposed on the 

oscillating tide.l ourrenta (Redfield, 1950). At depth a prevailing flood 

ourrent oarriee the deep ooean waters through the submarine valley and into 
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the Str~it. The turbulence in the Strait, especially at vertical or 

lateral topographic constrictions, resulte in extensive mixihg, increasing 

the density of the surface waters seaward and decreasing that of the deeper 

current landward. The resultant density of the outflowing surface waters 

may be as high, and at times higher, than the surface ocean waters near the 

coast (Tully, 1942)· 

2·5 COASTAL AND OFFSHCRE TEMPERATURE AND SALINITY 

. In the open ocean the origin of the water masses and the relation 

of the currents to the general circulation of'the water should be considered 

in discussing the looal factors influencing temperature and salinity. 

In the Pacific north of about the 4)rd parallel, Sverdrup (1946) 

recognizee a large body of water of low temperature and salinity. This water 

maee results from the admixture of the warm waters of the Kuroehiwo and the 
' 

cold Oyaahio• Both the prooeseee of mixing and dilution by excessive pre• 

oipitation are eo thorough that to the south of the Aleutian Islands, and 

between the depths of 100 and 1,000 meters, water of a rather constant 
' 

temperature, 2·5° 0, and ealinity, )).8 to )4•5 o/oo, is found over wide 

areas. As this water moves eaetwardt its oharaoterietios change signifi­

o oantly at about 160 West. Goodman and Thompson (1940) found that at 

approximately the latitude of Puget Sound both the isotherms and isohalines 
0 

dipped gradually from 160 W to about 1)0° W, some 300 miles off the coast 

of Washington. Eastward these contours showed a reverse trend, rising 

towarde the surface near the ooast. Tibby (1941) deecrib~s the character of 

the water masses off the west coast of North tmerioa in some detail. 
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The modification in the general trends of the isotherms and 

ieohalines near the continental margins is attributed to the effects of 

currents and to dilution (Fleming, 1955)· Within these margine at about the 

latitude of Puget Sound, the salinities are generally lower and the tem-

perature generally higher in summer than in winter• 
• 

Along the Washington coast in winter when southerly winds pre-

dominate, offshore w~ter is pushed towards the coast. This in turn crowds 

the surface coastal water close inshore and tends to preserve its identity. 

In summer, however, when northerly winds prevail, the deflecting foroe of 

the earth's rotation (force of Coriolis) tends to push the surface water 

seaward. Low coastal salinities, however, are still maintained from the 

mouth of the Columbia north past the entrance to the Strait of Juan de Fuca. 

This would not be the case if the rate of local runoff and discharge from 

the Strait of Juan de Fuoa were lees than the rate at which the surface water 

wae driven seaward. Such defioienoy would lead to the appearance of rela-

tively high salinity, low temperature water at the surface, characteristic 

of upwelling. 3uoh water does appear inshore at the surface south of the 

Columbia River where replenishment from local atreams ie small in late 

summer (Barnes and Paquette, 1954)· Although upwelling at the very surface 

is partially masked at the mouth of the Strait of Juan de Fuca by surface 

discharge and mixing, the aublying waters are colder and more saline in summer 

than in winter indicating ita probable occurrence. Previously Marmer (1926), 

Tully (1942), and others have recognized that ohangee in the temperature and 

salinity structure at the entrance to the Strait of' Juan de Fuca are consi-

derably influenced by topography, friction, runoff, and tides in addition to 

the winds and currents whioh affect the off'ahore waters. 
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temperature structure •dthin the \<Tater maea. Unfortunately such information 

does not exist, and lacking it, first attention will be given to the water 

surface temperatures and air temperatures which, together with the sub­

surface temperature distribution, should give aorr.e qualitative insight of 

the surfaoe interchange. 

For purposes of comparison, air temperatures for Seattle and 

Ta.toosh Island are shown together with surface water temperatures at five 

stations (Figure 4). The Seattle weather station is located at an elevation 

of 14 feet, and is sheltered. That at Tatooah is at an elevation of 101 

feet and is fully exposed to the influence of the open sea. The air 

temperatures are for the period from 1934 to 1941 and are based on the mean 

daily temperature observed by averaging the daily maximum and minimum 

temperatures by month. The water temperatures are baaed on observations by 

the OATALYST taken at varying intervals during the period from 1934 to 1941, 

and averaged for monthly intervals. Data at Green Point taken over a 

shorter and different period have not been included. 

Summer ia oharaoterized by maximum air and surface water 

temperatures with the seasonal peak occurring about the end of July at both 

Seattle and Tatoosh (Figure 4). Minimum air temperatures occur in early 

spring and late fall, the period when the temperatures at both locations 

become nearly identical. From the minimum in winter the aurfaoe water 

temperatures rapidly increase as summer is approached reaching a maximum in 

August after vrhioh they drop at e. rather -uniform rate until February. The 

air temperatures, compared to the nearby water temperatures, are muoh 

higher during per ioda of maximum solar heating and lo~trer during the coldest 
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periods. As would be expected, ohanges in water temperature lag somewhat 

behind those of the air. 

The summer maximum surface temperature at the various stations 

inoreaaes in going from sea inls.nd. The increase amounts to about 3° 0 

from Pillar Point to Point Jefferson, oompared to about 6° 0 inoreaee in air 

temperature from Tatoosh Island (off' Cape Flattery) to Seattle. The 

increase going inland in summer is the normal situation, but what me.y appear 

anomalous is the high6l" winter minimum at Point Jefferson oontra.ated to the 

stations lying seaward. This occurs despite a slightly lo\<~er Seattle air 

temperature. It appears that heat accumulated in the deeper water during 

summer ie effective in maintaining thia higher average surface temperature 

at Point Jefferson. The annual oyole of subsurface temperatures discussed 

later supports this view. It ie suggested that the relatively large 

difference, 1° 0 between Point Jefferson and nearby Point No Point, stems in 

part from the effeot of mixing in Admiralty Inlet \~hioh at times direotly 

affects the surface water at the latter station. The aurfaoe water at 

Point Jefferson is under a more direct influence of the mixing whioh oooure 

in Tacoma Narrows. 

3•3 TEMPERATURE-SA~INITY RELATIONSHIPS AT DIFFERENT LOCATIONS 

In order to interpret water structure and changes whioh are 

occurring in the temperature and salinity of subsurface waters recourse ie 

frequently made to temperature-salinity (T-3) relationships. In shallow . 
inshore regions eurfe.oe interchange of mass and energy ma.ake the results of 

mixing and distorts the temperature and salinity relationships from what 

would have prevailed in a system conservative within the water boundaries. 

In ef'feot a time factor ia introduced as the properties of the eurfaoe water, 
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one of' the mixing types, are continuously changing ~ti th season. However • 

within a tidal system of complex bathymetry the mixing and flow rates may 

be high compared to the rate of surface interchange, thus the T-S relation­

ships may be useful in identifying and in tracing the movements and mixing 

of the waters over abort periods. Water masses in different sections of 

Puget Sound have been identified and compared to those at a representative 

station in the Strait of Juan de Fuca. Figures 5 to 10 show the T-S 

relationships at the six stations considered. 

The ourvee are based on mean values of temperature and salinity 

and therefore show the average conditione to be expected rather than the 

extremes. Further, they may not represent the true slopes of the individual 

curves with respect to the eigma-t surfaces. However, the fact that the 

slopes between points in most part of the a,urves do not differ much £'rom 

layer to layer is an argument in favor of the averaging. Linearity of the 

T-S relationships from top to bottom is specially striking for the curves of 

Pillar Point. 

Figure 5 show.a the mean monthly T-3 diagrams for the Pillar Point 

station in the Strait of Juan de Fuca, the immediate source of deep water 

contributing to Puget Sound. Three distinctive features of the T-3 pattern 

are easily recognized. A grouping of curves is enclosed in a primary 

envelope composed of two wedge-shaped secondary envelopes joined at the oon-

striation of the ourves at approximately 75 meters depth. The large 

envelope on tke left is characterized by relatively low density water with a 

1~ wide range of temperature and aalini ty. This envelope shows the c·onsiderable 

seasonal variability of the surface layer of the two-layer system in the 

' Strait. The envelope on the right characterizes the cold more saline ocean 
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water which has a net flow landward towards Puget Sound, and whioh is 

relatively uniform throughout the year. At Pillar Point thie layer of dense 

bottom water is of greater thiokneee than the surface, layer, e.nd the two are 

separated by a thin transition layer of intermediate properties • 
• 

At Pillar Point the water layers at the different levels indicate 

a uniform thermal dietribution during the cold months. 'dater in the 

salinity range of )2 .2 'to 35.2 ° /oo ia nearly isothermal at 8° 0, and is 

found from a few meters below the surface down to depths near bottom. As 

this aubaurfaoe water moves inland it mixes with the less saline upper 

waters, whioh theme elves ar'e a mixture of waters 1":rom the Strait of Georgia 

and Puget Sound with ocean waters that have intruded at an earlier date. 

OVer and approaching the entrance sill of the Puget Sound basin the mixing 

reduces the salinity of the deeper water whioh oa.n penetrate Admiralty 

Inlet and reaoh the Sound. At Port Townsend (Figure 6) the salinity is 

!':rom 30.0 to )0.6 °/oo, the 1t1ater containing about 7 per oent more freeh 

water than that at Pillar Point. Landward from Port Townsend water of 

approximately the same oharaoteristioe feeds into both the entranoe of Hood 

Oanal and the main baain as indicated by the similarity of muoh of the 

deeper water at Tala Point (Figure 7) and Point No Point (Figure 8). The 

higher average salinity and density at Tala Point reflects ita more seaward 

position in. the Admiralty Inlet mixing 7.one. At Point No Point the salinity 

of the water ranges from 28.9 to 29·9 °/oo, thue containing about 10 per 

oent more freeh water than at Pillar Point.' The reduction in salinity 

within the short dietanoe from Port Townsend to Point No Point suggests that 

considerable mixing of the incoming Straite water with the lese saline 
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water coming from river estuaries is occurring here. Thie ia to be expected 

at this confluence of waters discharging from both the northern and southern 

r eao hes of Puget Sound • 

~t Point Jefferson (Fi~re 9) the salinity of the water differs 

little from that at Point No Point but the temperatures are significantly 

higher. This suggests some retention of the warmer and more saline water 

which filled the main basin the previous autumn and its subsequent mixing 

with the colder and lees saline surface water formed during late autumn and 

early winter. 

In the southern basin as shown bw the conditions off Green Point 

in Carr Inlet (Figure 10) the oharacterietios of' the water column differ 

considerably from those in the main basin. The winter temperatures appear 

to be about the same but the salinity ranges from about 28.4 to 28.9 °/oo. 

The annual temperature range is somewhat higher than in the main basin due 

to the higher summer values, but the salinity and density values are lower 

s.nd their annual ranges much narrower. The comparatively uniform salinity 

conditione throughout the year are attributed to the intensive mixing whioh 

occurs in the Te.ooma Narrows, the source of' the bottom water for the 

southern sound, and to the lack of any sizeable streams feeding direotly 

into Carr Inlet. Such rivers as do feed into the southes-n sound largely ebb 

througn the Taooma Narrows and are quite thoroughly mixed before feeding 

into Carr Inlet on the returning flood. The entire water column in Carr 

Inlet apparently changes continuously and quite rapidly th=ougpout the 

year. In summer the steep slope of the T-S ourves shows thermal etratifioa­

tion to the bottom. This is attributed in part to local heating 



superimposed upon water carried in at depth from the Tacoma Narrows. In the 

absence of this local heating the water characteristics in Carr Inlet should 

reflect those of the upper 47 meters of the main basin as mixed to that sill 

depth in the Tacoma Narrows with variable quanti ties of the discharge from 

the ent1r e southern sound. 

During aummer the regional distribution of temperature and 

salinity presenta an interesting picture. The waters at Pillar Point bear 

a close resemblance with the offshore water only at depths below about 75 

meters. The isothermal conditions found in winter have disappeared and the 

thermocline oharaoteristios of summer heating has developed. The resulting 

increase in the stability of the water column is enhanced by the reduction 

in salinity of the upper layers. This salinity reduction is a consequence 

of the heavy inoreaee in the land drainage in late spring through summer. 

In general the Puget Sound stations show a 6ommon T-S relationship 

with respect to aeuon. In summer, during the heating cycle, the T-S ourvea 

become more nearly perpendicular to the aigma-t curves. This is attributed 

to the combined effects of salinity and temperature changes in density. In 

winter, largely as a result of surface cooling, the elopes of the individual 

T-S curves beoome more nearly horizontal and the water becomes lese stable. 

At Pillar Point the same processes are in operat.ion, but the entry at depth 

of cold offshore water results in lower bottom temperatures in summer. 

The generalized picture of increasing temperatures and decreasing 

salinities landward is presented in Figure 11 where the T-3 envelopes of the 

five key stations in Puget Sound are plotted beside that for the waters of 

Pillar Point. The BROWN BEAR data collected in 1953 and 1954 at Green 

Point in Oarr Inlet are entered to include conditions obtaining near the 
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southernmost extension of the Sound beyond the Taooma Narrows. The lower 

aide of eaoh envelope labeled W marks the wintC' temperature limits for eaoh 

station througpout the entry water oolumn. Near horizontality of the lines 

indicates almost uniform temperatures from top to bottom. The outer upper 

aides each marked S are the summer boundary ourves for each station. 

Normality to the drawn sigma-t lines in general indicates high stability. 

The bottom temperatures throughout the year are formed by the base line 

marked B. Of the five base lines that of the T-S envelope for Port Townsend 

shows a rapid increase in density from winter to summer and early fall when 

maximum penetration of ocean water of a density expressed as sigma-t of 

about 24.5 occurs. Water of aigma-t greater than 24.0 apparently does not 

reaoh Hood Oanal. 

The wider spread of the Green Point envelope indicates a greater 

range in temperature for the year. The water oolumn there, however, is sub­

ject to lees change in aalini ty because of the absence of la.r ge rivers 

draining into the inlet. Surface waters from the main basin that may get 

through the Tacoma Narrows on the flood and reaoh Oarr Inlet get mixed enroute 

with more saline waters from below, resulting in a narrower range of 

salinity oha.nges for the waters reaching Green Point. 

? .4 VARIATIONS OF TEMPERATURE WITH SEASON 

For oonvenienoe, the account of the seasonal march in temperature 

is started with the late winter and early spring when the water has cooled 

to its minimum for the year and before vernal warming has procee~ed appre­

ciably. Figure 12 to 17 show the average annual temperature oyolea at 

different standard depths for the five stations where observations have 

been made. 
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February - March 

February - Maroh i~ the period of minimum temperatures for the 

waters of Puget Sound at all levels. In the Strait of Juan de Fuoa, at 

Pillar Point (Figure 12) minimum temperatures for the upper 50-meter 

layer and maximum temperatures for the deeper levels oocur at the same 

time. Thue in the two-layer system of this plaoe during this period a 

oold upper layer overrides a warm lower layer. This condition, however, 

does not last long as vernal warming of the upper layer, and concurrent 

movement of deeper oolder water into the Strait of Juan de Fuca soon result 

in a column nearly uniform in temperature from top to bottom. As these two 

processes combine through the spring and summer the temperature of the 

upper layer increases rapidly with respect to that in the lower layer, 

simultaneously strengthening the stability of the interfacial density layer 

separating the two. 

At the five stations in Puget Sound the water oolumn at all levels 

attains minimum temperature during this period. Surface minimum temperatures 

were lowest at Port Townsend (Figure 1~) and bottom minimum temperatures 

highest at Green Point. In the two stations of the main basin the surface 

layer becomes oolder earlier than the underlying layers. Once vertical 

warming oomrr.enoea, the aurfa.oe layer warms up rapidly 'Ahile the lower layers 

are still losing heat or are maintaining steady temperature. 

The minimum average temperatures at the five stations are as 

follows, the figures in the first column corresponding to the surface and 

those in the second column to the bottom or lowest layer sampled: 



Port Towneend 
Tala Point 
Point No Point 
Point Jefferson 
Green Point 

41 

7.67° 0 
7·69 .. 
7·77 
8.30 
8.02 

7 ·58° 0 
7·59 
7·98 
e.oo 
8,05 (two years average) 

Thus, nowhere within the Sound does the average minimum surface 

0 temperature differ by more than 0. 7 0, and that of the bottom water by more 

than 0.5° 0. 

This month is characterized by a rapid rise in the water tempera• 

turee at all levels. 

Vernal warming oomes muoh faster at Pillar Point than at Port 

Townsend, and at Tala Point than at Point No Point. After the land drainage 

reaches 1 te peak in June, the riee in temperature at Pillar Point advances 

more slowly while that at Port Townsend increases at an even rate. As the 

season advances from May the water temperature "'t Point No Point inoree.eee 

more rapidly than at Tala Point, but in no period during the year does it 

exceed the inorea.ae at Point Jefferson or at Green Point. 

July - August 

In summer when the aurfaoe temperatures in the six stations reach 

their maximum the order of decreasing tempere.tur ee is as follows: Green 

Point, Point Jefferson, Point No Point, Tala Point, Port Townsend, and Pillar 

Point. The highest temperature for the last was 11.26° 0 (Table 1), and 

15·72° 0 for the first, or a difference of about 4.4° c. It is likely that 

the cold upwelled waters at Pillar Point contribute to this great difference 

in the maximum summer temperatures. 
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At Pillar Point the waters reach their highest temperature 

earlier than at the other stations. The highest temperature for the waters 

at Pillar Point is attained in early Augpst and that of the waters at the 

other stations about half a month later. This lag for Green Point 1e not 

shown because the observations were taken only at monthly intervals. 

Because upwelling at Pillar Point apparently oooura during this period 

following the advent of the summer winds, it ie suggested that it may be one 

of the principal factors contributing to the early ooourrenoe of maximum 

November 

In late fall there is a pronounced regplarity in the rate of 

deorease in water temperatures at Qreen Point, Point Jefferson, Point No 

Point, and Tala Point. At Pillar Point and Port Townsend temperatures de-

crease faster following the occurrence of the summer maximum but advances 

more slowly after November. 

It ie interesting to note that there is a rather uniform 

0 difference 1n temperature of about 0.5 between any two adjacent stations. 

At no other time during the annual temperature oyo le does this oocur. 

The seasonal trend in the surface temperature off Pillar Point 

shows good agreement with the temperature changes observed across the Strait 

of Juan de Fuca at William Head at Vancouver Island. The latter observations 

were taken from samples collected at the lighthouse during the corresponding 

period (Fisheries Research Board of Canada, 1947, 194e). They differ only 

in the order of magnitude of temperatures during the e~treme seasons and in 

annual range. The annual temperature range for William Head is 4.;; 0 0, 

0 
about 0.9 higher than at mid-strait, the greater range for the former being 



due to higher temperatures in aummer and lower temperatures in winter. The 

seasonal variation of temperature and salinity at various stations along 

the British Columbia ooaat are discussed by Pickard and McLeod .(1958). 

3·5 VARIATIONS OF SALINITY WITH SEASON 

Variations in salinity with the season are characteristic of 

coastal and embayed waters, the water freshening during the spring and early 

fall freshets and then gradually increasing in salinity again as this river 

runoff is reixed through the action of waves, winds, and tides. The coastal 

and tide waters of Washington are no exception to this rule. The annual 

range ia generally widest in regions close to river deltas and farther away 

from the sea. The annual salinity cycles are shown in Figures 18 to 23· 

February ~ Me.roh 

It is logical to choose this period aa a point of beginning in 

discussing the seasonal variations in salinity as it parallels that of the 

temperature changes. It is a period when variations in salinity, both 

regional and vertical, are least. 

A comparison of· the figures shows that the values at Pillar Point 

(Figure 18) do not represent the typical distribution of salinity in the 

upper layers of.ooastal and tide waters in boreal regions. The lowest 

salinities throughout the year are found in winter with readings as low as 

)1•7 °/oo at the eurfaoe and as high ae 33·5 °/oo at the bottom. At Pillar 

' Point the salinity maximum is reached progressiv.ely earli.er with deptp, a 
~~ 

feature not found in the inner Puget Sound stations. This is attributed to 

sea water intrusion. This more saline water apparently does not penetrate 
I 
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into the 3ound at this season without considerable intermixing with local 

more dilute water and its effect is not noticeable beyond Port Townsend 

(Figure 19). 

During this period a rapid drop in adinity 1a found at all 

depths to 200 meters in the waters off Point Jefferson (Figure 22). The 

drop in surface salinities reflects the high penetration and runoff of the 

period. This fresh water 1e mixed vertically in aueh turbulent tideways as 

Admiralty Inlet and subsequently its 6ffect is felt after more or lese 

delay at all depths in the basin• At Point Jefferson low salinities persist 

at the surface until the end of spring. 

V.ay 

During this month the incoming ocean wa.ters show less influence on 

the salinity of the waters landward of Pillar Point. Inland waters which 

are fed more or less directly by the melting snows become increasingly 

dilute as the sun rises in a.l ti tude. This flood of snow water resul te in a 

pronounced drop in salinity of the upper layers, particularly off Point 

Jefferson (Figure 22) where mixing prooeseea are slow to disperse the accu­

mulating lens of surface water. As a consequence of the "refluxing• of 

mixed water from Admiralty Inlet, however, some dilution is evident in the 

bottom waters at Point Jefferson by the last of V~y. 3urfaoe dilution ia 

also marked at Point No Point (Figure 21) and to a lesser extent at Port 

Townsend (Figure 19), whereas the bottom layers at both etatione show but 

little change. At Tala Point (Figure 20) near the center of the mixing zone 

salinities change very little at any depth during V.ay. 
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June may well serve as the starting point to account for the 

salinity minimum that oooura in summer. This salinity minimum precedes the 

maximum eurfaoe temperatures by about a month. This ohoioe of an earlier 

period corresponds to the month of highest runoff. 

Of the waters at the six stations, only the deeper water at Pillar 

Point does not appear to be under the diluting influence of the heavy runoff 

in late spring and early summer. If influenced at all, the intruding ocean 

water masks it. , In the upper ten meters of water, however, dilution effects 

1~ are quite evident. The rather striking uniformity in salinity from ~ate 

winter to early June appears to be an evidence of the-maintenance of the 

salt balano.,, for as the volume of land drainage inoreaaea eo also does the 

amount of sea water penetration. It appears probable that the north and 

northeasterly winds which blow in. increasing intensity· with the coming of 

summer and the ooinoident inoreaeed land drainage flow contribute significantly 

to the forces that maintain this mechanism. 

' In contrast to the conditione at Pillar Point, the waters at the 

other stations display s ignifioant reductions in salinity at ell levels. 

From a salinity of 29.6 °/oo in January the ·surfaoe waters off Point 

Jefferson deoreaee about 2 ° /oo by June, a period of five months. The re-

duction in salinity is most noticeable in the upper 10 meters of water, but 

is significant at all depths. 

The location of the Point Jefferson station within the central part 

of the main basin, where tidal mixing is leas vigorous than at the con-

striated entrances, favors the ,.ooumulation of runoff from local rivera in 

the surfaoe layers and a resultant lowering of the salinity. 
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It is interesting to note that although the more saline source 

water of the southern section of Puget Sound cornea t'rom the main basin, the 

mean salinities for corresponding depth incrementa throughout the entire 

water column in the former (Figure 23) not only are higher but the minimum 

occurs in Februar~ -March. At Point Jefferson, below 20 meterst the salinity 

trends correspond to those f'or the Carr Inlet waters. This suggests 

thorough mixing over the sill at the Tacoma Narrows. That the salinity 

trends shown by the curves for Green Point should follow the precipitation 

ayole ie to be expected. The river systems draining into the southern basin 

are srr~ll and almost entirely rain-fed. 

At stations seaward of Point Jet'ferson the diluting influence of 

river freshets is not felt appreciably beyond a depth of about 100 meters at 

Point No Point and not lower than 20 or 25 meters at Port Townsend and Tala 

Point. 

During the height of vernal warming the soft top snow is melted 

rapidly, resulting in a significant ohe.nge in the rate of river discharge. 

This condition is reflected in the secondary salinity minimum for the upper 

layers at all atationa. 

The combined influence of outside waters on the inland waters and 

deoreased runoff is shown by the salinity inorease throughout the entire 

water oolumn at Port Townsend (Figure 19). The salinity of the bottom water 

peaks in about the middle of September and that of the surfaoe layer about 

a month later • 



Fall -
At Pillar Point in the fall the water inoreasea in salinity in the 

upper layers to a depth of ab~ut 75 metere and decreases in salinity below 

that depth. The surface increase reflects the lower replenishment rate 

of fresh water from precipitation and runoff during that period. Not only 

doee the maximum salinity of the bottom layer decrease, but the thickness 

of the relatively saline undiluted layer also decreases considerably. This 

decrease in the amount of salt present in the deeper layers could result 

from a ohange in water charaoteristios at qill level near the entrance to 

the Strait, a decrease rate of flow of the oceania water towards the head 

of the Strait, or inoreaeed vertical mixing in the S~rait itself. The change 

in water propertie9 at the depth of the seaward sill appears quite likely 

and could oome from reduced upwelling, the presence of' a cliff'erent water 

masa whioh had moved in laterally from another location, or local changes 

near the mouth of the Strait that might stem from vertical mixing. The 

prc:,;nounoed stability of the coastal wEtter mase during summer, the leaser 

winds at that period, Blld the rather considerable depth of the seaward sill, 

about 2)0 meters, suggest that vertical mixing with surface layers is not 

an i~portant contributing factor. The persistently low oxygen and high salt 

content of the deeper waters at Pillar Point and the close conformity with 

whioh the concentrations repeat themselves at closely the same time from 

year to year point towards the motion' dir ectsd vertically as a primary cause 

of the variation in the ooean type water ae appears at Pillar Point. Thus 

the autumnal decrease in the amount of salt present in the lower layers may 

reflect the gradual decrease in the rate and extent of upwelling at the 

approaches to the Strait of Juan de Fuoa. 



?•6 VARIATION OF TEMPERATURE AND SALINITY WITH DEPTH 

For representing the vertical dietribution of temperature and 

salinity, the periods of maximum and minimum temperatures in the annual 

temperature eye le are chos'en. These per ioda, taken to correspond to the 

heights of the summer and winter aeaaona for the waters of Puget Sound at 

the various locations, are approximately as shown below. Figures 24 and 25 

present graphically the vertical distributions of salinity and temperature 

during the two periods. 

Station Win~er Peak Summer Peak 

Pillar Point Feb. 1 - Mar. 15 July 1 - Aug. 15 
Port Townaend Feb. l - Mar • 15 July l - Aug. 15 
Tala Point Feb. l - Mar. 15 Aug. 1 - Sept. 15 
Point No Point Feb. 1 - Mar. 15 Aug. 1 - 9ept. 15 
Point Jefferson Feb. 1 - Apr. 1 Aug. l - Sept. 15 
Green Point February - March August - September 

In making comparisons at depth it is helpful to consider the 

average values. In averaging the temperatures and salinities at each 

depth for all stations, certain valuea did not fit into the monthly T-S 

relationahips diacuued in the preceding section. Most of the diacrepa.noiea 

were due to the uneveneaa in the number of measurements being aver,aged from 

one layer to another. The questionable values appear bracketed in Table I• 

The overall number of measurements rejected is small. 

The monthly maximum and minimum deviations from the temperature 

and salinity means corresponding to the surface and bottom layers (and also 

to 50 metera for Pillar Point) were analyzed for possible correlation with 

runoff, heating oyole, eto. The analysis showed that the range of the 

deviations from the mean, both for surface and bottom salinities, was con-

fined to a narrow limit in late summer and early fall when maximum salinities 
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occur. This may be taken as another indication of sea water intrusion at 

depth• The temperature deviations showed a narrow range of' variation for 

the surface and bottom only for the waters of'f Point Jefferson. 

The period of greatest deviations for both temperature and 

salinity appear to coincide with the period of hif;h land drainage. 

Surface 

Temperature. In winter temperatures are everywhere uniformly 

low. Pillar Point registers 7•7° o, differing but 0.1° from that Port 

0 
Townsend, which is 7•8 o. 

than that at Point lio Point. 

Point Jefferson he.s 8 •• , 0 0, about 0.; 0 higher 

At Green Point the temperature ~a only 0.1° 
. I 

lower than at Point Jefferson. Thus the average temperature difference 

0 between the extremities of the area under study never exceeds 1 at any 

time. 

In summer differences in temperature are well marked. Looal 

heating in the proximity to land is important in changing the surface tem­

peratures. The higheat temperature at Green Point ie 15·72° 0 as against 

10.88° 0 at Pillar Point. The difference is about five times that observed 

in winter. 

Salinit:t• The surface se.lini ties in winter are useful in 

studying the effeote of the ocean waters on the phyaioal structure of the 

waters of the Sound. The absence of "upwelling.- coincides with the period 

of lowest runoff. 

Figure 25 shows that the salinity is higher at Point No P oint than 

at Point Jefferson, a normal situation considering that the salt aouroe is 

the ocean and runoff the primary source of dilution. 



In summer during the period of highest runoff, Pillar Point 

again ehowa the highest salinity although it lies in the direct path of the 

drainage ayetema of both Puget Sound and the Strait of Georgia. Discharges 

from both are intensively mixed over respective entrance sills, however, 

an additional entrainment of salt water from below occurs in the Strait of 

Juan de Fuca inside Pillar Point. The greatly reduced salinity of the 

waters off Point No Point compared to tha.t for Point Jefferson is an indica­

tion of the e£'f'eote of effluents from the Skagit and Snohomish rivers. 

Below that depth the salinity of the waters off Point No Point is only 

slightly higher than for corresponding depths off Point Jefferson. 

10 Meters 

Tempera_ture. At this level the temperatures vary but slightly 

from the readings at the surface in summer, an inversion occurring at most 

of the stations. As shown in Figures 12 to 17, the temperatures at the 

surface and at a depth of 10 meters become nearly identical in early 

February at Pillar Point, the first days of March at Tala Point, toward the 

end of February at Point No Point, and in the middle part of February at 

Point Jefferson. At Green Point this condition occurs in February. Except 

at thia station, this condition is attained much earlier ~t intensive mixing 

zone off Port Townsend than at any of the other stations. 

3alinit;l• The salinity is everywhere higher at this depth than 

at the surface, except at Pillar Point where the \-latera show a subsurface 

minimum in winter. In summer this salinity minimum disappears. 
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50 Meters 

Due to the relatively small number of observations taken at 20 to 

25 meters, a discussion on the diotribution of properties at this inter-

mediate depth is not included. A smooth ourve, however, was drawn to 

eliminate the dieoontinuity of observation at this important part of the 

water column. When used, these observations are found to fall closely to 

the interpolated curves. 

Temperature. J.t· this level in winter the _temperatures at Pillar 

Point and Port Townsend nearly equal those corresponding to the surface. In 

summer the lower boundary of the thermocline at Point No Point and Point 

Jefferson appears to be limited to this depth and at Pillar Point down to 

about 100 meters. At Port Townsend and Tala Point the temperature gradient 

varies very little from layer to layer down to the bottom. In the upper 

layers at Green Point the temperature gradient is quite strong, on the 

0 average decreasing about 0.2 per meter within the upper 10-meters of water. 

Salinity. At this depth in summer the regional distribution of 

salinity is well pronounced; it is lowest at Green Point and highest at 

Pillar Point. Waters at Port Townsend and Tala Point differ only by a little 

~igher than 0.05 °/oo, and at Point No Point and Point Jefferson have identi-

oal salinities. In winter the salinities decrease gradually upsound, the 

,decreaee roughly a function of distance from the source sea water entering' 

the Sound at depth. 

100 Meters 

Seasonal variations in the temperature and salinity distributions 

are still evident at this depth and d.-own to the botton: in the deeper 

atatione. 
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Temperature. In winter the temperatures at this and greater 

depths in the Sound do not show significant variations from their values at 

0 
the surface. At Pillar Point, however, there is an increase of 0.25 from 

its value at 50 meters. The rise in temperature continues down to 150 

meters and then decreases to 7.88° 0 at the bottom. The corresponding 

0 
temperature in summer is 6.40 o. There is thus a reversal of the seasons 

in the bottom waters of Pillar Point. This condition is not observed in any 

of the Puget Sound stations. 

SalinitX· At the deepest station in the Sound, off Point 

Jefferson, there is observed a gradual increase in salinity from thie depth 

down to the bottom, irrespective of the season, the salinities being higher 

in summer than in winter. This suggests the effect of the ocean water enter-

ing the Sound in summer. At Pillar Point the salinity gradient in the layer 

below about 100 meters is very weak, suggesting "bulk" flow of offshore 

water at depth by way of the Strait of Juan de Fuca. This condition ia not 

observed in winter when the salinity gradient is significantly ·strong down 

to the bottom layers at Pillar Point. The effects of the entry of ooean 

water in summer on the waters at Port Townsend are reflected in the early 

"peaking" of the salinity curves compared to those for the other Sound 

stations (Figure 12). 

3•7 HARMONIC ANALYSIS OF TEMPERATURES 

In the preceding disouaaions on the temperature che.racteriatioe 

of Puget Sound and Strait of Juan de Fuoa waters the regularity in the 

temperature fluctuations was not emphasized, although the temperature cycles 

as shown in Figures 12 to 16 suggest it rather strongly. A harmonic 
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analysis has been made to test the regularity at all five stations for the 

surface and bottom layers. The results are presented in Figures 26 to 30. 

The data suggested that the temperature could be represented by a 

Fourier series of the form: 

T(X) : A0 • A1cosA + A2oos2X 

+ B1sinX + B2sin2X 

+ ••• 

where T(X) is the temperature in °0 and X is an angle taken at 15° intervale 

from 0° to 360°, thus completing a year's oyole starting at August let. 

Only the amp 11 tude A ( 00) and phase lag ~ (days) for the sur faa e and 

bottom layers were oomputed. In vie\" of' the magnitude of' the year-to-year 

f'luotuations it is doubtful if additional terms are significant. 
A 

Although the results of the analysis oannot disoloae the oauaea of 

the regularity in the temperature fluctuations, they reflect the magnitudes 

of' the amplitudes and phases of the temperature variations in different 

plaoes in the region. 

The computed values of A and d are given below: 

Surf'aoe Bottom 

Mean T A cl Mean T A d 
oo oc Days oo oo Days 

Pillar Point 9-30 1.60 0 7·12 o. 79, -150 
Port Townsend 9·52 1·85 15 8.77 1.18 15 
Tala Point 10.32 2.60 15 9.20 1·53 )0 
Point No Point 10.66 2.89 15 9.62 1.71 )0 
Point Jefferson 11.16 2.8] 15 9·86 1.8; 30 

The above data show that in Puget Sound the surface waters reach 

their maximum temperatures about 15 days later than at Pillar Point in the 

surface layer. In the bottom waters of Pillar Point maximum temperatures 
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are attained about 150 days or 5 months ahead of those for the surface. At 

Port Townsend the bottom waters reaoh their maximum temperatures at about 

the same time as the surface layers. At the other stations there is a lag 

of about 15 days compared with the corresponding aurfaoe values and about 

180 days or 6 months compared to those for the bottom waters at Pillar Point. 

As a means of comparing the surface temperature changes at 

Pillar Point with the available radiation data summarized by Waldiohuok (1955) 

for the Strait of Georgia, the amplitude and phase of the latter were com­

puted. The results of the computation show an amplitude of 84.1 gram-

2 calories per om per day and, as expected, a phase lead of about 45 days 

compared to the surface water temperatures off Pillar Point. A similar oom-

parison was made for the Seattle air temperatures mentioned in an earlier 

section and the surface water temperatures off Point Jefferson. The air 

temperature amplitude was about 0.36° 0 greater and the phase about 15 days 

earlier than the corresponding values for the surface water temperatures off 

Point Jefferson. 

3•8 OOV.PARI30N OF OBSERVATIONS TAKEN DURING DIFFERENT PERIODS OF YEARS 

The results of the harmonia analysis suggest that it might be 

possible to consider the CATALYST observations as representing the average 

conditions of temperature and salinity in the region under study. On this 

premise an attempt has been made to analyze the observations taken by the 

' 
BRO~I/N BEAR in 1953 and 1954, using the OATALY3T data as basis of comparison. 

Fi~ee )1 and ?2 show the comparison of aurfaoe and bottbm temperature 

trends in all five stations. 
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In all five cases the BROWN BEAR data show essential agreement 

with the refer enoe data of' the CATALYST shown herein. Olose agreement 

between the two sets of data is espeoially striking in the bottom layere. 

Surface maximum temperatures in the Sound obeerved by the BRO'AN BEAR, 

however, occurred earlier than the CATALYST normal. No definite lag is 

shown in the curves for the bottom layers, and at Point Je.f'.f'ereon the tim-

ing waa identical. 

While the temperature trends are in close correspondence, the 

deviations (TABLE II) are erratic in their dispersion around the mean. 

The widest scatter of the deviations, as shown in Figures 33 and 35 1 

occurs in the surface layers in summer when run-off and isolation aot 

together in shaping the temperature structure during that aeason. Maxi­

mum deviations for surface temperature in Puget Sound range from 1.23° 0 

0 
to 1.85 o. The range of' the maximum annual fluctuatione from the mean 

for the CATALYST temperature observations is from 1.39° C to 1.89° o. 

In the bottom layers (Figures )4 and )6) the dispersion ie rela-

tively small. At Pillar Point the deviations corresponding to the 

bottom layers are large when those at the surface are least. This ia 

attributed to the effect of the two-layer system in the Strait of Juan de 

l"uoa. 

The maximum surface salinity deviations (Table III) are 

abnormally compared to the maximum annual fluctuations of salinity for 

the CATALYST data. This may be due to the greater preo ipi tation in 1953 

and 1954 which exceeded by about 15 per oent tho mean of the years from 

1934 to 1941. Oorresponding ranges for the bottom layers are, however, 

within the range of maximum annual amplitudes for the OATALYSf data. 
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A comparison between the surface temperature data for Green 

Point and Point Jefferson taken by the BROWN BEAR during the eame period 

ehowe good. aueement in the monthly trends. Except in winter when average 

0 surfaoe temperatures at the former a.re about 0.2 0 lower than the 

corresponding values at the latter station, the surface waters off Green 

Point are always warmer than those for Point Jefferson. The average 

maximum difference of about 1.2° 0 oooure when both curves peak in early 

August. 

The results of the comparison indicate that the CATALYST 

observations may be used aa tentative average conditions of temperature 

and salinity in the area to which future observations oan be compared. 

4. SUMMARY AND OONCLOSIONS 

An analyeis of the available temperature and salinity data for 

Puget Sound and the Strait of Juan de Fuca shows that there exist defi-

n1te seasonal differences both in space and time didtributions of these 

water properties. 

Strait of Juan de Fuca 

In the Strait there exists a contrasting seasonal distribution 

of properties between the upper 50 meters and the bottom layers. As a 

result of mass and energy exchange between the two layers, the 

seasonal changes in the transition layer separating the two are not 

well pronounced. 

The upper layer attains maximum temperatures in summer when 

the bottom layers reach minimum temperatures. In the upper layer the 
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0 
average annual maximum temperature of 11·3 0 oooure in August and the 

average annual minimum temperature of 7.6° 0 ia attained in February -

March. ' 0 In the bottom layer the average maximum t~mperature of 8.0 0 is 

reached in February - March and the average annual minimum temperature 

of 6.4° 0 is attained in July -August. 

Average ae.11n1tiee in the upper layer range from 30.7 <>joo in 

January to )1.6 °/oo in Ootober; in the bottom layer tYom 33·4 °/oo in 

0 ' 
February to 33·95 /oo in August. 

Main Basin of Puget Sound 

In winter, water temperatures in the main basin are everywhere 

uniformly low, the regional differences in the area under study never 

exceeding 1° o. In summer this difference 1a exceeded by about five times. 

The average annual maximum surface temperature of 14.2° 0 is 

attained in August and the average annual minimum temperature of 8.;0 0 

in February - March. The upper limit is about 3° and the lower limit about 

0.7° higher than the corresponding values observed in the Strait of Juan 

de Fuca. In the main basin the maximum bottom temperatures are attained 

about a month later than at the,.surfaoe. They are always higher than the 

corresponding temperatures in the Strait. 

The lowest ~alini ties are found in· the winter period, both at 

the surface and bottom. At the eurfaoe Point No Point, the average sali­

nities range from 28.4 ° /oo in June and 29.7 ° /oo in late Ootober; and in 

the bottom layer off Point Jefferson the range is from 29.8 °/oo in 

Maroh and )0.8 °/oo in Ootober - November. 



77 

Southern Basin of Puget Sound 

orr Green Point, Carr Inlet, the average annual maximum surface 

temperature of 15.7° 0 occurs in August and the average annual maximum 

bottom temperature of 12.0° 0 in September. There is a lag of about a 

month for the respective minimum values. In the surface layer the annual 

range ia about 7•7° 0; in the bottom layer the maximum summer temperature 

and the minimum winter temperature differ by about 4°. 

Ae a rule, salinities in the southern basin are greater than 

those in the surface lay~s in the main basin. The salinity ohangea 

throughout the water column foll.ow closely the precipitation oyole. The 

annual cyole of salinity shows an average minimum of about 28.4 °/oo in 

April and an annual average maximum of about 29·8 °/oo in November. 
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TABLE I (Continued) STATIC!T: TALA POINT (HOeD CANAL) 

Surface 10 20 50 100 
Date 

Temp. Sal. Temp. Sal. Temp. Sal. Temp. Sal. Temp. Sal. 

Jan 1 8.)8 29-40 8.52 29.45 8.71 )0.07 8.48 )0.43 8.)6 )0. 70 
15 7·T5 .22 .02 ·54 -15 29·90 .08 .26 .oo .44 

Feb 1 -72 28.96 7-77 .6) ·33 )0.14 7-88 .26 7-78 .2) 
15 .69 29.6) ·95 ·56 7-93 .0) .n -12 .62 .28 

IJ.ar 1 -91 .60 .fA ·51 8.05 29-96 -76 29-99 ·57 .26 
15 8.24 ·05 8.02 -54 -19 -90 ·91 -96 -71 .2) 

Apr 1 ·75 .)1 .)8 .6) .44 ·90 8.15 ·99 .89 -19 
15 9-42 ·53 -93 .6; -76 .88 .48 )0.07 8.24 -12 

May 1 10.16 .)8 9-50 ·56 9-15 .96 .84 -17 .62 .16 
~ 15 -78 ·33 -90 .61 ·73 -97 9-32 -14 9-09 .28 

Jun 1 11-29 .)) 10.42 .69 10.23 ·92 .81 ·05 ·51 -26 
15 .8) .)4 ·97 • 74 • 70 -94 10.20 .14 .81 ·32 

Ju1 1 12-36 .)6 11.48 .69 11-15 ·97 ·52 .25 10.07 .4) 
15 ·13 -47 -94 -74 .62 30·05 .&5 ·32 ·32 ·57 

Aug 1 1).01 .69 12.23 -90 .88 -12 11.14 ·39 ·54 .68 
15 .2) .81 ·39 30.03 ·99 .28 -22 .64 .67 .86 

Sep 1 12.84 .96 .19 .26 .87 .48 -21 ·77 ·75 31-00 
15 -23 )0.10 11.75 .1+6 -54 .61 .o6 ·90 .61 .u 

Oct 1 11-57 .28 .28 .61 -23 ·75 10.83 31-00 .)8 .18 
15 10.96 ·35 10.80 .68 10.88 .84 ·56 .02 -13 .20 

Nov 1 .42 .)4 ·35 ·59 .49 • 70 -15 30-95 9-80 -13 
15 9-92 .)4 9-89 ·52 .o4 ·52 9· 71 .88 .43 ·15 

Dec 1 .49 .10 .49 ·31 9.66 ·35 .)6 .&S -09 -09 
15 .o4 29-85 .1) -23 -30 -25 .01 .64 8.81 30-97 



TABLE I. BI-MONTHLY AVERAGES OF TEMPERATURES (0 0) AND SALINITY (o/oo) 
AT STANDARD DEPTHS (METERS) - STATION: PILLAR POINT 

Surface 
Date 

10 50 100 150 200 

Temp. Sal. Temp. Sal. Temp. Sal. Temp. Sal. ·Temp. Sal. Temp. Sal. 

Jan 1 7-94 )0.86 8.14 )1.08 8.19 .?i-56 8.41 32-52 7-74 52-25 7-78 53·55 
15 ·92 ·72 1·19 )0.81 .01 .46 .40 .45 8.69 .49 .82 ·55 

Feb 1 • 76 ·95 .65 ·91 1·19 .47 ·25 .)4 ·55 33-26 ·87 .42 
15 .66 31.18 ·54 31-15 .62 ·53 -07 .)6 ·31 .lQ 8.o4 ·35 

Mar 1 .60 -22 ·57 .26 .66 ·71 1·91 ·50 .24 ·57 1·95 .46 
15 ( .87) ( .)8) ·79 .22 .80 .eo ·98 ·75 7-80 .69 .65 .62 

Apr 1 8.)2 -15 8.16 -20 ·93 )2.00 7.M ·91 .66 .66 .• 4) ·11 
15 -76 -15 ·59 .20 8.o4 .07 • 74 33-15 ·56 ·55 ·23 • 78 

May 1 9-27 ·51 ·85 .26 .08 .16 ·55 .26 .42 .69 6.95 .86 
~ 15 -91 .n 9-31 .62 ·32 .16 ·33 ·31 .08 ·73 ·72 .86 

Jun 1 10.)6 -17 .65 .d4. ·55 -21 ·09 .40 6.65 -78 -65 .86 
15 .45 -13 ·77 .18 .42 .)4 6.94 ·51 .46 .€4 ·54 -87 

Jul 1 ·73 .oo 10.00 .)1 .20 .48 ·19 .64 .41 ·89 .48 .87 
15 -94 .oo -07 .20 .16 ·52 .64 ·73 ·52 .89 -36 ·95 

Aug 1 11.26 30·93 -19 -20 .14 .65 .66 ·77 -36 ·89 .)6 ·95 
15 .oo )1.15 .09 .40 .18 .65 -70 ·75 .44 ·89 ·39 ·95 

Sep 1 10-50 ·31 9-96 .49 8.32 ·59 ·19 ·71 ·57 .87 .47 ·95 
15 .10 .46 .67 -69 .42 ·56 7-o4 .60 .r; .86 .61 ·91 

Oct 1 9-67 ·56 .)6 -74 .46 ·56 .21 .49 ·91 ~- .86 ·75 .87 
15 ._56 .60 -19 ·73 ·54 .48 -49 ·31 7-13 .80 ·92 .80 

Nov 1 .22 ·56 -12 .65 .63 -29 -81 32·99 .46 .68 7-14 .66 
15 .01 ·58 8.99 · .64 .62 .14 8.02. .86 -76 .44 ·55 .60 

Deo 1 (8.71t) ( .69) ·95 ·53 ·57 31-89 .16 )).0) -96 -12 ·50 ·5.? 
15 ( .e4) ( .)8) .8) ·33 .46 .80 .24 32-70 8.07 .32-94 .8) .46 

Bracketed figures are uncertain because of discontinuity of observation 
during some years resulting in abnormal averages. 



TABLE I (Continued) STATIQl: PeRT TOWNSEm> 

Surface 10 20 50 100 
Date 

TemE• Sal. Temp. Sal. Temp. Sal. Temp. Sal. Temp. Sal. 

Jan 1 8.)8 )0.41 8.22 )0.)9 8.12 )0.)0 8.)6 )0.64 8-19 )O.e4 
15 7-91 .)0 7-94 -25 7·9.5 29-85 8.02 ·39 7-85 .64 

Feb 1 .eo .16 .67 .2) .62 .87 7·77 ·52 -71 ·57 
15 .67 .2) -49 -30 .4) )0.05 .6) .62 -58 .61 

Mar 1 • 76 -12 ·57 .2) ·52 .16 -70 .46 .69 ·57 
15 ·90 29-92 .66 .10 .47 .01 -74 -25 ·89 ·57 

Apr 1 8.08 ·92 7-86 .07 .67 29-96 -98 -25 8.10 .44 
15 .41 -96 8.22 .10 8.01 )0.10 8.29 .26 -25 ·52 

May 1 ·91 ·85 • 70 .10 -58 .0) .66 ·55 ·55 .66 ()) 

15 9-69 .60 9-34 29-78 9-30 29-70 9-15 ·59 ·90 • 82 ...... 

Jun 1 10.01 -70 -10 -96 .49 .87 .41 ·.57 9-12 ·59 
15 . --58 ·85 10.24 -94 10.15 -79 ·93 ·37 ·54 .61 

Ju1 1 10.9) -90 • 68 )0.05 
. 

-71 ·90 10.29 ·55 9-88 ·1.? 
15 11.46 ·85 11.04 .05 .8) )0.07 .4) • 70 .69 )1.02 

Aug 1 ·56 )0.12 10-95 ·52 ·19 ·.55 -54 .fA ·55 -29 
15 -70 ·35 -94 ·55 ·54 .64 .44 ·91 .49 -51 

Sep 1 .• 2) ·55 .68 • 73 .)1 ·91 .19 31-02 9.42 ·11 
15 10.82 ·77 ·35 -91 9-98 31-15 9-93 .18 ·37 • 76 

Oot 1 .)6 -93 .oo )l.o6 .61 .24 .65 ·53 -24 .69 
15 .oo ·97 9-64 .09 .)4 .18 .46 .42 -19 ·53 

Nov 1 9-76 .84 .46 30-97 .07 .06 ·39 .42 .14 ·35 
15 .49 -72 .08 .82 8.8) .o6 -21 .o6 8-91 -29 

Dee 1 -21 -79 8.9Q -90 -57 -17 .o6 .oo • 78 -26 
15 8.89 .66 ·59 ·75 ·37 30-95 8.70 )0.90 ·51 .u 

., 



TABLE I (Continued) STATION: TALA POINT (HOCD CANAL) 

Surface 10 20 50 100 
Date 

Temp. Sal. Temp. Sal. Temp. Sal. Temp. Sal. Temp. Sal. 

Jan 1 8.)8 29.40 8.52 29.45 8. 71 )0.07 8.48 )0.43 8.36 )0. 70 
15 7·75 .22 .02 ·54 -15 29·90 .08 .26 .oo .44 

£?eb 1 -72 28.96 7-77 .6) ·33 )0.14 7-88 .26 7-78 .2) 
15 .69 29.63 ·95 -56 7-93 .0) ·11 -12 .62 .28 

Mar 1 -91 .60 .84 ·51 8.Q5 29-96 -76 29-99 ·57 .26 
15 8.24 ·05 8.02 -54 -19 -90 -91 -96 ·71 .2) 

Apr 1 ·75 ·51 .)8 .6) .44 .9<) 8-15 ·99 .89 -19 
15 9-42 .)) .9) .63 -76 .88 .48 )0.07 8.24 -12 

May 1 10.16 .)8 9-50 -56 9·15 -96 .84 -17 .62 .16 
~ 15 -78 ·33 -90 .61 ·73 ·97 9·32 .14 9-09 .28 

Jun 1 11.29 .)) 10.42 .69 10.23 ·92 .81 ·05 ·51 .26 
15 .83 .)4 ·97 • 74 ·70 -94 10.20 .14 .81 ·52 

Ju1 1 12-36 .)6 n.48 .69 11-15 -97 ·52 .25 10.07 -43 
15 ·73 .47 -94 -74 .62 30·05 .&S ·32 ·32 ·57 

Aug 1 1).01 .69 12.23 ·90 .88 .12 11.14 ·39 ·54 .68 
15 -23 .81 ·39 )0.03 ·99 .28 -22 .64 .67 .&> 

Sep 1 12.84 ·96 .19 .26 .<37 .48 -21 ·77 ·75 )1.00 
15 .2) )0.10 11.75 .1}6 ·54 .61 .o6 ·90 .61 .u 

Oct 1 11-57 .28 .28 .61 -23 ·75 10.8) 31-00 .)8 .18 
15 10.96 ·35 10.80 .68 10.88 .84 ·56 .02 -13 .20 

Nov 1 .42 .)4 ·55 ·59 .49 • 70 -15 50·95 9-80 -13 
15 9-92 .)4 9·89 ·52 .o4 ·52 9-71 .88 .4) ·15 

Dec 1 .49 .10 .49 ·57 9-66 ·35 .)6 .&S .09 ·09 
15 .o4 29-85 .1) -25 .)0 -25 .01 .64 8.81 30-97 



TABLE I (Continued) STATION: POINT NO POINT 

Surface 10 
Date 

20 50 100 

Temp. Sal. Temp. Sal. Temp·. Sal. Temp. Sal. Temp. Sal. 

Jan 1 8.69 28.96 8.84 29-38 8.5) )0.)2 8.82 )0.14 8.70 )0.16 
15 7-94 -87 ·56 ·09 .12 29.61 ·54 .01 ·54 29-94 

Feb 1 ·9) .86 .24 .19 7-84 .42 ·05 29-90 8.14 30.14 
15 ·11 ·71 1·94· .14 ·11 .)4 7.e£J ·85 7.98 29·99 

Mar 1 8.12 .84 ·93 28-96 ·12 ·09 ·~ .65 ·99 -78 
15 .20 .80 ·91 29-o4 ·75 .o4 ·92 .6) -98 ·12 

Apr 1 .4:; .84 8.20 .05 .87 .04 8.10 ·59 8.03 -78 
15 9-19 29-02 8.67 .oo 8-13 ·3) .44 ~5 -36 -87 

May 11 ·91 28.59 9·22 .o4 ·11 .43 .84 .65 -76 .88 
15 11.02 .46 -76 28.87 9·19 . ·25 9·24 .6; 9-18 .8) -81 

Jun 1 . -78 ·35 10.65 ·11 ·11 .oo .87 .61 .89 .8) 
15, 12.56 .66 .g4 -91 10.24 -13 10.28 • 74 10.12 ·90 

~ . . 
Ju1 1 12-95 -71 11.)8 29-00 10-58 .4) .68 -79 ~54 -96 

15 1).62 .44 12.0) .02 11-17 ·51 11-10 -92 -96 )0.08 
Aug 1 .n ·11 .. )6 .16 -45 .65 .47 )0.08 11-29 ·25-

15 ·78 29-09 ·37 -31 .61 .g4 ·71 -25 ·50 ·39 

Sep 1 -34 -27 ·59 .42- .63 30.16 .68 ·35 .46 .48 
15 12.n -43 ·55 ·54 ·54 ·34 ·55 .46 -19 ·61 

Oct 1 -14 ·56 11.96 .6; .28 .4) . .)1 ·57 10.94 ·70 
15 11-53 ·65 ·51 -69 10.89 .48 .03 .62 .65 ·11 

Nov 1 10-96 .6:; 10.96 .6:; 10.44 ·50 10.67 ·57 -29 .-,o 
15 .)0 .61 ·36 .6o 9·93 .62 -15 ·53 9·85 .66 

Dec 1 9·94 -38 9·89 ·56 ·55 ·70 9-78 ·?9 .44 ·5? 
15 .40 .oo -43 -49 .10 .48 ·32 .21 .u .)4 



TABLE I (Continued) STATION: POINT JEFFERSON 
-

Surface 10 20 50 100 200 
Date 

Temp. Sal. Temp. Sal. Temp. Sal. Temp. Sal. Temp. Sal. Temp. Sal. 

Jan C)l Zl9.15 29.65 c-:$1.29 29.69 c::9 .41 29·83 t.-)>.54 29-90 o9-32 )0.08 69-.35 )0.25 
15 o8.s;6 .4) .07 ·38 .18 .67 ·33 .87 8-92 29·90 9-01 .12 

Feb Ol .44 .40 8.50 .42 8.68 ·54 8.61 .8) ·56 ·90 8.65 .08 
15 ·50 .. 18 -29 -29 .45 .42 .)1 .65 ·55 • 76 8.)0 29-94 

Mar 1· .)6 28.98 ·2!5 -22 ·39 ·31 .20 ·54 .21 .69 8.16 ·85 
15 .47 .80 ·22 .n ·39 .4) .1) ·52 .08 .69 .09 -83 

.. Apr 1 -69 .66 ·23 -16 .08 ·29 .02 -67 .oo .fJ) .oo -97 
15 9-47 .26 ·73 28.91 ·59 .42 .26 -70 .28 .¢ .28 30.07 

May 1 10.42 27.88 9-19 ·71 -96 .)6 -58 ·72 .63 ·97 .62 -17 
~ 15 11.67 .68 .88 ·91 9.48 .)4 9-o4 .65 9-01 .¢ .98 .16 

Jun 1 12-93 .45 10.76 .96 10.47 ·31 • 73 .60 .67 .&) 9-58 .08 
15 13.16 ·75 11.41 29.o4 11.08 .40 10.25 .61 10.19 .87 ·99 .08 

Jul 1 ·52 28.21 12.09 .09 .69 -47 .60 .63 ·55 .87 10-35 .08 
15 .66 .&> -25 ·59 12.00 . 70 11.20 .81. 11.01 30-03 .80 -28 

Aug 1 14.11 29.43 .(>A • 74 ·37 30-01 ·59 30-14 .48 -17 11.20 .62 
15 .20 • 76 ·99 -96 .67 -14 ·93 .28 ·75 ·32 ·53 • 70 

Sep 1 1.3-53 ·92 .82 30-05 .61 .12 12.15 .)0 .87 .48 ·11 .68 
15 -10 )0.12 ·58 -23 -45 -26 -09 .41 .82 ·57 .66 • 73 

Oct 1 12.69 ·52 ·35 ·37 -29 ·39 .05 ·50 ·75 .66 ·53 ·75 
15 -20 ·31 11-99 .44 11.91 .48 u. 77 ·55 ·51 -70 ·35 .82 

Nov 1 11·59 .Ql .48 ·39 .46 .48 ·59 ·55 .14 .66 10.93 ·77 
15 10-93 29·72 10-93 .26 .oo ·39 10.94 .43 10.66 ·59 ·53 .66 

Dec 1 .46 .65 ·53 .08 10-57 -23 .49 -14 -2.5 ·37 -09 .44 
15 9·90 .60 .02 29-90 .08 .03 .16 29-90 9·81 .17~ 9· 74 .)0 



TABLE I (Continued) STATION: atEEN POINT (OARR INLET) 

Surface 10 20 50 Bottom 
Date 

TemE• Sal. TemE• Sal. TemE• Sal. Temp. Sal. TemE· Sal. 

Jan 1 9.20 29-38 9.2:; 29·39 8-79 29.42 8.91 29.61 8.94 29.61 
15 

Feb 1 8.02 28-57 8.o:; 28.58 .09 28.61 -22 28.71 ·33 28.eA 
15 

Mar 1 -15 .;6 7·98 .4:; 1·99 .48 ·05 .61 ·05 -70 
15 

Apr 1 -94 ·50 8-57 ·58 8.:;4 .62 ·21 .81 ·15 ·87 
15 

May 1 10.50 .69 9· 77 .82 9·30 .89 .¢ -94 -76 29-00 ()) 

15 \Jl 

Jun 1 1).40 .66 10.81 ·95 10.18 29-04 9.88 29-10 9·10 -17 
15 

Jul 1 14.24 ·99 12.24 29-09 11.58 .14 11.24 .18 10-95 .24 
15 

A.ug 1 15-72 29-16 ·97 -27 12.26 ·32 ·95 ·35 11.80 .48 
15 

Sep 1 14.02 29.40 .41 .60 ·23 .66 12-05 -78 12.04 .a:; 
15 . 

Oct l 12.48 ·73 .oo ·85 11-92 ·92 11·72 39 .oo 11-73 30.02 
15 

Nov l 11-25 .81 11.19 .88 -20 ·90 ·23 29·99 .04 .04 
15 

.63 29.66 Dec 1 9·85 .48 10.00 ·58 9·91 ·57 10.00 10.12 
15 



TABLE II. DEVIATIONS OF TEMP!RATURE (0 0) MEA.SUR!D BY THE BROWB BEAR PROM CATALYST VALUF3 

JAN FEB J.C.AR AfR MAY JUB JUL A.UG SEP aJT NOV DI!O 
00, 

Pillar Poillt 

Surface 1953 - ·29 -23 --65 --94 -1.13 -1·05 .67 -.61 ·19 2-47 
1954 ·31 ·11 -.0) --63 --89 --87 --70 - - -.24 ·56 

Bot. tom 1953 - -.81 -1.18 -·73 .0) .16 -.06 -·05 .26 -19 ·35 
1954 -.26 -·19 --78 --30 -·52 .02 --12 -- - -.06 .14 

Port Townsend 

' Surface 1953 -.14 -25 --15 · -ao .26 . -.)6 .41 . -'·21 .· -.02 -.40 ·31 .07 
1954 .01 --14 -.08 -·23 -·37 - -·65 -1.23 --43 - -.20 

Bottom 1953 -.n .;:; :-·34 -·17 ·05 --15 ·10 - .40 . '.1.22 -.08 -~ .48 
1954 -15 -•11 . --17 -.24 -.42 - --36 -·92 ·57 - -.06 

Tala Point 
. ". ~~ 

Surface 1953 -·~ ·~07' . _:'~14 -.84 --02 1-17 -·52 ·. ~40 -.28 -.62 -.08 -23 ~ 
1954 -.6) --23' .· .06 -.18 --03 -17 1.26 o• •• .;1!1132. -1·55 - --30 

Bottom 1953 -.18 .41 .u .01 -22 -.oo .u:. 0i -·49 °

0 -~ .10 ·09 ·51 
1954 .04 -•10 ·10 .o4 -.14 --36 --74 0 -·15 .... n - .)8 

! ~ 
: cPoint No Point 

,;: 

Surface 1953 - -·05 ·22 .02 -.40 -·72 -.26 .4) f-Ei5 -.16 --21 -·25 -.19 
.. 1954 .08 .04 .06 ·54 1.67 -1.03 --~ -1.)6 -1-17 -·13 

Bottom 1953 .06 ·39 -.09 -.14 -27 -.)2 -.24 1t' -· 7-l ·39 --13 -15 ·58 
1954 -1.02 -.)0 -.24 -·05 --09 -.61 -1.01 . - .. 91 -.84 - -·29 

Point Jefferson 

Surface 1953 -.8) -.14 -·21 -1.;6 -1.24 -.48 -.46 ·33 -·53 -1.08 -·74 -1-14 
1954 -1.)0 -·35 -.14 -.46 .21 -·55 -·74 .21 --85 -1.49 -.81 -·50 

Bottom 1955 -·53 .06 -.20 -.06 - .. 21 -.08 -·31 --67 -·55 -.47 -.45 .)8 
1954 .18 -·85 -.4,? -.26 -·19 -.66 -.82 -1.16 '-1.17 -1.15 --85 -.01 



TABLE III. DEVIATIONS OF SALINITY (o/oo) .MEASURED' BY THE .BRO'NN BEAR FROV. CATALYST VALUES 

JAN FEB ).!.AR APR MAY JUN JUL AUG SEP OOT NOV DBJ 

Pillar Point 

Surfao e 195.3 - -27 -.41 .61 .4) ·52 • 72 -1.07 ·21 .10 --74 
1954 -·52 -1.83 -.)4 .01 -27 -.01 -.4o - -- -.40 -.69 

Bottom 1953 - .;;4 -.02 .09 -.0'+ -.09 -.o4 .oo --07 --05 -.22 
.1954 .o6 -1.16 ·27 .10 .02 -.02 -·05 -- - .O) -.42 

Port Townsend 

Surf'ac e 195.3 -·55 -.26 .;8 -.03 -27 ·29 --10 .28 ·25 .18 -.20 --70 
1954 -·95 -·70 -.18 -.01 -17 -- --36 .10 -·57 - -.16 

Bottom 1953 -·29 --15 .65 -·32 .25 ·51 .65 .66 -·73 .42 .49 -.60 
1954 -.66 -.48 -17 -13 .48 -- ·95 -28 -·97 -- -.)2 

()) 
-..! 

Tala Point 

Sur f'ac e 1953 -1.87 -1-56 .oo ·57 .1-t) -1-31 -·37 -·11 .40 .09 -1.12 -·15 
1954 -3-29 -1.28 -.81 -.)4 -1.14 -1.)4 -1·55 -.11 -07 - -1.76 

Bottom 1953 .o4 -. 73 --07 .11 ·57 -29 .28 -·59 -.22 --17 --23 -1.02 
1954 --87 -.)8 -.18 -.46 07. . / -.14 -15 -.48 -.27 -- -·33 

Point No Point 

Surface 1953 .20 -.40 ·52 -.26 .)1 -3·36 -.3-13 -1.44 ·54 ·55 .46 --63 
1954 -05 .20 -1.e6 -3·55 -6·53 -2.72 -.48 --51 -1.06 - .16 

Bottom 195.3 ·55 -.12 .14 .so .26 .)0 .49 .64 -.06 .09 -.)8 --47 
1954 -.26 -·75 -.46 -·39 -13 ·30 -23 -.22 -.18 - --27 

~~ 
Point Jefferson 

Sur f'ao e 1953 -.46 -.6) -·39 .87 1.14 -1.26 ·92 -·23 .06 --45 .24 -) .45 
1954 -4 .)1 --65 -1-32 --74 -.40 -.47 -.49 -1.67 - -.26 -21 -~11 

Bottom 1953 .41 .24 -13 -.02 -.1) -.02 ·05 .24 .09 -.ll -.24 -.11 
1954 -·50 -·59 -·55 -.60 -1.28 -17 -.08 -.)2 -·35 -.41 -·32 -.48 

~· -"'• 


