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SUMMARY OF THE OCEANOGRAPHY AND SURFACE WIND STRUCTURE 

OF THE PACIFIC SUBARCTIC REGION 

IN RELATION TO WASTE RELEASES AT SEA 

INTRODUCTION 

The purpose of this report is to briefly outline the 

physical oceanography and surface wind structure of the Gulf 

of Alaska and waters adjacent to the Pacific Coast of Alaska. 

The information to be gained from this summary is then used 

to evaluate the efficacy of the rather arbitrary 59-mile 

International Agreement Zone inside which vessels are pro

hibited from discharging oily ballast waters and slop oil 

with a concentration greater than 100 ppm. 

The narrative portion of this report is intended as a 

resum~ of the many accompanying figures. Since the conclusions 

reached were based largely on these figures and the reports 

from which they were taken, they are presented here as the 

background material. 

No attem~t is made to calculate the dispersion of irude 

oil wastes since these are not generally miscible with seawater. 

It is known {Kinney et al., 1969) that the lower fraction 

hydrocarbons, gasoline and kerosene will evaporate rather 

rapidly (less than a day in Cook Inlet studies). The live 



crude oils of Cook Inlet origin are considerably less likely 

to remain clumped (at sea) than those originating from Sumatra 

or other regions. Oils recovered from tank cleaning are altered 

considerably, however. Weathering turns Cook Inlet crude oils 

into a viscous, tar-like material (Ray Morris, FWQA, personal 

communication). The bulk of this report, then, is concerned 

with those wastes discharged in rather la~ge volume which are 

likely to maintain their identity in such a fashion that they 

will be aesthetic nuisances if washed ashore or will intefere 

with bird and animal life at sea or ashore. 

Geographic Regions 

· The North Pacific has been the subject of intense study 

by oceanographers from Japan, Russia, Canada, and the United 

States for many years, particularly in connection with its 

extensive salmon and other fisheries. As a result, the geography 

of the so-called Subarctic Pacific (SP) has been well-defined. 

Figures 1 and 2 exhibit the principal features of the SP. 

Of particular interest are the American and Alaskan Coastal 

Regions and the Western Gyral Region south of the Aleutian 

chain. These regions are defined mainly on the basis of their 

surface and subsurface currents and temperature-salinity re

lationships. In other words, waters of a particular region 

are sufficiently unlike those of others and also so similar 
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over a broad area that they can be so classified. The cir-

culation in a given region will be unique; for instance, waters 

in the Alaskan Gyral may recirculate within the Gyral for 

several orbits before entering the coastal water regions. 

Waters once in the coastal regions, however, are more likely 
' 

to move westward within the coastal region, leaving the system 

by entering the Western Gyral or Subarctic Region. 

Bathymetry 

The seaward extent of the continental shelf area is some-

times given by the 200-meter depth contour. The bathymetric 

charts (Figures 3 and 4) show as the first contour the 1000-meter 

isobath; since the 200-meter isobath lies quite close, the former 

contour can be taken as the limit of the continental shelf in 

the Alaska region. It can be seen that this is near the 

Aleutian Island chain, about 60-120 miles off the south and 

southeast coast of Alaska, and shows the broad extent of the 

shelf area in the Bristol Bay region. 

Although the shelf is relatively far offshore (as opposed 

to the West Coast of the United States) ibwill be pointed out 

that onshore currents still exist in this region. 

Figure 5 shows the complex inland sea area of southeast 

Alaska. 
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Currents Deduced from Drift Bottle Releases 

Because drift bottles are partly exposed directly to the 

wind, their use as indicators of surface currents is often 

viewed with suspicion by oceanographers. However, drift 

bottle release results are good indicators of the path likely 

to be followed by solids, such as impacted oil sludges, and 

other surface debris. 

According to Dodimead et al. (1963), the drift bottle 

data shown in Figures 6 to 11 exhibit the following surface 

flow phenomena: 

1. northward drift between Attu and Komandorski Islands; 

2. from as far south as latitude 46°N between 140°W and 

145°W into the Gulf of Alaska; 

3. around the Gulf of Alaska (Alaskan Gyre); 

4. along the southern side of the Aleutian Islands, into 

the Bering Sea, and eastward along the northern side of the 

islands; 

5. circulating within the Subarctic Region; 

6. from the Subarctic Region into the California Current 

system, toward the Hawaiian Islands, and then westward to the 

Philippine and Japanese Islands; 

7. around the western Subarctic Gyre. 

From the viewpoint of solid wastes drifting with the 

surface currents one reaches the unhappy, but not surprising, 
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conclusion that there is really no safe place to dump refuse, 

even in the middle of the North Pacific Ocean, since the waste 

will eventually end up on a beach. In transit, of course, the 

waste may disintegrate and fall to the bottom or become in

distinguishable, depending on the time of transit, the sea 

state during its passage, and the nature of the waste. 

Computed Surface Currents 

Figure 12 shows a schematic diagram of the surface cir

culation deduced from direct and indirect observations. Some 

of the features given in Figures l and 2 are also present here. 

In Figure 13 the currents at a depth of about 200 meters are 

shown; it can be seen that the surface features maintain them

selves at this depth for the most part with additional structure 

coming into the picture as exemplified by the California Under

current. 

Figures 14 to 23 show the so-called geostrophic surface 

currents from 1955 to 1962. These currents are computed from 

a knowledge of the vertical distribution of density obtained 

at widely separated locations in the ocean. Density, in turn, 

is calculated from the temperature and salinity of water samples 

obtained at different depths in a given column of water. 

The charts of 'geopotential topography' show contours on 

which current direction is indicated by arrows. Current speed 

5 



is inversely proportional to the separation of the contours, 

hence closely spaced contours indicate swift currents. In

sets on the charts can be used to pick off current speeds. 

In general there are rather swiftly moving currents in 

the coastal regions moving out along the Aleutian chain. 

currents move northward along the Canadian-Alaskan coast 

and eastward from the Subarctic current and the West Wind 

drift (Figure 12). 

The broad area of seemingly sluggish currents (as re

vealed by widely separated contours) corresponds to the 

Alaskan Gyre. 

Because of the method of calculation, the currents shown 

are seaward of the 1000-meter isobath with the exception of 

Figure 20, which is based on a 300-meter computation. The 

latter figure exhibits a component of current toward Kodiak 

Island from the east, as well as the onshore currents along 

the Aleutians. In the Aleutian chain currents are shown as 

moving north into Bristol Bay (this feature is also shown in 

the other figures)~ 

Figure 23 shows in more detail the currents in the Gulf 

and the relative position of the Alaskan Gyre. 

In all figures the velocities in sea miles per day (SMD) 

at selected positions are indicated. In the last figure, for 
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instance, a current of 1 SMD is shown south of the Alaskan 

Gyre, but in Figure 15 a 12 SMD current is shown southwest 

of Kodiak.· 

The current charts, then, exhibit great extremes in speed 

and direction, both in time and space. It should be borne in 

mind that the currents shown in these charts do not show short 

duration wind effects·; hence, wind drift at the surface would 

be superimposed on these currents. The resultant drift of 

surface material could then be parallel to the contours or 

could cross the contours at right anqles. This is an extremely 

important fact to consider when attempting to show probable 

drift of any ocean waste discharge, especially one which will 

be constrained to remain in the very few upper inches of water 

and which is discharged nearshore. 

The indications of this section are that there is an on

shore component of current in the coastal regions; in conjunction 

with the drift bottle data it can be seen that material dis

charged within severa 1 hundred miles of the coast wi 11 move 

alongshore at speeds of 1-15 miles per day (independent of 

wind drift). The prevailing wind drift will determine in the 

mean whether a waste discharged, say, in the northeast part of 

the Alaskan Gyral will move into Cook Inlet, out along the 

Aleutian chain, or remain within the Gyral. 

7 



Inferred Currents 

Temperature and salinity determine density - the distri

bution of which can be used to compute current velocity. The 

individual distribution of properties can also be used to 

infer current directions. 

Figures 24 to 27 show these properties; comparison with 

the SP zones (Figure 24) reveals the presence of the Alaskan 

Gyre, the northward bending of the l0°-l5°C temperature con

tours shows that the temperature of the water masses is fairly 

well retained in transit and shows a shoreward component. 

The salinity distribution (Figures 25 and 26) reveals relatively 

fresh water along the coast due to runoff, The density dis

tribution (as Sigma-t) also reveals a marked coastal region 

extending several hundred miles offshore. As a rule of thumb 

it can be postulated that a waste released inside the 23.8 

contour west of Juneau and the 24.6 contour south of Kodiak 

will quite likely reach shore within a few days, depending on 

the set of the wind. 

Winds 

During the winter, the Subarctic is under the influence 

of the Aleutian Low which is located in the Bering Sea near 

the Aleutians. In conjunction with the Siberian and North 

American Arctic High pressure cells, the winter winds are 
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predominantly westerly. They blow from the northwest in 

the western part of the region through southwest on the 

eastern side. In the northern gulf, easterly winds prevail. 

In the summer the North Pacific High predominates over 

the Aleutian Low, and the prevailing westerlies of the winter 

are replaced by south or southwe·st winds. Near the Canadian 

and Alaskan coasts prevailing summer winds are generally 

light and variable. 

Figures 28 to 51 show average monthly surface wind data, 

sea level pressures, and storm tracks in the region of in

terest. 

Each monthly wind rose shows the speed and direction 

frequency of surface winds at various locations. For instance, 

Figure 28, for January, has onshore winds about 26 percent 

of the time at the Seward station. At the station off Queen 

Charlotte Island there is an onshore component about 50 

percent of the time. Additional information is also given 

at each wind rose. 

The surface pressure charts can be used to infer wind 

direction by noting that circulation is counterclockwise 

around a low and clockwise around a high. Wind direction 

does not parallel the isobars, but has a slight component 

inward toward a low and out from a high. The memory aid is 
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that with one's back to the wind the low pressure cell will 

be on one's left-hand side. The monthly frequency at the 

Seward station is given in Table 1 where an 'onshore component' 

is defined as coming from the south, southwest and west bars 

of the wind rose. 

Month J F 

TABLE l 

Onshore Winds, Seward Wind Rose 
(from U.S. Navy, 1956) 

M A M J J A s 0 N D 

% 26 20 25 22 32 43 34 46 32 34 20 24 

The implications of this section on wind are rather ob-

vious: there will be an onshore wind component sometime during 

any month of the year. Surface material will drift at 2-5 per

cent of the imposed wind speed, and this drift will be super

imposed on the net density related currents shown in the 

previous section. 

NORPAC Data 

During the summer of 1955 a multi-ship, multi-nation 

oceanographic expedition of the North Pacific (NORPAC) took 

place. The station spacing in the Gulf of Alaska was good 

and sections of some of the figures from the NORPAC Atlas are 

reproduced. 
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Figure 52 shows the surface currents during the cruise; 

the Alaskan Gyre is outlined by the 0.70 contour and the 

currents are similar to those shown previously. 

In Figure 53 the quantity of zooplankton was estimated 

from data collected at varying depths and with different nets. 

Some:features are worthy of comment: note that south of about 

latitude 30°N there is a relative absence of zooplankton, 

while there is an increase northward and particularly along 

the coast. The large amount in the coastal areas.supports 

the idea that this is a zone of nutrient abundance and is a 

very important enrichment and biotic area. 

The number of fish larvae, Figure 54, was standardized 

to the amount in a volume of water 10 square meters in area 

at the surface and 140 meters thick. It is difficult to 

generalize on the data presented in the chart, other than 

to suggest that there are no obvious barren or fertile zones 

that probably could not be explained on the basis of sampling 

methods or gear. Larvae are, however, present throughout the 

North Pacific. 

Seal and porpoise sightings during NORPAC are shown in 

Figure 55. Since no special effort was made to maintain a 

sea-life watch aboard all vessels, the result should not be 

taken as to indicate more than the fact that these mammals 

can and do live hundreds of miles from land. 
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Figure 56 shows whale sightings. As in Figure 54, the 

most S i ghti ngs occur between 1 ati tudes 40°N and 50°N, and 

longitudes 150° to 180°. 

Conclusions to be reached in this section are that the 

North Pacific and especially the coastal zones are highly 

productive in tenns of zooplankton and fish larvae and many 

marine mammals can be found far offshore. The Aleutian Islands 

are well-known· breeding grounds for different species of 

seagoing mammals which depend on the nearshore fishery for 

food while raising their young. The Gulf of Alaska and the 

Bering Sea--Bristol Bay area contains relatively high con

centrations of nutrients making the lower stages of the food 

chain highly productive and available to grazing zooplankton. 

As has been shown, this is reflected in the large gradients 

of zooplankton toward the coast. 
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SUMMARY 

It has been shown that the circulation in the Gulf of 

Alaska and t~e Pacific side of the Alaska coast is somewhat 

closed. A counter-clockwise circulation exists at all times 

of the year. Currents near the coast are fairly fast with a 

jet-like stream passing south of Kodiak, out along the Aleu

tian chain and into the Bering Sea. 

Wind systems in the Gulf will drive surface material 

inshore a few days of each month at a rate of 3-5 percent of 

the wind speed. 

The naturally high nutrient level in the Pacific Subarctic 

supports an extensive and unique biota both inshore and at sea. 

The Gulf itself is traversed periodically by Asian and North 

American salmon stocks. 
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CONCLUSIONS AND RECOMMENDATIONS 

Nonsoluble or sparingly soluble liquids such as those 

normally discharged at sea from freighters and tankers dis

charging oily ballast or slops from tank-cleaning operations 

will eventually end up on Alaskan or other beaches no matter 

where they are discharged in the Pacific north of about 45°N 

latitude. If the amount of discharge at any one time is 

slight,if dispersion is great, or if part of the material 

falls to the bottom during its sea drift period, then the 

identifiable amount on shore could be minuscule. 

The closer to shore the discharge, the better the chance 

for its ending up on shore, of course. The dispersant action 

of the sea will not apply to these wastes since they are not 

miscible in the usual sense. The velocity shear associated 

with circulation around the Alaskan Gyral will tend to move 

a waste material into the coastal region where the prevailing 

onshore wind system will exert itself. 

Material once inside the southeast Alaskan inland waters 

will be effectively trapped. Wastes discharged at depth in 

the vicinity of Cook Inlet will probably move into the estuary 

with bottom water which replaces waters moving out at the 

surface. This mechanism has not been established for Cook 

Inlet but has for the Columbia River and Chesapeake Bay 

estuaries, among others. 
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Releases near the 50-mile zone along the Aleutians will 

most likely either end up on the Islands or enter the Bering 

Sea, assuming a relatively long half-life. The 50-mile zone 

is a rather ineffective arbitrary limit; in fact, there is 

no limit that could be set that would ensure that sea dis

charges would not affect remote areas, much less the immediate 

region of the discharge. The NORPAC biological observations 

(Figures 52 to 56) point out that there is no desert in the 

sea where wastes can be discharged and put out of mind. 
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FIGURE 11 . Dt·if'L of MY l'!Jnttr during three COIISl'Cut;vc 

night< (July :?G- 29, 1959) aurl drift 0fparachute drogt••·s 
(4.f.i 111 cicptl!) rdc:t$l'd and u·ack•~d by USC &: GS ves<d 

1!\j,fur.·r (] unc 19:>9). 
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NORTH pACIFIC OCEAN 

:F1l:tt1u: 13. Scht:m:Hic diagram of circulatim• at 200 dccibars relative to 1000 dcrih~rs. 
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l'wUJu: 14 • Gcopotcntial topography, 0{1 000 dccibars, summer 1955. 
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FIGURE 16. Geopotential topography, 0/1000 decibar~, summer 1957. 

FwuRE 17. Geopotential topography, 0/1000 dccihars, winter 1957. 
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NORTH PACIFIC OCEAN 
. ·----. GEofaoTENTiAL TOPOGRAPHY 

• · l)rnarnlc Holobl Anor.'IOiy lAD) 

Fwc.nu: 19. (k-oJIOt~ntial topography, 0/1000 de~ibanc, winh:r 1958. 
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8uol ibD~tlytheC.III~ H)dlui:•~C s-.-. :kin..,-, llftld ¥1~ f'o-'\ 
O(HJtlM[fa Of' llltNU AND rtCHHICAl SUP\'£YS.. Cf'UrA 

Figure 20. 



FH:llltE 21 • Cc::upotcnlial tupor,raph)', 0/1000 dcribars, sumnHT l~l:->!l . 

. 
1:-'JGURE 22. Gcopotcntial topography, Of\000 decibars, winter 1959. 
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FIG. 23 .GeojJotential topography, 0/1000 decibars, eastern Subarctic Pacific, June 1962 (broken 
line encompasses area shown in subsequent figures). 
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e~ """"' ~·.,~ ~ !:0. C•ou<!.tn ~O'IIC Set\<e. ~! ....:1 ••.,p,.,-oC Btanch, 
ti(PA.il'f'P.t 'fT Of \11~~ A.l"~ TlCHN:tAI. SIJRV£Y"".- onAWA. 

Figure 24. 
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FIGURE 2S. Surface salinity (%o),. July-August, 1957. 
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Figure 27. 
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JANUARY 
Percentage frequent~ of Wind S~ed Beaufort ForCe 3. or less (< 10 Knots). 
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_ ·~ANUARY 
Meon Seo Level Pressure' In Millibora 

..... 
Percentage frequency of 100 level pressures equol 

· to ,or less than the pressure intersected by the 
curve . 

....... __ -4: 15% of ~II lttl l#rll prlllllfll •''' 1020 
•iiJibtJtl Of /111.) 

Storm Tracks 

l'rimary frock, olcing which there hal Cbeeo maai'!lum 
concentration of individual storm center polht. • 

,-.,..---,~~. Secondary track, along which there hos been moderate 
concentration of individual storm center paths. 
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V/,71 
l 1) ' {t 

MARCH 
Percentaoe frequency of Wiud Speed Beaufort Force 3 or less I< 10 Knots). 

Direction Freq~: Bars represent percentogo frequency 
of wind observed from each direction. Each circle equals 10 "to. 

~l1). 1'l·~j D. 
\ ••• _. _____ •• ( 29% of oH winds were Oeoufor/ f'orce 4,) 

• indiccles less lhon 1/2 percent. 

Figure, 32 
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MARCH 
Mean Sea Level Pressure In Millibars 

'',,,..( 15% of O// uo 11•11 Pflllllfll. rlrl 1010 
Millibdn., tl' 1111.) 

Storm Track a 

Primary lrock, along which there has been ma.imum 
concentration of individual storm center paths. 

Secondary !rock, along which there has been moderate 
concentration of individual storm center palha. 

Figure 33 
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PercentOQO frequency oi Wind SJ1CCd Beaufort Force ~ or l~ss (< 10 Knctsl. 

Direction Frequency: 8or5 represent percentage frequency 
of wind obser•ed from each direclion. Each circle equals 10% . 

• -·····-··----( 14% of oil ttlll:fltt~er• frt,n N.) . e 
#085 

~ . 
• Speed rrequency: Printed figures represent percenloQe frequency 

fi:,' OTWrn obr.erved from eoch direction within eoch speed in1er\'OI: lo-a o.) ! 
"~" a-s.....___..,.•~IO 1 ~~~~~ :<S • ~ • ,. .. ...t 9% of oil winds •~rtt lr01r1 S .. ilh spocd 8eaulorl 8ro~:.:;t. 4-S--..-11·21 Knots 

,'<..£S-! 1 ,.' Fotet 4-5 {11-21 Knots}.) • c-r__..tz.Sl 
I _.. t ,1 ' , e..I2.._,_>J). 

, • Tobie below wind rose pro·Jides p"cenloge frequency of wrnd 
- &peed of each Ueuufod f-u~t.e f1um 2 Uuuuyft 9; li!Lsl,r

5
1
6
Wof 

~L~1J"L!J 1 ,:t~.L!J 
\ •...••••••••• ( lJ% oftJII•inds wtre&oufor/Fore•".l 

• indicnh.·a lc~s thon 1/2 portent. 

Figur~ ~·; 
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Storm 'Tracks 

~"<1'-J Primary! -y eo rack alann h" neenlralion 'ot . , . w och there h ,.....----:-~ ondovodual storm as been malimum 
Seeandciry track a center paths. 

concentration of' in~~n~ which there hos 
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MAY 
----- Pucento~e frequtney of Wind Speej Beaufort force 3 or less I< 10 Knots). 

Direet;on Frequtncy:. Bars represent percentage frequency 
of wind observed from eoch direction. Eoch circle equals 10°4. 

~ ••••••••••• ( 14% Df oil .-inds "''"from N.) 

. ·~ :··· so .. d frequency: Printed fiqures represent percentOQe lre(luCnC'j . A 

~' orwind observed from eoch direction wirhin each speed inrcrvol: I o-oVo-sl 
;: • t-s......___.,c.'() 

1 '\.~ _., ~, • • .. ..( 9% of oil ~:'r.dt •t>r~ ltflm S w/111 spood Bflulllorl 8}.""''"' 4.e u.z, K!t~ls. 
~~l""~a ,',' r,,,. 4-5 {fl-21 Knots}.\ • tNC• e.r::::::u.;n 

' • •41'.,' Tobie betow wind rose provides percentage frequency cf wind •-
12->:n 

&poed o! each Beoutorr Force from 2 through 9: YMJ
6
.L,,Y.

9
J 

~~ ... ~~L.W.!J D 

'". ............ ( ~9 'l6 of' oil wit>d~ were l'roulorl Fore• 4,) 

+ indicorcs less than 1/2 percent. 

Figure 36 
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Mean S~ ~~t Pressure In Millibars 

Percentaoe frequency of seo level pressures equal~ . :1--+--+-+=l'.-.~ 
, to or leu than the pressure intersected by the I_•..,~F'-+--+--fi=--f 
', curve . 

........ ___ -{ ''% Df o/1 s•11 1•~•1 pr•uur1s "'" 1020 
~ttillibtJrs or /tu.l 

Storm T rocks 

---. _ "r ... ,7 Primary track, atono which there hoa been mo•imum 
---- r concentration of individual storm center paths. -

,... ----~ Secondary track, otono which there has been moderate 
concentration of individual storm center paths. 

Figure 37 
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.JUNE 
Mean Sea level Pressure In Millibars 

' ',, curve. • 

'""--..( 1-'% of 111/ 1111 llrol priiiUfll ror1 1010 
tni/libDII Of /611.) 

Percentage frequency ol sea level pressures equal ' 
Ia or leu than the pressure t~terseeled by the 

____ .... 
,..... ~ 

Storm Tracks 

·Primary track, alon9 which there has been maximum 
concentration of individual storm center paths. 

Secondary track, along which there has been moderate 
concentration of individual alarm center paths. 

Figure 39 
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M~an Sea Level Pressure In Millibars 

Percenlave frequency of sea level pressures equal 
, to or less than the pressure intersected by the 
', curve. ,, . 

........ _-.{ 1.5" of llll•ltl l1r1/ PTIIIU'II 11111_ 1020 
111il14'bar1 or /111.) 

Storm Tracks 

Primary track, alonv which there has been muimum 
concentration of individual atorm center potha. 

/ 
/ 

/ 

,.-----.--~ Secondary track, otonv which there has been moderate 
concentration at individual storm center polhs. 

·Figure 41 
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---- Percentoqe frequency of Wind Speed Bfaufotl Force 3 or lt!ss (<: 10 Knors). 

Oitecr;on rreque~: Bors represent percentage frequency 
or;;:;;d a'b5erVed from each direction. Eoch circle equots IO"'o. 

~~--~~~~~~~~~~~~f,-1-----------,M. 

·-·····-······( 14'}6 Dl all rrinds '*lfl !ram N.) . · e , 
#085 ' Speed Frequency: Printed ligures repres~nt percentage freQuency 

~ !~' ~tnd observed from t..:JC'h direction withif'! each speed interval: ~ o.. o.s I 
ftlnoo1'"•\ 1-:S'--"""·4·10 •~.;.;.'~}/' • , • ..( 9% af all •·inds •'tlr• from S wilh sp•ed 8eaularl 87.~{";1 •·•---"·•• Kna!J ;'.!I!...-~ ,', krn 4-' [11-21 KnQts] .) _ t.?-:__u.33 
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b ·,,' Tobie below- wind rose prot~idos pcrccnto9e f1equcncy of wind . •·12->n 
5peed of each Beaufort Force from 2 through9; 1
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~ht"'~!~.!J 
't .. ;.( 19% a1 on winds .. ,,. &auforl f'arct 4,) ........ ... .... .. . . 

Figure 42 l:\~: -_. __ ... ____ ; __ : LJ . 
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AUGUST 
Meon Seo 

Percentage frequency of seo level prusures equal 
, to or less than the pressure intersected by the 

-
1-
1-

', curve. 
...... 

· '"'---( Tj'!(, of o/1 1~0 II PII prtJJIITIJ rtrt 1020 
Mil/i!Jafl or /111.) . 

,_ ·- . - ...... - .... 
Storm Tracks 

Primary I rock, along which !hero has been maximum 
concentration of individual storm center paths •. 

.,...,.---~ Secondary track, along which there has been moderate 
concentration of individual 5lorm center paths. 

Figure 43 
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SEPTEMBER 
---- Percentage frequency of Wind Spcod Beaufort furce 3 or tess(< 10 Knots). 

figure 44 
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Mean Sea Level Pressure In Millibars 

--r- PercenlaQe frequency of SOG level pressureo equal .... 
, to or less than lhe pressure intersected by the · 

-----

- ,_ '-- -1- 1-1110) l .. n ·

-~······ 

', curve. .. 
'' .... --C 7.5% of all lltl l1r1l PriUIITII 

11il/ibt111 or IISI.) 

Storm Tracks 

"''' IOZO 

--.. ----""""""'-':7. Primary track, olonQ which there has been maximum 
concentration of individual storm center paths. 

----~ ,. 

--
Secondary track, along which there hos been moderate 
concentration of individual storm center paths. 

Figure 45 
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r -- OCTOBER 
Ptrtenloge frequency of Wind Speed Beaufort force 3 or less ('<i.IO Knots). 

Oireetion Ftequency: Bor$ represent pcrcenlo9e frequenct 
of wind observed from eoch direclion. Eoch circle equals 10%. 

;:;:::_· ·-.. -------------( 14% of o/1 winds"'" from N.) "fJ 
' . ' .,.--_40';~~ Speed Freque~: Printed figures represent percentage frequency (~ 

i.J;"-~, OfW!'nd observed from ooch direction within eoch speed interval: I O·IVo-s l . ,.,.....___... ·-~ 
# ,...... ... • 

1 

' .., .. ..( 9% (I( Dll flt'!IJ(/s a'IJfiJ from S wii!J SPBIJd 8tJoulorl 87:,~~":1 4-S____..II·tt KnDI$ v). ,,, rorc• 4-J {11-21 A"nots).) •. ,..__u.:n 

· ' Tobie below wind rose provides percentage frequency of wind 0
'
12->!> 

speed of eoch BeJufort Force from 2 through 9: L1 I 1 I 1 I 1 I 
~~ ...... ill 2)4&0180 

..... .; .... :-· ... ____ .... ( 29'}6 of all ,intis wer1 Otauforl Force 4.) 

.. indicates tess thon 112 percent. 

Figure 46 
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Mean Sea Level Pressure In Millibars 

Percentage frequency of sea level pressures equal 
to or less than the pressure intersected by the 

',, curve. ,, . 
....... _~ 15% Of D/1 110 /tu/ PIIIIUIII Will /020 

millibo, 01 /tu.) 

Storm Tracks 

Primary· track, olaftg which there has been mo.ximum 
~oncentrotion of individual storm center paths. 

Secondary frock, along which there hos been moderate 
concentration of individual storm center paths. 

Ffgure 47 
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NOVEMBER 
Percentooe fre~ucn:y of Wind Speed Beoufort Force 3 or iess (< 19 Knott). 

~ F'reque~: Bors represent percentage frequency 
of wind obser~ed fr~m eoch direction. F.och circle equals 10%. 

+ indicates less thon 112 perce.nt. 

Figure 18 
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NOVEMBER 
Mean Sea Level Pressure In Millibor.s 

Percenloge frequency of no level pressures equal 
~. , to or less than the pressure intersected by the 

-JI-
I 

·-

', curve. 

... .... _ .... _-( 15% of ~II lltl l1r11 prllltlrl$ .,,, IOZO 
milliba11 or 1~11.) 

Storm Tracks 

Primary !rock, along which there has been mo1imum 
concentration of individual storm center patha . 

_,.. ..-.~ -.~. . 'secondary track., along which there has been moderate 
'concentration of individual stoini center paths. · · 

Figure 49 
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PorceniOQG frequenc~ of Wind Speed Beouforl Forco 3 or less 1< 10 Knolu). 

. , 

Direction Frequency: Bors represent percentage frequency 
OTiiliid obser~ed from each direction. Each circle equolu 10%. 

• .( 9% of all "''""' ,;,,,. from S with IPBDif Beaufort 
,_-'' rare• 4-!J [11-21 Kna~s].l 

·' Tobie below wind rose pr~i~cs percenlogo frequency of wind 
apeed of each Beouforl Force from 21hrough9: 1

1
•
5

1
4

•$1
0
•,1

0
•
0
1 

~1!'~1.!1~. 
~ •••••• · ••• •••• (29% of an ><.inrfs "'"' Bcaufarf rare• 4.) 

• lndicolc~ less lhon 112 percent. 
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DECEMBER 
Meon Seo level Pressure In Millibars 

Percentaoe frequency of seo level prenurn equal 
, to or less than the pressure intersected by the 

'....... curve . 

'-. .... .( 1S% of 1111 1111 l1r11 pr11iur11 
•iUi~tJtl or 1111:) 

Storm Tracks 

.,, 1010 

Primorr track, olono which there has been maaimum 
concentration of individual storm center paths. 

,.----~ Secondary track, alano which thare has been moderate 
concentration of individual storm center paths. 

Figure 51 
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Quanti.ty of zooplankton in milliliters 
per 1000 cubic meters of water.

53 NORPAC - 1955. Figure ' 
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Numbers and species of seals and 
porpoises sighted, and date of sighting 
1955. NORPAC ATLAS ftgur~ 55 . 

··----- --· 
S Un1dent1f1ed seal 

\ 
\ 

I, 

I, 

FS Fur Seal (Callorh1~~s ~~f~~s) 
SL sea Lion C~topias iubAii · 
P Unidentified porpoise l 
DP Dall Porpoise (P~~--~~~1~~~-dall1) ~ 
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Numbers and species of whales sighted 
and data of sighting, 1955. 
NORPAC ATLAS f1gur~ ~6. 

W Unidentified 
Ws Sei (Balae~~~;~: ~o~e!~) Wh Humpback {Megaptera novaeangliae) 
B Blue (Balaenopt_e_ra musculus or 

~.bb_a.ldus. musculus) 
F 

s 
p 
K 

Fi nback ( B<lJ aenopter.a_gl)yalus) 

Sperm (Physeter catodon) 
Pilot ( GJ gbi_c:;ep_~a_l~2_<;a!!!!IIQD.1) 
Kille)r (Or_~i!l.I:I.LQ.f.f~ or @!'ampus 
Q!.C9 

FK False Killer (Pseud~~~ ·c~-~~-~) 


