Gazing into the Crystal Ball:
Climate Change and

Future Challenges

for Arizona’s Water

and Environment

Arizona Chamber of Commerce

2009 Environmental and Sustainability Summit
10 September 2009

Phoenix, Arizona

Gregg Garfin

Deputy Director for Science Translation and Outreach m

7 Institute of the s
t&"ﬁ Environment A_ @ C L [ MAS e

Outline

Outline

» Growth, urban heat island, vulnerability
* The elephant in the room

» Uncertainty

* Observed changes and concerns

* Climate change projections:
* Another straw

* Are we doomed?
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Kohlhoff & Roberts Beyond the Colorado River: Is An International Water Augmentation

Consortium in Arizona’s Future?




Growth-Related Concerns

Water quality

* Reuse and turf

* Repeated agricultural use (CRB)

* Declines with depth to groundwater
» Chemical pollution

» Endocrine disruptors

Phoenix Urban Heat Island
June Min TEM 1990-94 June Min TEM 2000-04

4°F Warmer than surrounding desert
8°F increase in since 1970

Brazel et al., 2007 Climate Research




Energy and Water are
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power

production

requires

water:

* Thermoelectric
cooling

+ Hydropower
+ Energy minerals

extraction / mining
+ Fuel Production
(fossil fuels, H,,
biofuels/ethanocl)
+ Emission controls

.. Inextricably linked “

Water for Energy

Mike Higth)—\’/-vé*rf ‘Sandia National Laboratory

Water
production,
processing,
distribution,
and end-use
requires
energy:
+ Pumping
+ Conveyance

and Transport
* Treatment
+» Use conditioning

* Surface and
Ground water

Growth-Related Vulnerabilities

» Greater exposure to hazards
* Reduced resiliency in assumptions
» Unaccounted for changes in demand
*Reduced water supply or environmental resiliency
» The water has to come from somewhere
* Unresolved issues
* Indian water rights




Climate Change
and Uncertainty

IPCC 4t AR
* Warming is
unequivocal

* Increased water
vapor

* Very likely due
to human
activity — GHGs

http://www.ipcc.ch
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Understanding and Our Energy Future:
Accepting Uncertainty Largest Source of Uncertainty

» Measurement Uncertainty

* Randomness: chaos in the climate system

* Limitations to knowledge: imperfect modeling
* Cloud physics, model resolution
* “Unknown Unknowns”

20th century

* Human Actions: exceedingly difficult to predict

Land Surface Carbon Cycle

Global surface warming (°C)

Todd Ringler, Los Alamos National Laboratory http://www.ipcc.ch



Colorado River Flow, 762-2005

Observed

In the Southwest et
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16.5 maf allocated based on early 20t
14.3 — 14.7 maf tree-ring estimated average
15.2 maf is the historic average
Bottom line: the Colorado is overallocated

Dave Meko, UA Laboratory of Tree-Ring Research




Upper Colorado River Water Year Precipitation. Upper Colorado Basin Mean Annual Temperature.
October through September. Units: Inches. Units: Degrees F. Annual: red. 11-year running mean: blue
Data from PRISM. Blue: annual. Red: 11-yr mean. Data from PRISM: 1895-2005.
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Winter Trends: Less Snow, More Rain Earlier Peak Streamflow

b)J Trends in CT
(1 948-200@)‘)
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i< bd
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Strongest at elevations <8,000 and in March 200°

Knowles, et. al, 2006 Journal of Climate Stewart et al. 2005 Journal of Climate
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Earlier Snowme_lt = More Fires

Courtesy of Tom Swetnam, UA LTRR
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Dieback
+ Fire

increased erosion by water

Craig Allen, USGS

However, gradual climatic change may trigger
abrupt ecosystem change (threshold response).

Ecosystem state

Time
Craig Allen, USGS Bandelier National Monument
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Key Regional Concerns

Projected

* Altered snow hydrology
» Severe and multi-decade drought

* Threshold surprises Cllmate Changes
for the Southwest

» Temperature is a hydrologic variable

gt & P g:’ |
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Earlier Peak Streamflow

@ > 35d earlier

@ 25-35d earlier

© 15-25d earlier
5-15d earlier
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2040-2059

From: Stewart et al., 2004 Climatic Change

Increased Heat Waves

Length of , gt
Average
Heat Wave
(days)

4 models and A2
“Business as Usual”
emissions scenarios in
a Regional Climate
Model

2071_2095 114°W 113°W 112°W 111°W 110°W 109°W
Minus
1961-1985

Diffenbaugh et al., 2005
Proceedings of the National Academy of Science
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9-year running means expressed as departures RISk Of Reservo;r Drying at 2026 and 2050

from 1950-1999 means Rajagopalan, et al., 2009 Water Resources Research

Annual average temperature
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Christensen & Lettenmaier, 2006




Summary
Are we doomed?

Toper Catorado Baai Hean Ammual Temperatore
vide Units: Degrees F. Annual red. 1Lyear anning mean: bive
. e Data fram PRISH: 1865:2005
= - 'l'\ Total precipitation may increase or decrease
a4

Increased \.../_,\__,
Jair termperature ‘%T/rr
Less snowpack /J/

Maore precipitation as rain than snow
due to higher temperatures

Earlier runoff
from snowmelt

Changes in water resource
System operations "

Maricopa
County

CowiiyCDWR, 2008
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Climate Change Challenges

* Long-term and human-caused

» Multivariate

» Geographically pervasive

* Notably rapid

* Likely to remain uncertain

* Interactions with other variables and systems
* Surprises and abrupt changes

EETUARYAWATERAHER

Internalizing Cli

http://repositories.cdlib.org/jmie/sfews/vol6/iss2/art5/ L e S

ij Climate Change—Scientific Resource
Management and the Climate Change Challenges

Management for Resilience

* Identify critical thresholds

* Identify vulnerabilities

» Conduct scenario planning

* Diversify portfolio

» Secure backup supplies

* Build flexible interconnections

» Develop adaptive management capacity

Holway, 2008
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The WATER CRISIS
REVIEW

increasing
temperatures

'imprtg%ﬂmanagement

The ANNALS of
ADAPTATION

infrastructure investment alternative energy

Irought planning
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The New Yorker Magazine, September, 1976  Artist: Saul Steinberg
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Are we doomed?

Only if we ignore
these issues

and do nothing
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Trajectory of Global Fossil Fuel Emissions
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Joellen Russell, UA Geosciences

Raupach et al. 2007, PNAS
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Our Energy Future:

Largest Source
of Uncertainty
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Internalizing
Climate Change—
Scientific Resource
Management and
the Climate
Change Challenges
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Internalizing Climate Change—Scientific Resource
Management and the Climate Change Challenges

http://repositories.cdlib.org/jmie/sfews/vol6/iss2/art5/
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