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ABSTRACT 

The surface winds which occur over the waters of Puget Sound 

and the Strait of Juan de Fuca present a complex picture. Strongly 

affected by topography, they cannot be predicted or fully explained 

solely by consideration of the changing atmospheric pressure patterns 

over or near the region. 

A detailed summary of accumulated surface wind reports is de-

sirable, therefore, to satisfy the increasing demand for a reasonably 

accurate climatic picture of the surface flo"1 over this region through-

out the year. In particular, oceanographic and fishery investiga-

tions beu1g conducted in these waters have sho~m the need for more 

detailed and comprehensive information of this sort than is presently 

available. 

This report attempts to partially satisfy this need in two 

ways. First, all available wind report summ:1rics have been accumu-

lated in the form of monthly wind roses for each reporting station. 

Secondly, a determination has been made of the frequency and maximum 

duration of' surface winds of above <:tVeragc velocity at selected sta-

tions over a three year period. 

Particular meteorological situations have been selected and 

discussed, to serve as examples of the genE:ral or unusual flow pat-

terns derived from the summarized data. 

Some of the oceanographic effects of these surface winds are 

discussed, and approximate calculations are made of the maximum 
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heights of wind waves whic.h may have occurred on Sound waters during 

the three year period for which high surface wind data were compiled. 

Wi~h the use of empirical formulae, semi-quantitative estimation_s. 

have also l;een made of the stress on the water surface due to the 

surface wind flow, and of the currents and water level slopes which 

might r€sult. 
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THE SURFACE WINDS OVER PUGET SOUND AND 

THE STRAIT OF JUAN DE FUCA AND 

THEIR OCEANOGRAPHIC EFFECTS 

CHAPTER I 

IN'fRODUCTION 

Description of the Area 

The area (see Fig. 1) for which the data has been accumulated 

is eomprised of those portions of vlashington and British Columbia ly­

ing west of the Cascade Mountain range from the Columbia River valley 

northward to approximately 50 degrees north latitude. The northern­

most ,stations considered are Vancouver, B. c., Entrance Island, near 

Nanaimo, B.c., and Esteban Point, on the west coast of Vancouver Island. 

The southernmost are T_oledo, Washington, in the Cowlitz Valley and North 

He.ad, Washington, on the Pacific coast. 

Three rr~in features dominate the region; the Cascade and Coastal 

mountain ranges and the lowlands which separate them. All three of 

these features are longitudinal in nature and are directionally 

oriented north-south. 

The Cascade mom1tain range, forming the eastern boundary of the 

region, rises to an average height' of 5,000 to 6,000 feet with a number 

of peaks extending to well over 101 000 feet; Several passes breach 

the range at different points, but the lowest of these, Snoqualmie, 

is still at P.!l altitude of just over 3,000 feet. Hence, between the 
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Columbia and Fraser River ·valleys, the Cascade Range forms an effective 

block to east-i-Test wind flmv. 

Between the· two mountain ranges, the lowland area extends from 

the Columbia River valley northward, en~losing the waters of Puget 

Sound. Farther north it includes the eastern portion of the Strait of 

Juan de Fuca, the San Juan Islands and Georgia Strait. There are two 

low-level passageways from this area to the Pacific Ocean, one through 

the Strait of Juan de Fuca, the other through the Grays Harbor Inlet­

Chehalis River valley. Elsewhere the coastal range provides a second 

barrier to east-west flow. 

The Olympic Mountains are the most prominent feature of the 

Cca,stal Range. They occupy almost all of the Olympic Peninsula and 

are roughly triangular in shape. Their western slopes are relatively 

gradual, leading downward to a narrow coastal plain, The northern and 

eastern slopes, however, drop sharply from an average height of 5,ooo 

feet to the Strait of Juan de Fuca and Hood Canal. One peak, Mount 

Olympus, reaches an elevation c•f 7,954 feet. 

South of the Chehalis valley the Coastal Range is again dis­

cernible, but with lowe·r elevations. This portion, kno-vm locally as 

the Willapa Hills, is generally from 1,000 to 2,000 feet in height, 

reaching maximum elevations of 3,000 feet. 

North of the Strait of Juan de Fuca, the mountains which com­

prise almost all of Vancouver, Island average about 3,000 feet in 

height wi+i.1 the higher ranges reaching ..~.,o 4,000 feet, 

The narrow coastal plain extends from the coastal mountain range 

to the Pacific Ocean. It is present only along the Washington coast, 
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On Vancouver Island the ccastal mountain range extends to the seacoast -

itself'. 

General Me_teorologic~ Characteli'istii:cs 

1'he characteristics of the surfcce winds which occur along the 

Wash~gton coast and western coast of Vancouver Island are, for the most 

part, attributable to the circulation around the semi-permanent high 

pressure cell which dominates the eastern Pacific Ocean. 

During the stunmer months this anticyclone is well developed and 

centered far enough north to cause prevaj~ing northwesterly .flow every­

where along the above-mentioned coasts from North Head, Washington to 

Esteban Point on the west coast of Vancouver Island. 
I 

During autumn the Pacii'ic High begjns to retreat southward and 

weakens considerably. Simultaneously the semi-permanent low pressure 

center usually centered near the Aleutian Islands begins to intensii'y 

and deepen. By midwinter these changing pressure systems have shifted 

the prevailing flow along the coast tc southerly directions, becoming 

south to southwest at North Head and southeast at Esteban Point. 

During the winter period, the area under consideration lies al-

most directly in the path of the migratory storms which follow the Polar 

Front. As a result of these storms the entire coast is subject to winds 

of gale force and above from directions ranging from southeast clock-

wise to ncrthnorthwest, even though the prevailing flow is well defined 
' 

as south to southw6stcrly. 

The surface winds which cccur over the water and land areas east 

of the coastal range, however, show sharp contrasts to the general flow, 
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and indicate the strong topographical effects. Investigation of the 

wind rose data indic<:'..tes that the influence of the mountain barriers 

is equally as important as pressure gradient considerations in deter-

mining the direction of these winds • 

lReed has m:J.de a detailed study of gale winds which occur at 

the w~stern entrance of the Strait of Juan de Fuca and points out that 

in a noticeable number of cases of winds over. 50 mph at Tatoosh Island 

' the direction cf those ~dnds was opposed to the prGssure gradient. 

These were occurrences of easterly gales at that static-n iorhen the baro-

metric pressure was higher at Tatoosh Island than at Seattle and other 

points on Puget Sound. At these times, the southerly winds over Puget 

So~d were sufficiently strcng to flow counterclcckwisc around the 

Olympics and overcome the pressure gradient through the Strait of Juan 

de Fuca. In the majority of cases, however, the pressure gradient be-

between the i...YJ.land b.asin and the Pacific Ocean was properly oriented to 

cause east-west flow through the Strait, but by no means sufficiently 

great to cause th~ high velociti~s recorded at Tatoosh Island. 

Reed ascribed these winds at that staticn to the terrain which 

comprises the shores of the Strait. The steep slopes there narrow 

funnel-like towards the western end of the Strait. Hence any air mass 

1Reed, Thomas L., "Gap "lflinds in the Strait of Juan de Fuca. 11 1 

Monthly Weather Review 59: 373-376, 1931. 
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tending to move westward through the Strait would be subject to the con­

.fining effect of this terrain until, at the western and of the Strait the 

"funneling" or 11 venturin effect would result in the high velocities at 

Tatoosh I ..>land• 

The wind roses compiled for the present study indicate that these 

same topographical effects hold not only for excessively high winds, but 

also for the wind flow in general over the region. 

During the late spring, summer and early autuwn montha the air 

masses moving over the area from the Pacific are exceptionally stable, 

reflecting the influence of subsidence in the dominating high pressure 

area cffshore, As a result, one can expect that t'll'inds within these 

stable a :i.r masses will be especially s..JS ceptible to the topographic in-

fluence of the region. 

Availability of Data 

Table 1_, Description of Stations, lists all of the stations for 

which summarized surface wind data were obtained. The sources of data . 
are listed in Table 2. 

Any investigation of surface wind data over this region is ham-

pered primarily by the scarcity of data, despite the fact that the area 

is well blanketed by a network of meteorological reporting stations. 

These stations include those of the United States Heather Bureau, the 

Civil Aeronautics Authority, Canadian Meteorological Service, military 

installations and a large number of individual cooperative stations 

manned by local residents. This latter group of reporting units provides 

the major portion of the coverage, but unfortunately none are equipped. 
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TABLE 1 DESCRIPTION OF STATIONS 

Length 
Elevation Period o:f · of period 

Station Latitude Longitude (Ft) Record (Yrs) 

* Bellingham, Wash. 48 45N 122 29W 159 Jul 50 - Jul 53 3 
Entrance Island,·B~C. 49 llN' 123 50W 35 Jan 22 - Aug 39 18 
Esteban·Point; B.C. 49 23N J26 32W --- Jan 22 - Dec 45 24 * Everett, Wash, (Peine AFB) 47 59N 122 12W 598 Nov 38 - Nov h.5 6 
Garry Point, B.C. 49 06N 123 llW 6 Jan 22 - Apr 41 10 

-~ 

North Head, Wash. 46 16N 124 O)~W 196 Apr 50 ... Dec 52 3 * Olympia, Wash. 47 03N 122 54W 69 Oct 49 - Aug 52 3 
* Port Angeles, Wash. 46 07N 123 261tl 29 Nov 49 - Aug 52 3 

~ 
* Sand Point NAS, Wash. 47 41N 122 15W 54 Mar 45 - Dec 52 8 
* Seattle-Tacoma Apt., Wash. 46 26N 122 20W 388 Jan 51 - Dec 53 3 

Stampede Pass, Wash. 47 17N 121 20W 3963 J'un 50 - Mar 52 2 
· Tacoma; Wash. (McChord AB) 47 08N 122 29W 300 Aug 40 - Jul 53 

,. 
13 

* Tacoma, Wash. · 47 15t-r 122 26~v 165 Duration data only 
Tatocsh Island, Wash. 48 23N 124 44W 101 Oct 49 - Aug 52 3 
Toledo, \.Jash~ 46 29N 122 49W 363 Jul 50 - Jul 53· 3 
Vancouver; B~C.(Airport) 49 llN 123 lOW 22 Feb 36 - !lee 45 11 
Vancouver, B.C. (City) 49 17N 123 05W 65 Jan 22 - Apr 42 20 
Victoria, B .. c.- 48 25N 123 19W 228 Jan 22 - Dec 45 24 

* \fuidbey Island, N11S, Wash. 48 17N 122 39W --- Apr 45 - Dec 52 8 

* High surface wind duration data compiled (1950-1952) 
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TABLE 2 SOURCES OF DATA 

United States Depart.ment of Cor.werce, Weather Bureau 

Local Climatological Data 
Local Climatological D3.ta 

Yearly Summary 
Monthly Sunwary, Wea.ther Bureau 
Form 10~1-C 

Special Mete .... roloeical Sunnaaries Weather Bureau 
Form 1001-C Suppl. 

Wind Rose -- Heather Bureau Form 5108B IBM 

Surface Weather Observations -- \-leather Bureau 
FurM 1130 A, B. 

United States Air Force 

Surface Weather Observations -- WBAN Form 1130 

Flying Heather Wind Rose -- National ~{eather Recun~s Center, 
Asheville, N.C. 

United States Navy 

Surface Weather Observations WBAN Form 1130 

MARS Climatic Atlas -- National Weather Recurds Center 
Asheville, N.C. 

Canadian Department of Transport, Meteor~logical Division 

Climatic SUiillilaries i'.::;r Selected Meteorological Stations 
Torontu, Ontario, 1948 

... 
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with wind recording instruments. 

As a result, surface wind data are obtainable only from the pri-

mary meteorological stations. Even these leave much to be desired with 

respect to continuity of reports and o."ailability in summarized form .. 

In preparing wind rose stimmaries it would be preferred, of course, 

to have all data summarized over identical pe~iods of time, but the num­

ber of stations for which this would be possible is so few as to defeat 

the primary object of the investigation. 

Consequently, summarized data from each station were acquired for . 
whatever period or periods was available :in order to obtain the best 

possible picture at each location. It was felt that increased ~lia-
·• ' 

bility at individual stations was of greater importance than misrepre-

sentations resulting from unequal periods of summary. This, then, 

suggests that the final results at each station be weighed as to relia­

bility according to the length of period of summary. 

Complete wind rose summaries which include percentages of winds 

from all points of the compass are available for American stations for 

recent years only, generally since 1949. Some of these are compiled to 

16 points of the compass, others 8. Canadian summaries are available for 

longer periods, from 1922 through the middle 1940ts. The National 

Weather Records Center at .Asheville, N.c., has begun to produce sum­

maries of the desired type since this project was started. Some of these 

were used for the wind roses 'given for the Naval Air Stations at V.Jhidbey 

Island and Sand Point, and the Air Force installations at Paine and 

McChord Air Force Bases. 
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The three stations of Seattle, Olympia and Tatoosh Island had 

complete wind rose data available for periods between October 1949 and 

August 1953. However, these same stations had avQilable for longer 

periods dr.ta for prevailing wind direc+.:t.on only. An attempt to estar-· 

lish to some extent the representative value of the shorter period was 

made by means of a comr;arison of prevailing wind direction for the two 

periods. The results at each station are tabuJated in Table J. 

These comparisons indicate that the recent period of complete 

data parallels closely the long term averages, at least insofar as the 

prevailing wind direction is concerned. From this it would seem that 

one is safe in assuming that for other stations for which no long term 

data are available, the averages for the recent periods give a fairly 

accurate representation of what long term summaries would yield. 

There were no complete summarized wind rose data available for 

the ~kather Bureau station at North Head, Washington. Here, too, how­

ever, summaries were available which represented daily prevailing winds 

for the period April 1950 through Decemb~r 1952. These were utilized 

to compile the wind roses sho"m in this study for that station. As 

such, they are not complete, the percentages shmm being based on the 

number of d~ys the prevailing wind was from each direction. It was con­

sidered highly desirable to h~ve even an incomplete picture for this 

station because its location and excellent exposure made it representa­

tive of the wind flow from the Pacific reachL~g that section of the 

WashingtoL coast. 

The compiled surface wind data is sho"m graphically by means of 

the usual wind rose polar graphs in Figs. 18 - 29. For all stations 

• 9 



MONTH 

JAn 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

TABLE 3 

COMI ARISON OF SHORT AI-IT! I ,ONG TERM 
PREVAILING ~liND DIREGTION 

SEATTLE TATOOSH ISLAND 

20 "ST Oct 49- 13 yr Oct 49-
pd. JuJ. 53 -pd. Aug 53 

(8 pts) (16.pts) (8 pts) (16 pts) 

SE s E E 

SE s E E 

s s E ltl 

s s w w 

s SSitl w w 

s S~i w s 

N Nm-v s sw 

N N s s 

N N s s 

SE SSvJ E E 

SE s E E 

SE SSE E E 
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OLYMPIA 

18 yr Oct 49-
pd. Aug 53 

(8 pts) (16 pts) 

s s 

s s 

s ssw 

sw SSH 

s ssw 

sw S$\1 

SV.J SSTIJ 

STIJ ssw 

sw ssw 

s sw 

sw s 

s s 



except North Head, the length of the barbs indicates the percentage of 

the total hourly observations taken in which the wind was reported from 

each of 8 or 16 different directions. The width of the barbs indicates, 

within the given ranges, the average velocity of the wind from that 

direction • 

. . There were no summaries available for any station which would 

present the t~~e of data desired far the study of the duration of high 

surface winds~ It was necessary, therefore, to compile this data from 

original hourly wind report records. These original records ·Here 

readily available from Janu2ry 1950 to date, and the three year period 

from Ja.."'l.ua:ry 1950 to Dedcmber 1952 was chosen as the period for these 

su:m.ma rie s • 
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CHAPTER II 

ANALYSIS OF IVIND ROSE Sill.1M.AR.IES 

December - March 

During the winter months the prevailing wind off the southern 

Washington coast is south .to southwest. Northward it backs gradually 

to southeast off Esteban Point, B.C. 

The prevailing flow over the Pugot Sound area is also southerly. 

These latter winds approach the Sound area from the south through the 

Cowlitz Valley past the reporting station at Toledo, Washington, and 

from the Pacific Ocean through tho Chehalis River valley. An investi-

gation of the data from North Head shows a higher percentage of easter-

ly winds which are due, probebly, to the localized effects of the 

Columbia River valley. However, the higher velocities at that st2tion 

are found v1ith the south and southwest vdnds, and it seems probeblo that 

for these winds the Willapa Hills do not constitute an effective bar-

rier to onshore flow from these directions. 

The southerly flow over the Sound.is indicated as fer north as 

Bellingham, but the data for the Georgia Strait and Strait of Junn de 

Fuca areas show sharp contrasts. Winds at tho Vancouver stations are 

predominantly easterly, reflecting, no doubt, the effect of the Fraser 

River valley. Here again, however, a considerable percentage of winds 

with higher velocities is from southerly directions, suggesting that a 

net flow of air may pass northward up Georgia Strait. 

The data from Entrance Island and Victoria, however, do not al­

low the assumption that this simple picture persists across the vddth 
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of the Strait. The directions and highest velocities at Entrance Island 

show a definite prodominanco from the east and northeast. Victoria shows 

a well defined predominance of northerly winds. Both these stations are 

well exposed and may be considered representrtive. Their data indicate 

that for at least a considerable portion of the time there is a reversal 

of flow across Georgia Strait and the San Juan Islands, with the further 

possibility of a frequent closed, counterclockwise circulation over the 

Strait near the latitude of Vancouver. 

The flow in the Strait of Juan de Fuca. is apparently not always 

the simple lleast or west" picture sometimes assumed. Tho presence of 

the funnel or Venturi effect suggested by Reed seems the most logical 

explanation of the strong easterly winds at Tatoosh Island. The data 

from Port Angeles, however, show higher percentages of winds from the 

southsouthwest to west. This.would suggest that frequently the wind 

direction is rl:)versed between Port .Angeles and Tatoosh Island. 

It seems likely that this unexpected feature is also related to 

the configuration of the Olympic mountain range along the southern shore 

of the Strait. The slope of these mountains is very steep along the en-

tire length of the Strait and would serve to confine at least the lower 

layers of the easterly gales which pass Tatoosh Island. 

It would appear, then that for a considerable portion of the 

time the north wind at Victoria turns westward into the Strait, but 

encounters the confining Olympic range only at points west of Port 

.Angelos. It is suggestud that a division of the flow takes place at 

some point west of this station, the major stream passing westward 

through the Strait to form tho easterlies at Tatoosh, while a much 

13 



weaker stream is deflected east-we.rd to furnish the westerly ·winds e.t 

Port Angeles • 

- The average locntiJn of this suggested point may perheps be in-

dicated by the prec;:.pitation pattern of the area. United States Weather 

Bureau records, and precipitation dr.ta compiled by Gerlach2 indicate 

that the 11rain shadow" created by the Olympic Motmtains over Port .Angeles 

and most of the 'PugetSound area breaks sharply just west of Port .An~eles. 

Ten miles west tho precipitation during the winter period is about 

double that at Port Angelos, while at Clallam Bay, 25 miles farther 

along the Strait, it is more the.n triple that arnOQ~t. 

This precipitation increase is usually explained by the fact 

that tho Olympic mountains decr0ase sharply in elevation sbout 20 miles 

west of Port angeles, averaging about 1500 feet in height from there 

westward. This perr.~its the r.~oist southwesterly flov1 from the Pecific 

to carrJ- much of its moisture across the mountains on to and over the 

Strait. However, if the northerly flow which passes Victoria and 

crosses the Strait were to encounter the abrupt slopes of the Olympics 

at this point, one would also expect a precipitation increase there as 

a result of orograpldc lifting of the onshore winds. 

2Gerlach, .Arch !;>. "Precipitation of Western Washington", Ph.D • 
. Dissertation, 1943 Library, University of Washington, Seattle, 
Nashington~ · 
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Therefore, although the region of sharp precipitation increase 

is probably due primr:rily to the change in elevc:.tion of tho Ol:ympics at 

that point, at least a portion of that increase may well bo due to oro­

graphic lifting of north or northeast winds which first encounter the 

slo:t-es of the Olympics in this region. 

The fact that the prevailing winds at Port Jlngeles are west-

southwest to southvJest, rather thc.n due west or westnorthwest may also 

indicate that some of tho air which crosses the mountains west of Port 

Angeles passes eastward along and cown the slopes of the higher portions 

of the Ol;ympic Mountains to tho ecst, pes sing Port .Angelos fro11 the pre-

vailing direction. 

The regional flow pattern just described is shown grephica~ly in 

Fig. 2. This pattern represents, of course, the ]2revailing wind flow 

over the region, and is by no means meant to describe simultaneous con-

ditions at all times. However, it could logically be expected to exist 

frequently under recurrent meteorological si tUD tions. i',n example was 

found to exist on Januery 24, 1951, and the wind flow pattern and iso-
~ 

baric configuration for that and the follm1ing days are depicted in 

Figs. 3 - 4. 

On these days tho region was under the influence of a low pres-

sure center located about 500 miles c~ue west of Tatoosh Island. On the 

2L,th, the easterly 'Ninds at Tatoosh Island were at a maximum velocity 

at the surfe.ce, and nerged gradually into the southwesterly flow at 

6,000 feet. The observations at Port Angeles seemed to indice.te the.t 

the point of divergence previously suggested v;as in the ncar vicinity 
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of' that station, since the winds there changed erratically betv1een south­

westerly and northeast8r ly directions ·throughout the day, sometimes from 

hour to hour. 

With the continued approach of the low center, howGver, the east­

erly flow at Tatoosh was apparently overcome by the stronger southerly 

winds associated with the storm center. On the 25th, tho wind at 

Tatoosh voered to the south ar.d increaDed in velocity to 32 mph. This 

disappt::arance of easterly flow in the Strait WBS reflected also at Port 

Angeles and Victoriu, lihEre complete reversals of wind direction wGre 

obsorvod. Tb.ere w:1s no indice.tion at this time, therefore, of tho closed 

circulation over Georgia Strait, .§l}ld apparently the surface flow wc.s 

soutr.erly over all of PugGt Sound and Georgia Strait, reinforced by an 

influx of air from the south~11est over the lovJer ranges of the OlyrJpics 

west of Port fillgeles. 

fillril - ~by 

DuriDg tho spring months the northward migration of the Pe.cific 

High is inG.icateC:. (see Fig. 5) by the provailine; vJinds at North Head, 

v1hich ~1eer from south to northwest, and thoso at Tatoosh Island, which 

lose their predomin2ntJy easterly characteristics and veer to the south 

and eventually west. The prevailing flow over the southern portioEs of 

Pugc:t Sou.cJ.d, however, re:oains predominantlY southerly, whilo that in the 

Cowlit~ V1:1lley past Toledo boconos northerly. This seei:J.s to indiccto 

tl-..at a net influx: of air passes eastward through tho Cheh..alis River 

valley and diverges, one stream continuing southeastvwrd pe.st Toledo, 

the other moving northward around the Olympics and over Puget Sound. 
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