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Changes in Montana’s temperature and 
precipitation patterns are affecting  
our forests, wildlife, and residents.

Montana is getting warmer.
Between 1895 and 2008, average annual temperatures in Montana increased 
2.0-3.4 0 Fahrenheit, and the trend towards warmer temperatures has accelerated 
since 1980 (see Figure 1). That is, eight of the last ten years in Montana have been 
warmer than the historic average for the state, and average temperatures from 
1987-2003 were 1.6 0 F higher than those recorded in the state between 1970 and 
1986 (Saunders et al., 2008; NOAA National Climatic Data Center, 2009; Pederson et al., 2010; Climate Wizard, 

2010; Karl et al., 2009; Bonfils et al., 2008). 

Like farmers and ranchers across Montana, 
plant and wildlife communities are dependent 
upon a specific set of temperature and 
precipitation regimes throughout the year.  
For this reason, ongoing changes in the 

region’s climate are expected to continue 
having significant impacts on natural 
resources and human communities alike 
during the 21st century. 

Figure 1.  Average annual temperatures in Montana 
have increased over the past 115 years. the green 
line shows the overall trend of these temperature data; 
red indicates years with above-average temperatures; 
blue indicates years with below-average temperatures; 
and the black line shows Montana’s average annual tem-
perature calculated from historic datasets (national oceanic 
and atmospheric association (http://www.ncdc.noaa.gov/oa/climate/re-
search/cag3/mt.html).
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historically cold days are occurring 
less frequently in Montana, while 
extremely hot days are becoming 
more common. 
Over 100 years of daily and monthly temperature data collected reveal 
that between 1895 and 1980, western Montana typically experienced 
30-44 extremely cold days (<00 F) per year, but that the number of cold 
days each year between 1981 and 2006 declined to 14 per year (32-
47% of historic norms) on average. At the same time, the number of 
extremely hot days (>900 F) experienced each summer in Montana has 
tripled since 1895: from 5 days of +900 F weather per year, on average, 
in the early decades of the 20th century, to 15 days per year, on average, 
between 1986 and 2006 (Saunders and Maxwell, 2008; Karl et al., 2009; Pederson et 

al., 2009; Pederson et al., submitted). Figure 2 explains why an increase of just a 
few degrees in ambient temperatures can lead to significant changes in 
the patterns of temperature extremes.

increases in temperature have been 
more marked during some seasons 
than others in Montana. 
During the course of the 20th century, average temperature increases 
across Montana were larger in winter (3.20 F) and spring (2.90 F) 
than during summer (1.80 F) and fall (2.00 F). Within northwestern 
Montana only, annual temperatures at mid- and high-elevation sites 
have increased significantly since 1983, with the largest changes in 
temperatures occurring during the winter and spring seasons (Westerling 

et al., 2006; Karl et al., 2009; Pederson et al., submitted).

Figure 2.  The distribution of air 
temperatures for an entire year 
often follows a bell-shaped curve 
(left-hand curve, with gray line). 
If the average temperature for 
the year increases by even just a 
few degrees (right-hand curve, 
with black line), the effect of this 
temperature shift will be much 
larger at the extremes than near 
the mean.  That is, extremely cold 
days will occur less frequently, 
while extremely hot days will be-
come more common. a shift of just 
one standard deviation has the effect 
of making a 1–in-40 year event into a 
1-in-6 year event (Karl et al., 2009).

During a major heat wave 
across the state of Montana in 
the summer of 2007, ambient 
temperatures in Missoula 
shattered all previous records for 
the month of July: 20 days were 
in the 900s, 10 days climbed 
above 1000 F, and the high for 
the month (1070 F) is the hottest 
temperature ever recorded in 
Missoula since record-keeping 
began over a century ago 
(Saunders et al., 2008). City 
residents frequently sought relief 
from the heat in the Clark Fork 
River that month by swimming, 
rafting, or floating down its cool 
waters on inner tubes. 
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Montana is becoming drier. 
Precipitation patterns vary at long time scales, and can be difficult to 
interpret because of the amount of variability associated with trends 
generated from shorter-term datasets. Despite these challenges, we 
do know that increases in ambient temperatures over the last century 
in Montana have also increased the average rates of evaporation from 
streams and reservoirs, contributed to soil dryness, and amplified the 
water needs of crops and other plants trying to cope with these warmer 
conditions. In addition, increases in temperatures during the winter and 
spring seasons have resulted in earlier snowmelt dates each year, leading 
to much longer periods of annual drought than usual each summer 
(NOAA National Climatic Data Center, 2009 (http://www.ncdc.noaa.gov/oa/climate/

research/cag3/mt.html); Pederson et al., submitted; Saunders and Maxwell, 2005).

since the 1970’s, longer and 
more intense droughts have been 
observed over wider areas of the 
world, including the  
Rocky Mountain West. 
A recent drought that began in 1999 in the western United States is 
recognized today as the country’s second-most widespread drought 
in the last century (Saunders et al., 2008; Karl et al., 2009).  The complexity and 
variability of Montana’s climate increases the challenges of trying to 
predict future conditions, however, because climatic conditions in our 
state are the result of three different air masses shifting and interacting: 
cold arctic fronts; warmer, wetter fronts from the Pacific Northwest; 
and dry, cold air masses from the Great Plains. 

Figure 3.  Average levels of precipitation 
have declined across much of Montana in 
the last 60 years. the graph (right) depicts 
observed changes in annual precipitation across 
the United states between 1958 and 2008. 
Precipitation trends in the state of Montana range 
from 5-20% wetter in north-central areas of the 
state to 5-15% drier across the remainder of the 
state during that period of time (Karl et al., 2009).
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summary
 Montana has started to become hotter and drier in the last sixty years. 

 The combination of warmer temperatures, decreases in the number 
of extremely cold days each year, increases in the number of 
extremely hot days annually, and recent precipitation patterns have all 
contributed to increased levels of aridity across the state. 

 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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