
JON SKINDLOV
Climatologist/Meteorologist

Salt River Project, Phoenix

Hydro-Climate of Arizona

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

April 20, 2006



Geography

Causes of Drought and Flood

The Historical Record

The Future of Water in Arizona



Salt River ProjectSalt River Project
• Salt River Valley Water 

Users Association

• Established 1903
• A Federal reclamation 

project
• Private corporation
• Delivers almost 1 million 

acre-feet per year

• Salt River Valley Water 
Users Association

• Established 1903
• A Federal reclamation 

project
• Private corporation
• Delivers almost 1 million 

acre-feet per year

• SRP Agricultural 
Improvement and 
Power District

• Established 1937 as a 
political subdivision of 
the state of Arizona

• 35,516 million kWh 
sold in FY05 

• Over 850,000 
customers in and 
around the Phoenix 
metro area

• SRP Agricultural 
Improvement and 
Power District

• Established 1937 as a 
political subdivision of 
the state of Arizona

• 35,516 million kWh 
sold in FY05 

• Over 850,000 
customers in and 
around the Phoenix 
metro areawww.srpnet.com



Geography



Beaver Creek

National Weather Service River Basins



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

Beaver Creek basin

NWS

Colorado Basin 
River Forecast Center

area

Green R.

Colorado R.
(old Grand)

San Juan R.

Little Colorado R.

Gila R.

Salt R.
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Relief map mosaic copyright © 1994-2002 Andrew D. Birrell. All rights reserved

EAST: low relief, 
horizontal cohesion,
humid

WEST: high relief, 
horizontal separateness,
arid

Climatic Differences



Annual Average Temperature, 1971-2000

EAST: 
North-South 
gradient

WEST: 
Up-Down 
gradient

http://www.cdc.noaa.gov

HOT

COLD



Monthly values of available insolation for the equator, 30, 60, and 90° North.

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

PhysicalGeography.net

INSOLATION (INcoming SOLar radiATION)

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

central Canada

Arizona, Gulf Coast



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

Lapse Rate

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

moisture in the air is about 3.6oF per 1000 feet. 



Annual Total Precipitation, 1971-2000

EAST: 
NW-to-SE 
gradient…
sort of

WEST: 
Up-Down 
gradient

WET

DRY

http://www.cdc.noaa.gov



Moisture Sources
and associated sea surface temperature ranges

Pacific
40-55oF

G. of CA
70-85oF

G. of Mexico
70-85oF

Atlantic
60-75oF



Causes of Drought and Flood



http://ga.water.usgs.gov/edu/watercycle.html



http://www.cet.nau.edu/Projects/SWRA/research.htmlNAU Sustainable Water Resources Alliance

The Water Cycle



Salt-Verde Watershed Normals

0

50

100

150

200

250

300
SE

P

O
CT

NO
V

DE
C

JA
N

FE
B

M
AR AP

R

M
AY JU

N

JU
L

AU
G

SE
P

O
CT

In
flo

w
, K

af

0

1

2

3

Pr
ec

ip
ita

tio
n,

 in
ch

es

Inflow (median) Precipitation (average)

WINTER: 

Precip. (Dec-Mar): 6.3 in

Runoff (Dec-May): 665 Kaf

SUMMER: 

Precip. (Jul-Sep): 6.8 in

Runoff (Jul-Sep): 120 Kaf
SRP Water Resource Operations: jas 04/2006



Salt-Verde Watershed Normals
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WINTER: 

Precip. (Dec-Mar): 6.3 in

Runoff (Dec-May): 665 Kaf

SUMMER: 

Precip. (Jul-Sep): 6.8 in

Runoff (Jul-Sep): 120 Kaf

WINTER: 

Precipitation (P) >> 
Evapotranspiration (ET)

SUMMER: 

ET >> P

SRP Water Resource Operations: jas 04/2006
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Causes of a “wet” winter:
-- number of storms
-- productivity of storms



LL

HH

LL

DryDry

WetWetJet Stream

Winter Weather Patterns



LL

HH

LL

DryDry

WetWetJet Stream

Winter Weather Patterns

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



http://fpcluster.ccit.arizona.edu/khirschboeck/srp.htm

DryDry WetWet



http://fpcluster.ccit.arizona.edu/khirschboeck/srp.htm



Influence of Ocean Surface Temperatures

on Western U.S. Winter Precipitation

AZ

warmercooler Sea Surface Temperature 
Anomalies



ENSO

PDO AMO

Influence of Ocean Surface Temperatures

on Western U.S. Winter Precipitation

IO

IO: Indian Ocean

PDO: Pacific Decadal Oscillation

ENSO: El Niño/Southern Oscillation

AMO: Atlantic Multi-decadal Oscillation

AZ



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)

[source: McCabe et al. 2004] ?

Pacific Decadal 
Oscillation

Atlantic Multidecadal 
Oscillation

1950s
Drought

Current
Drought



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

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

WARM 
(positive) 

phase

COOL 
(negative) 

phase

Pacific Decadal Oscillation 
(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



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

Atlantic Multidecadal Oscillation (AMO)



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

ENSO: El Niño/Southern Oscillation



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

ENSO: El Niño/Southern Oscillation



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

ENSO: El Niño/Southern Oscillation



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



La Niña Precipitation AnomaliesEl Niño Precipitation Anomalies

drier drier wetterwetter

http://www.cdc.noaa.gov



The Historical Record



Salt-Verde Watershed Average Precipitation, 
December - March
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Salt-Verde Watershed Winter Precipitation vs. 
Reservoir Inflow, 1901-2005

y = 169.85x - 378.03
R2 = 0.7558
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Salt+Tonto+Verde WINTER (Dec-May) INFLOW:
Departure from Median (651 Kaf)
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1892-1904: 

2 wet, 

11 dry

1905-45: 

28 wet, 

13 dry

1946-64: 

5 wet, 

14 dry

1965-95: 

19 wet, 

12 dry

1996-2006: 

2 wet, 

9 dry
SRP Water Resource Operations: jas 04/2006



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

http://fpcluster.ccit.arizona.edu/khirschboeck/srp.htm

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

http://www.ltrr.arizona.edu/


= Tree-ring sites 
for streamflow 
reconstructions

LTRR / SRP PROJECT MAP

Project map 
showing:

• Tree-ring sites

• USGS gages

• Climate stations



1500 1550 1600 1650 1700 1750 1800 1850 1900 1950 2000
0

50

100

150

200

250

300

350

400

Water Year

M
ea

n 
D

ai
ly

 F
lo

w
 (

%
 o

f N
or

m
al

)

LH and HL from revise SRP reconstructions, 1521-1964

High Colorado R. at Lees Ferry,  low S+V+T

High S+V+T,  low Colorado R. at Lees Ferry

Colorado R. at Lees Ferry
S+V+T

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

Reconstructed flows: HL & LH events

RESULTS:  Synchronous extremes in the OPPOSITE direction:
(HIGH in one basin & LOW in the other )

A very infrequent scenario 
in the long-term record

% of normal 
flow used for 
comparison
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High on Colorado R. at Lees Ferry
High on S+V+T

Low on Colorado R. at Lees Ferry
Low on S+V+T

LL and HH years, SRP Revised Reconstructed Flows, 1521-1964

Colorado R. at Lees Ferry
S+V+T

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

Reconstructed flows: LL & HH events

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

The more typical scenario with respect to 
extremes in  the long-term record

% of normal 
flow used for 
comparison





Severity of Current Drought in Context of Reconstructed Record:

-- 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

Salt + Verde + Tonto Reconstruction

Several Reconstructed Periods Were Drier than the 1950s

Wet 70s & 80s

Plot ends 
in 1988



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

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



The Future of Water in Arizona







SOURCE: National Center for Atmospheric Research | *30-year period: 1961-1990 | The Washington Post, 13 Oct 2005



SRP Water Resource Operations: jas 04/2006

PHOENIX Annual Average Temperature: Departure from 
Normal (1961-90) [72.6F]: 
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PHOENIX Average Temperature: ANNUAL

y = 0.056x + 68.337
R2 = 0.5876
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Rainfall (normal 8 inches)
1964:  6.00 inches
1989:  4.94 inches

SRP Water Resource Operations: jas 04/2006



PHOENIX Average Temperature: ANNUAL

y = 0.056x + 68.337
R2 = 0.5876
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1964-1989:  9oF in 26 years = 0.35oF/year

SRP Water Resource Operations: jas 04/2006



http://www.cdc.noaa.gov
Marty Hoerling



http://www.cdc.noaa.gov
Marty Hoerling



Recent warming already has driven Recent warming already has driven significant significant 
hydroclimatichydroclimatic changeschanges..

Knowles et al.,
in review

-2.2 std devs
LESS as snowfall

+1 std dev
MORE as snowfall

Less snow/more rain

Mote, 2003

TRENDS (1950-97) in 
April 1 snow-water content at 

western snow courses

Less spring snowpack

Spring-pulse dates
Earlier snowmelt runoff

Stewart et al., 2005
Mike Dettinger, USGS, SIO



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

overall range) overall range) a a 
tendency for little tendency for little 

precipitation change precipitation change 
in California and in California and 
most of the West.most of the West.

Greenhouse forcings
1900-2100

Dettinger, 2005Dettinger, 2005

20 of 23 in this range

19 of 23 in this range

cm
/m

on
t

h cm
/m
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t

Mike Dettinger, USGS, SIO



Questions?

JON SKINDLOV
jaskindl@srpnet.com

(602) 236-2819 www.srpnet.com





During the past 30 yearsDuring the past 30 years----and in the nearand in the near--term term 
futurefuture----natural climate variability has been natural climate variability has been 

augmentedaugmented byby warming trends associated withwarming trends associated with
increases in the global greenhouse effect.increases in the global greenhouse effect.

Climate-model simulations of global-average temperature

MeehlMeehl et al., 2004et al., 2004

Observed

Natural forcings suffice

Greenhouse emissions
required

Mike Dettinger, USGS, SIO



http://www.exploratorium.edu/climate/cryosphere/data2.html

Climate Records from the Vostok Ice Core Covering the Last 420,000 Years
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