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Degree C Anomalies

Jan - Dec Global Surface Mean Temp Anomalies
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Changes toward earlier streamflow timing across western Morth America
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More extreme rainfall events
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Precipitation in warmer climates more likely
to come Iin heavy events (> 40 mm, ~1.6
Inches)

Temperature range applies to season
Karl and Trenberth, 2003 in Science 302: 1719-1723




Warming temperatures speed up
hydrological cycle

Evaporation rates rise, which potentially
Increases length of arid spells

Warm air holds more moisture,
Increasing potential for extreme events

Southwest quadrant of U.S. registering
more springtime extreme rains AND
more drying of soils over past 50 yrs
(Groisman et al. 2004, Journal of Hydrometeorology)
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Seager et al. 2007 http://www.Ideo.columbia.edu/res/div/ocp/drought/science.shtml
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Precipitation cha'n‘ges often

magnified In runoff, streamflow

Earlier projections by Christensen et. al
(2004) suggested a ~4% drop In precipitation
could lead to a 16% drop in Colorado River
flow (Climatic Change)

Thomas and Pool (2006) compared measured
streamflow of San Pedro to nearby
precipitation; a 13% annual drop - a 66%

drop in streamflow

(From Trends in Streamflow of the San Pedro River,
Southwestern Arizona", by Blakemore E. Thomas. U.S.
Geological Survey Fact Sheet 2006-3004)
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Hadley Cell circulation & drought
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Concern over
drought on this
account is based
on projections
rather than

~ observations ...

but It raises
Important
cause for concern

Credit: Barbara Summey, NASA Goddard VisAnalysis Lab



Southwest climate and its
drivers vary by season

Winter, Spring:
Will El Nino effects move north?

Summer;
Stronger monsoons?

Fall:
Stronger hurricanes/ tropical storms?



El NiNno rules cool season rain

=  Arizona statewide October thru March Precipitation
e (versus Southern Oscillation Index for prior June - November)
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Annual Flood Series for the Verde River Below Tangle Creek
Coded by Hydroclimatological Type
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Slide credit: Professor Katherine Hirschboeck, UA LTRR



San Pedro
at Charleston

Summer monsoon
plays an important
role here, as do
tropical storms —
but changing roles?

Slide credit;
Katherine Hirschboeck,

UALTRR
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" East Pacific hurricanes Impact SW

East Pacific
hurricanes bring
moisture to
Southwest.

Hurricane Marty (right)
brought rain to
Arizona in September
of 2003, Javier to SW
In 2004, John in 2006

2.2 remnants of
named tropical storms
reach SW (AZ, NM,
CA) each year.
(Elizabeth Ritchie, UA)

http://www.ncdc.noaa.gov/oa/climate/research/2003/pachurricanes03.html
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1983 flood n Tucson

Santa Cruz River at St. Mary’s bridge Tooking south, Oct. 2, 1983

Photo Credit: Peter Kresan

———

1983 flood
followed rains
from remnant of
Hurricane Octave
—only one of four
remnants of
named tropical
storms affected
the SW in the fall
of ‘83




Warming seas affect hurricanes
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Michaels, Knappenberger and Davis, 2006 / Geophysical Research Letters



Warm seas also assist monsoon rains
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Heated land helps pull in monsoon

Tucson’s Prince Road and Rillito
River, 8 a.m. July 31, 2006
Photo: AZ Geological Survey

Shepard et al. 1999, CLIMAS publication The Climate of the Southwestg



Seasonal precipitation is variable

El Nifo vs. La Nina fluctuations wield strong
year-to-year influence on winter precipitation

El Nino can have weak positive correlation
to East Pacific hurricanes

El Nino can have weak negative correlation
to monsoon activity in Southwest

Dry winters (western-wide) -
weak potential for stronger monsoon
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Graphic courtesy of Blakemore Thomas (unpublished) USGS Tucson
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Verde River,
Getting closer
to an annual
scale

Notice:
Rather
anti-correlated
during 1950s
drought ...
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Observations vs. Models

The observational record would suggest the
potential for increased variablility as the
climate warms

Recent variability as analog?
« 2004-05 wet winter / 2005 mediocre summer
« 2005-06 dry winter / 2006 wet summer
* 2006-07 dry winter (AZ; NM wet)

Long-term drought could still become the

norm even If interspersed with extreme
rainfall events



Keep an eye on the AMO

+PDO +ANO

-PDO +ANMO

25% = normal drought frequency

Evidence growing
that the Atlantic
Multidecadal
Oscillation exerts
an influence on
western climate

Michael Mann &

Kerry Emanuel

link AMO to northern
hemisphere temperature
(Eos, 2005)

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



Climate Forecast Evaluation Tool

How often did forecast correctly predict winter conditions in September :
wet conditions dry conditions

e e e e m i iiii g mm s ims e Gt e mea s s e — i e m e m— e g =

Bad Good Bad Good

ForecastPerformance ForecastPerformance

I - 10 DATA (Situation has not occured) I - 1o paTA (Situation has not occured)

Forecast Evaluation Tool: http://hydis4.hwr.arizona.edu/ForecastEvaluationTool/



Thanks for your attention
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Melanie Lenart, CLIMAS  mlenart@email.arizona.edu



