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Warmer temperatures are melting  
Montana’s glaciers and permanent snowfields. 
In 1850, Glacier National Park had ~150 glaciers covering 61 miles2. Only 25 glaciers 
(covering less than 9 miles2) remain today, and researchers expect all 25 to disappear 
completely between 2020 and 2030 (see Figure 1; Hall and Fagre, 2003; Reardon et al., 2008; Moore et al., 2009). 

Changes in Montana’s climate are affecting 
our state’s water resources.   

Figure 1. Montana’s glaciers are melting: Boulder glacier in glacier national Park vanished over the 
course of just 56 years, between 1932 (left) and 1988 (right). (1932 photograph by george grant, courtesy of glacier 
national Park archives; 1988 photograph by Jerry Desanto, courtesy of K. Ross toole archives at the University of Montana;  
http://www.nrmsc.usgs.gov/repeatphoto/boulder-ic.htm)
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Much of Montana’s water arrives as 
snow in the Crown of the Continent 
during the winter months, effectively 
replenishing the region’s frozen “water 
reservoir” anew each year.  During the 
spring and summer months, gradual 
melting of these mountain snowpacks 
keeps streams and reservoirs filled when 
the habitat would normally be bone-dry 
most years (service, 2004).  

each year, Montana’s streams and rivers 
provide up to 75% of the water for our 
region, forming a vital resource in a 
semi-arid state that normally sees less 
than 18 inches of precipitation per year 
(Running et al., 2010).  For these reasons, 
ongoing, large-scale changes in the 
region’s hydrology and water resources 
are of critical importance to the citizens, 
forests, and wildlife of Montana.
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Montana’s average  
winter snowpack is declining. 
In the Columbia River Basin, snowpack levels were below 
average for 13 of the 16 years between 1990 and 2004. These 
findings are part of a larger pattern: between 1950 and 1997, 
annual snowpack levels across the Rocky Mountains declined by 
15-30% compared with historic averages; this trend is expected 
to continue in the coming decades (Mote et al., 2005; Service, 2004; 

Knowles et al., 2006; Saunders and Maxwell, 2008; Pederson et al., 2010). 

Winter precipitation  
often arrives as rain now  
instead of snow. 
Although declines in overall snowpack were documented across 
the West between 1950 and 1997, decreases in snowfall were 
most pronounced at the lowest elevations in each region.  
Over time, precipitation has started to arrive more often as  
rain due to a significant increase in the number of days with 
above-freezing temperatures each winter (Service, 2004; Mote et al., 

2005; Pederson et al., 2010). 

Figure 2. A modest rise of 2.0-3.40 F. in 
ambient temperature between 1950 
and 2009 reduced spring snowpack 
throughout the West significantly, and 
shifted peak snowmelt by 1-3 weeks 
earlier in the year. 

Red circles indicate decreases in April 
1st snowpack levels between 1950 and 
2009, while blue circles show increases 
in April 1st snowpack during the same 
time period. Image and analyses by the 
Climate Impacts Group at the University 
of Washington in Washington state  
(http://cses.washington.edu/cig).

Figure 3. Between 1948 and 2002, the dates of peak 
snowmelt each spring advanced by 1-3 weeks in Montana 
(Stewart et al., 2005).
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Montana’s snowpack  
is melting earlier in the spring. 
Since the mid-twentieth century, warmer temperatures have 
led to earlier dates in peak snowmelt runoff each spring  
(by 1-3 weeks) throughout the West. Declines in snowpack, 
coupled with earlier snowmelt each spring, have resulted 
in reduced streamflows in late summer and early autumn, 
when water is needed most (Moore et al., 2007; Pederson et al., 2010). 

streamflows across  
Montana have been declining  
over the last 60 years. 
Between 1950 and 2008 in northwestern Montana, 
streamflow levels decreased significantly at 75% (9 of 12) 
of United States Geological Survey stream gauge stations 
examined.  For those stations with reduced streamflow, 
the amount of water in each steam declined, on average, 
by 31%  (range: 21-48%) in just 58 years.

Figure 4. Waterflow in Montana’s streams and rivers is declining.  significant decreases in 
streamflow were documented at 75% of all U.s. geological survey stream gauge sites (n= 153) across 
Montana, idaho, and Wyoming. in Montana, streamflows at all pristine U.s. geological survey stream 
gauge sites declined significantly between 1950 and 2009; pristine sites were defined as those without 
dams or water withdrawals upstream from the gauging station (leppi, 2010).

RepeAted RIveR CLoSUReS

Low flows and high water 
temperatures led to the repeated 
closure of the Big Hole River 
in southwestern Montana to 
fishermen between 2000 and 
2007. In each instance, river 
closures were attributed to a 
combination of reduced winter 
snowpack in the Beaverhead, 
pioneer, and Anaconda 
Mountains, and warmer-than-
normal temperatures that year 
(Montana Fish, Wildlife & parks; the Big Hole 

River Foundation; kinsella et al., 2008).



Montana’s Changing CliMate - Water Resources and hydrology in the last Century

For more information:

Anne Carlson 
Climate Associate 

the Wilderness society 
northern Rockies Region 
503 W. Mendenhall
Bozeman, Mt 59715 
406-586-1600 x101 
anne_Carlson@tws.org 

References
Barnett, T.P., Adam, J.C., and Lettenmaier, D.P. 2005. Potential impacts of a warming climate on water availability in snow-dominated regions. 

Nature 438: 303-309.

Hall, M.H.P., and Fagre, D.B. 2003. Modeled climate-induced glacier change in Glacier National park, 1850-2100. Bioscience 53: 131-140.

Kinsella, S., Spencer, T., and Farling, B. 2008. Trout in trouble: the impacts of global warming on trout in the interior West. Natural Resources 
Defense Council and Montana Trout Unlimited. http://www.nrdc.org/globalWarming/trout/trout.pdf 

Knowles, N., Dettinger, M.D., and Cayan, D.R. 2006. Trends in snowfall versus rainfall for the western United States. Journal of Climate 19: 
4545-4554.

Leppi, J. 2010. August stream discharge in the Northern Rockies: annual trends and low discharge frequency. M.Sc. thesis. College of 
Forestry,University of Montana.

Montana Fish, Wildlife & Parks. http://fwp.mt.gov 

Moore, J.N., Harper, J.T., and greenwood, M.C.  2007. Significance of trends toward earlier snowmelt runoff, Columbia and Missouri River 
basin headwaters, western United States. Geophysical Research Letters 34: L16402.

Moore, R.D., Fleming, S.W., Menounos, B., Wheate, R., Fountain, A., Stahl, K., Holm, K., and Jakob, M. 2009. Glacier change in western North 
America: influences on hydrology, geomorphic hazards and water quality. Hydrological Processes 23: 42-61.

Mote, P.W., Hamlet, A.F., Clark, M.P., and Lettenmaier, D.P. 2005. Declining mountain snowpack in western North America. Bulletin of the 
American Meteorological Society 86: 39-49.

Pederson, G., Graumlich, L., Fagre, D., Kipfer, T., and Muhlfeld, C. 2010. A century of climate and ecosystem change in western Montana: what 
do temperatures portend? Climatic Change 98: 133-154.

Reardon, B.A., Harper, J.T., and Fagre, D.B. 2008. Mass balance of a cirque glacier in the U.S. Rocky Mountains. Proceedings of the Mass bal-
ance Measurement and Modeling Workshop, Skeikampen, Norway, 26-28 March, 2008. 

Running, S., Boisvenue, C., Anderson, R., and Power, T. 2010. Impacts of climate change on forests in the Northern Rocky Mountains. http://
www.bipartisanpolicy.org/sites/default/files/RockyClimate-pages-Proof150.pdf 

Saunders, S., Montgomery, C., Easley, T., and Spencer, T. 2008. Hotter and drier: the West’s changed climate. The Rocky Mountain Climate 
Organization and Natural Resources Defense Council. http://www.nrdc.org/globalWarming/west/west.pdf 

Serreze, M.C., Clark, M.P., and Frie, A.  2001. Characteristics of large snowfall events in the montane western United States as examined using 
snowpack telemetry (SNOTEL) data. Water Resources Research 37: 675-688.

Service, R.F., 2004. As the West goes dry. Science 303: 1124-1127.

Stewart, I.T., Cayan, D.R., and Dettinger, M.D. 2005. Changes toward earlier streamflow timing across western North America. Journal of 
Climate 18: 1136-1155.

The Big Hole River Foundation. 2010. http://www.bhrf.org 

summary 
 Montana has become warmer and drier in the last century. 

 Melting glaciers, reduced snowpack levels, more frequent rain-on-
snow events during the winter, and earlier peak snowmelt dates 
each spring have led to reduced supplies of water across the state 
during late summer and early autumn in recent decades. 

 Once Glacier National Park’s remaining glaciers disappear 
completely, overall streamflow levels and water supplies are 
expected to diminish downstream, creating more unpredictable 
environments for resident aquatic species and human 
populations alike.

 Altogether, continuing changes in Montana’s climate are expected 
to have profound consequences for water use in a region already 
struggling with rising human needs for water, and increasing 
allocations for endangered fish and wildlife species (Mote et al., 2005).
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