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•  AZ	  climate	  basics	  
•  Observa0ons	  
•  Projec0ons	  



Arizona Climograph 

0

0.5

1

1.5

2

2.5

jan feb mar apr may jun jul aug sep oct nov dec

pr
ec

ip
 (i

n.
)

0

20

40

60

80

100

te
m

p 
(F

)

Precip (in.) Temp (F)





Winter 

H 









Summer 

Bermuda 
High 

H 







El Niño-Southern Oscillation (ENSO) 
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Slide courtesy of Greg McCabe, USGS 



Source:	  NOAA	  Climate	  Predic6on	  Center	  hKp://www.cpc.ncep.noaa.gov/products/analysis_monitoring/
ensocycle/winter25%25.gif	  
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Joint	  Ins6tute	  for	  the	  Study	  of	  the	  Atmosphere	  and	  Ocean	  	  
hKp://jisao.washington.edu/pdo/	  

Pacific Decadal Variability - PDO 

Wet	  Southwest	  

Dry	  Southwest	  
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McCabe	  et	  al.,	  2004	  Proceedings	  of	  the	  Na6onal	  Academy	  of	  Sciences	  

.	  

Drought	  Frequency	  %	  (25	  =	  expected)	  

high	  drought	  frequency	  
low	  drought	  frequency	  	  



Areal	  drought	  coverage:	  1900-‐2010	  









Extreme	  precipita0on	  events:	  	  
1900-‐2010	  



Arizona:  
•  Outpaced all 

other states 
 
2001-2010 
•  Fewer cold  

waves 
•  More heat 

waves 



Reclama(on	  –	  SECURE	  WATER	  Act	  Report,	  2011	  	  



Changes	  in	  
Streamflow	  
Timing:	  

2000-‐2010	  vs.	  
1950-‐2000	  	  



Areal	  drought	  coverage:	  1900-‐2010	  



Increased temperatures, decreased soil moisture,  
result in greater stress, longer insect breeding cycles. 
Once a threshold is crossed massive mortality occurs. 



Westerling et al., 2006 Science 



Temperature	  	  
is	  a	  	  

hydrologic	  
variable	  



Climate	  Change	  
Projec6ons	  
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Hawkins	  and	  SuKon	  2009.	  	  Bull.	  Amer.	  Met.	  Soc.	  

13	  January	  2012	  –	  Tucson	  Climate	  Change	  CommiBee	  Mee(ng	  
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•  Big	  spa0al	  scales	  
•  Temperature	  
•  Not	  predic0ons	  



HoPer	  



Sta0s0cally	  downscaled	  precipita0on	  changes	  
(%)	  for	  high	  emission	  scenario	  

High	  Emissions	  Scenario	  

Drier?	  
La	  Niña	  =	  YES!	  



•  Less	  Snow	  
•  Less	  Water	  
	  in	  Arizona	  	  
	  streams	  



Reclama(on	  –	  Westwide	  Climate	  Risk	  Assessments,	  2011	  	  

Upper	  Colorado	  River	  Basin	  

Annual	  Precipita6on	   Annual	  Temperature	  



Reclama(on	  –	  Westwide	  Climate	  Risk	  Assessments,	  2011	  	  

Upper	  Colorado	  River	  Basin	  

April	  1	  Snow	  Water	   Annual	  Runoff	  



Reclama(on	  –	  SECURE	  WATER	  Act	  Report,	  2011	  	  
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Reclama(on	  –	  SECURE	  WATER	  Act	  Report,	  2011	  	  
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G.	  Garfin	  based	  on	  work	  performed	  by	  J.	  Weiss,	  University	  of	  Arizona	  (Geosciences)	  
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Projected	  temperature	  
Extremes	  for	  Tucson,	  AZ	  
Preliminary	  analysis	  by	  

Carlos	  Carrillo	  	  
and	  Gregg	  Garfin,	  
Univ.	  of	  Arizona	  

Not	  peer-‐reviewed	  



Max	  Water	  Use	  and	  Precipita6on	  	  
In	  Tucson	  



?	  



Cowin, CDWR, 2008 
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Temperature	  
is	  a	  
hydrologic	  
variable	  



hPp://southwestclimatechange.org/	  
28	  April	  2012	  –	  	  Desert	  Wisdom	  	  –	  	  ScoBsdale,	  AZ	  





Gregg	  Garfin	  
Ins6tute	  of	  the	  Environment	  
The	  University	  of	  Arizona	  

gmgarfin@email.arizona.edu	  
520-‐626-‐4372	  

	  
	  

	  	  





Losses	  of	  30-‐60%	  Snow	  Water	  Equivalent	  
USDA-‐NRCS	  Na6onal	  Water	  and	  Climate	  Center	  

hKp://www.wcc.nrcs.usda.gov/wsf/	  



Raffa	  et	  al.,	  2008	  



HoKer	  Means	  Drier:	  2011	  Drought	  

Analysis courtesy of Jeremy Weiss, Jonathon Overpeck, and Julie Cole, Univ. AZ, 2012 

TOTAL VPD 

VPD TEMP 

VPD MOISTURE 



R.	  Seager	  (presented	  at	  WGA	  Drought	  
Workshop,	  September,	  2010)	  Check	  
hKp://www.westgov.org/water	  for	  PDF	  

Trend	  Since	  1895	  

9	  February	  2011	  	  –	  	  The	  Arc(c	  is	  Mel(ng	  and	  the	  Desert	  is	  Burning	  –	  Santa	  Fe,	  NM	  
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