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Executive Summary 

 
• In January 2007, the U.S. Fish and Wildlife Service proposed listing the polar bear (Ursus 

maritimus) as a threatened species under the Endangered Species Act.  The polar bear 
depends on sea ice as a platform to hunt seals, their primary food, and projected loss of sea 
ice due to global warming was believed to jeopardize polar bears throughout their range. 

 
• To ensure that the best information was available to inform the final listing decision, due in 

January 2008, the Secretary of the Interior asked the U.S. Geological Survey (USGS) to 
generate new scientific data, models, and interpretations on polar bears and their sea ice 
habitats, to be available within the decisionmaking timeframe.  

 
•  Specifically, USGS was asked to  
 

1. Develop population projections for the Southern Beaufort Sea polar bear population and 
analyze existing data on two polar bear populations in Canada. 

 
2. Evaluate northern hemisphere sea ice projections, as they relate to polar bear sea ice 

habitats and potential future distribution of polar bears. 
 
3. Model future rangewide polar bear populations by developing a synthesis of the range of 

likely numerical and spatial responses to sea ice projections. 
  

• The USGS assembled a team that included scientists from within USGS, specifically from 
the Alaska Science Center and Patuxent Wildlife Research Center, polar bear scientists from 
Canada, and scientists from academia, the private sector, and other federal agencies.  

 
• The USGS science team has presented its findings in nine administrative reports.  These 

reports were released to the FWS on September 7, 2007.   
 
• USGS findings were of two basic types 
 

1. New observational data on polar bears, including updated information on the current 
status of 3 of the world’s 19 subpopulations of polar bears as defined by the Polar Bear 
Specialists Group of the International Union for the Conservation of Nature and Natural 
Resources.  Because each of the 3 subpopulations represented a distinct ecological 
region, understanding their status helps provide insight into the current status of polar 
bears rangewide; and, 

 
2. Projections or forecasts of the future distribution and abundance of polar bears in the 

rest of the 21st century, given changes expected in future sea ice conditions.  
 
 



• The overall conclusion of the USGS research effort is: 
 
Projected changes in future sea ice conditions, if realized, will result in loss of  
approximately 2/3 of the world’s current polar bear population by the mid 21st 
century.  Because the observed trajectory of Arctic sea ice decline appears to be 
underestimated by currently available models, this assessment of future polar bear 
status may be conservative.  
 

• Below we summarize key findings which led to this conclusion: 
 

1. We divided the range of the polar bear into 4 ecoregions based on major differences 
in current and projected sea ice conditions.  These “ecoregions” were the: 

 
 Seasonal Ice Ecoregion which includes Hudson Bay, and occurs mainly at the 

southern extreme of the polar bear range, 
 
  Archipelagic Ecoregion of the Canadian Arctic,  

 
 Polar Basin Divergent Ecoregion where ice is formed and then drawn away 

from near-shore areas, especially during the summer minimum ice season, and  
 
 Polar Basin Convergent Ecoregion where sea ice formed elsewhere tends to 

collect against the shore.   
 

Dividing the range of the polar bear into these 4 ecoregions allowed us to make 
inferences from available knowledge about subpopulations in each ecoregion to 
the entire ecoregion.   
 

2. We incorporated projections of future sea ice in each ecoregion, based on 10 general 
circulation models (GCMs), chosen from among 20 available.  These 10 models did 
the best job of simulating current ice conditions and thus could be expected to do the 
best job of simulating future ice conditions.  Use of 10 models allowed us also to 
incorporate the considerable variability among the models in our analyses for future 
polar bear habitat and populations. We used outputs for “business as usual” 
greenhouse gas forcing, known as the SRES-A1B scenario, for most of our analyses.  

 
3. An important conclusion from a review of current knowledge about sea ice and sea 

ice modeling is that Arctic sea ice decline is likely underestimated by the available 
models.   

 
4. Based on new findings from the Northern Beaufort subpopulation, polar bear 

subpopulations in the convergent ice ecoregion of the polar basin are likely currently 
stable; most available information about the status of populations living in the 4th 
ecoregion, the archipelagic ecoregion, suggests relative stability.   

 



5. For two subpopulations of polar bears, Western Hudson Bay in the seasonal sea ice 
ecoregion, and Southern Beaufort Sea in the divergent ecoregion, it is now possible 
to relate declines in the availability of sea ice to declines in metrics of population 
status. 

 
6. Knowledge of how polar bear population growth rates relate to specific changes in 

sea ice (e.g., length of the ice-free season) provides a mechanism for developing 
projections of future populations under different sea ice scenarios. 

 
7. Under a range of future sea ice scenarios for the 21st century and modeling 

approaches, the Southern Beaufort Sea subpopulation of polar bears is projected to 
decline severely by the end of the century, and in many scenarios, by mid-century.  

 
8. Polar bears primarily use sea ice over the continental shelf. They also prefer ice that is 

greater than 50% in concentration.  Taking these habitat features into account, we 
projected future polar bear habitat within the polar basin for the divergent and 
convergent ice ecoregions using the available sea ice models. We also evaluated how 
availability of polar bear habitat in the polar basin has changed in recent years. 

 
9. Optimal habitat in the polar basin (including both the divergent and convergent ice 

ecoregions) declined between the early (1985-1995) and latter decades (1996-2006) 
of the observational record of sea ice (based on passive microwave data).  Most 
pronounced polar bear habitat loss in the past decade has occurred in peripheral seas 
of the Arctic Ocean--the Chukchi Sea and Barents/Greenland Seas. 

 
10. Similarly, we projected losses of polar bear habitat within the polar basin to be 

greatest for the peripheral seas of the polar basin (e.g., the Chukchi Sea and Barents 
Sea).  

 
11. The largest reductions in habitat in the polar basin are predicted for spring and 

summer. Sea ice will reform each winter, but the large retreats of sea ice in summer 
may ultimately preclude bears from returning to onshore denning habitat. Low 
productivity of the polar basin appears to preclude bears from adapting a seasonal ice 
lifestyle here. 

 
12. Ultimately, we projected a 42% loss of optimal polar bear habitat during summer in 

the polar basin by mid century. 
 

13. Due to unavailability of telemetry data showing habitats chosen by polar bears in the 
archipelagic and seasonal sea ice ecoregions, we were unable to project habitat 
changes in these ecoregions for this analysis. 



 
14. Using a simple deterministic model of future carrying capacity for polar bears, we 

forecasted that polar bears could be extirpated in the divergent ice ecoregion within 
75 years, assuming that sea ice decline follows the mean trajectory predicted by the 
10 models we used. If sea ice decline follows the minimum trajectory predicted, 
extirpation in this ecoregion could occur by year 45. 

 
15. Using the carrying capacity model, we projected populations of polar bears in all 

other ecoregions to decline at all time steps, with severity of decline dependent upon 
whether minimum, maximum or mean ice projections were used.   

 
16. Based on a first-generation Bayesian Network model* incorporating a range of 

factors affecting polar bears, we forecasted extirpation of polar bear populations in 
the seasonal sea ice and the polar basin divergent ecoregions by 45 years from 
present.  

 
17. We forecasted extirpation of polar bear populations in the polar basin convergent 

ecoregion by 75 years from present. In the archipelagic ecoregion, polar bears could 
occur through the end of the century, but in smaller numbers than now.  

 
18. Sea ice conditions would have to be substantially better than even the most 

conservative GCM projections to result in qualitatively different outcomes for polar 
bears in any of the ecoregions.   

 
 
* Bayesian Network models represent a set of interacting variable that are linked by 
probabilities. They provide an efficient way to represent and summarize understanding of a 
system, and can combine empirical data and expert knowledge into the same modeling structure. 
They are also particularly useful in synthesizing large amounts of quantitative and qualitative 
information to answer “what if” kinds of questions.  


	USGS Science to Inform U.S. Fish & Wildlife Service 
	Decision Making on Polar Bears 
	 
	Executive Summary 
	 
	 In January 2007, the U.S. Fish and Wildlife Service proposed listing the polar bear (Ursus maritimus) as a threatened species under the Endangered Species Act.  The polar bear depends on sea ice as a platform to hunt seals, their primary food, and projected loss of sea ice due to global warming was believed to jeopardize polar bears throughout their range. 
	 
	 To ensure that the best information was available to inform the final listing decision, due in January 2008, the Secretary of the Interior asked the U.S. Geological Survey (USGS) to generate new scientific data, models, and interpretations on polar bears and their sea ice habitats, to be available within the decisionmaking timeframe.  
	 
	  Specifically, USGS was asked to  
	 
	1. Develop population projections for the Southern Beaufort Sea polar bear population and analyze existing data on two polar bear populations in Canada. 
	 
	2. Evaluate northern hemisphere sea ice projections, as they relate to polar bear sea ice habitats and potential future distribution of polar bears. 
	 
	3. Model future rangewide polar bear populations by developing a synthesis of the range of likely numerical and spatial responses to sea ice projections. 
	  
	 The USGS assembled a team that included scientists from within USGS, specifically from the Alaska Science Center and Patuxent Wildlife Research Center, polar bear scientists from Canada, and scientists from academia, the private sector, and other federal agencies.  
	 
	 The USGS science team has presented its findings in nine administrative reports.  These reports were released to the FWS on September 7, 2007.   
	 
	 USGS findings were of two basic types 
	 
	1. New observational data on polar bears, including updated information on the current status of 3 of the world’s 19 subpopulations of polar bears as defined by the Polar Bear Specialists Group of the International Union for the Conservation of Nature and Natural Resources.  Because each of the 3 subpopulations represented a distinct ecological region, understanding their status helps provide insight into the current status of polar bears rangewide; and, 
	 
	2. Projections or forecasts of the future distribution and abundance of polar bears in the rest of the 21st century, given changes expected in future sea ice conditions.  
	 
	 
	 The overall conclusion of the USGS research effort is: 
	 
	Projected changes in future sea ice conditions, if realized, will result in loss of  approximately 2/3 of the world’s current polar bear population by the mid 21st century.  Because the observed trajectory of Arctic sea ice decline appears to be underestimated by currently available models, this assessment of future polar bear status may be conservative.  
	 
	 Below we summarize key findings which led to this conclusion: 
	 
	1. We divided the range of the polar bear into 4 ecoregions based on major differences in current and projected sea ice conditions.  These “ecoregions” were the: 
	 
	 Seasonal Ice Ecoregion which includes Hudson Bay, and occurs mainly at the southern extreme of the polar bear range, 
	 
	  Archipelagic Ecoregion of the Canadian Arctic,  
	 
	 Polar Basin Divergent Ecoregion where ice is formed and then drawn away from near-shore areas, especially during the summer minimum ice season, and  
	 
	 Polar Basin Convergent Ecoregion where sea ice formed elsewhere tends to collect against the shore.   
	 
	Dividing the range of the polar bear into these 4 ecoregions allowed us to make inferences from available knowledge about subpopulations in each ecoregion to the entire ecoregion.   
	 
	2. We incorporated projections of future sea ice in each ecoregion, based on 10 general circulation models (GCMs), chosen from among 20 available.  These 10 models did the best job of simulating current ice conditions and thus could be expected to do the best job of simulating future ice conditions.  Use of 10 models allowed us also to incorporate the considerable variability among the models in our analyses for future polar bear habitat and populations. We used outputs for “business as usual” greenhouse gas forcing, known as the SRES-A1B scenario, for most of our analyses.  
	 
	3. An important conclusion from a review of current knowledge about sea ice and sea ice modeling is that Arctic sea ice decline is likely underestimated by the available models.   
	 
	4. Based on new findings from the Northern Beaufort subpopulation, polar bear subpopulations in the convergent ice ecoregion of the polar basin are likely currently stable; most available information about the status of populations living in the 4th ecoregion, the archipelagic ecoregion, suggests relative stability.   
	 
	5. For two subpopulations of polar bears, Western Hudson Bay in the seasonal sea ice ecoregion, and Southern Beaufort Sea in the divergent ecoregion, it is now possible to relate declines in the availability of sea ice to declines in metrics of population status. 
	 
	6. Knowledge of how polar bear population growth rates relate to specific changes in sea ice (e.g., length of the ice-free season) provides a mechanism for developing projections of future populations under different sea ice scenarios. 
	 
	7. Under a range of future sea ice scenarios for the 21st century and modeling approaches, the Southern Beaufort Sea subpopulation of polar bears is projected to decline severely by the end of the century, and in many scenarios, by mid-century.  
	 
	8. Polar bears primarily use sea ice over the continental shelf. They also prefer ice that is greater than 50% in concentration.  Taking these habitat features into account, we projected future polar bear habitat within the polar basin for the divergent and convergent ice ecoregions using the available sea ice models. We also evaluated how availability of polar bear habitat in the polar basin has changed in recent years. 
	 
	9. Optimal habitat in the polar basin (including both the divergent and convergent ice ecoregions) declined between the early (1985-1995) and latter decades (1996-2006) of the observational record of sea ice (based on passive microwave data).  Most pronounced polar bear habitat loss in the past decade has occurred in peripheral seas of the Arctic Ocean--the Chukchi Sea and Barents/Greenland Seas. 
	 
	10. Similarly, we projected losses of polar bear habitat within the polar basin to be greatest for the peripheral seas of the polar basin (e.g., the Chukchi Sea and Barents Sea).  
	 
	11. The largest reductions in habitat in the polar basin are predicted for spring and summer. Sea ice will reform each winter, but the large retreats of sea ice in summer may ultimately preclude bears from returning to onshore denning habitat. Low productivity of the polar basin appears to preclude bears from adapting a seasonal ice lifestyle here. 
	 
	12. Ultimately, we projected a 42% loss of optimal polar bear habitat during summer in the polar basin by mid century. 
	 
	13. Due to unavailability of telemetry data showing habitats chosen by polar bears in the archipelagic and seasonal sea ice ecoregions, we were unable to project habitat changes in these ecoregions for this analysis. 
	  
	14. Using a simple deterministic model of future carrying capacity for polar bears, we forecasted that polar bears could be extirpated in the divergent ice ecoregion within 75 years, assuming that sea ice decline follows the mean trajectory predicted by the 10 models we used. If sea ice decline follows the minimum trajectory predicted, extirpation in this ecoregion could occur by year 45. 
	 
	15. Using the carrying capacity model, we projected populations of polar bears in all other ecoregions to decline at all time steps, with severity of decline dependent upon whether minimum, maximum or mean ice projections were used.   
	 
	16. Based on a first-generation Bayesian Network model* incorporating a range of factors affecting polar bears, we forecasted extirpation of polar bear populations in the seasonal sea ice and the polar basin divergent ecoregions by 45 years from present.  
	 
	17. We forecasted extirpation of polar bear populations in the polar basin convergent ecoregion by 75 years from present. In the archipelagic ecoregion, polar bears could occur through the end of the century, but in smaller numbers than now.  
	 
	18. Sea ice conditions would have to be substantially better than even the most conservative GCM projections to result in qualitatively different outcomes for polar bears in any of the ecoregions.   
	 
	 
	* Bayesian Network models represent a set of interacting variable that are linked by probabilities. They provide an efficient way to represent and summarize understanding of a system, and can combine empirical data and expert knowledge into the same modeling structure. They are also particularly useful in synthesizing large amounts of quantitative and qualitative information to answer “what if” kinds of questions.  


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


