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Topics

Climate change drivers

Climate variability remains, with new source(s)
Projected changes, relevant to water and hydrology
Is any of this happening? ..... Can we tell?

Tools to watch climate unfold

Recent climate

Summary
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PARTS PER MILLION

Atmospheric CO, at Mauna Loa Observatory
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Atmospheric Methane: Resumption of its Rise???
Methane is 23 times more potent as a greenhouse gas than CO2

RISING METHANE
Partz per billion
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The Planetary Radiation Budget

Net incoming 342 — 107 = 235 W/m? Net outgoing =235 W/ m?

Reflected Solar Incoming Outgoing

Radiation Solar Longwave

107 Wm= Radiation Radiation
‘ 342 Wm*

Reflected by Clouds,
Aerosol and _
Atmospheric Emitted by
: Gases Atmosphere 165

Atmospheric
30/ /| Window
Emitted by Clouds

Absorbed by Greenhouse
67 Atmosphere Gases

IPCC AR4, Kiehl and Trenberth (1997)



MODIS 20070121
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0.1 0.2 0.3 0.4 0.5 0.6 0.7
Total Aerosol Optical Depth

Pollution is a global
atmospheric concern
Obviously for health reasons
But, also,

Aerosols have effects on
Temperature

And
Precipitation

Also note:
Aerosols are unequally
distributed around the earth
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Redoubt. Drift River lahar. 2009 March 23. Game McGimsey.




Redoubt. Mouth of Drift River. 2009 March 23. Cyrus Read.




090327:1925 GMT Redoubt Eruption
From Homer AK. Jonathan Dehn.




090326:1730 GMT Redoubt Eruption
SSEC, UW Madison.

MTSAT-1R - WISIBLE (CHAWMEL ©1) - 17:3@ UTC 26 2005 - CIMSS



Solar Output During the Satellite Era

Through late December 2008

Composite Total Solar Irradiance (Frohlich and Lean)

1363 ] | || ‘ || | | | | | | ] || ] ] | | | | | ] ] || || || | | | | | | | ||
e
=
EEI !
~ 13671 2 2 .
B EE
S B N T I ___________
S 'r | I % IIII l . .
! _ N Wt r|
E 1366 |- ’ | ) g ! . -
= | \ | " I
= p | % f
E i uad i} I )
s [T e
e 1365+ E -
; Monthly Mean
b Annual Mean
I3f}4 | | [ : [ | | | | | | | [ | | | | | | | | | [ [ [ | | | | | | | [
1975 1980 1985 199(0) 1995 2000 2005

Y ear

Solar
Forcing

&3

0.2 Wim~

I



2008: 266 of 366 days, No sunspots. Most spotless days since 1913 with 311 days.
2009 through May 2: 117 days (87 pct of year).
Typical solar min: 485 spotless days. This solar min thru May 2: 617 spotless days.

10 1+ Spotless Sun: Blankest Years of the Last Century —
credit Spaceweather.com
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History of
Atmospheric

Forcings

Hansen et al, 2005.
Earth's energy
imbalance: Confirmation
and implications.
Science, 308, 1431.
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Change in P-E (2021-2040 minus 1950-2000)

drier wetter

-0.3 -0.2 -0.1 0 0.1 0.2 0.3

Winkel Tripel projection centered on -90.0°E

Seager et al, 2007. Average of 19 climate models. Figure by Naomi Naik.

www.ldeo.columbia.edu/res/div/iocp/drought/science.shtml



Projected Change in Precipitation 1950-2000 to 2021-2040

(Percent of 1950-2000)
By 10 Average of 19
e ' 9  climate models.
8 2007.
S 7 Figure by
6 Gabriel Vecchi.
5
www.ldeo.columbia.edu/r
4  es/diviocp/drought/scienc
e.shtml
3
2
1 21 Years
0 From 2009
1
-2
-3
-4
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= H.-P. Huang, N. Harnik, A.
y Leetmaa, N.-C. Lau, C. Li, J.
-7 Velez, N. Naik, 2007. Model
Projections of an Imminent
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Courtesy of Mike Dettinger, USGS / Scripps.

PROJECTED CHANGES IN ANNUAL PRECIPITATION, NORTHERN CALIFORNIA
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Dettinger MD. 2005. From climate change spaghetti to climate-change distributions for 21st
Century California. San Francisco Estuary and Watershed Science. Vol. 3, Issue 1, (March
2005), Article 4. http://repositories.cdlib.org/jmie/sfews/vol3/issl/art4




Water Year Precipitation (inches)

Western United States (11 states) Water Year (Oct-Sep) Precipitation.
Provisional data from NCDC / CPC. Blue: 11l-year running mean.

Units: Inches. Data source NOAA cooperative network, thru Dec 2008.
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October-March Precipitation (inches)

Western United States (11 states) October-March Precipitation.
Provisional data from NCDC / CPC. 112 Winters, 1895-2006.

Units: Inches. Data source NOAA cooperative network, thru Mar 2009.
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Courtesy of Mike Dettinger, USGS / Scripps.

PROJECTED CHANGES IN ANNUAL TEMPERATURE, NORTHERN CALIFORMIA
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Dettinger MD. 2005. From climate change spaghetti to climate-change distributions for 21st
Century California. San Francisco Estuary and Watershed Science. Vol. 3, Issue 1, (March
2005), Article 4. http://repositories.cdlib.org/jmie/sfews/vol3/issl/art4
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Western United States (11 states) Annual Jan-Dec Temperature
Provisional data from NCDC / CPC. Blue: 11-year running mean.

Units: Deg F. Data source NOAA cooperative network, thru Dec 2008.
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(@ Anomaly (°C) relative to 1901-2000
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Temperature (F)

Autumn Temperature (F)

Western United States (11 states) Mar-Apr-May Temperature
Provisional data from NCDC / CPC. Blue: 11-year running mean.
Units: Deg F. Data source NOAA cooperative network, thru Dec 2008.
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Western United States (11 states) Sept-Oct-Nov Temperature
Provisional data from NCDC / CPC. Blue: 11-year running mean.
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Units: Deg F. Data source NOAA cooperative network, thru Dec 2008.

Winter Temperature ( F)

Western United States (11 states) June-July-August Temperature
Provisional data from NCDC / CPC. Blue: 1ll-year running mean.
Units: Deg F. Data source NOAA cooperative network, thru Dec 2008.

71

70

69

68

Temperature (F)

67

66

HH‘HH‘HH‘H\\‘\H\‘HH‘HH‘\H\‘\H\‘\H\\HH‘\H\

65
1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
Temperature veaSUMmMmMer

Western United States (11 states) Dec-Jan-Feb Temperature
Provisional data from NCDC / CPC. Blue: 1ll-year running mean.
Units: Inches. Data source NOAA cooperative network, thru Feb 2009.
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IPCC Emissions Scenarios.

(observed trajectory in 2009 is above all of these)
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Temperature Change from 1971-2000 (° C)
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Rate of Long-Term Trend Temperature Change (top; °F per decade) u.S. Average Rate of Long-Term Trend
& Precipitation Change (bottom; inches per decade) — FULL YEAR Temperature Change (per decade)

Based on 1941-2005 data
Trend begins 1976
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SST Departure from Climatology, Annual Jan-Dec, for 8 years 1999-2006.
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The World’s Warm Oceans
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Through March 2009
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Global Sea Surface Temperature Anomalies (C) 2009 April 19-25
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Recent Evolution of Equatorial Pacific SST Departures

Observed Sea Surface Temperoture {*C)
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Jun-Nov SOI

Split Samples:
VS,

Updated from Redmond and Koch (1881). Winters of 1933/34 - 1994/95.
Reddish: Composite El Nino winters are wet, La Nina winters are dry.
Bluish/gresnish: Composite El MNino wintars are dry, La Nina wintars are wat.

Redmond, K.T., and RW. Koch, 1991, Surface climate and streamflow
variability in the western United States and their relationship to large-scale
circulation indices. Water Resources Research, 27(9), 2381-2388,

Oct-Mar Precip
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t<0, p=<0.001

Redmond &
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Western Regional
Climate Center

Historical Climate Information Current Observations, Forecasis and Monitoring
Western U3, Historical Sunumaries; Precipitation MWaps; Station . MNat'l Weather Bervice Current and Past 24-hour Feports; Snotel,
Itvwentories; Wind and Esaporation Data; Coastal Water Table; Climnate Prediction Center Outlooks, Satellite and Radar Imagety,
mtate Marratives, Station Descriptions; Anomalies. SPTL Anotmalies; Divisional Clitnate Plots; ACIE; CoCoRaHS.

WRCC Projecis
El Hino & La Hina, CERF;, WET; BLI EAWS, Yucca Iitn,
Current Weather Plots, NEO0E; Snotel, CoCoRaHS; Califortia
limate Data Archive, Photo Gallery;, Webcam, WxCod

More Climaie Information
Solar Fadiation; Sunnise’Sunset Information (USHNOY, WGA data
atid information; Mat'l Clitnatic Data Center, Clitnate Prediction
Center, CEFA; Mat'l Drought Mitigation Center.

Fducational and Travel Pages Abhout the WRCC
Termes; More about Weather and Climate - for teachers and lads! Staff, Funding, Owerview of WECC;, DEI Home Page,
Clirnate for resorts and Mat'l parles around the West. INTEEMAL.

WRCC Supports a Three-Partner National Climate Services Program - the Partners Include:
National Climatic Data Center {(NCDC), Regional Climate Centers (RCC's), and State Climate Offices.




Western Regional Climate Center

WRCC Projects

Climate Information Current Ohservations Projects Educational & Travel More Sources About Us HOME

=>| Nevada Wind Study Towers.

Diata Monttoring Stations surrounding the MW test site. Weather Stations that Wonitor Evapotranspiration Fates.

-m Corrangty Environimental DMomtoring Program (CEREY T ﬁ | Washoe Evapotranspiration Project (WETY

Wind Eneroy Assesment for Mevada HNE0E - Anemometer Loan Prooram
Wind Eesource Potential in Mewada

v EAWS Data (Femote Automated Weather Stations) 6 mnotel Data

oty e | SUMTUTIANES, Graphs, and other products for EAWS. u Listings, Marratives, Ivlaps and Station Conditions
o Current Weather Data Plots Mational Parks BEAWS page
.| Current Data Plats EAWSE Projects in the MNational Parlzs

. Landscapes; Suntise, Sunset and Lunat, and Misc.

| Photo Galley of the Western States: Current Webcarn View from DREI-NINEC

Wiew from the WECC office

El MinodLa Mina and the Western US|, Alaslka and Hawai ‘f_ ialiforma Clirmate Data Archive
Information regarding Fl Mino and La Mina. ﬁ Califormda Climate Information and Data (Scripps and CEC)
. T

Yucca Mountain Clirnate Data Project
Clirmate Data from Yucca Mountain, Mewada,

| Mevada Test Site MNOAAMARISEORDY WMED A Data Project
Climate Data from Mewada Test Site.

=8 Hardar stations.

Maswal Air Warfare Center (AW Pt Muou stations
Stations operated by the Mawal Air Warfare Center. Pt.

California Clitnate Tracker
Tracking Climate Variahility and ae for the state of California.

i Eeno Area Weather Metwork Mesrada Chimate Tracker

JEeno Area weather/climate surmaries Tracking Clitnate Vatiahility and Change for the state of Mevada.

CoCoRaHs - Comimunity Collaborative Fain, Hal and =
Metwork

4 Westmmap Clirnate Project
{ The Western Climate Mapping Initiative.




WestMap
Climate Analysis & Mapping Toolbox

WestMap Home Select Element Select Region By Select Record Map Click
Precipitation -~ States | Most Recent | Show Time Series = |

TOOLBOX | | | |

Map & Graph January 2009 Precipitation PRINT MaP |

. . 125°W 120°W 115°W 10w 105°W 100°W
Create Time Series I | | | i |

Create Map

20 (in)
Tutorial 16 (in)
Custom Reguests 12 (in)
Climate 101 8 (in)
Local Climate 6 (in)
Educational Resources 5 (in)
Climate Links 4 (in)
WestMap 3.2 (in)
Chieriew #on
2.4 (in)

About PRISK
2 (in)
Ahout s 1.5 (II'I}
User Feedbhack 1.2 (in)
Surveyl 0.8 (in)
Publications 0.6 (in)
Anplications 0.4 (in)

www.cefa.dri.edu/Westmap or www.wrcc.dri.edu/Projects (select Westmap)
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Mean Annual Temperature for Oregon + Washington
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Total Maximum Temperature for OR-WA Statewide

12 month period ending in December
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12 month period ending in December

Total Minimum Temperature for OR-WA Statewide
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Mean Seasonal Temperature for Oregon + Washington

Temperature

Seasonal Mean Temperature for OR-WA Statewide
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Mean Monthly Temperature for Oregon + Washington
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Total Winter-Centered Precipitation for Oregon + Washington

Total Precipitation for OR-WA Statewide
12 month pericd ending in July
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Mean Annual Temperature for Coastal / Interior OR-WA
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Mean Seasonal Temperature for Coastal / Interior OR-WA
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Mean Annual Temperature for Coastal / Interior OR-WA
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Climate C]’langc and America’s West

Anticipating Challenges to Western Mountain Ecosystems and Resources
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Not online yet. Mockup of home Page. Temporary Test Grid from Reanalysis.

North American Freezing Level Tracker
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Select type of product, set up display parameters, select location for time series or domain for map.

North American Freezing Level Tracker
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Elevation of Freezing Level over Lake Tahoe. Annual. From NCEP Reanalysis.

Annual 0°C Elevation, 39.2°N, 120.2°W
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Elevation of Freezing Level over Lake Tahoe. Winter. From NCEP Reanalysis.

DJF 0°C Elevation, 39.2°N, 120.2°W

2200

2000 l I |

AR NN

E 1800 ‘l‘ll“l'r L2 B

-

RS,

: |

> 1600

w
1400 |
1200 -
1000 | | | | | | =

1950 1960 1970 1980 1990 2000

Year



Elevation of Freezing Level over Lake Tahoe. Spring. From NCEP Reanalysis.

MAM 0°C Elevation, 39.2°N, 120.2°W
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Elevation of Freezing Level over Lake Tahoe. Summer. From NCEP Reanalysis.

JJA 0°C Elevation, 39.2°N, 120.2°W
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Elevation of Freezing Level over Lake Tahoe. Autumn. From NCEP Reanalysis.
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Elevation of Freezing Level over Lake Tahoe. 365 Days into early March 20009.
Climatology 1948-2009: black line median and blue percentiles.
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September 28, 19939

U.S. Drught Monitor

Map focuses on widespreod drought.
Lol candifions may vary.

D0 Watch Drought type: used only
D1 Drought when impacts differ
D2 Droughé-Severe
MWD Droughe-Extreme A= Agriculture
DA Droughe_Exceptional W= Wal

or
~ Delineates Overlagping Areas  F = Forest fire danger

* Released Thursday, Sep 30, 1999

Plus (#) = Forecast fo intensify next two weeks
Minus (3 = Forecast to diminish next two weeks
Mo sign = No change in drought clasification forecast

Sep 28, 1999

U.S. Drought Monitor septemper 24, 2002

A, !
©0 Abnarmally Dry Drought Impact Types: D
D1 Drought—ioderate Qikgrlvuﬂure

= D2 Drought—Severe: F = Fire danger (Wildfires) —
L Drought—Exreme #Delineates dominant impasts o FY
I D4 Drought—Bxseptional (N o type = A3 impacts) i
The Drought Monitor focu sas on bro ad-scals conditions k.
Local vary. See

Released Thursday, September 26, 2002

for forecast statements

nttp:droughtunl.eduidm Author David Miskus, JAWFICPCINOAA

Sep 24, 2002

September 26, 2000 vaias am.cor

o
D2(AF)

Map focuses on widespread drought,
Locol conditions may very.

Drought type: used arly
when impacts difler

00 Abnommally Dry

D1 Diought-First Stage
1902 Diought-S evere
D3 Drought-Extreme. A= Agricutture.
04 Diought—Exceptional W = Water
o Delinzates Oveilapping Areas  F = Wildfre danger

See i far
Fttp:ens o.unl. edwmanitorima ntor i

Sep 26, 2000

U.S. Drought Monitor Septem ber 30,2003

® Released Thursday, Sept. 28, 2000 *

o H
-
¢ DA H)
DA(AH) &DW\HJ
D1A) 5
D1(AH)
D2(AH)
Drought impact Types ’
b it e g, f——

gras slands)

0 02 Drought—Severe H= Hydrological (wateq)

I 0 Drought—Ereme o
0 Do 112 PR = b mpacts ESDA

o —
B :@\
# Delineates dominart mpacts = * 3

" = e W

The Drowght Mon tor focu s2s on broad
Loeal 7y vary . See Releas ed Thursday, October 2, 2003

for forecast statem ents. Author: Candace Tanke rsl ey/Scott Stephens, NOA AINCDC
hitp: //drought unl. eduidm

Sep 30, 2003

September 25, 2001  vaids am. cot

U.S. wroug t Monitr

¥ . { P N

Map focw s an wideyreod dmoght.
Local condiffons may vark

L0 Bbscimelly bry

L1 G eughl-heeiate Ae Ayiaue
D Creughi-Srvene W w Wlter Hdroka giend )
C3 Dy oughl-Exe e F = Fire danger (Wildines)
D e ghi-Fmeptonal - -l )
- e

- ®Rek o Thisrs 27

Bathor: Scott Stanhan 4 ann Glaassn, MO ANCOE

S .
ipuiers o unl wdameniauinesta bl

Sep 25, 2001

U.S. Drought Monitor Sertenber 2, 2004

Intensity: Drought Impact Types:

[} DO Abnormally Dry ~ Delineates dominant impacts
[] D1 Drought - Moderate A = Agricultural (crops, pastures,

[ D2 Drought - Severe qgrasslands) D
I D3 Drought - Extreme H = Hydrological (water)
Il D4 Drought - Exceptional (Mo type = Both impacts)

The Drought Monitor focuses an broad-scale conditions.
Local conditions may vary. See accompanying text summary
for forecast statements. R T 23, 2004

Y, Sep
hﬂp sfidro ug ht.unl.edu/dm Author: Brad Rippey, U.S. Department of Agriculture

Sep 21, 2004




U.S. Drought Monitor Sertember 27, 2005
LY p

. -
Pre] <«
T
Intensity.

[1 DO Abnormally Dry
[C] D1 Drought - Moderate
[ D2 Drought - Severe

B D3 Drought - Extreme
I D4 Drought - Exceptional

The Crought Monitor focuses on broad-scale conditions.
Local conditions may vary. See accompanying text summary

for forecast statements
http:/idrought.

Drought Impact Types.

~~ Delineates dominant impacts

A= Agricultural (crops, pastures
grasslands)

H = Hydrological (water)

(No type = Both impacts)

USDA

.unl.edu/dm

T y, Sep 29, 2005
Author: Douglas Le Comte, CPC/NOAA

Sep 27, 2005

U.S. Drought Monitor Serte

Intensity:

[] DO Abnormally Dry
[_] D1 Drought - Moderate
[ D2 Drought - Severe
I D3 Drought - Extreme
Ml D4 Drougnt - Exceptional

Drought impact Types.

r~ Delineates dominant impacts

A = Agricultural (crops, pastures,
grasslands)

H = Hydrological (water)

mber 30, 2008

Valid 8 a.m. EDT

The Drought Monitor focuses on broad-scale conditions.
Local i

may vary. See

for forecast statements,

http:/idrought.unl.edu/dm

text summary

U.S. Drought Monitor Sertember 28 2006

Intensity:

[_] DO Abnormally Dry
[_] D1 Drought - Moderate
[ D2 Drought - Severe

B D3 Drought - Extreme
M D4 Drought - Exceptional

The Drought Monifor focuses on broad-scale condilions.
Local i

R

Drought Impsct Types:

r~ Delineates dominant impacts

A = Agricultural (crops, pastures,
grasslands)

H = Hydrological (water)

may vary. See
for forecast statements.

http:/idrought.unl.edu/dm

text summary

Author: Ned

Sep 26, 2006

U.S. Drou_g

Intensity:

[] DO Abnermally Dry
] D1 Drought - Moderate
[ D2 Drought - Severe

I D3 Drought - Extreme
Il D4 Drought - Exceptional

Drought impsct Types:

r~ Delineates dominant impacts

A = Agricultural (crops, pastures,
grasslands)

H = Hydrological (water)

ht Monitor

April 28, 2009

Valid 8 a.m. EDT

text summary

USDA

The Drought Moenitor focuses an broad-scale conditions,
Local may vary. See J

Released Thursday, October 2, 2008 for forecast statements,

Authors: Richard Heim/Liz Love-Brotak, NOAA/NESDIS/NCDC

Sep 30, 2008

http:/idrought.unl.edu/dm

Released Thursday, April 30, 2009

Author: Brad Rippey, U.S. Department of Agriculture

Apr 28, 2009

intensity:

[_] DO Abnormally Dry

[_] D1 Drought - Moderate
[Z] D2 Drought - Severa
I D3 Drought - Extreme:

Drought Impact Types:

r~ Delineates dominant impacts

A = Agricultural (crops, pastures,
grasslands)

H = Hydrological (water)

U.S. Drought Monitor s

mber 25, 2007

Valid 8 a.m. EDT

M D4 Drought - Exceptional

The Drought Monitor facuses on broad-scale conditions.
Local conditions may vary. See text summary

for forecast stafements.

http:/idrought.unl.edu/dm

d Thursday, Si b

27, 2007
Author: David Miskus, JAWF/CPC/NOAA

Sep 25, 2007
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Water Year Precipitation (Oct-Sep) thru Sep 2008. Upper Colorado River Basin.

Monthly Mean Precipitation for Upper Colorado River Basin
12 month period ending in September
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Water Year Mean Temperature (Oct-Sep) thru 2008. Upper Colorado River Basin.

Monthly Mean Mean Temperature for Upper Colorado River Basin
12 month period ending in September

o I NNV Y 1Y TP N Il
oo I I RGPt qr-ﬁ-/uw f-i-it'%" el

S e rlinl I L WY LY
5 vorp EEI/'ME** LN

180 1900 1910 1920 1930 1940 1950 196D 1970 1980 190 2000 2010

ENDING YEAR OF PERIOD




Water Year MAX Temperature (Oct-Sep) thru 2008. Upper Colorado River Basin.

Monthly Mean Maximum Temperature for Upper Colorado River Basin

12 month period ending in September
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Water Year MIN Temperature (Oct-Sep) thru 2008. Upper Colorado River Basin.

12 month period ending in September

Monthly Mean Minimum Temperature for Upper Colorado River Basin
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Acre-fest

1 tick
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12,000,000 -
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&,000,000 —

3,000,000 —

0

Lake Powell Storage Through May 2, 2009

1dMarg3 13MareT 12Mar71 11Mar7sd 10Mar73 09Marg3 08Marg7T 0T7hMar91 06Marss 05Mar3s 04Mar03 03Mara7

13Mares 12Mared 11Mar?2 10Mar?7 08Mar84 08Marg8s 0FMar8s 0EMar23 05MarsT 0dMar0d 03Mar0s 0Z2Mar0s

Date 1 major tick =1 year

Currently 53 % full (capacity 24.17 MAF)
Minimum: 33 % full on April 8, 2005



Lake Powell Elevation Through May 2, 2009
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13Mares 12Margd 11Mar73 10Mar77 08Marg1 08MarBS O0TMar82 0eMar33 05Mard7 04 Mar01 03Mar0s 02Mar0D

Feat
=10

1tick

Date 1 major tick =1 year

Water level on Apr 17, 2009 was 3611.80 ft, - 88 ft below full.
Minimum level on April 8, 2005 was 3555 ft, -145 ft below full.

Source: www.usbr.gov/uc/water/index.htl



?

Is the current Southwest drought a once-or-twice-a-century
drought like those of the past 500 years ...

7 e D

a harbinger of things to come, a different type of drought
that we have not observed before ?

?
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John Abatzoglou, Kelly Redmond, Laura Edwards.

Classification of regional climate variability in the
state of California.

2009, in press, Journal of Applied Meteorology and
Climatology.



Latest Graphics

* Climate region data: 1395 to present
* Ayerages taken from: 1949-2005
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Sierra Region
Precipitation Oct-Sep
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Lingar Trend 1895-present + 4.88+ B.08in. I+ 12= 15%) per 100 yr
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Sierra Region
Precipitation Jul-Apr
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South Coast Region
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Sierra Region
Precipitation Dec-Feb

Sierra
: - Nevada

Winter
Precipitation
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Sierra Region
Precipitation Mar-May
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Water Year Percent of Normal Precipitation (%)
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Genergted 5/2 /2009 at HPRCC using provisional dato. NOAA Fegicnal Climate Centers



Departure from Normal Temperature (F)
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Genergted 5/2 /2009 at HPRCC using provisional dato. NOAA Fegicnal Climate Centers



Water Year
2008 octo1  Departure from Normal Temperature (F)

Thru _
2009 May 01 10/1,/2008 - 5/1,/2009

Genergted 5/2 /2009 at HPRCC using provisional dato. NOAA Fegicnal Climate Centers



NCER /MNCAR Reanalysis
Surface air (C) Compeosite Anomaly 19658-1996 climo

Winter 2008-2009

Dec thru Mar

e
e
—

=
¥

v
] AT
aat- TR 4 o
" v ) .;..
_- 1 .. . A z .
9 : £ = -] -._ n - .
-
- B < r LY
- b A
: T L : 3 i £ 1L
" 5% H . [ & )
i e v ki1 - )
: R -
i A \
" ] ] Ao, — ;
T i -
: i b1 [
T ) : i
El 11 Pk W - .|
- ! -
& B o i
ey
-

Dec to Mar 2009

AT INA
C A _ . &@ﬁﬁf_‘ L
e ..w.—.,wwmf\__ - ‘

S

Surface Temperature

Departure from
Climatology
(1968-1996)

R
%
=
®©
c
®©
@
nd

S
S
O



Westwide SNOTEL Current Snow Water Equivalent (SWE) % of Normal

May 02, 200

Current Snow Water
Equivalent {(SWE)
Basin-wide Percent
of 1971-2000 Normal
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FProvisional data
subject to revision Y
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The snovewater equival ent percent of nomm al represents the curent Prepared by the USDAMRCS Wational Water and Climste Center
snowater equivalent found at selected SNOTEL sites in or near the basin Pottland, Cregon hitp Sesnsnsnce nrcs usda.govigis!
compared to the average value Br those sites on this day. Data bazed on Based on data from Htpcifewesaescc.nrcs usda govireparts!

the first reading ofthe day thepically 00:000. Sdience contact: Tam Pagano@por usds.goy 503 414 3010

Western Basins
Snow Water Content

from
Snotel Stations

Percent of Average
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Western United States Warming Climate Evidence

Warming - thermometers (NOAA coop surface data network)
Warming - thermometers (NOAA upper air data network)

Warming - thermometers (subsurface, western boreholes)

Snowpack decrease in spring months (Snotel network)

More rain / less snow in winter months (NOAA coop network)

Earlier snowmelt runoff pulse (date shift, USGS stream gage network)
Earlier blooming of lilacs and honeysuckles (phenology networks)
Mountain glacier recession and mass loss

Upward movement of plant / animal habitat zones

10. Warmer river and lake temperatures

© 0N s D RE



Anticipated changes in Western USA next several decades:

Increased temperatures everywhere.  Temperature is a hydrologic element.

A little more warming in summer, a little less warming in winter

Precipitation increases during the mid-winter months in relation to rest of year
Precipitation reduction from late winter onward

More rain, less snow at most elevations except highest

Higher freezing levels

Somewhat shorter and more intense precipitation supply season

Longer demand season, starts earlier in spring, lasts later in autumn
Seemingly paradoxically, possibly more floods and droughts (!)

Total annual precipitation not greatly different, more north, less south

Same precipitation with higher temperatures is “like” less precipitation

This is all not necessarily straightforward.



Bishop Creek, CA
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