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WY vs CY

SWE, inches
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AVERAGE TEMPERATURES

Average Annual
Temperature, Degree F

Glendive Average Annual Temperature 1893-2006,
5-year moving average plotted on mid-year
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MORE AVERAGE TEMPERATURES

Bozeman MSU Average Annual Temperature 1893-2006 Yellowstone Park (Mammoth) Average Annual Temperature
5-year moving average plotted on mid-year 1888-2006
5 year moving average plotted on mid-year
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MORE AVERAGE TEMPERATURES

Saint Ignatius Average Annual Temperature 1909-2009,

5-yr moving average plotted on mid-year

48 -

Cascade 5 S Average Annual Temperatures 1905-2006,
5-year moving average plotted on mid-year
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Ekalaka Average Annual Temperature 1905-2006, Savage Average Annual Temperature 1906-20086,
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BOZEMAN MSU

Bozeman 1890-2006
Record Days
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1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
Decades
Bozeman Year of max and min
1890-2006
Periods Max Min Decades Hottest 105 F 1892
1890-1899 1 28 18 1900 (112 Aug 1875)
1900-1909 2 3 43 1910 100 or above
1910-1919 3 28 41 1920 1(?) 1875
1920-1929 4 10 34 1930 4in 1892
1930-1939 5 25 55 1940 1in 1931
1940-1949 6 12 17 1950 3in 2002
1950-1959 7 17 34 1960 2in 2007
1960-1969 8 33 35 1970
1970-1979 9 23 17 1980 Coldest -44 F 1936
1980-1989 10 58 29 1990 40 or below
1990-1999 11 71 24 2000 1in 1893
2000-2006 12 58 19 2010 1in 1936
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Bozeman MSU Average Annual Temperature 1893-2007
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BRI Yellowstone Park (Mammoth) Average Annual Temperature L
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Cascade 5S Average Annual Temperatures 1904-2006
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Changes Over Past 100 Years

Increases in Degree F

Augusta 3.4
Big Timber 0.1
Billings WP 3.5
Bozeman MSU 3.7
Cascade5S 14
Ekalaka 0.4
Glendive 3.0

Moran 5 WNW 3.8

Havre AP
Libby RS
Miles City AP
Norris MPH
Saint Ignhatius
Savage
Valier

YP Mammoth

5.4
3.3
1.9
2.3
1.9
2.1
3.0

2.2



Population, Temperature and CO*
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Average Annual Temperature

Temperatures Have Increased About 2.5 Degrees
F Statewide Over Past 100 Years (NCDC 1.7)

Annual Variability Has Decreased

Rate Of Change Does Not Appear To Have
Accelerated In Recent Years

All Seasons Have Increased

Maximum Temperatures Increased Less Than
Minimum Temperatures

Still Have Considerable Variability During The Year






AVERAGE ANNUAL PRECIPITATION

Billings Annual Precipitation 1906-2006,
5-year moving average plotted on mid-year
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More Annual Precipitation

Ekalaka Annual Precipitation 1905-2006
5-year moving average plotted on mid-year

Glendive Annual Precipitation 1890-2006,
5-year moving average plotted on mid-year
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More Annual Precipitation

Butte Mooney AP Annual Precipitation 1900-2006
5-year moving average plotted on mid-year

Saint Ignatius Annual Precipitation 1909-20086,
5-year moving average plotted on mid-year
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Libby RS Annual Precipitation 1912-20086, Anaconda Annual Precipitaion 1906-2006,
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Changes Over Past 100 Years

Percent Change in Annual Precipitation

Augusta — 10 Libby RS + 15
Big Timber + 7/ Miles City AP -11
Billings WP + 1 Norris MPH -1




AVERAGE ANNUAL PREE Ik AT

« Stations Show Both Increasing and
Decreasing Trends

| » Generally Columbia Increasing ( + 4%)
and Missouri Decreasing ( - 4%)

Statlonsx___,_,_,_ Pad




Average Annual
Precipitation, Inches

April-June Precipitation,

inches

Yellowstone Park (Mammoth) Annual Precipitation 1890-2006
5 year moving average plotted on mid-year
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Yellowstone Park (Mammoth) April-June Precipitation 1890-2006
5-year moving average plotted on mid-year
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Yellowstone Park (Mammoth) October-March Precipitation
1890-2006
5-year moving average plotted on mid-year
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Yellowstone Park (Mammoth) July-September Precipitation 1890
2006
5-year moving average plotted on mid-year
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PRECIPITATION DISTRIBUTION

West Side Bitterroot Precipitation Distribution

1971-2000 Average
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MOUNTAIN vs VALLEY

Devils Slide Apr 1 SWE and Bozeman Oct-Mar X 3

1935-2007
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Snow Water Equivalent

April 1 SWE, inches

Crevice Mountain April 1 SWE 1935-2006
byear moving average plotted on mid-year
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More

SWE

Crystal Lake April 1 SWE 1939-2006
5-year moving average plotted on mid-year

Kings Hill April 1 SWE 1934-2006
5 year moving average plotted on mid-year
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Changes Over Past 70 Years

Most Snow Courses Have Been Replaced With
SNOTEL (manual measurements discontinued)

Limited Number Are Still Manual Stations

Most Snow Courses Show
Decreasing Trends

Some Show Small Increases $i ,, ‘
Some Show Large Decreases §% |
Effects of Canopy Growth

Statewide — 19% -~
Columbia -25% Missouri -16% Hudson Bay -2%




HOODOO BASIN

Hoodoo Basin Day Snow Starts 1967-2007

Hoodoo Basin Day Melt-Out 1967-2007
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TWIN LAKES

Twin Lakes Day Snow Starts 1968-2007

Twin Lakes Day Snow Melts 1968-2007

Water Year

Max SWE
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MOUNTAIN SNOWPACK

- OVER PAST 40 YEARS AT 5 SNOTEL SITES-
« Accumulation Starting Later (About 10 days)
« Maximum SWE Trending Less (25%)
 Melt-Out Coming Earlier (9 days)
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ISTORIC RUNOFF

Apr-Sep 5-yr avg
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RUNOFF

Bitterroot River nr Darby KOOtenIa Rivel’ bel L|bby Dam
(plotted on last year of 5-yr avg) (plotted on last year of 5-yr avg)
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Gallatin River nr Gallatin Gateway Yellowstone River at Corwin Springs
(plotted on last year of 5-yr avg) (plotted on last year of 5-yr avQ)

700 - 3000
S 600 AV >
% 3 2500
2 500 — // \\ M /\/\ s K\/\,\« /J\
5 noo | P - \/J \J £ 2000 { AN N\ AN A
&j '\// i 1500 v, Y% \IV-\A/J \
S 300 5 W

<
200 ! 1000 : : : : —
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
Water Year Water Year




FIRE HISTORY MAPS

1886-2004)

@  Streamflow Monitoring Stations
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COVER TYPES
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Average Annual Inflow Gibson Reservoir
Adjusted For Fire Effects
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FIRE TC

Percent TCEF Burned by Century
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TCEF FIRE RUNOFF

Estimated Average Annual Runoff TCEF
Based on Burn Area and CT 1590-2007
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GALLATIN PEAK FLOW

Date of Peak

Gallatin River near Gallatin Gateway
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N FK FLATHEAD PEAK FLOW

N Fk Flathead
N Fk Flathead
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YELLOWSTONE PEAK FLOW

Yellowstone River at Corwin Springs
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BEAR EMERGENCE

EMERGENCE OF BEARS - NW PEAKS AREA
KOOTENIA RIVER DRAINAGE
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PIPPIT NESTING DATES
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EMERGENCE OF SALMON FLIES

Emergence of Salmon Flies Madison River at Varney
Bridge
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CAUTION

« BE CAREFUL WHEN




ELK

Elk Count
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Northern Range Elk Numbers
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NO ELK ON NORTHERN RANGE BY 19887




ELK

Elk Count
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SHORT VS LONG TERM

Gallatin River Drainage 1939-1975
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SHORT VS LONG TERM

Annual RO/10000;

Aprl SWE,inches

Gallatin River Drainage 1890-1975
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SHORT VS LONG TERM
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CONCLUSIONS

e Climatic -a{a NeedS"10 Be Cleaneﬂ U Qs w4
Validated — Missing Data Needs fo stimated

Needsto‘Be Entered .

. -

Need to Certlfy-;.,,_‘-_.}__;: .
Need to Accountio

* More Research on Effeete of EI Niko, ka Nina,. £
PDO,; Jet.Stream, etc For Mountamous Areas -



. NCLUSIONS

Need to Evaluate ‘? T nr Hast

Valley ResponseddDoes Not f ~n_,l
Same Responsein, Mo s p--

Need to Understand: Drfe nce Ben eﬁ»f

Phenological' Dates and CaTE“ndar Dates -

Models Developed Using Short Tierm: Data
May Not be Capable of"Predicting Long Term
Responses

RZ2 Indicates How Well the Data Fits, Not How
Well It Will Predict
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> Everyone Neé:d&;p Do Some Research To
| Separate Real Facts From Implied Facts —







