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What About Model Analyses?What About Model Analyses?
(some examples)(some examples)

•• “Cess” experiment results do not correctly“Cess” experiment results do not correctly
predict model climate sensitivitypredict model climate sensitivityp yp y

•• Most model analyses still assume linearly Most model analyses still assume linearly 
independent effects (might be useful metrics)independent effects (might be useful metrics)independent effects (might be useful metrics)independent effects (might be useful metrics)

•• More appropriate model analyses of feedback More appropriate model analyses of feedback 
cannot be verified by observationscannot be verified by observationscannot be verified by observationscannot be verified by observations

•• Model analyses cannot inform understanding of Model analyses cannot inform understanding of 
real climate feedbacks (but can assist formingreal climate feedbacks (but can assist formingreal climate feedbacks (but can assist forming real climate feedbacks (but can assist forming 
hypotheses)hypotheses)









NECESSARYNECESSARY AssumptionsAssumptionsNECESSARYNECESSARY AssumptionsAssumptions

Forcing is ConstantForcing is Constant

Sensitivities are ConstantSensitivities are Constant

No System MemoryNo System Memory

SingleSingle--Variable CauseVariable Cause--Effect RelationshipsEffect RelationshipsSingleSingle Variable CauseVariable Cause Effect RelationshipsEffect Relationships



Some Other Common AssumptionsSome Other Common AssumptionsSome Other Common AssumptionsSome Other Common Assumptions

System in Static EquilibriumSystem in Static Equilibrium

Small Pertubations Allow for LinearizedSmall Pertubations Allow for LinearizedSmall Pertubations Allow for Linearized Small Pertubations Allow for Linearized 
AnalysisAnalysis

Small Feedbacks Can be IgnoredSmall Feedbacks Can be Ignored
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041015 Daily Mean LWnet (w/m^2): All sky
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041015 Daily Mean LWnet (w/m^2): Clear sky
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041015 Daily Mean LWnet (w/m^2): All sky W/O PW
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040715 Daily Mean LWnet (w/m^2): All sky 
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040715 Daily Mean LWnet (w/m^2): All sky w/ clouds replaced by 040115's
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040715 Daily Mean LWnet (w/m^2): All sky w/ PW replaced by 040115's
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NEED HOLISTIC NEED HOLISTIC 
OBSERVATIONAL EVALATIONOBSERVATIONAL EVALATIONOBSERVATIONAL EVALATIONOBSERVATIONAL EVALATION
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SOME QUESTIONSSOME QUESTIONS

BASIC IDEABASIC IDEA is reduce “dimension of problem”is reduce “dimension of problem”
by Associating Diabatic Heating withby Associating Diabatic Heating with

Each Meteorological StateEach Meteorological Stategg

Should States be classified locally or globally?Should States be classified locally or globally?Should States be classified locally or globally?Should States be classified locally or globally?

Should atmosphere AND ocean be considered?Should atmosphere AND ocean be considered?

Will this approach really simplify the problem?Will this approach really simplify the problem?



ISCCP PC - TAU histogram pattern and Map in Tropics over 21.5 years
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Relative Frequency of Occurrence (RFO)  in the Tropics



Zonal Wind anomalies Omega anomalies Specific Humidity anomalies

Anomaly cross sections in 60E-180E region / 5S-5N latitude band
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RFO of each cloud regime in 60E-180E region / 5S-5N latitude band

(MJO events in November-April periods from 1983 - 2004)
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Composite of precipitation in Tropics (1997 - 2004)



Composite Total Precipitation Anomalies, 60E-180E -- 5S-5N latitude

(MJO events in November-April periods from 1997 - 2004)



Composite total radiative net flux anomalies, 60E-180E -- 5S-5N latitude

(MJO events in November-April periods from 1997 - 2004)

Shortwave net flux anomalies Longwave net flux anomalies



Composite Total Zonal Wind U2 (m2/s2) Cross Sections in Tropics
(MJO events in November-April periods from 1983 - 2004)

Weak MJO Strong MJO



WHAT DO WE NEED?WHAT DO WE NEED?
More Advanced Observational Analysis MethodsMore Advanced Observational Analysis MethodsMore Advanced Observational Analysis MethodsMore Advanced Observational Analysis Methods

Data available:Data available:
●● about 10 years of weatherabout 10 years of weather--scale variations of scale variations of 
atmospheric diabatic heating over oceansatmospheric diabatic heating over oceans
●● 30 years of atmospheric state and dynamics30 years of atmospheric state and dynamics●● 30 years of atmospheric state and dynamics30 years of atmospheric state and dynamics
●● basic ocean state and circulationbasic ocean state and circulation

Data coming:Data coming:
●● about 20 years of global weatherabout 20 years of global weather--scale variations of  scale variations of  
atmospheric diabatic heating with vertical structureatmospheric diabatic heating with vertical structureatmospheric diabatic heating with vertical structureatmospheric diabatic heating with vertical structure
●● more detailed ocean circulation variationsmore detailed ocean circulation variations

Data needed: more information about water partitioning Data needed: more information about water partitioning 
on land and more detail about ocean variationson land and more detail about ocean variations







BACKUP SLIDESBACKUP SLIDESBACKUP SLIDESBACKUP SLIDES



Composite of Radiative net fluxes in Tropics (1997 - 2004)

Longwave net fluxShortwave net flux
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ZHANG AND ROSSOW                                                                                                          1997



Annual Mean Generation of APEAnnual Mean Generation of APE

Sign of GE Confirms Lorenz estimate
and Contradicts Peixoto & Oort

GZ

GE Romanski



Even this result is still only qualitativeEven this result is still only qualitativeEven this result is still only qualitativeEven this result is still only qualitative
andand

d NOT i di t f db kd NOT i di t f db kdoes NOT indicate feedbackdoes NOT indicate feedback
on Climate Changeon Climate Changegg



ROSSOW AND ZHANG                                                                                                          1995



ROSSOW AND ZHANG                                                                                                          1995



Radiation Balance

Precipitation OnsetPrecipitation Onset





How Do You Know Where You Are?How Do You Know Where You Are?



Time-Dependence of Sensitivities



Approximate Model

X(t)

Y(t)

Z(t)



Zonal Seasonal Mean PressureZonal Seasonal Mean Pressure--Latitude CrossLatitude Cross--
Sections of Cloud Frequency of OccurrenceSections of Cloud Frequency of OccurrenceSect o s o C oud eque cy o Occu e ceSect o s o C oud eque cy o Occu e ce

Land DJF Land JJA

Ocean DJF Ocean JJA



Cloud Effects on Radiation ProfilesCloud Effects on Radiation Profiles

LWLW
TOTAL

85-89 Annual Net Cloud Effect/Forcing 
profile (W/m2): LW (top left), Total (top 
right), and SW (bottom).

SW







Composite of Diabatic Heating of Atmosphere with Cyclone Composite of Diabatic Heating of Atmosphere with Cyclone 
StrengthStrength







ISCCPISCCP--FD Minus ERBE Annual MeanFD Minus ERBE Annual Mean
ClearClear--Sky TOA LWSky TOA LW↑↑ (W/m(W/m22) for 85) for 85--8888yy ↑↑ ( /( / ))

Water Vapor Profile Effects



ISCCPISCCP--FD Minus ERBE Annual MeanFD Minus ERBE Annual Mean
FullFull--Sky TOA SWSky TOA SW↑↑ ((W/mW/m22) for 85) for 85--8888yy ↑↑ (( // ))

Notice Curvature



ISCCPISCCP--FD Minus ERBE Annual MeanFD Minus ERBE Annual Mean
FullFull--Sky TOA LWSky TOA LW↑↑ (W/m(W/m22) for 85) for 85--8888yy ↑↑ ( /( / ))











First Determination of Gz and Ge First Determination of Gz and Ge 
from Observationsfrom Observationsfrom Observationsfrom Observations

Winter StormsGZ

Cooling of Winter Poles Summer
Monsoons

Z

Latent Heatingg

GE Romanski



Zonal CrossZonal Cross--sections of Cloud Effectsections of Cloud Effect

85-89 Annual Net Cloud Effect/Forcing 
profile (W/m2): LW (top left), Total (top 
right), and SW (bottom).




