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Introduction

Strategic interest in the Arctic has increased significantly over the past
several years with the realization that more than 50% of the world’s
petroleum lies north of the Arctic Circle. U.S. Naval Forces are expanding
their efforts to include operations further and further north so that, in the
event of hostilities in Arctic waters, the Fleet has experience and competence
to conduct operations safely and effectively in those areas.

Environmentally, the north polar region is one of the most active regions
on the Earth and, for ships and seamen, one of the most dangerous in war
or peacetime operations. Every year several vessels are lost in the Arctic due
to combined effects of wind, sea state, and structural icing. It is also the
region most neglected and difficult to analyze or forecast because of the
sparsity of surface, upper air, and ocean observations, and the less than
adequate numerical models. The models have often been found to fail to
respond realistically to Arctic conditions. Hope for improvement lies in
employing new high resolution numerical models with better planetary
boundary layer (PBL) and ocean and ice parameterizations, and exploiting the
full range of satellite sensors now available for use in the development of
new analysis and forecast techniques, specifically adapted to this region.

This volume has been developed to illustrate, with high resolution satellite
data and supplementary conventional surface and upper air analyses, some
of the significant recurring patterns of weather and oceanographic phenomena
in the Arctic. Volume 8, Part 1, is dedicated to weather and oceanographic
phenomena in the region surrounding Greenland, and in the Norwegian and
Barents Seas. Volume 8, Part 2, is dedicated to a depiction of similar
phenomena in the regions of the East Siberian, Chukchi, and Beaufort Seas.

The meteorologist well-versed in the art of satellite interpretation can very
rapidly become a confident analyst and forecaster, even in unfamiliar areas
of the world. It is the purpose of this volume to assist in the development
of such skills.
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1A

Severe Storms of Large-Scale Magnitude
Introduction

Severe storms of large-scale magnitude, having diameters of approximately
1000 km, occasionally develop over the central Arctic and can bring sustained
winds of 50 kt or greater to coastal stations and offshore oil rigs off of the
North Slope of Alaska. The fetch of the winds over open water of the southern
Beaufort Sea can produce seas of 8 meters or more in height, posing significant
hazards to ships and oil rigs in the region.

The storms form as the result of baroclinity or strong horizontal temperature
gradient between cold, dry Arctic air and warmer, moist air that has been
advected into polar latitudes from more southerly and often maritime regions.

Intensification of such storms occurs over a time interval of 1-10 days through
conversion of the potential energy of the system to kinetic energy. This process
involves lowering the center of gravity of the cold Arctic air as it sinks and
moves southward, and lifting the warm air mass as it moves northward. The
changes with time of the horizontal temperature gradient, produced by this
process at level after level in the vertical, also result in a thermal wind shear
in the vertical, causing jet stream formation at higher elevations.

Intensification of the system can be detected from existing 850-, 700-, or
500-mb analyses by noting the isotherm pattern about the storm. Concentric
isotherm patterns imply no development (barotropic); but, when the isotherms
are located nearly perpendicular to the isobars, so that cold air advection is
implied west of the storm center, and warm air advection is implied east of
the storm center, the system intensifies.

Moreover, soundings will reveal stable conditions over stations where warm
air advection is occurring and more unstable conditions where cold air
advection is occurring. Strong surface winds can be anticipated when the
unstable air mass replaces the stable air mass, as violent mixing brings strong
winds from aloft down to the surface.



1A-2 FNOC surface analysis, 15 September 1985, 0600 GMT

Case 1 Beaufort Sea—North Slope
15-18 September 1985

The FNOC surface analysis for 15 Sep 1985 at 0600 GMT (Fig. 1A-2) shows
a 983.6 mb low centered near Mackenzie Bay, east of the North Slope. A
trough extends from this low to another low (989.0 mb) centered near the
Seward Peninsula of Alaska. Temperatures on the east side of the Mackenzie
Bay low are warmer than on the west side of the low, with Sachs Harbor
reporting 5°C while Barter Island, in northerly flow, reports a temperature
of 0°C.



1A-3 DMSP infrared (TS) data. 15 September 1985, 0613 GMT.

A DMSP infrared image acquired at 0613 GMT (Fig. 1A-3) shows cloud
features of the region. The Mackenzie Bay low shows no evident circulation
centered over that location. However, an ill-defined center is suggested near
73.5N, 132W, just west of Banks Island.

1A-3



Another DMSP infrared view at 0748 GMT (Fig. 1A-4) shows a better view
of the region extending into central Canada. The first thing to note about this
view is the marked change from the chaotic, cloudy, unstable western porticn
of the image to the nearly clear, stable condition of the eastern portion. From
the surface analysis (Fig. 1A-2), it can be seen that this change separates a
low pressure region over Alaska, NW Canada, and the Bering Sea from higher
pressure over central Canada. The pattern implies advection of relatively warm,
moist air in a southerly flow over much of the NW Canadian archipelago.

The long arc of clouds leading up to Mackenzie Bay from the Gulf of Alaska
and crossing the North American coastline near 55N, 130W is interesting
in that this flow pattern is not suggested at the surface level (Fig. 1A-2);
however, it is shown on the NMC 850 mb analysis for 15 September at 0000
GMT (Fig. 1A-5a). The isobars do not show this type of flow direction, but
the wind barbs do. The analysis suggests that the long arc of clouds immediately
precedes a short wave trough at this level. Interestingly, this is not true at
500 mb (Fig. 1A-5b), where a ridge line is seen to extend through that area.
It can be concluded that this effect is a lower tropospheric effect and points
out the need to always consider such levels in Arctic analysis.

It does not appear, at this time, that the arc of clouds represents a frontal
band. Temperatures on either side of the arc in the surface analysis (Fig. 1A-2)
show little change, and the isotherm pattern on the 850 mb chart does not
support a front at that location. Rather, the feature appears to be a dynamically
induced effect caused by the short wave trough with which it is associated.

By 0000 GMT on 16 September, however, based on the 850 mb analysis
(Fig. 1A-6a), one could argue that frontogenesis had indeed occurred in
association with the band in the region just east of Banks Island. The isotherm
pattern shows pronounced cold air advection west of the low, and warm air
advection east of the low, with a packing of isotherms in the Banks Island
vicinity.

The blue circles on the 16 September 0000 GMT surface analysis (Fig.
1A-6b) shows the indicated frontogenetic pattern. Note that the surface
temperature at Sachs Harbor on Banks Island fell from 5°C in southerly flow
(Fig. 1A-2) on 15 September to —2°C on 16 September as the low moved
past the station, exposing it to northerly flow from off the ice.

Fog reports are numerous east of the front as moist air, in southerly flow
under stable conditions, is cooled to saturation. The further development and
movement of this frontal feature, which is not followed by satellite data, are
shown in surface analyses every 12 hours from 16 September at 1200 GMT
through 17 September at 1200 GMT (Figs. 1A-7a through 1A-8). During this
period, temperatures over western Canada fell markedly as flow changed from
westerly (Fig. 1A-2) to strong northerly (Figs. 1A-6b through 1A-8).



1A-4 DMSP infrared (TS) data. 15 September 1985, 0748 GMT.
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1A-5a NMC 850 mb analysis. 1S September 1985, 0000 GMT.
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1A-5b NMC 500 mb analysis. 15 September 1985, 0000 GMT.
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1A-8 FNOC surface analysis. 17 September 1985, 1200 GMT.

While the front moved south, a major storm evolved over the Beaufort Sea
(see Figs. 1A-6b through 1A-8). The storm, which was extremely costly to
oil interests in the region, lasted the longest and proved to be one of the most
severe of the 1985 storm season. On September 16 and 17 ESSO resources
was forced to evacuate Minuts I-53, “an artificial island situated 80 nm west-
northwest of Tukoyaktuk. As the island eroded, a $30 million derrick toppled
and a damaged storage container released 2440 barrels of diesel oil into the
Beaufort Sea” (Parker et al., 1985).

1A-8
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1A-92 DMSP infrared (TS) data. 15 September 1985, 0432 GMT.
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1A-9b FNOC surface analysis. 15 September 1985, 0600 GMT.

An early stage of storm development on 15 September at 0432 GMT (Fig.
1A-9a, storm centers indicated by a @ ) shows a rather disorganized region
of cloud swirls centered in the general area of 78N, 165W. The surface analysis
for 15 September at 0600 GMT (Fig. 1A-9b) shows a surface low in that area
centered closer to 80N. Another low center north of Mackenzie Bay relates
reasonably well to an ill-defined cloud center suggested west of Banks Island
near 72N, 135W. Note from the satellite data (Fig. 1A-9a) that the two systems
are quite distinct. A point is made of this because the AES Executive Summary
of this storm referred to earlier (Parker et al., 1985) suggests that the Banks
Island low became the major Beaufort Sea storm, whereas the results of this
study indicate that it was the evolution of cloud features to the west that became
the major storm.

The two vortices over Alaska are shown in Figure 1A-9a—one weakly
depicted near 62N, 163W and the other well-defined with center at 67N,
154W—are only part of the storm. The southernmost vortex does not appear
as a closed circulation in the surface analysis (Fig. 1A-9b) whereas the central
Alaskan vortex seems slightly displaced to the northeast of the low center
indicated over the southern portion of the Seward Peninsula.
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A DMSP infrared view (Fig. 1A-10) of the systems about 5 hours after
Figure 1A-9a shows further movement of these systems to the northeast. The
approximate centers of the systems are indicated by a @ . In addition, the
ill-defined center located near 73N, 127W west of Banks Island in Figure 1A-9a
remains ill-defined and appears to be slipping northeastward toward Prince
Patrick island. The low over the Beaufort Sea, meanwhile (center near 76.5N,
158W), is still apparent in a somewhat disorganized form, with several clusters
showing signs of intensification.

1A-10
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1A-11 DMSP infrared (TS) data. 15 September 1985, 1424 GMT.

Five hours later, at 1424 GMT (Fig. 1A-11), DMSP infrared data reveal
that the central Alaska low has reached Mackenzie Bay (low center is indicated
by a @), while the low originally west of Banks Island is no longer apparent,
and its definition is lost in the frontogenetic structure extending north/south
through Banks Island.

1A-11
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1A-12 FNOC surface analysis. 15 September 1985, 1200 GMT.

The FNOC surface analysis for 15 September at 1200 GMT (Fig. 1A-12)
shows a low SW of Banks Island, but there is little support for this low as
a viable entity judging from the satellite data (Fig. 1A-11) which show this
region as clear except for the small vorticity center near 70N, 140W
approaching Mackenzie Bay. Note that the low center (Fig. 1A-12) over the
Beaufort, near 78.5N, 164W, coincides with the disturbed region appearing
in the satellite data of Figure 1A-11.

1A-12



A time-section for Sachs Harbor from 15 September 0000 GMT to 18
September 0000 GMT (Fig. 1A-13a) shows potential temperature and mixing
ratio changes. The analysis suggests frontal passage at Sachs Harbor between
15 September 1200 GMT and 16 September 0000 GMT. Conditions were very
moist and stable prior to frontal passage and became dry and unstable after
the event. The upward bulging and spreading potential temperature lines on
17 September indicate instability.

A time-section of the wind field during the same period (Fig. 1A-13b) shows
the shift from southwest flow near the surface on 15 September at 1200 GMT,
to northwest flow on 16 September at 0000 GMT, as the front passed. The
section is additionally interesting in showing the two separate jet streaks that
passed over the region during the period of the Beaufort Sea storm development.
The first jet is well-defined over Sachs Harbor on 15 September and the second
on 17 September at 0000 GMT.
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1A-14 NMC 300 mb analysis. 15 September 1985. 1200 GMT.

The NMC 300 mb analysis for 15 September at 1200 GMT (Fig. 1A-14)
shows the jet streak passing over Banks Island, which was reporting a southwest
wind at 55 kt. The jet turned anticyclonically and increased speed as it moved
eastward over Prince Patrick and Melville Island. The cirrus streaks associated
with this jet are well revealed in the DMSP image of Fig. 1A-11.

1A-14
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1A-15 Track of surface low center. 15-19 September 1985 (From Beaufort Weather Office 1985 Report).

The Beaufort Sea storm in Figure 1A-11 is still disorganized with separate
clusters of cloudiness circulating about the low pressure center. It is apparent
from this image that the Beaufort Sea storm development was from a separate
surface low pressure center than that analyzed just SW of Banks Island in
Figure 1A-12. This suggests that the track of the low pressure center prepared
by AES (Bullas, 1985) and shown as Figure 1A-15 in representing the surface
low positions of the Beaufort Sea may be erroneous. Later in the period on
17 September, however, it is possible that the two surface lows merged into
a single low near the positions shown in those data.
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Figure 1A-16 is a DMSP infrared image taken 5 hours after Figure 1A-11.
It shows further evolution of the Beaufort Sea storm at 1922 GMT. The system
appears to be intensifying as low cloud bands over a wide distance are winding
about the storm center, vaguely implied near 77N, 160W. At the same time,
the central Alaskan center (near 64N, 151.5W) appears to have changed little
from its rather weak condition, and the vortex that had been approaching
Mackenzie Bay (center near 67.5N, 134W), is weakly defined, having moved
southward along the Mackenzie River.



1A-16 DMSP infrared (TS) data, 15 September 1985, 1922 GMT.
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1A-17a NMC 300 mb analysis. 16 September 1985, 0000 GMT.

The jet streak shown aloft in the NMC 300 mb analysis on 16 September
at 0000 GMT (Fig. 1A-17a) may have been a factor in the intensification of
the Beaufort Sea storm. Strong positive vorticity was created in the region
of the low because of this feature.

1A-17




1A-17b FNOC surface analysis. 16 September 1985, 0000 GMT.

The FNOC surface analysis for 16 September at 0000 GMT (Fig. 1A-17b)
does not show a developing system near 75N, 160W, but only a trough line
through that position connected to a low on the north end of Banks Island.
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1A-18 DMSP infrared (TS) data. 16 September 1985, 0355 GMT.

A DMSP infrared view of the region on 16 September at 0355 GMT is
shown in Figure 1A-18, and the FNOC surface analysis for 0600 GMT is
shown in Figure 1A-19. The surface analysis shows the Banks low over Prince
Patrick and Melville Island (center near 76N, 114W) with the Beaufort Sea
low still in a trough region. A small vortex (center near 68N, 13IW) is still
faintly discernible east of the mouth of the Mackenzie River in the DMSP
data (Fig. 1A-18) while the central Alaskan low has merged into a general
trough area. A protrusion of cloudiness NW of Prince Patrick Island may
mark the reappearance of the cloud vortex system associated with the Banks
low over Prince Patrick Island. Note that this is hundreds of miles from the
Beaufort low.

1A-18
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A DMSP infrared view of the area on 16 September at 0717 GMT is shown
in Figure 1A-20. The Beaufort vortex and Prince Patrick vortex (previously
referred to as the “Banks low”) are again evident in these data with little change
in intensity.

1A-20
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By 16 September at 1200 GMT, North Slope coastal stations started
experiencing strong sustained surface winds at 25-30 kt. The FNOC surface
analysis at this time is shown in Figure 1A-21.

As indicated in the report by Parker et al., 1985, “building 500 mb heights
and low-level cold air advection were producing strong surface pressure rises
over Alaska. These pressure rises contained and subsequently spread across
the Yukon. The result was a tightening of the surface pressure gradient and
a southward displacement . . . of a protective ridge (see Fig. 1A-9b) that
had been shielding the North Slope area. As the ridge was displaced southward,
the North Slope was exposed to gale force winds.

1A-21



A time-section showing potential temperature and mixing ratio changes at
Barter island is shown in Figure 1A-22a. On 15 September at 0000 GMT,
stable conditions were associated with the warm, moist air which preceded
frontal passage at Sachs Harbor (shown also in the time-section for the latter
station, Fig. 1A-13a). Unstable conditions early on 17 September are again
revealed by the upward-bulging and spreading potential temperature lines. The
time-section for wind effects (Fig. 1A-22b) shows the dual jet systems over
the region on 15 and 16 September.

It is noteworthy that unstable conditions on 17 September were associated
with the approach of the second jet. The change from stable to unstable
conditions appears, perhaps even more dramatically, in a comparison of Barter
Island soundings on 15, 16, and 17 September 1985 at 0000 GMT (Fig. 1A-23,
from Bullas, 1985). The figure vividly illustrates the pronounced advective
cooling that took place during the period of Beaufort low development, as
an initial stable lapse rate on 15 September changed to nearly dry adiabatic
by 16 September.
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1A-23 Barter Island upper air soundings, 15-17 September 1985. (From Beaufort Weather Office 1985 Report).

1A-23




At 1035 GMT on 16 September, DMSP data (Fig. 1A-24) reveal a large
sprawling low with no well-defined center but having within the circulation
several possible vorticity centers in cyclonic rotation. Possible centers are
designated by red arrows ending with a @ . Wave clouds are faintly discernible
over the Brooks's range indicating strong westerly flow aloft.

The surface analysis for 16 September at 1200 GMT (Fig. 1A-25a) still
shows no closed low over the Beaufort, but only over Melville Island (center
near 76.25N, 112W).

The 300 mb analysis for 16 September at 1200 GMT (Fig. 1A-25b) shows
a 70 kt jet streak covering the region from west of Barrow to near Barter Island
(see also Fig. 1A-22b). This places the Beaufort low in the left front exit region
of the jet—a favorable position for intensification.



1A-24 DMSP infrared (TS) data. 16 September 1985, 1035 GMT.
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1A-25b NMC 300 mb analysis. 16 September 1985, 1200 GMT.
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Five hours later, DMSP infrared data at 1541 GMT (Fig. 1A-26a) seem
to indicate some coalescence of these centers near 75N, 157W. This is a long
way from the FNOC 17 September 0000 GMT position shown on the surface
analysis for that time (Fig. 1A-26b) which shows a center near 80N, 127W.
(Note that this position differs by a few degrees from the Canadian-analyzed
position shown in Fig. 1A-15.) Both positions, however, are far from the
satellite-suggested center.

Additional views of the system were not available until 14 hours later, when
DMSP infrared data on 17 September at 0515 GMT revealed a storm obviously
undergoing rapid intensification (Fig. 1A-27). The center moved to a position
near 78N, 137W, which is close to the 500 mb center (at 76N, 139W), shown
in Figure 1A-28a, an NMC analysis for 17 September 0000 GMT. Wave clouds
over and downstream from high terrain indicate jet force winds over Alaska,
verified in the Barter Island time-section (Fig. 1A-22b) and also shown on
the NMC 300 mb analysis for 17 September at 0000 GMT (Fig. 1A-28b).

The storm at this time (17 September 0515 GMT) is not far from analyzed
surface low center positions suggested by the Canadians (Fig. 1A-15) and NMC
(Fig. 1A-26b) on their 0000 GMT analyses. It might be argued that the low
which they had been following coming up from Mackenzie Bay merged with
the developing Beaufort low. On the other hand, it appears erroneous to suggest,
as is shown in Figure 1A-15, that the Beaufort low had its origin near the
north coast of Alaska on 15 September at 0000 GMT.

1A-26a DMSP infrared (TS) data. 16 September 1985, 1541 GMT.
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1A-28b NMC 300 mb analysis. 17 September 1985, 0000 GMT.

1A-28



1A-29 DMSP infrared (TS) data. 17 September 1985, 1015 GMT.

Additional views of the system at 1015, 1523 and 1842 GMT on 17 September
(Figs. 1A-29, 1A-30, and 1A-31, respectively) show the storm’s further
evolution to peak maturity. The approximate storm center is indicated by a @ .

1A-29



An Arctic frontal band developed in Figures 1A-30 and 1A-31. This front
approached Sachs Harbor on 18 September. Evidence of increasing moisture
associated with the band is shown on the Sachs Harbor time section (Fig.
1A-13a) on 18 September at 0000 GMT.
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1A-32 FNOC surface analysis. 17 Scptember 1985, 1200 GMT.

The FNOC surface analysis on 17 September at 1200 GMT (Fig. 1A-32)
shows the strong sustained winds produced by this system along the North
Slope.

Table 1, prepared by the Beaufort Weather Office, Edmonton, shows wind
direction and wind speed in knots from 16-18 September 1985 at many of the
North Slope stations. The long duration of strong winds over a three-day period
is noteworthy.
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Jine Point XGB Deadhorse ~ Hammerhead Barter Edlok Komakuk Tarst Adlartok Minuk Havik Nerlerk Tuktoyaktuk
GMT Banqw SCC McClure Island YA YUB
BRI'1 CIDS Exp 2 BT1 fxp 4 Mohkpaq Exp 3 Kamottk Exp 1 Kulluk
16/00 2527635 2422 2521 3017 2918 2915 3314 3320 3124 3313620
01 2527G35 2622 2422627 2624 2916 2918 3212 3023 3217 3212621
02 2723633 2522629 2816 2918 3216 3318 3120 3320 3216
03 2924G33 2422628 2822628 2920 2518 3316 3110 3217 3220 3215
04 2823633 2423629 2725 2920 2520 3211 3015 3216 3214 3216
05 2823633 2426633 2426 2824 2618 2317 3310 3320 3317 3116 3416
06 2723634 2426633 2428 2828635 2722 2715 3413 317 2911 3412
07 2925634 2429634 2534 2729635 2928 2416 2908 3015 2912 2612 3412
08 2925G36 2624630 2733639 3028 2415 3015 3015 212 3509
09 3028638 2723631 2732 2834640 2828 2415 3117 3020 3020 2614 2615 3506
10 2725636 2522628 2734 2830635 2934 2418 3120 3030F 2714 2519 2907
11 2724G34 2523G28 2136 2930635 2942 2418 3124 3030 2516 2619 2710
12 2725636 2626635 2137 2830635 2840 2713 3021 3030F 2825G33 2518 2619626 2806
13 2626638 2627633 2736 2932640 2932640 2630 3125633 3030F 2516 2519 2810
14 2723637 2625632 2735 2931637 2932638 2425 3023 3030E 2616 2821 2918
15 2723636 2527632 2839 2834640 2420625 3129 2835640 2932 2822
16 2725640 2640 2527632 2739 2934644 2940650 2320625 3130 2830638 2924 2921628
17 3023637 2635 2527632 2738 2836644 2942650 2118 2930638 2835 2918 2920 2924633
18 2716633 2528635 2740 2830639 2934646 2425630 3030642 2738645 2838 2816 2120 2924633
19 2819633 2522632 2939646 2934640 2930642 2844650 2720 2521 2922632
20 2521633 253% 2525635 2736 2932640 2418 2930640 2840648 2524 2825 2925636
21 2820635 2732638 2522632 2736 2934642 2936640 2628 2830648 2832640 2728 2830 2823635
22 2725G34 2528636 2734 2836641 2928634 2628 2930640 2930635 2730 2830640 2924635
23 2628635 2731 2928G40 2530 2835 2734 2930 2925635
17/00 3022633 2628635 2735 2937645 2930 2726634 2828 2832 2738 2817 2626 2823632
01 2720630 2126632 2736 3032639 2832 2420 2824 2823638
02 2623G31 2735 2623631 2936G46 2834 2416 2927634 2925 2635 2633 2825634
03 2820630 2624631 2735 2935644 2838 2828 2935 2728637 2534 2840 2820
04 2820627 2623630 2632 3037642 2940 2520 2827 2840 2632 2833 2720630
05 2725634 2530 2934639 2940 2317 2830 2935 2523 2632 2722
06 2921630 2625634 2630 2936641 2942648 2723628 2728638 2536 2825629
07 2923630 2726634 2630 2934640 2728 2840 2538 2640645 2820626
08 2719631 2623G28 2935643 2838642 2427 2728634 2735 2536 2627630 2824627
09 2817G28 2725630 2624 2930636 2940644 2422 2725631 2840645 2930642 2830 2730634 2720628
10 2920632 2726631 2931636 2736644 2324 2827 2838645 2625 2735640 2823627
11 2818628 2722627 2934G41 2420 2824 2740 2827 2631640 2824629
12 2718626 2623629 2634 2934640 2836640 2823 2826634 2735 2632 2730G38 2725631
13 2718630 2625632 2638 2932639 2932638 2426 2725 2740 2628 2632 2726G30
14 2720630 2624633 2544 2934G41 2824638 2833645 2740 2736646 2730 2724630
15 2720631 2627G35 2537 2835643 2934046 2320630 2830640 2740 2735644 279 2730640
16 2820629 2728634 2626636 2536 2932641 2832642 2325630 2827 2740650 2732 2833G45 2730640
17 3023632 2727 2626635 2537 2839644 2834644 2424 2850 2744 2728635
18 2620633 2625635 2537 2834642 2834640 2420 2827638 2845650 2734G46 2740 2734645 2725635
19 2917G32 2625635 2536 2836645 2942650 2420 2827638 2840G45 2540 2740650 2728640
20 2922629 2635 2625635 2937G45 2940646 2420 2827640 2730638 2440 2729640
21 2918631 2632 2627633 2536 2936643 2940646 2420 2827G40 2940 2332 2835646 2730640
22 2719626 2634637 2527634 2538 2938645 2938650 2430 2930640 2840648 2433 2946 2725638
23 2818626 2526632 2534 2837644 2942652 2624 2930642 2940645 2534 2742 2730642
18,00 2717626 2522632 2530 2839645 2942652 2726 2925640 2835641 2734G42 2540 2744 2730640
01 2518623 2625631 2430 2940647 2946654 2426 2830 2840 2638 2845650 2830640
02 2616623 2732 2428035 2430 2839647 2842655 2624 2930638 2940650 2540G46 2835640 2825640
03 2515623 2523633 2432 2937646 2844654 2530 2927G35 2840650 2730646 2727634 2830635 2829G38
04 2515623 2526632 2430 2934641 2850655 2430 2930642 2840 2938642 2725635
05 2616621 2526630 2432 2830641 2840650 2325 2936645 2840650 2726638 2943648 2728635
06 2611 2522628 2530 2831639 2942648 2726 3040645 3045 2930 2933 2721626
07 2413 2523 2831635 2840646 2222 3138 2932 3045G50 2825G34
08 2410 2422 2524 2833639 2832638 2324 2840645 2732 3030 2827G34
09 2412 2423 2222 2931637 2832638 2218 3035640 2840 3125638 2630 2933 2923631
10 2208 2320 2126 2828634 2828634 2316 2933640 3035 2830 2936644 2820626
11 2105 2316 2125 2927G34 27280634 2318 3033638 3030 2730 3030634 2825631
12 2212 2318 2925628 2724630 2618 2928632 2830 2825635 2927 2925630 2820625
13 1711 2320 2919 2716620 2208 2928 2730 2817 2624 2820626
14 1908 2318 2917 2715 2008 3028 2824 2718 2624 2820627
15 1508 2108 2008 2211 3014 2310 1908 3024 2122 2726 2422 2622 2719625
16 2309 2110 2311 2710 2715 2716 2628 2628 2718628
17 2409 2004 2212 2210 2106 1006 2715 2515 2625 2520
18 2212 2311 1907 1505 0605 2514 2312 2720 2626 2623 2515
1A-33
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1A-34 NOAA-9 visual (CH 2) data. 5 June 1985 (From Beaufort Weather Office 1985 Report).

Figure 1A-34 is a NOAA visual image taken on a different date, 5 June
1985, which shows the location of many of these stations. Their vulnerability
to prolonged strong westerly wind conditions under ice-free conditions is
apparent.
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1A-35 DMSP infrared (TS) data. 18 September 1985, 1501 GMT.

As indicated, a major factor in damage from this storm was the long duration
of sustained strong winds. These began to subside on 18 September as the
storm center moved NE. Figure 1A-35 is a final DMSP image of the storm
system at 1501 GMT on 18 September with the center at 77N, 117W, near
the northern shoreline of Prince Patrick Island.

1A-35



The FNOC surface analysis on 18 September at 1200 GMT (Fig. 1A-36)

concludes this study in revealing the abatement of winds along the North Slope
and the approach of a protective ridge to again shield the area from the strong
westerlies of large-scale cyclogenesis in the Beaufort Sea. Clear skies over
the North Slope are apparent in the satellite data (Fig. 1A-35), and signal
the end of this event.

Important Conclusions

1.

Large-scale cyclogenesis-producing strong winds along the North Slope
of Alaska and off-shore waters does occur in the Beaufort Sea. Such storms
are not frequent, but are more usual during the fall season, and are generally
not shown in climatological storm tracks over the area. When open water
exists along the coast, the fetch of westerly flow combined with a 2-3 day
duration can build seas to in excess of 8 m.

Satellite data at frequent intervals (every 2-3 hours) are required to monitor
movement and development of such systems.

Jet streaks around the periphery of slowly developing systems appear to
play an important role leading to more rapid intensification. This is certainly
not a new finding, but is important to emphasize. These jet streaks should
be carefully monitored for position with respect to the storm system and
for changes in satellite appearance.

. Vertical time sections of key stations are useful in detecting lows, fronts,

and jet cores and in understanding the 3-dimensional structure of weather
events passing over a given location in the Arctic.

. The 850 mb chart is especially useful in detecting frontogenesis and

cyclogenesis in Arctic regions and in monitoring frontal movement.
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Case 2 Extreme Ship Icing Event—Western Gulf of Alaska

The fishing vessel F/V Vestfjord, with a crew of five and one passenger,
departed from the vicinity of Cape Spencer, Alaska (about 100 miles north
of Sitka, Alaska) on 22 January 1989, en route to Dutch Harbor in the Aleutian
Islands (Fig. 1A-37). The ship had missed the opening of the season for fishing
king crab along the ice edge north of the Pribilof Islands and was hastening

to make up for lost time.

At a speed of 9 kts, transit from Cape Spencer across the Gulf of Alaska
to Kodiak normally takes about 3 days. However, Vestfjord almost immediately
encountered high winds and high seas. Flow initially was from the west and
southwest, which greatly reduced the ship’s progress.

On the afternoon of 27 January, SE of the Kenai Peninsula, winds shifted
to northerly as Vestfjord began to enter a very strong pressure gradient region
that would yield very strong NW winds through the Kamishak Gap and south

of the Alaskan Peninsula.

The vessel passed south of Kodiak on 28 January, in a region of severe
cold air advection, with heavy super structure icing, due primarily to super-
cooled sea spray. A weather report from the ship, approximately 60-70 miles
SW of Kodiak Island on 29 January just prior to 1010 GMT, indicated northwest
winds of 60 kts, in 27-foot seas. Air temperature was about —14°C, and sea
surface temperature about 4°C. Immediately after filing the report, the ship
overturned and sank, with loss of all on board.
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27 January 1989

DMSP infrared (TS) data received at 0617 GMT (Fig. 1A-38) show the
effects of a cold surge into the Bering Sea. The ice edge is apparent, stretching
from the coast of the USSR to Bristol Bay, just north of the Alaskan Peninsula.
(Note that the image is poorly gridded and misaligned by over 2° latitude.)
As shown in an enlargement (Fig. 1A-39), St Matthew Island is just north
of the ice edge, but the Pribilof Islands, St Paul and St George, are in open
water. Their outlines can be faintly seen through the cloud lines passing over
the islands, apparently unaffected by the islands’ topographic features which
rise to 665 ft on St Paul and 1012 ft on St George.

Near the western portion of the ice edge a mesoscale vortex is apparent,
forming on the north end of a north-south-oriented boundary layer front (BLF).
This implies the existence of an inverted trough in the area.

A northwesterly surge of air is apparent through the Kamishak Gap and
other gaps along the Kenai and Alaskan Peninsulas.
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1A-38 DMSP infrared (TS) data. 27 January 1989, 0617 GMT.
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The FNOC surface analysis for 0600 GMT (Fig. 1A-40) reveals the high
pressure center (1033 mb) over western Siberia responsible for the cold
outbreak. A long trough connects low pressure centers over the N. Pacific
and passes through southeastern Alaska and the Yukon to a low centered just
south of Great Slave Lake, in the District of Mackenzie, Canada. A strong
pressure gradient is evident over the Aleutians, the Alaskan Peninsula, past
Kodiak Island, the Kenai Peninsula, and into central Alaska. Note the satellite
evidence that winds are blowing from the NW, perpendicular to the isobars,
and along the pressure gradient in the Kamishak Gap and along the Kenai
and Alaskan Peninsulas. This is the norm in that region under such an isobaric
configuration and is an effect of the unique topography of the area.

The surface analysis is not detailed enough to reveal the inverted trough
associated with the boundary layer front near 175E. Twelve hours later, at
1840 GMT, another DMSP infrared (TS) image (Fig. 1A-41) shows that the
surge is developing and moving eastward. Gap wind effects are evident all
along the Alaskan Peninsula.

Northwest flow through the Kamishak Gap now extends further to the
southeast and changes abruptly to northeasterly flow where the cloud lines
disappear into an overcast veil of low clouds or fog. The north edge of this
low overcast delineates the position of a mesoscale ridge. The trough line
exists just south of this region, connecting the wave-like protuberances
associated with low centers north of the overcast frontal band apparent in the
southern portion of the image.

The mesoscale vortex in the boundary layer front, just south of the ice edge,
has enlarged considerably in comparison to the previous view. However, it
shows little vertical development or other signs of strength.

An enlargement of the Kamishak Gap region (Fig. 1A-42) reveals the
significant changes of wind direction, on a mesoscale basis, within Cook Inlet.
Winds are funneled from the NNE between the Chigmit Mountains, west and
southwest of Anchorage, and the Kenai Mountains, south of Anchorage. Winds
shift suddenly to NW in the lee of the Chinitna Peninsula, where an enhanced
cloud line can be seen extending southeastward past the southern tip of the
Kenai Peninsula. A short distance southeast of the Chinitna Peninsula,
Augustine Island shows lee effects which indicate due-westerly flow. The
separate flows converge into the enhanced cloud line extending leeward of
the Chinitna Peninsula.

It is of interest that Augustine Island, with an elevation of 3927 ft, shows
a clear wake effect, while the Barren Islands, between Kodiak and the Kenai
Peninsula, show enhanced cloud trails. The Barren Islands have a maximum
elevation of 1986 ft, considerably lower than Augustine. Kodiak’s sounding
for 28 January at 0000 GMT (Fig. 1A-43) reveals an inversion base near
870 mb, or about the 4200 foot level. The base was probably even lower near
Augustine Island, since heat flux would tend to raise the base after the air
passed over the water to Kodiak. This means that air flow passing Augustine
Island would be largely forced around the island rather than over it, thereby
creating a clear wake in the process. Air moving past the Barren Islands, on
the other hand, could easily pass over the islands, inducing some upward
vertical motion in the process, thereby giving rise to an enhanced cloud trail.
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1A-43 Radiosonde diagram for Kodiak Naval Station. 28 January, 0000 GMT.

Some useful mesoscale implications derive from the preceding analysis.
Corner effects resulting in increased wind speed can be anticipated in wind
flow around island barriers, as opposed to no wind speed increase when wind
flows over the barrier. This increase can be considerable, causing much

increased sea height and decreased surface visibility due to spray effects (Fett
and Burk, 1981).

The clear wake may be a result of subsiding effects induced by entrainment
of slow moving air in the immediate lee of the island into the faster moving
current of air extending downstream on both sides from the island’s edges.
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1A-44 FNOC 500 mb analysis. 27 January 1989, 1200 GMT.

The FNOC 500 mb analysis for 1200 GMT (Fig. 1A-44), shows the upper-
level trough displaced northward from the surface position, as is commonly
observed. Wind speeds increase from 25 kts at the base of the trough near
the Alaskan Peninsula to 70 kts over SE Alaska. High-level speed divergence
and positive vorticity advection favor cyclogenesis in the northern portion of
the Gulf of Alaska.

Southeast of the trough, a jet stream maximum of 95 kts is found over the

frontal band (Fig. 1A-41) which brings strong southwest flow into central
Canada.
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1A-45 FNOC 850 mb analysis. 27 January 1989, 1200 GMT.

The FNOC 850 mb analysis for 1200 GMT (Fig. 1A-45) shows the
tremendously strong cold air advection extending down past the Aleutians.
South of the trough, isotherm configuration corresponds to the frontal activity
in that region.

1A-45



1A-46 FNOC surface analysis. 27 January 1989, 1800 GMT.

The FNOC surface analysis for 1800 GMT is shown in Figure 1A-46. The
analysis reveals the intensifying gradient through the Kodiak Island/Kenai
Peninsula region that was to spell trouble for Vestfjord, just entering that area.

The Anchorage Marine Weather Forecast, issued on 27 January at 1146 GMT,
valid from 3 AM Friday (Local Time) to 5 AM Saturday, with outlook to
5 AM Sunday (29 January 1989), read as follows:

Area 3A. Barren Island and Kamishak Bay Waters.

Storm Warning. NW winds to 50 kts increasing to 80 kts
Friday night. Seas to 20 ft building to 35 ft Friday night. Heavy
freezing spray. Lowest temperatures near 5 below.

Outlook: NW winds to 80 kts.
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1A-47 NOAA 36 hour forecast for ice accretion. Valid 29 January 1989 0000 GMT.

Figure 1A-47 is the NOAA 36-hour forecast for ice accretion, valid for
0000 GMT on 29 January 1989. The forecast indicates an area of heavy ice
accretion surrounding the Kodiak and Kenai Peninsula region. Clearly, any
fishing vessel having access to these warnings would head directly for the
nearest port. For some reason, however, Vestfjord either did not receive or
heed these warnings, or could not head for port, as it continued its route
westward. The Captain possibly thought that he might outrun the system and,
at any rate, be protected from high seas due to limited fetch in the lee of the

Alaskan Peninsula.
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1A-48 FNOC 48 hour surface prognosis. Valid 29 January 1989 1200 GMT.

The FNOC 48-hour surface prog (Fig. 1A-48), valid for 29 January 1989
at 1200 GMT (close to the time the ship sank), indicates that hopes for a
more relaxed pressure field in the Kodiak Island area would not be achieved
by that date. Calmer conditions could only be attained much further out on
the Aleutian chain, with a high pressure center forecast directly over Dutch
Harbor.
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1A-49 FNOC surface analysis. 28 January 1989, 1200 GMT.

28 January 1989

The FNOC surface analysis for 1200 GMT (Fig. 1A-49) shows that the
system was perhaps even more intense on this date. Isotherms on this analysis,
drawn every 2°C, show one of the strongest cases of cold air advection in
history. King Salmon, on the Alaskan Peninsula, reports a temperature of
—42°C, while Kodiak Naval Station reports —22°C.
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DMSP infrared (TS) data at 1434 GMT (Fig. 1A-50) show the cold surge
in full force. Anticyclonic bending of the cloud streets south of the Aleutians
coincides with a ridge line at that location. A small vortex seems to be forming
near the Alaskan coast southwest of Prince William Sound, in the region where
cyclogenesis might have been predicted based on the 500 mb analysis shown
in (Fig. 1A-44).

A DMSP infrared (TS) view at 2002 GMT (Fig. 1A-51) shows the far western
portion of the area. Remains of the decaying mesoscale vortex and BLF are
apparent in a ring-like cloud pattern. The warm pattern in the ice on the
southward lee of St. Lawrence Island is especially evident in this image and
indicates a region of thinner refrozen ice, which radiates at a warmer
temperature than the surrounding pack ice due to heat conduction from the
underlying relatively warm sea. An enlargement of the ice edge is shown in
Figure 1A-52. Comparison of this figure with Figure 1A-39, reveals that the
ice is about 30 miles closer to St. Paul, in the Pribilofs, at this time, having
been driven southward by the persistent, strong northerly winds over the pack
ice.

29 January 1989

DMSP infrared (TS) data acquired at 0552 GMT (Fig. 1A-53) reveal a
perfect fleur-de-lis cloud pattern (see Section 1B, Case 5), with northerly flow
turning cyclonically to the east around a small vortex just south of the Kenai
Peninsula, and the flow to the west turning anticyclonically about a high
pressure center north of the Aleutians. Figure 1A-54 is the FNOC surface
analysis for 0600 GMT, close to the time of the satellite data. The high pressure
center is shown to the west, but the low just south of the Kenai Peninsula
is not depicted on this analysis.

The 0000 GMT 500 mb analysis (Fig. 1A-55) shows an upper-level low
displaced north of the suggested satellite-observed center with a position near
Anchorage. The upper-level trough has moved slightly southeastward and is
approaching Kodiak. Pronounced cold air advection on the west side of the
trough is still apparent. At 850 mbs (Fig. 1A-56), pronounced cold air
advection is evident from Kodiak Island southeastward.

It is clear from the satellite data and the surface and upper-air analyses
that conditions had not improved for the vessel Vestfjord, which was to sink
shortly after the time of these data. (Its approximate position in Fig. 1A-53,
at the time of the DMSP data, 0552 GMT, has been marked on the image
with an “X". Vestfjord sank at 1010 GMT.)

It can be seen that the ship was located in an area of very moist, overcast
conditions. Although the surface pressure gradient (Fig. 1A-54) suggests wind
speeds of only 35-40 kts, the vessel itself, at the time, reported a sustained
wind speed of 60 kts in 27-foot seas, and at least one other nearby ship (Fig.
1A-54) reported sustained winds of 50 kts. It is clear that, with an air
temperature of —14°C, supercooled sea spray could cause a rapid, and in this
case disastrous, buildup of superstructure icing.
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1A-50 DMSP infrared (TS) data. 28 January 1989, 1434 GMT.
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1A-51 DMSP infrared (TS) data. 28 January 1989, 2002 GMT.
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1A-52 DMSP infrared (TS) data enlargement. 28 January 1989. 2002 GMT.




1A-53 DMSP infrared (TS) data. 29 January 1989, 0552 GMT.
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1A-54 FNOC surface ana lysis. 29 January 1989, 0600 GMT.
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1A-58 Radiosonde diagram comparison for Kodiak Naval Station. 29 January 1989, 0000 GMT and 30 January 1989, 0000 GMT.
Symbols and curves in red are for 30 January 1989, 0000 GMT.

The warming and drying effects are perhaps more clearly revealed in a
comparison of radiosonde data showing conditions on Kodiak Island at 0000
GMT on 29 January versus 0000 GMT on 30 January (Fig. 1A-58).
Temperature increases of as much as 12°C are apparent from the surface to
550 mb. Warm air advection is indicated on the 29 January data by the
pronounced veering of winds from the 1000 to the 850 mb level. Additional
warming appears subsidence-induced due to trough passage at upper-levels
above 700 mbs.
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30 January 1989

The FNOC surface analysis for 0600 GMT (Fig. 1A-57), on first appearance,
seems to indicate equally strong, unabated storm conditions. However,
something significant happened in the weather experienced at Kodiak. Skies,
which had been overcast, suddenly changed to only 2/8 coverage by 1800 GMT
on 29 January. Temperatures, which had been reading around —