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Abstract

High winds cause waves, storm surge, erosion and physical damage to infra-
structure and ecosystems. However, there have been few evaluations of wind
climatologies and future changes, especially change in high-wind events, on a
regional basis. This study uses Alaska as a regional case study of climatologi-
cal wind speed and direction. Eleven first-order stations across different sub-
regions of Alaska provide historical data (1975-2005) for the observational
climatology and for the calibration of Coupled Model Inter comparison
Project (CMIP5) simulations, which in turn provide projections of changes in
winds through 2100. Historically, winds exceeding 25 and 35 knots are most
common in the Bering Sea coastal region of Alaska, followed by northern
Alaska coastal areas. Autumn and winter are the seasons of most frequent
high-wind occurrences in the coastal sites, while there is no distinct seasonal
peak at the interior stations where high-wind events are less frequent. An
examination of the sea level pressure pattern associated with the highest-wind
event at each station reveals the presence of a strong pressure gradient asso-
ciated with an extratropical cyclone in most cases. Northern coastal regions of
Alaska are projected to experience increased frequencies of high-wind events
during the cold season, especially late autumn and early winter, when re-
duced sea ice cover in the late century will leave coastal regions increasingly
vulnerable to flooding and erosion.
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1. Introduction

While the most commonly tracked weather and climate variables are tempera-
ture and precipitation, wind is often not included in climate assessments des-

pites its high relevance to society. For example, high-wind events directly dam-
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age infrastructure and also serve as drivers of waves, storm surge, coastal flood-
ing, and erosion. Winds also have impacts on the types of vegetation and wildlife
in coastal areas as well as inland regions. Finally, winds are important sources of
renewable energy. Among the reasons for the relatively few evaluations of cli-
matologies and changes of winds is the lack of comprehensive and homogeneous
datasets on near-surface winds. Unlike temperature and precipitation, for which
there are various global datasets (at least for land areas, in the case of precipita-
tion), there are no widely used wind datasets, especially in gridded format. This
unavailability of wind datasets stems in part from the fact that station-measure-
ments of wind speed have been subject to changes in anemometer height and/or
instrument setting, introducing heterogeneities into the station records. Winds
are often missing from station compilations such as the Global Historical Cli-
matology Network (GHCN). Daily wind data are available in the Global Surface
Summary of the Day (GSOD), which we describe in Section 2 and utilize in this
study.

The high latitudes serve as a key example of a region in which assessments of
ongoing and future changes in winds are lacking. While individual cyclones in
the Arctic and their impacts on sea ice have been studied in recent years (e.g. [1]
[2]), comprehensive data-based evaluations of winds, especially high-wind events,
are yet to be performed for the Arctic and sub-Arctic. Moreover, evaluations of
historical trends in sub-Arctic storminess and wind events have not provided
compelling evidence of trends [3]. There are some indications from models of a
northward shift of storm tracks over the North Atlantic Ocean [4] but the
northern hemisphere observational data do not show a spatially coherent pole-
ward shift in storm tracks [5].

In the broader context, storms are only one factor in the wind climatology of a
region. Episodes of calm can be important for insect harassment of wildlife (and
humans). At the other end of the spectrum, a high-wind event can occur without
a storm in the immediate vicinity as, for example, a strong high pressure system
can be associated with a steep pressure gradient. Topography can also play an
important role in the location of strong winds. Given the various factors contri-
buting to winds and high-wind events, this paper addresses the climatology and
trends of high-latitude winds regardless of the weather systems or processes re-
sponsible for the winds. We address both mean wind and high-wind occur-
rences, although changes in high-wind events (Section 4) are interpretable in
terms of changes in storm tracks.

In view of the heterogeneity of observational data on winds, we focus our
analysis on the Pacific sector of the Arctic. This sector includes the Alaska re-
gion, which has been on the front line of climate change impacts [6], including
coastal flooding and erosion as well as the introduction of wind energy into the
mix of power sources. Alaska also has a network of stations for which wind
measurements over the past few decades are relatively homogeneous (ie., the

10-meter anemometer height has been standard since the 1980s at key observing
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stations for which hourly wind data are available).

The Arctic region, including Alaska, has warmed in recent decades at a rate
that is twice as large as the global mean (e.g., [7] [8]). This polar amplification is
due in part to the reduction of sea ice and snow cover, which provides a positive
feedback to the warming that drives the loss of snow and ice [9]. Whether or not
a large-scale signal of Arctic warming and sea ice loss has yet emerged from the
noise of internal variability, climate models project continued Arctic warming
and sea ice loss through the 21st century. Sea ice magnifies the impacts of
high-wind events in the Arctic through increased wave activity, coastal flooding,
and erosion. The combination of sea ice loss and high wind events increases the
risks of vessel (and other infrastructure) icing in waters newly accessible for ma-
rine transport and industrial activity [10]. However, the effects of a warming
climate on high-latitude storms are difficult to anticipate. On the one hand, the
increased surface fluxes of heat and moisture from newly ice-free ocean areas
might be expected to fuel more and stronger storms. On the other hand, polar
amplification decreases the low-level meridional temperature gradients, reduc-
ing the potential for storm activity. Nevertheless, because upper-level tempera-
tures show greater increases in the tropics than in the Polar Regions, upper-level
meridional temperature gradients actually increase [11]. Hence, the net effect on
baroclinicity cannot be simply related to baroclinic disturbances such as extra-
tropical cyclones [12]. Moreover, the Arctic amplification affects the variability
of the jet stream, which is directly linked to the vertically integrated meridional
temperature gradient via the thermal wind equation. [13] provided a diagnostic
assessment of these connections.

The expectation of increased storm activity in the Arctic is supported by sev-
eral recent modeling studies. [14] showed enhanced extratropical cyclone activi-
ty over the Eurasian Arctic in model projections for the end of the century, while
[4] found indications of northward shifts of the major storm tracks during au-
tumn in the late 21*-century model projections. However, analyses of observa-
tional data have produced mixed results on trends of high-latitude storminess.
In earlier studies, [15] found an increase of Arctic cyclone activity, while [16]
reported northward shifts of storm tracks over the Northern Hemisphere (NH)
over the last several decades of the 20th century. [17] detected a northward shift
of cyclone activity, primarily during winter, over Canada during 1953-2002, and
this meridional shift was confirmed more generally in a more recent study by the
same group [18]. There cent US National Climate Assessment [3] points to a
poleward shift of storm tracks over the United States during recent decades.
However, [19] found that temporal trends of cyclones in the North Pacific
Ocean have generally been weak over the 60-year period ending 2008. The U.S.
Global Change Research Program [20] points to an increase of storminess on the
northern Alaskan coast and to associated risks of flooding and coastal erosion
along with expected sealevelrise. Since any increases of coastal flooding and ero-

sion are also related to retreating sea ice, high-wind events in coastal areas of the
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Arctic can pose increasing risks regardless of whether storm activity is changing.

The present paper is a climatological assessment of high-wind events in and
around Alaska, a region in which the possibility of future changes in high-wind
events has major implications for planning and adaptation. Our study is moti-
vated by the key question: Are high-wind events likely to increase or decrease in
the Alaska region as the climate warms? The paper is organized as follows. Sec-
tion 2 describes the data and methodology. Section 3 then summarizes the his-
torical information on exceedances of wind speed thresholds at a network of ob-
serving stations. These results serve as benchmarks for calibrating global climate
models, which are then used in Section 4 to evaluate historical and future
changes of mean and extreme winds in a set of global climate models. We con-
clude in Section 5 with a summary of the key results and their implications, to-
gether with recommended next steps to address surface winds in the context of a

changing climate.

2. Datasets and Methodology

This study examines the historical and future occurrences of extreme wind at 11
stations over Alaska (Figure 1). The set of 11 stations is carefully chosen so that
it covers all the geographical regions within Alaska, Ze, the Beaufort Sea coast
(Deadhorse and Barrow), Bering Sea coast (Cape Lisburne and Nome), Interior
Alaska (Bettles and Fairbanks), south central Alaska (Anchorage), southwest
Alaska (Bethel), the Aleutian Islands (St. Paul and Cold Bay), and the southeastern

region (Juneau). We examine the observed wind values for the above-mentioned
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Figure 1. Map showing 11 ISD-Lite stations.
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locations as well as the historical and RCP 8.5 model simulations from the
Coupled Model Intercomparison Project (CMIP5). The observed values are ob-
tained from National Oceanic and Atmospheric Administration (NOAA) Inte-
grated Surface Data (ISD)-Lite dataset which consists of the observed hourly
values of different atmospheric parameters (air temperature, dew point temper-
ature, sea level pressure, wind direction, wind speed, sky condition, and precipi-
tation) for 35,000 stations worldwide.

The observed wind speed values are used in conjunction with the model data
for the historical period (1975-2005) of CMIP5 model simulations. The future
(2006 onward) projection of the occurrences of extreme winds uses a future
emission scenario (RCP 8.5) from the CMIP5 simulations [21]. Specifically, we
extract zonal (u) and meridional (v) component of wind from the historical and
RCP 8.5 simulations by six different models: CCSM4, CNRM-CM5, GFDL-CM3,
MIROCS5, MPI-ESM-LR, and NorESM1-M. These different models were selected
from the list of the top performing CMIP5 models for the Alaska region [22]
subject to the availability of the highest temporal resolution of model wind data
Le. 6-hourly wind output. Table 1 contains a detailed description of the six
models including their full names, home institutions, and spatial resolutions.
The ensemble member denoted by rlilpl was used for CNRM-CMS5, GFDL-CM3,
MIROC5, MPI-ESM-LR and NorESM1-M and ensemble member r6ilpl was
used for CCSM4.

Table 1. Details of the CMIP5 models used for this study.

Horizontal Resolution

Model Model Full Name Institution (degree longitude x
degree latitude)
Community Climate National Center for
CCSM 4.0 System Model (CCSM), Atmospheric Research 1.3x 0.9
version 4 (NCAR), United States
Centre National de
CNRM-Centre Europeen
Recherches
Meteorologi de Recherche et de
CNRM-CM5 giques Formation Avancee en 14x1.4
(CNRM) Coupled s
. Calcul Scientifique
Global Climate Model,
X (CERFACS), France
version 5
Model for Interdisciplinary ~Atmosphere and Ocean
MIROCS5 Research on Climate Research Institute, 14x1.4
(MIROC), version 5 University of Tokyo, Japan
Geophysical Fluid
eop. ysica’ H Geophysical Fluid
Dynamics Laboratory .
GFDL-CM3 . Dynamics Laboratory, 2.5x%2.0
(GFDL) climate i
K United States
Model version 3
NorESM1-M Norwegian Earth System Norwegian Climate Centre 25%1.9
Model (NCC), Norway ’ ’
Max Planck Institute Max Planck Institute,
MPI-ESM-LR (MPI) Earth System 1.9%x 1.9
Germany

Model, low resolution
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Correction factor =

The 6-hourly CMIP5 model output has 3 pressure levels i.e. 850 hPa, 500 hPa,
and 250 hPa. Thus, for a comparison with the surface wind speed values ob-
tained from NOAA ISD-Lite dataset, it was necessary to extrapolate to 1000 hPa
the wind speed at the lowest model levels of all the CMIP5 models.

For analyzing the occurrences of extreme wind over the 11 observational sta-
tions across Alaska, a threshold wind speed (m/s) was calculated based on the
standard deviation of the ISD-lite station data for each station. A6-hourly wind
speed of 2 standard deviations above the 6-hourly wind speed value at each sta-
tion was the threshold for an extreme wind at that station. The location of each
of the 11 observing stations was used to locate the nearest grid point to that sta-
tion in each model. The number of 6-hourly time-steps exceeding the threshold
wind speed was evaluated from the ISD-lite station data, and from the historical
and RCP 8.5 output of the six CMIP5 models. The numbers of occurrences of
extreme wind in the models are for the nearest grid point to the location of each
ISD-Lite station.

The climate models are known to have biases. In an effort to minimize the ef-
fect of the bias a correction factor [23] was then calculated for each model’s
winds for each station and each month. The correction factor is calculated as

follows:

No. of time steps exceeding the threshold wind speed value in the station data

No. of time steps exceeding the threshold wind speed value in CMIPShistorical data

This bias adjustment effectively normalizes the models” winds so that the fre-
quencies of their high-wind events are consistent with the historical observa-
tional data. By applying the same adjustment to the models’ future output, we
are making the assumption that the models’ biases do not change systematically
in the future. Similar assumptions are made in bias-corrections of model projec-
tions of other variables, e.g., temperature and precipitation, when the Del-
ta-method is applied in downscaling applications [24] [25] [26]. While there is
no proof that this assumption is valid, we are not aware of any evidence to the

contrary.

3. Observational Data Synthesis

Figure 2 shows the seasonal cycle of the climatological monthly mean wind
speed at each station for each month. The mean wind speeds are lowest at the
interior stations (Bettles, Fairbanks), nearly as low at the topographically shel-
tered locations (Anchorage, Juneau), and highest at the stations located in the
Aleutian storm track (St. Paul, Cold Bay). The wind speeds averaged over the 11
stations are about 5 m-sec”' throughout the year. The monthly wind speed exhi-
bits a distinct seasonal distribution at some of the stations. The interior stations
have the highest observed wind speeds in April-May, while the coastal stations
located in the Aleutian storm track have their highest mean wind speeds in the
winter months. The northern coastal stations of Barrow and Cape Lisburne show

the strongest winds in autumn, although the autumn peak is weak at Barrow.
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Figure 2. Long term monthly mean (climatology) wind speed (m/s) for each of the stations shown in Figure 1.

Figure 3 and Figure 4 summarize the numbers of high-wind occurrences
during the 1975-2005 at the 11 stations shown in Figure 1. Because the CMIP5
models are driven by the RCP forcing after 2005, we performed the evaluation
over the 1975-2005 period for consistency with the historical climate model
output in the following section. Figure 3 shows the total number of hours per
year in each calendar month with reported winds in excess of 25 knots (12.9
m-sec”'), which is approximately 2.5 times the 11-station mean wind speed.
(Winds at observing stations in the U.S. are reported in knots). There is a strong
seasonal cycle in the occurrence of winds exceeding 25 knots at all but the two
interior stations (Fairbanks and Bettles). The October-through-February cold
season is the time of year with greatest numbers of highwind occurrences at the
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Figure 3. Number of hourly time-steps with wind speeds exceeding 25 knots. Numbers on y-axis are hours per

calendar month averaged over 1975-2005.

coastal sites, consistent with the seasonality of cyclones affecting Alaska [15]
[19]. Figure 3 also shows that there is a wide geographical range in the frequen-
cy of strong winds. In the Interior of Alaska, the average frequency of 25-knot
winds is well below one hour per year in each calendar month. At both Fair-
banks and Bettles, most years have no such events in each calendar month. For
Fairbanks, hourly winds of 25 knots are once-in-five-year events in even the
windiest calendar months, April and May. At Bettles, such winds are more fre-
quent than once-in-five-years only in April. At the coastal sites, however, the fre-
quencies of 25 knot winds are much greater, with monthly averages exceeding 20

hours during the cold season at Barrow, Cape Lisburne, and Bethel. By contrast,
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Figure 4. As in Figure 3, but for wind speeds exceeding 35 knots.

the monthly averages for November-January reach approximately 100 hours at St.

Paul (in the Bering Sea) and Cold Bay(in the Aleutians), which are located close

to the main Aleutian storm track during these months. Maximum monthly fre-

quencies in the intermediate range (5 to 15 hours) are found at some of Alaska’s

larger population centers: Anchorage, Juneau, and Nome.

Wind speeds exceeding 35 knots (18 m-sec™') are in the category of gale-force
as defined by the US National Weather Service (34 - 47 knots) and the Beaufort

wind scale (34 - 40 knots). The occurrence or anticipation of winds of this mag-

nitude generally leads to the issuance of warnings by weather services. The plots

in Figure 4 imply that winds exceeding 35 knots in Interior Alaska are rare (oc-

curring less often than once in 10 years in most calendar months. However, their
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frequencies of occurrence exceed one hour per month at a geographically wide
range of Alaskan coastal sites: Deadhorse on the Beaufort Sea coast (2 to 4 hours
per month during October-March); Cape Lisburne on the Chukchi Sea coast (4
to 6 hours per month during October-March); Bethel, near the southwestern
Alaska coast (1 to 2 hours per month during November-March); St. Paul in the
Bering Sea (9 to 13 hours per month during November-February); and Cold Bay
in the Aleutians (10 to 15 hours per month during November-April). The max-
imum monthly average frequencies are in the range of 0.5 to 1.0 hours per year
at Nome, Anchorage and Juneau with seasonalities consistent with the 25-knot
exceedances in Figure 3. Because winds of this magnitude often lead to large
waves, coastal erosion, flooding, and direct wind damage, we address the antic-
ipated changes in these frequencies based on global climate models in Section 4.
In order to illustrate the types of events that are represented in the seasonal
statistics of Figure 3 and Figure 4, we present maps in Figure 5 of the sea level
pressure during the highest hourly wind events during 1975-2005 at each of the
11 ISD-Lite stations. While the positioning of the pressure systems varies among

the stations, there are two commonalities among the events at the 11 stations: 1)

T T g T T
150E 180 150W 120W 150E 180 150W 120W

[ T 1 [ T T T
950 958 966 974 982 990 998 1006 1014 1022 1030 1038 1046 1054 1060

Figure 5. Maps of sea level pressure (hPa) in the Alaska region at the times of hourly observations with strongest wind speeds of
the 1975-2005 period at each of the 11 ISD-Lite stations. Station identifiers are in upper left corner of each panel.
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150

a strong pressure gradient and 2) a low pressure system (cyclone) in the vicinity of
the station. The cyclone is generally a strong one, with central pressures below 980
hPa in various cases (Cold Bay, St. Paul, Bettles, Cape Lisburne). In most cases,
there is also a strong high pressure system nearby, adding to the strength of the
pressure gradient. Deadhorse, Nome, Anchorage, and St. Paul cases are good ex-
amples of the juxtaposition of high and low pressure centers resulting in strong
gradients over the stations. At the two stations with significant topography nearby
(Anchorage, Juneau), the pressure patterns are conducive to downslope flow,
which likely adds a mesoscale perturbation that increases the wind speed locally.
The impacts of high-wind events are generally a function of wind direction.
Winds with an onshore component are more conducive to elevated sea level and
greater impacts on coastlines thana similarly strong winds with an offshore

component. Figure 6 shows the distributions of wind directions during the
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Figure 6. Distribution of wind direction during high-wind events at ISD-Lite stations.
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6-hourly high wind events exceeding the station-specific two-standard deviation
thresholds described in Section 2. The figure distinguishes the wind events by
season. It is apparent that there are preferred directions for the high-wind events
at most stations. Along the northern coast (Barrow, Deadhorse) northeasterly
wind events dominate, consistent with the presence of a Beaufort anticyclone to
the north [27] [28]. A secondary peak of southwesterly wind events at the
northern coastal stations is associated with cyclones tracking offshore of the
coastal sites. Bering Sea cyclones shape the distributions at coastal stations such
as Nome, Bethel, St. Paul and Cold Bay, where the high-wind events are most
common during winter and the most common directions are northerly or nor-
theasterly. These directions imply that the cyclone centers are located to the east
or south of the stations. Interior sites (Fairbanks, Bettles) show peaks corres-
ponding to summer southwesterly events and autumn northeasterly events,
while the distributions at coastal sites near mountains show peaks corresponding
to downslope winds: easterly at Juneau, southeasterly at Anchorage), consistent
with the examples in Figure 5. Overall, the distributions in Figure 6 are consis-
tent with the seasonal distributions of the hourly events in Figure 3 and Figure
4, with summer minima at the coastal sites and more seasonally varied distribu-

tions at the interior sites.

4. Projections of Future Changes

In order to anticipate changes in the winds over the Alaska region in the future,
we utilize the CMIP5 models simulations driven by the RCP 8.5 scenario, which
is the RCP scenario that is presently tracking actual emissions most closely. As
noted in Section 2, output was utilized from the top-performing global climate
models for the Arctic, and a bias-adjustment based on the models’ historical si-
mulations was applied to the future output. We present here the differences be-
tween the output for 2070-2100 and the 1975-2005 historical period from three
models that best capture the climatological seasonal cycle of sea level pressure
over Alaska [26]: (a) CCSM4, (b) CNRM CMS5, and (c) MIROCS. Figure 7
shows the differences (future minus historical) in the annual mean wind speeds
simulated by the three models. While the details of the spatial pattern differ, all
three models show general increases over most of Alaska. CCSM4 and MIROC5
project the largest increases over northern Alaska and the offshore Beaufort and
Chukchi Seas. CMRM CMS5 shows bands of increased wind speeds over the
northern and southeastern Alaska coastal regions, with slight decreases over the
Bering Sea. Given that the magnitudes of the annual mean wind speeds ~5
m-sec”, the increases of ~0.5 m-sec”' represent changes of approximately 10% in
the areas of the largest change.

The seasonality of the projected changes in wind speed is shown in Figure 8
as averages across the three models. The band of strongest increases, approach-
ing 1.0 m-sec”' in all seasons except spring, shows a seasonal migration from the

60 - 70°N latitudinal band in winter to approximately 80°N in summer. The
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Figure 7. (a) CCSM4, (b) CNRM CMS5, (c¢) MIROCS5: Wind Speed (m/s) climatology
(non-shaded contours); Wind speed (m/s) difference, RCP 8.5 (2070-2100) minus histor-
ical (1975-2005) annual average.

summer and autumn maxima correspond to the approximate latitudes of the sea
ice margin, which is generally a zone of enhanced baroclinicity. The increase in
summer and autumn is also consistent with the recent finding of [29] that Arctic
frontal zone and associated cyclone activity are expected to increase in the future
as the sea ice cover diminishes.

A primary objective of the present study is an evaluation of the expected
changes in high-wind events over the Alaskan region. For this evaluation, we
utilize the three models summarized above, and three additional models that al-
so rank among the top-performing models in historical simulations of Alaskan
climate [26]: GFDL-CM3, MPI-ESM-LR, and NorESM1-M. The results are pre-
sented for the six individual models in Figure 9, which shows the number of
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Figure 8. All-model average of seasonal mean wind speed differences (m sec-1), RCP 8.5, 2070-2100
minus Historical (1975-2005). Panels are for winter, Dec-Feb (upper left); spring, Mar-May (upper

right); summer, Jun-Aug (lower left); autumn, Sep-Nov (lower right).

threshold exceedances in the model grid cells containing the eleven locations for
which station-specific thresholds of 6-hourly wind speeds were obtained (Sec-
tion 2). For each of the eleven grid cells, the threshold exceedances are shown for
each calendar month of the historical and future time slices. The general season-
al cycle (maxima in the cold season, minima in the warm season) found in the
data for the coastal stations in Figure 3 and Figure 4 is also apparent in the
model results for the coastal grid cells. This seasonality is apparent in the histor-
ical as well as the future results. The absence of a seasonal cycle is apparent at the
interior locations (Bettles, Fairbanks, and even Anchorage).

The actual changes show some variation among the models and among the
stations, but some general patterns are apparent in the results. For the northern
coastal stations (Barrow, Deadhorse, Cape Lisburne), increases are generally
projected throughout the year, with the largest increases during October through
January. The increases are most widespread across the calendar months and the
three stations in the CCSM4, CNRM CM5, and NORESM1-M models. The same
general seasonal pattern of increase is apparent, although somewhat weaker, for
the western Alaska coastal sites, Nome and Bethel. The southwestern sites, St.
Paul and Cold Bay, show a mixed pattern of changes, with a general tendency
across the models for increases in the October-December and decreases in Janu-
ary-March. At the other sites (Bettles, Fairbanks, Anchorage), there is no consis-
tent sign of the changes.
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Figure 9. (a) Number of 6-hourly winds exceeding thresholds (see text) at 11 locations in
the CCSM4 model simulations: Historical (green bars), RCP 8.5 2070-2100 (red bars);
(b)-(f): As in Figure 9(a), but for (b) CNRM-CM4, (c) MIROCS, (d) GFDL-ESM2M, (e)
MPI-ESL-LR, (f) NORESM-M.
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5. Conclusions

We have synthesized information on high-wind events from station observations
and model simulations in order to provide a climatological baseline for studies
of changing vulnerabilities of a high-latitude region, Alaska, for which there is a
database of hourly winds extending back to the 1970s. Winds exceeding 25 and
35 knots are most common in the Bering Sea coastal region of Alaska, followed
by coastal areas of northern Alaska. Autumn and winter are the seasons of most
frequent high-wind occurrences in the coastal areas, while there is no distinct
seasonal peak at the interior stations where high-wind events are much less fre-
quent. The wind directions during the high-wind events are consistent with cyc-
lones tracking into the Bering Sea and inland Alaska, often with high pressure to
the north or east. Topography appears to play a key role in determining the di-
rections of high winds at stations near mountains (Juneau, Anchorage).

The station data allow for bias-corrections of global climate models, which
enable an extension of the analysis to gridded fields for the entire Alaskan region
as well as to a future period. The main outcome of this assessment is that the
northern coastal regions of Alaska are projected to experience increased fre-
quencies of high-wind events during the cold season, especially late autumn and
early winter. Such increases would be especially consequential for the coastal lo-
cations from Nome northward because those locations have historically been
protected by sea ice from November onward (and from October onward at
Deadhorse and Barrow). The longer open water season increases the risk of
coastal flooding and erosion, and this risk will be exacerbated by an increase in
high-wind events.

Priorities for future work include the direct use of near-surface winds rather
than vertically extrapolated winds from the global climate models. We anticipate
that the upcoming CMIP6 simulations will make 6-hourly or hourly surface
winds available so that a direct comparison can be made with the hourly station
data. In addition, a more comprehensive synoptic-scale analysis of the high-wind
events should be made to determine the consistency of the synoptic forcing pat-
terns across different events at a particular location. The relative importance of
cyclones and anticyclones, especially their juxtapositions, in producing high
winds over the various subregions of Alaska, also deserves further investigation.
The anticipated continuation of the loss of sea ice makes Alaska a natural focus

for this type of analysis.
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