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EXTREMELY COLD WEATHER SPELLS IN ALASKA

1, INTRODUCTICN

The c¢irculation patterns and synoptic processes associated with perlods of
very low temperatures in Alaska were examined from the view polnt of synoptic
climatology.

The study is based mostly on monthly and daily temperature data obtained from
meteorological stations in Alaska during the periocd 1948 - 1964 (5,6) and
upon analysis of the synoptic charts preasented by the Polar Weather Maps pube
lication, V.3, Weather Bureau (4),

Individual months, with extremaly low mean monthly temperatures, were s¢lect-
ed for detalled analysis from serles of observations within the above
menticned period, These wonths werei Decembar 1957, January 1960, and Fsbru-
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 reglonal comparison, and to detarmine, ?v.
a first approximation, to what degree can the lr est negative departures
from the average value coincide in time over various reglons of Alaska, The
map on Figure 1 shows the station network which is used in this study,

DECEMBER 1957

Atmospheric Clirculation

In the temperate zone of the western half of the Northern Hemisphere, the
intensity of atmospheric circulation was rather high in this month,

The increased circulation in December 1957 represented a marked change from
the preceding season, which had a persistent low circulation regime during
all three months of fit.

Biocking conditions provatled during the fall in the temperate zone, and it
was not until late in November that the westerlies beagan a steady increase
in intensity to above normal values, which ware reached in December,

For the whole area mentioned above, between the latitudes of 25° « 55°N, the
mean values of the zonal index at 700 mb surface showed 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 vespectively: 7.8; 9,5; 10.5; and 11,3
meters per second (1),
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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 wera
brought about by well developed Lows persistently crosaing the region from
Eastern Beriag 8ea into tho Weatern Gulf of Alaska.

The Lows maintained a warm and molst air flow over almost all of the Alaskan
Meinland during the fall and up to the second half of Decembar 1957. In this
warmer period, in December, the Arctic High was centared far north off the
Bering Strait, mostly at the latitudus of 80° = 85°N (Figure 2).

Being located that far north, the Arctic High succesded in affecting only
the Arctic Coastal Regions of Alaska, where the only subnormal temperatures
appeared in the firat half of Decombor 1957.

At Barrow, the mean dally 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 temperaturee slightly lower than those at
Barrow, dropplng to =33°F at mid-December. (Swe Supplement Tables).

Synoptic chart for Dscember 5, 1957, 0000%, shown on Figure 2, is character=
igtic for the fivst half of December, The chart shows a large Low over the
Bering Sea with a well expressed front in its eastern section over the southe
ern part of Alagkan mainland and over the Gulf of Alaska. The Arctic High is
centered far north at about 85°N 170°W. The anticyclonic fleld covers only
the northern fringes of Alaska,

There are no continental Highs 1in the picture. Canadian High pressure araea
1s too far in the east, and the East Siherian High is represented only by a
weak ridge centerad over 150° - 160°E, also far away from the reglion under
study.

The general pressure pattern changed in the middle of the month permitting
the Arctic air from the well established Arctic High to spread over the malne
land, bringing much below the uormal temperatures to practically all stations
in Alaska,

The upper air maps, reproduced on Figures 3 and 4 Erom source (2), show the
pattern of alr 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 im
tens of feet. The maps were veproduced in a swaller model from Charts by
Extended Forecasting Section, U, §. Weather Bureau

The comparison of the mean contour maps for November and Decembar 1957

2

(Figures 3 and 4), shows that the center of the Arctic High was loctted closer

to Alaska in the month of December than it was in November, and correspond-
ingly the influence of the Alautian Low decreased,

On the surfacc, a marked cyclonic center dominated the region of the Gulf of
Alaska moving inland over the North Am=rican continent, entering British
Columbia and undulating east and south.-astward, 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 pattorn of circulation could to soen on the surface
charts for tha Northern Hemiephiora, USWD, from which a fragmenL covering the
crea of Alaska and adjacont reglons i8 reproduced in figures 3-10, (5).

Tha wmap for Dacember 15, 1937, (Pigure 5: 16 "ecembar 1957, 00002), ashowo a
large Arctic High centersd at about 78°N, 170°E. Tha anticyclonic fleld
covoerd the northern half of Alagka, while the southern half is under a wouk
eyclonic field of the low caentsred over the Qulf of Alaska,

On December 16, 1957, (Figure 6), the sams Arctic High dominated the northern
half of Alaska, Its center moved a little closer to Alagke ahifuing in a
southesaterly direction, The center of tha Low in the Alaska Gulf moved in
tha same ditvection, southeast, but at the same time it intensified congider-
ably, so thet the region that bad the day bofore a preesure of 1000 mb, was
now under the 984, 988 and 992 isobars. Booldes, tha pressure gradionts in
the southeastern poxtion of Alaska had grown much gtronger,

On Decembar 17th, the canter of tha Arctic High was found in a much more
northern position, with pressure gradients becoming weaker in this system.

on the other fand, the cantar of the low in the south, ahifted back in a
northwestarly diraction and was found on thie day almost in tho same position
it was two days before, keeping vather strong gradiente with the central
pressure only slightly higher than it was a day bafore.

On Dacamber 18, (Figure 7), the Arctic High Conter was found farthar north

at about B3°N occupying the furthest northerly position thar was racorded
during tha entirs ccold pericd under study, while ths low center stayed almost
‘n the same place as it was the day bafora, with the samo ceantral pressure

of 984 mb, However, anothar development was taking place at the same time:

a atrong ridge of high pressure eaxtended in tha northeastward directlon from
RBast Siberia. The cold flow from the East 3iberian Center reached the Arctic
High Conter, building a powerful rvidge of high presaurs over the Arctic Ocaean
in the ragion just north and northwest of Alaska,

Cn Dacewber 19th, the Arctic High preseure ceater moved slightly to the oast
and so did the EBest 3iberian High, Most of the reglons in Alaska felt the
strong influenca of both high pressure aveas, while the Low in the Gulf of
Alaska wae rathar statlonary, affecting the weather only in the southerw
coastal reglons. TIn the major part of Alaska the pressure gradlents wae:se
weak and a strong rvadiative cooling took place in most cregloms, cepecially in
the Arctic Drainage Area and in the Yukon Valley,

On Decembar 20th, the Arctic ltigh remained almost in the eame place, but the
EBast Siberian High moved a great deal sastwards, centering now in the ares
between Kamchatka and Vrangel Island, much closer to Alaska. No changes in
the posltion of the Low in tha Gulf of Alaska ware noticed, The minluwum at
Bartey Island was ~44°F, while Barvow hat o8 wuch bigher minimum of =24°F,
The big difference in uirimum tempevatures betwsen the twe siatione could be
explained by the effact of local conditions, sincs the sea in the viciaity
of Barrow haa oftentime open water surfaces between the lce covered arcas
even in the middle of the winter season, that in turn may have produced fog
or low clouds protecting the place from radlative cuoling.
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In Yukon Valley the minimums were still lower in some locatlons like Galena
(~48°F) and Tok (~50°F), which of course shows the influencs of local relief,
that favored both the stagnation of cold air and the intensification of
radlative cooling.

On December 21st, the Arctic High and the East Siberian High have mergcd iuto
one high pressure system with the isobar of 1024 mb closing an elongated
pregsure center of a rather large extent, with the middle point in the region
of Vrangel Island. However, the iatensity 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, (Rigure 8) there remained only a relativzly weak high pres-
sutre ridge stretched from East Siberia northecastward, The Low in the Gulf of
Alaska still strongly influenced the arga.

On Dacember 23rd, the high pressure ridge, that was seen on the chert the
day before extending from the East Siberiar 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 East Siberian Anticy-
clone recaded somewhat Inlend with the center just north of the Okhotsk Sea
Coast. The Low of the Gulf of Alaska shifted somewhat ¢loser to the middle
section of the southern coast of Alaska. The cooling continuved 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 thav was centered just
off the northern coast of Alaska moved southeastward to Canada and at this
day was centered at about 70°N, 115°W., The Low in the Gulf of Alaska moved
slightly closer to the 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 Jay before, but was connected now with
the EBast Siberian High by a ridge of high pressure over the Arctic Ocesn just
off the noithern coast of Alaska. A ridge of high pressure extended from
this center westward covering the northern half of Alaska and bringing very
cold air to the western and southwestern reglons, effecting the lowest
minimum temperatures for this month at the stations: Galena ( =54°F), Bethel
( =59°?), Tok ( =53°F), and Wild Lake ( -47°F). The east Siberian High moved
eastward closer to Alaska. The low pressure center in the Gulf of Alaske 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 Alagka.

December 26th. The East Siberian High moved somewhat back inland, while
the Canadian High remained at the same place. Both aress 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 moanth 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, while
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
ma jor 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 vose on this day almeat
everywhere in Alaska. The increase was quite consideravle in some regions of
the southern part and only very slight in the northern half 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 same
time filling up the cyclonic center to a considerable degree, with the cen~
tral pressure in this system rising from 968 to 984, The East Siberian High
remained pretty much in the same position und 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 than the
day before. However, in the protected locations of Yukon Valley the minima
were lower than yesterday and the cold spell wes still going strong in the
northern half of Alaska.

December 29th, anticyclonic field of very weak gradients covered the northern
half of Alaska, The East Siberian High was intensified somewhat and 1its
center moved a little closer to Alaska. In this field of weak gradients,

the temperature continued to be very low and the minima were of the same
order an the day before. The large Low over the Bering Sea moved cloger to
the low pressure area in the Gulf of Alaska, which in its turn moved toward
it. In the interior the temparaturas dropped again (Fort Yukon, Tanana,
Fairbanks, Eagle, Galena, Eielson Field, Lake Minchumina, McKinley Park, Tok,
McGrath and Kotzedue).

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

0n December 31st, a ridge from the east started to dominate the northern
coastal region of Aleska., During the afternoon and the night a separate high
pregsure center built up off the north shore of Alaska. This high pressure
system influenced, however, only the north and northwest coast where tem-
peratures dropped (Barter Island, Barrvow, Walnwright, Kotzebue). At other
areas the temperatures increased.

Summarizing 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 &n Avctic High with the center undulaiing in the region
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of the 180° meridian between the latitudes of 75° and B0°N during December 15,
16 and 17 {Figures 5 and 6). The southern cosatal reg on was influenced by

a Low which has even deepened from 15th to 16th of December. ILts center was
off tha south coast of Alaska. However, thie c¢yclonic 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 cire
culation in Alaska incredsed, but as in the praevious days, this c¢circulatioa
also brought mostly cold Canadian air except in the southern coastal regien,
On Dacember 19th = 20th, a high pressure center moved from Eastern Siberis
eastward and on the 21lst this center merged with the Arctic High, building
;u elsngahed center stretched from SW = NE over the Vrangel Island (Figures
» 8 2o .

In the next days up to the end of December the lowest temperatures were f
recorded at various sites in Alaska. On the synoptic map of December 23rd g
two high pressure centers are recognizable: one centeraed off the NW coast

of Alaska which i{nfluenced the northwestern part of Alaska, and another over

East Siberia. Howaver, tue influence of the Low centered off the south

coast of Alaskas was still very stxong,

On December 24th both of the high pressure centers movad eastward, and the
influence of the Canadian High strengthened; at the same time the influance
of the Low centered off the south coast, decreased (Figure 9). On December
25¢h 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 ouly in & circulatcry way was the southern coastal region
of Alaska affected by the Low. On December 3lst, 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, moetly from
the high centered over the Arctic Archipelago, and from the East Siberian
High. The cold air stagnated over the Northern Drainage Reglon due to the
local orographic effect, which increased the radiational cooling and also
contribyted to the creation of very low temperatures,

Temperatur ime

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

The mean monthly tempersture for December 1957 was lower then the normal
value, obtained from the period 1948-1964, by 6.4°F,

Spp— R

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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masees flowed into Alaska from NE, sending thoe mean daily temperatures down
to =40°F, which occurred on the 26th of Decambar.,

Analyzing the distribution of mean monthly temperatures over Alseks in
Decembar 1957, which is preaented 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 fs presented on Figure 13. If,
however, we analyze the quantitative distribution of temparature in this very
cold December, the major portion of ilaska shows temperatures about 10°F be-
low the normal values. Only two rather smell regions deviste from the gen-
eral pattern and show some peculiar fsatures. These are: the SE vegion,
which had almost normal tempersture, hardly experiencing the influence of

the cold air, and the SW area, which had unusually cold tamperatures with
departures from normal values almost as larye as the coldest area in the

N2 (about =9°F).

The distribution of the loweat temperatures, presentad on Figure 14, ehows
an elongated area that stratches In & general direction from NE to SW across
Alaskan Mainland with minimum temperatures of =50"F 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 temperaturas of December 1957 from the
mean values derived from the period 1948-1964 indicate & peculiar distri~
bution pattern, which 1is shown on Pigure 15,

The largest departures, which wete of an order of =9°F, were observed in the
furthest NE region and in the furthest SW atea.

The interlor regions of the Yukon Basin had moderate departures of =5'F,
while the smallest departures, though still of negative nature, were recorded
in the SE region of Alaska where the temparature departad only ~1°F from the
long term average.

Upper Air Temperatures

The vertical structure of the atwosphere under conditione of very cold weather
was studles from available data of radiosoundings.

The Russian Drifting Station "North Pole =7" drifted in the Alaskan section

of the Arctic during the winter of 19571958, Upper air observations of this
station were analyzed by Geigerov (3), who presented s time-cross~section with
thermolsopletes, which is partially reproduced here in Figure 16,

Using the data presented by isopletes on Pigure 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 lnversion, 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 vate of about 1°C/100m. 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 1t decreased more or less regularly at an average lapse rate of

about 0.5°C/100 m in the troposphere. The tropopause was located at about
8.6 kin. Above the tropopause the lapse rate changed to an average of about
0.14°C/100 m. The temperature reached =-75°C at sn 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 Sth, just before the extremely cold period had set in,
while the second radiosounding represents the vertical distribution of tem=
perature on a very cold day in the middle of the very cold spell on December
26th, 1957, (Pigure 17).

The comparison of these two ascents shows: 1) the height of the surface in-
version was approximately the same (1 km) on both days, but the {ntensity of
surface inversion was greater on the colder day - as expectsd. 2) the height
of the tropupause was about 9 km on the warmer day and 8 ki on the colder
day, 3) the temperature lapse rate in the troposphere (2-8 km) was approxi-
mately the same on both days; 0.7°C/100 m, 4) the temperature in the tropo=
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 km was about 2 = 4°C
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 that 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 Barvow 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 10°C 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
showed a colder surface layer than in the Central Arctic, in the region of
the "North Pole - 7" it alsoc showed sharper inversiomns, slightly larger
lapse rates in the troposphere and much warmer stratosphere, while the
heights and the temperatures of the tropopaus: were very much alike.
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JANUARY 1960
Circulation of the Atmosphere

January 1960 is characterized by & cold spell in the middle of the month, : 3
However, the northern coastsl 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 mesn monthly temperatures -27,3°F, =24.8°F and ~23.7°F respective-
ly. The southern part of Alaska, however. had average temperatures above
sormal for this month.

i Kl a1 4. e

On January 9th, Alaska was influenced by a trough stretched over the country
in zonel 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 secundary 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 same kind 4
of circulation generslly continued on Januwary 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 ilnstance, at Bethel the mean tempera«
ture dropped by 27°F from the 9th to the 10th of January.

Cn January 1llth 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 ¢old continental Canadian air to the east part of the country

: from the east., Very weak pressure gradient dominated Alaska. The tempera-

H tures continued to drop, especially fn the interior of the country: at Fort

¢ Yukon by 8°F, at Tanane by 38°F, ot Fairbunks by 26°F, at Elolson Pield by _
24°F, at Lake Minchumina by 30°F, at McKinley Park by 14°F, at McGrath by ]
32°F, et Bethel by 24°F. 7

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 Janvary 12, 1960), The temperatures con- :
tinued to fall and rveached in the iaterior regions the lowest values for this L
month, On January 13th, Fort Yukon had a mean temperature of +53,5°F, Tanana
-SQ.S:F, Fairbanks «=47.0°F, Eielson Pield -44,.5°F, McGrath -48,5°F, Bethel
-27.5°F.

On January l4th a local high pressure cemter was formed over Alaska. Cloud-
less sky furthered the radiation, Some stations along the northeran shore
and in the interior regions showed the lowest mean daily temperatures for
this month: Barter Island -41.5°F, Barrow ~41.0°F, Lake Minchumina ~46,5°PF,
McKinley Park -27,5°F, Talkeetna -28.5°P. Other stations mostly sustained
their mean daily temperatures from the previous day,

On January 15th, the synoptic situvation remained almost the same; also the
mean daily temperatures did not change much, On January 16th, the local high
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pressute system moved eastward; therefore, the goutherly flow dominated the
southern regions, where the temperature rose. The northern part of Alaska,
including Kotzebue and Fort Yukon, sustained theilr 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 Janvary 19th, and 20th a ridpe from the Siberian High covered a part
of Alsska; however, the influence of this ridge was mostly limited to the
northern coastal region,

After Jsnuary 22nd g 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
offect caused a strong drop of temperature in the central eastern regions
during January 27th - 29th, (Fort Yukon, Tanana, Fairbanks, Eagle, Eielson
Field).

Aleo during January 23rd - 31st, the northers coastal region was affected by
the ecold arctic air, and therefore the temperature remained subnormal up to
the end of the month,

Temperature Regime

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

The variations of mean daily temperatures during this very cold January, are
presented graphically in Figure 20 for the station at Barrxow, which had sub-
normal dafily temperatures almoast during the whole month., The curve shows

the coldest mean daily temperature on January 1l4th, On this day the synoptic
chart showed a local high pressure center over rhe middie 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.

At that time, the graph for the station at Barrow showed a peak in the c¢urves
of the mean daily temperature line. This peak separated the very cold spell
of a NE origin from the second cold gpell, 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 thoge effected by the North Sibterian High with a westerly flow of cold
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contiuental air. When the Siberian High stretches out & ridge toward Alaska,
it covers usually only the porthern regions at the Arctic coast, producing a
¢old 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 showm on
Figure 21, It {s easy to asea that the very cold regime was obeserved only in
. the Northern Drainsge Area, while the southern half of Alaska had normai or
: above normal temperatures,

': While Barter Island was about 12°F below the normal monthly value (as derivad
i from 1948=1964) and Barrow about 10°F below it, the southern section of
Alaska, as was mentioned before, had milder tewperatures, with many stations

recording the mean monthly temperatures above 0°F, which 1s close to normals
or even above them,

The distribution of the lowest temperatures racorded in January 1960 1is shown
on Pigure 22, The northeastern and central regions were the coldest, with
minimm 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,

Upper Air Temperatures

Examining the thermal structure of the atmoaphere 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 lnveralon is a little greater on the warmest
day, January 7th, than on the coldest day of January léach,

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 temperstures 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 km).

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/100 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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otratosphers, as computed for the layer from the trvpopause to 15 km lavel,
were on the avarage bout 0.09°C/100 m on the coldast day and about 0,07°C/
100 m oa the warmest day of January 1960,

EEDRUARX 1970
Atmoophoric Circulation

Ovar the entire Alaskan region the weéthor was axceptionally cold, dry, and
clear during this month. Predominant pressure patterans showed large aveas of
high pressure ovar the northarn regions of Alaska, over the adjoining section
of the Arctic Ocesan and over the Canadian Archipolago. At the end of the
month, the high pressura area was presant over the East Sibarian Peninsula ae
wall. The Low over the Gulf of Alaska was rather weak most of the time and
did not affect the northarn part of Alaska during the wmonth; its influence
wes folt only in the southern eactions.

The first half of the month, in which the lowest mean dally temporatures
for this month wers obassrved at tha stations of the southern vegions of
Alagka (Lake Minchumina, Talkeetna, Valdez, Dathal, Iliamna, Yakutat and
Kodiak) was also unusually windy in cthis area. The winds exceadad 25 mph
on many days of the first half of the month, The wind blew consistently
from a northerly direction at Bethal, and this station reported & record
average hourly velocity of 15 mph, The highest mean hourly wind spesd was
aleo observed at Kotzebue, astablishing a racord for this station of 16.8
mph.

In the northern reglons the lowest mesn dally temperaturss appaeaved later,
moatly between the lith and the 13th day of Pabruary.

The temperatures atarted to drop genarally on the 2nd of the month in the
northern and cantral parts of the country,

On February 2nd, s High centered over the Bering Sea started to influence the
country. The inflow of cold arctic air caused the drop of tomporatures everye
whara except the gouth coast: even at Bathel and King Salmon the mean daily
temparature dropped by 22°F and 18°F, respectively. During the next day,
February 3rd, the high pressure syetem spread out over Alasks and only the
south cogst was affocted by the Low centered off the shore southeast of
Alaska, The temperatures decreased mote, especially in the northern part and
in the Interlor regiona,

On February 4th, & low pressure center moved from west to the northwest shore
of Alaska and influenced during February 4th and 5th, the northwsatern regions
where tempatratures rose due to the inflow of southwestern Pacific air in
northwestorn and western sections of Alaska, (Barrow, Walnwright, Kotzebue,
Nome, and Bethel),

On the north coast (Bartor lIsland) and in the lntevior regious the tempera=-
tures continued to drop.

Rarly in tho morning of February 6th, a high pressure syetem centerad over
the Chukchi Peninsule started to influenca the northern snd central regioms
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(Figure 25, for the 6th 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
patt, The supply of cold arctic air and the effect of radiation caused a
further decreagse of temperatures.

During February 1llth, the center of the high pressure system wmoved a little
eastward and the winds veered to more easterly directions, (Figure 26,
Weather situation on February llth, 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 Walnwright -41,0°F,
In the period of February 11 = 15, the high pressure system consolidated
again over the ncrthern part of Alaska. The temperature rogse 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 g disturbance centered east of Kamchotka started to influence the west
and northwest coast (Figure 27, Weather Situation on February 17th, 003CZ).
This situation continued for 3 Aave during which time the temperature rose
at stations: Barrow, Wainwright, Kotzebue, Nome and Bethel. Less affected
. were the east part of the northcoast and the interior regicuns. y$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 Barvow, Waionwright, Kotzebue, and Nome., Later
the inflow of cold arctic air was strengthened by a strong ridge from the
wvest (Figure 28, Weather Situation on February 21lst, in the afternoon).

Until the end of the month, the northern part of Alaska was generally domi-
nated by g High, centered north ¢££ the coast (NW, N, NE), while the southern
part was influenced by an extensive Low centered generally south from Alaeka.
The temperatures remained low in the northern regions.
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Temperature Regime
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In February 1950, the station on Barter Island showed the lowest mean monthly
9 : temperature in Alaska, and it was the lowegt mean recorded for February at
: - this station for the period 1948 - 1964,

The graph of mean daily temperatures for Barter Island (Figure 29) for

5 February 1950 shows a large magnitude in the range of dailly temperatures:

8 : on February lst, the mean daily temperature was 6.5°F, while on the 1llth day
it dropped to =55.0°F, a difference of more than 60°F between these extreme
days. There were only three days in this wonth when the temperature was
above -20°F, which ie about the normal mean monthly for February; on all the
other days the temperature was, mostly wmuch below norinal. The mean value for
February in this year was 23.6°F below th« ong period average.
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The distribution of the wean wmonthly temperatures in February 1950, over
Alasks 1ie shown on Figure 30, It can be seen that in the northarn half of
Alaska, the mean gradient of temperature is directed from west to east, while
in the southern half the gradieat has a north to south direction. The coldest
temperatures of =30°F and lower, were observed in the northeasteran section,
while the Qulf of Alaska region had the warmest temperatures,

Comparing the distribution of the mean temperatures of Februaxry 1950 with the
normal means for this month computed from the period 1930 = 1960 (Pigure 31),
it can be seen: that the resemblance between the patterns of temperature dis~
tribution is rather good and the difference 1s walnly in the quantitative
characteristics. Roughly speaking, Pebruary 1950 was about 10°F colder than
the norwal values, almost in all regions of Alaska.

The distribution of the lowest temperatures observed during February 1950 is
shown on Figure 32, The pattern of distribution of these absolute minima 1is
s3imilar to that for the mean temperatures: the lowest values are observed in
the northeastern sections, the highest = in the southern 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 «20°F in the eastern mountainous regions, which, however, could be
partly due to the local terrain. (Figure 33).

Uppex Air Temperatures

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

The warmest day, February lst, showed temperatures remarkably higher through-
out the whole troposphere in comparison with the average conditions for this
month. Only the lower stratosphere had temperatuves 5 to ©°C warmer than

the average conditions,. In comparison to the mean tempergture for this par-

ticular month, the temperatures on February lst 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 lst, shows an almost isothermel layer from the surface
to approximately 2 km height, with a temperature of about ~10°C., Prom 2 km

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 1l1lth, showed a pronounced surface inversion up to 1.4 km,
From this height up to 5.1 km the ailr was quite stable. Above 5.1 km up to
8.6 km the temperature lapse rate was uniform with the value 0.67°/160 m.
The height of the tropopause was 8.6 km - the same as under average condi-
tions for this particular moath. The temperature of the baze of the tropo=-
pause was ~55°C,
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It lo interesting to note that on February llth the air was coldar than
undar average conditions only up to 3.2 km; above this leval the air was
warmer Lln comparison with the mean values: the maximum temperaturs differe
¢ace in the layar between the surface and 3.2 km was about 4°C; above thie
level the air on Pebruary 1lth, was up to 5°C warmer (at 5.0 to 6.5 km) than
the alr under average conditions.

GONCLUGIONS,

The analysie of dats for three exceptionally cold winter months permits
waking the following general ¢siclusions:

. 1. The coldest temporaturas of the northern vagion of Alaska
! occur, usually, undar the influence of the high preassure
r canter located over tha Arctic Avchipelago.

2. The high over the Arctic Archipalago affects the northern
reglons of Alaska by produclng an laflow of very cold air
from NE, and sometiwes forming a local high pressure center
over the Alaskan mainland.

J. The synoptic siltuations which produced the coldest mean
daily temperaturss ou the northern coastal reglons of
Alaska in all three winter months that were aunalysed
(Dacambsxr 1957, January 1960, and Fabruary 1950) wera
similar; they showed the influx of cold alr predominantly
from NB.

4, The very cold periode with mean daily tamperaturses balow
=30'F can last up to 16 days in a row, as was obsarvad in
December 1957 at Bartetr Islend in the northern region. 1In
the laterior of Alaska, at Fort Yukon, the perlcd with moan
daily temperatures below =-30°F lasted even longer, up to
18 days, in February 1950,

5. Concerning the corralation of the cold spalls between
various reglons of Alaska, it has been found that thoy
may or may not c¢olncide in time batween the northeru and
southern regions.

In the cold December 1957, when the cold apell was axparis
enced by tha northern ragions, it was also felt by the
wostern pert of the south coast, with departures of tem-
perature of exectly the same ovder, =7°F, ~9°F, Tha east~
orn part of the south cosst, lhowever, was not affected by
the pgavere vold spell and had temperatures closs to normal
conditions, (Figure 15).

The cold January 1960 showed a different picture, In thie
month the northern half of Alaska experienced a very cold
spell, with monthly tsmperature departures up to -10°F,

«12°F, while the southern part of it, in a sharp contrast,
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expaeriencad an unugual warming, espocially go in the
wastern part of the south coastal region, whare the
dopartures of monthly temparatures waroe positive,
reaching up to +8°F, +10°F, Positive doparturcs of
the same ordar woare also odeerved in the interier
ragicne, in the upper roaches of Yukon and Tanana
rivevs.

In tha cold February 1950, tho temparature dopartures
from norwal weroe most avenly diastvibuted around the
interior vagion of Alaska, and were slmoat equal bsa=
twaen the northern and southern coasts, fluctuating
between «5°F and =10°F, The interior reglons had

the largest nogative departutes of =15°F, and =20°F,
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