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EXTREMELY COLD WEATHER SPE LLS IN' ALASKA

1. INTRODUCTION

I

The circulation patterns and synoptic processes associated with periods of
very low temperatures in Alaska were examined from tile view point of synopticI
climeatology.

The study is based mostly on monthly and daily temperature data obtained from
meteorological stations in Alaska during the period 1948 - 1964 (5)6) and
upon analysis of the synoptic charts presented by the Polar Weather Maps pub-
lication, U.S. Weather Bureau (4),

Individual months, with extremely low mean monthly temperatures, were solect-
ed for detailed analysis from series of observations within the above •
maentioned period. These wonths were; December 1957, January 1960, and Psbru-
ary 1950.

2. OBSERVATIONS

Having collected the series of meteorological da,.:a for as many stations as
was possible, we have reproduced them in consolidated tables for each winter
month separately, for the sake of regional comparison, and to determine ,,
a first approximation, to what degree can the Ir eat negative departures
from the average value coincide in time over varxous regions (if Alaska. The
map on Figure 1 shows the station network which is used. In this study.

DECE'4BE R 1957

Atiao s pheric¢ Ci rcula tion•

In the temperate zone of the western half of the Northern Hlemisphere, the
Intensity of atmospheric circulation was rather high in this month. -

The increased circulation in December 1957 represented a m~rked change from •
the preceding season, which had a persistent low circulation regime (luring
all three months of it.

Blocking conditions prý,vail1•d during the fall in the temperite Zone, and it
was not until late in November that the westerlies began a steady increase •
in intensity to above normal values, which w~re reached in December, •

For the whole area mentioned above, between the latitudes of 15* - 550N, tile
mean values of the zonal index at 700 mb surface shoawed the following depar-
tures: September 1957 -0.6, October -2.2; November -1.4; and December +1.4.
The normal values for these months are respectively: 7.8; 9.5; 10.5; and 11.3
meters per second ()

1,
i i
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In Alaska south of Brooks Range a prolonged period of mild, cloudy weather
continued into the first half of December 1957, The mild temperatures were
brought about by well developed Lowe persistently crossing the region from
Eastern Boring Sea into the Western Gulf of Alaska.

The Lowe maintained a warm and moist air flow over almost all of the Alaskan
Mainland during the fall and up to the second half of December 1957. In this
warmer period, in December, the Arctic High was centered far north off the
Bering Strait, mostly at the latitudios of 800 - 85ON (Figure 2).

Being located that far north, the Arctic High succeeded in affecting only
the Arctic Coastal Regions of Alaska, where the only subnormal temperatures
appeared in the first half of December 1957.

At Barrow, the mean daily temperatures were about 6'F below the daily normals
for the first nine days of December 1957. Barter Island recorded even a
stronger cooling, showing daily temperatures slightly lower than those at
Barrow, dropping to -33*F at mid-December. (Ste 3upplement Tables).

Synoptic chart for December 5, 1957, OOOOZ, shown on Figure 2, is character-
istic for the first half of December. The chart shows a large Low over the
Bering Sea with a well expressed front in its eastern section over the south-
ern part of Alaskan mainland and over the Gulf of Alaska. The Arctic High is
centered far north at about 85ON 170Wa. The anticyclonic field covers only
the northern fringes of Alaska.

There are no continental Highs in the picture. Canadian High pressure area
is too far in the east, and the East Siberian High is represented only by a
weak ridge centered over 150* - 160OE, also far away from the region under
study.

The general pressure pattern changed in the middle of the month permitting
the Arctic air from the well established Arctic Hfigh to spread over the main-
land, bringing much below the tormdl temperatures to practically all stations
in Alaska.

The upper air maps, reproduced on Figures 3 and 4 from source (2), show the
pattern of air flow for November and December 1957 at about 10,000 ft. The
contour lines represent the mean height of the 700 mb level; figures are in
tens of feet, The maps were reproduced in a smaller model from Charts by
Extended Forecasting Section, U. S. Weather Bureau

The comparison of the mean contour maps for November and December 1957
(Figures 3 and 4), shows that the center of the Arctic High was located closer
to Alaska in the month of December than it was in November, and correspond-
ingly the Influence of the Aleutian Low decreased,

On the surface, a marked cyclonic center dominated the region of the Gulf of
Alaska moving inland over the North American continent, entering British
Columbia and undulating east and southasstward, advancing between Lake
Superior and Hudson Bay, mostly along the normal track for the month of
December.
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More details in the pattern of circulation could to soon on the surface
charts for the Northern Hlemisphere, USWB, f rom which a fragmenL covering the
trea of Alaska and adjacent regions is reproduced in figures 3-10, (5),

The map for December 15, 1957. (Figure 5: 16 ".ecember 1957, OOOOZ), shows a
large Arctic High centered at about 78'N, 170'B, The anticyclonic field
covers the northern half of Alaska, while the southern half is under a weak
cyclonic field of the Low centered over the Oulf of Alaska.

On December 16, 1957, (Figure 6), the saoui Arctic High dominated the northern
half of Alaska, Its center moved a little closer to Alaska shifting in a
ooutheasterly direction, The center of the Low In the Alaska Gulf moved in
the same direction, southeast, but at the same time it intensified consider-
ably, so that the region that had the day before a pressure of 1000 mb, was

4 now under the 904, 988 and 992 isobars. Besides, the pressure gradients in(
the southeastern portion of Alaska had grown much stronger.

On December 17th, the .enter of the Arctic High was found in a much more
northern position, with pressure gradLents becoming weaker in this system.

- On the other hand, the center of the low in the south, shifted back in a
U northwesterly direction and was found on thie day almost in the same position

it was two days before, keeping rather strong gradients with the central
pressure only slightly higher than it was a day before.

On December 18, (Figure 7), the Arctic High Center was found farther north
at about 83*N occupying the furthest northerly position that was recorded
during the entire cold period under study, while the low center stayed almost

"n the same place as it was the day before, with the same central pressure
of 984 nib. However, another development was taking place at the same time:
a strong ridge of high pressure extended in the northeastward direction from
East Siberia. The cold flow from the East Siberian Center reached the Arctic
High Center, building o powerful ridge of high pressure over the Arctic Ocean
in the region just north and northwest of Alaska.

On December 19th, the Arctic lHigh pressure center moved slightly to the east
and so did the East Siberian High. Most of the regions in Alaska felt the
strong influence of both high pressure areas, while the Low in the Gulf of
Alaska was rather stationary, affecting the weather only in the southern
coastal regions. In the major part of Alaska the pressure gradients wete
weak and a strong radiative cooling took place in most regions, especially in
the Arctic Drainage Area and in the Yukon Valley,

On December 20th, thu Arctic High remained almost in the same place, but the
East Siberian High moved a great deal eastwards, centering now in the area
between Kamchatka and Vrangel Island, much closer to Alaska. No changes in
the position of the Low in the Gulf of Alaska were noticed. The minimum at
Barter Island was -44P, while Barrow haci a mouch higher minimum of -24 F.
The big difference itn maiimum temperatures betvwen the two stations could be
explained by the effect of local conditions, since the sea in the vicinity
of Barrow has oftentime open water surfaces between the ice covered areas
even in the middle of the winter season, that in turn may have produced fog
or low clouds protecting the place from radiative cuoling.
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In Yukon Valley the minimums were still lower in some locatlona like Galena
(-48'F) and Tok (-50*F), which of course shows the influence of local relief,
that favored both the stagnation of cold air and the intensification of
radiative cooling.

SOn December 21st, the Arctic High and the East Siberian High have merged into I
one high pressure system with the isobar of 1024 mb closing an elongated
preosure center of a rather large extent, with the middle point in the region

of Vrangel Island. However, the intensity of this system decreased. There
was not much change in the location and intensity of the low over the Gulf of
Alaska. The minimum temperatures in the northern part of Alaska remained of
the same order as before.

On December 22nd, (Figure 8) there remained only a relativoly weak high pres-

sure ridge stretched from East Siberia northeastward. The Low in the Gulf of
Alaska still strongly influenced the area.

On December 23rd, the high pressure ridge, that was seen on the chert the
day before extending from the East Siberian High had broken up into two high
pressure area. One of them was centered over the Arctic Ocean just off the
middle section of the northern coast of Alaska. The Best Siberian Anticy-
clone receded somewhat inland with the center just north of the Okhotsk Sea
Coast. The Low of the Gulf of Alaska shifted somewhat closer to the middle
section of the southern coast of Alaska. The cooling continued during the
day, becoming stronger. In some locations the lowest temperatures for the
month were observed on this day.

On December 24th, (Figure 9), the high pressure area thaL was centered just
off the northern coast of Alaska moved southeastward to Canada and at this
day was centered at about 70*N, 11SW. The Low in the Gulf of Alaska moved
slightly closer to tho coast, but weakened somewhat with the central pres-
sure rising from 980 to 992 mb.

December 25th, the East Siberian High pushed eastward closer to Alaska and
its field dominated now the major part of the Alaskan mainland. Its pres-
sure rose by 4 - 8 mb, but the gradients were generally weak. The Canadian

high center remained where it was the day before, but was connected now with
the East Siberian High by a ridge of high pressure over the Arctic Ocean just
off the northern coast of Alaska. A ridfe of high pressure extended from
this center westward covering the northern half of Alaska and bringing very
cold air to the western and southwestern regions, effecting the lowest
minimum temperatures for this month at the stations: Galena ( -54*F), Bethel

(-59F), Tok ( -53F), and Wild Lake ( -47"F). The east Siberian High moved
eastward closer to Alaska. The low pressure center in thi Gulf of Alaska was
pushed southeastward away from the southern coast, while a new Low was formed
south of the Aleutian Islands, with the central pressure of 972 mb, and was
moving fast toward the Gulf of Alaska.

December 26th. The East Siberian High moved somewhat back inland, while
the Canadian High remained at the same place. Both areas of high pressure
have intensified somewhat and the northern half of Alaska remained under
their anticyclonic field with rather weak gradients. This day brought the
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lowest minima of temperature for the month in the following stations: Barrow
(-45*F), Kotzebue ( -47'F), Fairbanks, ( -45*F), Wainwright ("-44*F).

December 27th, (Figure 10). The East Siberian High weakened a little, wthile
the Canadian High pressure area disappeared from the map, leaving in its
place only a very weak gradient field. A large and deep Low now covered the
major part of Alaska. It was centered just off the southern coast of Alaska,
with the central pressure as low as 968 mb. Under the influence of extensive
inflow of warm air from the Pacific, the temperature rose on this day almost
everywhere in Alaska. The increase was quite considerab>le in some regions of
the southern part and only very slight in the northern halt of Alaska where
the very cold period continued up to the end of the month*

December 28th. The anticyclonic field extended further south over Alaska,
pushing the low pressure field away from the southern coast and at the sawe
time filling up the cyclonic center to a considerable degree, with the oen-
tral pressure in this system rising from 968 to 964. The East Siberian High
remained pretty much in the same position and of the same intensity. A
large cyclonic system emerged in the Bering Sea with central pressure of
964 mb. The temperature continued to rise almost everywhere, even at Barrow
and Barter Island. The minimum temperatures were higher by 6 - 8'F then the
day before. However, in the protected locations of Yukon Valley the minima
were lower than yesterday and the cold spell was still going strong in the
northern half of Alaska.

December 29th, anticyclonic field of very weak gradients eovered the northern
half of Alaska. The East Siberian High was intensified somewhat and its
center moved a little closer to Alaska. In this field of week gradients,
the temperature continued to be very low and the minima were of the sa|me
order as• the day before. The large Low over the Bering Sea moved clover to
the low pressure area in the Gulf of Alaska, which in its turn moved toward
it. In the interior the temperatures dropped again (Fort Yukon, Tartana,
Fairbanks, Eagle, Galena, Eielson Field, Lake MinchumIna, McKinley Park, Tok,
McGrath and Kotzebue).

On December 30th, the influence of the Low centered south off the coast of

Alaska increased and th~e temperature rose in the southern coastal regions
(Talkeetna, -Anchorage, Valdez, Yakutat, Kodiak). The other regions of Alaska,
however, were not affected by the warm air.

O1 December 319t, a ridge from the east started to dominate the northern
coastal region of Alaska. During the afternoon and the night a separate high
pressure center built up off the north shore of Alaska. This high pressure

s1ystem influenced, however, only the north and northwest coast where tem-
peratures dropped (Barter Island, Barrow, Wainwright, Kotzebue). At other
areas the temperatures increased.

Sumnmarizing the events during the very cold spell of weather in the second
half of December 1957, the following circulation patterns can be distinguished:

At the beginning of the cold period the largest, northern part of Alaska was
strongly influenced by an Arctic High with the center undulating in the region
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of the 1806 meridian between the latitudes of 756 and 80N during December 15,
16 and 17 (Figures 5 and 6). The southern coastal rep on was influenced by
a Low whch has even deepened from 15th to 16th of December. Its center was
off the south coast of Alaska. However, this cyclonic circulation also

brought to the southern part of Alaska a cold Arctic air via Canada.

During the next five days, December 18 - 22, the influence of cyclonic cir-
culation in Alaska increased, but as in the previous days, this circulation
also brought mostly cold Canadian air except in the southern coastal region.
On December 19th - 20th, a high pressure center moved from Eastern Siberia
eastward and on the 21st this center merged with the Arctic High, building
an elongated center stretched from SW - NE over the Vrangel Island (Figures
7, 8 ),
In the next days up to the end of December the lowest temperatures were
recorded at various sites in Alaska. On the synoptic map of December 23rd
two high pressure centers are recognizable: one centered off the 1W coast
of Alaska which influenced the northwestern part of Alaska, and another over
East Sfberia. However, tke influence of the Low centered off the south
coast of Alaska was still very strong.

On December 24th both of the high pressure centers movad eastward, and the
influence of the Canadian High strengthened; at the same time the influence
of the Low centered off the south coast, decreased (Figure 9). On Decenber
25th and 26th the Low deepened again, but influenced only the south coastal
region; Alaska was mostly dominated by the Canadian High. On December 27th,
the Low deepened markedly and influenced almost the whole area except the
northwestern corner of Alaska (Figure 10). In the next two days, December
28th and 29th, the influence of the High centered west off Chukotka Penin-
sula increased, and only in a circulatory way was the southern coastal region
of Alaska affected by the Low. On December 31st, a ridge stretching from the
east started to influence the northern part of Alaska.

We can conclude that the low temperatures in the second half of December 1957
occurred principally due to an inflow of very cold Arctic air, mostly from
the high centered over the Arctic Archipelago, and from the East Siberian
High. The cold air stagnated over the Northern Drainage Region due to the
local orographic effect, which increased the radiational cooling and also
contributed to the creation of very low temperatures.

- ~Temperature Regime'

The monthly variation of mean daily temperatures for December 1957 obtained
from the observations at Barrow shows only 9 days with temperature above the
normal value for this month. (Figure 11)

The mean monthly temperature for December 1957 was lower than the normal
value, obtained from the period 1948-1964, by 6.4*F.

The lowest mean daily valueswere observed on the 25th-27th of December, when
the synoptic charts showed an active anticyclonic center over the Canadian
Archipelago, NE from Alaska. From this center, an influx of very cold air-
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masses flowed into Alaska from NE, sending the mean daily temperatures down
to "40*F, which occurred on the 26th of December.

Analyzing the distribution of mean monthly temperatures over Alaska in
December 1957, which is presented on Figure 12, it can be seen that the gen-
eral pattern of isotherms in this very cold month resembles, to a high degree
the direction of the normal pattern, which is presented on Figure 13, If,
however, we analyze the quantitative distribution of temperature in this very
cold December, the major portion of xlaska shows temperatures about 10*F be-
low the normal values. Only two rather small regions deviate from the gen-
eral pattern and show some peculiar features, These are: the SE vegion,
which had almost normal temperature, hardty experiencing the influence of
the cold air, and the SW area, which had unusually cold temperatures with
departures from normal values almost as large as the coldest area in the
NE (about -9*9).

The distribution of the lowest temperatures, presented on Figure 14, shows
an elongated area thap stretches in a general direction from NE to SW across
Alaskan Mdainland with minimum temperatures of -50*Y and lower. The lowest
values were observed in the upper reaches of the river Koykuk, where the
lowest temperature sank to -60*F.

The departures of the mean monthly temperatures of December 1957 from the
mean values derived from the period 1948-1964 indicate a peculiar distri-
bution pattern, which is shown on Figure 15,

The largest departures, which vace of an order of -9*F, were observed In the
furthest NE region and in the furthest SW area.

The interior regions of the Yukon Basin bad moderate departures of -5`F,
while the smallest departures, though still of negative nature, were recorded
in the SE region of Alaska where the temperature departed only -V!W from the
long term average.

Upper Air Temperatures

The vertical structure of the atmosphere under conditions of very cold weather
was studies from available date of radiosoundings.

The Russian Drifting Station "North Pole -7" drifted in the Alaskan section
of the Arctic during the winter of 1957-1958, Upper air observations of this
station were analyzed by Geigerov (3), who presented a time-cross-section with
thermoisopletes, which is partially reproduced here in Figure 16.

Using the data presented by isopletes on Figure 16, a vertical profile of
mean monthly temperature distribution for December 1957 has been constructed
and shown on Figure 17 by the heavy line.

This profile shows the dimensions of the surface inversion, the average lapse
rates, and the position of the tropopause. It can be seen that in the lower
500 m the temperature increased with height at a rate of about 1*C/lOOm. The
average height of surface inversion was about 2 km. At 3.6 km the temperature
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in the troposphere reached the value observed at the surface and from that
altitude it decreased more or less regularly at an average lapse rate of
about 0.5*C/IOO m in the troposphere. The tropopause was located at about
8.6 km. Above the tropopause the lapse rate changed to an average of about
0.14*C/l00 m. The temperature reached -75C at an altitude of about 19.500 m.

For comparison with this mean profile at "North Pole - 7", two other radio-
soundings taken at Barrow in December 1957 are presented. One of them was
taken on December 5th, just before the extremely cold period had set in,
while the second radiosounding represents the vertical distribution of tem-
perature on a vcry cold day in the middle of the very cold spell on December
26th, 1957. (Figure 17).

The comparison of these two ascents shows: I) the height of the surface in-
version was approximately the same (I km) on both days, but the intensity oe
surface inversion was greater on the colder day - as expected. 2) the height
of the tropopause was about 9 km on the warmer day and 8 km on the colder
day, 3) the temperature lapse rate in the troposphere (2-8 kim) was approxi-
mately the same on both days; 0.7*C/100 m, 4) thc temperature in the tropo- j
sphere was about 5*C lower on the coldest day, as compared with the warmest '
day, 5) the temperature of the stratosphere up to 20 1km was about 2 - 4C
lower on the colder day.

A comparison between the mean conditions in the Central Arctic, as derived
from data of "North Pole - 7" in December 1957 and the conditions on the
colder day of December in Barrow (the 26th) shows tnat in the layer up to
6 km height, the temperatures were a little lower over the Central Arctic
(except the surface inversion layer); between 6 and 9 km the atmosphere was
colder over Barrow on December 26th. Significant is the circumstance that
the lower stratosphere was much colder, on the average for the month, over
the Central Arctic in comparison to the coldest day of December in Barrow
and the difference in temperatures apparently increased with height; so at
20 km the mean temperature over the Central Arctic was 10C0 lower than over
Barrow on the coldest day of December 1957.

So it can be stated that generally, on the northern coast of Alaska in an
extremely cold December of 1957, the vertical structure of the atmosphere I
showed a colder surface layer than in the Central Arctic, in the region of
the "North Pole - 7" it also showed sharper inversions, slightly larger I
lapse rates in the troposphere and much warmer stratosphere, while the
heights and the temperatures of the tropopauna were very much alike.

I

ii
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JANUARY 1960

Circulation of the Atmosphere

January 1960 is characterized by a cold spell in the middle of the month.
However, the northern coastal region of Alaska showed subnormal temperatures
for almost the whole month. January 1960 was the coldest on record at Barter
Island and the second coldest at Barrow and Wainwright for the period 1948 -
1964, with mean monthly temperatures -27.3*F, -24.80F and -23.7*F respective-
ly. The southern part of Alaska, however. had average temperatures above
normal for this month.

On January 9th, Alaska was influenced by a trough stretched over the country
i zonal direction. The.easterly and northeasterly winds in the northern
coastal region brought cold arctic air. This circulation was strengthened
at northwestern shore by the anticyclonic circulation of an extensive High
with a secindary center along the north coast of Eastern Siberia. The tem-
perature dropped strongly along the northern and northwestern coast of
Alaska (Barter Island, Barrow, Wainwright, Kotzebue, Nome). The sawe kind
of circulation generally continued on January 10 (Figure 18) and temperatures
dropped everywhere.

The cold arctic air pushed southward along the west coast and reached the
southwestern coastal region. So, for instance, at Bethel the mean tempera-
ture dropped by 27*F from the 9th to the 10th of January.

On January l1th a weak trough stretched from SSE to NNW, covering Alaska.
This baric situation supplied cold arctic air to the west part of Alaska from
northwest and cold continental Canadian air to the east part of the country
from the east. Very weak pressure gradient dominated Alaska. The tempera-
tures continued to drop, especially f.n the interior of the country: at FortYukon by 8*F, at Tanena by 38*F, at Fairbunks by 26*F, ast Eialson F1II t.

24'F, at Lake tinchumina by 30*F, at McKinley Parh by 141F, at McGrath by
32*F, at Bethel by 24*F.

During January 12th and 13th a weak ridge from southwest built up over Alaska
which furthered the supply of cold arctic air from west and Canadian air from
east (Figure 19, weather map for January 12, 1960). The temperatures con-
tinued to fall and reached in the interior regions the lowest values for this
month. On January 13th, Fort Yukon had a moan temperature of -53.5*F, Tanana
-54.5"F, Fairbanks -47.0OF, Eielson Field -44.5*F, McGrath -48.50F, Bethel
-27.5"F.

On January 14th a local high pressure center was formed over Alaska. Cloud-
less sky furthered the radiation. Some stations along the northern shore
and in the interior regions showed the lowest mean daily temperatures for
this month: Barter Island -41.5*F, Barrow -41.0OF, Lake Minchumina -46.5"F,
McKinley Park -27.5*F, Talkeetne -28.5*F. Other stations mostly sustained
their mean daily temperatures from the previous day.

On January 15th, the synoptic situation remained almost the same; also the
mean daily temperatures did not change much. On January 16th, the local high
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pressure system moved eastward; therefore, the southerly flow dominated the
southern regions, where the temperature rose. The northern part of Alaska,
including Kotzebue and Fort Yukon, sustained their temperatures*

During January 17 - 22, Alaska was influenced mostly by an extensive Low,
centered southwest from Alaska, which brought to the country warm Pacific air.
Only on January 19th, and 20th a ridge from the Siberian High covered a part
of Alaska; however, the influence of this ridLge was mostly limited to the
northern coastal region.

After January 22nd a ridge stretching from northwest influenced the northern
part of Alaska. This influence became stronger when the center of the High
moved eastward. The inflow of the cold Arctic air, combined with radiation
effect caused a strong drop of temperature in the central eastern regions
during January 27th - 29th, (Fort Yukon, Tanana, Fairbanks, Eagle, Eielson
Field),

Also during January 23rd - 31st, the northern coastal region was affected by
the cold arctic air, and therefore the temperature remained subnormal up to
the end of the month.

Temggrature Regime

All over Alaska the cold period in January 1960 lasted from about the 9th to
the 16th day. The lowest mean daily temperatures were recorded during this
period. Only the interior regions in the upper reaches of the Yukon River
had the lowest mean daily values observed at the end of the month, (Eagle
-35.5*F on January 28th).

I The variations of mean daily temperatures during this very cold January, are
presented graphically in Figure 20 for the station at Barrow, which had sub-
normal daily temperatures almost during the whole month. The curve shows
the coldest mean daily temperature on January 14th. On this day the synoptic
chart showed a local high pressure center over the middle regions of Alaska.
This center was formed within a pressure ridge that extended over the
Canadian Archipelago from NE.

This synoptic situation lingered for two or three days and was changed on
January 18th, when a warm trough extended from the Aleutian Low covering
practically all of Alaska. It formed two small local centers of low pressure;
one over the western part and the other over the NE area of Alaska.e_ At that time, the graph for the station at Barrow showed a peak in the curves
of the mean daily temperature line. This peak separated the very cold spell
of a NZ origin from the second cold spell, which occurred during the 19th -
23rd of January and was originated by the extension of a ridge of the North
Siberian High from the west.

Comparing the temperatures of these two cold spells, it can be seen that the
influence of the NE action, the inflow of the cold air masses from the High
over the Canadian Archipelago, has produced considerably lower temperatures
than those effected by the North Siberian High with a westerly flow of cold
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continental air. When the Siberian High stretches out a ridge toward Alaska,
it covers usually only the northern regions at the Arctic coast, producing a
cold spell in the north coast regions while the other areas may not feel the
cooling effect at all.

The distribution of mean monthly temperatures in January 1960 is shown on
Figure 21. It is easy to sae that the very cold regime was observed only in
the Northern Drainage Area, while the southern half of Alaska had normal or
above normal temperatures.

While Barter Island was about 12*F below the normal monthly value (as derived
from 1948-1964) and Barrow about 10*F below it, the southern section of
Alaska, as was mentioned before, had milder temperatures, with many stations
recording the mean monthly temperatures above 0*F, which is close to normals
or even above them.

The distribution of the lowest temperatures recorded in January 1960 is shown
on Figure 22. The northeastern and central regions wore the coldest, with
minim=z temperatures of -50*F and -60*F, while the southern coastal zone had
the minima of -20'F and higher.

Figure 23 shows the distribution of the departures of mean monthly tempera-
tures observed in January 1960 from the mean values derived from observations
during 1948-1964.

UP-erAir Temieratures

Examining the thermal structure of the atmosphere over Barrow and comparing
the vertical profile of temperature for the coldest and the warmest day in
January 1960, from the graph on Figure 24, one can see the following features:

i. The height of the surface inversion iv a little greater on the warmest
* day, January 7th, than on the coldest day of January 14th.

2. On both days the atmosphere was warmer than the surface in the layer
about 4 km high, at which height approximately, the temperature reaches
the same value as was observed at the surface.

3. The largest difference in temperatures between the warmest and the
coldest day was observed at the height of 3 km, consisting of about
15*C. Higher up, the difference diminished and at the height of about
8 km the temperature was almost equal on both days ( 50*C.)

4. The height of the tropopause was lower on the coldest day (6 km), as
compared with the warmest day (8 k1).

5. The lapse rates in the troposphere computed as average values for the
layers between 4 km and the tropopause level showed somewhat smaller
values for the coldest day when they were about 0.6*C/I00 m, as compared
with the warmest day, when they were about 0.7*C/100 m.

6. The stratosphere was colder on the warmest day by about 2-3*C as compared
with the coldest day of this month. The inversional lapse rates in the
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otratosphere, as computed for the layer from the tropopusoo to 15 km level,
were on the average -.bout 0.09'0/100 m on the coldest day and about 0.07Ct/
100 m oc the warmest day of January 1960.

Over the entire Alaskan region the weather was exceptionally cold, dry, and
clear during this month. Predominant pressure patterns showed large areas of $
high pressure ovxr the northern regions of Alaska, over the adjoining section
of the Arctic Ocean and over the Canadian Archipelago. At the end of the
month, the high pressure area was present over the East Siberian Peninsula as
well. The Low over the Gulf of Alaska was rather weak most of the time and
did not affect the northern part of Alaska during the month; its influence
wts felt only in the southern sections.

The first half of the month, in which the lowest mean daily temperatures
for this month were observed at the stations of the southern regions of
Alaska (Lake Minchumina, Talkeetna, Valdez, Bethel, Iliamna, Yakutat and
Kodiak) was also unusually windy in this area. The winds exceeded 25 mph
on many days of the first half of the month, The wind blew consistently
from a northerly direction at Bethel, and this station reported a record
average hourly velocity of 15 mph. The highest mean hourly wind speed was
also observed at Kotzebue, establishing a record for this station of 16.8
mph.

In the northern regions the lowest mean daily temperatures appeared later,
mostly between the llth and the 13th day of February.

The temperatures started to drop generally on the 2nd of the month in the
northern and central parts of the country,

On Fabruary 2nd, a High centered over the Bering Sea started to influence the
country. The inflow of cold arctic air caused the drop of temperatures every-
where except the south coast: oven at Bethel and King Salmon the mean daily
temperature dropped by 220F and 180F, respectively. During the next day,
February 3rd, the high pressure system spread out over Alaska and only the
south coast was affected by the Low centered off the shore southeast of

* Alaska, The temperatures decreased more, espacially in the northern part and
in the interior regions.

On February 4th, a low pressure center moved from west to the northwest shore
of Alaska and influenced during February 4th and 5th, the northwestern regions
where temperatures rose due to the inflow of southwestern Pacific air in
northwestern and western sections of Alaska. (Barrow, Wainwright, Kotzebue,
Nome, and Bothel). , i
On the north coast (Barter Island) and in the interior regions the tempera-
tures continued to drop.

Early in the morning of February 6th, a high pressure System centered over
the Chukchi Peninsula started to influence the northern and central rvgions
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(Figure 25, for the 6t0 of February). The temperatures generally dropped
also at Nome and Bethel, which were directly subjected to the inflow of
Arctic air from the northwest. During the next days the high pressure system
spread out over the northern part of Alaska, influencing also the central
part. The supply of cold arctic air and the effect of radiation caused a
further decrease of temperatures.

During February l1th, the center of the high pressure system moved a little
eastward and the winds veered to more easterly directions, (Figure 26,
Weather situation on February 1lth, in the afternoon).

The mean daily temperatures at the north coast reached their minimum for
this month: Barter Island -55.0*F, Barrow -46.5'F and Wainwright -41.0*F.
In the period of February 11 - 15, the high pressure system consolidated
again over the northern part of Alaska. The temperature rose a little along
the northern coast; however, it remained generally low. At Kotzebue, Nome
and King Salmon, the temperatures reached their minimum for this month.

On February 16th, the center of the high pressure system receded eastward,
and a disturbance centered east of Kamchetka started to influence the west
and northwest coast (Figure 27, Weather Situation on February 17th, 0030Z).
This situation continued for 3 4 nv' diring whicb time the temperature rose
at stations: Barrow, Wainwright, Kotzebue, Nome and Bethel. Les~s affected

were the east part of the northcoast and the interior regions. -agle showed
even a decrease in temperature.

On February 19th, the rear of a low, centered off the northwest coast,
started to influence the northwest and the west coast of Alaska. The tem-
peratures dropped again - at Barrow, Wainwright, Kotzebue, and Nome. Later
the inflow of cold arctic air was strengthened by a strong ridge from the
west (Figure 28, Weather Situation on February 21st, in the afternoon).

Until the end of the month, the northern part of Alaska was generally domi-
nated by a High, centered north off the coast (,N1, N, MnE, while the southern
part was influenced by an extensive Low centered generally south from Alaska.
The temperatures remained low in the northern regions.

Temperature Regime

lu February 1950, the station on Barter Island showed the lowest mean monthly
temperature in Alaska, and it was the lowest mean recorded for February atI this station for the period 1948 - 1964.

The graph of mean daily temperatures for Barter Island (Figure 29) for
February 1950 shows a large magnitude in the range of daily temperatures:
on February 1st, the mean daily teraperature was 6.5*F, while on the llth day
it dropped to -55.0*F, a difference of more than 60*F between these extreme
days. Thtere were only three days in this month when the temperature was
above -20*F, which is about the normal mean monthly for February; on all the
other days the temperature was, mostly much below normal. The mean value for
February in this year was 23.6*F below th( ong period average.

14i
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The distribution of the moan wk)nthly temperatures in February 1950, over
Alaska is shown on Figure 30. It can be seen that in the northern half of
Alaska, the mean gradient of temperature is directed from west to east, while
in the southern half the gradient has a north to south direction. The coldest
temperatures of -30F and lower, were observed in the northeastern section,
while the Gulf of Alasek region had the warmest temperatures.

Comparing the distribution of the mean temperatures of February 1950 with the
normal means for this month computed from the period 1930 - 1960 (Figure 31),
it can be seen that the resemblance between the patterns of temperature dis-
tribution is rather good snd the difference is mainly in the quantitative
characteristics. Roughly speaking, February 1950 was about 10*F colder than
the normal values, almost in all regions of Alaska.

The distribution of the lowest temperatures observed duting February 1950 is
shown on Figure 32, The pattern of distribution of these absolute minima is
aimilar to that for the mean temperatures. the lowest values are observed in
the northeastern sections, the highest - in the southerr regions.

February 1950 had large negative anomalies of mean temperaturas over the
entire Alaska region. Somewhat smaller negative departures were observed
over the coastal zone. The largest departures of the mean temperatures
reached -206F in the eastern mountainous regions, which, however, could be
partly due to the local terrain. (Figure 33). *
UtgDer Air Temperatures

Ascents were plotted for the warmest and the coldest day of February 1950.
For comparison, the mean upper air conditions for this month were presented,
also, all for the station at Barrow (Figure 34).

The warmest day, February 1st, showed temperatures remarkably higher through-
out the whole troposphere in comparison with the average conditions for this
month. Only the lower stratosphere had temperatures 5 to 6-eC warmer thanthe average conditions. In comparison to the mean temperature for this par-

ticular month, the temperatures on February Ist were about 10'C higher in
the lower troposphere; only at 8 km the difference in temperature decreased
to 5'C and starting with 9.3 km height and up, the differences in temperature
reversed, being colder than the average.

The ascent for February let, shows an almost isothermal layer from the surface
to approximately 2 km height, with a temperature of about -10*C. From 2 kmI f to the tropopause (10 km), the temperature lapse rate was very constant with
a value of 0.66'/100 m.

The coldest day of this month, according to the records of surface tempera-
tures, February llth, showed a pronounced surface inversion up to 1.4 km.
From this height up to 5.1 km the air was quite stable. Above 5.1 km up to
8.6 km the temperature lapse rate was uniform with the value 0.67*/100 m.
The height of the tropopause wase 8.6 km - the same as under average condi-
tions for this particular month. The temperature of the besx, of the tropo-
pause was -S5C.
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It is intereating to note that on February U1th the air was colder than
under average conditions only up to 3.2 km; above this level the air vas
warmer in comparison with the mean valuesi the maximum temperature differ-
*:ice in the layer between the surface and 3.2 km was about 4VC; above this
level the air on February llth, was up to 5%C warmer (at 5.0 to 6.5 kin) than
the air under average conditions.

The analysis of data for three exceptionally cold winter months permits
making the following general coiclusions:

1. The coldest temperatures oi the northern region of Alaska
occur, usually, %,nder the influence of the high pressure
center located over the Arctic Archipelago.

2. The high over the Arctic Archipelago affects the northern
regions of Alaska by producing an inflow of very cold air
from NE, and somettimes forming a local high pressure center
over the Alaskan mainland.

3. The synoptic situations which produced the coldest mean
daily temperatures on the northern coastal regions of
Alaska in all three winter months that ware analyzed
(December 1957, January 1960, and February 1950) were
similar; they showed the influx of cold air predominantly
from NE.

4. The very cold periods with mean daily temperatures below
-30*F can last up to 16 days in a row, as was observed in
December 1957 at Barter Island in the northern region, In

Me 'InteroUL of Alas"k, at Fort Yukon, the period with moan
daily temperatures below -30'F lasted even longer, up to
18 days, in February 1950.

5. Concerning the correlation of the cold spolls between
various regions of Alaska, it has been found that they
may or may not coincide in time between the northern and
southern regions.

In the cold December 1957, when the cold spell was ecperi-
enced by the northern regions, it was also felt by the
western part of the south coast, with departures of tem-
perature of exactly the same order, -7'F, -9*?. The east-
ern part of the south coast, however, wos not affected by
the severe 4.oid spell and had temperatures close to normal
conditions, (Figure 15).

The cold January 1960 showad a different picture. In this
month the northern half of Alaska experienced a very cold
spell, with monthly tamperature departures up to -10F,
-12*F, while the southern part of it, in a sharp contrast,

Si
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experienced an unusual warming, especially so in tho
western part of the south coastal region, whe~re the
departures of monthly temparatures wore positive,
reaching up to +8*F, +10*?. Positive departure8 of
the same order wore also observed in tho interior
regions, in the upper reaches of Yukon and TananA

In the cold February 1950, the tomp~eraturo doparturap i
from ntormal were most evenly distributed around the
interior region of Alaska, and were almost equal be-

tween the northern and southern coasts, fluctuating
betwoon -5'F and -100F, The interior regions had
the largest negative departures of o15*F, and -20°*, i

I II I I I I I I- I
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11. AISTRACT

T're circulation patterns and synoptic processes associated with periods of
very low temperatures In Alaska were examined fram the view point of Synoptic
climatology.

The study is based mostly on monthly and daily temperature data obtained from
meteorological stations in Alaska during the period 1948 - 1964 /5/, /6/, and upon
analysis of tho synoptic charts presented by the Polar Weather Hape publication,
U. S. Weather Bureau /4/.

Individual months, with extremely low mean monthly temperatures were selected
for detailed analysis from series of observations within the above mentioned
period. These months were: December 1957, January 1960, and February 1950.

DD ,o.NM* 1473
I JAN ,, UNCLASSJ FIRE)

Security CiasstiflcaUon,•



So§0CUni7Z~y Qselllcriion
bLIK A LINK 0 L114K C

KEY WORDOS - -*-
ROLE9 WT tOLl N. OLE 9 r

Synoptic eAiutatology

Polar weather

Alaska's low temsperatures

Ti'mparature de~partures

INSTIRJCTION$

1, ORIGINATING ACTIVITY: Einter kthe name and address to AVAiLABILITY/LAP4ITATION NOTICQ0'k Enter any urn'
of the contractor, subcontractor, grantee, Department, of U*.- nations on further diaseezination of the reporý. other than thou.s
tehe repot.vt rohrognhto 'c~oae author) 'issuing Imposed by security classification, using sta(dard Sat~timent

the rport.such an!
2d. REPORT SECURITY CLASSIFICATION: Enter the over- (1) ,Qualified tonq~oetes may obtapt copits of this
all security ClsIR911ctetiOn of the report, Indicate whetherreotfm Cý
"Restricted Data" to Included. Marking is to be in accord- eotfo D. n d lnto fti
onei with appropriate security reagulations. (2) "Poretgn annrouncemfentt Ga Ofeehi
26. GROUP: Automatic downgrading Is specified In Dot) Dl-rpr yDCIcntatole.
ractive $200. 10 and Armed Forees Industrial Manual, Enter (3) 11U. S. Government algencica may obtain copies Of
the group number. Also, when applicable. show that optional this report directly from DMC Other qualifiedi DOC
markings havet been used ror Group 3 and Group 4 as author- users ishall request through
tied.

3. REPORT TIT.LE; Snter the complete repoit title in all (4) 1,u. s. military agencies may obtain copies of this
capittal letters. Titles In all cases should be unclassified, report directly from DDC. Other qualified users

* If a meaningful title cannot be selected wilhout claselfica. Bik.itl request through
tion,, show title classification In all capital& In parearthesistB
Immediately following the title. ________________________

4. DZSCRIPTIVZ NOTES: If appropriate, enter the type of (5) "All distribution of this report Io controlled, Qual.
report. e.g.. interim. progress, sumniury, annual, or flinal. tifed DDC users shall request through
Give the inclusive dates when a specific reporting oarlod Is F

covered.If the report lifs been furnished to the Office of Technicsal
5. AUTHOR(S): Enter the name0(s) Of 21uthor(8) as shown on Services, Department of Commerce, for asal to the Public, indl.
or In the report. Enter lest name, first name, middle Initial. ca this fact and enter the prtce, if knowtu.
If military, show rank and branch of service. Theo name of
'ha pr~acipail ai th-o; 1; an abaciuto m -.mmm 11, SUPPLUMIENTARY NOTES: Use for additional *xjrlano5

6. REPORT DAT'E: Enter the date of the report as day, tory noice.
month, year~ or month, year% If marc2 than one date appears I2, SPONSORING MILITARY ACTIVITY Enter the name Of
on the repoit, use date of pubiltct ion, the departmeental project office or laboratory sponsorlkig (PSI-

7*. TOTAL NUMBER OF PAGES: Thre total page count 1n4 tor) the recearch end development Include address.
should follow normal pagination procedures, i.e., enter the 13. AI3TRACT: Enter in abstract giving a brieif and factual
niumber of pages; containing tofoimuatton. summary of the docuiment indicative of the report, even though

it may also appear elsewhere In the body of the technical re-
7.NUMH~R OF REFPERENCES: Enter the total number of port. If additional apace Io required, a continuation shett

f4(roferece cited In the report. shall be attached.
8a. CONTRACT OR GRANT NUMBER: If appropriate, enter It is highly desirable that the libatract of classifted vo-
thre applicable number of the contract or grant under which ports be unclesasftied. Each parerapati of the abstract $hall
thre ration was written, and with an indication of the military Security classifIcation

8b. Sc. as 8d. PROJECT NUMBER: Enter the a Mproperiate of the information in the paragraph. represented as (TS). (S),
military department identification. such as project number, (C)- or (E I
subproject numbor. system numbers, task number. otc. There is no limitation on lthe longttr of thea Abstract. How-

0a. ORIGINATOR'S REPORT NUMBER(S)- Enter the offl- ever, the suggested length is from 150 to 225 words.
cisI report number by which the document will be Identified 14. KEY WORDS: Key words are technically meaningful terms
and controlled by the originatinli activity. TFlits number must or short phr-..os that ciiar~ectertze a report eand may be timed as
be itnique to this report. Index entries fer cateealuinir the reotf10-. Key word-- Must be

96.O~hR RPOR NII.IERS):If he epot lsabeon selected so that no security classification ta required. Iden-
aesgne anyE REORTNME()fther report nubrliihr yresou~ao fieve. such% as equipment model designation, trade namne. .,itli-
or byted apnyothr) alsor entmerths numestr b te ). lnao tary project code namne. ircirraphic location. may be tined as

r bythesposor, aso eterthi nubera).key wvords but will be followed by ein indication of technical
context The assignmont of link&. rules, end weights Is
optional.

UNCLASSIFIED

Me", =1y -1088s cation


