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Boulder Glacier 
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Relationships Between Temperature 
Trends in Western Montana and the 
Northern Hemisphere 

1900-2006  
•  + 1.33°C rise in annual average 
temperatures in western Montana 
•  ~ 1.8 times > +0.74°C rise in 
Global temperatures 

Pederson et al. (2010) 



High Elevations 

Pederson et al. (2010) 



Temperature ∆: Days Below Freezing 

Multi-station Average Individual Stations 

-Pederson et al. 2011. J Climate 





Hileman photo 
GNP Archives 1938 Key photo, USGS 1981 Fagre photo, USGS 1998 Bengtson photo, USGS 2009 

Grinnell Glacier 



S h e p a r d  G l a c i e r  

1913 
W.C. Alden photo, USGS 

2005 
B. Reardon photo, USGS 









Grinnell Glacier 
 time series 

 
 

Year Acres 

1850 575.7 

1966 301.2 

1993 216.9 

1998 176.9 

2001 175.4 

2004 166.3 

2005 153.2 

2006 151.3 

2009 143.2 

2010 140.2 

2013 128 



Grinnell Glacier Retreat 

2001 – 2013 = 27% loss  

2001 

2013 

Year  Acres 
2001 175 

2006 153 

2009 143 

2013 128 



Glacier Name 
1966 Area 

(m²) 
 2005 Area 

(m²)  
1966-2005 % 

change 

Agassiz Glacier 1,589,174 1,039,077 -34.6% 
Ahern Glacier 589,053 511,824 -13.1% 

Baby Glacier 117,111              77,510  -33.8% 

Blackfoot Glacier 2,334,983 1,787,640 -23.4% 
Boulder Glacier 230,913 55,159 -76.1% 
Carter Glacier 273,834 202,696 -26.0% 
Chaney Glacier 535,604 379,688 -29.1% 
Dixon Glacier  ** 452,211 241,940 -46.5% 
Gem Glacier  ** 29,135 20,379 -30.1% 

Grinnell Glacier 1,020,009 615,454 -39.7% 
Harris Glacier  ** 152,694 34,526 -77.4% 

Harrison Glacier 2,073,099 1,888,919 -8.9% 
Herbst Glacier  ** 170,162 53,550 -68.5% 
Hudson Glacier 101,288 34,197 -66.2% 
Ipasha Glacier 321,745 212,030 -34.1% 

Jackson Glacier  ** 1,541,217 1,012,444 -34.3% 

Kintla Glacier 1,728,828 1,136,551 -34.3% 
Logan Glacier 503,298 302,146 -40.0% 
Lupfer Glacier 138,523 67,369 -51.4% 

Miche Wabun Glacier 296,139 131,298 -55.7% 

N. Swiftcurrent Glacier 116,651 79,117 -32.2% 
Old Sun Glacier 421,254 370,257 -12.1% 
Piegan Glacier 280,107 250,728 -10.5% 

Pumpelly Glacier 1,489,137 1,257,211 -15.6% 

Rainbow Glacier 1,284,070             1,164,060  -9.3% 

Red Eagle Glacier  ** 206,576 97,149 -53.0% 

Salamander Glacier  225,621 172,916 -23.4% 
Sexton Glacier 400,444 276,780 -30.9% 
Shepard Glacier 250,609 110,254 -56.0% 
Siyeh Glacier 215,420 56,698 -73.7% 

Sperry Glacier 1,339,244 874,229 -34.7% 

Swiftcurrent Glacier 261,410 223,519 -14.5% 

     

      

       

      

     

          

Area of Named Glaciers   
1966 - 2005 

 

Ice body no longer meets minimum criteria of 
100,000 m2 (~ 25 acres) to be classified as a glacier 





Sperry Glacier. June 25, 2005. Dan Fagre photo. 



Sperry Glacier Mass Balance, 2005-13 

•Variations in seasonal and annual mass balance have pronounced effect on 
water budgets at Sperry Glacier 

• 0.75-1.0 x 106 m3 for total discharge 
• 1.5-2.0 x 106 m3 for net discharge 

•Downstream effects may be mediated slightly by pro-glacial lakes 
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•1.7m ice loss 
each summer 

Sperry Glacier, Aug. 8, 2005. John Newton photo 
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J a c k s o n  G l a c i e r  



G r i n n e l l  G l a c i e r  
 1936  -  2014 

Alden, NSIDC 
Fagre, USGS 



last day > 90F 

first day > 90F 









Lower site along Piegan Spring stream  



Aquatic invertebrate  
species distribution 

in response to  
stream temperature 

Minimal glacial  
runoff 

Present glacial 
runoff 

Hydropsyche cockerelli 
 

Arctopsyche grandis 

Parapsyche elsis 



Lednia tumana 
“mist forestfly” 

or 
“meltwater stonefly” 

larva 
 



MaxEnt output using current climate conditions 
(Highest probability in 23.2 million m2) 



MaxEnt output using future climate conditions 
(Highest probability in 4.5 million m2) 

81% potential reduction in distribution 
 





Threats 

 
Invasion of Non-natives 

native 
Bull trout 

(Salvelinus confluentus) 

introduced 
Lake trout 

(Salvelinus namaycush) 

 







Chris Peterson photo 







P i e g a n  G l a c i e r  

George Ruhle, GNP Archives 
c i r c a  1 9 3 0  Lisa McKeon , USGS 1 9 9 8  















Midvale Creek, July 2003 







1993 

1985 

What is the frequency 
of natural avalanches? 
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