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Sustained Summer Droughts, 1690-2007
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Multi-Decadal Variability



Piedmont Summer PMDI, 1690-1984
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Non-overlapping 30-year Means in the Reconstruction (1690-1984)
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Probability of sustained (> 3 yr) 
summer drought in a given 
decade:

-- 1690-2006: 34.8%

-- 1900-2006: 47.2%

-- 1950-2006: 71.4%
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“Droughtbusters”

*Justin Maxwell, Paul Knapp, Jason Ortegren, 
and Peter Soulé
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Synoptic „Safety Net?‟

Jason Ortegren, Justin Maxwell, Paul Knapp, Peter 
Soulé, and William Tyminski





Regional Susceptibility

Climate Divisions grouped according to 
maximum factor loading scores

For each of the 344 Divisions, we 
computed:



Measure
Upper 
MW N. Plains Southeast Northeast PNW

S. 
Plains SW

Gulf 
South

N. 
Rockies

# events 4.293 4.271 5 4.170 6.125 3.857 5.750 5.167 5.176

avg length 4.213 4.692 3.817 4.483 4.438 4.758 4.603 3.726 4.890

total length 17 20 21 19 27 17 26 19 25

max length 5.328 7.255 5 7.000 7.400 6.771 7.583 4.583 8.118

avg. severity -2.525 -3.017 -2.396 -2.345 -2.794 -3.151 -3.173 -2.225 -3.179

av lgth * av sev. -10.078 -14.376 -9.175 -10.674 -12.508 -15.298 -14.771 -8.256 -15.756

Suscept. Index 0.818 1.167 0.745 0.866 1.015 1.242 1.199 0.670 1.279



Northern Rockies



Southern Plains



Southeast U.S. (SEUS)



Eastern Gulf South (EGS)



Synoptic influences on summer 
drought in the Southeast and 

Gulf Coast:  
--Subtropical Atlantic Ocean (AMO)
Warm phase  increased likelihood of 

summer drought AND long-term (30 yr) 
regimes of drier summers

Cool phase  opposite



Piedmont Summer PMDI, 1690-1984
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Synoptic influences on drought 
in the Southeast and Gulf Coast
North Atlantic Subtropical (Bermuda) 

High Pressure



Source: www.usatoday.com/weather/whothumd.htm



Synoptic influences on drought 
in the Southeast and Gulf Coast
North Atlantic Subtropical (Bermuda) 

High Pressure
Eastward location  wetter summers
Westward location  drier summers



Source: www.usatoday.com/weather/whothumd.htm



Synoptics cont‟d

Westerly „epochs‟ of the Bermuda High 
have been concurrent with warm phases 
of the AMO and vice versa



Synoptic influences on drought 
in the Southeast and Gulf Coast
“Droughtbusters”
More common in warm AMO phases 

(and during La Niña events)



Positive AMO is also linked to 
strengthened winter El Niño 
impacts--“wetter wetter winters”



Thus:
Development of decadal-scale (or longer) 

continuous droughts would apparently 
require:



-Prolonged suppression of winter precip. 
(i.e., La Niña); especially under cool 
AMO conditions



-Prolonged suppression of winter MLCs 
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-Prolonged suppression of tropical cyclone 
activity in the region (i.e., cool AMO)



-Prolonged suppression of winter MLCs 
(i.e., La Niña); especially under cool 
AMO conditions

-Prolonged suppression of tropical cyclone 
activity in the region (i.e., cool AMO)

-Dry summer regime (i.e., warm AMO)



Forcing mechanisms that cause summer 
drought in the Southeast encourage 
winter wetness and/or tropical 
precipitation

…AND VICE VERSA



Towards predictability:

Multivariate linear regression models;
Atlantic Ocean / atmosphere variability 

to predict multi-decadal drought 
variability in the SEUS and EGS



Towards predictability:

Atlantic SSTs and location of the 
Bermuda High explain ~80% of long-
term (~ 30 yr) summer drought 
variability



Piedmont Summer PMDI, 1690-1984
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Perspectives
Doesn‟t imply true “safety.”
Southeast and Gulf Coast regions less 

susceptible to prolonged drought 
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Perspectives
Doesn‟t imply true “safety.”
Southeast and Gulf Coast regions less 

susceptible to prolonged drought 
Multi-year droughts (<10 yr) do occur, 

and:
Pop. growth and urbanization exacerbate 

impacts, BUT:
Decadal-scale continuous droughts 

unlikely* 



Conclusions
Increased drought frequency in 20th

century;
Wetter and drier summer “regimes” on the 

order of ~ 30 yrs  
Relative protection from Dust Bowl-style 

droughts



Conclusions
-Uncertainty still dominates, BUT:
-Regardless of perspective, drought 

preparedness and watershed 
management likely to become only 
more important

-pop. growth, impervious surfaces, 
water quality, etc…



Thanks!


