Planning for Local Government Climate Challenges:
Connecting Research and Practice Workshop

18 October 2012 — Tempe, AZ, USA

Gregg Garfin, The University of Arizona
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e AZ climate basics
Observations
Projections
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Towering cumulonimbus clouds NATIONAL
Photograph by Corbis Premium Collection/Alamy GEOGRAPHIC



Arizona, Precipitation, September-August
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Slide courtesy of Greg McCabe, USGS
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Source: NOAA Climate Prediction Center http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/
ensocycle/winter25%25.gif



Arizona, Precipitation, September-August

9-Point Trend . LODE Term o P
Binomial Filter +0.12"/Century Average Precipitation
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Slide courtesy of Greg McCabe, USGS
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" Climate Prediction Center/NCEP/NWS

Source: NOAA Climate Prediction Center http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/

ensocycle/winter25%25.gif



Arizona, Precipitation, September-August

9-Point — Trend Long Term
Binomial Filter ~0.12"/Century Average
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Arizona, Precipitation, September-August

9-Point — Trend e Long Term —e— Precivitation
Binomial Filter ~0.12"/Century Average C1pit
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Arizona, Precipitation, September-August

9-Point — Trend Long Term e @ P
Binomial Filter ~0.12"/Century Average Precipitation
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Arizona, Precipitation, 60-Month Period Ending in August

9-Point Trend Long Term
Binomial Filter =0.87"/Century Average
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Pacific Decadal Variability - PDO
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Joint Institute for the Study of the Atmosphere and Ocean
http://jisao.washington.edu/pdo/




Drought Frequency % (25 = expected)

high drought frequency
low drought frequency

McCabe et al., 2004 Proceedings of the National Academy of Sciences



Areal drought coverage: 1900-2010
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TAVG Trend

TMAX Trend

TMIN Trend
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Arizona, Precipitation, September-August

9-Point — Trend Long Term
Binomial Filter ~0.12"/Century Average
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Extreme precipitation events:
1900-2010
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Warming Rates Accelerated Everywhere After 1970

1912 -2011

Arizona:
e Outpaced all
other states

2001-2010
« Fewer cold

waves
More heat
waves

1970 -2011
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Changes in
Streamflow
Timing:
2000-2010 vs.
1950-2000

Earlier timing

T —

30 20 -10 -5 0 5 10 20 30

Number of days change in streamflow timing

Later timing

\) Timing significantly different at 95% confidence level

\> Timing significantly different at 90% confidence level

+ Timing not statistically different



Areal drought coverage: 1900-2010
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Temperature
IS a
hydrologic
variable



Climate Change
Projections
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Big spatial scales
* Temperature
Not predictions




High-emissions scenario Low-emissions scenario

Amount of warming (°F)




2021-2050

Drier?
La Niha = YES!
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High emission scenario

2041-2070

° Less Show
e Less Water
in Arizona

streams
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Annual PreC|p|tat|on Annual Temperature

£ - -
: : BO---- - e e e e

inches

195(] 2000 2050 1595[] 2000 2050

Upper Colorado River Basin

Reclamation — Westwide Climate Risk Assessments, 2011
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Reclamation — Westwide Climate Risk Assessments, 2011



Colorado River at Lees Ferry
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Colorado River at Lees Ferry

Percentage Change
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Colorado River at Lees Ferry
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Projected Annual Temperatures in Tucson

- W Low (B1)* 7.5
M High (A2)*

temperatures (F)

©
3
c
c
©
Q
o)
©
=
o
>
©
IE
®
2
©
O
e
O
k=

2010-2040 2041-2070 2071-2099
Year

G. Garfin based on work performed by J. Weiss, University of Arizona (Geosciences)
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Preliminary analysis by
Carlos Carrillo
and Gregg Garfin,
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Max Water Use and Precipitation
In Tucson
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Towering cumulonimbus clouds NATIONAL
Photograph by Corbis Premium Collection/Alamy GEOGRAPHIC



1551 Precipitation +/-
Increased N
air temperatu %/{w
Snow — 728 Temperature
Rain + Snow — !
hydrologic

variable

Runoff early

Timing and
amount SRS
of river

flow

Changes in water resource
system operations

- C'o.win, CDWR, 2008 Sea level rise



Southwest Climate Change

€ - C O southwestclimatechange.org 2| A
[ Land Degradation &... *§ Google AdvancedS... (T) UAE-Journals & 500 mb Maps Storm... & Satellite imagery - ... 3 IPCC WG 3 AR4 Revi... NADM - Great Parna... JA\ PORTAL Environme... [ Other bookmarks

-

|

obal Land-Occan Temperature Index
Why Has Global Temperature Rise IN THE NEWS

Stalled? . NEW SWCCN
March 30, 2012 | Zack Guido | ' New Southwest Climate BOOKCLUB!

Where has all the heat gone? Eleven of the Assessment Report Open
twelve warmest years on record have i
. For Public Review! )
occurred since 2000. The average global to adaptation, our next
temperature during this decade has also been the Posted March 30, 2012 | book is Hot: Living
warmest on record, dating back about 130 years. But Southwest Climate Alliance Through the Next Fifty
it... More : Years on Earth by Mark
Climate Change TorA[ter Hertsgaard. Start reading
the Composition of the now and stay tuned for
Sonoran Desert the time and location of
Posted March 30, 2012 | the in-person discussion!

From hacking the planet

Extreme Winter Weather?
~March 22, 2012 | Mike Crimmins | Comments

1:32eM ||

EB)] « B @ s 3nm0,

http://southwestclimatechange.org/

28 April 2012 — Desert Wisdom — Scottsdale, AZ
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— Disaster
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Mountain Snowpack
as of March 1, 2004

Legend

Percent of Average
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Prepared by

USDA, Natural Resources Consery:
National Water and Climate Center
Portland, Oregon

hittp: £ wee.nres.usda. gov

Mountain Snowpack
as of April 1, 2004

Legend
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Losses of 30-60% Snow Water Equivalent

USDA-NRCS National Water and Climate Center
http://www.wcc.nrcs.usda.gov/wsf/
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Hotter Means Drier: 2011 Drought

(C)% VPD TEMP

VPD MOISTURE

+0.1 +0.3 +0.5 +0.7 +0.9< kPa

Analysis courtesy of Jeremy Weiss, Jonathon Overpeck, and Julie Cole, Univ. AZ, 2012




Temperature (°F)

Trend Since 1895
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W 90°W
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Precipitation (in)
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R. Seager (presented at WGA Drought
Workshop, September, 2010) Check
http://www.westgov.org/water for PDF
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9 February 2011 — The Arctic is Melting and the Desert is Burning — Santa Fe, NM



Temperature (°F)
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