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Montana Ecosystem Responses 

To Climate Trends

Water balance and 

Disturbance dynamics

Will be more important than 

pure temperature responses
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Geographic Variation in Annual Water Balance

(Precip - Potential ET, meters per year)
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Potential climate limits to plant growth derived from long-term

monthly statistics of minimum temperature, cloud cover and rainfall.

Nemani et al., Science June 6th 2003

Water = 40%, Temperature = 33%, Radiation = 27%

Missoula, Montana USA. Temperate 

Evergreen Forest

Jolly et al Global Change 
Biology 2005
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Sea Surface Temperature
(Race Rocks lighthouse, Victoria)

Map Legend
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Winter Max Temperature Trend Analysis: 1915-2003 

Winter Min Temperature Trend Analysis: 1915-2003 
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Summer Max Temperature Trend Analysis: 1915-2003 

Annual Precipitation Trend Analysis: 1915-2003 
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Annual Mean Temperature

1951-2004

39

41

43

45

47

49

51

1950 1960 1970 1980 1990 2000

T
e

m
p

e
ra

tu
re

, 
°F

        50 Year Trends

Great Falls     -  0.14° F

    Kalispell     + 0.85° F

      Billings     + 1.44° F

    Missoula    + 1.80° F

   Bozeman    + 1.95° F

Annual Total Precipitation

1951-2004
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        50 Year Trends

   Bozeman    + 1.015"

    Kalispell     + 1.035"

    Missoula    + 0.960"

Great Falls     - 1.925"

      Billings     - 1.965"
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Total Snowfall (Inches)
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Great Falls '51-04  -   6.3"   

     Kalispell '51-98  -   6.9"

   Bozeman '62-04  - 15.9"
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    Missoula '62-04  -  22.7"

Mean Temperatures °F (March)
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   Bozeman    + 7.70° F

      Billings     + 6.18° F

    Kalispell     + 5.79° F

Great Falls     + 4.84° F

    Missoula    + 4.66° F
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Annual Mean Temperature 

50yr Trends

Eastern Montana
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Annual Precip 

50yr Trends

Eastern Montana 
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This recent warming already has driven 

significant hydroclimatic changes.

--> Less snow/more rain

 

Knowles et al.,

J. Clim., 2006

-2.2 std devs

LESS as snowfall

+1 std dev

MORE as snowfall   

Feng & Hu, JGR, 2007
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March 4 2007, 7,000ft, North-slope 

Bitterroot Mtns, Montana

Barnett et al Science2008
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Barnett 2008

Montana’s Streamflow is 

decreasing and peaking earlier


