Hydro-Climate of Arizona

JON SKINDLOV
Climatologist/Meteorologist

Salt River Project, Phoenix

NAU 2006 Field School in Water Science
for K-12 Educators
April 20, 2006

Delivering Mere Than Power.



Geography
Causes of Drought and Flood

The Historical Record

The Future of Water in Arizona



Salt River Project

« Salt River Valley Water * SRP Agricultural
Users Association, Improvement and
Power DiStiicig s

i E i

Corak |shed 1937.aS a4
Bdlitical subdivision of
thelstate of Arizgpa £

= 35 16 million kWh’
sold in EY05 -
Ot l.ﬁnlllon '

. Over 850,000 -
g g&p ryear fb“" ’ customers in:and
ph G around the PROenix

-

_ metro area




Geography



i Baszin Riwer

National Weather Service River Basins



; ._!;-.ﬁ
."&“ﬁ‘; olorado R.
& (old Grand)

NWS

Colorado Basin
River Forecast Center

e

i'lj.'. T

ih}f
San Juah R.
area
¢aJorado R.

http://www.cbrfc.noaa.gov/



K’nﬁm

) Arizona

il

&
- & 3

: Verde. - ragsen “
%_' ns‘% ]
& N .
= Beaver CreekK¥rasin f
#ﬂp Prt:.scaﬂ P
o 1
e i *"'d;’ Payson Show [ ow
Eiamg Wic.‘ren{mrg ; : ;
Yiaddell o _g::-:’ p - 5 Foi it S al t
% g am Exint D,I:‘m Faa
1?‘ e ¥ “T“m o L
Vi WL, Py fam - E
5 ey, il Phﬂen- g oy orm @ [am .8
q""m“%, Sdt -'._ Bil-.'l.'u-tu:m: o
% % Crante
glg'i'ﬂ = Clliemin E: | Gam i T f-
el mam y b L
: Chifton
¢ i, SR
Gila Bend ?
'E-':: Safford %
%
- Tucson
&




Puerto Ricod&
Misc Stations




WEST hlgh rellef
horlzohtar s,epat:ateness
=1 e RERNG s

.-I- Ir

Climatic Differences




Temperature Climatology (F) 1971-2000
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Monthly values of available insolation for the equator, 30, 60, and 90° North.
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INSOLATION (INcoming SOLar radiATION)

Direct or diffused shortwave solar radiation that is
received in the Earth's atmosphere or at its surface.

PhysicalGeography.net

http://www.physicalgeography.net/home.htmi



Average atmospheric temperature
and pressure in the atmosphere
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Lapse Rate

Rate of change of temperature with height. In the
troposphere, the lapse rate in dry air is about 5.5°F
per 1000 feet. The average lapse rate with some

moisture in the air is about 3.6°F per 1000 feet.

http://okfirst.ocs.ou.edu/train/meteorology/VertStructure2.html



Precipitation Climatology (inches) 1971-2000
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70-85°F 70-85°F

Moisture Sources
and associated sea surface temperature ranges




Causes of Drought and Flood
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The Water Cycle
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Precip. (Dec-Mar): 6.3 in
Runoff (Dec-May): 665 Kaf

Salt-Verde Watershed Normals
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WINTER:
Precipitation (P) >>
Evapotranspiration (ET)
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Winter Weather Patterns
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Causes of a “wet” winter:
-- number of storms

-- productivity of storms

Winter Weather Patterns




Winter Weather Patterns




Causes of a “dry” winter:
-- number of storms
-- productivity of storms

Winter Weather Patterns



Atmospheric Circulation Anomalies
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Atmospheric Circulation Anomalies for Observed
Years with Streamflow in Opposite Direction

HL WATER YEARS LH WATER YEARS

High flow in Upper Colorado Low flow in Upper Colorado
Low flow in Salt-Verde-Tonto High flow in Salt-Verde-Tonto
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Influence of Ocean Surface Temperatures

on Western U.S. Winter Precipitation
NOAA/NESDIS 50 KM GLOBAL ANALYSIS: SST — Climatology (C), 1/16/2008
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Influence of Ocean Surface Temperatures

on Western U.S. Winter Precipitation

NOAA/NESDIS 50 KM GLOBAL ANALYSIS: SST — Climatology (G), 1/16/2006

{white regicns indicate sea—ice)
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What are the ultimate drivers of these circulation anomalies?
One current hypothesis: Multi-decadal drought scenarios in western U.S.
may be linked to North Pacific & North Atlantic Ocean SST Indices

— PDO (cool NE + tropical Pacific) and + AMO (warm North Atlantic)
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Pacific Decadal Oscillation
(PDO)

WARM COOL
(positive) (negative)
phase phase

Image courtesy of Stephen Hare and Nathan Mantua, University of Washington, units are degrees Celsius

http://jisao.washington.edu/pdo/



Table 1: summary of North American climate anomalies associated with extreme phases of the

PDO.

climate anomalies

Warm (+) Phase PDO

Cool (-) Phase PDO

Ocean surface temperatures
in the northeastern and
tropical Pacific

Above average

Below average

October-March northwestern
North American air
temperatures

above average

Below average

October-March Southeastern
US air temperatures

below average

Above average

October-March southern
US/Northern Mexico
precipitation

Above average

Below average

October-March Northwestern
North America and Great
Lakes precipitation

Below average

Above average

Northwestern North American
spring time snow pack

below average

Above average

Winter and spring time flood
risk in the Pacific Northwest

Below average

Above average

http://www.atmos.washington.edu/~mantua/REPORTS/PDO/PDO_cs.htm




Atlantic Multidecadal Oscillation (AMO)
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Red and blue colored dots represent positive and negative correlations of Northern Hemisphere summer rainfall with the
AMO index. When the AMO is positive (warm Atlantic) there is less rainfall over most of the United States and
northeastern South America, and more rainfall in southern Alaska, northern Europe, west Africa and Florida.

http://www.aoml.noaa.gov/phod/amo_faq.php



ENSO: El Nino/Southern Oscillation

December - February Normal Conditions
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http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensocycle/enso_cycle.shtml



ENSO: El Nino/Southern Oscillation

December - February La Nifia Conditions
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http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensocycle/enso_cycle.shtml



ENSO: El Nino/Southern Oscillation

December - February El Nifio Conditions

http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensocycle/enso_cycle.shtmi



TYPICAL JANUARY-MARCH WEATHER ANOMALIES
AND ATMOSPHERIC CIRCULATION

DURING MODERATE TO STRONG

PERSISTENT EXTENDED PACIFIC JET STREAM
& AMPLIFIED STORM TRACK
b
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El Nifo Precipitation Anomalies La Nifa Precipitation Anomalies

Compaosite Precipitation Anomalies Nov to Mar Composite Precipitation Anomalies Nov to Mar

Versus 18501995 Longterm Average Versus 1850—1895 Longterm Average
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The Historical Record



Salt-Verde Watershed Average Precipitation,

December - March
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Salt-Verde Watershed Winter Precipitation vs.

Reservoir Inflow, 1901-2005
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Salt+Tonto+Verde WINTER (Dec-May) INFLOW:

Departure from Median (651 Kaf)
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S 1000
O,
I il
-1000
1892-1904: 1905-45: 1946-64: || 1965-95 1996-2006:
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SRP Water Resource Operations: ias 04/2006




http://fpcluster.ccit.arizona.edu/khirschboeck/srp.htm
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A Tree-Ring Based Assessment
of Synchronous Extreme
Streamflow Episodes in the
Upper Colorado & Salt-Verde-Tonto
River Basins

A Collaborative Project between The University of
Arizona's
Laboratory of Tree-Ring Research & The Salt River
Project

2005

Prepared by K.K. Hirschboeck & D.M. Meko

THE UNIVERSITY OF ARIZONA,
Hhs Laboratory of —
Tree-Ring Research B



http://www.ltrr.arizona.edu/
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RESULTS: Synchronous extremes in the OPPOSITE direction:
% of normal (HIGH in one basin & LOW in the other )

flow used for
comparison

Reconstructed flows: HL & LH events

l LH and HL from revise SRP reconstructions, 1521-1964
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HL = HIGH on Colo & LOW on SVT LH = LOW on Colo & HIGH on SVT
(Years: 1657 & 1843) (Year: 1855)

Probability (HL) = 2 / 444 = 0.0045 Probability (LH) = 1 / 444 = 0.0023



RESULTS: Synchronous extremes in the SAME direction:
(LOW or HIGH in BOTH BASINS)

% of normal
flow used for

comparison .
Reconstructed flows: LL & HH events
LL and HH years, SRP Revised Reconstructed Flows, 1521-1964
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HH = HIGH on Colo & HIGH on SVT (blue symbols)
Probability (HH) = 60 / 444 = 0.135

LL = LOW on Colo & LOW on SVT (red symbols)
Probability (LL) = 65 / 444 = 0.146




Extreme High and Low Flow Years in Upper Colorado & Salt-Verde Basins based on Reconstructed Streamflow* 1521-1964
I < 10th Percentile I < 25th and 2 10th Percentile D 225thand s 75th Percentile l >75thand < 90th Percentile l > 90th Percentile
Upper Colorado River Basin .] . .:
1520 -1599
(UCRB) 1 1 1 11 11! T 11 11 111 11 LL=11
HH = 11
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1 i HH =8
1700s
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* Reconstructed annual water year discharge
1 HH years (high flow in both basins) 1900 - 1964
1 LL years (low flow in both basins) LL =8
HH =14
* LH=Low in UCRB/ High in SVT
HL = High in UCRB / Low in SVT (no occurrences)




Severity of Current Drought in Context of Reconstructed Record:

Salt + Verde + Tonto Reconstruction
2400 | ! !

— 11-Year Running Mean Wet 70s & 80s
Long-Term Mean (1199-1988) 5
— 1950s Low

2200

2000

1800

1600

Flow (cfs)

1400 HE- "L

1200

1000 =

Plot ends

800 Severial Reconistructed Periods Were Driér than tﬁe 195035 in 1988

1200 1300 1400 1500 1600 1700 1800 1900 2000
Ending year of 11-year period

-- Current drought was about as severe as 1950s in terms of flows
averaged over 11 years

-- 8 other droughts in tree-ring record were as severe as current drought
-- Late 1500s mega-drought was much more severe than current drought



Climatic Fluctuations, Drought, and Flow

In the Colorado River Basin

U.S. Department of the Interior

U.S. Geological Survey

USGS Fact Sheet 2004-3062

version 2

August 2004

http://pubs.usgs.gov/fs/2004/3062/




The Future of Water in Arizona



'SPECIAL REPORT GLOBAL WARMING
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PHOENIX Annual Average Temperature: Departure from

Normal (1961-90) [72.6F]:
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PHOENIX Average Temperature: ANNUAL
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PHOENIX Average Temperature: ANNUAL
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1964-1989: 9°F in 26 years = 0.35°F/year

SRP Water Resource Operations: ias 04/2006




Global: 0.4°C/100yrs
United States: 0.37°C/100yrs
Western U.S.: 0.56°C/100yrs

Degrees Celsius
=

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
Year

WNAA-CIRES
~ Climate
- 'Diagnostics

Marty Hoerling —

http://www.cdc.noaa.gov



Observed U.S Annual Temperature Departure
(2000—04) minus (1961-90)

Degrees Celsius
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Recent warming already has driven significant
hydroclimatic changes.
Less snow/more rain _Less spring snowpack

.
é(tdi TRENDS (1950-97) in

-
E‘Qﬂ snow:water-content at
o) E!%an snow cc?lﬂ%zes

'-.I .

-2.2 std devs
LESS as snowfall

Figure 4. Trends in {a) yearly dates of
spring snowmelt onset and {b) centers of
_ mass of yearly streamflow hydrograghs in
rivers throughout western Mogth Amernca,
based on US. Geological Survey stream-
flow paging stations in the United States : oy ]
g (~ and an equivalent Canadisn streamflow - il Mote, 2003
nebwork. Large circles indicate sites
with trends that differ significantly from
zero at a W% confidence level; small

circles are not confidently identified. =
_ A Earlier snowmelt runoff
“Spring-pulse dates tewart etal., 2005 | .
' - ! Mike Dettinger, USGS, SIO




greenhouse forcings,
climate models yield
a fairly narrow range
of warming scenarios
and (amidst a broad

precipitation change
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Questions?

JON SKINDLQOV
jaskindl@srpnet.com

(602) 236-2819 www.srpnet.com







During the past 30 years--and in the near-term
future--natural climate variability has been
augmented by warming trends associated with
Increases In the global greenhouse effect.

Climate-model simulations of global-average temperature
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Climate Recordg from the Vostok Ice Core Covering the Last 420,000 Years
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http://www.exploratorium.edu/climate/cryosphere/data2.html
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