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Background

ÅGCMs have been extensively used to study U.S. drought 
(e.g. Schubert et al 2004; Seageret al 2005)
ïCapability of the current generation GCMs
ïHowever, the physical mechanisms by which the leading SST 

patterns affect the U.S. preciphave not been well addressed.

ÅU.S. CLIVAR drought working group (DWG) effort
ïRoles of SST and soil moisture; Model dependence
ïParticipating models:
ÅNASA NSIPP1; NCAR CCM3/Lamont;  NCEP GFS; GFDL AM2.1; NCAR 

CAM3.5

ïLeading SST patterns: 
ÅLeading EOFs of annual mean SST over 1901-2004

ïDWG runs: 
ÅClim(SST Clim); Anom(SST Clim+SSTA: SSTA fixed during model 

integration)
Å50 years (36 years for GFS)
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Focus on:
1)NASA NSIPP-1 DWG runs
2)SST patterns that force U.S. drought 

responses
3)Standard runs; fixed soil moisture runs
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Precipresponses to leading SST patterns over the U.S.
NASA NSIPP-1 AGCM

Contour: 95% t significance



Seasonality of precipresponses

Southeast (SE) U.S.

Great Plains

Consistent with obs
(Mo and Schemm2008)



1)Why do Cold Pacific and Warm Atlantic force 
similar U.S. precipresponses

2)Causes for distinct seasonality of SE U.S. precip
responses

3)Focus on: ColdPacin MAM and JJA; WarmAtlin 
JAS



ÅAtmospheric moisture budget analysis

ÅStationary wave modeling diagnosis
ïDeveloped by MingfangTingΩǎ ƎǊƻǳǇ ό¢ƛƴƎ ŀƴŘ ¸ǳ 

1998)

ï3-D primitive equations; R30L14 resolution

ïBasic state: 3-D climatologicalstate of the climrun

ïStationary wave forcings: 3-D diabaticheating and 
transient anomalies
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Analysis
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Atmospheric moisture budget analysis: Cold Pacific; MAM

Vector: vertintg stationary 
ƳƻƛǎǘǳǊŜ ŦƭǳȄ ŘǳŜ ǘƻ ±Ω



Contour: Eddy streamfunctionat sigma=0.257
Shaded: Vert intg diabaticheating anomalies

Stationary wave modeling diagnosis: Cold Pacific; MAM
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Atmospheric moisture budget analysis: Cold Pacific; MAM

Vector: vertintg stationary 
ƳƻƛǎǘǳǊŜ ŦƭǳȄ ŘǳŜ ǘƻ ±Ω
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Atmospheric moisture budget analysis: Cold Pacific; JJA

Fixed Soil Moisture RunStandard Run

L L Vector: vertintg stationary 
ƳƻƛǎǘǳǊŜ ŦƭǳȄ ŘǳŜ ǘƻ ±Ω



Eddy streamfunctionat sigma=0.866

Stationary wave modeling diagnosis: Cold Pacific; JJA

AGCM
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SWM[Heat_Pacific] SWM[Heat_GulfofMexico_ht]
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Atmospheric moisture budget analysis: Cold Pacific; JJA

Fixed Soil Moisture RunStandard Run

L L Vector: vertintg stationary 
ƳƻƛǎǘǳǊŜ ŦƭǳȄ ŘǳŜ ǘƻ ±Ω
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Atmospheric moisture budget analysis: Warm Atlantic; JAS

Fixed Soil Moisture RunStandard Run

LL Vector: vertintg stationary 
ƳƻƛǎǘǳǊŜ ŦƭǳȄ ŘǳŜ ǘƻ ±Ω



Stationary wave modeling diagnosis: Warm Atlantic; JAS

AGCM

SWM[Heat] SWM[Atl_Heat]

SWM[Heat+Tran]

Contour: Eddy streamfunctionat sigma=0.866
Shaded: Vert intg diabaticheating anomalies



P

E

Tran

StatQ

StatV

Atmospheric moisture budget analysis: Warm Atlantic; JAS

Fixed Soil Moisture RunStandard Run

LL Vector: vertintg stationary 
ƳƻƛǎǘǳǊŜ ŦƭǳȄ ŘǳŜ ǘƻ ±Ω
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Model dependence: DWG runs

ColdPac; MAM; sigma=0.257

ColdPac; JJA; sigma=0.866

WarmAtl; JAS; sigma=0.866

Shaded: Precip
Contour: Eddy streamfunction



NSIPP-1 AMIP Obs

Comparisonwith observations

ColdPac; MAM; sigma=0.257

ColdPac; JJA; sigma=0.866

WarmAtl; JAS; sigma=0.866

Composite analysisbased on PCs of leading SST patterns; 1902-2004/1948

Shaded: Precip
Contour: Eddy streamfunction



Composite analysisbased on 1std of PCs of leading SST patterns, 1902-2004

Comparisonwith observations: Cold Pacific, U.S. precip

NSIPP-1 AMIP ObsHadCRU_v3


