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Presentation Overview 

•  Act I: The Drought 
•  Act II: The Monsoon 
•  Act III: The El Niño 









Water-year Precipitation 



Water-year Precipitation 



Water-year Temperature 



Tucson daily temperature and precipitation Oct 2013 – Jul 2014 
http://www.wrh.noaa.gov/climate/temp_graphs.php?wfo=twc 

Normal total precip = 6 in. 
Current total precip = 3.91 in. 



Short-term Drought Conditions 



Long-term Drought Conditions 



http://cals.arizona.edu/climate/misc/spi/spi_contour.html 

Short-term  
Drought 

Long-term  
Drought 

DRY Average WET 



“Ridiculously Resilient Ridge” 

http://www.esrl.noaa.gov/psd/map/images/rnl/500z_90b.rnl.gif 



From P. Roundy 



From P. Roundy 



Hydroclimatology 101 



What does it take to produce 
precipitation? 

Vertical Atmospheric 
 Motion 

Atmospheric Moisture 
 (water vapor) 

Precipitation 



Where does Arizona’s 
atmospheric moisture come from? 
•  Moisture Advection: 

Water evaporates into 
atmosphere over ocean 
areas and moves over 
continental areas 

•  Moisture Recycling: 
Precipitation initially from 
advection re-enters 
atmosphere from 
evapotranspiration 

Maritime 
Airmass 

Continental 
Airmass 

Wet soil/active vegetation = ET 



Lifting Mechanisms 
1.  Convection: Intense 

heating at surface 
causes buoyancy 

2.  Orographic Lifting: 
Air is forced up and 
over physical barrier 

3.  Frontal Lifting: Air 
masses of different 
temperature/moisture 
levels force vertical 
motion 

http://www.angliacampus.com/public/pri/geog/rivers/page04a.htm 



North American Monsoon 
System 



North American Monsoon & 
Arizona 

•  Monsoon: from Arabic mawsim meaning season, refers 
to seasonal change in wind direction 

•  Start of Monsoon in AZ (now 6-15 through 9/30) 
–  Tucson NWS: 3 consecutive days of average daily dew 

point >= 54 °F 
–  Phoenix NWS: 3 consecutive days of average daily dew 

point >= 55 °F 
•  Monsoon start dates for Tucson  

–  Average start July 3rd 
–  Earliest start June 17 2000  
–  Latest start July 25 1987 

•  No official criteria for end of monsoon in AZ; typically 
Sept 30th is used in Tucson 



Average Wintertime Mid-latitude Jet Stream Track 

Shift of jet stream track towards Arizona  
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Average summertime mid-latitude jet stream track 

Monsoon 
circulation 
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Weak flow around expanded Bermuda sub-tropical 
high-pressure system DRY AIR 

MOIST AIR 

Summer 
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Seasonality of Circulation 
Patterns 



Upper Level Flow - May 



Upper Level Flow - June 



Upper Level Flow - July 



DRY 

MOIST Average low-level moisture: June 



DRY 

MOIST Average low-level moisture: July 



DRY 

MOIST Average low-level moisture: Aug 



DRY 

MOIST Average low-level moisture: Sept 



http://tropic.ssec.wisc.edu/real-time/mimic-tpw/epac/main.html 



Summer 
Precip 

(July-Aug-
Sep) 



http://www.meted.ucar.edu/tropical 



Arizona Monsoon 

Total Monsoon Rainfall 

JAS Percent of Annual 
Rainfall 
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Conceptual diagram of key circulation features of the North American 
Monsoon System  



Summer 2013 



Jul Aug 

Sep 

Jul-Sep 





http://cals.arizona.edu/climate/misc/monsoon/monsoon_summaries.html 









Climate Outlooks 



Forecasting the monsoon season 
(don’t try this at home) 

•  Things to look for… 
– Position of the subtropical ridge 
– El Niño-Southern Oscillation  
– East Pacific SSTs  

•  Monthly to seasonal precipitation patterns 
are driven largely by day to day weather  

•  Tools include historical analogs and 
dynamical seasonal forecast models 



Seasonal 
Forecasts 

http://www.cpc.ncep.noaa.gov/products/predictions/90day/ 





http://www.atmos.albany.edu/student/kgriffin/maps/pw_stdanom 

Snapshot current atmospheric moisture…. 

WET DRY 



El Niño, where are you!?!? 



Atmosphere-Ocean Coupling 



Atmosphere-Ocean Coupling 



Dominant Circulation Pattern: El Niño Winter 



Subsurface water temperatures 
along equator… 











http://iri.columbia.edu/our-expertise/climate/forecasts/enso/current/ 

ENSO Forecast 



Oct-Nov-Dec 

Dec-Jan-Feb 





Thanks! 

crimmins@u.arizona.edu 
http://cals.arizona.edu/climate 



Interannual Climate Variability 



What are El Niño and La Niña? 



Atmosphere-Ocean Coupling 



Dominant Circulation Pattern: La Niña Winter 



Arizona ENSO Connection 
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ENSO: 1982-2014 

http://iri.columbia.edu/climate/ENSO 











July-Aug-
Sep  1997 



Oct-Nov-
Dec 
1997 



Jan-Feb-
Mar 
1998 



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 



westerly wind 

easterly wind 

Four Corners 
High Pressure 

CO. River Valley 
Thermal Low 

Core Monsoon Area 
(abundant tropical moisture, 

frequent 
 thunderstorm activity) 

Mid-level moisture 
from Gulf of Mexico 

Low-level moisture 
from Gulf of California 

PACIFIC OCEAN 

Mexico 

TX 

NM 

CO 

AZ 

UT NV 

CA 

TX 

KS 

NE 

GULF OF 
MEXICO 

Conceptual diagram of key circulation features of the North American 
Monsoon System  



Monsoon Day in Tucson 

•  UofA Cloud Convection Experiment 



Triggers of Thunderstorm Events 

•  Gulf Surge 

Adams and Comrie 1997 



Triggers of Thunderstorm Events 

•  Upper level waves/vortices 



Triggers of Thunderstorm Events 

•  Thunderstorm Outflows 

AZ DOT 



Triggers of Thunderstorm Events 

•  Thunderstorm Outflows 

Adams and Comrie 1997 



Triggers of Thunderstorm Events 

•  Frontal Storms 

NWS Flagstaff 



Triggers of Thunderstorm Events 

•  Frontal Storms 

NWS Flagstaff 









Extent of NAMS 

Douglas et al. 1993 





http://www.cpc.noaa.gov/products/outreach/Report-to-the-Nation-Monsoon_aug04.pdf 








