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saltier offshore waters.  In Figure 81, this front appears to extend to the shelfbreak. The 

flow in these unstable plumes has not been measured in the Alaskan Beaufort Sea.  

 

Figure 79.  Beaufort Sea SeaWIFS imagery from August 25, 02 (upper panel) and 
September 5, 02 (lower panel).  Winds were weak and variable for the week preceding 
these images. (Imagery courtesy of G. M. Schmidt with MODIS/Aqua data obtained from 
Ocean Color Data Processing Archive NASA / Goddard Space Flight Center Greenbelt, 
MD – USA.) 
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Figure 80.  Visible SeaWIFS image from September 4, 2404 showing turbid plumes 
extending seaward from the Alaskan Beaufort Sea shelf across the continental slope. 
(Imagery courtesy of G. M. Schmidt with MODIS/Aqua data obtained from Ocean Color 
Data Processing Archive NASA / Goddard Space Flight Center Greenbelt, MD – USA.) 

However, Weingartner et al. [1999] sampled similar features associated with the 

buoyancy-forced Siberian Coastal Current in the Chukchi Sea and found cross-shore 

velocities of up to 30 cm-s-1. Thus, instabilities could rapidly transport materials and 

pollutants from the nearshore Beaufort Sea offshore and possibly, based on these images, 

across the shelfbreak and along the major fall migration corridor for bowhead whales. 

150 km
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Figure 81.  A September 18, 2007 MODIS image of the ABS shelfbreak showing a train 
of unstable waves developing along a turbid front at the edge of the shelfbreak. 

We conclude this section by noting that in addition to the buoyancy influx from 

the small rivers emptying into the Alaskan Beaufort Sea, waters from the Mackenzie 

Shelf, diluted by the enormous outflow from the Mackenzie River may also influence the 

ABS. Under westward winds, portions of this plume flow westward.  As suggested by the 

sequence of three thermal images, obtained between July 7 and July 27, 2007 (Figure 

82), this relatively warm water advection enhances sea ice melt over the ABS. The 

dispersal of Mackenzie plume waters is clearly dependent upon the wind stress (Melling, 

1988), however, the preponderance of westward winds suggests that, at least during the  

80 km 

9/19/07 



 143

 
Figure 82.  A sequence of AVHRR thermal images over the Alaskan Beaufort Sea on a) 
July 8, b) July 17, and c) July 26.  Black indicates clouds, blue is sea ice and other colors 
are according to the temperature scale. 

 

ice 
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Figure 83.  September 16, 2008 thermal image of the Beaufort Sea shelf showing 
relatively warm Mackenzie plume waters advected westward onto the ABS. (Imagery 
courtesy of G. M. Schmidt with MODIS/Aqua data obtained from Ocean Color Data 
Processing Archive NASA / Goddard Space Flight Center Greenbelt, MD – USA.) 
 
open water season much of this water is transported westward (Figure 83) through the 

fall.  For example, Figure 84 (left panel) shows the mean (Sept. 28 – Oct. 22, 2006) 

surface velocity field within and offshore of Stefansson Sound as estimated from shore-

based, high-frequency, surface current mapping radars. Although westward on average, 

the flow varied between being eastward and westward (Figure 84; right panel) in 

accordance with the winds throughout this 25-day period. On average the surface currents 

were ~20 cm s-1, which if assumed to be uniform along the ABS means that water parcels 

drifted more than 400 km westward. Hence, waters from the Mackenzie shelf could 

easily have been advected into this area during this time period. 
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Figure 84.  The left panel shows the September 28 – October 22 mean surface currents 
estimated from a shore-based surface current mapping radar deployed on the Alaskan 
coast in the vicinity of Prudhoe Bay. The right panel shows the time series of the currents 
(blue) at one point within the radar mask and winds (red). 
 
VI.  CONCLUSIONS AND RECOMMENDATIONS 

Six years of current meter and water property measurements were made in the 

nearshore region of the Alaskan Beaufort Sea to assess circulation dynamics of the region 

within the landfast ice.  The measurements were made year-round from moored 

instruments deployed in and offshore of Stefannsson Sound and elsewhere along the 

coast of the Alaskan Beaufort Sea. The data reveal a pronounced seasonal cycle that is 

associated with the formation and ablation of the landfast ice. 

The mean flow, whether averaged over the entire record or by season, is small and 

is seldom significantly different from zero. It is, however, highly variable in time with the 

dominant mode of variability being in the along-shore direction. During the open water 

season the currents can be swift (10 – 50 cm-s-1 and occasionally approach 100 cm-s-1), 

strongly sheared, especially when the flow is westward, and significantly correlated with 

the winds. During the landfast ice season currents are small (generally ~5 cm-s-1), weakly 

sheared, and uncorrelated with winds. Progressive vector diagrams suggest that under the 
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landfast ice 90% of oil spilled will remain within 20 km of the origin of the spill site, 

while during the open water season 90% of spilled oil will remain within 200 km of the 

origin. Our measurements suggest that most of the oil will be dispersed in the along-shore 

direction. 

Nevertheless, the winter sub-tidal flow variance implies fluctuating along-shore 

sea level gradients of about 10-6. The along-shore velocity is coherent with the along-

shore bottom pressure difference. The origin of these pressure gradients is not known, 

although preliminary model results suggest that along- and cross-shore variations in the 

underice friction coefficient can establish these gradients. The modeling and observations 

suggest that the underice current field is sensitive to the underice topography, which is 

poorly known. 

Freshwater discharge associated with the springtime freshet creates shallow, 

strongly stratified, underice plumes that likely spread up to 20 km or more offshore. The 

cross-shore flows associated with these plume can be as large as 10 cm-s-1 and are much 

larger than the cross-shore flows generally observed beneath the landfast ice in winter. 

Little is known about these plumes, although they provide a vehicle by which nearshore 

suspended and dissolved materials can be carried offshore by spreading of the plume 

beneath the ice, offshore Ekman transport (once the ice breaks up), or through frontal 

instabilities. The latter generate large cross-shelf plumes that can extend across the 

Beaufort shelf and slope. Measurements obtained from similar features in the Chukchi 

Sea indicate that cross-shelf velocities associated with these instabilities can be ~25 cm-s-

1. We recommend that measurements be conducted to quantify the flow within these 

cross-shore jets and to determine the mechanisms by which they are generated. 
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Stratification due to freshwater inflow leads to a strong asymmetric response in 

the velocity shear between upwelling (westward winds) and downwelling (eastward) 

conditions on the inner shelf. Westward surface flows are intensified during upwelling 

events because the wind’s momentum is trapped to a strongly stratified surface layer, 

while eastward surface currents are weaker during downwelling because stratification is 

weaker and the momentum from the surface stress is mixed over a deeper layer. The 

results imply that circulation models must correctly incorporate runoff and stratification 

in order to reproduce the surface circulation field correctly. Observations of the seasonal 

evolving stratification are needed to better understand this asymmetry and for model 

evaluations. 

The seasonal cycle in sediment transport likely consists of rapid deposition from 

the freshwater plume as it spreads beneath the sea ice followed by re-suspension events 

during the open water season. Upon re-suspension, sediments can be advected offshore 

within the coastal flows or carried offshore due to instabilities. Re-suspension appears to 

be most vigorous during fall freeze-up due to storms and perhaps by sediment re-

suspension by frazil ice. Sediments are incorporated into the landfast ice at this time 

(Barnes et al., 1982; Reimnitz et al., 1990) where it remains until the landfast ice melts or 

drifts away in the following summer. Hence sediments can be transported by both the 

currents or within sea ice, although it is not known how the load is partitioned between 

the two. While the present study results bear solely on oil in water, the fate of sediments 

and landfast ice are relevant to the pollutant transport issue as well. For example, spilled 

oil can adhere to sediments and discharged muds and cuttings can be placed on the top of 

solid ice during winter drilling operations. We recommend studies that examine the fate 
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of the landfast ice after breakup. Such a study would examine the proportion of landfast 

ice that melts in-situ melt versus the fraction that drifts away from a region and 

subsequently melts. In addition, we recommend studies that address sediment transport 

processes on this shelf. This requires understanding the wave climate on the ABS, which 

is likely changing due to apparent increases in duration of the open water season and sea 

ice extent. 

Our data suggest that oil is unlikely to be carried far in the event of a spill beneath 

the landfast ice assuming that the Cox and Schmidt [1980] and Buist et al. [2008] 

laboratory measurements apply to this region of the Beaufort Sea. These laboratory 

measurements suggest that oil in contact with the ice will not move under the influence of 

the current speeds typically observed.  However, oil in the water column will be 

transported back and forth along the coast. In the event of an underice spill here, the rate 

and direction of the spreading oil can be monitored easily because the current field is 

spatially coherent over ~100 km in the alongshore direction. Thus a single current meter 

can be lowered through a hole in the ice and configured to transmit current data in real-

time to the spill recovery team. Direct measurements are required because of the absence 

of a significant wind-current correlation in winter. 

Oil spilled beneath the ice during the spring freshet could be carried offshore in 

the Alaskan Beaufort Sea by underice river plumes. Theories developed for mid-latitude 

settings on the offshore extent of a river plume discharged into the sea suggests that oil 

might be carried at least 20 km offshore during the spring freshet. However, these 

theories do not consider the possibly complex frictional coupling between the ice and 

flow field or the impulsive nature of arctic river discharges. We recommend that 
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theoretical and observational studies be conducted in the Alaskan Beaufort Sea directed 

at understanding the underice spreading of river plumes. We believe that the current 

measuring techniques developed in this project can be applied to such a study. 

The complex deformation field of the landfast ice regime suggests that frictional 

coupling between ice and currents will vary substantially over that portion of the shelf 

impacted by this ice type. In conjunction with the flow field, the underice topography 

affects both skin and form drag [McPhee, 1990] and could steer currents. Measurements 

and models are required to quantify this frictional coupling. As a first step it is critical 

that the temporal and spatial scales of variability of the underice topography be 

determined. Hence, we recommend that mapping the ice topography be conducted 

several times per winter over a variety of along- and cross-shore spatial scales. The larger 

horizontal scales (~40 m) can be mapped efficiently using airborne electromagnetic 

sensors and laser profilometry, whereas smaller scales will require ground-based 

measurements. 

Based upon preliminary numerical modeling activities, it appears that there is 

little exchange between waters beneath the landfast ice and those offshore. This topic 

needs further exploration using models and observations. Direct current measurements 

offshore of Harrison Bay are now underway to examine this linkage. Another integrated 

observational approach that would be relatively simple to undertake would be to measure 

the δ18O fraction in ice cores in spring after the ice reaches its maximum thickness. Since 

this isotope ratio is substantially different between sea-water and river water, spring ice 

cores will precisely record when the river water was exhausted from the nearshore region 

[Macdonald et al., 1999b]. This will lead to a distinct horizon in the ice core of the 
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isotope ratio transition. The timing of the transition can be determined by calculating ice 

growth rate from coastal meteorological data. This is a relatively inexpensive procedure 

that would provide a measure of year-to-year differences in the rate of freshwater 

depletion from the nearshore Beaufort Sea after the landfast ice forms. 

Finally, satellite imagery suggests that the Mackenzie River has an important 

influence on the sea ice regime of the ABS.  It likely plays an important dynamical role 

also, especially in the eastern Beaufort Sea, where it will affect stratification and the 

wind-forced response of the shelf during the open water season and perhaps the underice 

flow regime in winter. We recommend that the connection between the Mackenzie shelf 

and the eastern Beaufort Sea be investigated with Canadian science partners. 
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The Department of the Interior Mission
 
As the Nation's principal conservation agency, the Department of the Interior has responsibility for most of our 
nationally owned public lands and natural resources.  This includes fostering sound use of our land and water 
resources; protecting our fish, wildlife, and biological diversity; preserving the environmental and cultural values of 
our national parks and historical places; and providing for the enjoyment of life through outdoor recreation. The 
Department assesses our energy and mineral resources and works to ensure that their development is in the best 
interests of all our people by encouraging stewardship and citizen participation in their care.  The Department also 
has a major responsibility for American Indian reservation communities and for people who live in island territories 
under U.S. administration. 
 
 
 
The Minerals Management Service Mission 
 
As a bureau of the Department of the Interior, the Minerals Management Service's (MMS) primary responsibilities 
are to manage the mineral resources located on the Nation's Outer Continental Shelf (OCS), collect revenue from 
the Federal OCS and onshore Federal and Indian lands, and distribute those revenues. 
 
Moreover, in working to meet its responsibilities, the Offshore Minerals Management Program administers the 
OCS competitive leasing program and oversees the safe and environmentally sound exploration and production of 
our Nation's offshore natural gas, oil and other mineral resources.  The MMS Royalty Management Program 
meets its responsibilities by ensuring the efficient, timely and accurate collection and disbursement of revenue from 
mineral leasing and production due to Indian tribes and allottees, States and the U.S. Treasury. 
 
The MMS strives to fulfill its responsibilities through the general guiding principles of:  (1) being responsive to the 
public's concerns and interests by maintaining a dialogue with all potentially affected parties and (2) carrying out its 
programs with an emphasis on working to enhance the quality of life for all Americans by lending MMS assistance 
and expertise to economic development and environmental protection. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 
 




