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DEFINING THE SEASONS
By Brian Brettschneider, International Arctic Research Center (IARC), UAF
What is a season? If you look at a calendar, the seasons start on December 21, March 20, June 21, and September 22. These are more
properly called astronomical seasons. Climatologists traditionally use whole calendar months to describe the seasons—December
to February, March to May, June to August, and September to November. These are called climatological seasons. Most natural
scientists use these month-based season definitions. The groupings are based solely on the artificial construct of calendars developed
many years ago. How useful are these distinctions today? Is there a better way to split the year into fall, winter, spring, and summer
seasons?
Surprisingly little research has been done using climatological data to fine tune
the definition of the seasons at the local scale. When I looked into it a few years
ago, I only found a single paper in the peer-reviewed literature that specifically
looked at reshuffling the dates where the seasons begin—and it only attempted
to assess whether the 90–92 days seasons actually line up with the calendar
months. They showed that they were actually not that far off.
More recently, Boustead et al. (2015) used an elaborate rubric to define the
winter season using temperature, snowfall, and snow depth—the Accumulated
Winter Season Severity Index (AWSSI), which we discussed in the Winter
2015-16 issue of the Alaska Climate Dispatch. The AWSSI definition of winter is
expansive, to capture the maximum length of wintry conditions.

THE DATA

The Global Historical Climatology Network version 4 (GHCNv4) database of
monthly climate temperatures has the data required to evaluate seasonality.
Here comes an important point. Climate normals are based on monthly
temperatures. This seems counterintuitive. Why not use daily data if we have it?
The answer is that daily data are chaotic and messy. In addition, many stations
collect data at irregular schedules that make daily estimates difficult but provide
good information at the monthly level.
Up through the 1971–2000 climate period, the National Centers for
Environmental Information (NCEI), formerly the National Climate Data Center
(NCDC), used a cubic spline fit of monthly average temperature to interpolate
daily climate normals. In the 1981–2010 climate period, they modified the
procedure somewhat using a methodology that is explained in some detail but
in a way that is not replicable. For this analysis, we used 1981–2010 monthly
temperature data and applied the cubic spline technique that NCEI used in prior
climate normal periods. The daily values produced are not very different than
the non-replicable NCEI published values. With that caveat, we used these data
to explore two approaches to identifying the seasons in the U.S., with a focus on
Alaska.

For many Alaskans, winter can be defined as ski season.
Photo courtesy Tina Buxbaum.
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DEFINING THE SEASONS

APPROACH 1: USE 90-DAY
COLD SEASON AND 92-DAY
WARM SEASON BUT ADJUST
START/STOP DATES

The December 1 to February 28 time period is 90
days long (ignoring Leap Days). Is this really the
coldest 90 days of the year? Correspondingly, the
June 1 to August 31 time period is 92 days long. Is
this really the warmest 92 days of the year?
To answer the question, daily normal
temperatures were computed for every U.S./Canada
station in the GHCN v4 data set (7,636 stations). For
each of those stations, a 365-daily normal time series
using the cubic spline technique was generated.
Then the coldest 90 days and the warmest 92 days
of the year were flagged. The seasons are therefore
defined as:
• Winter: coldest 90 days
• Summer: warmest 92 days
• Spring: time period between winter and summer
(undetermined length)
• Fall: time period between summer and winter
(undetermined length)
The length of winter and summer are fixed,
and the combined length of spring and fall are
fixed—but the length of spring and fall as individual
seasons vary from place to place.
Figures 1–4 show the dates of winter and
summer, and the lengths of spring and fall using this
approach.

Figure 1. Coldest 90-day period of the year using daily climate normals.

Figure 2. Warmest 92-day period of the year using daily climate normals.

Another way to define summer is boating season. National Park Service photo by W. Hill,
Lake Clark National Park and Preserve.
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DEFINING THE SEASONS

APPROACH 2: IDENTIFY THE
COLDEST AND WARMEST
QUARTERS OF THE ANNUAL
TEMPERATURE RANGE AND
CALL THOSE WINTER AND
SUMMER

Figure 3. Length of spring as defined by the period between the coldest 90-day period and the
warmest 92-day period using daily climate normals.

Instead of retaining the length of climatological
seasons to mimic the length of calendar months,
why not define some temperature thresholds for
the warm and cold seasons and let the chips fall
where they may? This is an idea the Rick Thoman
with the Alaska Center for Climate Assessment and
Policy (ACCAP) came up with. He suggested that if
you took the annual range of normal temperatures
(highest minus lowest), those days that are in the
top 1/4 of that range are summer days, those days in
the lowest 1/4 of that range are winter days, and the
intervening days are either spring or fall days. Figure
5 shows an example using Fairbanks’ 1981–2010
normal daily temperature.

Figure 5. Diagram showing the top and bottom quarters of
the annual temperature distribution.

Figure 4. Length of fall as defined by the period between the warmest 92-day period and the
coldest 90-day period using daily climate normals.

This produces a much different distribution
of season lengths. Most places "hover" near the
warmest and coldest portions of the year for
more than 90 or 92 days. For example, the annual
maximum normal for Fairbanks is 63.7°F. The
annual minimum normal is -8.7°F. The range is
therefore 72.4°F. Any days warmer than 45.6°F are
considered summer, and any days below 9.4°F are
considered winter. Remember, these are climate
normal days—not actual temperature days.
The transitions between those periods is
considered spring and fall. For Fairbanks, this
approach yields a winter length of 131 days, a
summer length of (coincidentally) 131 days, a spring
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DEFINING THE SEASONS

length of 54 days, and a fall length of 49 days.
Note the dramatically longer lengths of summer and
winter compared to the 90- and 92-day lengths from
the previous section.
Because both the start date and the lengths of
summer and winter vary using this methodology,
we cannot have a single figure (like Figures 1 & 2)
that gives all the necessary information about those
seasons; therefore, only the start dates and lengths of
summer and winter are shown in Figures 6–9.

ANALYSIS

There are many factors that determine the climate
of a region. Latitude and proximity to water
are dominant factors that determine annual
temperature regime. Looking beyond temperature,
the transition from winter to summer, and summer
back to winter have more nuanced factors that
determine when those changes take place.
SUMMER
Figure 6. Start date of the warmest quarter of the annual temperature range.

Figure 7. Number of days in the warmest quarter of the annual temperature range.

Nowhere else in North America does summer
start earlier than the eastern interior of Alaska.
The gray areas in Figure 2 and 6 include the region
from Fairbanks eastward to the Yukon Territory.
Why is this? Several factors work together to make
summer early in interior Alaska. First, by mid-May,
there are 24 hours of daylight + twilight north of
the Alaska Range. This allows for near continuous
solar radiation. April and May are also the driest,
sunniest months of the year across most of Alaska.
Finally, we need to think of the warmest 92 days
as not only dependent on the start date, but on the
end date as well. By mid-August, southwesterly flow
across the interior brings clouds and rain, causing
a rather quick drop in temperatures during a time
of year when most other places are still near their
seasonal peak. The August coolness forces the peak
summer temperatures to be earlier in the season.
Even as the temperatures drop in August, it
is still in the top ¼ of the annual temperature
distribution. This has the effect of keeping interior
Alaska in the summer category when seasons are
defined by the annual temperature range. Figure 7
shows that most of Alaska has a summer length of
118 to 135 days using this quartile definition—rather
longer than most of the western Lower 48!
In northern and western Alaska, snow cover
usually lasts until well into May. This keeps
temperatures from rising much early in the season.
In southern Alaska, the proximity to water also
delays the seasonal warm up when compared to the
interior. By the time the clouds and rains of August
and September arrive, the summer season in Alaska
ends nearly everywhere at about the same time.
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DEFINING THE SEASONS
WINTER
Alaska is defined by its winter. Month after month of
darkness, snow, and low temperatures. North of the
Alaska Range and south of the Brooks Range, winter
is approximately October through April. South of
the Alaska Range, it’s late October through midApril. These are practical definitions based mainly
on snow cover. But if we want to create seasons
using only temperature and have that methodology
applicable to places outside of Alaska, we end up
with a winter definition that defines the “core” of the
cold season.
Temperatures in September and October drop
precipitously in Alaska. We move from the relative
warmth of summer to freezing temperatures in a
very short period of time. As with summer, winter
sets in for interior Alaska sooner than any other
place in North America. The coldest 90-day period
begins as early as November 10 between Anchorage
and Fairbanks, and by November 25 for at least half
of the state.
Unlike the Lower 48, where temperatures slowly
drop to the winter lows and then quickly rebound,
full winter conditions are often in place by midNovember and do not relent until March. This
leaves most places near the winter low point for a
long time. When looking at the winter season using
the lowest quarter of the temperature distribution,
Alaska wins the prize for having the longest period
near the temperature trough.
Since we have a relatively long summer and a
relatively long winter (temperature quartiles), the
transitional seasons are shorter than anywhere else
in North America—by a wide margin (see Figure
10). If you live in Alaska, it’s either feast or famine;
that is, we move quickly from winter to summer and
then just as quickly move from summer back into
winter. If you really enjoy spring and fall, you must
savor every moment.

Figure 8. Start date of the coldest quarter of the annual temperature range.

Figure 9. Number of days in the coldest quarter of the annual temperature range.
Figure 10. Number of combined days in spring and fall when summer is defined as the
warmest quarter of the annual temperature range and winter is defined as the coldest quarter
of the annual temperature range.

Reference

Boustead B., S. Hilberg, M. Shulski, and K. Hubbard. 2015. The Accumulated Winter Season
Severity Index (AWSSI). J Appl Met & Clim 54: 1693-1712.
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CLIMATE AND WEATHER
SUMMARY:
NOVEMBER 2018–APRIL 2019
By Rick Thoman, Alaska Center for Climate Assessment and Policy, UAF
November 2018 through April 2019 were exceptionally mild across most
of Alaska, but especially across northern and western regions. As usual,
precipitation was more variable, but in general, northern and western Alaska
were wetter than normal, while the southeast mainland, eastern Gulf of Alaska
coast, and the Panhandle were drier than normal. Figures 1 and 2 below
illustrate the regional patterns. Snowfall was generally below normal, though
with some exceptions, including the northwest Interior, northwest Arctic
Borough, and parts of the Seward Peninsula.

Figure 1. Alaska regional average temperatures for November 2018–April 2019. Much of the
state continued to be unusually warm. Figure by Rick Thoman.

Figure 2. Alaska regional average precipitation for November 2018–April 2019. Only the
southeastern quandrant of the state was below normal for the period. Figure by Rick Thoman.

NOVEMBER
November 2018 was a very mild month all across
Alaska, with every long-term climate station
registering significantly above normal temperatures.
Cold Bay recorded their warmest November, with an
average temperature of 39.7°F, and many locations
had a “top five” warmest. In western Alaska, this
resulted in another very late freeze-up on rivers,
causing delays in the ability to travel on river ice.
The warm November capped off an exceptionally
mild autumn over nearly all of the state, with many
coastal areas from Kotzebue to Sitka reporting the
warmest autumn of record. For Alaska as a whole,
the National Centers for Environmental Information
(NCEI) ranked November as the seventh warmest
since 1925 and autumn 2018 (Sept–Nov) as the
second warmest, exceeded only by 2002.
Precipitation was near normal over much of
the Panhandle. While this was a welcome change
from the very dry conditions of earlier in the fall,
it was not nearly enough to make a serious dent
in the ongoing drought. According to the U.S.
Drought Monitor, much of southern Southeast
remained in the Severe Drought category at the end
of the month. Precipitation was well above normal
on Kodiak Island and over parts of the Kenai
Peninsula. In Prince William Sound several places
reported more than two feet of rain for the month.
Over inland Alaska, precipitation was much more
variable. The North Slope and northeast Interior
tended toward the wet side, while the Tanana Valley
and north side of the Alaska Range were drier than
normal. Snowfall overall was near to below normal.
DECEMBER
December 2018 brought a significant change to
the prevailing weather pattern for Alaska. Often
during the past several years, the focus of the
milder than average conditions has been in western
and northern Alaska. But in December, in spite
of starting out with well above normal sea surface
temperatures and much less sea ice than normal,
western Alaska finished up with near to below
normal average temperatures. In contrast, central
and eastern Alaska were, on average, warmer than
normal in December. Unlike during the autumn, for
the most part temperatures departures from normal
were not especially large, especially by mid-winter
standards. There were comparatively few extreme
temperatures, with only parts of the North Slope
getting a brief taste of 40° below weather during
December.
Snowfall was highly variable around the state.
Heavy snow fell in parts of the northern Interior;
Bettles reported 62.4" of snow in December,
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easily the greatest snowfall in a single month in more than 70 years of climate
observations. There was substantial snow on the south side of the Alaska
Range as well, with 67" at the Chulitna River cooperative station and 43" near
Talkeetna. Anchorage also got in on the snow, where the International Airport
reported 32.6" for the month, the sixth highest December total in the past 65
years. In contrast, most of the Tanana Valley had low snow. Fairbanks reported
only 60% of normal snow, and just two to three inches of new snow fell during
the month in the Delta Junction area.
JANUARY
January 2019 was a comparatively quiet month weather-wise across Alaska.
Much of the state saw varying periods of cold and comparatively mild
conditions and ended up close to normal. The mildest part of the state, relative
to normal, was over the southwest quarter of Alaska. Both Bethel and Iliamna
were more than 7°F warmer than normal, though several recent years have
featured warmer Januaries. Parts of the North Slope also saw well above normal
temperatures. There was some cold weather as well. Temperatures in the 40s and
50s below were widespread in the Interior between the 6th and 12th, including
what would turn out to the lowest official temperature for the winter in Alaska,
-56°F at Chicken on the 7th.
As usual, precipitation varied greatly around the state. Overall, most of state
north and west of the Alaska Range had near to above normal precipitation,
while the Gulf of Alaska coast and the Panhandle finished with near to below
normal totals. Overall, snowfall was near to below normal. This was especially
the case in Southcentral and Southeast Alaska, where mountain snow pack was
well below normal at the end of the month, in part due to higher than average
altitudinal snow lines.

Alaska Snow Cats groom the Chulitna Bluff Trail during
heavy snow near Talkeetna on December 31. Photo from
the Alaska Snow Cats Facebook page.

FEBRUARY
Following the comparatively tame January, February 2019 was quite an active
month across Alaska. Far western Alaska was exceptionally stormy as more
than a dozen storms moved across the Bering Sea. This resulted in dramatic loss
of Bering Sea ice (photos) that culminated in unprecedented flooding for this
time of year at Kotlik in eastern Norton Sound during a severe storm February
11 and 12. With the persistent storminess, the Bering Sea coast was unusually
windy. At Nome, the average wind speed for the month of 17.6 mph was the
highest monthly average since the transition to automated observations in the
late 1990s.
Most locations in northern and western Alaska saw at or near record warm
temperatures for February. At Bethel, the average temperature for the month
of 29.4°F was more 3°F warmer than any other February in more than 95 years
of climate observations. At Cold Bay, the average temperature of 37.8°F was
more than a degree higher than any previous February. Kotzebue tied for the
warmest February with 17.7°F and Utqiaġvik (Barrow) had the second warmest
February at +4.6°F, including 6 days when high temperature records were set or
tied. In contrast to northern and western areas, the Panhandle was colder than
normal, and in southern Southeast it was especially chilly. At Ketchikan, the
average temperature of 29.6°F made this the coldest February since 1936 and the
coldest calendar month since January 1996. With the storm track so far west,
precipitation was well below normal and much of the Panhandle from Juneau
southward was rated in moderate to severe drought.
Snowfall, as usual, varied greatly across the state. Amounts were generally
near to below normal across the southern third of the state and near to much
above normal farther north. Parts of western Alaska received a lot of snow due
to the frequent storminess. At Nome, 35.6" of snow was three times normal.

Images of western Alaska and the Bering Sea from the
Suomi NPP satellite on February 24 (upper) and February
28 (lower) show the effects of the stormy conditions that
devastated the sea ice over the month.The lack of substantial
ice anywhere in the open Bering Sea except for near the Strait
will likely show up this spring and summer in continued
impacts to the ecosystem from fish to birds to sea mammals.
Data courtesy UAF/GINA, graphics by Rick Thoman.
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Along the south side of the Brooks Range, 36.3" of
snow at Bettles is the third highest February total of
record, and Wiseman came in with 50.3". Mountain
snowpack in Southcentral and Southeast remained
well below normal.
MARCH
March was one of the most extreme months of
record in Alaska (see page 9 for more details). Every
long term climate site in northern and western
Alaska reported the warmest March of record,
and most of the remainder of the state saw a “top
5” warmest March. For Alaska as a whole, the
National Centers for Environmental Information
(NCEI) ranked this month, by more than 3°F, as the
warmest March since statewide averages began in
1925. Probably the most extreme conditions were
at Kotzebue. The average temperature of 23.0°F
was more than 21°F above the 1981–2010 normal
and almost 10°F warmer than the next warmest
March of 1998. In addition to the very mild weather
pattern, persistent areas of low sea ice in Kotzebue
Sound contributed to the extreme warmth. At
Utqiaġvik (Barrow), March was almost 18°F warmer
than normal and more than 6°F warmer than the
previous warmest March, which was in 2018. At the
Juneau Airport, daily record high temperatures were
set or tied on 11 days during the month.
The only part of the state that was not at or near
record warmth was southern Southeast Alaska,
where the cooler weather that prevailed in February
lasted through the first week of the month. In
addition to the overall warmth, mid-month warmth
in Southeast was also remarkable. On March 19, the
high temperature of 70°F at Klawock on Prince of
Wales Island was, by nearly two weeks, the earliest
date to have a 70°F temperature anywhere in the
state. On the same day, Sitka topped out at 67°F, a
new all-time record high for the month of March.
March precipitation was a mixed bag, but overall
Southeast Alaska was drier than normal, though
not to the same extent as February, while much of
northern and western Alaska had more precipitation
than normal. At the end of March the winter
snowpack was well above normal in the Koyukuk
River basin as well as northwest Alaska and most of
the North Slope. Most other parts of the state had
thinner snowpack than usual.
APRIL
April 2019 was considerably warmer than normal
across Alaska but not to the extent of March.
Overall, NCEI ranked April 2019 as tied for the
tenth warmest April since 1925. Western and
northern Alaska were again the center for the
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warmth. At Kotzebue the average temperature for the month of 25.7°F made this
the warmest April of record, just eclipsing 2016.
April precipitation around Alaska was, even more than March, a very mixed
bag. Southern Southeast received some much-needed rain, though the long-term
drought conditions persisted, but precipitation was below normal in parts of
northern Southeast. Anchorage Airport had the tenth wettest April of record,
but at Talkeetna precipitation was below normal for the month. Snowfall was
generally near normal, but the Anchorage area was a significant exception. Some
snow fell each day at the Anchorage Airport between April 17 and 24. This 8 day
streak is the latest in the spring that Anchorage has had a week or more with
snow every day, the previous record being April 8-16, 1963. Snowfall totals for
April in the Anchorage area included 8.6" at the airport and a whopping 41.7" at
2200' on the hillside above Eagle River. Snow also fell the second half of April in
the Interior. In Fairbanks, the April total of 5.4", which is about twice normal, all
fell between the 17th and 23rd. Significantly higher amounts were reported from
higher elevations of the Interior.
Ice break-up on Alaska’s big rivers started very early this spring due to the
mild weather during March and early April. The Tanana River at Nenana broke
up during the early morning hours of April 14, the earliest in 103 years of record
keeping by 6 days. Similarly, the Kuskokwim River at Bethel broke on April
13, a week earlier than the previous record. On the Yukon River it wasn’t quite
as extreme, with break-up on April 23 at Dawson, YT, equaling the date of the
2016 break-up for earliest since records began in 1896. For more information on
spring ice conditions, see the Water Column on page 10.

Clear skies over most of western Alaska on April 3 provide a great view from the MODIS
satellite. In addition to the ice and water, some nearly snow-free ground is visible along the
eastern and southern Norton Sound coasts. Data courtesy UAF/GINA, graphic by Rick
Thoman.
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MARCH 2019: HOW
EXTREME WAS IT?
By Rick Thoman, Alaska Center for Climate Assessment and Policy,
UAF
March 2019 was exceptionally mild across nearly all of Alaska.
Virtually every long-term climate site north of the Alaska Range
and north of Bristol Bay reported the warmest March of record,
and most of the remainder of the state had a top five warmest
March. For the state as a whole, the National Centers for
Environmental Information (NCEI) reported this as the warmest
March of record (since 1925), more than 3°F warmer than the
next warmest March (1965).
Figure 1 shows the March temperature departure from normal
across Alaska and northwest Canada. Overall, there was quite
a pronounced south to north increase in the departure from
normal, culminating with most of the North Slope and the area
around Kotzebue Sound being 20°F or more above normal. Table 1
lists temperatures for specific locations.
In addition to the monthly warmth, mid-month brought the
warmest weather ever so early in the season to parts of Southeast
Alaska. At Klawock Airport on Prince of Wales Island, the
temperature reached 70°F on March 19. The previous earliest date
an official 70°F temperature had been recorded in the state was
March 31, 2016, also at Klawock.
Why was it so warm? As usual with extreme weather and
climate events, multiple ingredients combined to produce this
outcome. In this case, we can readily identify three factors likely to
be important:

Figure 1. March 2019 temperature departures from normal.

Figure 2. March 2019 average 500mb heights and departure from normal.

1. Sea Ice: Nearly unbroken stormy weather in the Bering and
southern Chukchi Seas from late January until early March
resulted in dramatic sea ice loss and fracturing (images page
7). In the Bering Sea, more than 140,000 square miles of ice
were lost during this time. That’s about the size of Montana
changed from ice to water. All that “extra” exposed ocean water
provides an immense amount of extra heat to the atmosphere
as compared to ice. In the southern Chukchi Sea, including
Kotzebue Sound, nearshore ice that is typically thick and nearly
solid was thin and mobile, allowing for increased moisture and
heat into the atmosphere.
2. Massive high pressure at mid-levels of the atmosphere over
western Canada (Figure 2) supported very mild temperatures
both underneath the high and to the west of the center, where,
with clockwise circulation around high pressure, winds were
predominantly out of the south and were persistent enough to
prevent any significant cold air intrusions.
3. Sea surface temperatures during March were above normal
across the Gulf of Alaska and central and eastern Bering Sea
south of the ice edge. While 1 to 3°F departures don’t sound
like much, because of the large heat capacity of the water this is
very significant both locally and to the larger climate system.
Location

March 2019
Avg Temp

Normal March
Avg Temp

Previous
Warmest March

Utqiaġvik

+5.9°F

-12.7°F

-0.7°F (2018)

Kotzebue

23.0°F

+1.1°F

13.5°F (1998)

Nome

23.8°F

10.3°F

22.2°F (1981)

Bethel

30.5°F

15.2°F

29.4°F (1981)

McGrath

27.3°F

11.6°F

27.1°F (1965)

Bettles

18.6°F

+4.4°F

17.7°F (1965)

Fairbanks

27.6°F

11.4°F

27.1°F (1981)

Table 1. March temperatures, selected locations.
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DANGEROUS ICE

Alaska’s warm winter and spring made national
news again this year. Both the New York Times
and the Washington Post ran stories in April about
the impact of thin ice on communities in Alaska.
Bethel-based KYUK also ran a story on how melting
ice is disrupting life all over the Yukon-Kuskokwim
delta region. Here at the National Weather Service’s
Alaska-Pacific River Forecast Center we wonder if
thin ice on our rivers is the new normal.
We know that ice thickness is determined by
air temperatures, snow cover, and ground water
conditions (Jones et al., 2015). Unfortunately, longterm records of ice thickness in Alaska are rare.
Those sites which do have long records still have
gaps that make it difficult to determine statistical
significance of trends. Here, we take a look at a few
of these records and what they show.
Bethel is the hub of the Yukon-Kuskokwim
Delta, and because of the large number of small
communities far from the state’s road system,
it is a region where many fall-through-the-ice
fatalities occur, according to Fleischer et al.’s (2014)
epidemiology. The ice thickness record in Bethel
starts back in 1962, but measurements are missing
from the mid-1980s to the mid-1990s, before they
resume. Bethel has a maritime climate and is
increasingly affected by the declining concentration
of sea ice in the Bering Sea. The Kuskokwim River at
Bethel also has a tidal influence, being just 50 miles
or so from the open ocean.

Kusko Ice thickness (Apr, in)
Max Snow Depth (Mar-May, in)
Avg Air Temps (Dec-Feb, degF)

1971, 59
1962, 54

2009, 53

2013, 55

2017, 53

1996, 49

46

2011, 42

36

1965, 38

1979, 38
1998, 32

2003, 31

2008, 32

2018, 36
2016, 33

26

16

£ 2019, 7

6

-4

1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

By Jessica Cherry, Alaska-Pacific River Forecast Center,
National Weather Service
Each week of this winter and spring, it seems,
brought word of another accident: a person or a
group of people who fell through the ice. Many
of them drowned or succumbed to hypothermia;
others survived. They were traveling on a river or
lake they expected to be frozen solid, usually on a
snow machine or ATV. Victims were on the Yukon
River, the Kuskokwim River, the Kobuk River, the
Fish River, the Kanektok River, the Noatak River,
Red Shirt Lake, and Big Lake, in the Susitna Valley.
Sometimes the victims made a series of poor
choices. Some were just unlucky.

56

Inches/ Degrees F

THE WATER
COLUMN:
ANOTHER SEASON
OF DANGEROUS
ICE CONDITIONS

Bethel River Ice Thickness, Air Temperatures, and Snow Depth

66

Year

Figure 1. April 1 ice thickness, spring maximum snow depth, and mean winter air
temperatures on the Kuskokwim River at Bethel. Linear regression trend lines are shown
for each time series. This plot shows the period 1962–2019, when ice thickness data were
collected.

Figure 1 shows the ice thickness in early April on the Kuskokwim at Bethel,
plotted with maximum snow depth (March–May) and winter mean surface
air temperatures (December–February). Typically, thermal ice growth models
use Accumulated Freezing Degree Days. Here we are using winter mean
temperature as a simple proxy for that parameter.
Several important features are shown in this record. First and foremost, the
ice thickness this spring was unprecedented at a mere 7 inches (yellow circle).
In the 1960s, the average ice thickness at the start of April was about 46 inches.
Even as recently as 2017, the April 1 ice thickness was 53 inches. Though the
record varies, in general, ice thickness appears to decline. Over the same period,
Bethel’s winters (December–February) have warmed considerably from an
average of 5°F to about 13°F. This trend is statistically significant. Snow depth,
on the other hand, has declined. We tend to think of snow depth as an insulator
that can retard ice growth. Snow is clearly not a dominant factor in the decline
of ice growth here. It is highly variable, and its downward trend is more modest.
In fact, maximum snow depth by spring seems to actually be inversely
related to winter air temperature. While we may think in Alaska’s cold climate
that warming winters may lead to more snowfall, Bethel is already a relatively
warm, maritime climate, with air masses with high relative humidity, ready
to make snow as soon as temperatures drop. It is also important to remember
that throughout Alaska, where temperature inversions exist, the surface air
measurements do not reflect conditions of warm, moist air masses that help
produce snow; these sit above the inversion layer. Bethel’s coastal location makes
it less susceptible to inversions (especially in the absence of sea ice in the Bering
Sea) than interior locations, but Bethel’s climate does have wind, which can
transport snow and also scour land surfaces, especially ice. Figure 2 shows the
relationship between mean winter surface air temperatures and snow depth (the
same data as in Figure 1).
McGrath is another location on the Kuskokwim with ice thickness
measurements, though much further upriver, closer to the headwaters. McGrath
has a strongly continental climate, being in Alaska’s Interior. Figure 3 shows
results remarkably similar to those in Bethel, despite the locations having
different climates. McGrath has warmed about 8°F since 1962. Snow depth has
no discernable trend but is highly variable. The ice thickness record shows a
decline in thickness, but is dissatisfying in its gaps.
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McGrath River Ice thickness, Air Temperatures, Spring Snow Max

80

Kusko Ice Thickness (March, in)
Avg Air Temps (Dec-Feb, deg F)

70

Max Snow Depth (Mar-May, in)

Inches/Degrees F

60

30

2010, 46

2002, 43

1973, 41

40

1999, 31

1974, 26

20

2011, 20

2000, 17

2019, 18

10
0

2018

2016

2014

2012

2010

2008

2006

2004

2002

2000

1998

1996

Year

1994

1992

1990

1988

1986

1984

1982

1980

1978

1976

1974

1972

1970

1968

1966

1964

1962

-10
-20

Figure 3. March Ice thickness measurements at McGrath since 1962 (blue, and callouts),
spring maximum snow depth (grey), and surface air temperatures (red) and their associated
trend lines.
Eagle, AK Ice Thickness and Winter Air Temperature
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Figure 2. Even well below freezing, warmer winter
temperatures in Bethel are associated with less snow
accumulation by spring.

It has never been more important that travelers
and recreationalists listen to local knowledge and
stick to trails that have been marked by emergency
responders on places like the Kuskokwim River. The
Bethel Search and Rescue department now uses a
ground penetrating radar to determine ice thickness
and help map safe pathways on the ice. Our ice may
not always serve as the winter highway it once did.
Communication, data collection, and good decisionmaking are the best way to navigate the new normal.
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Results from Bettles, Alaska, on the Koyukuk River are similar. Ice thickness
there has been collected there since 1968, with a few missing years, and shows a
decrease of about 5 inches. Winter temperatures have increased about 8°F since
the early 1950s, and snow depth has decreased about 10 inches over that period.
Eagle, Alaska, is an exception. Figure 4 shows that March ice thickness there
has actually increased about 5 inches since 1975, when data collection began.
The winter mean temperature in that period has increased 6°F. Unfortunately
snow depth has not been consistently measured at Eagle. In the anomalously
warm winter and spring of 2018–19, though, even Eagle has had record thin ice.
The variable that we are missing is water temperature. There are no longterm records of water temperatures in Alaska to give us information about
the possible role of ground water or surface water temperature changes as a
control on ice thickness. A regional initiative by partners in the Landscape
Conservation Cooperative (including the U.S. Fish and Wildlife Service and
USGS) hopes to begin routine collection of water temperatures. Over time, we
will probably learn, as have other regions of the U.S. (Kaushal et al., 2010), that
water temperatures are increasing and therefore eroding ice from below.
It seems likely that river ice and lake ice will continue to become thinner, so
long as the climate of Alaska continues to warm. Earthquakes were also a factor
this past season, opening up leads in lake ice where people did not expect them.
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SEA ICE: WINTER AND SPRING 2018–19
by John Walsh, Alaska Center for Climate Assessment and Policy, UAF
For the second consecutive winter, sea ice coverage in the Alaskan region was far below the historical norm.
The winters of 2017–18 and 2018–19 stand out as
the two most extreme, not only in the post-1979
satellite record, but also in the post-1850 period
spanned by the Historical Sea Ice Atlas for Alaska
(http://seaiceatlas.snap.uaf.edu/). Figure 1 provides
a striking illustration of the absence of ice in the
Bering Sea in early March 2019 compared with
the same date only 6 years earlier (2013), when an
extensive sea ice cover reached nearly as far south as
St. Paul Island.
The Bering Sea’s January–April average ice extent
was approximately 340,400 km2, the second lowest
after 2018’s value of 243,900 km2. However, the
character of these two extreme seasons differed. As
shown in Figure 2, the growth of the Bering Sea’s
ice cover during the past winter was well within the
historical range through January 2019. In February,
a series of strong storms (see season summary,
page 6) brought southerly winds and warm air,
favoring northward movement and melt of the ice
through early March, when the Bering’s ice extent
actually fell below that of 2018. The absence of sea
ice offshore of Nome required that the course for the
Iditarod sled dog race in early March be rerouted
onto the beach east of Nome, instead of the offshore
route over sea ice used in past years (photo). Figure
2 shows that a slight recovery of the sea ice through
mid-March was followed by an abrupt decline into
early April, when little ice remained south of Bering
Strait. The retreat then continued into May when

Aliy Zirkle runs on the ice near Nome on March 13 on her way to a fourth-place
finish in the rerouted 2019 Iditarod (Jeff Schultz ©2019).

Figure 2. Daily ice extent (square km) in the Bering Sea from November–May. Thick
black line is median for 1981-2010. Thin gray lines are for individual years, with
2017–18 in red and 2018–19 in green. Figure by Rick Thoman, data from National
Snow and Ice Data Center.

Figure 1. Sea ice concentrations on March 4 of 2013 (left panel) and 2019 (right panel). Source: National Snow and Ice Data Center.
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parts of the Chukchi Sea as far north as Wainwright
had open water offshore. The area of open water in
the Chukchi Sea in late May 2019 was very similar to
that of 2018.
A remarkable change in the past several years has
been the advance of the Bering Sea’s meltout date,
defined here as the date when the Bering Sea’s ice
extent falls below 50,000 km2. Figure 3 shows the
meltout date for each year from 1979 to 2019. The
2019 meltout date was May 14, continuing a trend
of May meltout dates in each of the past 5 years.
By contrast, the average meltout through the early
2000s was in the third week of June. The trend line
in Figure 3 shows that meltout now occurs more
than a month earlier than in the 1980s and 1990s.
This advance of meltout has obvious implications for
marine access and offshore subsistence activities by
coastal communities in western Alaska.

Figure 4. Pan-Arctic sea ice extent for 2019 (blue line) in comparison with other recent years
(colored and dashed lines). Dark and light shadings denote the interquartile (25–75%) and
interdecile (10–90%) ranges, respectively. Source: National Snow and Ice Data Center (http://
nsidc.org/arcticseaicenews/2019/05/).

Figure 3. The Bering Sea’s year-by-year meltout date, defined
as the date when the Bering Sea’s ice extent drops below
50,000 km2. Date is shown on left axis. Solid green line is a
running mean date.

Figure 5. Pan-Arctic sea ice extent (millions of km2) for April,
1979–2019. Source: National Snow and Ice Data Center
(http://nsidc.org/arcticseaicenews/2019/05).

On the pan-Arctic scale, ice extent of the winter and spring of 2018–19
ranked among the 5 or 6 lowest, all of which have occurred in the past decade.
During January–March 2019, the pan-Arctic ice extent was generally greater
than in the past several years (Figure 4), mainly because parts of the Barents
Sea were ice covered. The Barents Sea lost much of its ice cover by April, when
the Bering Sea was also extremely low. As a result, the pan-Arctic total ice cover
during April 2019 was the lowest of the post-1979 satellite record (Figure 5). The
overall reduction of late-winter ice extent over the past four decades, illustrated
by the April time series in Figure 5, is about 10%. This percentage reduction is
much smaller than the corresponding September reduction of approximately
40%, shown in the previous issue of the Alaska Climate Dispatch. Taken
together, the two reductions point to an increasing area of first-year (seasonal)
sea ice, which is generally thinner and more mobile than the multiyear ice that
was the predominant ice type in the Arctic Ocean several decades ago.
The late-spring distribution of sea ice over the Arctic in early May is shown
in Figure 6, where the orange line indicates the median location of the ice edge
during the 1981–2010 period. The striking feature of Figure 6 is the loss of sea
ice, relative to the historical normal, in the Pacific sector, specifically the Bering
and Okhotsk Seas. Large areas of these seas that were ice-covered in the past
were ice-free on May 1, 2019, consistent with the advance of the ice melt date
discussed earlier. The absence of ice in the Barents Sea is also notable, although
the ice extent in much of the rest of the North Atlantic and eastern Canada was
relatively normal by historical standards. The fact that the total ice cover was the
lowest of the post-1979 period at this time points to the importance of the Pacific
sector of the Arctic in variations and trends of pan-Arctic ice extent.

ACCAP NEWS
LISTEN TO "BEYOND THE WEATHER"
ON KUAC
ðð Providing perspective on daily weather
conditions with a longer range look at
temperature, precipitation, and wind and
the factors that drive them, Beyond The
Weather taps the knowledge of longtime
Alaska climatologist Rick Thoman and is a
cooperative production of KUAC and the
Alaska Center for Climate Assessment and
Policy:
https://fm.kuac.org/programs/beyond-weather
Follow Rick on Twitter @AlaskaWx.

POST-DOCTORAL RESEARCH POSITION
AVAILABLE - CLIMATE CHANGE AND
KNOWLEDGE CO-PRODUCTION

Figure 6. Sea ice concentrations (percentage ice cover) on May 1, 2019. Ice concentration
ranges from 0% (deep blue) to 100% (brightest white; see color bar at right). From National
Snow and Ice Data Center, ftp://sidads.colorado.edu/DATASETS/NOAA/G02135/north/
daily/geotiff/2019/05_May/

ðð Climate change is occurring more rapidly
in the Arctic than any region on Earth.
Its impacts are being felt by Indigenous
peoples as well as throughout a range
of societal sectors, including wildfire
management. Recent scholarship suggests
that boundary spanning, translational
ecology, and the process of knowledge coproduction are effective in bridging the gap
between science and decision-making and
calls for building capacity by developing
processes for effective evaluation and for
training boundary spanning professionals.
We seek a post-doctoral research
fellow to explore one or more of these
interrelated research areas of knowledge
co-production and boundary spanning
assessment related to climate change in
Alaska.
More information: https://accap.uaf.edu/postdocwanted

ACCAP WEBINARS
Register for monthly webinars and browse our
webinar archives, 2007–present

M OS P H
D AT
ER
AN
IC

E

TRATION

S
U.

RC

IC

NI S
MI
AD

NATIONAL OC
EA
N

www.accap.uaf.edu/webinars

.

DE
ME
PA
R TM
OM
ENT OF C

ACCAP IS FUNDED BY THE NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION (NOAA) AND IS ONE OF A GROUP OF REGIONAL INTEGRATED
SCIENCES AND ASSESSMENTS (RISA) PROGRAMS NATIONWIDE. THE RISA PROGRAM SUPPORTS RESEARCH THAT ADDRESSES SENSITIVE AND COMPLEX
CLIMATE ISSUES OF CONCERN TO DECISION-MAKERS AND POLICY PLANNERS AT A REGIONAL LEVEL.
LEARN MORE ABOUT ACCAP
ACCAP@UAF.EDU • ACCAP.UAF.EDU • 907-474-7812
UAF IS AN AA/EO EMPLOYER AND EDUCATIONAL INSTITUTION AND PROHIBITS ILLEGAL DISCRIMINATION AGAINST ANY INDIVIDUAL: WWW.ALASKA.EDU/NONDISCRIMINATION

