
Potential Predictability Sources of the 2012 US Drought 
in Observations and a Regional Model Ensemble 

Debasish PaiMazumder & James Done 
Mesoscale & Microscale Meteorology Lab (MMM), NCAR 



 The 2012 drought is most extensive drought in US since 1930s. Total 
Estimated Costs: $31 Billion; 123 Deaths (due to summer heat-wave) 
 

 Wildfires burned over 9.2 million acres across the US in 2012. This is the 3rd 
highest annual total since 2000. Total Estimated Costs$1 Billion; 8 Deaths 
 

 In terms of crop yield deficit,  no single year since 1866 experienced so large 
a curtailment as occurred during 2012 

The 2012 Drought’s Impact 
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2012 was a “flash drought” 
Equal-weighted composites of 12 operational centers’ seasonal predictions 

(Data source is the WMO GPC Project) 

Prediction: there was an increase in probability that central Great Plains would 
experience warmer than normal temperatures during summer 2012 

failed to predict the increase in the probabilities of drought in June-August 
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Objectives 
Explore potential predictability sources of the 2012 drought in 

observations and in a regional model ensemble  
 
Phases:  

I. Assess the 2012 drought signal using a multi-physics regional model 
ensemble. 

 
I. Explore the sources of potential predictability arising from soil 

moisture memory and relationships to snow-melt in the 
observations.  

 
I. Evaluate these sources in the ensemble to assess their robustness 

to the representation of model physics towards improving 
understanding of our capacity to predict drought, especially beyond 
1- and 2- month lead times.  
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High Resolution Climate Ensemble  

1990-2000 

2012 

Resolution = 36 KM 

Southern 
Rockies 

Observed data: NASA Modern-Era Retrospective analysis for Research and 
Applications (MERRALand), available on a 2/3o X 1/2o  grid from 1 Jan, 1980 onwards 



Ensemble Members 
Radiation: CAM, RRTMG     PBL: MYJ, YSU 

Cumulus: KF, NSAS, Tiedtke 
Microphysics: WSM6, Thompson 
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The ensemble anomaly is cooler than observation  
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Observed 2m-temperature anomaly  (K) Ensemble 2m-temperature anomaly (K) 

The ensemble mean captures the spatial extent of winter and summer warm 
anomalies but fails to simulate the magnitude.  

At least 75% members agree on sign of change in spring and early summer.   



Precipitation anomaly varies substantially 
among the members 
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Observed precipitation anomaly (mm/d) Ensemble precipitation anomaly (mm/d) 

Similar to precipitation, ensemble members fail to reproduce the magnitude 
of the observed dry soil moisture anomaly in summer over Midwest  



Autocorrelations of the accumulated 6-
month soil moisture decay at a slower 

rate than the accumulated 6-month 
precipitation 

Model has predictability 
based on  persistence of 

soil moisture memory 
(1990-2000) 
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Model reproduces the observed soil 
moisture memory . Model fails to 
reproduce  precipitation memory, 

specially for KF. 

Model has predictability 
based on  persistence of 

soil moisture memory 
(1990-2000) 
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1983-2012 OBS 

Strong correlation between summer Prec 
anomaly and pre-season SM anomaly 

NOAA's 40th Climate Diagnostics and Prediction Workshop  

Correlation between summer Prec 
and SM persisted in 2012 



1983-2012 OBS 
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WRF 2012 

Correlation between summer Prec 
and SM persisted in 2012 

Strong correlation between summer Prec 
anomaly and pre-season SM anomaly 



1983-2012 OBS 

10-30% of members reproduce the relationship 
(precipitation-soil moisture) 
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WRF 2012 

Correlation between summer Prec 
and SM persisted in 2012 

Relationship is robust for CAM 
and Tiedtke  



1983-2012 OBS 
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Summer SM anomaly can be influence by winter 
snow melt anomaly 



1983-2012 OBS 

NOAA's 40th Climate Diagnostics and Prediction Workshop  

Summer SM anomaly can be influence by 
winter/spring snow melt anomaly 

2012 WRF 



1983-2012 OBS 
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More than 50% of members reproduce the 
relationship (soil moisture-snowmelt) 

2012 WRF 



Summary & Conclusion 
 2012 drought signal in the variables (temp, precip and soil moisture) 

conditions is robust to the way atmospheric physical processes are 
represented. 
 

 The ensemble skill to simulate soil moisture memory suggests the 
potential to use soil moisture in addition to precipitation for drought 
predictions.  
 

 Strong correlation between summer Prec anomaly and pre-season SM 
anomaly which is persisted in 2012. 
 

 Strong correlation between winter snow melt anomaly with concurrent 
and preseason soil moisture is robust for all the members.   
 

 This study improves understanding of our capacity to predict 2012 
summer drought, especially beyond 1- and 2- month lead times.  
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