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But what is a climate normal? My informal definition 
is that climate normals represent a snapshot of the 
current state of the climate. The National Centers 
for Environmental Information (NCEI) further 
characterizes it by stating, “[n]ormals act both as a 
ruler to compare today’s weather and tomorrow’s 
forecast, and as a predictor of conditions in the near 
future.” By convention, normals are computed for a 
30-year period. This climate snapshot is valid for 10 
years. After the completion of years ending in zero, 
30-year normals are recomputed. On May 4, 2021, 
NCEI released the 1991–2020 climate normals.

Normals can generally be thought of as an 
arithmetic average (hourly, daily, monthly, seasonal, 
and annual). In fact, at monthly, seasonal, and annual 
time scales, normals and averages are exactly the 
same. At daily and hourly time scales, interpolation 
from longer periods is used. 

Figure 1 shows an example of this with the daily 
average and daily normal high temperature for Juneau for 1991–2020. If you take 
a strict average of all the July 2 high temperatures, you get 66°F. An average of all 
the July 9 high temperatures is 63°F. Then by August 2, the average is 67°F. Does 
this indicate that Juneau typically warms until early July, then cools down until 
mid-July, then warms up again though early August? The answer is no. Even 
over a 30-year period, there is a lot of day-to-day variability (noise). Because of 
that variability, instead of daily averages, we take the monthly averages, which 
have much less variability, fit a polynomial (spline) to the monthly data points, 
and then interpolate daily values. This gives us a nice smooth curved line, while 
maintaining the integrity of monthly averages.

the new normal(s)
By Brian Brettschneider, National Weather Service Alaska Region/International Arctic Research Center (IARC), UAF

most of us are familiar with the person on the radio or television saying something like, “today was 3°f above normal.” the term 
“normal” is so embedded in our culture that we don’t even think about what it means. an informal survey of friends and neighbors 
suggests the term is thought of as interchangeable with the term “average.” in the macro sense, this is not too far off. from a science 
communication perspective, it’s a rare example of a technical science term that has filtered into the public’s lexicon. We should 
consider this a victory.

In this issue
new normal(s) ............................................. 1–7

climate and weather summary .............8–13

research to operations .......................... 13–15

sea ice ..........................................................16–18

accap news ...................................................18

Figure 1. Daily average and daily normal high temperature 
for the Juneau International Airport, 1991–2020.
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stations 
To compute normals, there must be a minimum 
quantity of climate data to extract meaningful 
information. With as little as one or two years of 
data, we can easily tell the difference between an 
Alaska station and a Kansas station, but we may 
not be able to tell apart an eastern Interior from a 
western Interior station. NCEI publishes normals for 
any station with at least 2 full years of data during 
the 1991–2020 period, but cautions against using 
anything with less than 10 years of data. Figure 2 
shows the 171 stations in Alaska that have newly 
published 1991–2020 daily temperature normals 
with a minimum of 10 years of data. A map of the 
189 Alaska stations with precipitation normals 
is not shown but looks quite similar. Note the 
concentration of stations along and near the road 
network. This highlights a significant shortcoming 
in Alaska climatology that has always existed—
namely, large regions that lack data. 

Even if we use the new normals based on NCEI's 
minimum of 2 years of data, it would not be a big 
help in covering Alaska's data gaps. This approach 
would add temperature data from only 21 stations 
and precipitation from 40—again, mostly on the 
road system. So the analyses presented here are 
based on the 10 year minimum data.

elements
The volume of data provided in the 1991–2020 
normals release is staggering. For stations that 
measure temperature, precipitation, snowfall, 
and snow depth every day, the data tables contain 
over 400 columns of information. Percentiles, 
thresholds, degree days, and standard deviations 
for all measured elements are just the beginning. 
There are endless combinations and permutations 
of ways to characterize the climate of these stations. 
The downside of having so much information is that 
the average user is overloaded with data. If all you 
need is a certain element, sorting through all the 
data is cumbersome, but NCEI has built a very user-
friendly web interface to access the most common 
elements: temperature and precipitation (Figure 3). 

major station monthly 
normals 
The foundation of both daily and annual normals 
are the monthly averages/normals. Figures 4–9 
on the facing page display the changes in monthly 
normals for 6 major stations around the state. On 
each chart, the 1991–2020 normal value is displayed 
next to the 1981–2010 value. The difference is shown 
with a black line.

Figure 2. Stations with 10+ years of temperature data included in the new NCEI 1991–2020 
temperature normals.

Figure 3. User-friendly NCEI 1991–2020 normals website: https://www.ncei.noaa.gov/access/
us-climate-normals/

new normal(s)

https://www.ncei.noaa.gov/access/us-climate-normals/
https://www.ncei.noaa.gov/access/us-climate-normals/
https://www.ncei.noaa.gov/access/us-climate-normals/
https://www.ncei.noaa.gov/access/us-climate-normals/
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Figure 4. Anchorage 1991–2020 and 1981–2010 normals. Figure 5. Fairbanks 1991–2020 and 1981–2010 normals.

Figure 6. Juneau 1991–2020 and 1981–2010 normals. Figure 7. Kotzebue 1991–2020 and 1981–2010 normals.

Figure 8. Yakutat 1991–2020 and 1981–2010 normals. Figure 9. Utqiaġvik 1991–2020 and 1981–2010 normals.

Figures 4–9. Monthly maximum temperature normals. Figures 4–9. Monthly minimum temperature normals.

Figures 4–9. Monthly precipitation normals. Figures 4–9. Monthly snowfall normals.
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other station normals
As noted earlier, a wide variety of normals products 
are available. New in 1991–2020 are hourly normals. 
Figure 10 shows an example of temperature and 
dew point normals and percentiles for a single day 
of the year. This type of data is valuable to energy 
companies, municipalities, and others who plan 
resource utilization at sub-daily time scales. 

gridded normals
An inherent problem with having climate normals 
at ~300 discrete locations is the lack of knowledge 
of what happens in between those points (see 
Figure 2). Only 13 stations with sufficient data 
exist north of the Arctic Circle—an area nearly 
the size of California. How do you fill in the gaps 
and make a continuous surface? The answer is that 
we build a model to interpolate what is going on 
between the points. For example, we know that 
temperatures generally decrease with elevation, 
and temperatures in the winter are strongly 
influenced by local topography. For precipitation, 
we similarly know that topography, elevation, and 
orientation dramatically influence precipitation. An 
understanding of these processes allows us to create 
a continuous gridded surface of values across the 
state. An important caveat is that the interpolated 
values are only educated guesses.

NCEI uses a 4.665 km square grid for the state of 
Alaska to generate the gridded normals. This is the 
same scale as the monthly ClimGrid product that 
has been published for years. An underlying “guide” 
for interpolating data between stations is the Prism 
Climate Group’s 800 m 1981–2020 climate normals. 
The Prism Climate Group’s data is very useful for 
characterizing each grid cell's relationship to the 
surrounding cells. The map in Figure 11 shows 
the average annual temperature for the 1991–2020 
period across Alaska.

gridded normals changes
The question I get asked most frequently about the 
new climate normals is how different they are from 
the previous iteration (1981–2010). With the help 
of GIS software, it is very easy to compute those 
differences. Keep in mind that 20 of the 30 years 
are shared between the two periods; therefore, the 
changes represent the difference between the 2010s 
and the 1980s. Figures 12 and 13 on the following 
pages show the seasonal and annual changes 
between the two climate normal periods.

new normal(s)

Figure 10. Hourly temperature and dew point normals for Anchorage on June 2, 1991–2020.

Figure 11. Gridded average (normal) annual temperature during 1991–2020 period.

https://www.ncei.noaa.gov/access/metadata/landing-page/bin/iso?id=gov.noaa.ncdc:C00332
https://prism.oregonstate.edu/
https://prism.oregonstate.edu/
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Figure 12. Average (normal) temperature changes with the 1991–2020 period compared to the 1981–2010 period. 
Top panel: annual; middle left: winter; middle right: spring; lower left: summer; lower right: autumn.
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Figure 13. Average (normal) precipitation changes with the 1991–2020 period compared to the 1981–2010 period. 
Top panel: annual; middle left: winter; middle right: spring; lower left: summer; lower right: autumn.

new normal(s)
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climate classification
One of the fun things you can do with the new 
climate normals is compute climate classifications 
for both stations (points) and grid cells. Figures 
14 and 15 show the gridded and station-based 
classifications. Stations shown with a red star on 
Figure 15 indicate a transition from “Continental 
Subarctic” during the 1981–2010 period to 
“Continental Warm Summer” in the 1991–2020 
period—including Kodiak, Fairbanks, and Haines.

final thoughts
People often colloquially describe a warmer Arctic 
as “the new normal.” This should not be confused 
with the NCEI-published new climate normals. The 
NCEI data is crucial for placing weather-scale and 
climate-scale events into context. Without a baseline 
reference, everything is just chaos. 

Figure 14. Köppen Climate Classification of 1991–2020 gridded normals.

Figure 15. Köppen Climate Classification of 1991–2020 station normals.

https://en.wikipedia.org/wiki/Koppen_climate_classification
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By Rick Thoman, Alaska Center for Climate Assessment 
and Policy, UAF

november 2020 through april 2021 was overall 
significantly warmer than average for Alaska as 
whole, though with significant regional and monthly 
differences. the aleutians and alaska peninsula 
had a "top ten" warmest november to april, but 
no region was significantly colder than normal. 
similarly with precipitation, there was large 
regional variation, with the northern interior and 
brooks range the driest areas relative to normal, 
while much of southwest alaska saw much above 
normal precipitation and high snowpack. the 
northern panhandle was very wet in november 
and december, and by late winter the mountain 
snowpack was generally above normal.    

november 2020

Much of Alaska was unusually mild in November. 
Utqiaġvik recorded the third warmest November on 
record with an average temperature of 15.3°F, which 
is more than 14°F above the 1981–2010 normal. 
Nome with an average temperature of 25.3°F was 
8.4°F above normal and the fourth mildest in 113 
years of nearly continuous climate observations. 
In contrast, south and east of an Anchorage 
to Fairbanks line, including the Panhandle, 
temperatures were overall cooler than normal. 
Precipitation was above normal over most of the 
state. 

climate and weather summary: 
november 2020–april 2021

Figure 1. Alaska weather and climate highlights for November 2020–April 2021. More 
highlights and details are available at http://highlights.accap.uaf.edu/tools/climate_highlights.

An unusually early cold snap hit the Interior the first several days of 
November. Denali National Park Headquarters set a new record low for 
November 5 of -24°F, breaking the previous record for the date of -22°F set 
in 1955. Fairbanks Airport fell to -29°F on November 4, which is the second 
lowest temperature so early in the winter. Elsewhere in the Interior during this 
cold snap, lows temperatures of -41°F were reported at Chicken and -38°F near 
Manley Hot Springs. 

From November 5–7, a strong storm moved from the northwest Bering Sea, 
across Chukotka and into the southwest Chukchi Sea. The storm produced high 
winds, rain, and snow and significant coastal erosion at several locations on the 
Seward Peninsula coast. Most significantly, at Shishmaref the road to the landfill 
again washed out, with an estimated repair cost of over $6 million (photo). A 
coastal road also washed out at Elim. The weather front associated with this 
storm moved east in the following days, producing heavy snow across parts of 
Interior the 6th to 8th. At Fairbanks, this turned out to be the greatest 24-hour 
snowfall on record for the month of November. From 8 pm November 6 to 8 
pm November 7, 14.7" of snow fell, just eclipsing the previous record of 14.6" 
in 1970. Storm totals in the Fairbanks area were generally in the 13–18" range. 
Significant snow also fell in parts of the Panhandle. At Hyder, the 29th and 
30th saw a whopping 34.0" of snowfall. At the other end of the Panhandle, the 
Haines Custom Station, about 40 miles north of Haines, measured nearly six feet 
of snow through the course of the month, making this the snowiest November 
since 2009.Coastal erosion at Shishmaref after the storm in early 

November 2020 (photo by Dennis Davis, courtesy Alaska 
Public Media).

http://accap.uaf.edu
http://accap.uaf.edu
http://highlights.accap.uaf.edu/tools/climate_highlights
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december 2020

December was warmer than normal over nearly all 
Alaska. Some areas were far above normal, including 
the northern Interior, Saint Lawrence Island in 
northern Bering Sea, and parts of the Panhandle. 
On the other hand, precipitation was highly variable, 
with much of the mainland drier than normal but 
the Panhandle excessively wet. 

The month started off with what was, by some 
measures, the wettest storm on record for the 
northern Panhandle. Flooding and landslides were 
widespread with this storm over much of Southeast 
Alaska. At Skagway, 7.77" of rain December 1–2 far 
exceeded the previous record 2-day record. During 
the same two days the Haines Airport reported over 
10.5" of rain, which according to NOAA estimates 
could be expected to occur only once in about 500 
years. The torrential rain falling on partially frozen 
ground and assisted by strong winds caused multiple 
landslides, including one near Haines that caused 
two fatalities and destroyed three homes. The same 
storm also brought the Juneau Airport the greatest 
24-hour rainfall on record with 5.08" December 1–2. 
At Hyder, the road to Stewart, BC, was impassable 
for several days, and the community was without 
power for more than 48 hours due to landslides 
triggered by rain and melting snow. This storm 
played a large part in the high monthly precipitation 
totals in the Panhandle. Haines had the wettest 
December on record and Skagway the wettest since 
1930. Ketchikan reported 30.72" inches, the fourth 
highest December total. Following on the heels 
of the 30.05" in November, this is the first time in 
a century of climate observations that Ketchikan 
has had back-to-back months of 30" or more 
precipitation. 

A powerful storm impacted the greater 
Anchorage area and western Prince William Sound 
on December 22–23. Winds gusted to over 100 mph 
in the Portage Valley area between Girdwood and 
Whittier, and gusts in excess of 80 mph were widely 
reported on the Anchorage Hillside, causing damage 
to some buildings and road-closing snow drifts. The 
winds made it down into parts of urban Anchorage 
as well, with peak wind gusts around 65 mph at 
both Elmendorf and Ft. Richardson. The same large 
storm system brought strong winds to parts of the 
Panhandle the following days, with winds of 50–70 
mph widely reported and power outages in places. 

2020 ended with an extremely deep North Pacific 
storm moving through the western Aleutian Islands. 
The storm was analyzed with a minimum pressure 
of 921 mb (27.20") at 9 am AKST December 31 
just south of Attu Island, the westernmost of the 
Aleutian chain. The U.S. Air Force base on Shemya, 

just east of Attu, reported a minimum pressure of 924.8 mb (27.31"), which is 
the lowest observed pressure on record in Alaska. Winds ahead of the associated 
weather front gusted to 83 mph at Shemya, but no damage was reported there 
or at any of the other communities in the Aleutians, where the winds were 
generally not as strong. 

january 2021

January was warmer than normal across virtually all of Alaska. Temperatures in 
the northern and eastern Interior were 5–10°F warmer than average. There was a 
general lack of significantly cold weather during the month. Only in one January 
in the past 40 years has the lowest official Alaska temperature been higher than 
this months’ -45°F, recorded at Chicken. Anchorage Airport saw just one day 
with a low temperature of 0°F or lower, compared to the long-term average of 
nine such days. 

Most of Interior and Arctic Alaska were quite dry. At Fairbanks, just 0.5" of 
snow fell the entire month, the lowest January total on record. Anchorage fared 
slightly better, but 3.0" for the month was the lowest since 2005. In contrast, it 
was a wet month for the Panhandle, the Gulf of Alaska coast, and Southwest 
Alaska, though in most areas the amounts were not extreme. 

While most areas in Alaska had below normal snowfall in January, that was 
not the case in the northern Panhandle near Haines. At the Customs Station 
at the U.S./Canada border on the Haines Highway, 90" of snow fell between 
January 5 and January 15. That’s the third highest 11-day snow total there in 
about 30 years of climate observations. The Chugach and Kenai Mountains also 
saw far above normal snowfall. The Natural Resources Conservation Service 
automated station at Turnagain Pass, south of Girdwood, saw snow depths 
increase more than four feet between New Year’s Day and the end of the month. 

On January 8 a strong storm and associated weather front produced 
widespread wind gusts of 60–80 mph and caused brief power outages in the 
Ketchikan area, where ferry service between the airport and town was also 
disrupted. Another storm on January 12 produced similar wind gusts from 
Ketchikan to as far north as Juneau. 

Heavy rains triggered a landslide in Haines on December 2, 2020, which killed two people 
and destroyed three homes (photo by Jacob Cheeseman, courtesy of Alaska Public Media).
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Figure 2. Seasonal temperature anomalies (°F) for November 2020–January 2021 based on ERA5 data. Figure by Rick Thoman.

Figure 3. Seasonal precipitation anomalies (percent of normal) for November 2020–January 2021 based on ERA5 data. Figure 
by Rick Thoman.
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Figure 4. Seasonal temperature anomalies (°F) for February–April 2021 based on ERA5 data. Figure by Rick Thoman.

Figure 5. Seasonal precipitation anomalies (percent of normal) for February–January 2021 based on ERA5 data. Figure by Rick 
Thoman.
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february 2021

February brought a dramatic change in the weather 
pattern for Alaska, with north to northwest winds 
aloft over most of the state but southwest winds 
prevailing over far southwest Alaska, and this flow 
was quite stable during the month. The result was a 
very unusual temperature pattern, with near record 
warmth for far southwest Alaska, but most other 
areas colder than normal.

In the Pribilof Islands at St. Paul, the average 
temperature for the month was 33.2°F, nearly 9°F 
above normal; this was only the fifth February in 
the past century to have an average temperature 
above freezing. At Unalaska, the temperature did 
not go below freezing the first 20 days of the month, 
and at Cold Bay the average temperature of 36.2°F 
tied with 2018 for the third mildest February. In 
sharp contrast, the Interior and parts of the North 
Slope were very cold. At Bettles, the monthly 
average temperature of -18.2°F made this the 
coldest February since 1990, and both Tanana and 
Fairbanks saw the coldest February since 1999. This 
included Fairbanks’ only 40 below temperature of 
the winter, when the temperature briefly dipped to 
-42°F on the morning of February 22. At Anchorage, 
the highest temperature in February of 30°F tied 
with 1979 for the lowest February high temperature. 
However, the monthly low of -6°F was slightly above 
the typical lowest February temperature.  

Nearly all of Alaska north of the Yukon River 
was significantly drier than normal, and a large 
portion of the Brooks Range and North Slope 
received less than half of normal precipitation. There 
was a comparatively narrow band of much heavier 
precipitation in the southern Interior from the upper 
Kuskokwim valley northeastward into the middle 
Tanana Valley that included Fairbanks and Denali 
National Park, where the monthly precipitation 
was 2–4 times normal. This almost completely 
eliminated the snow deficit that had built up in 
December and January. In another big change from 
December and January, most of southcentral Alaska 
and the Panhandle saw below normal precipitation. 

With cold air entrenched across northwest 
Canada during the month, there were several rounds 
of strong winds in the Juneau area. On February 11, 
winds in areas exposed to these strong winds gusted 
as high as 70 mph and the chairlift at Eaglecrest Ski 
Area on Douglas Island was damaged. 

NOVEMbEr 2020–APrIL 2021 suMMAry

march 2021

March was cooler than normal over most of Alaska, though not dramatically so 
in most areas. However, the North Slope, Alaska Peninsula and Aleutian Islands 
finished up warmer than average. Precipitation was exceptionally heavy in much 
of western Alaska in March, with a large area receiving 2–4 times the normal 
precipitation. At Nome four separate storms produced blizzard conditions, 
and at Kotzebue snow drifts became so high as to overwhelm the automated 
precipitation sensor. 

Occasionally the Anchorage area receives a significant snowfall with 
dramatic differences in accumulations at lower elevations within the urban area. 
That was very much the case March 10–11, when only 1–3" of snow fell in west 
Anchorage, including 2.6" at the Airport. However, east of the Seward Highway 
accumulations of 10–16" were widely reported. The same storm produced 12–18" 
of powdery snow in the Eagle River area. For the month, the average daily snow 
depth at Anchorage Airport of 26" was the second highest average March snow 
depth in the past 25 years. 

Southeast Alaska was also snowy in March. The Juneau airport snow total of 
just under three feet of snow, is well above normal, but more unusually, a trace 
or more of snow fell on 24 days during the month. Parts of the Ketchikan area 
received in excess of 20" of snow March 12–13. At the NWS cooperative station 
near Ketchikan, this was the greatest single day storm there since December 
2008. 

The Alaska Peninsula and Aleutians were again quite mild in March, thanks 
in part to warmer than normal sea surface temperatures. At St. Paul Island, the 
average temperature of 31.0°F was 6.0°F above normal. At Cold Bay, the high 
temperature on March 24 of 55°F was the second highest March temperature in 
70 years of climate observations. 

Although blizzards and winter storms battered the Seward Peninsula and surrounding region 
throughout March 2021, the sea ice remained relatively intact compared to previous recent 
years, in part because more southern areas of ice near St. Matthew Island were much thicker 
and more stationary. Image from Geographic Information Network of Alaska (GINA), UAF, 
annotations by ACCAP. 

https://gina.alaska.edu/
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april 2021

April was an exceptionally active month weather-
wise in Alaska, featuring heavy precipitation and 
snow, record cold, and record warmth. Regional 
temperatures showed a familiar pattern, with 
western and northern Alaska ending up a bit 
warmer than normal, the southeast mainland below 
normal, and the Panhandle close to normal. 

Precipitation varied, from hardly any on parts 
of the North Slope and Brooks Range to 2–4 times 
normal in some parts of the Interior. At Fairbanks, 
nearly all the precipitation fell as snow in the 
first four days of the month, but the April total 
precipitation of 1.35" (rain plus liquid equivalent of 
snow) was the third highest in more than a century 
of climate observations. In contrast, Utqiaġvik 
recorded only 0.01" of precipitation for the month. 

A snowy weather pattern for parts of western and 
Interior Alaska that started in late March continued 
into the first days of April. Fairbanks received 13.2" 
of snow April 3 and 4. This is the highest two-day 
snow total on record in April. Additionally, the 
total snowfall March 29 through April 4 of 21.8" is 
the most so late in the season, and this brought the 
spring snowpack to the highest level since 1993. 

A very cold airmass originating in the high 
Arctic brought the coldest April weather in nearly 
80 years to parts of the state April 6–10, and this 
was the coldest weather so late in the season since 
1911. Many daily record lows were set, including 
three days in a row at Anchorage Airport April 
8–10. For some locations that lack observations in 
the April 1944 cold snap, this brought the lowest 
temperatures on record in April, including -39°F 
at Bettles on April 9. Since very few currently 
active climate sites had observations in 1911, many 
locations recorded the lowest temperatures so late 
in the season, including -25°F at Denali National 
Park Headquarters on April 10 and +2°F at Cordova 
Airport on April 9. At Ft. Greely near Delta 
Junction, the high temperature on April 9 of -2°F is, 
by 10 days, the latest date in the spring with a high 
below 0°F. The cold snap ended and temperatures 
rebounded sharply in mid-April, resulting in some 
of the same places that set records for late season 
cold also setting records for early season warmth, 
including April 18 high temperatures of 60°F at 
Denali National Park Headquarters and 71°F at 
Cordova. At Juneau, the temperature reached 70°F 
on April 17. This is by a week the earliest 70°F in 
the Capital City. Most significantly, on April 18 the 
temperature at the Klawock Airport on Prince of 
Wales Island reached 75°F. This is the earliest date in 
the year on record that the temperature has reached 
75°F or higher anywhere in Alaska. 

the challenges of 
transitioning research 
to operations (r2o) in 
weather, water, and 
climate
By Jessica Cherry, Alaska-Pacific River Forecast Center, National Weather Service

it seems simple, right? if the government funds research that yields results that 
advance the understanding or predictability of weather, water, and climate, 
those results should be used to generate better forecasts for the public, right? 
those of us who write proposals for research grants in applied geosciences 
are typically asked for letters of support or collaboration from operational 
partners, if not explicit research transition plans. reviewers and program 
managers then evaluate that transition plan (when it’s required), along with 
scientific merit, and other criteria. There’s also a strong movement toward co-
production of science between those in research and those who are decision-
makers. The main reason for this trend toward co-production is to reduce 
that gap between requirements, research, and its applied use. here, i’ll talk 
about some of the challenges to actually moving research to operations (r2o)
in NOAA’s National Weather Service (NWS) Line Office.  

First, let’s start with some definitions. The U.S. Office of Management and 
Budget defines basic research as “as systematic study directed toward fuller 
knowledge or understanding of the fundamental aspects of phenomena and 
of observable facts without specific applications towards processes or products 
in mind”. In contrast, they define applied research as “systematic study to gain 
knowledge or understanding necessary to determine the means by which a 
recognized and specific need may be met (OMB Circular A-11, 2003).” The term 
operational can mean several different things, including 
1. in or ready for use; 
2. relating to the routine functioning and activities of a business or 

organization; or 
3. engaged in or relating to active operations of the armed forces, police, or 

emergency services (Oxford Languages). 
It’s a term that first gained popularity during World War II, and perhaps all 
three definitions are used in different contexts at the NWS. 

operations in the nws
What determines the routine functions and activities of the NWS (our 
‘operations’) and how those are executed? The overall mission of the agency 
is to “provide weather, water, and climate data, forecasts and warnings for the 
protection of life and property and enhancement of the national economy.” This 
is a relatively narrow, applied, product-oriented mission. Contrast that with that 
of NASA, whose mission to “drive advances in science, technology, aeronautics, 
and space exploration to enhance knowledge, education, innovation, economic 
vitality and stewardship of Earth” contains elements of both basic and applied 
research. NWS’s mission statement specifies three tools: data, forecasts, and 
warnings, while NASA’s does not specify the means to achieve their stated 
mission. Our parent agency, NOAA, describes itself as a science-based service 
agency, which denotes the applied nature of its mission. 

https://www.weather.gov/aprfc/
https://www.whitehouse.gov/omb/
https://www.whitehouse.gov/omb/
https://georgewbush-whitehouse.archives.gov/omb/circulars/a11/current_year/a_11_2003.pdf
https://languages.oup.com/
https://www.nasa.gov/
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Beyond broad mission statements, federal agencies have administrative 
orders, statutes, and directives that lay out their policies and help provide 
administrative scope and consistency. In the NWS, directives specifically 
describe, for example, which data, forecasts, and other products are used and 
generated by employees. Finally, the actual products generated by NWS have a 
lot to do with the resources available: trained staff, hardware, bandwidth, and 
data flows. As the public learns to depend on various products and services, it 
is also important to maintain the consistency and reliability of these over time. 
While some products and services should be tailored to regional needs, it’s also 
important to have nationally consistent products and services; that’s where 
Alaska sometimes struggles. 

noaa’s r2o transition policies and 
practices
Most discretionary funds used to support research to operations (R2O) for 
NWS are awarded directly at the NOAA level, through the Office of Oceanic 
and Atmospheric Research (OAR) or the National Environmental Satellite, 
Data, and Information Service (NESDIS), not by NWS itself. Several documents 
outline NOAA’s policies on these topics. NOAA Administrative Order 216-
115A lays out the Research and Development (R&D) policy for the agency, and 
the corresponding Procedural Handbook (R&D Handbook) goes into more 
detail. NOAA AO 216-105B is the policy for R&D transitions and also has 
a corresponding Procedural Handbook (Transition Handbook). That R&D 
Handbook describes cyclical steps of planning, monitoring, evaluation, and 
reporting as being essential to good management of an R&D portfolio. It also 
describes 8 principles of successful NOAA R&D as 
1. Mission Alignment; 
2. Transitioning R&D; 
3. Research Balance; 
4. Partnerships; 
5. Facilities and Infrastructure; 
6. Workforce Excellence; 
7. Scientific Integrity; and 
8. Accountability. 
For researchers responding to requests for proposals, the program manager has 
already lined out the questions and objectives they want projects to advance, but 
it may be helpful for respondents to understand the larger strategic plans and 
policies at NOAA. 

In 2014, the first of three studies was published analyzing reported transitions 
at NOAA’s OAR (NOAA Technical Memorandum OAR PPE-5). These studies 
were designed to measure the effectiveness of NOAA’s R2O endeavor and find 
room for improvement. The first study (‘What Does “Transition” Mean?: A 
Quantitative Analysis of Reported Transitions at OAR’) did exactly what the title 
says: it came up with a functional definition. That definition is 
1. focused on a specific product that is the result of research or development; 

and 
2. is aimed at a particular and verifiable application of the R&D output in a non-

R&D context; and it is the 
3. evolution of a new capability. 

This definition was further refined in the subsequent studies and is explained 
graphically in NOAA Technical Memorandum OAR LCI-002 (Figure 1). 
Problems with OAR’s transition practices identified by these studies included 
projects with no identified recipient or end user and projects that only generated 
data or routine observations. That is not to say that projects at lower readiness 
levels don’t have value, they just should be identified as such.

readiness levels and 
realistic expectations
NOAA’s Transition Handbook describes NOAA’s 
Readiness Level system (Figure 2), which is similar 
to systems developed by NASA and the Department 
of Defense, but tailored for the NOAA mission. 
From that same handbook, the NOAA transition 
funnel is shown in Figure 3. A key feature of the 
transition funnel is that as the readiness level 
increases, work must be increasingly tailored 
to requirements. NOAA, as a service-oriented 
organization, is strongly driven by its mission 
requirements. These come down through the policy 
documents mentioned above, but there is also 
a process by which field offices, like the Alaska-
Pacific River Forecast Center, Weather Forecast 
Offices, and Alaska Aviation Weather Unit can 
voice new requirements through the regional office 
and upward through the organization. This is the 
Capabilities and Requirements Decision Support 
Process (CaRDS), governed by the NWS Instruction 
10-103. CaRDS is the “process for documenting, 
reviewing, adjudicating, prioritizing, and validating 
NWS field requirements.” It allows subject matter 
experts working closely with researchers to help set 
higher level priorities in the agency.  

Even if researchers are working through, for 
example, a Cooperative Institute, in the R&D part of 
the transition funnel (RLs 1-5), close relationships 
with potential end users can lead to the field 
offices initiating this CaRDS process and helping 
secure resources for the actual transition process. 
Researchers who aren't co-producing their work 
with potential end users may have a harder time 
finding advocates for their products to be adopted. 
Transitioning a new capability to operations may 
require more resources than the original R&D to 
implement, especially for products that require 
staff training, software, hardware, data flows, and 
service agreements. Long-term maintenance is yet 
another set of costs. Because most researchers don’t 
have experience with operations, management of a 
successful transition might need to be driven from 
the agency side rather than vice versa. Programs like 
the Arctic Testbed and other testbeds within NOAA 
help internalize this loop by conducting their own 
applied research within the agency. Others, like the 
NESDIS Satellite Proving Grounds, have helped 
sustain long-term projects and initiatives between 
university-based researchers and end users at NWS. 
The close-knit working relationships in the Proving 
Ground programs have led to effective transitions 
of a whole host of new satellite products for NWS 
operations. The investment this success required was 
significant—not a minor ‘add-on’ to basic research. 

https://research.noaa.gov/
https://research.noaa.gov/
https://www.nesdis.noaa.gov/
https://www.nesdis.noaa.gov/
https://www.noaa.gov/organization/administration/nao-216-115a-research-and-development-in-noaa
https://www.noaa.gov/organization/administration/nao-216-115a-research-and-development-in-noaa
https://www.noaa.gov/sites/default/files/legacy/document/2020/Mar/handbook_NAO-216-115A.pdf
https://www.noaa.gov/organization/administration/nao-216-105b-policy-on-research-and-development-transitions
https://www.noaa.gov/sites/default/files/legacy/document/2020/Mar/Handbook_NAO216-105B_03-21-17.pdf
https://repository.library.noaa.gov/view/noaa/11170
https://repository.library.noaa.gov/view/noaa/11170
https://repository.library.noaa.gov/view/noaa/11170
https://repository.library.noaa.gov/view/noaa/17595
https://www.weather.gov/srh/nwsoffices
https://www.weather.gov/srh/nwsoffices
https://www.weather.gov/aawu/
https://www.nws.noaa.gov/directives/sym/pd01001003curr.pdf
https://www.nws.noaa.gov/directives/sym/pd01001003curr.pdf
https://ci.noaa.gov/
https://www.weather.gov/arh/atpg
https://www.jpss.noaa.gov/
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Of course, program managers must consider the 
costs and benefits of investments, and the chances of 
successful transitions, when choosing their portfolio. 
The costs of alternatives and the impacts of not 
choosing the proposed products are also factored 
into investment decisions.  

summary
Hopefully readers in the research community now 
have a better understanding of how NWS and 
NOAA structure the R2O process. While a short-
term funded research project may generate new 
information such as citizen science observations, 
or a new software tool, or an improved geophysical 
model, it’s a long road to making that operational 
in the sense of those becoming part of NWS’s 
operational services. That information may be 
an intermittent data flow, at best. There is still 
considerable value for NOAA’s research partners 
to design and test new ideas. The finite nature of 
operational budgets means that great research may 
never get to the demonstration phase. 

The best chance for this to happen is for researchers and practitioners to 
work closely where requirements are understood and research is effectively 
co-produced. To be successful, it is important for researchers responding to 
proposal calls to understand the readiness level that the program managers are 
looking for in their portfolios and whether they can realistically achieve those. 
Program managers also need to understand that transitioning science and 
technology into operations is a complex task requiring sustained effort on the 
part of the agency; when the requirements are proposed from end users in the 
field offices themselves, chances are good that those new products will get used 
to fulfill the agency’s mission effectively.  

Figure 1. NOAA Technical Memorandum OAR LCI-002.    

Figure 2. Summary of Readiness Levels from the NOAA 
Administrative Order 216-105B Transition Handbook.

Figure 3. The NOAA transition funnel from the NOAA 
Administrative Order 216-105B Transition Handbook.
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During the winter and spring of 2020–21, the Bering Sea’s ice cover was broadly 
similar to the previous winter, continuing its recovery from the record-low ice 
extents of 2017–18 and 2018–19. As in the preceding autumn and winter, freeze-
up was late by historical standards (Figure 1). Ice extent increased markedly 
during January but remained below the long-term (1981–2010) historical 
median through the entire winter (unlike the winter of 2019–20, when ice extent 
actually exceeded the long-term mean for much of February and early March; 
green line in Fig 1). The maximum extent was reached in early March, about a 
month earlier than normal. Break-up was relatively slow, however, and extent 
approached the long-term mean during the final stages of break-up in late May 
and early June. As shown in Figure 1, the final stages of breakup (mid-May 
through early June) were slightly earlier but well within the normal range of 
historical break-ups. Overall, the 2020–21 sea ice cover in the Bering Sea ranked 
in the lower tercile of the satellite period, but was well above the extremely low 
coverage of 2017–18 and 2018–19.

Figure 2 shows the mid-April ice cover in the Bering Sea during 2020 and 
2021, illustrating the similarity of springtime ice conditions in the Alaska 
region. While there was more ice present in 2021 in the western and central 
Bering, the location of the ice edge off of southwestern Alaska was nearly 
identical in the two years. However, the somewhat greater extent in the central 
Bering during mid-April did impact St. Matthew Island, which was ice-bound 
in mid-April of 2021 but not 2020. The positive differences in the western Bering 
persisted through the break-up period, as the disappearance of ice along the 
Russian Bering coast generally lagged that along the Alaska coast.

sea ice: winter and spring 2021
by John Walsh and Rick Thoman, Alaska Center for Climate Assessment and Policy, UAF

Figure 2. Sea ice coverage on April 14 of 2021 (left) and 
2020 (right). Red denotes 9/10–10/10 ice concentrations; 
gray denotes fast ice (color legend in inset). From National 
Weather Service Anchorage Sea Ice Desk.

Figure 1. Bering Sea daily ice extent for each year of the 
satellite period of record, 1979–2021. Blue line is for 
2020–21, while green line is for 2019–20. Thick black line 
is the median of the 30-year historical period, 1981–2010. 
Figure produced by Rick Thoman, data from National Snow 
and Ice Data Center.

https://accap.uaf.edu/
https://uaf-iarc.org/
https://www.weather.gov/afc/ice
https://www.weather.gov/afc/ice
https://nsidc.org/
https://nsidc.org/
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Figure 3. Pan-Arctic sea ice extent from March through 
early June of 2021 (blue line). Solid black line is the average 
for 1981–2010; shading denotes +/- 2 standard deviations. 
Dashed line is for 2012, the year with the smallest September 
ice extent on record. From National Snow and Ice Data 
Center.

For the Arctic as a whole, sea ice during the winter and spring was well 
below the historical average. Figure 3 shows that the pan-Arctic ice extent was 
more than two standard deviations below the 1981–2010 historical average from 
March through early June of 2021, and well below the corresponding extent of 
2012, the year in which a record low September minimum extent was reached. 
By early summer, the extents of 2021 and 2012 were quite similar (Figure 3). 
However, there was a notable asymmetry between the Atlantic and Pacific 
sectors. In late June, large negative departures from normal ice extent dominated 
the Atlantic hemisphere, from eastern Canada to the Russian shelf seas (Figure 
4).  Open water in the Kara and Laptev Seas was remarkably extensive in July, 
consistent with the highly anomalous warmth for the second straight year over 
northern Russia during the spring and early summer.  By contrast, the ice edge 
in the Beaufort and Chukchi seas was close to its historical mean at the end of 
July. In particular, the Chukchi Sea ice cover was essentially at the coast west of 
Utqiaġvik. Open water was somewhat more prevalent in the Chukchi Sea a year 
earlier in July 2020.

The Sea Ice Prediction Network (https://
www.arcus.org/sipn) compiles forecasts of late-
summer ice extent from a variety of participants. 
A relatively new product of the Sea Ice Prediction 
Network is a forecast of September ice extent for 
the Alaska region (the Beaufort and Chukchi seas 
in September). The median of seven such forecasts 
submitted in early June was 0.67 million square 
kilometers. For perspective, Figure 5 (page 18) shows 
the corresponding historical record of September sea 
ice extent in the Alaska region over the 1979–2020 
period. The forecast extent of 0.67 million square 
kilometers for September 2021 is well below the 
long-term historical mean. However, it is greater 
than the observed September ice extents of all but 
two years of the post-2006 period.

Figure 4. Sea ice extent on July 23, 2021. Orange lines are 
median positions of the ice edge for the 1981–2010 reference 
period. Source:  National Snow and Ice Data Center, ftp://
sidads.colorado.edu/DATASETS/NOAA/G02135/north/
daily/images/

https://www.arcus.org/sipn
https://www.arcus.org/sipn
ftp://sidads.colorado.edu/DATASETS/NOAA/G02135/north/daily/images/
ftp://sidads.colorado.edu/DATASETS/NOAA/G02135/north/daily/images/
ftp://sidads.colorado.edu/DATASETS/NOAA/G02135/north/daily/images/
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accap news 
accap  webinars

register for monthly webinars and browse our 
webinar archives, 2007–present 

https://uaf-accap.org/events/

yukon flats changing 
environment

a new report prepared through a partnership 
between the yukon flats national wildlife refuge 
and the international arctic research center 
(iarc) with help from the council of athabascan 
tribal governments 

https://uaf-iarc.org/yukon-flats-
changes/

In early June, the Sea Ice Prediction Network received 38 forecasts of pan-
Arctic September ice extent based on a variety of statistical methods, dynamical 
models, and heuristic approaches. Figure 6 displays these forecasts, which span 
a large range, from approximately 3.7 to 5.2 million square kilometers. The 
median forecast is 4.37 million square kilometers, which is greater than 2020’s 
observed September ice extent of 4.00 million square kilometers.  It is also well 
above the record low September ice extent of 3.60 million square kilometers set 
in 2012. 

Figure 6. Distribution of Sea Ice Outlook June estimates of 
September 2021 pan-Arctic sea ice extent. Contributions 
were submitted to Sea Ice Prediction Network in early June 
2021. Different colors denote different forecast methods 
(legend in inset). Image courtesy of Matthew Fisher, NSIDC 
and Sea Ice Prediction Network (https://www.arcus.org/sipn/
sea-ice-outlook/2021/june).

Figure 5. Observed September Alaska regional sea ice extent (millions square kilometers) for 
each year of the satellite record, 1979–2020. Figure by Rick Thoman.

http://accap.uaf.edu/
http://www.noaa.gov/
https://cpo.noaa.gov/Meet-the-Divisions/Climate-and-Societal-Interactions/RISA
https://cpo.noaa.gov/Meet-the-Divisions/Climate-and-Societal-Interactions/RISA
http://accap.uaf.edu/
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