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Potential external sources of climate change
Human

Greenhouse gasses

Carbon dioxide

Methane

Nitrous oxide

Ozone

Chloroflourocarbons
Aerosols

Radiative effects (the flow of radiant energy)

Microphysics effects (how clouds form and how they work)
Land use /land cover changes

Changes in albedo

Changes in water vapor

Changes in vegetative influence / participation in energy and mass flows

Natural
Astronomical radiation forcing

Solar variations
Volcanoes
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Atmospheric Methane: Resumption of its Rise???
Methane is 23 times more potent as a greenhouse gas than CO2

RISING METHANE
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The Planetary Radiation Budget

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

Reflected Solar Incoming 235 Outgoing

107\ Radiation Solar Longwave
107 Wm* Radiation Radiation
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IPCC AR4, Kiehl and Trenberth (1997)



Anthropogenic

Natural

Global

Radiative Forcing Components

RF Terms RF values (W m?) |Spatial scale| LOSU
1 % L
' |
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| |
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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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Solar Output During the Satellite Era

Through late December 2008

Composite Total Solar Irradiance (Frohlich and Lean)
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Kasatochi SO2 Cloud
August 12, 2008
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Total Aerosol Optical Depth
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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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with the falling drop
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Warm rain Ice crystal
formation rain formation

Daniel Rosenfeld

Aerosols Suppressing Precipitation in the
Central Sierra: Results of the 2006 Winter

Field Campaign
14 Sep 2006. California Climate Change
Research Conference.

Suppression of Rain and Snow by Industrial
and Urban Air Pollution. Science, 2000,
March 10, 287, 1793-1796.
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Courtesy of Mike Dettinger, USGS / Scripps.

PROJECTED CHANGES IN ANNUAL TEMPERATURE, 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



Annual Mean Temperature ( F)

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

Jan-Dec Global Mean Temperature over Land & Ocean
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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 Oct 2007.

Western United States (11 states) June-July-August Temperature
Provisional data from NCDC / CPC. Blue: 1l-year running mean.
Units: Deg F. Data source NOAA cooperative network, thru Oct 2007.
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Courtesy of Mike Dettinger, USGS / Scripps.

PROJECTED CHANGES IN ANNUAL PRECIPITATION, NORTHERN CALIFORNIA
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Water Year Precipitation (inches)

Western United States (11 states) Water Year (Oct-Sep) Precipitation.

Provisional data from NCDC / CPC. Blue: 1l1-year running mean.

Units: Inches. Data source NOAA cooperative network, thru Dec 2008.
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Projected Change in Precipitation 1950-2000 to 2021-2040
(Percent of 1950-2000)
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Change in P-E (2021-2040 minus 1950-2000)

drier change in P-E (mm/day) wetter
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Winkel Tripel projection centered on ~80.0°E

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

www.ldeo.columbia.edu/res/div/ocp/drought/science.shtml
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Monthly Early-21st Century (2011-2040) Temperature @ 37.6°N, 119.6°W ) ]
Yosemite / Mariposa
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Monthly Mid-21st Century (2041-2070) Temperature @ 37.6°N, 119.6°W ) ]
Yosemite / Mariposa
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Monthly Late-21st Century (2071-2100) Temperature @ 37.6°N, 119.6°W
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Monthly Early-21st Century (2011-2040) Precipitation @ 37.6°N, 119.6°W
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Monthly Mid-21st Century (2041-2070) Precipitation @ 37.6°N, 119.6°W ) ]
Yosemite / Mariposa
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Monthly Late-21st Century (2071-2100) Precipitation @ 37.6°N, 119.6°W
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Anticipated changes in Sierra Nevada next several decades:

Increased temperatures

A little more warming in summer, a little less warming in winter
Precipitation increases during the mid-winter months

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 than now

Same precipitation with higher temperatures is “like” less precipitation



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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55T {(C)

55T {HCEF Reanalysi=z} Jan to Dec:38BH to =385 and 8BE to 188E averaged
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MaPng New lerram
Climate d’iaﬂgc and America’s West

Anticipating Challenges to Western Mountain Ecosystems and Resources

The Consortium for lrﬂ‘eg—dted Climate Research in
Western Mountains
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juty 2008



South Central Sierra Snow Lab

Photo: Dave Simeral



Hot Plate

Precip Gage
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operations? or testing ?

Ice
+

Wind
+

Imbalance
+

Shaking
+

Clouds
+

Battery Discharge
+

Many Hours

“Interesting Data”

Ward Peak. Lake Tahoe Basin. 8600 feet.
Photo: Arlen Huggins
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White Mtn Summit, 14246 ft
Reconfigured July 2004




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

© 00 NO A DN PRE
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Figure 3. Simulated snow water equivalent (SWE) under a projected temperature increase tor the penods 2020-2039, 2050-2069

and 2080-2099_ expressed as a percentage of average present conditions.
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Potential effects of global warming on the Sacramento / San
Joaquin watershed and the San Francisco estuary

Noah Knowles and Dan Cayan, Climate Research Division,
Scripps Institution of Oceanography
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Temperature and Precipitation and Elevation along 1-80 in the Sierra Nevada

Blue Canyon 5280 ft
1949-2007 (approx)

Mean Seasonal Snowfall 610 cm
Mean Winter Temperature DJF  +3.5C
Mean Annual Precipitation 1780 mm

Central Sierra Snow Lab 6900 ft
1949-2008 (approx)

Mean Seasonal Snowfall 1034cm
Mean Winter Temperature DJF  -1.8C
Mean Annual Precipitation 1590 mm
Mean DJF Temp 2002-2009 -14C

Note.
This does not include a careful effort
to identify inhomogeneities in T or P time series.

240 inches
38.2F
70.04 inches

407 inches
28.8 F
62.56 inches

295 F
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Air Tenperature {C}

Air Tenperature {(HCEF Reanalysi=z)} Jan to Dec:39H to 36H and -128.5H to =-119H averaped
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Air Tenperature {C}

Air Temnperature {(HCEF Eeanalysi=s)} Har to Hay:39H to 36H and -128.5H to =-119H averaped

3

Sierra I\/Ia'r-l\/lay 700 mb Temp' (10,000 f't)

o Ereezing f\ \

1C

1998

20088

2818



Air Tenperature {C}

Air Temperature {NCEF Reanalysi=s} Jun to Aug:39H to 36N and -128.5H to

=119H averaged
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Air Tenperature {C}

Air Temperature {HCEF Reanalysiz} Hov to Feb:39H to 36N and -128.5H to
1

=119H averaged
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Air Tenperature {C}

Air Temnperature {(HCEF Eeanalysi=z) Dec to Feb:39H to 36H and -128.5H to =-119H averaped
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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
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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 thru Feb 2009.
From NCEP Reanalysis.

Elevation of 0°C Surface for 39.2°N, 120.2°W
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White Mountain Research Station Summit Station. 14,245 feet. White diamond.
North American Regional Reanalysis grid. 32 km, 3-hourly, 29 levels.
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White Mountain Research Station Summit Station. 14,245 feet.
Mean Daily Temperature Observations. Complete days Sep 2003-May 2008. 70% of all days.

NARR. Reconstructed from North American Regional Reanalysis, 32 km, 29 levels. r = 0.985
(0.98 winter, 0.93 summer).

GR. Reconstructed from Global Reanalysis. r =0.97
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White Mountain Summit Temperature. 14,245 feet. Reconstructed from Global Reanalysis.
99 % of NARR-derived temperatures are within +/- 3 Deg C.
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The World’s Warm Oceans




2009 March 15. 3325 Argo floats deployed.
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Through February 2009
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Global Sea Surface Temperature Anomalies (C) 2009 March 1-7
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Recent Evolution of Equatorial Pacific SST Departures

Observed Sea Surface Temperoture {*C)

SST Anomadlies
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Split Samples:

Updsted from Redmond and Koch (1981). Wirters of 1833/34 - 1894/95,
Reddish: Composite Bl Nino winters are wel, La Nina winters are dry.
Bluishigreenish: Composite Bl Nino wirters are dry, Lo Nina wirters are wel

Redmand, KT, and RW. Koch, 1991, Surface cimate and streamfiow
vansbdity in the western United States and their relaSonship 10 large-scale
circulation indices. Waler Resources Ressarch, 27(9), 2361-2359,

N Anjoiage
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Departure from Normal Temperature (F)
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Water Year
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Winter 2008-2009
Dec 01 — Mar 12

Surface Temperature
Departure from
Climatology
(1968-1996)

Reanalysis
Data

Surface Air Temperature [C) Composite Anomaly (1968—19896 Climatology)

12/1/08 to 3/12/09
MCEP /MNCAR Reanalysis




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

Mar 16, 2009 >
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Sierra Nevada
Snowpack Conditions

March 16, 2009
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Maximum Flow ( KCFS )

American River @ Fair Oaks (Sacramento CA)
Annual Maximum Three-Day Average Flow
Reconstructed Natural Flow below Folsom Reservoir
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American River at Fair Oaks Maximum 3-day Flow Each
Winter (Daily Average) Adjusted Natural Flow

(versus Southern Oscillation Index for prior June - Movember)
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So, is Nevada/California warming, ... or not ???

PROJECTED CHANGES IN ANNUAL TEMPERATURE, 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



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,
atate 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.




California Climate Tracker

N ¥ L ¥ &% : 2 (¥ 7 % & &%
Tracking Climate Variability and Change for the State
Explore Climate Products Much appreciation
to
FEBRUARY 2009 John Abatzoglou
Mean Temperature Departure Precipitation
February 2009 Percent of Normal

February 2009

Degroes
California Statewide California Statewide
Mean Temperature Departure February Precipitation February




John Abatzoglou, Kelly Redmond, Laura Edwards.

Classification of regional climate variability in the
state of California.

2009, Journal of Applied Meteorology and
Climatology, accepted.



Latest Graphics

o Climate region data: 1895 to present
e Awerages taken from: 1949-2005

DecAgEs F

Select from the Menu to the Right

Last 12 Months

Sacramento-Delta
San Joaguin Valley
| Maorth Coast
| Central Coast
{ South Coast
South Interiar
taohave
Sonaran

April
) ) ki ay
Time Series June
g ; - July
| elect Region _I [ Hugust
E Select Element =) September
Select Element October
M asirumn Termperature Mowernber
Ti S Minimum Temperature ) DE}CEFﬂbEf
TS Beries Mean Temperature ] Winter [DLF]
Foiena i |  Precipitation Spring [MAM]
Select Region Temperature Summary___ ] Eamﬁir[[é‘éﬂ]
[ Statewide | Calendar Year [Jan-Dec)
Water Year [Oct-Sep)
EE:EEESSLtraI wiater ear [JulJun)

Time Series

Californis Statowide
Mean Temperatues Ancomalies December

Time Series
| Select Reqgion |
I Select Elerment ;l
[ Select Time Period -

b arch ;I

January to Prezent
Octaber Ta Prezent 1

1July To Present ¥

California Climate Tracker

Latest Graphics
I Select Region 'I
| Select Element =~
I Select Data Type ZI
| Select Time Period _vj

Select |

Time Series

I Select Region - I

| Select Element =
| Select Time Period =

Select |

Surmmary of the Past 12 Months

l Select Region - I GO l

Climate Regions More Info
Plot Data Retrieve Data

Back to the California Climate Tracker
Non-Frames Version

Western Regional ¥ R, @
3 " Climate Center . V

2 SRS
PRenearch luites
At



DEGREES F

2.0

Mean Tem

Sierra Region

ure Jan-Dec

perature Depart

"

1}

1900

I I
1910 1920

Bilack Line Daenatas 11 -yaar Running kean
Diegaariures Trom 15845-2005 Base Paricd

Lingar Trend 1885-prasent
Lingar Trend 1249-prasent
Lingar Trend 1975-prasent
Warmes! Year

Coldas! Year

Jan-Dec 2008

I
1930

I I I
1940 1950 1960
YEAR

+1.44 £ 0.52°FH00yr

+ 246 + 1.30°F00yr

+4.83 + 3.02°F100yr
51.7°F (+2.7°F)in 1934
48,7 F [+ 237F)in 1911

50.0°F (+0.9°F)

1970 1880 1290 2000
Westarn Reglonal
Climate Genter
MEAN 49.0°F

STDEV 0.87°F

RAME 96 of 114



Maximum Temperature D
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Sierra Region
Miniumum Temperature Departure Jan-Dec
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Sierra Region
Temperature Departure Jan-Dec
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Sierra Region
Mean Temperature Departure Dec-Feb
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Sierra Region
Precipitation Jul-Feb
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Sierra Region
Precipitation Dec-Feb
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Sierra Region
Precipitation Mar-May
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Westmap: U Arizona, DRI/WRCC, OSU NOAA - NCTP ...CLIMAS/WRCC/CAP

Can be expanded to cover additional states www.wrcc.dri.edu/PROJECTS.html

ﬂ "’f\\ ’WestMap The Western Climate Mapping Initiative
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States, counties, hydro basins, climate divisions, grid squares, stakeholder pixels

Uses 4 km (maybe soon 2 km) PRISM Monthly Time Series 1895 - last month
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Seasonal Minimum Temperature for California -- Placer County
3 month pericd ending in August

2000 2010

1920 1930 1940 1950 1960 1970 1980 980

1910

simelsdwsl

1

ENDING YEAR OF PERIOD

* 10 year running mean

June-July-August 3-month Mean Minimum Temp
Placer County, California

With

10-Year Running Mean

Based on PRISM analysis



n February

Seasonal Mean Temperature for California -- Placer County
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Lake Tahoe Depth-Averaged Temperature
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Robert Coats, Joaquim Porez-Losada, Geoffrey Schladow, Robert Richards, Charles Goldman, 2006.
The Warming of Lake Tahoe. Climate Change, 76, 121-148. DOI: 10.1007/s10584-005-9006-1



Concluding Comments - 1

Earth

West

We are committed to a certain added amount of warming
On our agenda: Adaptation as well as mitigation

Warming began about middle 1970s (how much might be GHG?)
Much of US warming is in the West
Appears to be related to Indian Ocean and Indonesian Warm Pool

Sierra Nevada

Temperature to rise thru century

Summer more than winter, especially later in century
Precipitation to stay similar to now

More in winter, less in spring, summer, autumn
Precipitation season more “compressed” than now
Could lead to both more floods and droughts
Freezing levels to increase
Except at high elevations, more rain / less snow
Temperature does matter for hydrology
Shorter supply season, longer demand season



Concluding Comments - 2

Tahoe Basin
Difficult to adequately track climate variability and trends

Climate monitoring not coordinated or systematic
Much needed

Monitoring needs
Adherence to climate monitoring guidelines (not just “weather’)

Snow-capable precipitation measurements (not easy or cheap)
Major features
The lake (surface and throughout its volume)
Lake temperature need not exactly track air temperature
The shoreline
Middle elevations
Around the mountain rim
Systematic data repository

Purpose
Description of variability, detection of trends

Calibration of physical and environmental models
Ground truth for environmental studies

Assisting with attribution: effects from causes
fundamental information in wide demand
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A SIMPLE INDEX OF SENSITIVITY OF SNOWFED HYDROCLIMATE TO A
+3°C WARMING ... Rain? or Snhow?
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Tahoe City / Sacr amento Ratio
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Tahoe City / Sacramento Ratio

TahoeCity / Sacr amento Ratio

Kelly. Redmond, Western Regional Climate Center.
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NOAA—ZIRES/Clirmate Diagnostica Centar ‘25

700mb Geopetential Height (m) Composite Ancmaly
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700mb Geopotential Height (m) Composite Anomaly
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La Nina
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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 2007.
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