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Annual Precipitation in Selected Ranges (inches)
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Nevada Annual Precipitation Cycle
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Lamoille Power House NWS Coop 1916-1972 6290 ft
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Precipitation (inches)

Hole-in-Mountain Snotel 7900 ft
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Ward Mountain Snotel 9200 ft
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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?

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)



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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Solar Output During the Satellite Era

Through late December 2008

Composite Total Solar Irradiance (Frohlich and Lean)
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2008: 266 of 366 days, No sunspots. Most spotless days since 1913 with 311 days.
2009 through July 26: 158 days out of 208 (76 pct of year).
Typical solar min: 485 spotless days. This solar min thru July 26: 669 spotless days.
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credit Spaceweather.com
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formation rain formation
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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 - VISIBLE (CHANNEL ©L) - 17:30 UTC 26 MARCH 2ZBDE9 - CIMSS



Sarychev Volcano, Kuril Islands, June 12, 2009. International Space Station.
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LContact: simon Garn (scarn@miu.edu)

Aura/OMI - Average column for 20090611-20090617
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History of
Atmospheric

Forcings

Hansen et al, 2005.
Earth's energy
imbalance: Confirmation
and implications.
Science, 308, 1431.

A Clobal Climate Forcings

AF All Greenhouse Gases Warming
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Anthropogenic

MNatural

Global Radiative Forcing Components
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LOE, ppm
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IPCC Emissions Scenarios.

(observed trajectory in 2009 is above all of these)
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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
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Western United States (11 states) Annual Jan-Dec Temperature
Provisional data from NCDC / CPC. Blue: 1l-year running mean.

Units: Deg F. Data source NOAA cooperative network, thru Dec 2008.
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Jan-Dec Global Surface Mean Temp Anomalies

NCDC!NESDISINOAA (Smlth and Reynulds, 2005)
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Courtesy of Mike Dettinger, USGS / Scripps.

PROJECTED CHANGES IN ANNUAL PRECIFITATION, 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
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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 Dec 2008.
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MaPng New lerram
Climate C,]'langc and America’s West

Anticipating Challenges to Western Mountain Ecosystems and Resources

The Consortium for Integrah:d C]imate Ff_e5e.an:[1 in
Western Mountains
(CIKMOLUINT)

July 2006



20 February 2007




20 February 2007



B 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

9. Upward movement of plant / animal habitat zones

10. Warmer river and lake temperatures

© NOo bk wWwDdhPE



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)
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SST Departure from Climatology, Annual Jan-Dec, for 8 years 1999-2006.
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55T {HCEF Reanalysi=z} Jan to Dec:38BH to =385 and 8BE to 188E averaged
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So, is Nevada warming, ... or not ???

FROJECTED 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/imie/sfews/vol3/issl/artd
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Eastern Nevada. April 1 Snow Water Equivalent / Oct-Mar Precipitation.
From VIC Model
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Ficure 3. Simulated snow water equivalent (SWE ) under a projected temperature increase for the penods 2020-2059 2050-20649

and 2080-2089 expressed as a percentage of average present conditions,

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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Figure 2. PCM-simulated watershed-averaged —annual

precipitation and temperature for WY 1995-2094%.



White Pine County October-September Precipitation 1985-2008

Frecipitation (inches)

Monthly Mean Precipitation for Nevada -- White Pine County
12 month period ending in September

=4
1]

—&
5]

—
=

—
ha

e
Al

*
I
I

—&
-]

o T N =

180 1900 1910 1920 1930 1940 190 190 1970 %D 10 2000 2010
ENDING YEAR OF PERIOD




White Pine County Total October-March Winter Precipitation 1985-2008

Monthly Mean Precipitation for Nevada -- White Pine County
& month period ending in March
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White Pine County October-September Temperature 1985-2008

Temperature

Monthly Mean Mean Temperature for Nevada -- White Pine County
12 month pericd ending in September
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White Pine County October-September Temperature 1985-2008

Maximum (Daytime) Minimum (Nighttime)
Monthly Mean Maximum Temperature for Nevada -- White Pine County Monthly Mean Minimum Temperature for Nevada -- White Pine County
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The 1980s-90s Drought: Sierra, Nevada, & Colorado Basin

MCEF/MCAR Reanalysis

Surface Precipitation Rate {mm/day) Composite Anomaly 1968—1998 climo

NCAA/ESRL Physicel Sciences Division
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Figure D18. Departure from average, Nov-Mar, during the Sierra Nevada drought from 1986-87

through 1993-94 (1992-93 left out), expressed in mm/day, with respect to a base period of 1968-
1996, Derived from NCEP/NCAR Reanalysis, software courtesy of NOAA ESRL.




Monthly Mean Precipitation for Ten Sierra Nevada Counties
12 month pericd ending in September
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Northeast Nevada Monthly Precipitation since 2000

Northeastern (S5) Division, Nevada Precipitation (in.)

Climate Division (02)
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Water Year Precipitation (Oct-Sep) thru Sep 2008. Upper Colorado River Basin.

12 month period ending in September

Monthly Mean Precipitation for Upper Colorado River Basin
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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
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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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Lake Powell Storage Through July 23, 2009
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As of 23 July 2009: 67 % full (capacity 24.17 MAF)
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Lake Powell Elevation Through July 23, 2009

3,710 —
3,700 —
3,690 —
3,680
3870
3 BE0 —
3,650 —
3,640 —
3630 —
3620 —
3610 —
3,600 —
3,590 —
3,580 —
3,570 —
3,560 —
3,550 —
Ellﬁd'cI I | II | I I | 1 | I | I | 1 | I | I | 1 | 1 | I | 1 | 1 | I | 1 | 1 | I | I | 1 | I | I |
14Mared 13Mare7 12Mar71 11Mar7s 10Mar73 09Marg3d 08MarE7 07Mar21 0EMar2s 05SMar23 0dMar03 03Mar07
13Mares 12Margd 11Mar73 10Mar77 05Marg1 0BMar85 07Margd 0eMar33 0SMar37 O0dMar0d 03Mar0s 0ZMarls

Feat
=10

1 tick
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Water level on July 23, 2009 was 3641.76 ft, - 58 ft below full.
Minimum level on April 8, 2005 was 3555 ft, -145 ft below full.

Source: www.usbr.gov/uc/water/index.htl
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Projected Change in Precipitation 1950-2000 to 2021-2040
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Change in P-E (2021-2040 minus 1950-2000)
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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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: : CHANGE IN PARTITIONING OF PRECIPITATION
Mike Dettinger, Sam Earman, INTO OUTELOW

Hugo Hidalgo, Dan Cayan under +3C WARMING

Exploration of runoff, and
recharge sensitivity to
climate warming.

??? A Looming Issue ???
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million acre feet

Lessons from History.

Colorado River Flow. Lees Ferry. Reconstructed 762 thru 2005 A.D.
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Red: Gauged record.
Blue: Reconstructed record.
20-Year moving averages.

Meko, D.M., C.A. Woodhouse, C.H. Baisan, T. Knight, J.J. Lukas, M.K. Hughes, and M.W. Salzer, 2007.
Medieval drought in the upper Colorado River basin.
Geophysical Research Letters 34m L10705, doi: 10.1029/2007GL 029988



?

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 ?

?



Annual Mean Temperature Departure 2007

Departure from Normal Temperature (F)
1/1/2007 — 12/31/200?

Cenergted 171172008 ot HPRCC using provisional dota. NOAA Fegional Climate Centers



Annual Mean Temperature Departure 2008

Departure from Normal Temperature (F)
1/1/2008 — 12/31 /2008

Cenerated 141157009 gt HPRCC using orovisional doto. KOAs Reagicnal Climate Cantars



Jan - Dec 2008
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Water Year  Departure from Normal Temperature (F)
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Water Year

?ﬂ?ﬁ OO Departure from Normal Temperature (F)
2009 Jul 25 10/1/2008 - 7/25/2009
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Precipitation
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The World’s Warm Oceans
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Through June 2009
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Global Sea Surface Temperature Anomalies (C) 2009 July 12-18
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Recent Evolution of Equatorial Pacific SST Departures
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Jun-Nov SOl

Split Samples:
VS.

Updated from Redmond and Koch (1981). Winters of 1933/34 - 1894/95.
Reddish: Composite El Nino winters are wet, La Nina winters are dry.
Bluish/grasnish: Composite El Nino wintars are dry, La Nina winters ars 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,
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Water Year  Percent of Normal Precipitation (%)
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Summary Points 1 of 2
Climate Change and Nevada

Provides one more source of variability. “Old” variability continues.
Local and regional responses do not have to be the same as global scale.
Temp — Strongest consensus among the various climate elements
Temp — All show warming, amounts differ modestly among projections.
Precip — Sign, and amounts, and seasonality, and frequency all differ.
Precip — Character of precipitation can be as important as amount.
Precip — Consensus much slower in forming but some progress
Precipitation change — more midwinter, less late winter and spring
Precipitation change — No big changes. More floods & droughts possible.
Temperature is a hydrologic element — has significant implications
Temperature change is under way, began without our noticing.
Much recent climate warming in the U.S. has taken place in the West
West warming appears related to Indian Ocean & Indonesian Warm Pool
Western Mountains seem particularly vulnerable to climate change
System still has “unrealized warming;” earth radiation not in balance

Adaptation versus mitigation
“Managing the unavoidable and avoiding the unmanageable”



Summary Points 2 of 2
Climate Change and Nevada

Needs

Comprehensive understanding of western water budget
Spatial patterns, temporal trends: top of atmosphere to deep aquifer
Effects of temperature increase on recharge and runoff efficiency
Mountain recharge processes

High elevation climate history

Measurements that facilitate attribution of climate variability

High quality gridded data sets (atmosphere, surface, subsurface)

Better tools to make information available to public and researchers

Unknowns. Could still change things
Clouds — a perpetually difficult problem
Aerosols (via both radiation and cloud microphysics)
Deep ocean mixing and circulation — do we have it right?
Biology — complicated, but probably more of a role than we imagine
Ice sheets — potential for asymmetry: slow formation, rapid demise

It's all one big system. Nonlinear dynamics galore. Expect surprises.
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