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PREFACE 

Tlii!-: report was prepared by Michael A. Bilello. Research Meteorologist. of the Snow 
and Ice Branch, Research Division. USA CRREL.  The report wa., published as part of the 
Arctic Surface Effect Vehicle program of the Advanced Research Projects Agency under 

ARPA Order 1615. 

The author wishes to express appreciation to Dr. K.F. Sterrett for his guidance 
throutfhoHt the study, and to Mr. J.R. Hicks. Dr. C.C. Langway. Jr.. and Dr. J.W. Weertman 
for their technical review of the paper.  Mr. Roy Bates. USA CRREL. assisted with the 
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PREVAILING WIND DIRECTIONS IN THE ARCTIC OCEAN 

by 

Michael A. Bilello 

INTRODUCTION 

Except for a series of charts published by the U.S. Navy (1958. 1963), summarized information 
on prevailing wind directions in the Arctic Ocean is sparse. In this report wind data from 21 
weather stations surrounding the Arctic Ocean and several stations within it are collected and ex- 
amined. The Navy charts as well as other reports relative to the subject are included as appendices. 

The survey produced monthly summaries of wind direction for the 21 stations around the Arctic 
Ocean, Eight of these stations, located in Alaska, Canada and Greenland, provided sufficient in- 
formation to develop frequency tables showing seasonal variations (Table I). The compilations for 
Barrow and Barter Island, Alaska (Tables la and lb), and Thule and Nord, Greenland (Tables Ig and 
Ih), were obtained from data given in the Uniform Summaries of Surface Weather Observit'ions (U.S. 
Air Force 1942-1963). The results for Herschel Island, Mould Bay, Isachsen and Alert, Canada 
(Tables Ic-If), were obtained from the following Canadian publications:  1) MeteoroIogicaJ Observa- 
tions (Dept. of Transport, Canada, 1941-1972), 2) Climatologica] Summaries (Dept. of Transport, 
Canada, 1957-1958) and 3) Meteorology of the Canadian Arctic (Dept. of Transport, Canada, 1944). 

The mean monthly prevailing wind data given in Table 11 for the coastal stations in northern 
Europe and Siberian Russia were obtained from Climatology of the Arctic Regions, Part I (U.S. Air 
Force 1946). 

I. COASTAL STATIONS 

Alaska 

Seasonal and annual frequencies for the two coastal stations in northern Alaska (Tables la and 
lb) show a predominant east or northeast flow about 45% of the time. A seasonal breakdown showed 
that this situation exists throughout the year. Winds from the west and southwest are next in 
frequency at Barter Island and calm winds occur about 10% of the time.  Barrow shows no particular 
secondary frequency in wind direction and recorded no wird only 2% of the time. 

Canada 

Moving eastward from Alaska along the northern coaa of Canada we pass Herschel Island, 
Mould Bay. Isachsen and Alert in that order (Fig. 1). Herschel Island (Table Ic) records a nearly 
equal occurrence of west-northwest and east-southeast winds. The former occur slightly more 
frequently between December and May but the latter show no seasonal preference.  The frequency of 
calm conditions is high: the yearly total is 17%. 



PREVAILING WIND DIRECTIONS IN THE ARCTIC OCEAN 

Table I. 

Calm 

Dec-Feb 0.5 
Mar-May 0.5 
June-Aug 0.5 
Sept-Nov 0.5 
'v.inual 2 

Dec-Feb 2 
Mar-May 3 
June-Aug 3 
Sept-Nov 2 
Annual 10 

Dec-Feb 5 
Mar-May 4 
Jum-AuK 4 
Sept-Nov 4 
Ammal 17 

Doc-Feb 11 
Mar-May 10 
June-Auf,' 2 
Sept-Nov 6 
Annual 89 

Prevailins surface wind directions, coastal stations 
in North America and Greenland. 

VF SE SW 

a.   Barrow, Alaska, 9-year record 

2 7 5 2 2 2 /i 2 
2 7 6 2 2 2 2 1 
2 4 6 2 1 3 3 2 
2 7 6 3 2 2 2 1 
8 25 23 9 7 9 11 6 

b Barter Island, Alaska, 16- year record 

0 3 6 1 1 5 6 0 
0 5 7 0 1 4 5 0 
2 7 6 0 0 2 4 2 
0 5 6 1 2 3 5 1 
2 20 25 2 4 14 20 3 

c. llerschel Island, N.W.T. 

i 1 4 3 0.5 1 5 6 
i 1 5 3 0.5 1 'I 6 
i 3 6 2 0.5 1 2 5 
i 1 4 4 0.5 1 2 6 

4 6 19 12 2 4 13 23 

(/.   Mould Pay, N.W.T . ß-y« ar record 

3 1 2 i 2 0.5 > 5 
3 3 2 1.5 2 0.5 2 3 
g 2 1 1 3 2 3 5 
4 2 2 1.5 2 2 g 4 
2 8 7 5 9 5 8 17 

NW 

loor. 

100^. 

100% 

100° 

e.   Isachsen, N.W.T., 6-year record 

Dec-Feb 15 4 0.5 1 1 1 0 1 4 
Mar-May 11 4 0.5 2 1 1 1 1 3 
June-Aug 3 4 1 1 1 o 3 2 4 
Sept-Nov 10 6 1 1 1 2 1 2 3 
Annual 39 18 3 5 4 0 5 6 14 

f.   Alert , N.W.T-, 3 -year record 

Dec-Feb 4.5 1.5 2 1.5 0.5 0.5 2.5 b 2 
Mar-May 5.5 2 3 2 0.5 0.5 2 6.5 3 
June-Aug 1 3.5 8 2.5 0.5 2 3 1.5 4 
Sept-Nov 2 2 2 1 0.5 1 4.5 9 3 
Annual 13 9 15 

g.   Thule, 

7 

Greenland, 

2 

7-year 

4 

record 

12 26 12 

Dec-Feb 3 0 0 16 2 1 1 0 ■ 0 

Mar-May 9 0 1 10 2 0 1 2 1 
June-Ann 8 0 1 3 2 0 l> 8 p 

Sept-Nov 4 1 1 12 3 1 1 1 1 
Annual 24 1 3 41 9 *- l) 11 4 

h.   Nord, Green/and. 2-year record 

Dec-Feb 6 I 0.5 0.5 0.5 ,> 11 6 •) 

Mar-May 1 1 0.5 3 1.5 ■ I .') 2 •> 
June-Aug 9 1 0,5 3 0 4 3 1 g 

Sept-Nov 10 ■ ) 0.5 0..". 0 1 6 2 1 
Annual 32 5 ■ i 7 2 il 25 11 ( 

100°; 

loor. 

icir;, 

100"; 
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Station 

Table II.  Prevailing surface wind directions, Arctic Ocean 
coastal stations in Europe and U.S.S.R. 

See Figure 1 for locutions of stations. 

Jan    Feb   Mar   i4pr    May    June    July    Aug    Sept    Oct    Nov    Dec 

Jan Mayen Island NW 

Tromso SW 

Vaido SW 

Kola (Murmansk) SW 

Malye Kamnkuly island E 

Archangel 

Yugorski Strait 

Dickson Island 

Tiksi Bay 

Cape Schmidt 

Wrangel Island 

Uelen 

St. Paul Island 

SE 

S 

S 

SW 

SK 

NE 

N 

NE 

NW 

SW 

SW 

SW 

SE 

SE 
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SW 

SE 
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120" lOCf 80' 60° 

Figure I.  Location of coastal stations in the vicinity of the Arcüc Ocean. 

■ ^ämm 
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Mould Bay and Isachsen reported the highest annual frequency of calm periods, 29% and 39% 
(Tables Id and le). At both these locations a north-northwest flow of air predominates throughout 
the year (about 30% of the time).  Wind.-; from other directions occur at lesser frequency (3 to 9%). 

Alert, on the northeast corner of Ellesmere Island, experiences mostly westerly winds from 
September through May and northeast winds botween June and August (Table If). 

Greenland 

Winds at Thule (Table Ig) are greatly influenced by the Greenland ice sheet.  The strong 
katabatic flow of air descending from the higher elevations east of the station results in east or 
southeast winds during 50% of the year.  The main exception occurs between June and August when 
the pievailing winds shift and come from the west.  Calm periods are also common, occurring most 
frequently from March through Aug.  At Nord, winds blow from the southwest 25% of the time, and 
from the south or west 20% of the time.  The wind is calm about one third of the time and the only 
seasonal variation occurs during June through August when the direction becomes more variable. 

Europe and Russia 

Mean monthly surface wind directions for 13 stations on the northern coasts of Europe and the 
U.S.S.R. (Fig. 1) are given in Table II.  Jan Mayen Island, directly east of Greenland, is actually in 
the Greenland Sea, but it has been included in the Eurasian group because w.nd direction data for 
Spitsbergen locations were not immediately available. Prevailing winds at Jan Mayen are northwest 
or northeast from October through April and east for the remainder of the year. 

Tromso and Vardo in Norway and Kola (Murmansk) in the U.S.S.R., are located on the northern 
tip of Europe.  All report southwest winds between October and April. During the other months the 
winds remain mostly from the southwest at Tromso but shift to the north or northwest at the other 
two stations. 

Five locations along the northern coast of Russia (Malye Karmakuly, Archangel, Yugorski Strait, 
Dickson Island and Tiksi Bay) experience mostly south, southeast or southwest winds between 
October and April. The only exception is Malye Karmakuly where an east wind is also common during 
these months. The seasonal wind shift at these five locations takes place around May when the 
direction becomes northeast, north or northwest until August or September. 

Three of the four stations in the Chukchi and Bering Sea areas (Wrangel Island, Uelen and St. 
Paul Island) report similar mean monthly wind directions.  Between October and June the prevailing 
wind is north or northeast, and between July and September it becomes variable. Cape Schmidt, 
although located between Wrangel Island and Uelen, reports wind directions opposite to those 
observed at the neighboring stations. The wind blows from the southeast (rather than north or north- 
east) from December through June and mostly from the northwest between July and November.  This 
anomaly may be due to local effects, such as mountains or a valley. The rugged terrain and the 
influence of the Bering Strait would be expected to affect the prevailing wind direction at Uelen 
also, but the records belie this assumption. 

D. THE INTERIOR ARCTIC OCEAN 

The analysis in this part of the study covers stations in the interior portion of the Arctic Ocean. 
Meteorological observations in this region are made on U.S. and Russian floating ice floe and ice 
island stations; no permanently located stations are involved. 

rfH MMM taMMlBHI 
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120 100° 80J 60° 

Figure 2.  Boundary location ot6 zones within the Arctic Ocean. 

A series of surface wind roses for the Arctic Ocean was published in Oceanograp/uc ^tias of 
the Polar Seas (Ü.S Navy 1958) using data coUected fron, various drifting ice staffs   Th se 

Arct^r^r^r • ^:^;ndurinß February'May'August a" "^ ** 
Zone 1: the area in the immediae vicinity of the North Pole. 
Zone 2:  the eastern hemisphere, from 0° to 180°^ and 84^ to 890N 
Zone 3:  the western hemisphere, from 0° to 180oW, and 840N to 89UN 

...    \ 
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t PREVAILING WIND DIRECTIONS IN THE ARCTIC OCEAN 

Table DI.  Prevailing wind directions In the interior Arctic Ocean. 

The boundaries of these six zones are shown in Figure 2. 

Feb May Aug Nov 
Zone 1 

Primary Variable Variable Variable Variable 
Secondary 650E IBC^W 

Zone 2 
140oW 165CW 

Primary SE Variable NE S 
sw NE SW NE 

Secondary Variable NE SW NE 
NE Variable 

Zone 3 

Variable SW 

Primary W Variable Variable Variable 
Variable Variable Variable NW 

W NW 
Secondary Variable NW SE W 

NE SE W Variable 
Variable 

Zone 4 
Variable 

Primary SE Variable Variable SE 

Variable E NE SE 
SW E Variable Variable 

Variable NE Variable SE 
S Variable Variable SW 
SW Variable f. E 
NW E Variable 

Variable 

Variable 

Secondary Variable E W SW 
SW NE SW Variable 
W SE S W 
W E SW S 
SW SE w N 
S E NE NE 
W SE 

ZoneS 

SE 

S 
N 

Primary NW SE S SE 
N NE 

NW 
Variable 

NE 
Variable 

E 

E 
Secondary NE NW Variable NW 

Variable Variable 
Variable 

ZoneS 

S 
S 

W 

Variable 

Variable 

Primary S NE Variable NW 
SE SE SW S 
S Variable Variable Variable 
S Variable Variable SW 

Variable Variable s 
NE E Variable 

V:iriut>lf Variable 
S NW 
E Variable 

N Variable 

N NE 
E 
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Table III (Cont'd). 

Feb May 

Secondary 

Aug Nov 

Zone 6 (Cont'd). 
SW                          E N 
NW                        N Variable 
SW                         NW SW 
SW                           N SW 

N SE 
E SE 
W SE 
SW N 

Variable E 
NW S 
SE Variable 
N 

W 
E 
S 

Variable 
Variable 

SW 

Zone 4: the area between 90oE and 180oE> and 730N and 840N. 
Zone 5: the area between 110ow and 180oW, and 730N and 840N. 
Zone 6:  the area between 10oW and 90oE, and 730N and 840N. 

These zones were selected on the basis of a logical separation of bodies of water within the 
Arctic Ocean and also for convenience. The primary and secondary prevailing wind directions 
observed at sites within these zones during February, May, August and November are giver in 
Table III. 

Zone 1 

In the vicinity of the North Pole the winds are often light and variable in direction.  Since 
all winds exactly at the North Pole would theoretically be from the south, directions are given in 
degrees of longitude. As shown in Table III, the winds near the North Pole show some preference 
to blow from between 140oW and 1650W during the period May through November and from about 650E 
during the mid-winter months. 

Zone 2 

The two stations in Zone 2 show two prevailing wind directions. Table III shows that in 6 out 
of 16 summarized cases the wind is from a northeasterly direction, and in 4 cases it is southwesterly. 
Variable wind directions were recorded in 4 instances, and south or southeast winds twice. No 
particular seasonal nr-ference for wind direction was noted, but it is significant that when the wind 
is not light arid variable in direction it generally blows from either of two opposite directions, 
northeast or southwest. 

Zone i3 

Unfortunately observations from only a few sites were available for study in this zone. The 
records show that during most of the year the wind direction in this region is variable (Table III). 
There is some preference for west or northwest winds, but no particular seasonal distribution of any 
dominant wind direction was noted. Until data for more stations become available, conclusions on 
prevailing wind directions for this area can only be tentative. 
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Zone 4 

This portion of the Arctic Ocean includes the Laptev and East Siberian seas (Fig. 2).  Wind 
roses for seven to eight locations were available in this zone throughout the year.  Considerable 
variability exists, especially during August.  There is some preference for winds to blow from the 
southeast to northeast between May and November, and from the southwest in February. The 
survey of wind directions of secondary frequency showed little consistency.  Some trends are indi- 
cated though:  during February winds are from the south, southwest or west, and during May they 
are from the southeast, east or northeast.  The survey of secondary wind directions during August 
and November for this area shows no preference for any particular wind direction 

Zone 5 

Zone 5 includes most of the western half of the Arctic Ocean and part of the Beaufort Sea.  The 
number of stations available varied considerably throughout the year. Wind roses for six 
stations were given for August (Fig. A3), whereas data for only one to three sites were given for 
November, February and May (Fig. Al, A2 and A4). 

The survey of primary and secondary frequencies of wind direction (Table III) provided t. ily 
tentative results because of the lack of data.  In 7 of the 12 cases (primary and secondary fre- 
quencies) surveyed for November, February and May the winds mostly blew from between the noith- 
west and northeast quadrants.  In 3 of the 6 cases of secondary frequency for these months the wind 
direction was variable and 2 of the 6 primary listings show that the wind for these months is from 
the southeast.  During August the wind directions become variable, with perhaps a slight preference 
for south and east winds. 

Zone 6 

Zone 6 includes the European portion of the Arctic Ocean, the Greenland Sea, the Barents 
Sea and part of the Kara Sea (Fig. 2).  A greater number of wind roses are available in Zone 6, be- 
cause the bodies of water here are ice-free for a longer period and because there is more shipping 
activity in the area.  However, the additional wind data still did not give a definite picture of pre- 
vailing wind directions. 

The survey of wind direction of primary frequency (Table III) showed that the winds are variable 
throughout the year.  A slight exception exists during February and November when 7 of the 10 
compiled cases show that the winds blow from the south. 

The analysis of wind roses with ruspect to secondary frequency offered some help in deter- 
mining dominant directions.  For example, 6 of the 12 wind directions of secondary frequency in 
May are north; 3 of the 4 in February are southwest; 6 out of 11 in August are sorth; but in November 
no preva:'ing wind direction is evident. 

When both the primary and secondary compilations are considered and the variable wind direc- 
tions are omitted, the wind is from the south in 23 of the 48 possible cases and from the north in 
16 cases throughout the year. Combining the 66 annual events used in the analysis (including the 
variable wind directions), the following general statement could be made.  In Zone 6 the winds are 
from the south about 50% of the time and either from the north or variable the other 50%. On a 
seasonal distribution the survey indicated a strong preference for northerly winds during May and a 
preference for southerly winds during August, November and February. 

ria^rfea 
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SUMMARY AND DISCUSSION 

Almost all stations along the Arctic Ocean coastline record a preferred wind direction durinK 

he long winter, which extends from about October to April or May. Along the north / 'askan coast 
this preferred direction is east or east-northeast and along the Canadian Archipelago Elands it is 
mostly north On the northeast coast of Greenland and across all of the northern coasts of Europe 
and central U.S.S.R. the prevailing winter winds are clearly from the south. Except for Cape 
Schmidt the stations near the northwest coast of the U.S.S.R. exhibit a major reversal -a winter wind 
direction, shifting from the south to the north or northeast. 

«,i„HD«n«5 the **<*** ™m weather Period which e«endS from about May to September the average 
wind speeds generally decrease and the directions become variable.  At those stations where a 
dominant wind direction does develop it is usually about 180° from the winter direction 
Finally it should be noted that because thess stations are located near a coastline they may be 
innuenced by topography or local thermal conditions such as land and sea breeds. Stations which 

How ter^ ne'e""   f ^J^*' ^^ ^ Schmidt' lJ-S-S-^ and Herschel ^otl. Howeve   since similar wind directions were obtained for two or more stations within limited areas 
the results appear to be representative. 

„ at ^lfe* St.ati0
i
ns in the circle north of 840N report mostly variable wind directions. When a 

preferred wind is observed it is usually southwest or northeast in the eastern part of the hemisphere 

Sd^rom ri6? " T WeStern half- ^ the ViCinity 0f the No"h ™e *™ Preference for winds from the direction of northwestern Russia is shown during February and from the direction 
of Alaska during May. August and November. 

In tne Laptev and East Siberian Seas consistent patterns appeared during only two periods 

*ZTi:^ hTofr r :ebnuary ^southeast ^ ~ ^ ^ ^-^ 
occu, quue öS ■„ h-q

the ^ 1C ^T '^^ Che Beaufort Sea was sParse-  NOTth«l:' winds occur quite often in this area between November and May and in mid-summer winds become variable. 

ore^^iZT ;egi0n 0f ?e ArCtiC 0cear inCluding the Greenland' BareDts and Kara Seas, prevailing wind directions are difficult to analyze.  The Greenland ice sheet, the continents and 
numerous large islands influence the wind direction so that there is no persi tent pattern of pTe- 
vaihng *inds within the region. Some preference, though, was noted for norS y wtds du ing May 
and for southerly winds in Auguyt. November and February. *' 

The prevailing wind directions obtained in Parts I and II were combined and the results are 
shown to Flures 3 and 4.   The prevailing „inter wind patterns (Fig. 3) may be summLfzed as 

1) near anticlockwise flow within the circle north of 750N- 
8   north winds in the Chukchi Sea. Bering Strait and Bering Sea; 

ArchfpeSTstdT8 al0n8 ^ "^ ^ 0f ^ ^ n0rthWeSt WindS ^ the Canadian 

S iTlnT* W!St^ n0rthWeSt Winds off the northeast wast of Greenland; 

1) in zones 1-6 prevailing winds in summer Ho« clockwise around the Pole- 

report srSMds"' "" Ber""! ^ '^ "^ "^ ^ ^ S«l■ * «" *"*> 

•^^■^^MnaaMMMMi 



10 PREVAILING WIND DIRECTIONS IN THE ARCTIC OCEAN 

i^O" 100° 80° 60° 

l-T 100" 80° 60° 

Figure 3.  Prevailing wind directions in the Arctic Basin during the mid-winter months. 

3) stations along the north coast of Alaska experience easterly winds, but the Canadian 
Archipelago has southwest winds; 

4) westerly winds at Thule and Nord. Greenland, appear to be largely controllerl by local factors; 
5) along the northwest tip of Europe the summer winds shift to the northwest and northeast; 
6) along the north coast of the U.S.S.R,, the prevailing winds shift almost 180° from winter to 

summer and blow fiom a northeast direction in summer. 

Prevailing smliice wind directions are closely asstTialed with »he isobaric pressure «listribution 
observed at sea Itne)   Hare and Orvig (1958) reproduce I some nuip^ oikiiiallv developed l.\ 
J. Namias which show the mean sea level pressure for Hi. noitl, Polar region.  The mips UH Jmuarv 
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I2tf 100° 80° 60° 

11 

120 IOCT 80" 60" 

Figure 4.  Prevailing wind directions in the Arctic Basin during the midsummer months, 

and July, covering the period between 1948 and 1955. are shown in Figures 5 and 6.  In the following 
discussion the wind directions implied from the pressure distribution presented in Figure 5 will be 
compared with the observed flow shown tn Figure 3. 

The throe most dominant features on the January map (Fig. 5) are:   1) the Siberian High which 
extends across most of the land mass of northern Asia. 2) the Aleutian Low which extends over all 
of the north Pacific Ocean, and 3) the Icelandic Low which is centered between southern Greenland 
and Iceland with a trough that extends into the Barents Sea. Surface wind directions implied by this 
pattern are also shown in Figure 5. When these implied directions are compared with those given in 
Figure 3 one finds considerable agreement and some notable differences.  Best agreements are found 

^«^ 



12 PREVAILING WIND DIRECTIONS IN THE ARCTIC OCEAN 

120° 100° 80° 60" 

Figure 5. Mean sea-level pressure /or January, 2948-55. (From Hare and Orvig 1958, after Namias.) 

along:   1) the northwest coast of Norway, wher; southwesterly winds are indicated in both figures, 
2) the north central coast of Russia, where winds from the south and southeast are most prevalent, 
and 3) the north coasts of the Canadian Archipelago Islands, where northerly winds are noted in 
both figures. 

Areas that show some differences in prevailing winter wind directions aj:e:   1) the north coast 
of Alaska where the small high pressure center in Figure 5 indicates a wind .low other than the 
northeast direction observed at Barrow and Barter Island, Alaska; 2) three locations in the 
Chukchi Sea, Bering Strait and Bering Sea record north winds in winter, whereas the isobaric 
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140 

120 100° 80" 60 

Figure 6.  Mean sea-level pressure tor July, 1948-55. (From Hare anil Orvig 1958, alter Namias.) 

conditions indicate an easterly flow in the aiea (Fig. 5); an exception for this area is noted at 
Cape Schmidt, where winds from the southeast are reported.  Although no definite comparisons can 
be made of wind direction within the ekele north of 80oN, the flow of air in Figures 3 and 5 appears 
to be from the eastern half of the Northern Hemisphere to the western half.  However, the easterly 
direction of winds north of Greenland and ^Uesmere Island (Fig. 5) produces an apparent slight 
clockwise flow in that area. 

The surface barometric gradients in the Arctic region are not as steep in summer (Fig. 6) as 
they are in winter (Fig. 5).  This condition would account for the variability in wind directions 
(noted earlier) during this season. The pressure centers in July (Fig. 6) also differ from those in 
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14 PREVAILING WIND DIRECTIONS IN THE ARCTIC OCEAN 

January (Fig. 5).  The high over the land mass of northern Asia in mid-winter is a weak low in mid- 
summer, and the deep Aleutian and Icelandic lows of January are markedly weakened or replaced 
by a ridge of high pressure in July.  The direction of the surface wind flow observed in summer 
(Fig. 4) was compared with the direction implied from the mean pressure shown in Figure 6   A 
situation similar to that noted during the winter was found in summer. Some areas showed good 
agreement, others did not. 

Westerly winds appear on both figures alon;; (he north coast from central Siberia to the Kara 
Sea.  The observed wind directions in summer along the Canadian Archipelago Islands are westerly 
(Fig. 4) and in Figure 6 the .sobars indicate a northwesterly flow.  In the Bering Sea and Bering 
Strait region both figures show the winds blowing from the south.  However, just to the north of the 
area, at Wrangel Island and along the north coast of Alaska, the directions shown on each figure 
are not in agreement; the observed directions in Figure 4 are northeast and the flow implied by the 
isobars in Figure Q is southeast. 

Since the pressure gradient in the central Arctic Ocean and across the Barents and Greenland 
Sea is shown to be so weak (Fig. 6). estimates of probable prevailing summer wind directions for 
this area can not be made.  Persistency of the observed wind directions at adjacent stations in 
Figure 4 indicates a degree of confidence for northerly winds along the northwest tip of Europe, and 
a clockwise flow of air in the Arctic Ocean interior.  Wind directions at the few coastal stations in 
Greenland show no particular pattern and as noted earlier are probably influenced by local topography. 

The pattern of the surface water currents in the Arctic Oceai interior is also described in the 
Oceanographic Atlas (U.S. Navy 1958).  The circulation in the eastern half of the ocean was found 
to be slow and westerly.  On the western side, north of Alaska, a large gyral moving clockwise is 
indicated.  The directions of these mean currents in the ocean's interior are similar to the prevailing 
winds described during the summer period in this study. 

The marginal seas of Russia exhibit an easterly flow along the coast of the continent and westerly 
along the northern limits.  It is noted that the circulation in the Laptev Sea is particularly significant 
because the counterclockwise gyral centered there at times increases in size to include a large part 
of the Arctic Ocean.   The Norwegian Current is derived from Atlantic water and flews northward along 
the coast.  The directions of these mean currents along these coasts are similar to the prevailing 
winds observed during the winter. 

SUPPLEMENTAL DATA 

A series of monthly bar graphs showing the wind speed and direction for stations north of 6()0N 
were published by the U.S. Navy (1963).  These charts have been included in this report fcr reference 
purposes (Appendix B).  No attempt was made to analyze this information. The charts provide 
additional stations and/or data, and also give information for all the months of the year. 

Two other articles which provide some information on wind directions in the Arctic are presented 
in Appendices C and D.  The section on Surface Winds in USA CRREL Monograph I-A3b. Climatology 
ot the Cold Regions, Northern hemisphere II by C. Wilson. 1969 (Appendix C) provides information 
on average and maximum wh.d speeds and prevailing directions and on wind loads and blowing snow 
for stations in the Arctic.  However, the study provides very little data on wind direction for stations 
in Eurasia OF 'he Air tic Ocean.  In the section on Surface Winds in the Proceedings of the Arctic 
Basin Symposium, October 1962, Arctic Institute of North America. 1963 (Appendix D) the coriolis 
force and geosliophi. winds are discussed.  No values on pi availing wind dnections in the aica aie 
inven in the repoil 
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APPENDIX A.  WINDS 
From Oceanographic Atlas of the Polar Seas, U.S. Navy Hydrographie 
Office Publication No. 705, Part 2. 1958. Arctic. Washington, D.C. 

Because waves are principally dependent upon wind force and direction, charts of surface 
wind roses for the months representative of the four seasons are presented in Figures Al, A2, 
A3, A4. In many places, contiguous rjeas have been combined if the wind conditions were 
similar. 

The following types of roses, in order of reliability based on available data, were drawn: 

1. Regular roses, indicated by thin circles, were compiled from U.S. Weather Bureau punch 
card decks (108).  Except for one rose in the quadrangle bounded by 75o-80t N and 150°- 160oE for 
November, all regular roses are based on a minimum of 100 observations; hence, the regular rose 
as typified by that centered at 67.50N. 5.0oW for February, constitutes the most reliable index of 
winds over open water. 

2. Land station, ice island, and weather ship wind roses are depicted by stippled circles. 
Land roses were compiled from various land station punch card decks (108).  As these winds 
ilways were observed on land where orographic factors or local heating may affect their direction 
or change their speed appreciably, the roses are not necessarily representative of wind cond'tions 
at sea.  An example is that presented for Barrow, Alaska, for February.  Seven ice island wind 
roses (Source 95) are presented for "North Pole 4" and "T-3" plotted at their mean monthly 
positions.  Roses for the two Atlantic weather ships "Alfa" and "Metro" are presented at 620N 
3rw and 660N, 20E, respectively (Source 108).  Because of their great distance from land, ice ' 
island and weather ship roses are as representative of oceanic winds as "regular roses." 

3. Theoretical roses, shown by double circles, were based on 40 to 99 observations for each 
ocean quadrangle. These roses, like regular roses, are located in ar-ms bounded by thick lines to 
emphasize the exclusively oceanic origin of the data as derived from marine punch card decks 
They were constructed by normalizing available wind observations according to a special application 
of Brooks and Carruthers' statistical method (12).  A theoretical rose, as exemplified by that located 
to the northeast of Iceland in February, affords a satisfactory approximation to the actual conditions 
over the open sea in the absence of more complete data. 

4. Scaled roses, denoted by thick circles, were derived from a 5-year series of Northern 
Hemisphere dally surface weather charts (107).  In the computations the wind was assumed to flow 
toward low pressure at an angle of 20° to 30° to the isobars and with a speed proportional to the 
spacing between isobars. The scaled rose, such as appears at the North Pole in February is an 
approximation made necessary by the absence of data over the icelocked regions and unfrequented 
waters of the Arctic. 

The winds, as described by the roses, were distributed among 8 directions and 5 speed groups 
and plotted to the nearest whole percent. To determine the percentage of winds from a certain 
direction, the total length of the arm facing that direction should be measured and compared with 
the inset "percentage frequency scale" that accompanies each chart. Thus, 40 percent of the winds 
observed at Thule. Greenland are southeasterly during February; 28 percent are easterly at Barrow 
Alaska, during the same period. 

Preceding page blank 
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FIG. A3     SURFACE WIND ROSES, AUGUST 
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FIG. A3     SURFACE WIND ROSES, AUGUST 
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SURFACE WIND ROSES, NOVEMBER 
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APPENDIX B.  ARCTIC SURFACE WIM 
From U.S. Navy, 1963, Marine Climatic Atlas ot the World, V 
Ocean, NAVWEPS 50-10-533, Chief of Naval Operations, WE 
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B.  ARCTIC SURFACE WINDS 
e Climatic Atlas of the World, Volume VI, Arctic 
i. Chief of Naval Operations, Washington, D.C. 

FIG. Bl.  SURFACE STATIONS AND AREAS. 2* 

Coastal, Island Stations: 

QD   Graphs appear on charts. 

O   Graphs appear to right of charts. 

Ocean Areas (and Ocean Stations): 

DllB Graphs appear on charts. 

[^ Graphs appear to right of charts. (Ocean 

Area centered at North Pole and Ocean 

Station M.) 

SURFACE WIND 

Wind distributions are presented by means of a combination 
of two graphic form?-the bar graph and the rectangular contin- 
gency 'able.  The vertical grid lines serve in two separate and 
distinct ways:  (i) as a scale marked at increments of 10 per- 
cent facilitating immediate reading of wind direction frequency 
as represented by the length of each bar; (2) as lines separat- 
ing the selected class intervals of Beaufort Force within which 
the percentage frequency for each direction and class interval 
of wind force is actually printed. 

If percentage frequency of one of the classes of wind force, 
irrespective of direction, is desired, it may be obtained by 
merely adding the numbers down the appropriate column. 

The number of observations, on which each graph is based, 
is printed in one corner.  This permits estimation of statistical 
measures of reliability.  This practice is followed on all 
monthly chart series. 

MAVWEPS 50-IC-533 

A condensed table of Beaufort equivalents follows: 

Beaufort force number: Speed in knots 
0    0 
I     1-3 
2    4-6 
3    7-10 
4   11-16 
5   17-21 
6 22-27 
7 28-33 
8 34-40 
9 41-47 

10 48-55 
' ■ ■• • ••■•■•••■ 5o*o3 
12 64 and above 
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FIG.   B2.     SURFACE WIND,  JANW 
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FIG.   B2.     SURFACE WIND,  JANUARY, 
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FIG.   B3.     SURFACE WIND,   FEBRUARY. 
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FIG.   B4.     SURFACE WIND,  MARCH. 
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FIG.   B4.     SURFACE WIND,  MARCH. 
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FIG.   B5.     SURFACE WIND,  APRIL. 
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FIG.   B6.     SURFACE WIND,  Mi 
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FIG.   B6.     SURFACE WIND,  MAY. 
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FIG.   B7.     SURFACE WIND,  JUNE. 
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FIG.   B8.     SURFACE WIND,   JULY. 
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FIG.   B9.     SURFACE WIND,  AUGUST. 
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FIG.   BIO,     SURFACE WIND,   SEPTEMBER. 
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FT.G.   Bll.     SURFACE WIND,  OCTOBER. 
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FIG.   B12.     SURFACE WIND,  NOVF.MBER. 
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FIG.   B13.     SURFACE WIND,   DECEMBER, 
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CLIMATOLOGY OF THE COLD REGIONS 

SURFACE WINDS 

ated with cyclonic and anticyclonic systT«  t
S

h
related t0 the re«lonal Pressure gradients assooi- 

Arctlc, the stability of TJl^Z^eZn\        ^^^ lo^ Phenomena.  In the high 
raphy are frequently the fac ^ the inflUence of ^^ and local tooog- 

true in the case of Lx.num w „d sp e^lVg ^rr'Äf^' ^ direCn0"-  ThlS iS ^^ 
H.e surface is also a matter of S heighÄSv of t^TltlatUUdeS' the ro"Khness of 

forest clearing. g    ^ density of the vegetation cover* and the pattern of 

This iS pa^r "t^ir :r ^rßusts 's pooriy ^ * ^ ™™**. 
to occupy and operate frJthe ^esheS sites ™^™. but also to the tendency 

Average Windspeeds and Prevailing Direction 

Seasonal distribution 

activityX-t^;-s^^:;: s:rsed coarstarions—^ 
Table XLI indicates that coast I statin  o   the I^Hno" 1S leaSt ^^ md ^sis^- 
for exposed sites and about 10 to iCp^rs ' 7 ^ 1??' T^ 15 t0 20 mph (7 t0 9 m/se^ 
and Ostrov Diksona show a well marked nmi^ 1 2       .       " leSS eXP0Sed-  Jan "^ ^o 
and a summer minmmm when P« ^      ar ^ the

i
W1

H
nter

Ä
months of ^ximum storm.ness. 

east Sibena. Alaska and cJJlZemf^ZjTnl    f   ^ ^ arCtlC COaSt 0f no"h- 
cyclones are frequent and the inJerslor^a cst   The fnn?'      T™ * sunini«r/a"t"mn when 
mean values for sheltered coastal s 1LS sUC   'as An.        "T.0' eXP0SUre ^ be Sl!en "' 'he 
values of 4 and 5.5 mph (2 and 8.5 ^^1^^^^°^; ^ ^^ ^ 
respect to storm activity. P^uveiy. in spite of their regional situation with 

oyoiJi^zz^Z'ztSs itoTrrinteriors under pred—"v mi. 
winter the surface inversion reaches ifna^rlv ^ Weak T*' a"d SUmmer and where in 
inhibits atmospheric mixing, so hat he   ~ of ki T6"'   ^ Stability 0f the inversio" ^r 
sion conditions; the surface wind is therS« ^   I    T '"^ fr0m above is least ""der inver- 
Fairbanks. McGrath. Yakutsk and Ve khov^k ^S     ^V6'8 ^ the pressure ^adient wind 

mum mean windspeeds in the sunSner months of about 6 or 7     i ^ ^ light Winds- with maxi- 
absent.  The effects of continentalityTa^ becom« 1       ? mph (3 m/sec) when the aversion is 
where the relief creates frost hollows   Lake Ha'n ^T    ^ * ^ ^ mileS 0f the c«ast 
with those at Alert and Eureka rrhe per     of he ^ bvT^ T^T™ Were ™*™* 
which is elongated northeast-southwesrlZtlOO in    I Jac

u
kson-66 Hazen lies in a valley 

tains rise to over 3000 ft on the „onhwesfand south ^ 7 ^ ^ tW0 COaStal Stations: ^n- 
half of 1958 were as follows: southeast. Mean monthly windspeeds for the first 

£^ £eb »ur Ap, M^y j^ July 

Lake Hazen       2.86 1 20 n MK I tc ...     
1-25 0:53 ofs ofo oil Hi 3.67 (mph) 

Alert jo.e 3.5 57 5 9 ?f A l-63 ^Mc) 
4-7 1.6 ki 2 6 l'o M M  önP») 

Eureka 11.4 57 M a a ~'l U9 3-5   (">?Sec) 

  5-'   "        "   "   'ä   '«A, 
- -"« "8 'tte ••"-"•* '»"*•«■ «• v -»B.v». :,s...» .,,, 
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Table XLI. Mean windspeed (mph) and direction, Northern Hemisphere. 

J F       U AUJJASOND      Year 

AhUvlk 

mean speed 
prevailing direction 

Alert 

Me&n speed 
prevailing directiun 

Baker Lake 
mean speed 
prevailing direction 

Cambridge Bay 
mean speed 
prevailing direction 

Chesterfield 
mean speed 
prevailing direction 

Clyde* 
mean speed 
prevailing direction 

Coppermine 
mear speed 
prevailing direction 

Coral Harbour 
mean speed 
prevailing direction 

Eureka 
mean speed 
prevailing direction 

Frobisher Bay 
mean speed 
prevailing direction 

Holman 
mean speed 
prevailing direction 

Isacbsen 
mean speed 
prevailing direction 

Mould Bay 
mean speed 
prevailing direction 

Nottingham I. 
mean speed 
prevailing direction 

Canada (1951-60)" 

6.0      5.6      6.5      7.4       7.3      7.8      7.0      7.0       7.0      6.2      5.2     5.7       6.6 
S S NW       N N        N        NW      NW      NW       NW     NW     NW 

5.0      5.1      4.6      4.9      5.1      6.5      7.6      6.0       6.4      6.9      5.8     4.6       5.7 
W W W W      WNW    NE       NE       NE        W WWW 

14.6    14.1     13.5     14.1     14.2    12.0    11.3     12.7     13.6    15.0     14.6    14.8     13.7 
NWNWNNNNNNNWNNN 

12,3    10.7     10.6    12.3 12.7 12.9    12.9 12.8 13.4 14.0     12.0    10.8     12.3 
WWW     N.NW NW N        N E E.NW NW       W        W 

15.3     14.2    12.9     13.2 14.9 11.8    11.7 13.0 15.2 17.1    14.9    15.6     14.2 
N          NNN         N NN N N NNWN 

4.6 7.4 4.9      4.7 6.4 8.0      8.5 6,4 8.1    10.3      7.0 3.8       6.7 
NW NW NW      NW NW NW NW NW NW      NW       NW NW 

12.2 10:5 9.2      8.7 8.5 8.5      9.6 10.0 11.0     12.0     11.0 10.3     10.1 
SW W SW       W         W N       NE NE N        SW        W SW 

12.1 12.3 10.5 13.1 13.2 12.3 12.2 12.9 13.3     13,3     13.2 13.3     12.8 
NWNNNNWNNN NNWNN 

7.2 6.6 5,4      5,8 8,4 10.9 ',1,3 9,6 7,8      6,6      6,2 5.4       7.6 
E E E         E NW NW NW NW NE       E E E 

9.1 9.5 9.7 11,0 13,4 11,7     9,7 8,9 11.5     14,6    12,3 11,0     11,0 
NW NW NW NW NW SE SE SE NW     NW       NW NW 

9.1 7.9 9.5 11,5 10,3 9,5      8.7 8.9 11,7     13.1     11.6 11.2     10.3 
EEEEEEWEEEEE 

10.6 7.9 7,0      7,5 10.3 9.9 10.9 10.0 9.9     11.0      9.0 9.7       9.5 
N N N        N          N N      NW N.SW NNN N,NW 

10.5 8.6 7.9      8,4 11,7 13,0 12.2 11.2 11.6    11.3      9.9 8.5     12.5 
NW NW N N.NW NW NW      NW S,NE NW     NW      NW NW 

10.9 11.5 9.9 11.5 11,2 10,7      9.3 11.1 10.9     14.5    13.0 11.6     11.4 
NW NW NW      NE NE NE      W NE NW      NW       N N 

*   2 years only. 
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Table XLI (cont'd). Mean wlndspeed (mph) and direction, Northern Hemlsphete 

. J F       U        A       II        J        J        A        S        O N       D       Year 

Canada (cont'd) 
■teotau 
mean speed 11,9 
prevailing direction NW 

Resolution 1. 
mean spead 20.5 
prevailing direction W 

Sachs Harbour 
mean speed 13.2 
prevailing direction N 

Knob Lake* 
me aii speed 
prevailing direction 

ChorcMUt 
mean speed 
prevailing direction 

Fon Slmpsont 
mean speed 6.6 
prevailing direction NW 

Tcllowkniret 
mean speed 8.0 
prevailing direction N 

Fort Nelsont 
mean speed 3,9 
prevailing direction S 

Whltehorast 
mean speed 8.6 
prevailing direction S 

11.5 
E 

20.5 
SW 

11.6 
E 

10.4 
NW 

16.1 
W 

10.9 
NW 

16.2 
NE 

11.6 
NW 

14.4 
W 

12.6 
NW 

13.2 
NE 

12.1 
NW 

12.5 
E 

12.3 
NW 

13.5 
E 

12.5 
NW 

13.9 
W 

12.5 
NW 

18.2 
W 

11.0 
NW 

17.9 
W 

10.4 
NW 

20.4 
W 

10.7     13.2    12.8    12.8    13.1    13.6    14.7    15.2     13.0    12.0 
SE     E.SE      E       N.E     NW      SE       E E E        E 

7.8 
NW 

9.2 
E 

4.7 
N 

8.8 
S 

7,9 
NW 

10.7 
E 

5.6 
N 

9.1 
S 

8.1 
NW 

11.6 
N 

6.5 
N 

8.7 
S 

8.0 
NW 

10.5 
E 

6.4 
N 

8.7 
SE 

7.5 
NW 

10.4 
NE 

6.1 
N 

8.0 
SE 

7.1 
NW 

10.5 
N 

5.6 
S 

7.4 
SE 

6.8 
SE 

10.2 
SE 

5.4 
S 

7.8 
SE 

8.1 
SE 

104 
N 

5.2 
S 

9.1 
S.SE 

7.2 
SE 

11.7 
E 

4.8 
S 

10.4 
S 

7.8 
NW 

9.3 
E 

4.0 
S 

9.0 
3 

6.6 
NW 

8.6 
E 

3.5 
S 

8,7 
S 

11.6 

16.4 

13,0 

10.1 10,6 10.6 10,0 10,6 10,3 10,2 10,7 12,7 12,5 12,1 11,8      11,0 
NW NW NW NW NW SE NW NW NW NW NW NW 

14,0 14,2 13,9 I'A 13,1 12.0 12.3 12,6 14,8 16,1 15,1 16,0      14.0 
NW NW NW KW N         N N NW N NW NW NW 

7.5 

10.1 

5.1 

8,7 

Alaska1 

Anchorage 
mean speed (31)** 
prevailing direction (8) 
fastest mile (10) 
direction (10) 

Bairow 
mean speed (30) 
prevailing direction (7) 
fastest mile (30) 
direction (9) 

awtw 1. 
nsean speed (7) 

5.2 
NE 

60 
NE 

11.0 
ESE 
56 

E 

5.9 
N 

62 
S 

11,3 
ENE 
51 
SW 

5.8 
N 

49 
N 

10,9 
NE 

48 

5.7 
N 

66 
S 

11.5 
E 

52 

6,4 
S 

31 
S 

11.8 
NE 

43 
SW 

6,2 
S 

33 
S 

11,4 
E 

38 
W 

5,6 
S 

32 
S 

11.8 
SW 

41 

5,2 
NW 

45 
S 

12.7 
E 

47 
E 

5.2 
NNE 

49 
SE 

13.7 
ENE 
56 

W 

5.3 
N 

59 
S 

14.0 
NE 

51 

5.1 
N 

66 
NE 

12,5 
NE 

03 
W 

4.9 
NE 

56 
SW 

10,9 
ENE 
70 

W 

5.5 
N 

66 
NE 

12.0 
NE 

70 
W 

14.7    15,2    11.7    12.7    11.9    11.0    10.3    11,0    12.8    14,7    14.9    ' 1.9      12.7 
prevailing direction (7)      W       W ENE  E  ENE ENE ENE ENE ENE 

•  Average values 1964■62;II, prevailing direction.* 

t   Periods prior to 19B1-60.6 

**  Number of years of record. 
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Table XLI (cont'd).  Mean windspeed (mph) and direction, Northern Hemisphere. 

J        F        UAUJJASOND 

Alaska (cont'd) 

Fairbanks 

mean speed (27) 3.2      3.8      4.7 
prevailing direction (8) N        N        N 
fastest mile (11) 41 &7 60 
direction (11) SW       W SW 

Kotzebue 
mean speed (13) 15.3 14.3 13.2 
prevailing direction (14) E        E       E 

McGrath 

mean speed (8) 2.7      3.ä      4.0 
prevailing direction (9) NW NW NW 

Nome 

5,9 
N 

35 
SW 

13.4 
ESE 

5.0 
N 

6.8 
N 

42 
SE 

6.4 
SW 

40 
SW 

5.8 
SW 

50 
SW 

5.7 
N 

34 
W 

5.5 
N 

49 
SW 

4.9 
N 

50 
SW 

10.3    12.2    12.9    13.9 
W        W W W 

13.0    13.6 
ESE      NE 

5.6 
E 

5.7' 
S 

5.4 
S 

5.1 
S 

4.9 
N 

3.8 
N 

3.7 
N 

50 
SW 

13.9 
ESE 

2.5 
ESE 

3.0 
N 

34 
E 

12.9 
NE 

2.4 
NW 

Year 

5.0 
N 

60 
SW 

13.3 
W 

4.2 
NW 

mean speed (10) 12.0 11.1 11.2 10.9 10.0 9.5 9.9 10.7 11.4 10.9 11.6 9.8 10 8 
prevailing direction (9)       E ENE E ENE NE SW WSW SW        N NE       N E         E 
fastest mile ( 10) 75 74 72 53 68 40 38 50 57 57 73 72 75 
direction (10)                        E        W NE S NE E SE SW        E SE SW E         E 

Greenland j 57 

Thule 

mean speed (11) 9 9 7 7 7 7 7 6 8 10 9 8 8 
prevailing direction (Iti E E E E E,W W W W E E E E E 
Eismitte 

mean speed (2) 11 9 13 12 9 9 9 8 11 10 9 14 10 
Angmagssalik 

mean speed (30) 6 6 5 3 3 3 3 3 3 4 5 5 4 
Scoresbysund 

mean speed (12) 5 5 4 4 3 3 3 3 3 4 4 4 4 
Nanortalik 

mean speed (41) 12 11 11 10 7 10 7 6 8 9 10 10 10 

21       21       18        17        13        14        12 14 16        18       19 

3 1 1 

no. ofdayswiUigales*(19) 11 19 8 

Bukbta Tikhaya 

mean speed (10)               16 15 12 
no. of days viithgales*( 10)10 9 7 

12 
5 

11        10 
3 3 

1 

8 
2 

9 

18 

Jan Mayen 

mean speed (mph) 
no. of days with gales* 

Vardo 

mean speed (28) 22       21       21        19        16        16        13        14        17        19       21       21 
no. ofdays withgales*(28) 5 

Ostrov Diksona 

mean speed (19) 19       19       16       17       16       16       15       16       17       16       18       17 

17 

18 
38 

17 
8        75 

9        13        15        15        17 13 
2 4 6 8        11 69 

*  Gale defined as:   windspeed 2 32 mph. 

^—^—M. 
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Table XLI (cont'd). Mean windspeed (mph) and direction, Northern Hemisphere. 

 *- i? ^ 1 J        j        *   ___S        O S D       Yea[ 

Eurasia (cont'd) 
Russkoye Ust'ye 

mean speed (9) 8899 

no.ofday8withgales*(9)<0.5 <0.F. g 1 

Uys Shmidta 

mean speed (3)                  13 n ^ n 
no. of days withgales*(3)   10 6 8 5 

Anadyr' 

mean speed (14)                13 14 jg lx 

no.ofdayswithgales*(14) 4 4 4 2' 

Verkhoyansk 
mean speed (21)                  12 2 4 

no. of days with gales *(2 IK 0.5 <0.5 <0.5 <0.5 

Yakutsk 

mean speed (21)                 3 3 3 5 

no.ofdayswithgales*(21)<0.5 <0.5 1 1 

9 
1 

11 
5 

12 
2 

11 
4 

9        10 
1      <0.5 

12        12 
2 2 

10 
2 

13 
4 

11        11 

11 
1 

14 
5 

11 
2 

9 
2 

17 
7 

12 
2 

9 
1 

14 
4 

13 
4 

6 
2 

6 
2 

7 
2 

5 
2 

6 
1 

5 
1 

5 4 3 2 
1      <0.5   <0.5      0 

9 
1 

12 
8 

13 
3 

1 
7 

5 
1 

"Sedov" 

mean speed (i) 

"Pram" 

mean speed (i) 

11 13       14 

U       11 10 

14 

9 10 

10 
15 

12 
68 

12 
29 

3 
17 

3 3 4 
<0.5    <0.5     10 

Polar Ocean 

11 9        10        11        13        u        12 

11 9 8 8        11 12       12 

Ice Caps" 
(snomer) 

upper/ce/   Penny Ice Cap   Barnes Ke Cap   Fr^ya Glacier   ISachsen Plateau 
 iUU? m3 1950 1939 1934 

10 

Height above surface (cm)        200 183 

Mean speed (m/sec)t 5.1(11.2) 4.4(9.8) 
Maximum speed (m/Bec)t     20.0(44.5)       16.1(35.9) 

213 
4.3 ( 9.6) 

16.5 (36.8) 

200 
2.8 ( 6.2) 
6.2(13.8) 

200 
2.7 (  6.0) 
8.1(18.0) 

*  Gale defined as windspeed > 32 mph. 
t   Mph in parentheses. 

6 7 m/secHoMhe^veTr^Thf ^ ^ T windsPeeds ave^ between 10andl5 mph (4.5 and 
0./ m/sec) for the year. The pressure gradient appears to be the controlling factor in this region 

w t  thoToZ:8 r^":1 y Shall0W- Months 0f highest mean windspe'edst asstiaS 
with those of most intense cyclonic activity, in the autumn and winter. Summer observations over 

(1 SfxÄveTArctic indicate average windspeeds of 6 to io ^ ™7™Tü:i:r 
in«,    fh

0b"erv'ations
j

from the Po^ Oc«an are sparse, but mean windspeeds appear to be relativelv 
ow - the Maud expedition recorded a mean of 9 mph (4 m/sec) for the year, and the Fram 10 moh 

(4.5 m/sec).  Cyclonic activity is most intense in the autumn and winter. P 

TI,ere ^e many exceptions to these major groupings due to the frequency and intensity of 

ÄTsSn^rstatic stabiiity of the inversion iayer ^the iocai -po^rir: 
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Prevalence of wind direction is a characteristic of many stations in the cold regions. 
Although basically governed by the frequency of high and low pressure systems,"'0 the prevailing 
winds closely reflect the influence of the local and regional topography.*  The local relief serves 
to deflect or channel the surface flow into certain preferred paths.  The effect of the form and 
orientation of the coast and channels at stations in the Canadian Archipelago have been discussed 
by Rae100 (see also Table XL1).  Inland at Lake Hazen, under conditions of lighter flow, the influ- 
ence of the northeast-southwest orientation of the valley is still clearly seen in the wind roses at 
all seasons" (Fig. 55a).  The coastal regions of Greenland3 46 " are affected by the downslope 
katabatic flow of cold air from the ice cap, whose direction locally is related to the orientation 
and form of the coastal valleys and fjords.  The coasts of northern Norway, Alaska, Spitsbergen 

ALL   WIND  VELOCITIES 

N 

1930/31 

ALL WIND  VELOCITIES 10 m/i  AND  ABOVE 

1949/50 

NOV.DEC.FEB, SMAR. 

ALL  WIND   VELOCITIES 10 mf, AND   ABOVE 

YEARLY 
INCLUOiNG 2 AUGUSTS/ 

r^ O 

1950/SI 

5 10        15        20       25        50       55      «0 
H 1 1 1 1 1 1 1 

PERCENT 

a.   Lake Hazen, 1957 - 
August 2958." 

PERCENT 4 
b.   Eismitte and Station Centraie, Green/and.101 

Figure 55.  Surface wind roses. 

*   The local exposure of the station and the instrument has also to be considered. 
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and Wrangel Island are similarly affected by downslope components.  The surface wind direction 
at stations on the Greenland Ice Cap, where the slope is slight, is remarkably constant:  at North- 
ice prevailing winds are from the west, at Eismitte (Fig. 55b), Site I and Site II, from the east- 
southeast.  While the surface flow is closely related to the regional pressure gradient, it includes 
a katabatic element which becomes evident under conditions of weak pressure gradient." " 

At certain stations such as Baker Lake, Chesterfield Inlet, Clyde Harbour and Coral Har- 
bour, winds persist from the same preferred direction all year; at other stations, however, a marked 
seasonal change or even reversal takes place.  Such changes are frequently a combination of a 
shift in the major trajectories and mean centers of the pressure systems and a "monsoonal" effect 
due to differential heating of land and water/ice.  At Thule3 (Fig. 55c), the most frequent winds in 
the cold season are from the ice cap while in the summes months the prevailing direction is from 
the sea.  Many other coastal stations in Greenland show similar changes.  At Frobisher Bay145 

there is a reversal from prevailing northwest winds in winter, associated with the semi-permanent 
west Greenland trough, to southeast winds in summer, largely associated with the storm track from 
Hudson Bay.  The onshore component is most marked in summer along the northern shore of Siberia 
(and to a lesser extent in Alaska) where a strong thermal gradient develops between the cold ocean 
and the heated continental interior.  Elsewhere the effects of differential heating alone are not 
strong enough to influence the prevailing winds at this season. 

JANUARY 
N 

:ALM,% 
/VA 5 to        15       20       25        3C 
( » }~-H ( +■ 1 1 1 
Vw' PERCENT 

c.  Thule, Greenland.1 

Figure 55 (cont'd). 
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Diurnal distribution 

In general, diurnal variation of windspeed is related to stability, and the values are 
lowest at night.   At northern stations there is little diurnal effect in the cold months, although 
stations which experience katabatic winds may record a nocturnal maximum, with minimum in the 
afternoon.  In the northern summer, land and sea breeze effects are seldom as well developed at 
arctic stations as at stations further south, partly owing to the length of day.  At interior stations, 
heating in the valleys may gi"e rise to daytime anabatic (up valley) flow under weak pressure 
gradients.7 I!i 

At subarctic stations, there can be considerable diurnal variation in summer.  Table XLII 
lists the monthly average of hourly windspeeds for a 10-year period at selected Canadian stations. 
There is little daily change in speed in January, but in July there can be as much as 4 to 6 mph 
(2 to 3 m/sec) difference in the mean between the nocturnal minimum and afternoon maximum. 
Churchill alone shows little periodic variation. 

Maximum Windspeeds and Prevailing Direction 

Distribution 

Surface windspeeds in the Arctic and mid-latitudes in winter are about 30 to 60% those 
of the pressure gradient speed, when values aie above 4 mph (2 m/sec), owing to the drag of the 
earth's surface.   In summer, speeds may average 60 to 70%.107  The seasonal differences reflect 
the differences in static stability of the lower layers of the atmosphere.  An outstanding feature 
of the strongest winds at many arctic stations is that they are super-gradient, indicating that the 
flow set up by the pressure gradient is being reinforced by local or regional effects of terrain. 
Such maximum winds generally show a preferred direction, which may be different from that of the 
prevailing wind at the station. Studies of such local winds suggest that their occurrence is related 
to strong pressure g^chents in the middle and upper troposphere which are favorably aligned with 
respect to local or regional topography so that the surface winds are accelerated by flow over or 
around barriers, by funneling and channeling or by the addition of a katabatic (downslope) compo- 
nent. At some locations, more than one of thsse factors is in operation during high winds.  These 
terrain effects are generally more pronounced in winter, when the air is stable. 

Figure 56 shows the mean percent frequency of winds* over 24 mph (11 m/sec) in the Arc- 
tic during December-January-February." The highest frequency of strong winds occurs along the 
coasts of the Norwegian and Barents Seas, on neighboring islands, and along the Pacific and Atlan- 
tic coasts. These are the regions of maximum storminess and least vertical stability. Along the 
shores of the Arctic Ocean, the North American sector contrasts strongly with the more windy Si- 
berian coast. A contrast is also seen between the west and east coasts of Greenland. The regions 
of minimum valu s are the continental interiors of northwestern North America and eastern and cen- 
tral Siberia, where weak pressure gradients and the pooling of cold air militate against high wind- 
speeds. In summer,9' the general pattern of frequency remains the same, but the percentage drops 
to about 10% along the Siberian/European coast and over the Arctic Basin, with values at about 5% 
or less on the North American side. 

The low percentage of high winds in many coastal or elevated areas cf greater vertical 
stability is deceptive. Although such stations show a high percentage of calms and light winds 
(less than 10 mph (4.5 m/sec)), when gales do occur they often prevail for 2 or 3 days and are a 
major hazard to operations and maintenance. 

Local studies of surface winds have been made at a number of northern stations in North 
America and Greenland. 

*  Frequency tables and graphs of surface winds for North Amenrxn, Qreenland and Eurasian ntations have 
been published in references 102, 103 and 140. 
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50 The Atmosphere and Above 

Surface Winds 
At middle latitudes the turbulence generated by friction between the 

wind and the surface of the earth decreases with height and vanishes usual- 
ly at a height of 2,000 feet. This height increases with lapse rate, surface 
roughness, and wind speed and may vary under extreme conditions from a 
few feet to 10,000 feet. In the Arctic, because of the prevailing stability, the 
friction layer is usually much less than 2,000 feet thick. 

The ratio of the speed at the anemometer level to the speed at the top 
of the friction layer increases with lapse rate and decreases with roughness. 
With a positive lapse rate and a smooth surface the ratio may be as high as 
0.8 but with a very stable lapse rate and rough ground the ratio may be 
lower than 0.3. 

If the wind speed at a given level near the surface and the lapse rate are 
known, the speed »t a higher level within the friction layer may be calcu- 
lated by use of a simple formula, 

V, 

V, = '-lr> 
where m varies inversely with lapse rate and has a value of 1/7 for a neu- 

tral lapse rate and a maximum possible value of unity for extreme stability. 
The angle between the direction of flow near the surface and at the top 

of the friction layer depends only on stability. The surface deflection is 
usually less than 10 degrees for a steep lapse rate and near 45 degrees for 
very stable air. 

Where there are hills or ridges near the observing site, the flow is likely 
to be deformed to some degree, particularly if the air is »table. Unfortunate- 
ly the theory of flow around or over an obstacle is so complicated thit no 
satisfff^tory theoretical treatment has been developed. 

Several important distortions may be explained simply although incom- 
pletely by reference to continuity or the principle of conservation of mass, 
as expressed by: 

1 u=const 
where 1 is the separation of streamlines, and 

u is the wind speed. 

Thus where the stream lines converge horizontally to pass around an ob- 
stacle, the wind increases, and it may be shown that the maximum speed 
is twice that of the undisturbed flow. This has been termed the comer or 
promontory effect. Similarly the increase of speed that one would expect 
because of vertical contraction over a ridge may be described as the crest 
effect. 

When an airstream of stable air climbs over a ridge, buoyancy opposes 
the climb but assists the descent Thus the wind speed is less than in the 
undisturbed flow over the windward slope but is greater down the lee slope. 
In this circumstance the wind is accelerated to the left on the upstream 
side and to the right on the downstream side. For this reason the winds tend 
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FIOUKB 2   Summer !«g in d»yi. 

to be anticyclonic. around an island and cyclonic around a bay or strait, 
particularly where the terrain has a steep slope along the coast. 

Differences in the rate of heating or of cooling over an area may r«ult 
in a local distortion of the flow. When a horizontal temperature gradient 
develops, a horizontal pressure gradient results which causes a wind to blow 
from cold to warm. For example, in temperate latitudes, the flow u from 
sea to land and up a slope during day heating and in the opposite direc&on 
at night. In the Arctic, because of the dominance of the annual tempera- 
ture cycie over the diurnal, the thermally induced winds tends to reverse 
directions season! Jly rather than daily. 

Coriolis Force 

If a perfectly round steel ball is placed on a flat but tilted surface, it will 
move in the direction of greatest slope. Intuitively one would expect a parcel 
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FIOUM 3    Winter lag in dayi. 

of air to behave similarly by moving directly across the isobars on a weather 
map towards lower pressures, but instinct is wrong in this case as it fails 
to take into account the influence of the rotation of the earth, which causes 
an acceleration to the right for every moving parcel or particle in the 
northern hemisphere and to die left in the southern. 

Actually the coriolis force is usually negligible for motions requiring only 
minutes for completion, but when time extends into hours, it is of major 
significance. 

The Geostrophic Wind 

A state of steady flow requires an exact balance between the coriolis and 
pressure gradient forces. This may be represented by a simple vector dia- 

i^^MB^iAi ^MHtaMMl 



Proceedings of the Arrtic Basin Symposium 
53 

FIGURE 4. The Balance of fore« for a Geostrophic Wind 

where g Resent, the .agnitude and direction of the assure gradient 

f the coriolis force, and 
u, the wind speed. 
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