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CLIMATE OF THE NORTH SLOPE

ABSTRACT

The 'North Slope" is defined as that portion of Alaska extending northward
from the ridgeline of the Brooks Mountain Range to the Arctic Ocean. New
activities and development in this area have created an increasing need for
environmental data for ground, air and marine operations. This publication
is an effort to compile all available information for those planning North
Slope activities.

INTRODUCTION

Long term data records are available from only three locations. These are
Barter Island, Barrow and Wainwright. There are approximately nine years
of record at Umiat, and six years at Anaktuvuk. Data in the Prudhce Bay
area cover from one to five years and were partially summarized for use
here. The largest number of locations with simultaneous data collection
operated during 1969, so this one year's data was used in a comparative
study of ceilings and visibilities. The mapl in Figure 1 shows the leoca-
tions of all data stations, along with selected contours and the approx-
imate location of the ridgeline of the Breooks Range and the beginning
point of the foothills of the range.

TERRATN FEATURES OF THE ALASKA ARCTIC

The Arctic Ocean and Beaufort Sea lie to the north of the Alaskan land
mass. The coastline easily exceeds 600 miles in length with a number of
offshore islands and narrow spits of land which form lagoons along the
coast. The land mass itself is underlain with permafrost. The coastal -
region is flat marshy soil dotted with thouysands of small lakes. This
condition extends inland until the ground begins to rise gradually with
the approach to the foothills of the Brooks Range, and varies in width
from 30 miles or less on the east to a maximum of over 100 miles in the
central portion. The lakes exist despite only small amounts of precipita-
tion, because of the low evaporation rate and the impermeability of the
ground owing to permafrost. At least one major river (Colville) and dozens
of small streams flow northward into the ocean and sea. The mountains of
the Brooks Range are generally between 5000 and 7000 feet with a few peaks
extending to 8000 and 9000 feet, with the exception that western end of
the Range drops off in elevation to 1500 to 3000 feet.

CLIMATE - GENERAL

The general climatic conditions? are characterized by relatively cold tem
peratures both winter and summer, small annual precipitation amounts and
strong winds over the coastal plains. The combination of wind and temperature
results in equivalent chill temperatures many degrees colder than the actual.
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Precipitation is glightly more on the eastern end than the west. Surface
winds are strongest along the coast with a persistent easterly flow most of
the year. Speeds decrease slowly with distance from the coast, and the
direction becomes more variable. Temperature, precipitation and wind are
discussed in detail in the following sections.

CLIMATIC CONDITIONS - TEMPERATURE

"North Slope" temperatures are affected by both marine and continental in-
fluences. The marine influence, as would be expected is strongest in summer

_ with the greatest effect on the coast and diminishing gradually with distance

inland toward the Brooks Range. The distance from the coast to the mountains
on the eastern end is 15 to 50 milesl, in the central portion near 100 miles
and on the western end about 50 miles. Because of this variable distance

the degree of marine influence varies along the foothills of the Brooks
Range. Even in winter when the Arctic Ocean and Beaufort Sea are frozen
solid, the temperature patterns indicate some modifying effect along the
coast due to marine influences.

A continental climate predominates over the southern portion of the Arctic,
which in this case is the northern slopes of the Brooks Mountains. Some
modification occurs during the summer months (when the marine influence is
the strongest), especially in the extreme eastern and western portions. A
comparative look at data for Umiat and the coastal stations shows the great-
est egtremes of temperature, a characteristic of continental climates, at
Umiat<,

Because equivalent chill temperature relates the effect of wind on heat loss,
it is by far the most important temperature value computed in the Arctic.
Table 1 gives the equivalent chill temperature for actual temperatures of
0°F or colder and wind speeds of five miles per hour or more., For temper-
atures above 0°F and wind speeds of less than five miles per hour, the usual
five degrees of temperature/five miles per hour increment chart is also
presented here as Table 2.

For planning purposes, the percentage probability of occurrence of equivalent
chill temperature is given in Figures 2 and 3 and regular temperature in
Figures 4 and 5. The two equivalent chill temperature charts were not de-
veloped in the same manner. Figure 2 was developed using hourly values of
temperature, and corresponding surface wind reports for Barrow3. Figure 3,
for Non—-Coastal areas (*at least 50 miles from coast), was derived by using
average temperature and wind conditions at Umiat. Standard deviations de-
rived from averages do not reflect extreme conditions with the same accuracy
as actual hourly values of temperature and wind. Figures 4 and 5 were de~
veloped using actual hourly values rather than averages. The applicability

‘of all the charts to either the coastal or non-coastal area is valid be-

cause of only minor temperature variations from one portion to another. The
greatest variation will be within the non—-coastal area where terrain begins
to Influence the temperature.

*This is an arbitrary figure since it is not possible to establish a dividing
line between continental and marine influences.
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Vertical distribution of temperature in the Arctic is very consistent.

An inversion, or layer of air within which the temperature increasea with
altitude, almost always exists, though the thickness and intensity of the
inversion varies. Figure 6 gives examples of individual summer and winter
profiles. Operationally aspeaking, the depth of the inversion can be
important to aviation activities.

CLIMATIC CONDITIONS - PRECIPITATION

If we consider precipitation alone, the Alaska Arctic would be classified
as arid. Where measurements of total annual precipitation have been made,
the average is about four to six inches. Included in this is the water
equivalent of the 12 to 48 inches of annual snowfall. Because of the
strong winds along the coast, the catch of snow is probably significantly
less than actually occurs. Thus, the annual precipitation may be a bit
greater than the coastal records indicate. Data for the area within the
Brooks Range itself is restricted to Anaktuvuk Pass, where the average
annual precipitation is 10.65 inches, including the annual average of
about 63 inches of snow. Based on this-single location it is reasonably
safe to assume that the higher elevations of the mountains received 10

to 15 inches annually with isolated areas in excess of 15 inches. Summer—
time rainfall accounts for the greatest portion of the precipitation in
this part of the Arctic, Precipitation statistics are found in Tables

3, 4 and 5.

CLIMATIC CONDITTIONS — SURFACE WINDS

One of the most significant features of surface winds% in the Arctic coastal
region is the persistence factor, especially at Barrow. A no wind condition
at this station exists only 1.3% of the time. There are locations, such as
along the Aleutian Chain and other portions of the northwestern and western
coastal area that rival it, but few if any.experience more persistent winds.
The persistence decreases with distance from coast, and by the time Umiat

is reached calm winds occur about 18% of the time. Wind speeds, although
strong, do not begin to rival those along the Aleutian chain and some
stations along the southwestern coast. The effect of this factor is to
create a persistent equivalent chill temperature that is a serious hazard
for all outdoor activities during the coldest months. It also causes a
continuous problem in winter by creating shifting snow drifts and low visgi-
bilities in blowing snow, a problem to the traveler, whether on foot or in
a vehicle. Wind direction and speed are given in Tables 6 through 9 for
Umiat, Barter Island and Barrow.

FLYING WEATHER

Average values of ceiling and visibility4 {for all months) for Barrow and
Barter Island show reasonably close similarities in weather patterns, but




when viewed month by month rather large differences appear. During the
period June through September, ceilings are less than 3000 feet a much
higher percentage of time at Barrow than at Barter Island. 1In constrast,
visibilities are low a smaller percentage of the time at Barrow. A review
of ceiling and visibility values at Umiat indicates that both are general-
ly better inland than along the coast. Tabular data for the three locations
are given in Tables 10, 11 and 12. Detailed values of percentage frequency
of occurrence of ceiling vs visibility are given in Tables 13 and 14. These
data were compiled for use at Barter Island, but are considered to be
acceptable for all of the coastal portion of the Arctic if the user can
tolerate an estimated error of + 15%.

Development of the oil fields in the Arctic brought about the construction
of many gravel runways to accommodate the movement of supplies by air.
Existing data indicates that on the average flying conditions improve with
distance from the coast, but there has been no way to determine the preval-
ence of simultaneous occurrences in ceiling and visibility at the various
new gravel runways. In other words, if conditions at Prudhoe Bay are
below the landing minimums, is the weather pattern such that all other
runway locations in the area of o0il exploration are also below minimums

at the game time? Data for the year 1969 were chosen for study because

the greatest number of stations were in operation during that year. Brief-
ly, the results of the study showed that although any two locations might
experience weather conditions below minimums for six hours out of a 24
hour period, they would not necessarily be at the same time, even during
the summer fog months. There was also an indication that the percentage

of unfavorable flying conditions became less with distance from the coast,
lending support to conclusions made from the longer term averages. Detailed
results of the study are graphically presented in Figures 7 through 10. A
user of these results should keep in mind that one year of data is not
enough to produce regults with a high level of confidence. They should

be used as comparative figures only, and not as an indication of the percent
of time any of the locations will, on the average, be above or below the
stated values. The year 1369 was a drought year throughout most of Alaska,
and it is likely that not only was there less precipitation but the amount
of adverse weather was nc doubt less also. Ceiling and visibility condi-
tions determined for Barter Island for 1969 were plotted against a 17 year
average (Figure 11) to show how that station deviated from the average.

The relationship of ceiling and visibility to surface wind direction® and
speed at Barter Island is graphically shown in Figure 12. The graphed
data shows a strong correlation between speed and ceiling/visibility, and
almost none with direction. Prevailing directions are east or west. Both
show a definite deterioration of ceiling and visibility as wind speeds
increase. Only with minor exceptions was there a significant change in
_ceiling and visibility with variations in direction.




SUPPLEMENTAL DATA

Weather conditions# not shown in any of the previous figures or tables are
found in Tables 15 through 19. They include temperature extremes, snow
depths, visibility restrictions by fog, smoke, blowing snow and/or dust’
and precipitation, sky cover, and the frequency of occurrence of various
weather conditions for Umiat, Barter Island and Barrow. Temperature,
precipitation and wind direction data for Wainwright2 are also presented.

HYPOTHERMIA

Hypothermia is defined as a subnormal body temperature®. Because of its
importance in a cold environment, and the probable lack of knowledge
regarding it, considerable space is devoted to hypothermia in the hope
that this will encourage those involved in activities in the Arctic to
be better prepared in the event of its occurrence.

IMMERSION HYPOTHERMIA

Immersion hypothermia involves a loss of body heat to the water. Medical
studies have determined that a person will die if his normal rectal
temperature (approximately 99.6°F.) drops below 78.6°F.

The approximate survival time of human beings in the sea is directly re-
lated to sea surface temperatures. Immersion hypothermia showing approx-
imate survival time is depicted in Figure 73. The survival time given can
be considered only a first order approximation since data records do not
incorporate many uncontrollable physiological variables. For example,
neither quantitative appraisal nor records have been made of such intangible
factors as the physical condition of the individual or his will to survive.
The following table relates water temperature to approximate survival time
of humans immersed in the sea. '

Approximate Survival Time of Humans Immersed in the Sea

Water Temp. (°F.) Exhaustion or Unconsciousness Expected Time of Survival

32.5 : 15 min. " 15-45 min.

32.5-40.0 15-30 min. 30-90 min.
40-50 30-60 min, " -1-3 hrs.
50-60 1-2 hrs. Y ’ 1-6 hrs.
60~70 2-7 hrs. 2-40 hrs.
70-80 3~12 hrs. . 3-indef.

Survival time also may be affected by body type, body attitude, and physical
condition, amount of subcutaneous fat and will to survive. In watetrs warmer
than 70°F. heat production may keep pace with heat loss, and fatigue leading
to ultimate exhaustion.is then the limiting factor.
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There are two principal schools of thought with regard to survival tech-
niques during immersion: 1) vigorous exercise; 2) passive waiting. Vigor-
ous exercise may dissipate heat reserves more rapidly, though with reason- .
able time limits it may keep muscles warm and prevent their stiffening.
Pagsive walting maintains heat production by the natural process of shiver-
ing as long as the rectal temperature remains between 95.0° and 99.6°F
Pasgive waiting is somewhat in favor at present.

Two books on the subject of hypothermia have been reviewed by Dr. Mukta

M. Webber, Institute of Arctic and Alpine Research, University of Colorado,
Boulder. The reviews, reprinted here verbatim, were taken from volume 2,
number 3, summer 1970 issue of the publication "Arctic and Alpine Research. "

Survival in Cold Water: The physiology and treat-
ment of immersion hypothermia and of drowning.
W. R. Keatinge. Blackwell Scientific Publications,
Oxford and Edinburgh, 1969. x 4+ 131 pp., illus.
Distributed in U.S.A. by F. A. Davis Co., Philadel-
phia, Pa. 19103, $5.50.

From its title, this book may seem to be beyond
the realm of this journal which has had a predomi-
nance of papers in the earth sciences. Papers dealing
with the physiological aspects of arctic and alpine re-
gions have been scarce, despite the interdisciplinary
editorial policy. However, the contents of this book
should prove most useful to people working in arctic
and alpine regions.

This monograph by Keatinge is of interest to the
physiologist studying hypothermia (that is, drop of
body temperature below 37°C) and to the non-
physiologist investigator who might be working in
cold waters (sea, rivers, and lakes)} or using them for
transportation, I wish to bring this book to the at-
tention of the latter. Contrary to common belief,
many deaths in cold water are caused by excessive
loss of body heat rather than drowning. There is
also an occasional, sudden death resulting from a re-
flex involving the vagus nerve which is triggered by
a spray of water entering the air passages and caus-
ing cardiac arrest.

The author discusses the physiological basis of
death -due to hypothermia, dangers of cold water
immersion, precautions that may be taken before
entering cold water, and treatments for cold-water
injury. In cold air man controls loss of body heat
by clothing where insulation is provided by air
trapped in clothing and stagnant air over skin and
clothing. On immersion this insulation is lost. How-
ever, there is experimental evidence that clothing de-
creases loss of body heat in water. The author,
therefore, suggests that warm clothing, socks, and
mitts, and preferably a waterproof covering be worn
before immersion in ¢old water. This is contrary to
the common belief that heavy clothing should be re-
moved to facilitate swimming. Body temperature
is further maintained by vasoconstriction, the most
important mechanism for conserving heat. This oc-
curs particularly in the extremities, thus reducing
blood flow and decreasing loss of body heat. Most

of the heat, however, is lost from the trunk where
such a mechanism does not operate to any great
extent. Body fat also acts as an insulator but the
presence of fat is incidental (as a food store) rather
than an adaptaticn to cold environment. Obesity is
rare in indigenous people of cold climates such as
the Eskimo,

It would be logical to think that perhaps an in-
crease in thermogenesis could compensate for heat
loss. Shivering and exercise increase heat production
but at the same time they reduce tissue insulation by
increasing blood flow in the muscles which results in
increased heat loss. It is, therefore, advisable to
remain still in cold water to conserve heat.

Having discussed the causes of death by cold im-
mersion and the precautions that may be taken to
prolong survival, the author devotes a chapter to the
treatment of irnmerston hypothermia and cold injury
(frostbite). Tmmersion- hypothermia should be treat-
ed by immersing the trunk in water at 40 to 44°C
and raising the limbs to prevent cedema., The ex-
tremities should be allowed to warm naturally; rapid
warming may result in increased oxygen demand
before circulation has been restored adequately, thus,
resulting in tissue death due to anoxia. Frostbite,
however, should be treated by immersing the frozen
part in water at 40°C, Sudden warming will result in
less tissue damage, contrary to the common belief
that slow warming is beneficial. Cold injury can
result in permanent damage to nerves and muscles.

The most usefu] chapter for the nonphysiologist is
chapter 2 in which the author summarizes the condi-
tions that may cause hypothermia and precautions
and treatments that may be taken.

I believe that a majority of scientists and students
working in cold regions are unaware of the dangers
of cold immersion. Instances of shock and syncope
occurring immediately affer immersion in cold water
are well known and can easily result in death. It is
therefore advisable that all personnel working in cold
environments should be given special instructions re-
garding immersion hypothermia and this is where
Keatinge’s monograph would be most useful. Arctic
waters are rarely warmer than a few °C above zero,
This means that a person immersed in polar waters
is likely to survive at the most for an hour. Death
on immersion in water near 0°C occurs when rectal
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temperature falls to between 24.2 and 25.7°C. Body
heat is maintained in water temperatures below 33°C
(called the critical temperature of environment} by
increased thermogenesis, Therefore, immersion in
water with temperature far above freezing can cause
hypothermia.

The book has satisfactory layout and excellent
printing and binding in the tradition of Blackwell
Publications. The figures are clearly executed and
there is an adequate review of literature including
some 1968 references. The book also contains a lot
of information acquired by the author from his own
investigations. The only irritating point of this book
is the frequent discontinuity of thought. For ex-
ample, on page 22 the author does not give an ex-
planation for why an increase in heat production by
shivering makes little contribution to the mainte-
nance of body temperature; several pages later (p.
273 he returns to shivering and provides an explana-
tien. This results in loss of interest and annoyance
6n the part of the reader.

In conclusion, I recommend this book to the read-
ers of Arctic and Alpine Rescarch and feel that
awareness of information contained in this book may
better prepare individuals to conduct themselves in
cold waters.,

Hypothermia: Killer of the unpreparcd. Theodore
G. Lathrop. Thie Mazamas, 909 N.W. Ninetcenth
Avenue, Portland, Oregon 97209, 1969, 13 pr.,
illus. $0.75.

It was a coincidense that soon after T wrote the
above revicw, this paper was brought to my atten-
tion. Since it deals particularly with hypotherraia at
high altitudes, it seems pertinent to bricily review it
here.

44.0°C = 111.2°F
40.0°C = 104.0°F
37.0°C = 98.6°F

The purpose of this paper is to warn and prepare
climbers for the cold, wet, and windy conditions that
can kill them. Hypothermia cun occur 2t temper-
atures far abeve freezing when other factors like
wind and evapuration from skin and wet clothing
(caused by rain, snow, immersion or perspiration)
are involved.

The author, who is a practicing physician and a
mountaineer, very wisely advises thal one should
never overcstimate ares strength or that of other
members of the party. He stresses the importance of
woolen clothing (thic only fiber other than spun syn-
thetics that can provide warmth even when wet),
wind and waterproof outer garments, a good supply
of food, and a tube tent for emergencies. Some of
the early symptoms of hypothermia are lack of co-
ordination and impaired judgement. Therefore, when
weather conditions begin to deteriorate, it is wise to
make camp before signs of hypothermia hegin to
show. Following this section onr precautions, treat-
ment for hypothermia victims is discussed. Briclly,
this involves taking the victim to a sheltered place,
replacing wet clothes with dry ones, giving warm
fluids and foods rich in carbohydrates and warming
him up by the best means availoble, for example,
putting him in a slecping bag which has been previ-
ously warmed by another person.

This paper, although written for the layman, con-
tains information necessary for survival in adverse
conditions specially at high altitudes and shouid be
read by everyone working in such areas.

Murtsa WEBEER

Institute of Arctic and Alpine Research
University of Colorado, Boulder

For the benefit of most readers the following temperature conversions ar
given:

33.0°C = 91.0°F
25.7°C = 78.3°F
24.2°C = 75.6°F

Attention is called to Dr. Webber's recommendation, "all personnel working
in cold environments should be given special instructions regarding
immerasion hypothermia and this is where Keatinge's monograph would be
most useful"”. This recommendation should also be extended to the paper
by Mr. Lathrop. Undoubtedly many precautions have been considered in
establishing the working conditions in the Arctic. It is the accidents

.or the unanticipated turn of events that the knowledge of treatment for

hypothermia is needed.




TIDES

The actual measurement of tides along the Arctic coast is difficult. Tidal
stations have been successfully operated year round both on the Canadian
and USSR Arctic coasts, but only at Point Barrow6 has this been attempted
in Alaska.

The mean lunar tide range along the northern Arctic coast 1s approximately
one foot. This could easily lead to the conclusion that tides in this

area are unimportant to shipping. Actually, only the lunar tide itself

can be congidered of little consequence. Non—lunar tides resulting from
wind and pressure fields occcurring at the time of the equinoxes can produce
a change in sea level by as much as five feet 1f persistent over several
days. Seasonal changes in the sea water density can also result in varia-
tions of sea level as much as three feet in offshore waters. Figure 13

is an example of changes in sea level resulting from changes in wind
direction and speed, coupled with a sudden pressure increase as the wind
speed dropped. The effect on shipping of a rapid drop in sea level result-
ing from a sudden decrease in wind speed and a sharp rise in pressure could
be serious. The Arctic Institute of Environmental Engineering, University
of Alaska, is presently working on this problem and hopes to develop a
satisfactory method of using tide gauges at sites along the coast sco that
better predictions can be made.

SEA ICE

Information available on sea ice, like many other areas of interest in the
Arctic region, is limited. Most of the work in this area has been done
by the U.S. Navy7. The following is a verbatim narrative summary of ice
conditions in the Chukchi and Beaufort Seas as published by the Navy
Hydrographic Office.

"Chukchi and Beaufort Seas. The waters of 'the Chukchi and Beaufort Seas
are dominated most of the year by winter ice and polar pack ice which
includes heavy drift {ice from the Arctic Ocean. Of lesser importance is
the fast ice which covers the bays and fringes the shores of northern
Alaska and Siberia for at least 8 months.

Generally August and September are the months with the least ice. During
this period the northwest coast of Alaska should be free of fast ice north-
ward to Point Barrow and practically free of fast ice from Point Barrow
eastward to Herschel Island. However, the heavy polar pack never is far
off the coast between Point Barrow and Herschel Island and can advance

onto the shore at any time. Westward of Point Barrow the pack ice usually
lies about 10 miles offshore at Icy Cape; beyond this point the edge of

the pack swings northwestward toward Ostrov Geral'd and Wrangel Island.

The ice edge then trends southwestward, approaching the Siberian Coast

at about the vicinity of Mys Shmidta.




The existence of an open coastal waterway in the Chukchi-Beaufort Sea
sector is strongly dependent upon favorable winds. Easterly and southerly
winds hold the pack off the coast, whereas northerly and westerly winds
force the floes against the shore. FEven when the main body of the ice
recedes from the coast, drifting marginal floes and bands of fast ice occur
in the inshore waters.

The heavy pack ice begins to close in on the coast after about 10 September,
and young ice forms along the margins of the drifit ice and in any open water
that may exist between the pack and the coast by mid-September.

The north-setting current in Bering Strait usually keeps the Alaskan coast
ice free throughout September as far north as Cape Lisburne, but before
the end of the month the Arctic ice may be expected to begin its expansion
and southward movement. Before the first of October the drift ice, which
earlier had been along the Siberian shore, may begin to advance around Mys
Dezhneva into the western side of Bering Strait.

Ice formation and growth proceed rapidly in early October, and shipping is
usually not feasible north of Bering Strait after about 10 October. Pre-
vailing north and northeast winds pile large accumulations of floes agailnst
the Siberian shore.

Between Point Barrow and Icy Cape drift ice occasionally recedes from the
coast, and young ice which forms in the open water 1s piled up in heawy
masses along the shore when the drift ice returns. Kotzebue Sound and Bering
Strait are closed during middle and late October by fast ice. By late
October or early November, ice closes Norton Sound. As the formation of

ice continues toward midwinter, the ice limit gradually progresses south-
ward until at its maximum, navigation north of the Pribilof Islands be-

comes impossible for ships other than icebreakers."

The mechanism by which the fast ice and pack ice moves offshore in late
summer and back again in late fall is not completely understood. The one
obvious factor is the wind, mentioned above. For example there appears to
be a correlation between surface wind direction at Barter Island and the
offshore movement of the pack ice. It generally remains tight along the
shore when the predominant flow is from the west, and moves offshore during
most of the time the surface winds prevail from the east. Although the
prevailing wind direction at Barrow is easterly all during the year, the
general flow pattern from the Bering Sea to the Chukchi Sea develops a
strong southerly component from August through September. Because the land
area on which Barrow is located is the most northern extension of the Arctic
coast it is usually the last to become free of ice, and the first where it
returns. Alr and surface water temperatures, warmed by the long hours of
‘radiation during the summer also contribute to the breakup of the ice in
late summer. The relatively warm water flowing out of the many streams
along the coast coupled with air temperatures now above freezing, melt the
fast ice along the shore. Because the northward flow of water through the
Bering Strait is warmer than the area into which it is flowing, open leads
often occur off the northwest coast of Alaska during all months of the year.
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Breakup: The breakup begins in June, with scattered leads along the coast
from Cape Lisburne to Barrow. At about the same time, a lead begins to

form at the mouth of the MacKenzie River. The western lead gradually widens
though the portion from Icy Cape to Barrow may be very narrow, or at times
non-existent, even well into July. The MacKenzie River lead normally expands
rapidly and extends westward along the Alaskan Coast to about the Colville
River Delta by mid or late July. The narrow strip of shorefast ice normally
disintegrates by late June or early July. The area of Coast from Point
Barrow eastward to the Colville Delta is nor