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ABSTRACT 
Long-term time series of satellite observations are 
used to survey ocean surface thermal fronts in the 
Gulf of Alaska, Bering, Chukchi and Beaufort Seas 
as well as in the upstream region of the Alaskan 
Current and farther south along the North 
American shelf to include British Columbia waters 
and the Columbia River Plume area, thus covering 
45°N-75°N, 160°E-120°W. The Cayula-Cornillon 
algorithms for front detection and cloud screening 
were applied to the Pathfinder twice-daily 9-km 
resolution SST images from 1985-1996. A number 
of new frontal features have been identified in the 
Alaskan Seas; some previously known fronts have 
been systematically studied for the first time. 
Frontal frequency maps are provided for each of 
four Alaskan Seas. In the Gulf of Alaska and 
Bering Sea the SST fronts are best defined in 
spring (May) and fall (November), while being 
masked by surface heating in summer. In the 
Chukchi and Beaufort Seas the SST fronts are 
best seen in summer (August-September), when 
both seas are typically ice-free. Seasonal 
evolution of SST fronts is noted off the Oregon-
Washington coasts and Vancouver Island, in 
Hecate Strait and Dixon Entrance. 
 
INTRODUCTION 

Ocean fronts are relatively narrow zones of 
enhanced horizontal gradients of physical, 
chemical, and biological properties that separate 
broader areas of different vertical structure 
(stratification). The fronts are crucial in various 
processes that evolve in the ocean and at the 
ocean interfaces with the atmosphere, sea ice and 
ocean bottom (Belkin, 2003a, b).  Until the 1970s, 
frontal studies were based on ship data (Fedorov, 
1986).  The main problem in using ship data for 
climatological purposes is extremely non-uniform, 
patchy, and mostly sparse coverage provided by 
ship data. On the contrary, satellite data, at least, 
in principle, are spaced regularly and allow a fairly 
dense global coverage to be attained. The satellite 
data sets extend back to the early 1980s, thus 
encompassing nearly two decades and allowing a  
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long-term variability of fronts to be studied. 
Satellite-retrieved sea surface temperature (SST) 
data have been widely used for regional frontal 
studies since the 1970s (e.g. a global survey of 
Legeckis, 1978).  Earlier studies (see extensive 
bibliographies in Belkin et al., 2003a,b,c) have 
been focused mainly on fronts associated with 
western boundary currents such as the Gulf 
Stream, Kuroshio, Brazil-Malvinas Confluence,  
Agulhas Current, and East Australian Current;   
fronts associated with eastern boundary currents 
and coastal upwellings have been studied in such 
areas as the California Current, Peru-Chile 
Current, Canary Current and Northwest African 
upwelling, Benguela Current, and Leeuwin 
Current; in the open ocean, the North Atlantic 
Subtropical Front and the North Pacific Subtropical 
Front received most attention, while high-latitude 
fronts masked by persistent cloudiness have 
nonetheless been studied in the Nordic Seas and 
the Southern Ocean. 

Satellite observations of surface fronts in high-
latitude seas are hampered by seasonal ice cover 
and persistent cloudiness.  Nonetheless, several 
studies have demonstrated the great potential of 
remote sensing, including infrared imagery, in 
observing surface manifestations of oceanic 
phenomena (fronts, eddies, upwelling etc.) such 
as the Warm Coastal Current in the Chukchi Sea 
(Ahlnäs and Garrison, 1984), coastal upwelling off 
St. Lawrence and  St. Matthew islands in the 
Bering Sea (Saitoh et al., 1998), the St. Lawrence 
Island Polynya (SLIP; Lynch et al., 1997),  and 
spring blooming in the Bering Sea  (Maynard and 
Clark, 1987; Walsh et al., 1997). 

The above studies, being very important in 
elucidating physics and geography of individual 
fronts, didn’t amount however to a regional 
synthesis, which requires a unifying approach to 
be consistently applied to a long-term data set of 
thoroughly calibrated measurements.  The present 
work summarizes the most important results of 
such a project undertaken at the University of 
Rhode Island (URI), where advanced algorithms 
for front detection and cloud screening have been 
developed earlier, described in the next section.  

The present work is essentially an exploratory 
study.  The main goal is to describe all the robust 
(persistent) frontal features noticeable in the data, 
regardless of the spatial scale of the features, and 
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compare them with previously available 
observations. As such, the work presents a brief 
provisional compendium of thermal fronts 
observed in the Alaskan seas. 
 
DATA AND METHOD 

Because the fronts are originally defined as 
high-gradient zones, most objective computer-
based approaches to front identification are based 
on gradient computations (e.g. Kazmin and 
Rienecker, 1996; Yuan and Talley, 1996).  The 
approach used in this study is based on 
histogram analysis.  Since a front is a boundary 
between two relatively uniform water masses, 
histograms of any oceanographic characteristic 
(e.g. SST) in the vicinity of the front should have 
two well-defined modes that correspond to the 
water masses divided by the front, while the latter 
corresponds to the frequency minimum between 
the modes. This basic idea has been implemented 
by Cayula and Cornillon (1992, 1995, 1996) and 
Ullman and Cornillon (1999, 2000, 2001); the 
reader is referred to these works for pertinent 
details. The fronts used for this study were derived 
from the NOAA/NASA Pathfinder SST fields 
(Vazquez et al., 1998) for the period 1985-1996, 
covering almost entire World Ocean, from 75°N to 
75°S. These fields were obtained from the AVHRR 
Global Area Coverage data stream (two 9.28-km 
resolution fields per day) and are available from 
the Jet Propulsion Laboratory.  SST fronts were 
obtained from the cloud-masked SST fields with 
the multi-image edge detection algorithm (Cayula 
and Cornillon, 1996; Ullman and Cornillon, 1999, 
2000, 2001). The cloud masking and front 
detection algorithms were applied to each of the 
8364 SST images in the 12-year sequence.  The 
frontal data were aggregated over months (e.g. 12 
Januaries taken together), and seasons (e.g., the 
winter climatology is obtained from all Januaries, 
Februaries, and Marchs taken together).  The front 
detection and tracking is conducted at three levels: 
window, image and a sequence of overlapping 
images. The optimum window size is important. 
Based on a series of numerical experiments with 
various window sizes, Cayula and Cornillon (1992) 
have arrived at the optimum window size of 32 by 
32 pixels. The front detection algorithm uses all 
pixel-based SST values within each window to 
compute a SST histogram for the given window.  
For each window that contains a front (a relatively 
narrow zone of enhanced SST gradient), the 
corresponding SST histogram would have a 
frequency minimum identified with the front. Three 
basic types of maps are used in the analysis: long-

term frontal frequency maps, quasi-synoptic frontal 
composite maps, and long-term frontal gradient 
maps. The long-term frontal frequency maps show 
the pixel-based frequency F of fronts normalized 
on cloudiness: For each pixel, F = N/C, where N is 
the number of times the given pixel contained a 
front, and C is the number of times the pixel was 
cloud-free.  Thus, the frequency maps are best 
suited for displaying most stable fronts. At the 
same time, frontal frequency maps understate 
some fronts associated with widely meandering 
currents such as the Gulf Stream Extension, North 
Atlantic Current, and Azores Current.  In such 
cases quasi-synoptic frontal composite maps are 
most helpful because they present all of the 
synoptic snapshots of the "instant" fronts detected 
in individual SST images within a given time 
period (e.g. week, month, or season), without any 
averaging or smoothing. The frontal composite 
maps thus allow one to detect the most unstable 
fronts that are not conspicuous in the frontal 
frequency maps. The long-term frontal gradient 
maps show two scalar quantities, gradient 
magnitude and gradient direction, associated with 
each frontal pixel in the long-term frontal 
frequency maps. Gradient visualization by color 
mapping gradient magnitude and direction (e.g. 
Ullman and Cornillon, 1999) has a clear 
advantage over vector mapping, namely 
resolution. Scalar mapping allows even tiny details 
to be preserved, down to a single pixel, whereas 
vector mapping typically requires subsampling, 
otherwise vector maps become crowded and 
illegible. 
 
GULF OF ALASKA 

Fronts in the Gulf of Alaska vary strongly with 
season and year. In late fall-winter, the Shelf-
Slope Front (SSF) is observed in the northern 
and northwestern Gulf that peaks in February-April 
between 140°W and 165°W, extending from 
Queen Charlotte Islands in the east up to 
Shumagin Islands in the west (Figure 1). This 
front is associated with the Alaskan Stream (e.g. 
Reed and Schumacher, 1987)). In winter, the 
Alaskan Stream seems to be bounded by two 
parallel fronts. Such situations were clearly 
recorded in March 1987, April and December 
1992, January and March 1995, and March 1996; 
less clearly, in February 1986 and March-April 
1990. The SSF seems to sporadically form a large 
meander off Kodiak Island at 148-150°W, first 
described by Musgrave et al. (1992) who correctly 
(albeit tentatively) mapped it from a single 
hydrographic section in April 1988 augmented by 



drifter observations. Our frontal composite maps 
for April and May 1988 revealed the same 
meander and confirmed the mapping by Musgrave 
et al. (1992). Moreover, we have identified similar 
meanders in February 1989, December 1992, and 
March 1993. From May through July, the Gulf is 
full of short frontal segments that do not form any 
pattern. This is the season when the new upper 
mixed layer is thin and the density difference 
across the new seasonal thermocline is small, 
hence the upper layer and seasonal thermocline 
could be easily mixed by a storm.  Thus, any 
fronts that appear in the new upper mixed layer 
are bound to be short-lived. 

 
In August-September, a newly found 

'horseshoe' front east of Kodiak Island is 
prominent that persists through November (Figure 
2). This front consists of two parts, (1) zonal front 
along ~59°N, east of Barren Islands and north of 
Portlock Bank, and (2) outer shelf-slope front 
along the shelf break/upper slope (SSF). The 
zonal front is apparently associated with the ACC 
which flows westward into Cook Inlet. Indeed, a 
CTD section in October 1991 along a quasi-
meridional 151°W line has revealed a westward 
geostrophic jet at 59°N (Stabeno et al., 1995); our 
frontal SST map from the same month has shown 
a very stable zonal front at 59°N, collocated with 
the concurrent hydrography. The front bounds the 
relatively warm inshore waters diluted by the 
Kenai Peninsula runoff, hence the old term the 
'Kenai Current' (Schumacher and Reed, 1980), 
later replaced by the 'Alaska Coastal Current' 
(Royer, 1981; Reed and Schumacher, 1987). The 
front is distinct from May through November and is 
best defined in late summer and fall. The front 
maintenance/intensification might be partially 
accounted for by the tides that are known to 
completely mix the water column over Portlock 
Bank, south of the front (Reed and Schumacher, 
1987, Figure 3-10). The outer shelf-slope front 
(SSF) is apparently associated with the Alaskan 
Stream. This front is prominent from August 
through October when, together with the above 
zonal front, it dominates the Gulf's frontal pattern 
(Figure 1). 

  
A shelf front SW of Kodiak Island was 

sporadically observed from February through May 
(in 1985, 1986, 1990, 1991, and 1996) when it 
extended from Trinity Islands (154°W) up to 
158°W where it joined the ACC. Another front in 
the lee of Kodiak Island, NE of Chirikof Island 
was observed for one or two months in late 
summer, between July and October. Both features 

have not been described before. It is not clear at 
this point if there is any relation between these 
fronts.  Both fronts might have some relevance to 
the southwestward outflow from the Shelikof Strait 
observed from drifters (Schumacher and Kendall, 
1991) and reproduced in a model (Hermann and 
Stabeno, 1996; Stabeno and Hermann, 1996).  
Since these fronts are neither seasonally 
persistent nor spatially stable, they do not show up 
in long-term frontal frequency maps but are 
distinct in quasi-synoptic frontal composite maps 
for individual months.  Both fronts might play an 
important role in the life cycle of walleye pollock 
because the adult  migration to the spawning 
ground in the lower Shelikof Strait and the 
subsequent larvae drift out of Shelikof Strait (as 
shown by Schumacher and Kendall (1995, Figure 
1)) take place in the immediate vicinity of these 
fronts. 

Thomson and Gower (1998) reported a "train" 
of six eddies in March 1995 between Queen 
Charlotte Islands and Kayak Island. Our front 
detection algorithm correctly identified the offshore 
rims of these eddies as fronts connected to each 
other in a way reminiscent of Thomson and Gower 
(1998, Figure 1). Moreover, we found evidence of 
similar wave/eddy train patterns in February 1989, 
March-April 1990, April-May 1992, and March and 
May 1996. Thus, the instability events that 
cause the observed eddy/wave trains might be 
quite typical of the wintertime regime of the 
Gulf of Alaska. 

Using nine clear AVHRR images from 1983, 
Thomson and Emery (1986) have observed a 
narrow along-shore poleward current off British 
Columbia, termed the Haida Current, between 
October and April. From cloud-free 1-km 
resolution AVHRR images between July 1987 and 
September 1991, Jardine et al. (1993) noticed the 
Haida Current in summer too, albeit rarely. Our 
declouding algorithm allowed even partly cloudy 
images to be used in front detection and tracking. 
As a result, the Haida Front was distinguished 
from September through March. Alternative 
explanations of the improved visibility of the front 
implicate a regime shift after 1983 or a strong 
interannual variability of the front, with the year of 
1983 being a poor visibility year.  Note that our 
front tracking algorithm consistently detected the 
Haida Front despite its relatively weak SST signal, 
up to 1°C in the Haida Current core (Thomson and 
Emery, 1986). 

A well-defined front was observed in 
Hekate Strait (~131°W) from July through 
March (Figure 2). The front is best defined in 
September, when it extends along the eastern 



coasts of the Queen Charlotte Islands between 
52.5°-54°N. The front's northern part is the 
Dogfish Banks Front (east of the islands), 
interpreted by Jardine et al. (1993) as a tidal 
mixing front. They observed this front to reverse 
seasonally, with the on-bank water being 1-2°C 
colder in winter and 2-3°C warmer in summer than 
the off-bank water. The seasonal reversal is 
explained by the Banks' shallowness, with the 
front located over the 20-30-m depths (Jardine et 
al., 1993). This front has the maximum near-
surface concentrations of Chl-a, nutrients, diatoms 
and copepods relative to ambient waters (Perry et 
al., 1983). Other local fronts reported by Jardine et 
al. (1993) and Crawford et al. (1995) have also 
been sporadically observed, including the 
mainland coastal upwelling front in eastern Hekate 
Strait, a semi-circular front associated with the 
Moresby Eddy in southern Hekate Strait/Queen 
Charlotte Sound and the Cape Scott upwelling 
front NW of Vancouver Island.   

 
BERING SEA 

The fronts' importance in the Bering Sea is 
well documented, especially in its southeastern 
part that features three prominent fronts, inner, 
middle, and outer, that correspond roughly to the 
50, 100, and 170-m (shelf break) isobaths 
respectively (Kinder and Coachman, 1978; 
Schumacher et al., 1979; Coachman at al., 1980; 
Kinder and Schumacher, 1981a; Coachman, 
1986; Schumacher and Stabeno, 1998). Tides are 
important, especially over the Bering Sea shelf 
(Kowalik, 1999), where strong tidal mixing fronts 
(TMF) are observed to completely surround main 
islands of the Pribilof Archipelago (Schumacher et 
al., 1979; Kinder et al., 1983; Brodeur et al., 1997, 
2000). The fronts play a key role as principal 
biogeographical boundaries. They separate 
distinct biotopes (Iverson et al., 1979; Vidal and 
Smith, 1986) and at the same time they are 
biotopes per se (Kinder et al., 1983; Hansell et al., 
1989; Russell et al., 1999).  The primary and 
secondary biological productivity is enhanced at 
fronts that attract fish, birds, and mammals, 
including whales (Schneider, 1982; Schneider et 
al., 1987; Moore et al., 1995; Springer et al., 1996; 
Russell et al., 1999). 

Our knowledge of these fronts is, however, 
rudimentary, except for, perhaps, the SE Bering 
Sea. Much less is known, however, about fronts of 
the northern Bering Sea (e.g. Gawarkiewicz et 
al., 1994). The northern Bering Sea fronts are 
intimately related to the SE Bering Sea fronts 
since the mean along-front flows are 

northwestward (Kinder and Schumacher, 1981b) 
so that northern fronts are essentially downstream 
extensions of the southern fronts (e.g. Coachman, 
1986).  In the same time, the northern Bering Sea 
frontal pattern continues to the Chukchi Sea via 
the Bering Strait. This connection is highly 
important: A large amount of nutrients and 
phytoplankton is brought by the Bering Slope 
Current associated with the shelf break front to the 
Gulf of Anadyr, from where it is transported by the 
Anadyr Current to the Chirikov Basin and 
eventually to the Chukchi Sea (Hansell et al., 
1989; Walsh et al., 1997). 

Notwithstanding the overwhelming importance 
of fronts in physical and biological processes that 
evolve in the Bering Sea, a reliable climatology of 
fronts is absent. The fronts' association with 
bottom topography and relations to principal 
ocean-atmosphere variables (ice, air temperature, 
wind, runoff, and Bering Strait exchange) has not 
been studied.  The seasonal, interannual and 
decadal variability of the fronts are expected to 
correlate with the above-mentioned environmental 
parameters.  For example, some of the fronts are 
located near the maximum extent of the sea ice 
cover, which fluctuates widely on the interannual 
time scale, between "warm" and "cold" years, with 
minimum and maximum development of the sea 
ice cover respectively (Niebauer, 1998; Wyllie-
Echeverria and Ohtani, 1999).  Consequently, 
parameters of such fronts are expected to be 
different during "warm" and "cold" years. Possible 
"regime shifts" in the study area's frontal pattern 
and its characteristics might be linked to the 
known regime shifts in the North Pacific (Graham, 
1994; Polovina et al., 1994; Niebauer, 1998; 
Brodeur et al., 1999).  

The Bering Sea frontal pattern changes 
dramatically as the season progresses. The frontal 
pattern in May (Figure 3) features a well-defined 
ridge of elevated frontal frequencies extended 
from Bristol Bay westward to Cape Navarin. The 
ridge is not isobathic, so the corresponding front is 
located over shallow depths (~50 m) in Bristol Bay 
but continues over the outer shelf (100-200 m 
depth) in the northwestern part of the sea. Hence 
the front location does not correspond to any of 
the major known fronts (inner, middle, or outer) 
since these fronts are believed to be isobathic 
(e.g. Coachman, 1986).  The front configuration is 
however remarkably similar to the sea ice cover's 
edge in May; the edge is located about 1° of 
latitude to the north of the front (Gloersen et al., 
1992; NASA, 1998). The front thus appears to be 
related to the marginal ice zone processes 
(Muench and Schumacher, 1985) and represents 



an imprint left in the ocean by the receding sea ice 
cover. 

In November, the frontal pattern is different 
(Figure 4). Instead of one major front, several 
fronts extend essentially in the same SE-NW 
direction over the shelf break, outer shelf and 
inner shelf.  Some inner shelf fronts are observed 
well inshore of the 50-m isobath, so they are not 
necessarily related to the tidal mixed front believed 
to be associated with the 50-m isobath (e.g. 
Coachman, 1986).  Two fronts are distinct in the 
northwest that correspond to the northward 
Anadyr Current and southward Kamchatka 
Current, branches of the Bering Slope Current. 
 
CHUKCHI SEA 

Long-term (1985-1996) August and 
September frontal probability maps (Figures 5 
and 6) show a number of features in the Chukchi 
Sea at the peak of summer. Some of the features  
are easily identifiable, whereas others might 
represent newly found fronts (a caveat: based on 
satellite data alone, the below interpretations are 
tentative). Front 1 corresponds to the Bering Strait 
inflow that makes a quasi-stationary incursion into 
Kotzebue Sound. Farther north, front 2 extends 
zonally toward Point Barrow. This front might be 
an eastward extension of front 3 or 4 (Figure 7). 
Front 3 is the most robust; the front's stability is 
accounted for by the strict topographic control: 
The front hugs the steep southern flank of Herald 
Shoal. Front 4 is associated with the Chukotkan 
segment of the Siberian Coastal Current, SCC, 
mapped by Weingartner et al. (1999) whose in situ 
dataset included CTD sections occupied during 
the same month (September 1995) as the satellite 
data used in Figure 7.  Front 5 is best defined in 
September (Figures 6 and 7) when it emerges as 
a northeastward extension of the SCC that veers 
offshore around Wrangel Island to pass through 
Herald Valley, then continues eastward at ~72°N 
north of Herald Shoal, as shown by Weingartner et 
al. (1999). An intriguing discrepancy between our 
results and Weingartner et al. (1999) is that front 5 
in Figure 7 veers offshore immediately 
downstream of Long Strait, not in the southern 
Chukchi Sea as shown in the SCC schematic by 
Weingartner et al. (1999, Fig.1).  The reason for 
this discordance is unclear. Past Herald Valley, 
front 5 is roughly parallel to sea ice edge, being 
located ~100 km south of the latter, according to 
the NASA September 1995 sea ice data available 
from NSIDC. 
 
 

BEAUFORT SEA 
Frontal structure and processes in this region 

remain largely unexplored since the pioneering 
study by Carmack et al. (1989).  These fronts can 
be divided in three basic types: (1) riverine 
(estuarine), e.g. the Mackenzie River Plume 
fronts; (2) shelf break front, (3) marginal ice zone 
fronts.  The Mackenzie River empties into the 
Beaufort Sea through three channels, hence three 
plumes are expected, interacting with each other 
and with other fronts. The Mackenzie River runoff 
and sediment discharge are, respectively, the 
fourth and the largest in the Arctic Ocean. Under 
favorable ice/wind conditions, the Mackenzie River 
plume can spread across the Canadian shelf and 
extend well into the open ocean, as far as 400 km 
away from its source, being clearly visible in 
satellite imagery (Macdonald et al., 1999).  
Therefore plume front studies should help 
elucidate mechanisms of pollutant, sediment, and 
tracer dispersal across the Arctic Ocean shelves 
and beyond. The shelf break front (SBF) of the 
Beaufort Sea is evident in satellite SST data 
(Figures 8 and 9). It is noteworthy that the SBF 
attains its maximum robustness off Bathurst 
Peninsula where the continental slope is the 
steepest. Clearly, the topography steers the SBF. 
The Bathurst Polynya coincides with the location 
of the maximum frequency of the SBF. This is the 
location where many marine mammals congregate 
such as walruses, belugas etc. 

The Mackenzie Canyon area has never been 
a subject of a three-dimensional oceanographic 
survey although several hydrographic sections 
were occupied in its vicinity (e.g. O'Rourke, 1974; 
Carmack et al., 1989). A year-long mooring 
installed in the canyon revealed 400-m vertical 
isopycnal displacements caused by wind-induced 
upwelling (Carmack and Kulikov, 1998). The 
ambient large-scale circulation appears highly 
dynamics and is poorly known (Carmack and 
Macdonald, 2001). The area is located on the 
southern periphery of the Beaufort Sea where the 
canonical anticyclonic circulation of the Beaufort 
Gyre is replaced by a weak cyclonic circulation 
(Wilson, 1974). The surface layer circulation is 
mostly wind-driven although the Mackenzie River 
Plume creates density contrasts that cause 
geostrophic flows. The plume distribution is, 
however, governed by wind (in the absence of 
wind, the plume turns northeast due to Coriolis 
force), therefore wind appears to dominate the 
surface circulation. The Mackenzie River does not 
form a single, coherent plume. On the contrary, 
several distinct temperature, salinity, and turbidity 



fronts are present on the Mackenzie Shelf at any 
given time (Carmack et al., 1989). These fronts 
are important feeding and nursery grounds for fish, 
sea birds, seals and cetaceans. In those rare 
occasions when observations on marine mammals 
were augmented by physical oceanography 
measurements marine mammals were found to 
congregate at oceanic fronts (Borstad, 1985; 
Bradstreet et al., 1987; Moore et al., 1995). Under 
favorable ice/wind conditions, the Mackenzie 
plume spreads across the Canadian shelf and 
extends well into the open ocean, sometimes as 
far as 400 km away from its source, being clearly 
visible in satellite imagery (Macdonald et al., 
1999). 
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Figures 

 

 

 
 
Figure 1. Long-term monthly frequency of SST fronts in the Gulf of Alaska, 1985-
1996, January through June. 
 
 
 
 
 
 
 
 



 

 

 
Figure 2. Long-term monthly frequency of SST fronts in the Gulf of Alaska, 1985-
1996, July through December. 
 
 
 
 
 
 
 
 
 
 
 



 
Figure 3. Long-term (1985-1996) May frequency of SST fronts in the Bering Sea.  
 

 
 
Figure 4. Long-term (1985-1996) November frequency of SST fronts in the Bering 
Sea.  



 
 
Figure 5. Long-term (1985-1996) August frequency of SST fronts, Chukchi Sea. 
 

 
 
 
Figure 6. Long-term (1985-1996) September frequency of SST fronts, Chukchi 
Sea. 
 



 
 

Figure 7.  Quasi-synoptic composite map of SST fronts in the Chukchi Sea, 
                  September 1995. Front numbers correspond to Figures 5 and 6. 
 
 
 
 
 
 
 
 
 



 
 
Figure 8. Long-term (1985-1996) August frequency of SST fronts in the Beaufort 
Sea.  The shelf break front is evident at 130-135W.  
 

 
 
Figure 9. Long-term (1985-1996) September frequency of SST fronts in the 
Beaufort Sea.  The shelf break front is evident at 130-135W.  


