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Overview of the talk

e Climate
e Impacts
e Choices
e Where to get information

o 3 U.S. Global Change Research Program
Y31, National Climate
Assessment

http://www.swcarr.arizona.edu
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CATEGORIES STATES NEWS CHARTS & FIGURES
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Observed
Changes




Temperature
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Precipitation
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Trend Contrast
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Drought Area: 2"? Highest

Percent of Area < -1 PDSI (1901-2010)
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Southwest U.S. Cold Waves
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Percentage Change in Very Heavy Precipitation

1958-2011

Percentage Change
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Draft National Climate Assessment — Chapter 2
22 August 2013 — CLE Reno, NV
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Horseshoe 2 Fire
cFmicahua Mountalns 2011

azstarnet.com 31 Oct. 2013 - WESTCAS - Tucson, AZ



San Francisco

13 in (330 mm)
1997-1998 El Nifio 4
12 in (300 mm)
1982-1983 El Nifio
11 in (280 mm)
1940-1941 El Nifo

N

N
o

o

£
RS
- =
el
n
o
o
=
2
£
c
o)
=

Iy v

1920

M Annual Variability === Long-term average rise in sea level at the
l San Francisco/Golden Gate tide gauge

I Short-term sea level Difference 7-8 inches of sea-level rise

increases along the California coastline has made
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Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle
Changes in
Solar Inputs
Clouds
Atmosphere ———— T 7
/s /f /
/7 /
N, 0, Ar, Volcanic Acti S0
olcanic Ac
H,0, CO,, CH,, N,0, 0, etc. L AT
Aerosols Atmosphere-Biosphere
Atmosphere- Interaction
Ice Precipitation
Interaction Evaporation
Terrestrial
Heat  Wind .+ Radiation _&4uman Influences ice Sheet
Exchange Stress
3
Sea Ic EREERER

Hydrosphere:
Ocean

Ice-Ocean Coupling

Land Surface

Changes in the Cryosphere:
Snow, Frozen Ground, Sea Ice, Ice Sheets, Glaciers

Hydrosphere:
Rivers & Lakes f
Changes in the Ocean:

Circulation, Sea Level, Biogeochemistry

Changes in/on the Land Surface:
Orography, Land Use, Vegetation, Ecosystems

The Climate System
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Observed CO2 Emissions vs. IPCC Scenarios

== Observed CO, emissions from fossil fuels (IEA)

L
o
|

— B2
Al

M
oo}
|

8]
B~
|

m
[}
| o=
c
(o]
—t
(V-
o
w
| =
S
=
m —
® 26
-
| -
(b}
O
w
=
S
w
n
£
L
o~
(@]
)

20 I | I | I I i I |
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

Year

http://www.skepticalscience.com/iea-co2-emissions-update-2010.html
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Observed CO2 Emissions vs. IPCC Scenarios

== Observed CO, emissions from fossil fuels (IEA)
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Average Annual Temperature
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* Longer Heat Waves
e Fewer Cold Nights
e More Hot Days
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Photo: Daniel Griffin, University of Arizona
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Streamflow % Change : 2050s vs. 1990s
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Draft Climate
Assessment Report
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Increased Increased

temperatures temperature leads to
increased peak

Change in electricity demand
precipitation

Increased

evaporation Higher 'remp.erc‘tfure.s
reduce transmission line

capacity
Increased water demands ,
challenge deliveries to

. - - . H _//

Changing precipitation and thermoelectric plants f5——

high temperatures reduce
reservoir volume and

hydroelectric production Increased temperatures
reduce transformer and

substation capacity

Range/forest fires
damage transmission |
infrastructure

Higher temperatures
reduce plant efficiency

Lost reservoir operational flexibility threatens
balancing of variable wind/solar generation

31 Oct. 2013 - WESTCAS - Tucson, AZ Chapter 12: Energy
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Intersecting Challenges
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San Francisco International Airport Oakland International Airport

31 Oct. 2013 - WESTCAS - Tucson, AZ

Areas potentially exposed to an approximate
16-inch sea-level rise assuming no flood
protection from existing dikes and levees

Areas potentially exposed to an approximate
55-inch sea-level rise assuming no flood
protection from existing dikes and levees
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Colorado River Basin
Water Supply and Demand Study

Executive Summary — Pre-Production Copy
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If drastic reductions
in GHGs are
required, studies
have found that it is
more practical and
less costly to reduce
emissions in the
electricity sector and
electrify as much of
other sectors as
possible.
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Draft 2013 National Climate Assessment e‘ 3} Federal Advisory
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Chapter 20: Southwest /" Draft Climate
Assessment Report

Movy Available
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Supply and Demand Strategies

e (Conservation

 New dams

e Desalination

e Retirement of lawns
e Groundwater banking
 Direct potable reuse



The Cone of Uncertainty

Nearterm strategy

Decision points

Future

31 Oct. 2013 - WESTCAS - Tucson, AZ Chapter 19: Imperfect Information



f Disaster
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——————————— Have to Sneeze
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Southwest Climate Change Assessment Report

Assessment of Climate Change in the Southwest U.S.

Assessment of Climate Change in the Southwest United States speaks broadly and clearly about climate and its effects on the people and
landscapes of Arizona, California, Colorado, Nevada, Mew Mexico, Utah, the U.5.— Mexico border region, and the lands of Mative Nations.

A landmark study in terms of its coverage and analysis (and a synthesis of knowledge from some 120 contributing experts), the book offers
decision makers and stakeholders a substantial basis from which to make informed choices that will affect the well-being of the region’s
inhabitants in the decades to come.

Read Maore

www.swecarr.arizona.edu
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5% U.S. Global Change Research Program
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Tipping Points
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High Pathway (RCP 8 5)

Draft National Climate Assessment — Chapter 2
11 March 2013 — DGT, Tucson, AZ



a) Observed and projected daytime Heat Wave Index

Heat Waves 350 s

300 P cnrmecm3

* More frequent 250/}
* Longer 200
* More intense

100
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b) Observed and projected nighttime Heat Wave Index
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Chapter 7 — Extremes

17 September 2013 - CP Biennial, Flagstaff, AZ
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Cold Spells

e | ess frequent
e Just as cold

Chapter 7 — Extremes

17 September 2013 - CP Biennial, Flagstaff, AZ

a) Observed and projected daytime Cold Spell Index

cnrmem3

b) Observed and projected nighttime Cold Spell Index

cnrmem3




High emission scenario

2041-2070

Less Show
Less Runoff
Less Soil Moisture
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() e Frost-free Season
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Average Global Temperature Projections
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Summary Points
Climate Change and the West
Provides one more source of variability. “OIld” 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, amounts, seasonality, frequency all matter.

Precip — Character of precipitation can be as important as amount.

Precip — More consensus for T than P, but some precip progress
Precipitation change — more winter, less spring, summer, autumn?
Precipitation change — Annual increase north / decrease south

More floods (winter) & droughts (summer) possible

Temperature is a hydrologic element — has significant implications
Temperature change is under way, began without our noticing.
Western Mountains seem particularly vulnerable to climate change
System still has “unrealized warming;” earth radiation not in balance

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




Observed Changes in Frost-Free Season
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Draft National Climate Assessment — Chapter 2
22 August 2013 — CLE Reno, NV



Atmospheric Rivers

31 Oct. 2013 - WESTCAS - Tucson, AZ Courtesy of NOAA Earth System Research Laboratory



200 _ Highest: 79”
Observed | Scenarios
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Parris et al., 2012 Global Sea Level Rise Scenarios for the
31 Oct. 2013 - WESTCAS - Tucson, AZ United States National Climate Assessment




Adaptation

Supports Undermines

- Compact coastal urban
design
e reduces transportation
emissions
e greater UHI effect
* floodplain development

- Forest fuel management
* reduces fire risk
* maintains watershed

health
e decreases C releases
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* Seawater desalinization
* increases water
security
* very energy-intensive

Undermines
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The Science of
Climate Change



The Gre%nh@um Eﬁ"mt __

Solar radiation powers
the climate system.

Some solar radiation
is reflected by
the Earth and the

atmosphere.

.'
“"‘\\} _ 7 ATMOSPHERE

EARTH

About half the solar radiation
is absorbed by the

Earth’s surface and warms it. Infrared radiation is
emitted from the Earth’s

surface.




Atmospheric CO, Levels

2100 Higher Scenario @

2100 Lower Scenario
2011 Observed

Historical Range
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31 Oct. 2013 - WESTCAS - Tucson, AZ Draft National Climate Assessment, Appendix 2



Global Temperature and Carbon Dioxide
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Ten Indicators of a Warming World

] | Air Temperature Near Surface (Troposphere)

1 Water Vapor

Glaciers

Temperature Over Oceans

1" Snow Cover

Sea Surface Temperature K
= F
| L Sea Level

Sea lce / ”\\.
F

L Ocean Heat Content

Temperature Over Land

31 Oct. 2013 - WESTCAS - Tucson, AZ Draft National Climate Assessment, Chapter 2
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One View of Global Warming
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