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Straighttalk- ShelikofStrait winds as revealed bipuoy observations SARmageryand WRF
simulations
John Papineau, NWS, Anchoragéanuary 2010

Introduction:

Strong winds irshelikofStrait are a fairly commoncgurrence and at timesnpede andor
generate hazardous conditions for mariaed aviatiortraffic. Figure 1 is an example of Sifxiigery of
northeast flow down the strait in conjunction with strong winds along the south coast of the Kenai
Peninsula and southern Cook Inlett tide time of the image (Dec 28, 2005) the winds at buoy 46077
(B77)were on the order of 15 nisand 17.5 ms at Amatuli IslandAMAA2)

Buoy46077was installed irautumn2005, howeverigce that time there have been significant
periods during whichite
wind sensors have been
inoperative or data has
not been collected At
the time of this study
there is a little under
three years of data that
can be analyzedin
addition, data from the
GMan station located
173 km to the nortrof
B77on Amatuli Islad
(AMAAZ2), near Kennedy
Entrances use to
estimate the alonegtrait
pressure gradient and to
compare wind speed
and direction There are
some important
differences that should
be noted between thee
two stations. First, the
wind sensorst both
platforms collect data
everysecondhowever
the winds that are
reportedat B77are an
eight minute average
while those at AMAA2 are a Figure 1: SAR imagery from December 28, 2005
two minute averagéwhat will be referred to as sustainesppeeds) Both set of sensors use a fs@cond
average during the observatigeight or two minute)periodto calculate gusts Peak gustsf reported
(in the continuous wind file)s the strongest fivesecond average during threcedinghour. The
anemometeron buoy 46077 is located approximatelynbabove thesurface of thevater. AMAA2 on
the other hand is located on a rocky island vitie anemometer at a height of 48 abovewater level.
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A straight comparison of wind speeds between B77 and AM&A@t realistic because of the
two different averaging periods and the @ter height of the anemometer 8&8AMAA2. In other words,
all else being equal, the wind speeds at AMAA2 will appear to be stronger than at B77 by some unknown
factor. Although n@ompetitive analysisiattempted in this study, a reasonable estimate sugg#sit
speeds at AMAA2 are 2Z1% higher. This becomes important when we directly compare wind speeds
at the two stations in order to estimate any acceleration that may havered due to ageostrophic
forcings(i.e- a 12 m3 wind at AMAAZ is probably equal to 10 fret B77).

Windswithin and aroundShelikofStraitcan be broken down into severfdw regimes, the most
prominent are: 1) Northeadhorth; 2)WestSouthwest;and 3) Northwest These different wind
directions produce varyingesponses in terms of wingyaves precipitationand at times superstructure
icing.

NortheastNorth:

Analysis of B77 datshowed that there have been 28ents(listed in Table 1duringwhich the
three hour averagegustained windsvere 18.0 ms' or higher. These events are listed in order of
sustained speeds with accompanying data. Similar data from AMAAZ2 is listed when av&iaicighe

Table 1: 28 strong NE wind events

orientationwithin the

B46077 AMAA2 Press. jobiar
northern half of Date & Time Wind | Speed | Gusts || Wind | Speed | Gusts (g'bad- orientation
ShelikofStrait is Dir. = (m/s) (m/s) Dir  (m/s) (m/s) 100km") (NARR data set)
approximately 40with | \o, 15, 2005 572 038 218 266 042 226 261 33  SW-NE
respect to true north Feb9, 2008 17-197 042 212 267 @ — @ — @ - —  WeE
for analysis purposes Nov 15, 2005 2-4Z 040 209 251 049 215 250 3.7  Slightly SW-NE off of W-E
any three hour average | pec 27,2006 20-22Z 049 20.8 254 054 260 30.1 5.6  Primarily N-S
direction had toie Oct 21, 2005 6-8Z 047 208 2655 040 184 219 27  SW-NE
between 10 and 70. Feb9,2008 20-22Z 032 208 256 — — — — WE
These28 events Nov 15, 2005 8-10Z 040 207 252 | 033 172 200 24  SW-NE
occurred within 12 Dec 4, 2007  11-13Z 030 207 251 047 227 264 13  W-E
different storm May 14, 2008 20-22Z 038 202 244 @ — - — 0.8 | SW-NE
Systemsl Three hours Feb 9, 2006 16-18Z 046  20.1 24.1 051 | 286 339 4.6 Slightly SE-NE off of W-E
was selected as the Feb 9, 2008 14-16Z 046 = 20.0 24.1 - - - - W-E
averagingrriteria in Nov 25, 2007 18-20Z 067 199 250 063 240 301 54  NW-SE
order that the Dec 27,2006 17-19Z 055 197 238 | 055 229 274 57  N-Swith slight SW-NE
orientation of mean May 14, 2008 17-19Z 040 19.6 24.6 - - - 1.8 SW-NE
sealevel pressure field | Dec27-28,2006 23-1Z 044 195 242 047 281 338 48  NW-SE
within the strait could Feb9,2008 5-7Z 046 195 239 051 217 261 31  W-E
be obtainedfrom the Dec 10, 2007 14-16Z 046 195 233 | 063 21.8 285 32 W-E
North Amercan Apr 5,2007  18-20Z 048 195 240 — - = 33 W-E
Regionaj Reana|ysis Feb 16, 2008 21-23Z 028 193 245 045 254 342 -1.7  SW-NE
(NARR) data set Feb 17, 2008 18-20Z 032 (193 239 |— | — | — 22 W-E

The main Dec 31,2005 1-3Z 037 192 237 055 171 205 = 3.1  SW-NE
results of this analysis |Feb9-10,2008 231z 034 190 236 —  —  — — SW-NE
are: 1)the five-second | Oct21,2005 9-11Z 039 188 231 017 130 153 17  SW-NE
averagedyusts at B77 Nov 14-15,2005 23-1Z 040 187 235 | 044 195 227 41 W-E
tend to be 23% higher Dec 27, 2006 14-16Z 069 185 224 | 054 199 237 56  Weakpr. grad in NARR
than the eightminute Dec 28, 2005 1-3Z 038 185 226 031 160 184 22 W-E
sustained speeds. Dec 14, 2005 5-7Z 064 184 236 081 183 21.6 49  NW-SE
Feb9, 2006 13-15Z 056 180 23.0 | 063 217 257 52 W-E




Figure 2: wind speeds
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Thelow gustto-sustained ratio wouldndicate that theenvironment is
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less turbulent when compared tmther strong windregimessuch as
downslope windstorm$or example; neverthelessirbulence does exist
asnoted in the study bLackman and Overlar{d989) in which surface
friction and entranment into the top of the boundary layer are cited as
the main sources.

2) As seen in Figure he sustained wind speeds AMAA2
during the same periodan be ginificantly higher (3 eventsimilar(16
events)or significantlyweaker (levent) than the winds at B77AMAA2
winds were only available for 20 of the event$he 20 event mean wind
speed at AMAA2 was 21.3 ihsompared to 19.8 at B773) Inspection
of the NARR data séir each event indicates that ¥/ents had WE
isobar orientation oer ShelikofStrait and the Barren Islands, nirevents
had a S\ANE orientationthree were NWSE, two were . Te Dec 27,
2006 event at 15Z had virtually no pressure gradient ovessttut,
which did not match th&.6 mb 100 ki derived from the buoylata set.
4) Of the 12 ston systems represented by the 28ents, only three had
centers that were west obhelikofStrait, while the remaining nine had
the low positioned south or east of Kodiak Isla®j. Inspection of SAR
imagery and the NARR dagat indicates that the main forcing for strong
NE winds withirBhelikofStrait are frontal jets (aka: lovevel jets) that

into the strait. 6) Wave heighs during these eventare ofcoursea
function of wind sped, duration, and fetch. I&3ervations show that
4.5 m is about the maximum obtainable value for these types of e\ants

the buoy.

One of the main topics of discussion in previous work has been the importance of gap dynami
in wind accelerationFor the majority of the 2@ventsacceleration of the winds due to gap dynamics
appears to baninimal. This is born out by the data showrFigure 3in which the relationship
between thedown strait pressure gradient betweekMAAand B77s high variable. For individual

events the speed at B77
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a 3.8 mb 100 krhpressure gradient and the winds increasing, the speed at B77 was 15, 8ivashours
later as speeds and pressure gradient on the decease, at 3.8 mb Tb&mspeed was 19.5 rils In
fact at times the pressure gradient can go negafNev 26, 2007; Feb 17, 2008, Dec 4, 2@3ahe
orientation of theisobarsbecome NSwhich occurs when a low center movieso the northern Gulf of
Alaska. For the three NWSEeventsthe average pressure gradient was 5.0 mb 100 kompared to
2.1 mb 100 ki for the nine SWNE events.

When a frontal jet ishe primaryforcingfor strong NE windghe existence of the gap produced
by ShelikofStrait isof minor importance In other wordsstrong winds of a similar magnitude would
form evenif Kodak Islanddid notexistenceas they do along the entire Gulf of Alaskastothat is
ringed by high mountainfLiuet al2006) When a frontal jet is absent or weak and the orientation of
the isobars is VE or NWSEalongstrait acceleratiorbecomes important. The magnitude of the
acceleratim cannot be determined by the sp observationsThis question is addressed in a following
sectionwherea series of high resolution WRF model simulatiarediscussed

Southwest
Strong flow through the strait from the southwest is less frequent when compared to NE events.
In fact, there are only two events (Feb 15, 2008 Band 24Z) where the wind speeds are 18 hus
stronger. It should be noted that the typical wind direction at B77 for these events 12860
compared to an alongtrait orientation of
22(°. This is aasult of the fact that many
of events involve cold adrainage through
the Aleutian RangeDuring the Feb 15,
2008event coldair was pooled over the
eastern Bering Sea with significantly
warmer air east of the Alaska Peninsula.
Air temperatures at B72ooled from-6°C
to -12°C as the wind speed slowly ramped
up to 20 ms over a nine hour period. The
wind direction during this time was
consistently from 250 This was a result of
a 984 mb lowocated over the Kenai

MSLET [Pa] at 06Z Thu 27sep2007

Peninsula coincident with a 1005b high T T e T o T 2 T T
over the southern Bering Sedhe NARR
data set show&W-SE orientation of the | MSLET [Pa] at 18Z Fri 050ct2007

m

isobars over the straitThe consistent
westerly component (258260) to the
winds instead of an alongtrait component
(closer to 220) is a product of the gap flow.
Air flowing into the southern half of
Shelikof Strait has two sourcdbe area
directly to the south around the Semidi
Islands and Bristol Bay. At times,
depending on the orientation of the
isobars, air can originate from one source
area more than the ther. It would appear | ™ AW e e e i oWt e

that a considerable portion that flows past | ™ e e et fe s o o0 o o
B77 originates in Bristol Bay and crosses

Figure 4: MSLP from the NARR data set.
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the Alaska Peninsula via Becharof LakeEMdnd therbaclks toward the NE as it enters Shelikof &tra
from Pulae Bay to Kashvik Balave heights at B7for the Feb 15, 2008 eventached a maximum of
4.1 m a direct indiction that a swell from the SV8had entered the strait.For comparison the winds at
AMAA?2 during this period were NW at 4 s

Another similar event occurred on October 5, 2007 where a low centered in Southwestern
Alaska produced VE isobars over Shelikof Strait. Over a 10 hour period the winds at B77 ranged from
225 to 267 with the speeds ranging from 15.0 h® 17.4 m&. Maximum wave height reached 4.1 m,
once again indicating that a northeast traveling svirelin the North Pacific had entered the strait.

Winds at AMAA2 at the same time were on the order ofl84ms' from 250.

Figure 4 shows the MSLP field for two SWnés. On September 27, 2007 a high was positioned
south of Chignik (PAJC), the flow at B77 averaged Ian25C, maximum wave height was 2.6 m. The
second example is takdrom October 5, 2007 where a low centered in Southwestern Alaska produced
W-Eisobars over Shelikof Strait. Over a 10 hour period the winds at B77 ranged frémo 285° with
the speeds ranging from 15.0 h® 17.4 m§. Maximum wave height reached 4.1 m, once again
indicating that a northeast traveling swell was an importamiponent. Winds at AMAA2 at the same
time were on the order of 148 ms' from 25¢. Maximum wave height reached 4.1 m, once again
indicating that a northeast traveling swell was an important component in the second event but not the
first.

The majoriy of SV events tendo occur with moderate wind speedaangingfrom
12-15 ms'. This is the cadsecausegapaccelerationis an important componenbr at times the
primary component. In contrast as noted in the proceeding section, frontal dynamiagedice

R159119143630002 with MMS Wind Directions stronger NE events, with
St e = : gap dynamics playing a
| z Lo Al secondary role.

Northwest:

Strong NW winds
that flow through Shelikof
Strait perpendicular to the
long axis are a common
occurrence during the
cooler months of the year
(Now-April). Localized
winds can be very strong
(>20 mg) with gusts
exceeding 30 msnear
gaps in the upstream
terrain. The major
concern for mariners
besides the strong winds is
the potential for
significant superstructure
B 28 a— . ... | icing. Whera cold

Wind Spoed (m/e) _“ti airmass resides over
0 5 o 1 o % o 0w o® % western Alas& and the
eastern Bering Sea, cold

Figure 5: SAR image of NW flow across the Alaska Peninsula.



Page| 6

air flows through the gaps in the Aleutian Mountains. The resulting accelerated outflow can be
oriented either WE or NWSE, and often changes as tlymaptic weather pattern evolves.

Once inside the strait, NW winds for example either flow on a straight course across the width of the
strait or in the event of an #$ pressure gradient, the air will curve to the south. Westerly flow into the
strait can in a similar fashiomovedirectly across or curve northward or southwar@77 rarely displays
NW moderate to strong winds, if they appear they are short lived as the wind direction transitions to
either N or W.January 2728, 2006 is a case were Bdid maintain moderate (124 ms") NWwinds for

a number of hoursvhile a low wagpositioned over the nortbentral Gulf of Alaska. Air temperatures
dropped t0-13.8’ C which is the coldest recorded value at the buoy to d3tee B77AMAA2 pressure
gradient reached a maximum around 5.0 mb early on th&;28though no SAR imagery is available at
this time, we suppose that the moderate NW flow across the region supersedsttaipflow as

indicated by the pressure gradienhis does not preclude some bdng of the NW winds toward the W
due to this lowlevel pressure fieldFigure 5 shows SAR imagery for the NW flow case for March 10,
2007. Outflow from tk various gaps in the Aleutiamiye is apparent as is the absence of moderate to
strong winds fothe majority
of the middle section of
Shelikof3rait. The
exception is the band of
stronger winds indicated by
the purple arrow: the flow
was initially from the north
but by midstrait is out of the
NE. At this time a 985 mb
low was centered about 250
nm east of Kodiak Island.
Although data from AMAA2
is missing, there was most
likely a weak down the strait
pressure gradient.

Although not present
in the March 10, 200Tmage,
a significant number of NW
flow cases displagravity
wave patternsgdownstrean
of the Aleutian Rangas
seen in Figure.6Although
SAR instrumentation
measures micrecale surface
roughness, atmospheric e
gravity waves often produce

Figure 6: SAR image of NW floer@ss Alaska Peninsula with
downstream gravity waves.
these patterns on the surface of the water (Yowtgl2006) The difference between gravity wave
and nongravity wave cases is the depth of the NWiflgtability of the lower troposphere as well as
wind speeds at mountain crest level. As noted by Bond & Macklin (1993) in their study of winds in and
around Wide Bay, these gravity waves can produce localized areas of lower pressure wifikrh@®f
Aleutian Range which in turn may provide additional acceleratsundary layercoastal winds,
including those in Shelikof StrafElows characterized by atmospheric gravity waves are not necessarily
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stronger or extend further downstream then their shallemcounterparts;nevertheless the potential
for areas of downslope winds to the lee of the Aleutian Range exists.

Discussion of Observations
Figure 7 shows the frequency of winds of a given speed segregated into eight directional
sectors. ltiscleahttthe NEregi8 R2 YA Yl GSa& G 00K yRe RIINIRPWE Oomwry )
speeds. This result reflects the nature of the synoptic weather patterns across the region in which
intenselow pressure systems centers tend to occur more frequently in the Gulf of Alzeskdn the
eastern Bering Sedl he sheltering of B77 from ANW winds by the Aleutian Rge also should be
considered buis of secondary importanceComparison of wind speeds at AMAA2 with B77 and
inspection of NARR MSLP fields indicates that the bighimd speeds during the NE regime occur when
a coastal/frontal jet extendat leastinto the northern part ofShelikof Strait. The enhancement of wind
speeds by alongstrait pressure gradierduring these events is minimalthough one can neglect s@n
degree of acceleration due to mass convergence within the confines of the strait (Liu et al ROTHER
also noted that the AMAAB77 pressure gradient can only be used as a viable estimate of wind speeds
within the lower half of the strait when gapydamics are prevalent.
Essentidy the flow in Shelikof Straduring the strongest NE eventan be thought of as an
extension of the interaction of frontal jets and steep terrain that rings the entire Gulf of Afiska
along an open steep coastline)lt should be notetioweverin the absence of a coastal/frontal jet,
acceleration of the winds due to an alestyait pressure gradient is important, but cannot be quantified
from the current data setAlthough not investigated in this current studygmpdynamicss probably
more important for more modest
wind events(absence of frontal jet) NW _
as illustrated by the case study of 2% 1%
Lackmann & Overland (1989
series of high resolution mesoscale
model simulations would hopefully
shed light on this questim It is >=12 m/s
certainly possible that a mixture of
frontal and gap dynamics can occur
as wel) especially in southern half
of the straitnearthe exit region
Southwest flow through the 3569 occurences
strait occurs more frequently than
B77 indicatedecause of the
channeing affect of the winds from
this direction Despite modest wind
speeds when compared to the NE
regime(at least as observed at
B77) during SW regimes significant >=18 m/s
wave heights can be established
within the strait due to the
propagation of a large swelidm
the North Pacific.Cold advection
into Shelikof Strait via W to N windg
is underrepresented in Figure 7 161 occurences
because B77 is located in a position

8 directional
sectors

8 directional
sectors

Figure 7: Frequency fbow by direction
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that is sheltered to a large degree from NW winds. Air temperatures in the strait can d@C5over

a six hour period and remain well below freezing for extend periods. Cold air and moderate to strong
winds generates areas stperstructure icing. SAR imagery reveals the detailed nature of outflow from
gaps in the Alatian Range during cold eventhg potential for downstream lee trough due to

atmospheric gravity waves also adds a level of complexity to the resultingl@iwind field. In

essence, the complexity of various flow regimes cannot be captured by a simple two station analysis of
winds and pressure as presented in this pamerly broad generalizations should be referenced.

WRE Simulations
In order to gain a deper insight into the nature of Shelikof Strait wirfde mesoscale
simulations were conducted using the WiREdel; however the results fiim only two of the simulations
are presented belown detailbecause obverlappingcharacteristics The model wasitialized and
nudged using ourly NARR boundary files. A single grid was used for the model domainkeh
was judged sufficiently high enough resolution for the primary terrain featuFégure 8 shows the
model terrain, it is important to
note that although the width of
the strait (perpendicular to
alongstrait axis) asealevel
varies from 4660 km. If we
consider the width at some
elevation above sekevel, in this
case at 200 nthe strait narrows
around 58N. This is clearly
shown in Figur&bwhere the
acrossstrait widthin the
northern halfvaries from60-90
km but narrowsto 45 kmin the
southern half

15550 155W 154,58 154N 15350 153W 15258 1520 151.5W 151W 150.5% 150W

December 228, 2006 B
This event is worthy of closer
examination because over the smad o) N
course of time it represents ] £
three different flow regmes in Z28%
addition, the wind speeds at P
AMAAZ2 were some of the &
highest to be recordedince the '
inception of theGmanstation. .

The simulation was initialized at 50° ¢« Y
00Z/27 and run through 06Z/28.
Modeled wind speedand S il
directionmatchB77 quitewell
with the exception 0f00Z/28 at
which time the model field i L 5 i
tends to reduce the speeds two Figure t;:iw;\‘:lodel tg;:ain in‘r;rjlé;ers wilf;‘\CI=1(;d r:’1 Ligr‘\utgray is:l;:Iine ofm”

to three hours too quickly. coastline. A) Shelikof Strait is not centered in order to accommodate easterly
Synoptically £78 mb flow. B) Primary direction of along-strait axis indicated by arrows with several

= . widths given by the green lines.
low was positioned in the




eastern Aleutians at 122/26 but by 00Z/27 had deepened to 971 mb and was just south of thersouthe
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tip of the Alaska Peninsula. In additjdhe low center became elongated with a lobe extending NE to

the Semidi Islangl This secondary feature was critical because it enhanced the pressure gradient within

Shelikof Strait. Over the subsequent 24 fwthe low slowly weakened to 983 mb and was now
centered south of Cold Bay, the elongated center remained relatively stationarearilon the 28

S8.2N

§7.8M

57.6N

574N

§7.2N

56.8N

58.6N

155.4W  155.1%W  154.8W  1S45W 15420 153.9W 1536w 153.3%  153W 152.7W  152.4%

1504 1551 154.8W  154.5W  154.2%  153.9W  1536W  153.3% 153w

1S2.7W  152.4%

Figure 9: A) wind speeds with CI= 1m/s and every other contour labeled.
B) Wind barbs (full flag is 10 m/s). Valid 04Z December 27, 2006.

when it began tdranslate
toward the northwest. A
deep low was forming in the
southern Gulf of Alasklate
on the 27" but had no
impact on this event. An
equally important
component to this event is
the existence of a warm or
occluded front and
accompanyingstrong (3540
ms™) low-level jetthat

moved over southern Kodiak
Island around 127/27 and
overthe Barren Islands at
217/27. It was while the LLJ
was positioned over the
Barren Islands that the wind
sensor at AMAAZ2 recorded a
sustained speed of 30 Ms
with gusts in excess of

34 msh.

The three different
flow regimes are as follows:
1) Alongstrait NE flow due
to pressure channeling with
the strongest winds in the
narrowest part of the strait
near 58N (002092/27). 2)
Moderateto-strong east
flow across Kodiak Island as
the LLJ migrates northward
(10£16Z2), with no preferred
area of strongestvinds.

3) Strong NE in the strait
with strongest winds in the
northern sector and
considerable deceleration to
the south (172/27062/28).

It is important to keep in mind however that there are consideraai®ssstrait variations in wind
speed, diretion as well irthe pressure field.
Figure 9 shows a plot of the lowest model level wipdexis during the first regime (042/27)

with the light blue shading indicating the 200atevationcontour. Note that in the upper strait there is
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weak flow convergnce as air enters from Cook Inlet (northerlies) and from east of the Barren Islands
OY2NIKSIFAGSNI oo ¢ KS | inmBdue td flovd SBdurfl Bre MyheRterfaia ofe
FourpeakedMassif(Fourpeaked Mt. and Mt. DouglasThe majorig of acceleration, from 8 to 14 ms
200dzNB | i W. otrad Widh\iBcreasksS In brdeNt# understand the importance of mass
flux convergencevithin the strait(Gabersek & DurraB006) two control volumes were established (not
shown) one n the northern sector and the second in the south. Analysis indicates that mass is
accumulating with the strait this time, even in the southercontrol volume where the speed in the
exit region is 65% higher than in the entrance. The additional reassriing from weako-moderate
easterly flow over Kodiak Islan@etailed analysis is difficult due to the irregular nature of the terrain
and the nonsteady flow. In the center of the strait the flow is from the NE as one would expect in a
W LJdzNB Qe gtalidBtadverdlow, however on the sidesassis entering the straiit an oblique
Fy3ftSo ¢KS OOSESNIXrGAZ2Y G WwW. Q A& (ckndpeBehtedNS
by mass convergence upstream of the constrictidm.addition,the base of the inversion in the
northern half of the strait is on the order of 850 m adrossthe constriction lowers to about 500 m.
Another way to look at this is that the 27ikotherm starts at an elevation of 950 m north of the
constriction but lavers to the surface 100 km to the soutfherefore the terrain constriction not only
effectively forces horizontal convergence but alsa favored location for verticalonvergence as well
since the base of the inversion acts
in a first order approximatin as a
material surface (Lackmann &
Overland 1989) The lowering of :
the inversion at the constriction is a
function of the acceleration of the
flow which in turn requireshat
massbe conserved

¢KS I NBI tlFo$f
indicates a speed minimum due to
flow around and over the terrain of
Kodiak Island (more on this next).
Ore important point to note that
the crossstrait flow pattern is
asymmetrical throughout most of
the simulation as will become
apparent when the other two flow B
regimes are discussed. ‘

The second regime is
characterized by moderato-
strong easterly flow from the
surface through 800 mb, in
conjunction with the northward
movement of the LLi& the western
Gulf of Alaska Figure 10 shows
two examples from this easterly
regime at the lowesmodel level.
In Figure 10A the flow within the
strait is primarily NESW, two hours

later however (Fig 10B), with . = *
.. . Figure 10: Wind barbs and speed contours (black with no labels) for A) 11Z/27 and
minimal apparent changes in the B) 132/27.

154.8W 154 5% 154 2W 153.9W 153.6W 153.3W

1554w 155.1%

avyltt
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upstream flow, directions within the strait have veered and become easterly. This change is due to a
signficant decrease in lovevel stabilty (the BruntVasala frequency decreased dramaticallyedo
warm advection in the surface @00 mblayerwith little change in temperatures above this layer. The
net result was a decrease imoking over the two hdzNJ LISNA 2R | & aSSy Ay AGKS | NX
speed minimad & W/ Q A yar&altdickeESidemvake; afodgh not clear in these larggcale
plots, the flow pattern to the lee of Kodiak Island (west coast in this case) and adjacanhpufrthe
strait, is a function of mountain waves that form over the higher terrain of the island as well gajke
in the terrain A boat seeking safe anchorage within the multitude of bays and coves on the West Coast
would have to judiciously seletite appropriate one as sonlecales wouldactually experience higher
wind speeds then areas within Shelikof StraitK S | NBI € | 6 St SR esving fromdwol & LIS S
processes: 1) flow down the western half of the strait is stronger duew dnvergenceand; 2) flow
over and down the 500 righterrain northeast of Katmi Bay is undergoing considerable lesahle
acceleration due to downsloping (clearly illustrated in potential temperature field)

The third regime is seen Figure 1iwherethe lowest model level wind barkagevalid during a
time when the LLJ was
positioned over the Barren
Islands. The area marked with
Ly WIQ KIFa -HévelS KA IKS
wind speeds; with strong
easterly flow over the northern
half of Kodiak Island. Although
it is difficult to interpret from
the plot, the winds in the
middle of the straitare actually
decelerating. The poit¥. Q
indicates an area of strong NE
winds which is essentially a
coastal jet, which we have
already mentioned is formed
by the higher terain of the
; Aleutian Range which is
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Figure 11: Wind barbs (m/s) at lowest model level valid 23Z December 27, 2006. stable Iowertropospheric
conditions(BruntVaisala~0.013inthe 90/ nn Yo f I @ SN @ I fFNHBS 618 f1I
ascending limb of a mountain watleat is3 Sy S NI (i § Bhe dasterlyHIBvhin tle 90800 mb layer.

It is worthy of note thathe level of maximum wind speegdithin the straitvaries according to
the regime: during pressure channeling the maxima tends to ca@und950 mb, raighly 500 m above
the surface.When a LLJ and coastal jet are the dominate forcing maximum winds within the strait are
typically in the 856750 mb layer, 150@500 m above the surfaceThis of course has impacts on
aviation through the region: pressure channeling iear surfacgghenomenon whileL L Jeaturescan
extend well into the middle troposphere. The presence of a LLJ is frequently associated with moderate
to-high amplitude mountain waves as air moves perpendicular to the higher terrain of Kodiak Island and
the Aleutian Range.

January 24, 2006

A 24 hour simulation of nortlest winds was conducted using the sasirgle 4km domainas
noted above The SAR image Bfgure 6 shows the flow pattern just prior to 17Z in which a significant
portion of Shekof Strait maintains wdawinds butwith northwest flowthrough the Aleutian Range.
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Modeloutput as seen in Figure Y8veals the complex interplay between gap and downslope flbuar.
O2YLI NR&z2y .11 6f20I (SR 2dza tlepootedlight &5 mapaddvarigbleCA I MH 0
winds
On the 4km domain(Fig 12}here are three elevated gaps (A, C, D) in the Aleutian Range
through which the winds are accelerate@he Kaguya® I LJ £ 6 St SR a W!I Q A& O2yai
other two and the mass flux through&i & dzo adl YOG Al £ Y “heltéhB §irfequarfers & 0 X  H N
0KS 6ARGK 2F {KStA12F {dNIAG Fa aSSy a4 LRAYG ¥.Q
winds within the gap but directly downstreagap winds merg with leeside downslope wids,
although discernable weak jets
extend into the northwestern
AGNIAG | An W9Q YR WCQO
interesting characteristic of
outflow from thesenarrow (15
km <) gapis that the jet are
a lowlevel feature at least for
this particular eventhey are
only 5@ m deep. Above this
layer the ascendig limb of the
mountain wave @r hydraulic
jump) and associated weaker
winds merge laterally
suppressing theepth of the
jet. This property ofateral
convergence ofjap flow was
noted byGabersek & Durran
(2004a) m their model
simulaions using idealized
terrain.
The region labelR WD Q
is one of very light winthat
maintainsan eddy structure
throughout the simulation
Although not definitive it
would appear that the large
area of weak flow in the
middle of thestrait is due to
the existence of the rising limb
of a lowlevel mountain wave
generated by the Aleutian
Ranggno wave breaking)
Without the aforementioned
gaps this entire section of
Shelikof Strait would
experience light and variable
winds. Althoughhe model is
run using a «m grid, which



