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The work presented
here IS a synthesis

of the work of many
excellent scientists.




Where Are We?
Recent Drought In
Semiarid

North America




Components of
Risk Management

RISK = Hazard X Vulnerability

(natural event) (social factors)

Adapted from Don Wilhite, National Drought Mitigation Center
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Semiarid North America

Ny,
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b l’f}* 6.0 x Viet Nam
“ 2.0 x Nigeria
6.3 X Italy
0.23 x China

Figure from R. Seager et al., 2007 Scie‘hce




2003 Seutherm: California Wildfires
New York Times

Lake Rowell’s decllne
J Dohrenwend USGS@,

2@02

SOI| desiccation
~_Arizona Daily Star




Standard Regions
for Temperature & Precipitation
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Drought Area
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Trends in Drought Severity (< 20t %ile) — 1915-2003

Andreadis and Lettenmaier, 2006 Geophysical Research Letters
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Colorado River Flow, 762-2005

Flow (% of mean)

west Observed £ 87% of 1906-2004 mean
1200 1400 1600
Ending Year of 25-yr Running Mean

Dave Meko, UA Laboratory of Tree-Ring Research




How Did We Get
Here?
Climate of

Semiarid
North America
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Precipitation Seasonality
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Atmospheric Circulation: Winter

NCEP/NCAR Reanalysis
700mb Geopotential Height (m) Climotology 1968—1996

NOAA—CIRES /Climate Diagnostics Center

Mike Crimmins, University of Arizona




Atmospheric Circulation: Summer

NCEP/NCAR Reanalysis
700mb Geopotential Height (m) Climatology 1968—1996

NOAA—CIRES /Climate Diagnostics Center

Bermuda
High

Jun to Sep:

Mike Crimmins, University of Arizona




El Nino: Winter Effects U.S.

e Wet winter, dry summer
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La Nina: Winter Effects U.S.

 Dry winter, Wet summer
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L.a Ninha

BLOCKING
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Source: NOAA Climate Prediction Center
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensocycle/winter25%25.qif
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Pacific Decadal Variability - PDO

 Wet Southwest

. Dry Southwest :
1900 1920 1940 1960 1980 2000

Wet Southwest Dry Southwest

Joint Institute for the Study of the Atmosphere and Ocean
http://jisao.washington.edu/pdo/




PDO negative + AMO positive

Drought Frequency % (25 = expected)

high drought frequency
low drought frequency

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




How Did We Get
Here?

“Global Change
Type Drought”




Upper Colorado River Water Year Precipitation.
October through September. Units: Inches.
Data from PRISM. Blue: annual. Red: 11-yr mean.
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Upper Colorado Basin Mean Annual Temperature.
Units: Degrees F. Annual: red. 11l-year running mean: blue
Data from PRISM: 1895-2005.

A Different Kind of Drought:
2000s — Higher TEM than 1950s
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Winter Trends: Less Snow, More Raln

Strongest at elevations <2,300 m and in March

Knowles, et. al, 2006 Journal of Climate



Upper Colorado River Basin Mar-May 700 mb Temperature (3,000 m)
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Dramatic Warming Episodes

Mountain Snowpack

as of March 1, 2004

Legend

Percent of Average
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Observed Changes in Snowmelt Runoff

b)fTrends in CT
(1948-2002)

@ > 20d earlier
@ 15-20d earlier
) 10-15d earlier
> 5-10d earlier
=< 5d

2 5-10d later
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@ 15-20d later
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200°

Stewart et al. 2005 Journal of Climate
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Westerling et al., 2006 Science




BANDELIER NATIONAL MONUMENT
PEALK FLOW IN TWD CANYONS BEFORE & AFTER A WILDFIRE
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100-fold increases in runoff and erosion.
July 2001, Cerro Grande Fire area




2006 TX and OK: 1.6 million hectares
Increased wind and water erosion risk

Craig Allen, USGS




Interannual variability of P95 rainfall events

No significant trend in the frequency of P95

JJAS frequency of P95 rainfallevents (Mean = 4.2)

Frequency

1950 1960 1870 1980 1990

Significant trend in the intensity of P95

) R? = 0.1302 sig
Mean P95 (mm) in the Core Monsoon

Trend = 0.7 mmdec'*
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Cavazos, 2007 CLIVAR 10t Annual Meeting




Northern Mexico, fraction of strings
of dry days longer than 60 days
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Red dashed line: linear trend (9.4% per 40 years)

P. Groisman et al. 2007, NEESPI/LCLUC Science Team Meeting, Urumgi, China




Monsoon & Tropical Storms

La Paz, BCS

Courtesy of N. Pineda




Precipitation Is
Important, of course!
But, temperature Is

also a hydrologic
variable.




How Did We Get
Here?

. and and Water

Management
Practices




GW: 40-60%
owlan T
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Slide courtesy of Mark Anderson, USGS




Subsidence
from Overpumping

esiccation Crack

| ELOY, nz' .gi‘v
BM L304F

Anderson and Woolsey, 2005 USGS



Water Stress

| Peainsula de Baja Californa
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Context: Population

Population Projection: U.S.-Mexico Border Region
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Kohlhoff & Roberts Beyond the Colorado River: Is An International Water Augmentation

Consortium in Arizona’s Future?




The delta covers less
than one tenth of its
original expanse.

The delta's upper
reaches has been
converted to irrigated
farmland.

The formerly
vegetated lower
reaches are now
barren salt flats.

http://earthobservatory.nasa.gov/Newsroom/Newlmages/images.php3?img_id=4732



Urban Heat Island: Phoenix, AZ
June Min TEM 1990-94 June Min TEM 2000-04
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Climate Change
Projections




Annual Temperature: End of 215t Century
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Annual Precipitation: End of 215 Century
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Average Climate Change
Winter Jet Stream Winter Jet Stream

NCEP/NCAR Rear
700mb Geopotential Height (m) C

Mike Crimmins, University of Arizona




?

March is key month
What happens to El Nino”

Geophysical Research Letters

2008 —

McAfee and Russell




Longer Heat Waves

Diffenbaugh et al., 2005
Proceedings of the National Academy of Science




Earlier Peak Streamflow

® > 35d earlier

® 25-35d earlier
15-25d earlier
5-15d earlier
< 5d

» 5-15d later

o 15-25d later

® 25-35d later

® > 35d later

2040-2059

From: Stewart et al., 2004 Climatic Change



COLORADO

RIVER BASIN

9-year running means expressed as
departures from 1950-1999 means

Annual average temperature

1975 2000 2025 2050 207

6
runoff, 2040-2069

8-11% Decrease In il average precin
runoff, 2070-2099 W e e
Decreases In

hydropower

Treaty implications ®| Annual average

runoff
apt : :
1850 1975 2000 2025 2050 2075

11 models and 2 emissions
scenarios downscaled to the

Colorado River Basin Christensen & Lettenmaier, 2006
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Figure 4.10 Median changes in runoff interpolated to USGS water resources regions from Milly et al. (2005)
from 24 pairs of GCM simulations for 2041-2060 relative to 1901-1970. Percentages are fraction of 24 runs for
which differences had same sign as the 24-run median. Results replotted from Milly et al. (2005) by Dr. P.C.D.
Milly, USGS.

CCSP SAP 4.3 — www.climatescience.gov




Aquifer storage/baseflow change ratios

Republican River Basin:

3% depletion of groundwater storage led to
50% decline in baseflow

S. Earman, Scripps (Data from Alley, 2005)




270 pmol moi™~! CO,

320 pmol mol~! CcO,
370 pmol mol ™! CO5

“420 pmol mol~! CO,

Total plant biomass (g plant 1)

Days after sowing

Fig. 1 Total biomass of cheatgrass (Bromus tectorum g per plant)
over time (days after sowing, DAS) as a function of increasing
[COs] for three populations collected at different elevations in
northern Nevada. Significant [CO,] differences were observed
after 59 DAS. Bars are =+ SE.

Ziska, Reeves and Blank, 2005. The impact of recent increases in
atomospheric CO, on biomass production and vegetative retention of
cheatgrass (Bromus tectorum): implications for fire disturbance. Global
Change Biology 11: 1325-1332.




Decision Makers’
Needs and
Applications of

Hydrological
Modeling




What
options
do

managers
have?

“C'mon, ¢’mon—it’s either one or the other.”







What We Heard

e Monitoring

e Climate prediction
 Engineering

e Energy-water nexus
e Decision support

Climate C ¢

Adaptation for
Water Managers

http://azwaterinstitute.org/workshops.html
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Observations
(Natural) volc+solar
(Anthropogenic + Natural) volc+solar+ghg+so4

Anomalies from 1890-1919 (°C)

1900 1920 1940 1960 1980 2000




e s10th Lees Ferry flow years
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The sequences of years and the distribution of extreme events or runs
of wet or dry years is variable from century to century.

Connie Woodhouse, University of Arizona
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Energy and Water are
... INnextricably linked

Enerqy for Water and Water for Enerqgy
Energy and Water
power production,
prodyctlon processing,
requires distribution,
water: | and end-use
* Thermoelectric requires

cooling
» Hydropower energy.
* Energy minerals » Pumping

extraction / mining
* Fuel Production and Transport
(fossil fuels, H,,  Treatment
biofuels/ethanol) » Use conditioning
* Emission controls « Surface and
Ground water

« Conveyance

ENERGY <!/ 117

Mike Hightowe“'r, Sandia Natieonal lLaloratory.
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Integrated Forecast and Reservoir Management - INFORM:
Improve management of water resources at major reservoir sites

f’:—"‘\ﬂ‘""' =

ECHAMS (blue)
.

-
CGCM2 (red) .

FOLSOM RESERVOIR

lydrologic Research Center

HydrolGgicHREsEarch Center

AgroClimate

Yield Risk Farecast

RELITHAL Yeory

------
~~~~~~~~~~

ASU - Bl [P —
Decision Theater w TR — Soeutheast Climate Consortium



)

""—-
rEi

il

Ecasystem st

._| .f..‘
)

']:.'.‘

’




Summary and
Opportunities for
Applications of

Hydrological
Modeling
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Hint on findings: “Too Late.”




Summary

- Semiarid North America will likely experience:
 Increased temperature, longer heat waves
e Greater water demand
o Earlier snowmelt, earlier streamflow
e Greater variability — drought, flood
L ess reliable surface water supplies
* More ecosystem disturbance and change
* More evaporative stress




Summary

- Opportunities for Hydrological Modelers:
e Improved integration of land surface changes
e Estimates of runoff timing, hydrograph changes
 Snowmelt and rain/snow fractional precipitation
—orecasting extremes: drought, flood, QPE

nterpolated precipitation, soil moisture, runoff
ntegrated dynamic simulation modeling
e Including social, economic, legal, ecosystem

factors
e Improved ET estimation
» Groundwater—Surface water modeling

» Working with decision makers
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