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COASTAL WINDS OF THE SOUTHEAST ALASKA PENINSULA

S. Allen Macklin

Pacific Marine Environmental Laboratory/NOAA
7600 Sand Point Way N.E.

Seattle, Washington 98115-0070

ABSTRACT. Hourly measurements of wind speed and wind direction
from Cherni Island, Thin Point, Cold Bay, and Ugaiushak Island
during the latter half of 1984 and the first half of 1985 show
evidence of orographic steering of winds in the coastal zone.
Surface wind directions at Cherni Island, Thin Point, and Cold Bay
often were attributable - 30% of the time at Cherni Island and
Thin Point, 50% of the time at Cold Bay - to channeling of .the
wind by a gap in the Aleutian Range. At Ugaiushak Island 30% of
surface winds came from the WNW. It is likely that these winds
followed a convoluted path through the mountains from the Meshik
River valley to the southwest.

Representations of topographically undisturbed surface winds
for the same four locations over the period June 1984 through May
1985 were produced by turning and reducing gradient winds computed
from digitized, 6-hourly, sea-level-pressure analyses obtained
from the U.S. Navy's Fleet Numerical Oceanography Center. These
wind estimates show a more evenly distributed wind direction
population, with a slight tendency for winds to dominate from the
NW and SEe Monthly correlation coefficients between measured and
estimated u and v wind components ranged from 0.48 to 0.94.
Because of anomalous winter and spring weather conditions,
measured Cold Bay wind statistics for some months of the study do
not compare favorably with climate averages. Yearly averages
compare more favorably, and these statistics may be representative
of normal conditions.

1. INTRODUCTION

The large-scale, undisturbed, marine wind field responds in a predictable
manner to the horizontal pressure gradient and its curvature, Coriolis force,
and friction. However, winds of the marine coastal zone may be quite
different from the large-scale winds because of the dynamic effects of coastal
roughness and thermal discontinuities. Along a mountainous coast, the
nearshore alterations to the large-scale wind field are chiefly orographic in
origin. They may be discussed in terms of the large-scale wind direction with
respect to the axis of the mountain range: cross-axis and along-axis; and in
terms of the local nature of the mountains: continuous or gapped.

A continuous mountain range acts as a steering or guiding wall to
along-axis winds and as a deflecting or blocking wall to cross-axis winds.
Along the north coast of the Gulf of Alaska, wind measurements discussed by
Reynolds et al. (1981) showed that the prevailing nearshore wind paralleled
the St. Elias Mountains. As a storm bumps into a continuous mountain range,
one may surmise that a local increase occurs in the pressure gradient; this



increase manifests itself as a nearshore intensification (jet) of the
large-scale, along-axis wind (Fig. lea»~. Also, Overland (1984) suggests the
existence of an along-axis coastal jet during periods of cross-axis wind
(Fig. 1(b». Appendix F to this report gives another example of an along-axis
jet during cross-axis wind.

Gaps in a mountain range connect the low-level air masses on either side
of the axis. They focus and accelerate cross-axis winds (Weber, 1984 and
Fig. 2(a», and create pressure~gradient-relievinggap winds during along-axis
flow (Macklin and Walker, 1986 and Fig. 2(b».

Additionally, katabatic winds may blow seaward from mountainous terrain
(Macklin, et al., 1980), and the diurnal heating cycle can generate local
land/sea breezes. These local winds persist on the order of hours to days and
extend tens of kilometers seaward before merging into the large-scale marine
wind field (Reynolds et al., 1980).

In summary, winds in mountain gaps always tend to blow along the axis of
the gap. These winds may be cross-axis winds focused and accelerated by the
gap, or they may be true gap winds caused by the low-level, cross-mountain
pressure difference during along-axis winds. Similarly, winds at continuous
mountain coasts tend to blow along the axis of the mountains. This local,
alongshore flow can be a deflection of large-scale, cross-axis winds, or a
steering of along-axis winds.

This report documents the wind field of the coastal zone of the
southeastern Alaska Peninsula (Fig. 3). Figure 4 is an example of wind
variability in the study area. The wind vectors in this figure were produced
by averaging over 5 km the winds measured by a research aircraft flying at
100 m altitude. At some adjacent points, the averaged wind speed varies by
almost a factor of two, and averaged wind direction changes by nearly 90°!

The next section contains a discussion of climatic characteristics of the
region's winds. Following is a comparison with climatology and each other, of
hourly wind measurements made at four sites during the period June 1984 to
November 1985. Finally, to assess the deviation of the coastal zone winds
from the large-scale, undisturbed marine flow, surface wind estimates are
calculated at each location from digitized sea-level-pressure analyses without
incorporating topography into the model. These estimates are then compared
with the actual wind measurements.

2. CLIMATOLOGY

In antlclpating the winds to be found along the southeast coast of the
Alaska Peninsula, one may refer to the information contained in the Climatic
Atlas of the Gulf of Alaska (Brower et al., 1977). Therein, on a monthly
basis, winds have been averaged from two stations in the study area - Cold Bay
and Marine Area A (Fig. 4). The Cold Bay data were collected from 1955 to
1974 and averaged 8 reports daily; Marine Area A wind data were assembled
from ship reports collected from 1872 to 1974 within the grid formed by
latitude 52°N northward to the coast of the Alaska Peninsula and from
longitude 156°W to 165°W.
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(a)

(b)

Figure l.--Formation of low-level jet in the coastal zone adjacent to a
continuous mountain range during (a) a land-falling storm, and
(b) large-scale, cross-axis flow. Dark lines are isobars, arrows depict wind
direction and strength.
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(a)

(b)

Figure 2.--Gap winds in coastal mountain passes from (a) focusing and
acceleration of large-scale, cross-axis winds, and (b) low-level pressure
gradient. Dark lines are isobars, arrows depict wind direction and strength.
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Figure 3.--The Alaska Peninsula showing the Aleutian Range, Marine Area A, and
the locations of four weather stations: 1) Cherni Island, 2) Thin Point, 3)
Cold Bay, and 4) UgaiuJhak Island.
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Cold Bay lies in a gap in the Aleutian Range (Fig. 5) which funnels winds
from two predominant directions: ESE and WNW. These gap winds have a
seasonal distribution shown in Table 1. In the winter, 24% of the winds at
Cold Bay are from the Wand NW and 38% are from the SE and S. The percentage
of gap winds increases through the spring (41% and 34%, respectively) to the
summer when the Wand NW winds blow 43% of the time and the SE and S winds
blow 41% of the time. In the fall the winds prevail from the E and SE (55%)
and only occasionally (4%) from the Wand NW. Throughout the year, there is
little diurnal variation in wind direction; wind speed exhibits a slight to
moderate diurnal variation in the spring and summer. It is significant that
the vector mean wind at Cold Bay is very small, but the scalar mean wind speed
is among the largest of coastal stations around the Gulf of Alaska.

Table 1.--Wind climatology of Cold Bay and Marine Area A (from Brower et al.,
1977). Entries give wind direction frequency in percent; speed in m S-l.

Cold Bay Marine Area A

Jan Apr Jul Oct Jan Apr Jul Oct

N 21 15 8 2 14 9 7 11
NE 5 3 2 12 9 5 5 4
E 4 2 2 40 14 6 7 6
SE 25 22 27 16 12 10 8 7
S 13 12 14 5 11 13 13 9
SW 5 4 2 3 11 15 18 14
W 10 16 21 2 14 22 25 25
NW 14 25 22 2 13 18 14 23
CALM 3 1 2 18 2 2 3 1

scalar
mean 8.1 8.9 7.0 3.9 9.8 8.9 6.6 10.1
wind
speed

vector SSW WNW NNW WSW WSW WNW
mean 0.0 0.0 2.0 2.3 0.8 3.0 2.6 4.2
wind

number
of 4712 4560 4956 6693 2490 3155 4452 3696
observations

Marine Area A, on the other hand, exhibits a more evenly distributed wind
direction climatology, as would be expected of an offshore marine
environment. Year-round, the dominant wind direction is from the west. The
vector mean wind for Marine Area A is representative of the general
circulation in this latitude range.
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Figure 5.--Locations of the Cherni Island, Thin Point, and Cold Bay weather
stations. Terrain higher than 300 m is enclosed by dashed lines.
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Cherni Island (Fig. 5) lies 40 km south-southeast of Cold Bay within
Marine Area A. Due to its proximity to the east coast of the Peninsula, one
might expect it to show a wind climatology that resembles a composite of Cold
Bay and Marine Area A, but with some traits of its own. During summer, then,
there are likely to be more winds from the Wand NW than from any other
sectors; the second most likely direction from which the wind could be
expected to blow is the SEe In the fall, E and SE winds might dominate,
followed next by Wand NW winds. Winter could be expected to be similar to
fall, with the addition of northerlies. Spring wind conditions, like summer,
emphasize flow from the Wand NW.

Thin Point (Fig. 5), on a tip of mainland between Cold Bay and Cherni
Island, lies at one end of the Cold Bay wind channel and could be expected to
experience most of its winds from the NNW or SSE to E. As the station is free
of orographic blockage to the east, it is likely that the distribution of
easterly winds will be much broader than at Cold Bay.

Satellite pictures of low clouds streaming across the Alaska Peninsula
suggest that Ugaiushak Island is protected from offshore winds blowing out of
the Meshik River valley (Fig. 6). Because of the island's proximity to the
mountain barrier, it is probable to expect that some winds will blow along the
mountain axis. Thus, the wind distribution should be similar to Marine Area A
(which contains Ugaiushak Island), with the exception of more frequent winds
from the NE and SW, and possibly from the NW.

A synoptic climatology for the Alaska coast permits classification of
local winds according to recurring, large-scale weather patterns. Overland
and Hiester (1980) derive six basic weather patterns: type 1 is described by a
low in the Gulf of Alaska, type 2 by an Aleutian low, type 3 by high pressure
over northern and interior Alaska, type 4 by a low-pressure center over
central Alaska, type 5 by a Pacific anticyclone, and type 6 by a stagnating
low off the Queen Charlotte Islands. Given typical pressure patterns for each
type, I infer large-scale surface wind directions for the southeast Alaska
Peninsula: type 1 - NW, type 2 - S backing (rotating counter-clockwise) to NW
as the Aleutian low migrates northward, type 3 - SE to E, type 4 - NW to SW,
type 5 - S to SE, and type 6 - N to NW. In summer, types 2, 4, and 5 account
for 84% of the occurring weather patterns (32%, 25%, and 27%, respectively).
Thus the high climatological summertime occurrence of SE winds is due to the
high occurrence of Aleutian lows and Pacific anticyclones, and the high
occurrence of NW and W winds stems from low-pressure centers over central
Alaska and northward-migrating Aleutian lows. In fall, types 2, 4, 6, and 1
account for 86% (32%, 22%, 17%, and 15%, respectively) of the weather
patterns, and the high percentage of autumnal E winds at Cold Bay are
attributable to migrating Aleutian lows. Types 2, 6, 1, and 3 occur 90% of
the time in the winter (32%, 26%, 16%, and 16%, respectively), implying that
the large climate sample of Nand NW winds at Cold Bay in the winter are
caused by migrating Aleutian lows which track into the Gulf of Alaska or
stagnate off the Queen Charlotte Islands, and that E and SE winds are often
caused by continental high pressure. In spring, climate types 2, 4, and 6
occur 72% of the time (36%, 18%, and 18%) and cause the dominant NW and SE
winds observed at Cold Bay.

9
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3. METHODS

To measure coastal winds directly, satellite-telemetering weather
stations were installed at Cherni Island, Thin Point, and Ugaiushak Island.
Cherni Island was instrumented on June 4, 1984. The stations at Thin Point
and Ugaiushak Island were erected November 30 and December 2, 1984,
respectively. Sites were selected to offer best exposure to winds from all
directions, while minimizing wind response to immediate terrain. Figures 5
and 6 indicate the general locations of the weather stations at each site.
Each weather station makes hourly measurements of wind speed and direction,
air temperature, and barometric pressure. The winds are sensed by an
R.M. Young wind monitor and averaged for ten minutes. Air temperature is
measured by a radiation-shielded Yellow Springs Instrument thermistor, and
pressure is sensed by a Paroscientific digiquartz barometer. Temperature and
pressure are sampled instantaneously at the end of the wind averaging
period. Each station transmits these data to the GOES-West satellite eight
times daily (each three hours) beginning at 0147 GMT. The Thin Point and
Ugaiushak stations were procured from a different manufacturer and suffer
design flaws which apparently allow condensation to collect within their
electronics modules. The Thin Point station was molested by bears.

Wind, temperature, and pressure data are also collected by the National
Weather Service's Cold Bay observatory (Fig. 5). Trained personnel take
readings at about five minutes before each hour using standard observational
techniques and instruments.

The measured winds from these four sites are called "observed" or
"measured" winds in this report.

Having direct wind measurements from Cherni Island, Thin Point, Cold Bay,
and Ugaiushak Island, it was desirable to fabricate "undisturbed" coastal
winds from June 1984 through May 1985. From digitized, 6-hourly (00, 06, 12,
and 18 UT), sea-level-pressure distributions obtained from the u.S. Navy's
Fleet Numerical Oceanography Center, time series of estimated surface winds at
Cherni Island, Thin Point, Cold Bay, and Ugaiushak Island were created using
the METLIB-II program library (Macklin et al., 1984; Overland et al., 1980).
The shaded part of Figure 7 shows the 4 x 4 sea-level-pressure grid (grid
spacing is 381 km at 60° north latitude). From each digitized pressure field,
METLIB-II produced grid-point calculations of the gradient wind, then
grid-point estimates of the surface wind by applying frictional forces to the
gradient wind. This was achieved by reducing the gradient wind by 20% and
rotating it 20° to blow towards low pressure. Sample METLIB-II
sea-level-pressure and surface-wind fields for 00 UT 18 June 1984 are depicted
in Figure 8. Finally, surface wind estimates were derived at the four
stations by interpolating grid winds to the appropriate location. METLIB-II
winds are called "estimated" or "predicted" in the sections to follow.

Figure 9 summarizes the available wind observations and estimates from
the four locations from l June 1984 through 30 November 1985. In this figure
an observed or estimated wind vector is plotted once each day at 00 UTe Blank.
portions of a time series indicate missing data due to station absence,
station malfunction, or, in the case of METLIB-II estimates, missing digitized
pressure data. Clearly, data used for this report are from varying time

11
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periods depending on their source. For the purposes of summary statistics and
correlations, an averaging period of one year - 1 June 1984 through 31 May
1985 - was selected. In the remainder of this report, this is called the
"year-period". During the year-period, hourly measured winds are nearly
continuous for Cherni Island and Cold Bay; however, the Thin Point and
Ugaiushak Island data sets are incomplete. Wind estimates for all four
locations are continuous during the year-period. Besides the year-period,
monthly statistics and correlations, when available, are also presented in
this report, even though they pertain to times outside the year-period.

In correlating winds from the eight sources, eastward (u) and northward
(v) components were compared. The magnitude of the correlations between
similar components of measured and estimated winds will indicate the ability
of the METLIB-II empirical wind model to reproduce actual surface winds. Only
the 00, 06, 12, and 18 UT observed winds were used. Correlations were
computed using the NAG library routine G02BCF. If either variable in a
correlation pair had a missing value, that pair was not used in computing the
covariance or correlation except for the mean of the variable that was
present. That is, covariances and correlations were based on means computed
from all valid data.

4. RESULTS

Appendix A contains monthly time series of available hourly wind speed,
wind direction, air temperature, u and v wind components, vector winds, and
station pressure from Cherni Island, Thin Point, Cold Bay, and Ugaiushak
Island during the period 1 June 1984 through 30 November 1985. Appendix B
contains monthly time series of available six-hourly METLIB-II surface wind
and pressure estimates for the same four locations during the period 1 June
1984 through 31 May 1985.

Appendices C and D are the monthly wind roses for observed and estimated
winds, respectively. These wind roses display the frequency of occurrence of
winds from 12 sectors of the compass and the average wind speed for each
sector. Figure 10(a)-(d) contrasts average wind roses from actual
observations and corresponding METLIB-II estimates over the year-period at
each site.

Table 2 shows wind rose statistics on measurements from the four
locations in the eight-point compass format used by Brower et al. Entries for
January, April, July, and October are from 1985 for January and April and from
1984 for July and October. Thin Point and Ugaiushak Island statistics are
incomplete.

Finally, Table 3(a)-(d) lists monthly and year-period statistics of
1) scalar averages of hourly observed data, 2) vector averages of six-hourly
observed data, and 3) correlations of six-hourly observed u- and v-component
winds with their corresponding estimated wind components. Complete
correlations and cross correlations for all eight wind sources are listed in
Appendix E.
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WIND RaSE WINO RIIlSE
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Figure 10.--Wind roses constructed from all available measured and estimated
winds during June 1984 through Hay 1985 for (a) Cherni Island, (b) Thin Point,
(c) Cold Bay, and (d) Ugaiushak Island.
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WINO R0SE

TIME SERIES PL0T F0R C0LD BRY
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WIND R0SE

TIME SERIES PL0T F0R UGRIUSHRK METLIB
2 DEC B4 T0 29 RPR 85 INTERVRL= 720.0 MINS

B.1 9.7

6.4

5.5 B.5
5.2 7. 5 7.9

d

7.9
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7.5

8.B

9.6

NPTS = 297 CRLM = 0 BRD = 0 NPTS = 296

B. It 9.1

CRLM = 0

11.0

BRD = 2

Figure 10.--(Continued).
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Table 2.--Summaries of available wind measurements from Cherni Island, Thin
Point, Cold Bay, and Ugaiushak Island during July and October 1984 and
January and April 1985. Entries give wind direction frequency in
percent; speed in m S-l.

Thin Ugaiushak
Cherni Island Point Cold Bay Island

Jan Apr Jul Oct Apr Jan Apr Ju1 Oct Jan Apr

N 7 38 25 25 58 5 27 10 24 5 5
NE 7 3 3 12 1 3 2 0 3 13 5
E 14 3 4 15 9 13 3 1 6 22 5
SE 27 8 2 9 3 43 12 10 19 23 4
S 28 6 4 3 6 19 7 6 4 14 1
SW 11 8 8 3 7 2 3 0 7 7 4
W 1 7 16 10 8 7 8 40 15 11 22
NW 5 27 38 23 11 4 36 31 22 4 54
CALM 0 0 0 0 0 4 2 2 0 1 0

scalar
mean 8.5 8.1 5.1 7.1 7.6 8.7 8.4 6.8 7.6 8.7 6.2
wind
speed

vector SSE NNW NNW N N SSE NNW WNW N E WNW
mean 5.4 5.2 3.9 2.7 5.0 6.0 4.1 4.2 1.0 4.8 3.7
wind

number
of 697 705 711 710 717 744 719 744 744 560 469
observations
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5. DISCUSSION

5.1 Climatological representativeness

Subjectively, one may judge the climatological representativeness of the
data set by comparing the Cold Bay wind climatology of Table 1 with measured
winds presented in Table 2. Neither the October, January, nor April Cold Bay
measurements agree well with climate. Though the Cold Bay winds are confined
to the expected wind channels, the direction frequencies for these three
months are just the opposite of climate. July compares a little better, but
is deficient in winds from the southeast. Measured winds from the other three
stations are also dissimilar to Cold Bay and Marine Area A climate winds.

Although the month-to-month measured wind characteristics may not be
climatologically representative, composites made from the January, April,
July, and October climatologies and summaries show better agreement. The
year-period tendency was for more winds from the SE than usual and less from
the NW. This tendency is also illustrated by the wind rose in Figure 10(c).

The winter and spring Alaskan weather was anomalous. This was reflected
in unusual behavior of the Bering Sea ice pack, changes in water properties in
the Gulf of Alaska, heavy snows in the Alaskan interior, and other
phenomena. Storms in the Alaska region for January and April 1985 were
compared with climate storm tracks shown for the same months by Brower et
al. Qualitative results are presented in Figure 11. January storms which
normally track over the Gulf instead turned north into the Bering. This
caused onshore winds and warm temperatures along the southeast Alaska
Peninsula. In April, when storm activity is generally abating, a succession
of storms passed along the study area into the north Gulf where they
stalled. Cyclonic circulation around the stalled storms brought outbreaks of
cold arctic air and offshore winds to the area.

5.2 Cherni Island winds

The wind rose produced from 6-hourly measured winds over the year-period
(Fig. 10(a» shows that the wind blew from the WNW to N 39% of the time. The
remainder of the winds were nearly evenly distributed throughout the other
compass sectors. The estimated wind rose in the same figure indicates the
wind distribution to be expected had their been no topographical wind
influences (except as topography affects the large-scale, sea-level-pressure
field). Here winds might have blown from the same sector only 25% of the
time.

The Cold Bay gap lies 40 km NNW of Cherni Island. Another gap, south of
Cold Bay, is 40 km NW of Cherni Island. Their influence on Cherni Island's
winds is indicated by the increased frequency of winds from the NW sector.
The WNW to N winds that were also predicted by METLIB-II, one might assume,
were large-scale, cross-axis winds focused by the gap (Fig. 2(a»; the
remainder might be pressure-gradient winds (Fig. 2(b». As the mean measured
and estimated wind speeds are similar, Cherni Island is apparently far enough
from the gaps that deceleration of the jet to ambient levels has occurred.
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5.3 Thin Point winds

Winds measured at Thin Point from March through May 1985 were
predominantly (44% of the time) from the N and NNW. These winds were eXltlng
the Cold Bay gap after having been focused at the gap's western end and
accelerated down the gap. Comparing monthly measured and estimated wind roses
in Appendices C(2) and 0(2), the same pattern emerges. As wind speeds from
all compass sectors are lower that those estimated by METLIB-II, it is
impossible to estimate the degree of gap-induced acceleration.

5.4 Cold Bay winds

The area just to the west of the Cold Bay weather station collects air
flowing in from the west and north. As the air passes the station it is not
yet channeled. Figure 10(c) shows that the winds from the west to north
occurred 47% of the time during the year-period.

Winds focused by the southeast entrance to the gap near Thin Point were
observed 36% of the time at Cold Bay and were mostly confined to the SSE
compass sector. Comparison of measured and estimated wind speeds for the
dominant sectors suggests that the winds from the SE were accelerated by the
gap.

5.5 Ugaiushak Island winds

The measured wind rose In Figure 10(d) shows that at this location the
favored wind direction was WNW during the period December 1984 through late
April 1985. Inspecting the monthly wind roses in Appendices C(4) and 0(4), it
should be noted that only in January (which, recall, was an abnormal month
with prevailing SE winds) did the measured wind deviate from the pattern
described by the year-period rose. When the wind did blow from the WNW, its
strength was less than estimated.

As mentioned in Section 2, Ugaiushak Island was thought to be protected
from gap winds by the blocking mountain range to the west. In fact, it was
expected that the prevailing winds would parallel the coast, as suggested by
Figure 1 and documented by Reynolds et al. and Appendix F to this report.
Thus the great frequency of winds from the WNW was startling. Two
explanations come to mind. Figure 6 shows a small valley on the Peninsula
directly WNW of Ugaiushak Island. In a convoluted manner, this valley
connects with the Meshik River gap. Some air flowing eastward through that
gap might follow the convoluted valley, then blowout over Ugaiushak Island.
The fact that the wind speed was lower than estimated may be attributed to the
twisted path the air followed. Alternately, a large-scale, cross-axis wind
blocked by the mountains may already have reestablished itself in the lee of
the mountains shoreward of the Island. This mechanism could also account for
the reduced wind speeds.
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5.6 Correlation of measured and estimated winds

Some differences in wind speed and direction between measured and
estimated winds for the four sites have already been mentioned in this
section. In general, the estimated wind roses show more evenly distributed
wind-direction frequencies. Visual inspection shows that the major
wind-direction axes for measured and estimated winds are often similar. This
suggests two things: the HETLIB-II wind estimates are accurate, and there are
preferred large-scale wind directions along the coast.

Table 3 shows the correlation coefficients for the measured and estimated
u wind components and for the measured and estimated v wind components. At
all four stations, the coefficients indicate significant correlation between
measured and estimated winds. These coefficients range from 0.48 to 0.94 with
typical values between 0.70 and 0.90. In the Cold Bay gap wind system, the
v-components were more correlated than the u, while at Ugaiushak Island the
reverse was true.

6. SUMMARY

Coastal mountain ranges affect the nearshore wind field. Unbroken
mountainous stretches tend to produce local winds blowing parallel to the
range axis. Gaps in ranges, contrarily, almost always have strong winds
blowing through them.

Cherni Island lies in the coastal zone about 40 km south-southeast of a
gap in the Aleutian Range at Cold Bay. Winds measured at the Island tended to
blow from the mountain gap. Thin Point, at the southeast end of the gap, had
even more frequently prevailing gap winds from the N and NNW. At Cold Bay
winds blowing to the northwest in the gap were faster than estimated by the
HETLIB-II wind model. Winds from the western end of the gap were not yet
narrowly channeled at Cold Bay.

Ugaiushak Island to the north is probably not protected from Heshik River
gap winds by the mountains west of the Island. Data indicate that the gap
wind may branch, follow a convoluted path through a mountain valley, then blow
out to sea over Ugaiushak Island. Observed wind speeds during these events
were less than estimated.

In general, the estimated winds were able to explain 50% to 80% of the
variance of the measured winds when compared component to component.
V-component correlations were higher in the Cold Bay gap wind system, and
u-component correlations were higher at Ugaiushak Island.

Although there were some month-to-month disagreements between Cold Bay
wind climate and observations, for the year-period as a whole, the weather was
probably representative of climate. The winds blew somewhat more from the SE
and less from the NW than usual.

26



7. ACKNOWLEDGMENTS

This study was funded (wholly or in part) by the Minerals Management
Service through interagency agreement with the National Oceanic and
Atmospheric Administration, as part of the Outer Continental Shelf
Environmental Assessment Program.

I thank T. Parker and M. Reynolds for their assistance in designing and
installing the Cherni Island weather station. T. Parker, P. Moen, and
G. Galasso performed additional station installation and maintenance. The
NOAA Office of Aircraft Operations provided helicopter support for field
operations. Cold Bay data were furnished by NOAA's National Climatic Center,
and the u.S. Navy's Fleet Numerical Oceanography Center provided digitized
sea-level-pressure data. L. Long, R. Brown, and S. Salo produced METLIB-II
surface wind estimates. J. Overland and M. Reynolds provided valuable
discussion through all stages of the project.

This paper is a contribution to the Marine Services Program and Fishery­
Oceanography Coordinated Investigations (FOCI) at NOAA's Pacific Marine
Environmental Laboratory.

27



8. REFERENCES

Brower, W.A., Jr., H.F. Diaz, A.S. Prechtel, H.W. Searby, and J.L. Wise,
1977: Climatic Atlas of the Outer Continental Shelf Waters and Coastal
Regions of Alaska, Volume I - Gulf of Alaska. AEIDC, University of
Alaska, Anchorage, 439 pp.

Macklin, S.A., and J.P. Walker, 1987: A case study of westerly mountain-gap
winds over lower Cook Inlet, Alaska. Mon. Weather. Rev. (in revision).

Macklin, S.A., R.L. Brown, J. Gray, and R.W. Lindsay, 1984: METLIB-II - A
program library for calculating and plotting atmospheric and oceanic
fields. NOAA Tech. Memo. £RL PMEL-54, 53 pp.

Macklin, S.A., R.W. Lindsay, and R.M. Reynolds, 1980: Observations of
mesoscale winds in an orographically dominated estuary: Cook Inlet,
Alaska. Proceedings of the Second Conference on Coastal Meteorology,
American Meteorological Society, Boston, HA, 176-180.

Overland, J.E., 1984: Scale analysis of marine winds in straits and along
mountainous coasts. Mon. Weather. Rev., 112,2530-2534.

Overland, J.E., and T.R. Hiester, 1980:
for the northeast Gulf of Alaska.

Development of a synoptic climatology
J. Appl. Met., 19, 1-14.

Overland, J.E., R.A. Brown, and C.D. Mobley, 1980: METLIB - A program library
for calculating and plotting marine boundary layer wind fields. NOAA
Tech. Memo. ERL PMEL-20, 82 pp.

Reynolds, R.M., S.A. Macklin, and T.R. Hiester, 1981: Observations of south
Alaskan coastal winds. NOAA Tech. Memo. ERL PMEL-31, 49 pp.

Weber, G.P., 1984: Surface winds in some Alaskan passes. NOAA Tech. Memo.
ERL PMEL-5l, 16 pp.

28



Appendix A

Monthly time series of hourly measurements of wind speed, wind direction,
temperature, u and v wind components, vector winds, and barometric pressure
during the period 1 June 1984 through 30 November 1985 from weather stations
located at:

1. Cherni Island
2. Thin Point
3. Cold Bay
4. Ugaiushak Island

In each time series, wind direction is the direction from which the wind was
blowing. Wind components and vector winds indicate the direction towards
which the wind was blowing. Pressure is that observed at station elevation,
except for Cold Bay's which is sea-level pressure.
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Appendix B

Monthly time series of six-hourly estimates of surface wind speed, wind
direction, u and v wind components, vector winds, and barometric pressure
during the period 1 June 1984 through 31 May 1985 produced by the METLIB-II
program library for locations of weather stations at:

1. Cherni Island
2. Thin Point
3. Cold Bay
4. Ugaiushak Island

In each time series, wind direction is the direction from which the wind was
blowing. Wind components and vector winds indicate the direction towards
which the wind was blowing. Pressure is sea-level pressure.
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Appendix C

Monthly 12-sector roses of winds measured hourly during the period 1 June
1984 through 30 November 1985 by weather stations at:

1. Cherni Island
2. Thin Point
3. Cold Bay
4. Ugaiushak Island

In each rose, tick marks indicate the percentage of observations that wind
blew from the indicated direction during the month. Numerals at the end of
each rose sector give the average wind speed in m s-1 for that sector.
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Appendix D

Monthly l2-sector roses of surface winds estimated each six hours during
the period 1 June 1984 through 31 May 1985 by the METLIB-II program library
for locations of weather stations at:

1. Cherni Island
2. Thin Point
3. Cold Bay
4. Ugaiushak Island

In each rose, tick marks indicate the percentage of observations that wind
blew from the indicated direction during the month. Numerals at the end of
each rose sector give the average wind speed in m s-l for that sector.
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TIME SERIES PL0T F0R C0LO BAY METL1B .
JUL 84 T0 31 JUL 84 INTERVAL: 360.0 MINS

5.2

6.8 3.2

5.6

4.9

6.1

5.1
4.5

.6 --+---+-_-"':::&,-

6.3

NPTS = 116 CALM = 0.0 BAD = 4 NPTS : 119 CALM: 0.0 BAD = 5

WIND R0SE

TIME SERIES PL0T F0R C0LO BAY METLIB
AUG 84 T0 31 AUG 84 INTERVAL= 360.0 MINS

5.5

WIND RI1ISE

TIME SERIES PL0T F0R C0LD BAY METLIB
SEP 84 TI1I 30 SEP 84 INTERVAL= 360.0 MINS

7.0

7.0

8.3

3.7

1.6
0.9

3.1

6.4

9.6 6.2 2.8
8.7

7.2

6.9

6.8

6.0

NPTS = 119

8.6

CALM = 0.0 BAD: 5
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n-3-2

TIME 5t~I~5 PLei ~~~ CC~~ 8~~ ~ETLJ8

0Cl 8, Te 3i ~C' 84 I~TERVRL= 36J.0 M1NS

"IND R0SE

TIME SERIES PL0T F0R C0LO BAY ME1LlB
N0V 84 T0 30 N0v 84 INTERVRL= 360.0 MINS

6.3
6.B 7.5

7.1

7.4 5.9 6 . 1

4.2
3.9

6.9 _~......:::~- 4.5

6.0

8.5

9.5

8.1

7.7

5.9

6.4

10.0
6.8

8.9

CRL~ 0.0 BRO = 2 NPTS 120 CRLM = 0.0 BRO a

WINO R~S;:

TI~~ SE":~S PL0 T F~R C0LD BRY METLIB
DEC 84 12 5: DEC 84 INTERVRL= 360.0 MINS

WINO R0SE

TIME SERIES PL0T F0R C0LO BRY METLIB
JRN B5 T0 31 JRN 85 INTERVRL= 360.0 M1NS

8.4

8.B 6. "!l 1. 4
3.15. lb. 7 10.5

4.0
9.7 4.3 11.0

0.1

12.0
12.3 10.0

8.1 9.4

13.0
10.4 .

..L 11. 1

9.6

I,P15 118 CRLM = 0.0 BRD 6 NPT5 124 CRLM 0.0 BRO 0
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. D-3-3

WINO ReiSE

TIME SERIES Pl01 F0R C0lD BAY METllB
FEB 85 T0 28 FEB 85 INTERVAl= 360.0 MINS

WIND R0SE
TIME SERIES Pl0T F0R C0l0 BAY METlIB

1 HRR B5 T0 31 MRR 85 INTERVRl= 360.0 MINS

10.7
8.0

9.5

II.B
10.2

13.3 12.5
10.4

12.2

11.6
12.2

9. I

NPTS = 111 CRlM = 0.0 BRO = NPTS = 124 CRlM = 0.0 BRO = 0

WIND R0SE
TIME SERIES Pl0T F0R C0l0 BAY METlIB

APR 85 T0 30 RPR 85 INTERVRl= 360.0 MINS

WIND R0SE

TIME SERIES Pl0T F0R C0l0 BAY METlIB
HRY B5 T0 31 MRY 85 INTERVRl= 360.0 MINS

8.3

9.8
9.0

8.9

5.5 7.1 5.8

6.9 10.4
5.0

6.5 7•5 6.3

10.0

10.4

I NPTS = 120 CRlM = 0.0 BRO = 0 NPTS = 121
12.1

CRlM = 0.0 BRO = 3
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D-4-1

WIND ReJSE

TIME SERIES PLeJT FeJR UGRIUSHRK METLIS
JUN 84 T0 30 JUN 84 INTERvRL= 360.0 MINS

WIND R0SE

TIME SERIES PLeJT F0R UGRIUSHRK METLIS
JUL B4 T0 31 JUL 84 INTERVRL= 360.0 MINS

4.0 3.2
6.9

3.1
3.8

3.1

3.3 4.4 4.4 3.1

2.8 3.2

4.8

4.2

4.9

NPTS=116 CRLM = 0.0 BRD = 4 NPTS = 119 CRLM = 0.0 BRO = 5

WIND ReJSE

TIME SERIES PLeJT FeJR UGRIUSHRK METLIS
RUG 84 T0 31 RUG 84 INTERVRL= 360.0 MINS

WIND R0SE

TIME SERIES PLeJT F0R UGRIUSHRK METLIS
SEP B4 T0 30 SEP 84 INTERVRL= 360.0 MINS

4.9

6.9

6.4

5.0 5.3
6.1 4.0

B.8

9.4

NPTS = 119 CRLM = 0.0 SRD = 5 NPTS = 117 CRLM = 0.0 SRD = 3
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D-4-2

WIND R0SE

TIME SERIES Pl0T F0R UGAIUSHAK METlI8
0CT 84 T0 31 0CT 64 INTERVRl= 360.0 MINS

WIND R0SE

TIME SERIES Pl0T F0R UGRIUSHAK METlI8
N0V 84 T0 30 N0v 84 INrERvRl= 360.0 MINS

6.4
4.9

WIND R0SE

TIME SERIES Pl0T F0R UGAIUSHAK METlI8
DEC 84 T0 31 DEC 84 INTERVRl= 360.0 MINS

WIND R0SE

TIME SERIES Pl0T F0R UGAIUSHAK METll8
JAN 85 T0 31 JRN 85 INTERVRl= 360.0 MINS

7.5

9.2
4.4

4.1£. !\3. 8
3.',

7.6 I. 11.5
8.9

7.0

II. I
9.2

12.6

8.8
7.8

NPTS = 118 CRlM = 0.0 BRD = 6 NPTS = 124 CRlM = 0.0 BRD = 0
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D-4-3

WiND R0SE

TIME SERIES PL0T F0R UGRIUSHRK METLIB
FEB 85 T0 28 FEB 85 INTERVRL= 360.0 MINS

WlND R0SE

TIME SERlES PL0T F0R UGRIUSHRK METLIB
MRR 8S T0 31 MRR 8S INTERVRL= 360.0 MINS

12.3 8.2

8.1
10.7

10.5
9.4

11.2

7.5

8.5

6.9

9.7

12.6

10.4

7.4

8.3
7.1

7.3

10.0
10.8

NPTS 111 CRLM = 0.0 BRD = NPTS = 124 CRLM = 0.0 BRD = 0

WIND R0SE

TIME SER~ES PL0T F0R UGRIUSHRK METLIB
1 RPR 85 T0 30 RPR 85 INTERVRL= 360.0 MINS

WlND R0SE

TIME SERIES PL0T F0R UGRIUSHRK METLIB
MRY BS T0 31 MRY 85 INTERVRL= 360.0 MINS

8.0

5.5
8.1 8.5

6.08.1

6.4 4.4

8.3 8.5
3.3

7.9

6.8

7.2

10.9
NPT5 120 CRLM = 0.0 BRO = 0 I NPTS = 121 CRLM = 0.0 BRD = 3
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Appendix E

Correlation coefficients between u and v wind components both measured
and estimated every six hours for station locations at Cherni Island, Thin
Point, Cold Bay, and Ugaiushak Island. If one or both data elements were
missing in a correlation pair, that pair was discarded, except that all
available data elements of a set were used in computing the mean.
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Appendix F

Nearshore Ageostrophic Wind Caused By Marine Storm
Striking Mountainous Coast

(From "Storm Adjustment Forced by Coastal Mountains", delivered by J.E.
Ovecland at the August 1985 meeting of the International Union of
Geologists and Geophysicists, Honolulu, HI).

During March, 1985, NOAA's Pacific Marine Environmental Laboratory and
Office of Aircraft Operations conducted a series of WP-3D research aircraft
flights over the northern Gulf of Alaska as part of the Fishery Oceanography
Experiment (FOX). During one flight, scientists observed a turning and
acceleration of the nearshore wind field along a mountainous coast during a
storm. They postulate that the wind shift was caused by interaction of the
high coastal mountain range with the storm as it moved inland.

The low-pressure cell associated with the storm at 12Z on 15 March 1985
is shown in figure 1. An occluded front had recently passed over the study
area represented by the V-shaped sector in the middle of the figure. To
measure the coastal winds, 12 Omega dropwindsondes were released from the
aircraft while it flew the legs of the V-pattern at 6000 m altitude (450 mb;
in figure 1, each "x" denotes the site of a dropwindsonde release). As each
sonde fell from its launch altitude to the surface, it telemetered to the
aircraft a profile of temperature and humidity at 10-s intervals, and
vertically averaged wind velocity at 30-s intervals. In figure 2, the coastal
section of the mountain range in the study area is contoured in meters. Here,
the coastal range averages well over 2000 m, with some peaks over 6000 m, and
has an effective ridge height of 3000 m. Also in figure 2, three wind vectors
at each sonde's launch position represent the measured wind velocity at 500 mb
(solid vector), 700 mb (dashed vector), and 850 mb (dash-dot vector); the
lowest vectors are missing for those sondes with trajectories over mountainous
terrain.

The sonde dropped farthest offshore (250 kID) shows the undisturbed
marine wind field at the three levels. These winds are assumed to be in
geostrophic balance. Approaching the coast, one notes increasing shear
between the upper- and lower-level winds. This increased shear is caused by
the mountain barrier which inhibits the balance between the low-level
pressure-gradient force and the Coriolis force, and thus creates the
ageostrophic condition. To satisfy the momentum balance, the low-level wind
near the mountain accelerates and turns down-gradient. The nearshore 700- and
850-mb wind vectors in figure 2 are examples of low-level jets of this type.
Sondes dropped nearest the coast showed greatest low-level geostrophic
departure. The altitude reached by the imbalance appears to be inversely
proportional to distance from the mountain range, with ageostrophy reaching to
greater heights nearer the coast. Although not shown here, a tongue of
low-level, cold air extending just offshore was discovered when analyzing
temperature data from this flight. This temperature distribution is
remarkable, considering the strong, pre-storm, warm advection to the east of
most. storms of this type.

Ageostrophic behavior of low-level winds and depression of nearshore
isotherms as a cyclone approaches a mountainous coast had been predicted by
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Overland (1984)1. Given an alongshore pressure gradient, the mountains act as
a barrier to low-level, onshore, quasi-geostrophically-balanced flow within a
Rossby radius (ca. 65 km) of the coast. A new ageostrophic momentum balance
must be established either by accelerating winds or by the formation of Kelvin
waves. The secondary circulation generated by this geostrophic departure
causes downward transport of cold, continental air near the coast and
consequent cooling. The turning and acceleration of the low-level winds and
the cold, coastal air mass observed in this research flight may be physical
manifestations of this theory.

Because of the hazards of operating an aircraft in the Vicinity of
mountains in storm conditions, the Omega dropwindsonde proved to be an
invaluable tool in diagnosing the physics of storm-coast interaction.
However, the dropwindsonde is far from an ideal tool for investigating
mesoscale weather processes. Even with improvement in sonde-to-sonde
intercomparibility and wind resolution, it is doubtful that a dense enough
grid of sondes could be launched to adequately sample the mesoscale area.
Also, the information derived from a sonde's descent is assigned to a vertical
profile at a given point over the earth's surface. Certainly, as the sonde is
a free-falling device, and in fact depends upon horizontal translation by the
wind to determine wind speed and direction in an atmospheric layer, the final
data telemetered are from a location several kilometers removed from the
launch position.

The case presented above is a small sample of the enormous potential for
discovery involving mesoscale atmospheric motions. It has shown that mountain
barriers have important effects on storm systems. Understanding how
synoptic-scale weather systems interact with mesoscale topographic features is
a vital step in improving weather forecasting. One might hope that a
successful application of aircraft-borne doppler radar would provide the
critical wind measurements in the vicinity of the mountains needed to refine
this research.

1 Overland, J. E., 1984: Scale analysis of marine winds in straits and along
mountainous coasts. Mon. Weather Rev., 112, 2530-2534.
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