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“There are known knowns. These are things 
we know that we know. 

There are known unknowns. That is to say, 
there are things that we know we don't know.

But there are also unknown unknowns. There 
are things we don't know we don't know.”

– Donald Rumsfeld



Cattle Populations in the Southern Great 
Plains

Cattle Humans
By State By State 

Oklahoma 4.4 M 3.85 M
Kansas 5.8 M 2.89 M
Texas 10.9 M 26.45 M
---------------------------------------------------

Total 21.1 M 33.19 M



Extreme Weather and Climate in the 
Great Plains: The Usual Suspects

• Violent thunderstorms: hail, high winds,
tornadoes

• Drought, oppressive heat, wildfires
• Excessive rainfall, flooding, and flash flooding
• Severe winter storms: blizzards, ice storms
• Intense tropical cyclones



Remnants of Tropical 
Storm Erin – August 2007

Arndt, D. S., J. B. Basara, R. A. McPherson, B. G. Illston, G. D.
McManus, and D. B. Demko, 2009: Observations of the
Overland Reintensification of Tropical Storm Erin (2007).
Bulletin of the American Meteorological Society, 90, 1079-
1093.



Dynamic 
Climate

Orthogonal Gradients 
of Temperature and 
Precipitation



Historical Droughts (and Pluvials) in Oklahoma



Historical Droughts (and Pluvials) in East-Central KS



Historical Droughts (and Pluvials) in West-Central KS



Wilhite 2005

Types of Drought



Dynamic Climate
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January 2013 April 2013 July 2013 October 2013
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Begins
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Begins
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Wildfires in Northwest Oklahoma – April, 2018

Hot SpotsSmoke Plumes



Causes of Drought

Teleconnections

Sea surface temperature (SST) 
anomalies can contribute to drought 
conditions by affecting synoptic 
patterns and atmospheric circulations.

El-Nino Southern Oscillation (ENSO)

Pacific Decadal Oscillation (PDO)

Atlantic Multidecadal Oscillation (AMO)





Christian J., K. Christian, and J. B. Basara, 2015: Drought and Pluvial 
Dipole Events within the Great Plains of the United States. J. Appl. 
Meteor. Climatol., 54, 1886–1898.

Dipole Transitions

A pair of equal and opposite electric charges or magnetic 
poles of opposite sign separated especially by a small 
distance. 

An abrupt year-to-year transition from drought to pluvial 
(flood).

Able to erase multi-year droughts in a matter of months.



Study Area

Three regions with different
climatological characteristics
- Southern Great Plains (SGP)
- Northern Great Plains (NGP)
- High Plains (HP)

Probability of a significant
drought year followed by a
pluvial year:
- SGP: 25%
- NGP: 25%
- HP: 16%
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Figure 1: 30-year normal annual precipitation from 1981 to 2010 across the United States. Map 572 
taken from http://www.prism.oregonstate.edu/normals/.  573 
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Figure 2: CDs that comprised the SGP, HP, and NGP region.  575 
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When Does It Happen?

Wettest months of pluvial year varies

- Months with 40% or more above normal precipitation

SGP transition most likely fall / late winter

NGP transition most common in spring, especially May

HP transition most 

Common in September 

with a secondary peak 

in the Spring
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 609 

Figure 11: Pluvial months in relative pluvial years for the SGP, HP, and NGP in the STDEV dipole 610 
analysis between 1896 and 2013. 611 
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 614 

Figure 12: STDEV dipoles for the NGP. The green dashed lines represent the annual rainfall for the 615 
NGP. The solid blue lines represent the STDEV dipoles identified by the analysis. 616 
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Notable STDEV Occurrences in SGP

Droughts of Record



October 2014

May 2015



Increasing Variability

Years in Oklahoma City with greater than 50” of rain: 1908, 2007, 2013, 2015       
*Currently at 43.96” for 2019

Image courtesy of Sam Lillo



May 2015: Grand Lake Oklahoma; Little Blue State Park













1. Warm tropical SST anomalies

2. SST’s cause mid-level Ridge to form over the Pacific

H

2. SST anomalies cause a strengthening of the Aleutian Low

3. Height pattern 

accelerates westerly 

flow; shifts jet stream to 

the south!

4. Waves travel along 

jet stream, cause 

height anomalies 

across southwestern 

US.

L

5. Southerly flow

enhanced, more

moisture!

6. More precipitation

over the Southern

Great Plains!

Flanagan, P. X., J. B. Basara, J. C. Furtado, X. Xiao, 2018: Primary atmospheric drivers
of pluvial years in the United States Great Plains. J. Hydrometeor., 19, 643–658, doi:
https://doi.org/10.1175/JHM-D-17-0148.1

Flanagan, P.X., J. B. Basara, J. C. Furtado, E. R. Martin, X. Xiao, 2018: Role of Pacific sea
surface temperatures in United States Great Plains pluvial years. J. Climate., 32, 7081–
7100.



Central US Drought of 2012



~45 days … no rain



~45 days … no rain





Wilhite 2005

Types of Drought

Flash Drought



PhenoCam - Provides 
automated, near-
surface remote sensing 
of canopy phenology. 



July 1, 2012 August 13, 2012

Vegetation Change at the MOISST Site During 
the 2012 “Flash” Drought



Central US Drought of 2012



“Epicenter” of 

Flash Drought 

Development 

- May

Expansion of Flash 
Drought During 2012

Dataset: NARR

Drought Expansion 

via Flash Drought 

Development 

During June-July

Drought Expansion 

via Flash Drought 

Development  

During July -

August

Based on:

Otkin, J.A., M. Svoboda, E.D. Hunt, T.W. Ford, M.C. 
Anderson, C. Hain, and J.B. Basara, 2018: 
Flash Droughts: A Review and Assessment of 
the Challenges Imposed by Rapid Onset 
Droughts in the United States. Bulletin of the 
American Meteorological Society, 99, 911–
919.

Christian, J.I., J.B. Basara, J.A. Otkin, E.D. Hunt, R.A. 
Wakefield, P.X. Flanagan, X. Xiao, 2019: A 
Methodology for Flash Drought 
Identification: Application of Flash Drought 
Frequency Across the United States. Journal 
of Hydrometeorology, In Review.

Drought Expansion 

via Flash Drought 

Development 

During September -

October



2012 Drought Across the Great Plains

June 2012 July 2012 August 2012
Precipitation

Anomaly



Flash Drought Research

Christian, J.I., J.B. Basara, J.A. Otkin, E.D. Hunt, R.A. Wakefield, P.X. Flanagan, and X. Xiao, 2019: A 
Methodology for Flash Drought Identification: Application of Flash Drought Frequency Across 
the United States. J. Hydrometeor., https://doi.org/10.1175/JHM-D-18-0198.1



Flash Drought Research

Flash 

Drought 

Intensity 

Index

Flash Drought 

Intensity

FD0 Weak Flash 

Drought

FD1 Moderate Flash 

Drought

FD2 Severe Flash 

Drought

FD3 Extreme Flash 

Drought

FD4 Exceptional Flash 

Drought



Drought Versus Pluvial – Local/Mesoscale Coupling

Dry 
Coupling

Wet 
Coupling

Basara, J. B., and J. I. Christian, 2017: Seasonal and interannual variability of land–atmosphere coupling across the 
Southern Great Plains of North America using the North American regional reanalysis. International Journal of 
Climatology, 10.1002/joc.5223.



Variability of Precipitation 

Weaver, S., S. Baxter, and K. Harnos, 2016: Regional Changes in the Interannual
Variability of U.S. Warm Season Precipitation. J. Climate. doi:10.1175/JCLI-D-14-
00803.1.





Question: Is the annual timing between the peak of precipitation 
versus the peak of temperature changing?
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Conceptual Diagram – Temperature/Precipitation Relationship in the SGP



Was there a consistent shift to earlier in the year?
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Conceptual Diagram – Temperature/Precipitation Relationship in the SGP
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Was there a consistent shift to later in the year?
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Conceptual Diagram – Temperature/Precipitation Relationship in the SGP
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What was the result of the analysis?
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Conceptual Diagram – Temperature/Precipitation Relationship in the SGP

Answer: The overall variability is increasing.



Take-Away Message

• The Great Plains domain is a region defined by dynamic 
weather/climate variability – includes subseasonal to seasonal 
extremes.

• Precipitation variability is increasing.

• The results of the increase in precipitation variability is that:
• Increased frequency in the oscillations between drought/pluvial 

periods,
• Impacts the asnychonicity between the annual peaks in 

temperature and precipitation,
• May be impacting the generation of flash drought conditions,
• May be “driven” by to local to global processes.

• Impacts span many socioeconomic sectors … especially agriculture.

• Still, much work to be done …



Questions?
jbasara@ou.edu

http://hydrometeorology.oucreate.com
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