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Geographic Variation in Annual Water Balance
(Precip - Potential ET, meters per year)
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Land Water Balance Tipping Points

(Growing Seasons)
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Pest Epidemics

Wildfire Higher LAI, ET, NPP
Forest Mortality Higher Streamflows
Low Streamflows Streambank Erosion
Reduced Nutrient Cycling Insect-borne diseases
Lower NPP Human Health
Biodiversity? Improved wildlife habitat?

Invasives? Biodiversity?



Site Water Balance
(Precipitation — Potential ET)
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Potential climate limits to plant growth derived from long-term
monthly statistics of minimum temperature, cloud cover and rainfall.
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Water = 40%, Temperature = 33%, Radiation = 27%
Nemani et al., Science June 6t 2003

Missoula, Montana USA. Temperate
Evergreen Forest
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Degrees Fahrenheit
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Sea Surface Temperature
(Race Rocks lighthouse, Victoria)

1915 1925 1935

1945 1955 1965 1975 1985 1995 2005

Map Legend

10

b
'S

g0
o

8.3

7.8

Temperature based on trend per decade (°F)
Precip. & SWE based on % change over selected period
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Winter Max Temperature Trend AnaIyS|s 1915-2003
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Annual Mean Temperature
1951-2004 [

Temperature, °F

50 Year Trends
Great Falls - 0.14°F
Kalispell +0.85°F
Bilings + 1.44°F
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1950 1960 1970 1980 1990 2000

Annual Total Precipitation

1951-2004
50 Year Trends

Kalispell + 1.035"

Missoula + 0.960"
Great Falls -1.925"
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Total Snowfall (Inches)
50 Year Trends
Great Falls '51-04 - 6.3"
Kalispell '51-98 - 6.9"

Billings '51-04 - 10.7"
Missoula '62-04 - 22.7"
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Mean Temperatures °F (March)
1951-2004

50 Year Trends

Billings +6.18°F
Kalispell +5.79°F
Great Falls +4.84°F
Missoula + 4.66° F
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Inches Precip
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Annual Mean Temperature
50yr Trends
Eastern Montana

1980 1990

Annual Precip
50yr Trends
Eastern Montana
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2000
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— Virginia City
— Cascade
Big Timber
— Cut Bank
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Chinook
— Glendive
Helena
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Jordan
— Medicine Lake
— Moccasin Exp S
— Savage
Plevna
— Flatwillow
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This recent warming already has driven
significant hydroclimatic changes.

--> Less snow/more rain

LESS as snowfatt=—
- mKnowles gt al.,

+1stddev 2006
MORE as snowfall
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(Aprll 1st Snow Water EqU|valent) /f (Winter Precip.)
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MONTANA’S STREAMFLOW IS

DECREASING AND PEAKING EARLIER

USG5 86098308 Hissouri River near Great Falls HT
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DAILY Discharge, cubic feet per second

Har 81
2003

Hay 81 Jul 81 Sep 81 How 81 Jan 81
2003 2003 2803 2803 20804

— Hedian daily statistic (58 years?} = Period of approved data
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