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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



Dave Keeling, Scripps

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

1,800
1.750
1,700
1,650
JJ

1 600 P — Actual readings

: s — Annual average

.r't
C
1,550 £
1978 1982 1986 1990 1994 1998 2002 2006 2010

SOURCE: NOAA



—
(Q\|
—
o
N~
o
o
N
2
al
O
=







latitude

latitude

455

45N

longitude

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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History of

Atmospheric

Forcings

Simulated and
Observed
Temperatures

(Global Mean)

Hansen et al, 2005. Earth's
energy imbalance:

Confirmation and implications.

Science, 308, 1431.
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Jan-Dec Global Surface Mean Temp Anomalies
NCDC!NESDIS!MOAA (Smlth and Flelrnulds, 2005)
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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/artd



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 2007.
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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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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 Nov 2006.
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Western Regional
Climate Center

Historical Climate Information
Western 113, Historical Summaries, Precipitation Waps, Station Inventories, Wind
and Evaporation Diata; Coastal Water Tahle, State Marratives, Station Descriptions;
Anotraties.

WRCC Projecis
El Mino & La Mina, CENP, WET; BLI EAW?S:; Yucca Iitn, Current Weather Plots;
MS0E; Snotel, California Climate Data Archive, Photo Gallery, Webcam.

Educational and Travel Pages
Terms, Iore about Weather and Clirnate - for teachers and kids! Clirnate for resorts
and MNat'l parkes around the West.

Cwrrent Observations, Forecasts and Monitoring
Mat'l Weather Bervice Current and FPast 24-hour Feports; Bnotel, Climate Prediction
Center Outlookes, Satellite and Radar Imagery;, SPI, Anomalies, Diwvisional Clirnate
Plots;

More Climate Information
Solar Radiation, Sunrise/Sunset Information (TTSHOY, WGA data and information,
Mat'l Climatic Data Center, Clinate Prediction Center; CEFA, Nat'l Drought
Ilitigation Center.

About the WRCC
Staff, Funding, Overwview of WRCC, DRI Home Page; INTERMNAL.

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.

Address:
WERCC
2215 Raggio Parloway
Feno, MWV 89512
(775) 674-7010 - phone
(775 674-7016 - fax

wre cildr. edu

S DR

Desert Research Institute

Disclaimer
Site hap



Western Regional Climate Center

WRCC Projects

Climate Information Current Observations Projecis Educational & Travel More Sources Aboui Us HOME

Cotrmunity Envirotenental Mondtoring Prooram (CERE)
Drata hlonitoring Stations surrounding the MW test site.

i | Wind Energy Assesment for Newada
’@ Mevada Wind Study Towers.

paws |EAWS Data (Femote Automated Weather Stations)
o | Surnmaries, Graphs, and other products for RAWS.

2 | Current Weather Data Plots
"' | Current Data Plots

M Photo Galley of the Western States:
el

| | Landscapes; Sunrise, Sunset and Lunar; and Misc.

El Mino/La Mina and the Western 1J3, Alaska and Haswail
Information regarding Fl1 Mino and La Mina.

Yucca Mountain Climate Data Project
Clitnate Drata frotn Yucca Mountain, Mewada.

Mawal &ir Warfare Center (RNAWS) Pt. Mugu stations

i Eeno Area Weather Metwork
i Reno Area weather/climate sumtmaries

w224 | CaCoRaHs - Commmunity Collaborative Rain, Hail and Snow Metwork
Uﬁa ?

ACIE - Applied Climate Information Svstetmn

Fowemdby ‘ ! C £S'

NO 28 Regional Climate Centers

E E Washoe Evapotranspiration Project CAET)

A Stations operated by the Maval Atr Warfare Center. Pt Mugn Handar stations.

Weather Stations that IMonitor Evapotranspiration Fates.
HNEO0E - Anemometer Loan Program
Wind Fesource Potential in Mevada

0 anotel Data
U | Listings, Marratives, Iaps and Station Conditions

Mational Parkes EAWS page
FEAWS Projects in the Mational Parles

a Current Webcam View from DEI-NHEC
B Viewr from the WROC office

California Climate Data Archive
Californta Climate Information and Data (Seripps and CEC)

I :; Mewada Test Site AOAALRISSORDY MED A Data Project
Ez 5| Climate Data from Mevada Test Site.

Caltfscnia Climate Tracker
Tracldn}ﬁnate Wariability and Change for the state of California
-

Mewada Climate\Traclker
Tracling Climmate Variahility and Change for the state of MNewada.

ok

i o 1 Westmap
""“!g { The Wes

el

te Project
Clitnate MMapping Initiative.

WiCoder
Drata entry system for MWS COOP Obszervers.




California Climate Tracker

Tracking Climate Variability and Change for the State

Chmate Products Frames Version

OCTOBER 2007

Mean Temperature Departure
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Eleven climate monitoring
regions determined from a
comprehensive analysis.

(John Abatzoglou, WRCC)



Sierra Region
Precipitation Oct-Sep
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Walles! Year BT.79 in. { 173%) in 1983 MEAN 39.15in.
Driest Year 14.80 in. {  38%) in 1924 STDEV 12.33in.

Oct-5ap 2004 26.86 In. [ BAM) RAMK 18 of 113



Western Regional Climate Center

WRCC Projects
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Nevada Chmate Tracker

Time Series
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Nevada Statewide

Mean Temperature Departure Oct-Sep
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Nevada Statewide

Maximum Temperature Departure Oct-Sep
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Nevada Statewide
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Nevada Statewide

Precipitation Oct-Sep
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MEAN 10.22in.
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Nevada Statewide Nevada Statewide
Precipitation Dec-Feb Precipitation Mar-May
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Orangs Line Donotes 114 ) Weslam Reglonal 1900 1910 1820 1830 1840 1950 1960 1970 1980 1990 2000
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Climete Center
Linear Trend 1885-present +0.08+ 0.80in. (+ 2= 19%)per 100yr Th rou g h
Linear Trend 1895-present + 060+ 054in. (+ 20= 18%)per 100 yr
Linear Trend 1949-present +0.88 L 1.88in, (+ 31+ 53%)per 100 yr
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Rate of Long-Term Trend Temperature Change (top; °F per decade)
& Precipitation Change (bottom; inches per decade) — FULL YEAR

Based on 1941-2005 data
Trend begins 1976
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Annual Mean Temperatures, 2000-2006.
Departures from 1895-2000 Mean.

Composite Temperature Ancmalies (F) Composite Standardized Temperature Anomalies
Jan to Dec 2000 to 2006 Jan to Dec 2000 to 2006
Versus 18B95-2000 Longterm Average Versus 1895-2000 Longterm Average

HWOM/ESRL PSD and CIRES-CDC HWOM/ESRL PSD and CIRES-CDC

-2.00 -1.50 -1.00 050 000 050 1.00 150 2.00 -2.00 -1.50 -1.00 050 000 050 1.00 150 2.00

Non-standardized. Units: Degrees F. Normalized (standard deviations).

The West dominates recent U.S. warming.



SST Departure from Climatology, Annual Jan-Dec, for 8 years 1999-2006.
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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

WEStMEp 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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Monthly Mean Precipitation for Nevada -- Clark County
12 month period ending in June
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12 month period ending in December

Monthly Mean Mean Temperature for Nevada -- Clark County
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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

9. Upward movement of plant / animal habitat zones

10. Warmer river and lake temperatures

© NOo bk wWwDdhPE
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Rir Temperatore 02

Air Temperature CHCEP Reanalwsis) Jdan to Dec:d43M to 37H and -112H to —186H averaged
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Rir Temperatore 02

Air Temperature (HCEFP Reanalwsis) Dec to Febid3M o 37H and -112H to —186H averaged
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Date

28148



Rir Temperatore 02
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Rir Temperatore 02

Air Temperature (HCEP Reanalwsis) Jun o Aog:d43Md o 37H and -112H to —186H averaged
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Rir Temperatore 02

Air Temperature CHCERP Reanalwsis) Sep to How:d3M o 37H and -112H to —186H averaged
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Water Year Precipitation (inches)

Upper Colorado River Water Year Precipitation.
October through September. Units: Inches.
Data from PRISM. Blue: annual. Red: 11-yr mean.
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Annual Mean Temp (F)

Upper Colorado Basin Mean Annual Temperature.
Units: Degrees F. Annual: red. 1l-year running mean: blue
Data from PRISM: 1895-2006.
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LowrColTv

Lower Colorado Basin Mean Annual Temperature.
Units: Degrees F. Annual: red. 1l-year running mean: blue
Data from PRISM: 1895-2006.
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ANNUAL FLOW (Million acre feet)

Reconstructed natural flow at Lees Ferry. Water Years 1906-2006. White: preliminary estimates.
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Lake Powell Storage Through December 02, 2008
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Colorado River Storage Currently 57.3 % full
2008 Sep 30: 59.3 % Minimum: 33 % full on April 8, 2005



Lake Powell Elevation Through December 02, 2008
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Water level on November 01, 2007 was 3621.66 ft, -88.34 ft below full.
Minimum level on April 8, 2005 was 3555 ft, -145 ft below full.

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



Elevation in feet above Sea Level

Lake Mead October Elevations (in feet)
1938-2007
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Lake Mead, October 2007

Photo by Ken Dewey




Change in P-E (2021-2040 minus 1950-2000)

drier change in P-E (mm/day) wetter

1 m' . ! e ;_ P
-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/ocp/drought/science.shtml
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11 Models, 2 CO2 Scenarios, Colorado River Basin (from Christensen and Lettenmaier, HESS, 2007)
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PER 1: 2010-2039 PER 2: 2040-2069

Flow at Lees Ferry
Table 2. Annual average precipitation, evaporation, and runoff (in mm/year), runcff ratio, and

PER 3: 2070-2099

basin average temperature (°C).

Scenario, Precip. Evap. Runoff Runoff Ratio | Temp
Fer (percent (percent (percent (percent (" C relative to
change change change change histornic)
relative to relative to relative to relative to
historic) historic) historic) historic)
HISTORIC 354 mmiyr. 309 mmiyr. 452 mmiyr. 12.8 % 105 °C
B1/PER 1 360 (+1%) 315 (+2%) 45.0 (0%) 12.5 (-2%) 11.8(+ 1.3°C)
B1/PER 2 351 (-1%) 310 (0%) 11.9 (-7%) 126 (+ 2.1°C)
B1/PER3 351 (-1%) 309 (0%) 11.8 (-8%) 13.2(+ 2.7°C)
A2 PER 1 351 (-1%) 307 (-1%) 12.7 (-1%) 11.8(+ 1.2°C)
A2 | PER 2 348 (-2%) 305 (-1%) 12.2 (-5%) 13.1(+ 2.6°C)
A2 I PER 3 347 (-2%) 306 (-1%) 11.6 (-10%) 149 (+4.4°C)

Niklas Christensen and Dennis Lettenmaier, A multimodel ensemble approach to assessment of climate
change impacts on the hydrology and water resources of the Colorado River basin. Hydrology and Earth

System Sciences, Hydrology and Earth System Sciences, 2007, online journal:
http://www.hydro.washington.edu/SurfaceWaterGroup/Publications/hessd-2006-0147-tx.pdf
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Projected Change in Precipitation 1950-2000 to 2021-2040
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Filtered P-E Anom, Median of 19 modeils (red), 25th to 75th (pink); 50th P (blue), 50th E (green)
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Fig. 1. Modeled changes in annual mean precipitation minus evaporation over the American Southwest
(125°W to 95°W and 25°N to 40°N, land areas only), averaged over ensemble members for each of the 19
models. The historical period used known and estimated climate forcings, and the projections used the
SResA1B emissions scenario. The median (red line) and 25th and 75th percentiles (pink shading) of the P —
E distribution among the 19 models are shown, as are the ensemble medians of P (blue line) and E (green
line) for the period common to all models (1900—2098). Anomalies (Anom) for each model are relative to
that model's climatology from 1950—-2000. Results have been 6-year low-pass Butterworth-filtered to
emphasize low-frequency variability that is of most consequence for water resources. The model ensemble
mean P — E in this region is around 0.3 mm/day.

Seager et al, 2007.



