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Annual Precipitation {(inches)
1961-80 Average (PRISM OSU/WRCC)
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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



The Planetary Radiation Budget

Net incoming 342 — 107 = 235 W/m? Net outgoing =235 W/ m?2
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IPCC ARA4, Kiehl and Trenberth (1997)
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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



Polluted
atmosphere
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Large droplets collide .

with the falling drop

© small droplets follow the
@ airflow streamlines and bypass
@ the falling drop

Warm rain
formation

lce crystal
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.






Anthropogenic

MNatural

Global Radiative Forcing Components
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Atmospheric CO, at Mauna Loa Observatory Dave Keeling, Scripps

CONCENTRATION (parts per million)
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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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. . CHANGES IN ANNUAL TEMPERATURES, NE UTAH (Dinosaur)
Projections for Utah 0.95 | . _ P Suikit 3
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11 Models, 2 CO2 Scenarios, Colorado River Basin (from Christensen and Lettenmaier, 2007)
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Annual Precipitation (inches
1961 90 Average PRISM SU/WR C)
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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



Western United States (11 states) Annual Jan-Dec Temperature
Provisional data from NCDC / CPC. Blue: 11l-year running mean.

Units: Deg F. Data source NOAA cooperative network, thru Dec 2007.
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Annual Mean Temperature ( F)
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Through 2007
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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

Rate of Change:
=
+0.25 to +0.40

+0.10to +0.25
+0.40 to +0.80

i

+.80to +1.20
+1.20

25t0-0.10
10 to +0.10
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Annual Temperature Trend 1976 - 2005

U.S. Average Rate of Long-Term Trend
Temperature Change (per decade)

DJF JFM FMA MAM AMJ MM JJA  JAS ASO SON OND NDJ YEAR

Period

Winter Spring Summer Autumn Annual

National Temperature Trend by Season

The Last 30 Years



Annual Mean Temperatures, 2000-2006.
Departures from 1895-2000 Mean.

Composite Temperature Anomalies (F) Composite Standardized Temperature Anomalies
Jan to Dec 2000 to 2006 Jan to Dec 2000 to 2006
WVersus 1895-2000 Longterm Averoge Versus 1895-2000 Longterm Averoge

NOWA/ESRL PSD ond CIRES-CDC NOwa/ESRL PSD ond CIRES-CDC

-2.00 -1.50 -1.00 -050 000 050 100 150 2.00 -2.00 -1.50 -1.00 -050 000 050 100 150 2.00

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

The West dominates recent U.S. warming.



Spring (Mar-Apr-May) Mean Temperatures, 2000-2007.
Departures from 1895-2000 Mean.

Composite Temperature Anomalies (F) Composite Standardized Temperature Anomalies
Mar to May 2000 to 2007 Mar to May 2000 to 2007
Versus 1895-2000 Longterm Average Versus 1895-2000 Longterm Average

MNOMA/ESRL PSD end CIRES-CDC NOBA/ESRL PSD end CIRES-CDC

-50 -40 -30 -20 -1.0 0.0 1.0 2.0 3.0 4.0 5.0

-2.00 -1.50 -1.00 -050 000 050 100 150 2.00

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

The West dominates recent U.S. warming.



Summer (Jun-Jul-Aug) Mean Temperatures, 2000-2006.
Departures from 1895-2000 Mean.

Composite Temperature Anomalies (F) Composite Standardized Temperature Anomalies
Jun to Aug 2000 to 2006 Jun to Aug 2000 to 2006
WVersus 1895-2000 Longterm Averoge Versus 1895-2000 Longterm Averoge

MNOMA—CIRES,/Climote Diognostics Center

NOMA—CIRES,/Climote Diognostics Center

-40 =30 =20 =-1.0 0.0 1.0 2.0 3.0 4.0 -2.00 -1.50 -1.00 -0.50 000 050 1.00 150 2.00

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

The West dominates recent U.S. warming.



Autumn (Sep-Oct-Nov) Mean Temperatures, 2000-2006.
Departures from 1895-2000 Mean.

Composite Temperature Anomalies (F) Composite Standardized Temperature Anomalies
Sep to Nowv 2000 to 2006 Sep to Nov 2000 to 2006
WVersus 1895-2000 Longterm Averoge Versus 1895-2000 Longterm Averoge
1

NOwA/ESRL PSD ond CIRES-CDC NOwa/ESRL PSD ond CIRES-CDC

-3.0 -2.0 -1.0 0.0 1.0 2.0 3.0

-2.00 -150 -1.00 -050 000 050 100 150 2.00

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

No particular pattern, scattered mild warming.



Winter (Dec-Jan-Feb) Mean Temperatures, 1999/2000-2006/2007.
Departures from 1895-2000 Mean.

Composite Temperature Anomalies (F) Composite Standardized Temperature Anomalies
Dec to Feb 1999 —#«x to 2006-07 Dec to Feb 1999 —=x to 2006-07
Versus 1895-2000 Longterm Average Versus 18952000 Longterm Average
]__"“—l-'_'
NOWA/ESRL PSD ond CIRES-CDC NOW/ESRL PSD ond CIRES—COC

-6.0 —-40 -20 00 2.0 4.0 6.0

-2.00 -1.50 -1.00 -050 000 050 100 150 2.00

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

The West and North dominate recent U.S. warming.



SST Departure from Climatology, Annual Jan-Dec, for 8 years 1999-2006.
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9 models x 3 scenarios =27 “opinions”
Anomaly expectations for recent years. Summer.

MultiModel Ensemble JJA Temperature difference 2000-2007 minus 1971-2000

0.6 0.8

Degrees C Thanks to John Abatzoglou



Model Resolution
IPCC Reports
(Intergovernmental Panel
on Climate Change)

First Assessment Report

Second Assessment Report

Third Assessment Report

Fourth Assessment Report



resolution;

Climate Model

Reanalysis

(slightly smaller;
pixel resolution)

Regional

AR4 Models
~ 1 degree

Resolution

About 1 km
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MaPng New lerram
Climate C]’yangci and America’s West

Anticipating Challenges to Western Mountain Ecosystems and Resources

The Consortium for Integrah:& Climate Research in
Westarn Mountains

(CIRMOUNT)

July 2006



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 WNRE



Western Regional
Climate Center

Historical Climate Information
Western 1.5, Historical Surntaries, Precipitation Maps, Station Inventories; Wind
and Ewvaporation Diata; Coastal Water Table, State Marratives, Station Descriptions,
Anomalies.

WRCC Projecis
El Mino & La Mita, CERMP, WET, BLIM BAWS, Yucca Mt Current Weather Plots;
MS0E; Snotel, California Clitnate Drata Archive, Photo Gallers, Webcarn.

Educational and Travel Pages
Tettns, MMore about Weather and Clitnate - for teachers and kids! Clitnate for resorts
and Mat'l parks around the West.

Current Observations, Forecasts and Monitoring
Mat"l Weather Service Current and Past 24-hour Reports; Snotel; Climate Prediction
Center Cutlooks; Satellite and Radar Imagery;, SPI; Anomalies; Divisional Climate
Plots;

More Climate Information
Solar Radiation, SunrisefBunset Information (TSN, WGEA data and information,
Mat'l Climatic Data Center, Clinate Prediction Center; CEFA, MNat'l Drought
Mlitigation Center.

Ahout the WRCC
Staff, Funding, Owerview of WECC, DRI Homme Page; INTERMNAL.

WERCC 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;
WRCC
2215 Raggio Parloway
Eeno, NV 89513
(775) 674-7010 - phone
775y 674-7016 - fax

wre Cifldr. edu

S DR

Desert Research Institute

Disclaimer
Site hap



Western Regional Climate Center

WRCC Projects

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

Cornrmunity Envirotrnental Mondtoring Prooram (CEREY E Washoe Evapotranspiration Project CWET
Drata Monitoring Stations swrounding the MV test site. m Weather Stations that Monitor Evapotranspiration Rates.
i | Wind Eneroy Assesment for Mewvada MNEOE - Anemometer Loan Program
’@ Mewada Wind Study Towrers. Wind Fesource Potential in Mevada
paws |EAWDS Data (Femote Automated Weather Stations) 0 mnotel Data
e | Summitnaries, Graphs, and other products for RAWS. A Listings, MNarratives, Iaps and Station Conditions
=0 | Current Weather Drata Plots Mational Parkes EAWS page
"t Current Data Plots RAWS Projects in the National Parks
P Photo Galley of the Western States: a Current Webcam View from DRI-NMNEC

| Landscapes; Sunrise, Sunset and Lunar, and Misc. . View from the WRCC office

California Climate Data Archive
Californda Climate Information and Data ( Scripps and CECY

El Mino/La Mina and the Western U5, Alaska and Hawaii
Information regarding El Mino and La Mina.

9 Nevada Test Bite TOAAMARL/SORDY WMEDA Data Project
a-frotn Mewada Test Site.

Yucca Mountain Climate Data Project
Clitnate Drata from Yucca Mountain, Nevada.

& Maval &ir Warfare Center (AW Pt. Mugu stations
\ g ctations operated by the Naval Air Warfare Center. Pt. Mugu Handar stations

Change for the state of California.

. Feno Area Weather MNetwaorls Evad ate Tracker
“ 2l Feno Area weather/climate summaries Tracking Climate Variability and Change for the state of MNewvada.

w2 | CoCoRaHs - Comtrunity Collaborative Rain, Hail and Snow MNetwork p g’u| Westtmap Clirmate Project
L‘M 5 ;‘ 4 The Western Clirnate Mapping Initiative.

Pwaind by ACIE - Applied Climate Information System WixCoder
M  |Data entry systern for WS COOP Cheervers.

MO &8 Regional Climate Centers




California Climate Tracker 2% %
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Eleven climate monitoring
regions determined from a
comprehensive analysis.

(John Abatzoglou, WRCC)



Mohave Desert Region

re Jan-Dec
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Limear Trend 1885-prasent
Lingar Trend 1949-present
Linear Trend 1975-present
Warmes! Year

Coldas! Yaar

Jan-Dec 2007

|
1950
YEAR

+1.76 £ 055 F/100yr

1940 1960

+3.33 £ 1.38°FH00yr

+ G.85 + 3.22°F100yr
64.0°F [+2.6°F)in 1996
58.8°F (- 2.7°F)in 1920

62.9°F (+1.5°F)

1970

1980
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1990

2000
Westarn Reglonal
Climate Gener

MEAN B1.5°F
STDEV 1.068°F

RANE 105 of 113
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Maximum Te

Mohave Desert Region
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I

mperature Departure J

1900 1910 1920

Bilack Line Danatas 11 -yaar Running kaan
Degartures from 1548-2005 Base Paricd

Limear Trend 1885-prasent
Lingar Trend 1949-present
Linear Trend 1975-present
Warmes! Year

Coldas! Yaar

Jan-Dec 2007

I
1930

! | I
1940 1950 1960
YEAR

+1.54 + 0.B5F100yr

+ 282 + 1.77°FH00yr

+ 736 £ 4.17°F100yr
TTBF (+2.7°Flin 1834
724 (- 3.0°F)in 1920

T1.0°F (+1.8°F)

1980 1980

| |
2000
Westarn Reglonal
Climate Gener

MEAN T5A'F
STDEV 1.21°F

RANE 103 of 113




Mohave Desert Region
Jan-Dec
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Miniumum Temperature Departure

’

N
[/
i

I

Bilack Ling Damtlagﬁ'-war I;Illj’nin?rg Mh;rngm 1930 1840 1950 1960 1970 1980 1990 Wﬂﬁaglnnal
Departures from 1948-2005 Base Period YEAR Climate Center

Lingar Trend 1895-present +1.97 + 0.55°FH00yr

Lingar Trend 1848-present +4.14 + 1.24°F100yr

Linear Trend 1975-prasent +B.33 £ 2.97°F100yr

Warmes! Year 0.4 °F (+2.5°F)in 1996 MEAN 47.8°F

Coldas! Yaar 44.77F (- 31°F)in 1948 STDEV 1.08°F

Jan-Dec 2007 489°F (+ 1.1°F) RANK 102 of 113
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Mohave Desert Region

S T T

Mean Temperature Departure Dec-Feb

1900 1910 1920 1930

Bilack Line Danatas 11 -yaar Running kaan
Degartures from 1548-2005 Base Paricd

Limear Trend 1885-prasent
Lingar Trend 1949-present
Linear Trend 1975-present
Warmes! Year

Coldas! Yaar

Dac-Feb 2007

1940 1950 1960
YEAR

+1.30 £ 1.20°FH100yr

+ 260 £ 3.03°FH00yr

+ 060 + T.B2°F/100yr
48.9°F (+4.0°F)in 1996
368°F (- BA°F)in 1949

44.4°F (- 0.4°F)

1970

I !
1980 1990 2000

Westarn Reglonal
Climate Gener

MEAN 448°F
STDEV 1.87°F

RAME 50 of 112




Mohave Desert Region
Maximum Temperature Departure Dec-Feb
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DEGREES F

| | | |

Black Ling nam!eamﬂ -yﬂar1Hg|J1nglrg mﬁzn 1930 1940 1950 1960 1870 1380 1990 W&ilan?nuﬁaglnnal
Departures from 1948-2005 Base Period YEAR Climate Center

Linear Trend 1885-present +1.27 £ 1.445FH00yr

Linear Trend 1949-present +1.28 £ 3.82°FH00yr

Linear Trend 1975-prasent -0.15 £ 9.81°F/ 00yr

Warmest Year B1.5°F (+4.7°Flin 1981 MEAN 568°F

Coldes! Year 48.5°F (- 8.3°F)in 1949 STDEV 243°F

Dec-Fab 2007 57.3°F (+0.5°F) RAMEK 70 of 112




DEGREES F

Mohave Desert Region
Dec-Feb

Miniumum Tempe

rature Departure

1900 1910 1920 1930

Bilack Line Danatas 11 -yaar Running kaan
Degartures from 1548-2005 Base Paricd

Limear Trend 1885-prasent
Lingar Trend 1949-present
Linear Trend 1975-present
Warmes! Year

Coldas! Yaar

Dac-Feb 2007

18440 1850 1960 1870
YEAR
+ 1.50 + 1.18°FH100yr

+ 391 £ 2.82°FH00yr

+1.38 £ 7.53°F1100yr
A6.9°F (+3.9°F)in 1996
251°F (- 7.9°F)in 1949

HE°F (- 1.4°F)

1990 2000

Westarn Reglonal
Climate Gener

MEAN 33.0°F
STDEV 1.80°F

RANE 30 of 112




Mohave Desert Region
Mean Temperature Departure Jun-Aug

DEGREES F

Ly
]
!

1900 1910 1920 1830 1840 1850 1960 1970 1980 1890 2000

Bilack Line Danatas 11 -yaar Running kaan Westarn Reglonal
Departures from 1948-2005 Base Period YEAR Climate Center

Lingar Trend 1895-present +1.83 + 0.B0°FH00yr

Linear Trend 1943-present +3.76 £ 2.26°F100yr

Linear Trend 1975-prasent + 882 £ 542°F100yr

Warmest Year B29°F (+3.6°F)in 1954 MEAN 79.3°F

Coldas! Year TE.5°F (- 3.8°F)in 1944 STDEV 1.59°%F

Jun-Aug 2007 B1.7°F (+24°F) RANE 106 of 113



DEGREES F

Maximum Te

Mohave Desert Region

mperature Departure Jun-Aug

1900 1910 1920

Bilack Line Danatas 11 -yaar Running kaan
Degartures from 1548-2005 Base Paricd

Limear Trend 1885-prasent
Lingar Trend 1949-present
Linear Trend 1975-present
Warmes! Year

Coldas! Yaar

Jun=Aug 2007

I
1930

! | I
1940 1950 1960
YEAR

+1.32 + .87 FH00yr

+3.33 + 257 FA00yr

H010 + 6.43°F/100yr
S8.3°F (+3.8°F)in 1994
90.8°F (- 3.6°F)in 1983

97.0°F (+2.6°F)

I I ! !
1970 1980 1990

2000
Westarn Reglonal
Climate Gener

MEAN S944°F
STDEV 1.75°F
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Mohave Desert Region

ature Departure Jun-Aug

I
1900 1910 1920 1830 1840 1850 1960 1970 1980 1890 2000

Bilack Line Danatas 11 -yaar Running kaan Westarn Reglonal
Departures from 1948-2005 Base Period YEAR Climate Center

Lingar Trend 1895-present +2.34 + 0.B0°FH00yr

Lingar Trend 1848-present +4.18 £ 2.12°FH00yr

Linear Trend 1975-prasent +0.74 £ 4.83°F100yr

Warmest Year B7.5°F (+3.3°F)in 1954 MEAN B4.2°F

Coldas! Year 59.1°F [ 5A°F)in 1944 STDEV 1.54°F

Jun=Aug 2007

66.4°F (+2.2°F)
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Mohave Desert Region

15 —

INCHES

1900

Crrange Ling Danabas 11-year nimning mean

1910 1820 1930

Limear Trend 1805-prasent
Lingar Trend 1948-preseni
Linear Trend 1975-prasent
Waltast Year

Drigst Yaar

Cot-Sap 2007

Precipitation Oct-Sep

1940 1650 1960 1870 1980 1980 W Emmgl |
eglam ona
YEAR Climate Canter

+ 1.83+ 1.63in. [+ 27 = 24%)per 100 yr

+ 317+ 5.04i0n. (+ 48 = 7&%) per 100 yr

- 731+14.420n. {-110 + 218%) per 100 yr

15.54 In. { 235%) in 2005 MEAN  6.58in.
203 in. {  30%) in 2002 STDEV ~ 3.21in.
250 In. { 37%) RANK 2 of 112




Mohave Desert Region
Precipitation Oct-Mar

wl
L
S
1900 1910 1920 1830 1840 1850 1960 1870 1980 1890 2000
Crrange Ling Danabas 11-year nimning mean YEAR wg;fﬁ;:anﬁ?mal
Lingar Trend 1895-present +1.22+ 1.50in. i+ 23 = 28%) per 100 yr
Linear Trend 1849-present + 286+ 458in, (+ 54 = B7%) per 100 yr
Linear Trend 1975-preasent - 4.22 +13.03in. - 80+ 248%) per 100 yr
Weallas! Year 1352 in. { 258%%) in 2006 MEAN  5.24in.
Diriest Year 1.510n. {  28%) in 2007 STDEV  3.020n.

Ciot-Mar 2008 437 In. {  83%) RAME 59 of 113




Mohave Desert Region
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Lingar Trend 1948-preseni
Linear Trend 1975-prasent
Waltast Year
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Jun-Aug 2007

1930

Precipitation Jun-Aug

1940 1850 1960 1970 1980 1940 2000
YEAR Clmate G

+ 027+ 0.23in. [+ 54 = 46%)per 100 yr
+0.22+ 0.75in. i+ 44 = 150%) per 100 yr
- 1.40+ 220in. (-280 £ 441%%) per 100 yr

266 In. { 532%) in 1984 MEAN  0.50in.

0.08 in. {  6%) in 1928 STDEV  0.50in.

0.20 in. [ BTH) RAMEK 55 of 113




Mohave Desert Region Last 12 Months
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tddress I http:ffw, cefa, dri.edu/wWestmap/

WestMap
Climate Analysis & Mapping Toolbox

iﬂzﬁ

TOOLBOX Select Element Select Region Map Click
PRINT MAP | | Precipitation [ | States =l | Show Time Series x|
Access & Analysis
QUICK FLOT February 2008 Precipitation
Mapping m.rfw 12a|°w uslvw 11c;vw 1ne;°w m:vw
hetadata
Tutarial 20 (in)
16 (in}
Custom Requests ]
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Educational Resources 5 (in)
Climate Links 4 (in)
User Feedbhack 3.2 (in)
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o 2.4 (in)
Applications
2 (in)
Suniey 1.6 (in)
WestMap Overview 1.2 (in)
YWhat is WWesthlap? 0.8 (in)
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About Us 0.4 (in)
Help 0.2 (in)
(i
FAQs 0:1 {in
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Plot time series history of monthly divisional precipitation or temperature.

Iore details about this program

Boundaries: | Climate Divisiors _« |

To access state-wide averages, uze the division pull-down.

| Mewvada ;I | 04 - Extreme Southern ;I Get Timesernes I

melect the quantity wou wish to plot
@ Precipitation © Mean Temperature © Wax Temperature O Win Temperature

Enter the Beginning vear: |1 895  Enter the Ending vear; |2IIIIIIE=
Enter the period of months each data poin will represent (1-72): |1

Select the last month of the period. | Februany -]
Wiould you like a running mean? (blug) & Yes © Mo
Enter the mumber of yvears in the runmng mean (2-30% IT
Show the average? (oreen) @ Ves O Mo
melect the image size of the plot.
' Srmall (51022007 & Medivm (65023700 © Large (850=480)
List the data for the points plotted? © Ves & Mo

Weastern Regional Climate Center, wree {liari adu
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Monthly Mean Maximum Temperature for Nevada -- Division 04

12 month period ending in February
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Monthly Mean Minimum Temperature for Nevada -- Division 04

12 month period ending in February
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WestMap
Climate Analysis & Mapping Toolbox

TOOLBOX Please click map or enter Latitude and Longitude to get PRISM pixel
Access & Analysis Select Element Select Region Latitude: Longitude: Si ng|e PRISM pixe|
QUK BLOT | Precipitation || By Pixel 13513787911 |-114.5901480  Get Timeseries |
Mapping [ map | sateiite | Rybrid |
ieladats o Cal-Mev-Ari
Tutorial

Custom Requests
Climate 101

Local Clirmate

Educational Resources @
Laughln I

) ) Bullihead
Climate Links J r Cily

F
i Riviera
e

User Feedback

Fublications
Applications | Oatrnan
= ey Mesquite
Cresk
WestMap Overview ||| Tere e Arrowhead

o, T =8 x ' Mohave il
{;’DL }SIL Bannock geton / Valley Map data @2008 Tele Atfas - Terms Fifse

What is YWesthap? -
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U.S. Dr sught Monitor

DOA.F)

Map focuses on widespreod drought.
Locot conditions may vory.
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U.S. Drought Monitor september 2, 2002
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U.S. Drought Monitor Sertenber 2, 2004
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R [ S=aRs

Intensity: Drought Impact Types:
[} DO Abnormally Dry r~ Delineates dominant impacts
[] D1 Drought - Moderate A = Agricultural (crops, pastures,
I D2 Drought - Severe grasslands)
[ D3 Drought - Extreme H = Hydrological (water)

Il D4 Drought - Exceptional  {No type = Both impacts)

USDA

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

http:/ldrought.unl.edu/dm

Sep 21, 2004

Thursday, Sep 23, 2004
Author: Brad Rippey, U.S. Department of Agriculture




U.S. Drought Monitor Sertember 2, 2006

U.S. Drouht Monitor September 27,2005

Intensity: Drought Impact Types:
[] DO Abnarmally Dry r~ Delineates dominant impacts
[_] D1 Drought - Moderate A = Agricultural (crops, pastures,

2 D2 Drougnt - Severe grasslands) D
M D3 Drought - Extreme H = Hydrological (water)
M D¢ Drought - Exceptional

Infensity:
[] DO Abnormally Dry r~ Delineates dominant impacts

[] D1 Drought - Moderate A = Agricultural (crops, pastures,

[ D2 Drougnht - Severe grasslands) ED
I D3 Drought - Extreme H = Hydrological (water)
M D4 Drought - Exceptional  (No type = Both impacts)

The Drought Monitor facuses on broad-scale conditions.
Local conditions may vary. See accompanying text summary
for forecast statements. R

http:/idrought.unl.edu/dm

The Drought Monitor focuses on broad-scale conditions.

Local conditions may vary. See accompanying text summary
Ti y, Sef 29, 2005 for forecast statements. Rels
Author: Douglas Le Comte, CPC/NOAA

d Thursday, Sep ber 28, 2006
http:/idrought.unl.edu/dm Author: Ned Guttman/Liz Love-Brotak, NOAA/NESDIS/NCDC

Sep 27, 2005 Sep 26, 2006

U.S. Drought Monitor A%\, 2008

Intensity: Drought Impact Types.

[} DO Abnermally Dry r~ Delineates dominant impacts
[] D1 Drought - Moderate A = Agricultural (crops, pastures,
[ D2 Drougnt - Severe grasslands)
M D3 Drought - Extreme H = Hydrological (water)

I D4 Drought - Exceptional

USDA

The Drought Monitor focuses an broad-scale conditions.
Local may vary. See ing fext summary
for forecast stafements.

http:/ldrought.unl.edu/dm

Released Thursday, April 3, 2008
Author: Rich Tinker, Climate Prediction Center, NOAA

Apr 1, 2008

mber 25, 2007

Valid 8 a.m. EDT

U.S. Drought Monitor s

Intensity: Drought Impact Types.

[] DO Abnormally Dry r~ Delineates dominant impacts
[] D1 Drought - Moderate A = Agricultural (crops, pastures,
[ D2 Drought - Severe grasslands)
M D3 Drought - Extreme H = Hydrological (water)

I D4 Drought - Exceptional

USDA (3]
USDA | %

The Draught Monitor focuses an broad-scale conditions.
Local conditions may vary. See ing text summary
for forecast stalaments. Rel

d Thursday, Sep ber 27, 2007

http:/idrought.unl.edu/dm Author; David Miskus, JAWF/CPC/NOAA

Sep 25, 2007


















If a natural system experiences dry conditions,
and no one is there to record it,

IS there drought?
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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.

Running mean plotted at end of 5-year period.
WY 2006-07 estimate (Aug 07) approx 69 percent
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Lake Powell Storage Through Apr 3, 2008

1dMarg3d 13Mare7 12Mar71 11Mar7s 10Mar7d 0SMar83 08Mard7 O07TMar3d1 06Mar3s 05Mar3d 0dMar03 03Mar07

13Mares 12Mared 141Mar73 10Mar77 059Marg1 08Mar85 O0FMargd 06Mar33 05Mar37 0dMar0d 03Mar0s

Date 1 major tick =1 year

Currently 45 % full
Minimum: 33 % full on April 8, 2005



Lake Powell Elevation Through Apr 5, 2008

Feet
10
_tl:I - - - - - - -
3]
=
|

1tick =
Lo

o

=

|

1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
1dMarg3d 13MareT 12Mar71 11Mar7s 10Mar72 05Marg3 08Mar87 07TMardd1 06Mar3s 0&SMar33 0dMar03 03Mar07
13Mares 1Z2Margd 11Mar73 10Mar?7T 05SMarg1 08Mar8S O0TMargd 06Mard3a 05Mars7T 0dMar0d 03Mar0s

Date 1 major tick = 1 year

Water level on Apr 5, 2008 was 3590.34 ft, -109.66 ft below full.
Minimum level on April 8, 2005 was 3555 ft, -145 ft below full.

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



mmfmanth

mm'rmanth

h A b R s @ - m

o - M Ed B BN = =]

& A B o N B @

GCMs AVERAGE DEPARTURES FROM 1950-1999 MEAN

TEMPERATURE
2010-2039 2040-2065 2070-2099
B1 (dashed) +i28°C +205'C +274'C
A2 (solid) +123°C +256°C  —435C—
1 2 a [ a a T B a i+ 11 12

J FM A MJ™J A S OND

PRECIPITATION
------- -:TH':' : = = _;{‘t{i'ﬂf :'
& R a3y __ré;_'__.-—————___——— i
o _ 2010-2039 Z040-20689 2 2070-2099
‘Bl (dashed) 044mm -027mm -0.26mm
; A2 (solkl) -028mm -056mm -0.57 mm
1 2 3 4 s ] 7 8 : [ 1 12
manth
RUNOFF
.=-—.-r'—"‘“"‘-_"'-'f-_ "By "\\ — - !
o _&_g___._._....._-.===;———
e = _-'ff :
_ . 2010-2039 Z2040-2068 2070-2099
B1 E:ihshed} -0.02mm  -028mm  -0.30mm
AZ (solid) -005mm -021 mm -0.41 mm
1 2 3 4 5 ] 7 B : [ 1 12

manth

11-Model Consensus
2 Scenarios

Colorado River Basin
By Month

3 Future Periods
From Christensen and

Lettenmaier, in review,
2007



PER 1: 2010-2039 PER 2: 2040-2069 PER 3: 2070-2099
2020 2050 2080

Table 2. Annual average precipitation, evaporation, and runoff (in mm/year), runoff ratio, and

basin average temperature (°C).

Scenario, Precip. Evap. Runoff Runoff Ratio | Temp
Fer (percent (percent (percent (percent (°C relative to
change change change change historic)
relative to relative to relative to relative to
histaric) historic) histaric) historic)
HISTORIC 354 mmiyr. 309 mmiyr. 45 2 mmiyr. 12.8 % 105°C
B1\/ PER 1 360 (+1%) 315 (+2%) 45.0(0%) 12.5(-2%) 11.8(+ 1.3°C)
El1r PER2 | 351 (-1%) 310 (0%) 41.8 (-7%) 11.9 (-7%) 126 (+ 2.1°C)
B1/PER3 | 351 (-1%) 309 (0%) 41.6 (-8%) 11.8 (-8%) 13.2(+27°C)
| PER 1 351 (-1%) 307 (-1%) 44 6 (-1%) 12.7 (-1%) 11.8(+1.2°C)
AZYPER 2 | 348 (-2%) 305 (-1%) 427 (-6%) 12.2 (-5%) 13.1(+ 26°C)
A2l PER 3 | 347 (-2%) 306 (-1%) 40.3 (-11%) 11.6 (-10%) 1459 (+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, in review period, 2007, online journal:
http://www.hydro.washington.edu/SurfaceWaterGroup/Publications/hessd-2006-0147-tx.pdf
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Global Sea Surface Temperature Anomalies (C) 2008 March 23-29
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Recent Evolution of Equatorial Pacific SST Departures

SST Anomalies

Dbserved Sea Surface Temperoiure {*C)

7 R TR T R "'HEF"nEE"""" | MR

‘ 03T NG 5.4 ‘
= T T T T T T e T ﬂ \_/’_‘-/_\-\-\_A\.\\ I
16GE 180 160w | 0w 120w 100w Al -on

T e 2
18 19 20 21 22 23 24 25 28 27 28 29 30 ".I.'_"\-\.\_.-"H.

Ohserved Seq Surfoce Temperature Anomalies {"C)

EDN_W l‘\l)
Lk

i

:
/

JUW JL Al SEP 06T HOw  DEC .EJIEIlI'EIH FEE MR

100w Blw

[ N | [ [ [ [T

-~
1BOE 180 160w 140w 120w

-8 -4 -3 -2 -1 -5 03 f 2 3 4 H _____.-___-.____________“—__-.________.-___“—-I
Yoo
T 7—day Avarage Centered on 19 Morch 2008 /\/"‘ I
: |
| 7 ", _-'h.%_._ - |
20N 1 ; : ﬂ M% Wﬁ""w’ﬂw’h’f I
: NG Ex S i e i e S L e S ]
10N & e Ry T -.ll.ll'-l JI.L I’IUG EEF DGT HU'I' DEC JH FEB MM
Ay Nific 3.4 fio 1+2 20o8
1054 N Nifo 4 Nifo 3
sl Updated through 2008 March 16-22
308

TanE 1EAE 180 TEAW 190W anw



Split Samples: Redmond & Koch,
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Water Year Precipitation Percentage 2007 October 1 thru 2008 April 6

Percent of Normal Precipitation (%)
10/1/2007 - 4/6/2008
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Water Year Precipitation Percentage 2007 October 1 thru 2008 April 6

Percent of Normal Precipitation (%)
10/1/2007 — 4/6/2008

Cenerated 4 /7 /2008 ot HPRCC using provisicnal data. MOAL Regicnal Climate Centers



Water Year Precipitation Percentage 30 Days thru 2008 April 6

Percent of Normal Precipitation (%)
3/8/2008 — 4/6/2008
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Water Year Temperature Departure 2007 October 1 thru 2008 April 6

Departure from Normal Temperature (F)
10/1/2007 - 4/6/2008

Generated 4/7 /2008 at HPRCC using provisicnal dato. MOAA Reqgicnal Climate Centers



Last 30 days  Departure from Normal Temperature (F)

Thru 3/7/2008 — 4/5/2008
& il e

2008 Apr 05

Generated 4/6 /2008 ot HPRCC using provisicnal data. NOAS Reqional Climate Centers



Basin Average Precipitation. { ¥ of Average.}
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Basin Average 5Snow Hater Content. { ¥ of Average.}
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Dec-Feb Land & Ocean Surface Mean Temp Anomalies
NCDC/NESDIS/NOAA (Smith and Reynolds, 2005)
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Winter 2007-2008
Dec 01 — Mar 14

Surface Temperature

Departure from
Climatology
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Data
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Surface Air Temperature {C) Compasite Anomaly (1988—1398 Climatology)
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Projected Change in Precipitation 1950-2000 to 2021-2040

(Percent of 1950-2000)
i 10 Average of 19
e L] . : .
9 climate models.
5 2007.
., ':." .
K . Figure by
= N 6 Gabriel Vecchi.
. . T
TN 5 .
44 n www.ldeo.columbia.edu/r
* 4 es/div/ocp/drought/scienc
3 e.shtml
2
1
0
-1
=2
L -3
P 4 g T Py
A % -5 R. Seager, M.F. Ting, I.M. Held,
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Change in P-E (2021-2040 minus 1950-2000)

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

1 m' . | L -,_ .,
-0.3 -0.2 -0.1 0 0.1 0.2 0.3

Winkel Tripel projection centered on -20.0°E

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

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



Filtered P-E Anom, Median of 19 modeis (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.



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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Water Year Precipitation (inches)

Lower Colorado River Water Year Precipitation.

October through September. Units:
Data from PRISM. Blue: annual. Red: 11-yr mean.

Inches.

s | “w,
10+ ' », "ﬂ

K

6 \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
1890 1900 1910 1920 19301940 1950 1960 1970 1980 1990 2000 2010

Water Year



?

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 ?

?



Karl and Knight, 1998.
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F1c. 2. Time series of the percent contribution of the upper 10 percentile of daily precipitation events to the total annual precipitation
area-averaged across the United States. Smooth curve 1s a mine-point binomial filter, and the trend 1s also depicted.
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Trends in Extreme Daily Precipitation, 1910-1996, by category.

Thomas R. Karl and Richard W. Knight, 1998. Secular Trends of
Precipitation Amount, Frequency, and Intensity in the United States.
Bulletin of the American Meteorological Society , 79 ( 2), 231-241.



Fia 5. The contriutien to the mends m Fig. 1 atmbated to mends in precipiaton ineesity. Trends are expressad az in Fig. 1.

Karl and Knight, 1998.

Contribution to change
in total precipitation
from different intensity
classes.

1910-1996.

-- The intensity of
precipitation has increased
for very heavy and extreme
precipitation days only.

-- The proportion of total
annual precipitation derived
from heavy and extreme
precipitation events has
increased relative to more
moderate precipitation.



Summary Points 1 of 3
Climate Change and Deserts - Comments

Something is happening. Began without our noticing.
Southwest seems to have some trends all year long.

Provides one more source of variability. “OIld” variability continues.

Temp — Reasonable consensus on increase.
Temp — Already near life limits. Small changes can push beyond.

Temperature as a hydrologic element — significant water implications.
Some suggestion that high elevations are warming more than low.

Precipitation. Several characteristics matter, and can change:
Amount (annual totals) — modest decrease toward US-Mex border
Seasonality (fraction of annual) — more winter, less spring, monsoon ??
Frequency (how often) — probably somewhat less
Type (rain, or snow?) — more rain, less snow



Summary Points 2 of 3
Climate Change and Deserts

Soil Moisture Recharge
Cool precipitation “better” (more effective) than warm precipitation
Big need to understand the whole recharge process much better
Warmer temperatures may reduce soil moisture recharge

Changes in climate probably facilitate disturbance regimes
Changes in disturbance regimes and in climate favor opportunism ...
... Invasive species

Fire conditions likely more favorable, more disturbances
More arid deserts do not burn well, semi-arid can support fire better

System still has “unrealized warming;” earth radiation not in balance
We’'re committed, like it or not.

Managers still have a continuing need for:
High quality gridded data sets (atmosphere, surface, subsurface)
Better tools to make information available to public and researchers



Summary Points 3 of 3

Climate Change and Deserts

In desert regions Climate Change is not the only big problem
Multiple stressors

Climate reduces “wiggle room” for testing and experimentation

Not hopeless. Not easy.
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We’'re still plugging along!
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B White Mtn Summit, 14246 ft
Reconfigured July 2004
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Dec-Feb Global Surface Mean Temp Anomalies

NCDC!NESDISJNOAA (Smlth and Helnnlds, 2005)
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Estimated effects of climate change on Colorado River streamflow (Lees Ferry):

By mid-Century, water manaqgers can expect:

Small decrease (0-8 percent (-6)) Christensen and Lettenmaier, 2007
Large decrease (up to 40 percent) Hoerling and Eischeid 2007
Moderate decrease (in between) Seager et al 2007

More moderate decrease (10 to 25 pct, -13 pct) from Milly et al 2005

A. None of these show streamflow going up !
B. Any decrease is a source of concern !

C. We have to resolve these differences !



