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I. INTRODUCTION

This outlook presents the expected positions of the sea ice “edges” in the Western Ross Sea and the depiction of the current fast ice boundary in McMurdo Sound. Figure 1 is a map of the areas of interest within McMurdo Sound. Ice edge positions at 15-day intervals beginning 15 December are forecast from a 15 October baseline analysis to the end of the shipping season in mid-February. The term “edges” is used to indicate and describe the typical “hourglass” melt pattern of the Ross Sea ice cover. This pattern of pinching off the pack ice occurs due to the concurrent ice melt along the northern ice edge and an enlarging polynya adjacent to the Ross Ice Shelf. The distance, concentration and thickness of ice expected to remain between these two edges is used as a measure of predicted severity along the shipping route located between 175E-177W. Additional factors evaluated in the forecast are sea ice model estimates, atmospheric forecast model estimates, climate teleconnective patterns, the ice thickness and linear distance from Hut Point to the fast ice edge in McMurdo Sound. The linear distance is measured along a bearing of 330 degrees from Hut Point to the closest access point at the fast ice edge for incoming vessels.  Further fast ice edge estimates used optima distances of the ice edge from Hut Point
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The categories of environmental data used to compile this outlook include 1) Remotely sensed imagery: RADARSAT from the Canadian Space Agency, infrared satellite imagery from the Defense Meteorological Satellite Program (DMSP) Operational Line-Scan System (OLS), NOAA Advanced Very High Resolution Radiometer (AVHRR), NASA Moderate Resolution Imaging Spectroradiometer (MODIS), DMSP Special Sensor Microwave Imager (SSMI) and QUIKSCAT, 2) drilled ice thickness measurements in McMurdo Sound, 3) meteorological data received from McMurdo Station for March through September 2004, and 4) National/Naval Ice Center sea ice climatology for the Ross Sea.

The rates of recession for the Ross Sea ice edge and the McMurdo Sound fast ice edge are derived using an analogue forecasting technique which relates historical observations of pre-season ice extent and thickness to the predicted severity of austral summer ice conditions. This relationship is based upon the premise that ice conditions of similar areal extent and thickness will follow the same historical progression of decay.     This “persistence” of antecedent ice conditions and recession rates have been well documented during the many years of Operation DEEP FREEZE.

Operation DEEP FREEZE is the unclassified code name given the operations previously conducted by the U.S. Navy to provide operational and logistic support to the United States Antarctic Program (USAP).   

In addition to the application of analogue techniques for forecasting, ice edges are adjusted to reflect alterations of current conditions from past conditions and also adjusted for forecasted atmospheric, oceanic, and cryospheric conditions from models.

Due to the unusually hazardous conditions, a supplemental update will be published in mid-November to provide any additional insights and timely data pertinent to the outlook of the Ross Sea ice conditions. 

II. Initial Ice Conditions

The National Ice Center (NIC) ice analysis from 11-15 October 2004 (Figures 2a-2c) reveals that the position of the northern ice edge is at a climatological maximum from 150E to 175W and near a climatological mean from 175W to 150W.  Moderate amounts of old ice exist south of Drygalski Ice Tongue to the north of McMurdo Sound.  Heavy concentrations of thicker old ice are believed to exist in areas south and west of the Balleny Islands (western Ross Sea) and south and east of 69S/175E. Historically, a flaw lead occurs along the Ross Ice Shelf during the first week of November.  This flaw lead is beginning to occur east and north of Ross Island and is expected to persist (Figures 2 & 4).  As of 14 October 2004, iceberg C-16 remains grounded near 77(08’S/167(48’E, B-15A is centered near 76(45’S/168(30’E, B-15J is centered near 76(10’S/168(15’E, and B-15K is grounded near 76(40’S/169(50E. Total concentration and stage of development of sea ice and icebergs is labeled using World Meteorological Organization (WMO) international system of sea ice symbols (Figure 5).  Fast ice edge measurements reveal a residual edge from 2003-04 season of 13.5 NM from Hut Point, and minimal navigation distances of 66.7 NM from Hut Point to the Fast ice edge south of B-15K.  Minimal navigation distances from Hut Point to the Fast ice edge north of B-15K are 89.5NM

[image: image8.wmf]STAGE(S) OF DEVELPOMENT

1 = New ice (0-10cm)

3 = Young ice (10_30cm)

6 = First year (30_200cm)

7 = First year thin (30_70cm)

1.= First year medium (70-120cm)

4.= First year thick (120-200cm)

7.= Old ice (survived at least one summers melt)


Figure 2  15 Oct 2004 (1017z) Annotated IR DMSP-OLS Image McMurdo
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Figure 3a  11-14 October 2004 Ross Sea Central Ice Conditions
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Figure 3b  11-14 October 2004 Ross Sea West Ice Conditions
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Figure 3c  11-15 October 2004 Ross Sea East Ice Conditions
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Figure 4  14 Oct 2004 (2035z) MODIS - terra (bands 143)
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III.  OUTLOOK
Ross Sea
The average opening date for the icebreaker-led convoys to transit the Western Ross Sea shipping lane is 7-10 January.  Typical conditions for the opening include a 20-50 N wide “band” of lesser (<4/10 tenths) concentration ice. A later than normal opening date is forecast this year.  This forecast is based on:

a) Warmer than normal sea surface temperature conditions have been apparent along the western Ross Sea ice edge from Mar-Aug 2004.  This is thought to be associated with warm-episode conditions in the tropical Pacific Ocean.  The current outlook from NOAA’s Climate Prediction Center suggests warm-episode conditions to continue until early 2005.  Similar conditions have been shown to keep sea ice extent compacted from 170E-150W (Rind et al., 2001; Kwok and Comiso, 2002).  Compaction of this edge constrains ice advection from leaving the Ross Sea during the winter, but can aid melt during the subsequent summer.  

b) Multiyear ice appears to be more common this year than during a “typical” winter season.  Older and thicker ice takes more time to melt than first year ice.  This would delay the meltout in areas with “atypical” concentrations of multiyear sea ice.

c) While conditions toward the ice edge have been warmer than normal, conditions within the pack, particularly along the Scott Coast have been colder than normal.  This would increase ice thickness and the time required over the coming months to melt the first/multi year sea ice.  While these conditions will require more time to melt, global climate models (GCMs) like the Scripps’ Global Spectral Model and the National Center for Environmental Prediction model suggest warmer than normal conditions in the winter over the Ross Sea.  This same assertion of greater melt potential was also forecast by the statistically-based Lamont-Doherty Earth Observatory Seasonal Forecast of Antarctic Sea Ice Variation model (Chen and Yuan, 2004).  These forecasts suggest that while ice conditions currently are above average, the upcoming weather should help to reduce time required to remove ice of this substantial thickness.   

d) The current fast ice extent in the McMurdo Sound has reached previously unforeseen coverage.  While much of the first year only fast ice in McMurdo Sound is likely to fracture and flush from the sound, fast ice with large multiyear content located along the shoreline from Drygalski Ice Tongue south to the Cape Royds is likely to remain later into the summer melt.    

e) Icebergs between Ross Island and Franklin Island continue to shift typical oceanographic currents throughout the Ross Sea.  Recent seasons with heavy iceberg presence in the Ross Sea have been associated with delayed opening dates and generating a western shift in initial opening transit position.  They have also acted to block ice advection from leaving the Ross Sea windward of their motion.  All icebergs are expected to remain in the Ross Sea over the summer season, though positions and configurations for C-16 and B-15K are unlikely to change.

Comparing the current year to previous years with similar pre-season areal ice extents (1982, 1983, 2001, 2002, and 2003), it is projected that the Ross Sea ice “band” will be 100-120 NM in width and vessels will require icebreaker escort until about 20 January 2004 (Figure 6).  Navigable ice conditions for unescorted vessels (<4/10 tenths) are expected after 20 January 2004.
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McMurdo Sound
The entire 2004 winter season (March-September) had colder than normal temperatures, with July providing temperatures between 7-8(C below “normal”. This allowed for significant thickening of the fast ice in McMurdo Sound.  Observed fast ice thickness around McMurdo Station is an average of 525 cm in multi-year ice and 220 cm in first-year medium, first-year thick and multi-year ice within the previous years ice channel. The average breakout date of the land fast ice at Hut Point is 15 February.  While much of the first year only fast ice in the McMurdo Sound is likely to fracture and flush from the sound, fast ice with large multiyear content located along the shoreline from Drygalski Ice Tongue south to the Cape Royds are likely to remain throughout the summer melt.  This is believed likely due to the below average temperatures, thicker ice delayed breakup, expanded fast ice boundary, and the persistence of icebergs B-15A, B-15J , B-15K, and C-16.  Land fast ice at Hut Point (outside of the turning basin) is likely not to break out at all.   
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Figure 7  8 October 2004 Annotated RadarSat Image - McMurdo Sound

Icebergs and Shelf Ice
Due to the significant calving of the Ross ice shelf over the past few years, icebergs have posed a greater than normal hazard to navigation in the Ross Sea, and have had a significant influence on the ocean currents, weather, and sea ice conditions in McMurdo Sound.  Four significant icebergs are currently located in the vicinity of McMurdo Sound: C-16, B-15A, B-15J and B-15K.  Grounded iceberg C-16 and iceberg B-15A prevented the prevailing winds and the Antarctic Coastal Current from “flushing” the sea ice northward out of McMurdo Sound during the past few summer melts.  This “breakwater” effect by the icebergs has resulted in a larger than normal amount of residual pack ice, delayed the break-outs of fast ice, and even a persistent and thick fast ice expanse in McMurdo Sound.  The addition and grounding of iceberg B-15K north of Beaufort Island to the previously mentioned icebergs (along with below average wind velocities from katabatically and baroclinically-induced winds) has compounded the lack of sea ice removal from the McMurdo Sound during the 2004 winter season.  The current fast ice edge (10/15/04 – Figure 2) extends from the southern tip of the Drygalski Ice Tongue to the northern edge of B-15K and south to encompass C-16.  This appears to be an unprecedented expansion in the fast ice edge with an edge averaging 40NM beyond a “normal” fast ice boundary for mid- October. 

Since early September, B-15A has been under consistent movement towards the North/Northwest.  Velocity of movement has averaged 1km per day.  The increase in katabatic wind velocity from the Ross Ice Shelf should continue to exert force to the south sides of the B-15A. Continuation of movement of B-15A may be impeded by shallow bathymetry around Franklin Island, causing the iceberg to either ground or pivot along the grounding fulcrum.  Grounding of B-15A would not eliminate the movement of this iceberg.  Calving of a grounded B-15A would be quite possible due to the stress fractures evident along B-15A.  In a rotation scenario, the rate of rotation will depend on the location of B-15J and the rate of sea ice melt out in the Ross Sea.  

B-15J continues to rotate along the southeastern edge of B-15A.  Movement of this iceberg will be likely depend on motion of B-15A, strength of winds and currents along the ice shelf, and the rate of sea ice melt out in the Ross Sea.  

Icebergs C-16 and B-15K remain grounded and surrounded in fast ice. While the fast ice is unlikely to remain throughout McMurdo Sound for the entire meltout, it will likely delay any onset of these icebergs from moving.   The dislodging of these icebergs may also depend on the northern drift of B-15A and B-15J, which are thought to be acting as breakwaters for C-16 and B-15K. 

Other areas of potential calving exist in the southern Ross Sea. These areas include the Drygalski Ice Tongue and the Ross Ice Shelf. Stress fractures near the eastern tip and along the entire western base of the Drygalski Ice Tongue will be watched closely. A stress fracture in the Ross Ice Shelf near 177W has become more pronounced during the past few years and will also be closely watched.
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Figure 6 Forecast Recession Pattern for Ross Sea (2004-2005) Season)
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Figure 1  Map of McMurdo Sound
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Figure 5 WMO Egg Code
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STAGE(S) OF DEVELPOMENT

1 = New ice (0-10cm)

3 = Young ice (10_30cm)

6 = First year (30_200cm)

7 = First year thin (30_70cm)
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4.= First year thick (120-200cm)

7.= Old ice (survived at least one summers melt)





< Total Concentration
(Canbe a range)

Partial Concentrations
(From thickest to least thick)

Stage of Development
(From thickest fo least thick)

SO Sa Sb Sc Sd

Stage of Development
(Ofgreater remaining concentration)

Floe Size

Stage of Development
(ice thicker than Sa but less than 1/10)







