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Presentation Overview 

• The global climate system 
• An overview of Arizona 

climate  
• Why so much variability? 
• Winter 2011/12 
• Volunteer Opportunities 



 
From: http://www.fsl.noaa.gov/visitors/education/climgraph/CG_Figure_10.gif.html 
 

What is climate? 
Climatology: analysis of 

long-term weather 
patterns over time or 
space 
– The frequency of 

extreme events 
also important in 
climatic analyses 
(e.g. droughts & 
floods) 

– Mean conditions 
AND variability 



Global Energy Balance 

From http://www.bom.gov.au 



Global Circulations: Flows of 
Mass & Energy 

Atmosphere 

Ocean 

From http://www.bom.gov.au 



Background on AZ Climate 



Annual Average Arizona Temperatures 



Annual Average Arizona Precipitation 



Arizona Climograph 
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Seasonal 
Distribution of 
Precipitation 

Mean Annual 
Precip (in.) 

Annual Avg. 
Temp (F) 

Jan Dec 

3 in. 

•More winter precip in 
northern AZ 
•Stronger monsoon 
signal in southeast AZ 
(more summer precip) 

(graphic from Sheppard, et al. 
2000) 



Annual Average 
Arizona Potential 

Evapotranspiration 
http://southwest.library.arizona.edu/ 



Long-term Precipitation Variability 
Average Daily Observations: Coolidge-AZMET
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Annual Avg. Total Precip: 7.4 in. 
Annual Avg. Total ET: 77.6 in 

Daily averages based on 1987-2007 period 



Example Water Balance: Walnut Gulch, 
Arizona 

 

http://www.tucson.ars.ag.gov/dap/field_sites.htm 



Gila County – Annual Total Precipitation 

http://www.cefa.dri.edu/Westmap/ 



Gila County – Summer Total Precipitation 

 

http://www.cefa.dri.edu/Westmap/ 



Gila County – Winter Total Precipitation 

 

http://www.cefa.dri.edu/Westmap/ 



Long-term View 

 

http://www.climas.arizona.edu/research/paleoclimate/product.html 



Gila County – Avg. Annual Temperature 

http://www.cefa.dri.edu/Westmap/ 



Changes in plant hardiness 
zones: 1990-2006 

 




Atmospheric Controls on 
Arizona Climate 



Atmospheric Circulation and 
Arizona Climate 

• Large-scale circulation 
patterns are an important 
determinant of local climate 

• Arizona has a unique 
geographic position in 
northern hemisphere 

• Circulation patterns are tied to 
global ocean sea surface 
temperatures 

• Patterns can persist for years 
and even decades 



Seasonality of Circulation 
Patterns 

 



Global Circulations and Aridity 

 



Shift of jet stream track towards Arizona  
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North American Monsoon 



Monsoon 

Monsoon start dates for 
Tucson  
•Average start July 3rd 

•Earliest start June 17 2000  
•Latest start July 25 1987 
 

Monsoon season rainfall 
(June 15th to September 
30th)  
•Average monsoon season 
rainfall 6.06”  
•Driest monsoon season 1.59” 
in 1924  
•Wettest monsoon season 
13.84” in 1964 



Upper Level Flow - May 



Upper Level Flow - June 



Upper Level Flow - July 



westerly wind 

easterly wind 

Four Corners 
High Pressure 
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Thermal Low 

Core Monsoon Area 
(abundant tropical moisture, 

frequent 
 thunderstorm activity) 
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Conceptual diagram of key circulation features of the North American 
Monsoon System  



Interannual Climate Variability 



El Nino – Southern Oscillation 



Dominant Circulation Pattern: La Nina Winter 

Arizona 
Drought 



Dominant Circulation Pattern: El Nino Winter 



Arizona ENSO Connection 

1999 2000 

2001 

2002 

2003 
2004 

2005 

2006 2007 



Pacific Decadal Oscillation 

Period North Pacific 
SSTs 

Southwest 
Winters 

1920s-1940s Cold Wetter 

1940s-1970s Warm Drier 

1970s-20?? Cold Wetter 

20??-???? Warm Drier? 

Warm Cool 

Surf. Pressure 
Anomaly 

(from Pagano 1999) 

(from http://tao.atmos.washington.edu/pdo) 

Pacific Decadal Oscillation (Nov-Mar)
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La Niña – Recent Conditions 



Where are we headed? 

http://iri.columbia.edu/climate/ENSO/currentinfo/QuickLook.html 



Winter 
2011/12 

Forecasts 
(Jan-Feb-

Mar) 



Closing Points 
• Elevation, latitude, and ocean sea-surface 

temperatures create a complex Arizona 
climate 

• Different mechanisms create summer 
versus winter precipitation 

• Lots of opportunity for variability (spatially 
and temporally) 

• Climate change is real and a reason for 
concern in Arizona 



RainLog: Volunteer Precipitation Monitoring 
Network for Arizona 

•Network developed by 
SAHRA and Arizona 
Cooperative Extension in 
support of state drought 
monitoring needs 
•Has over 1700 volunteers 
and is continuing to grow 
•Complementary to existing 
observing networks  
•Opportunity to collect and 
share precipitation data 
across ungauged rural 
areas 





My RainLog 
• Encouraging volunteers 

to submit, store, and 
manage their own 
historical data 

• Special functions and 
tools to create reports 
and graphics 

• Historical data allows for 
calculations of averages 
and percentiles useful in 
drought monitoring 

• Many detailed records 
submitted, ongoing 
solicitation for more 
historical data  
 

Check out http://www.rainlog.org for more information! 



AZ DroughtWatch 

http://azdroughtwatch.org 



Qualitative Impact Reports 

 



AZ DroughtWatch 
AZ DroughtWatch Provides: 
• An easy to use – universally available 
reporting system of drought impacts in AZ 
• Tools to catalogue, evaluate and report 
those impacts across over time. 
 
AZ DroughtWatch Supports: 
• The Arizona Drought Preparedness Plan 
and Governor’s Drought Task Force 
• Improves local-level vulnerability 
assessments and drought 
planning/mitigation. 



Resources 
• Climate Assessment for the Southwest 

(http://www.climas.arizona.edu/) 
• National Weather Service 
• (http://www.weather.gov) 
• Climate Prediction Center 

(http://www.cpc.noaa.gov/) 
• Western Regional Climate Center 

(http://wrcc.dri.edu/) 
• National Drought Monitor 

(http://www.drought.unl.edu/dm/index.html) 
• Climate Science Applications Program 
 (http://cals.arizona.edu/climate) 
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