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Bony and Dufresne
GRL, 2005

Changing Cloud Forcing Changing Cloud Forcing vs vs Vertical VelocityVertical Velocity
15 IPCC AR4 Climate Models: 30S to 30N Ocean15 IPCC AR4 Climate Models: 30S to 30N Ocean

Low Clouds DominateLow Clouds Dominate
Cloud Cloud Radiative Radiative ForcingForcing
Changes (SW reflectedChanges (SW reflected
fluxflux) and) and  Cloud FeedbackCloud Feedback
uncertaintyuncertainty

Vertical Velocity (+ = downward motion) Vertical Velocity (+ = downward motion) 
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Reflected SW Flux and CloudReflected SW Flux and Cloud  Fraction AnomaliesFraction Anomalies

Loeb et al., AGU 2005Loeb et al., AGU 2005

Cloud Fraction, not Optical Depth dominatesCloud Fraction, not Optical Depth dominates
interannual interannual variations of reflected solar fluxes.variations of reflected solar fluxes.



Using CERES to Determine Length of Climate DataUsing CERES to Determine Length of Climate Data
Record Needed to Constrain Cloud FeedbackRecord Needed to Constrain Cloud Feedback

Given climate variability, 15 to 20 years is required toGiven climate variability, 15 to 20 years is required to  first detectfirst detect
climate trends at cloud feedback level with 90% confidence,climate trends at cloud feedback level with 90% confidence,

and 18 to 25 years to constrain to +/- 25%and 18 to 25 years to constrain to +/- 25%  in climate sensitivityin climate sensitivity

Half ofHalf of
AnthropAnthrop
Forcing ofForcing of
0.6 Wm0.6 Wm-2-2

/decade/decade



Aerosol and Low Cloud Changes: CERES/MODISAerosol and Low Cloud Changes: CERES/MODIS
Tropical Oceans, 30S to 30NTropical Oceans, 30S to 30N

Loeb et al., AGU 2005Loeb et al., AGU 2005

Aerosol Optical Depth and Low Cloud Fraction areAerosol Optical Depth and Low Cloud Fraction are
correlated but not locked together.correlated but not locked together.



Global Surface Temperature ChangeGlobal Surface Temperature Change
  AR4 Climate ModelsAR4 Climate Models

- Weak ability to distinguish climate sensitivity until after 2030
- Early temperature response similar because more sensitive 
  climate models have a stronger ocean response delay.
   

  Must determineMust determine  
  climateclimate  sensitivitysensitivity  
  and thereforeand therefore  
  cloud feedbackcloud feedback  
  well beforewell before  
  temperature signalstemperature signals  
  show sensitivity:show sensitivity:
  can't waitcan't wait  to after 2030to after 2030



Cloud Cloud Radiative Radiative Forcing AR4 Climate ModelsForcing AR4 Climate Models

B. Soden, Pers.
Comm. 7/06

-  Noise likely dominated by ocean heat storage variability
-  Cloud Feedback linear in change of cloud radiative forcing
   but because of clear sky changes even negative CRF 
   change is a slight positive feedback.

- Strong Positive 
  Cloud Feedback

- Weak Positive 
  Cloud Feedback



CERES Net Radiation CERES Net Radiation vs vs Global Ocean Heat StorageGlobal Ocean Heat Storage

Wong et al. 2006
J.Climate, in press

We will need to carefully unscramble cloud feedback and naturalWe will need to carefully unscramble cloud feedback and natural  
variability in ocean heat storage: a fusion of ocean/atmosphere datavariability in ocean heat storage: a fusion of ocean/atmosphere data



Perturbed Physics Ensemble:Perturbed Physics Ensemble:
Pdf Pdf of Climate Sensitivity for Doubling COof Climate Sensitivity for Doubling CO22

Run Characteristics
- 2500 runs
- Global Sfc Temp
- Vary 7 cloud and
  precipitation
  parameterizations
- note 37 = 2187
- HadAM3 atmosphere
- Mixed Layer Ocean
- Flux Adjust from
  initial SST run
- last 8 years of 15yr
  doubled CO2 runs

black: change all 7 cloud parameters
blue: don’t change cloud entrainment
red: don’t change cloud to rain 
        conversion coefficient

Doubled CO2 Global Surface  Temp Change (deg C)

Stainforth et al., Nature, 2005



Amount of change for a factor of 6 in climate model sensitivityAmount of change for a factor of 6 in climate model sensitivity
(2K to 12K for(2K to 12K for  doubling COdoubling CO22))

Murphy et al.
 Nature, 2004

Weather = dynamics, Weather = dynamics, Climate = Climate = energeticsenergetics
Need Climate Change Need Climate Change OSSEsOSSEs, Climate , Climate ObsObs. . ReqmtsReqmts

Dynamics
variables not
very sensitive

Cloud, Radiation,
Sea Ice variables

very sensitive



Neural Net StructureNeural Net Structure

            Input VariablesInput Variables
  Planet Planet ““II”” - Planet  - Planet ““JJ””
  base state CObase state CO2 2 climateclimate

TOA SW FluxTOA SW Flux
TOA LW FluxTOA LW Flux

Total Cloud FractionTotal Cloud Fraction
Convective Convective CldCld

FractionFraction
PrecipitationPrecipitation

SfcSfc Latent Heat Flux Latent Heat Flux
Column Water VaporColumn Water Vapor

Surface WindSurface Wind
Sea Level PressureSea Level Pressure

Surface Net SW fluxSurface Net SW flux
Surface Net LW fluxSurface Net LW flux

Neural 
Network

        Output VariablesOutput Variables
Planet Planet ““II”” - Planet  - Planet ““JJ””
  2xCO2xCO2 2 minus 1xCOminus 1xCO22

Surface TemperatureSurface Temperature

Summer U.S. Summer U.S. PrecipPrecip

Sea LevelSea Level



Neural Net Prediction of Climate SensitivityNeural Net Prediction of Climate Sensitivity

Neural Net Prediction: Doubled CONeural Net Prediction: Doubled CO22 Global Temp Change Global Temp Change
(uses Planet I and J normal CO(uses Planet I and J normal CO22 climate only) climate only)
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95% confidence bound
of +/- 0.8C

Y. Hu, B. Wielicki, M. Allen



MajorMajor  ChallengesChallenges

•• MMF is a BIG step in scale from normal climate model: 200kmMMF is a BIG step in scale from normal climate model: 200km
to 4kmto 4km

•• LES boundary layer global modeling is still a long way awayLES boundary layer global modeling is still a long way away
•• Climate records typically suffer from one or more problems:Climate records typically suffer from one or more problems:

•• Data record too short (e.g. satellites)Data record too short (e.g. satellites)
•• Data record not very accurate (e.g. some Data record not very accurate (e.g. some paleopaleo, , radiosondesradiosondes,,

satellites)satellites)
•• Data record poorly sampled (e.g. tree rings, coral, bore holes)Data record poorly sampled (e.g. tree rings, coral, bore holes)
•• Critical variables are missing (clouds for glacial/interglacial cycles)Critical variables are missing (clouds for glacial/interglacial cycles)

•• Field experiments have more complete variables, but fewField experiments have more complete variables, but few
samples and limited climate states (e.g. ARM, FIRE)samples and limited climate states (e.g. ARM, FIRE)

•• Definitive climate metrics for prediction accuracy don'tDefinitive climate metrics for prediction accuracy don't  yetyet
existexist

•• No climate OSSE (Observing System Simulation Experiments)No climate OSSE (Observing System Simulation Experiments)
exist to design rigorous observing system requirementsexist to design rigorous observing system requirements

•• We are currently flyingWe are currently flying  blind with 1000s of possible climateblind with 1000s of possible climate
metrics (variable, time scale, space scale, statistic)metrics (variable, time scale, space scale, statistic)



New Tools To Attack the ChallengesNew Tools To Attack the Challenges

•• MODELING TOOLSMODELING TOOLS

•• ClimatepredictionClimateprediction.net: 1000s of earth like climate systems.net: 1000s of earth like climate systems

•• MMF Multi-scale Modeling Framework: process to globalMMF Multi-scale Modeling Framework: process to global
annual scalesannual scales

•• DARE: global 3-D CRM using DARE: global 3-D CRM using navier navier stokes scalingstokes scaling
•• New CRM microphysics and boundary layer parameterizationsNew CRM microphysics and boundary layer parameterizations
•• New Aerosol chemical transport and assimilation systemsNew Aerosol chemical transport and assimilation systems
•• Improved 4-D atmospheric state using AIRSImproved 4-D atmospheric state using AIRS



New Tools To Attack the ChallengesNew Tools To Attack the Challenges

•• OBSERVATION TOOLSOBSERVATION TOOLS
•• EOS Global EOS Global Aerosol/Cloud/Radiation/Precip Aerosol/Cloud/Radiation/Precip data: 1998-presentdata: 1998-present

( e.g. TRMM, Terra, Aqua)( e.g. TRMM, Terra, Aqua)
•• GEWEX Satellite data: ISCCP, SRB,GEWEX Satellite data: ISCCP, SRB,  NVAP, GPCP: 1983-presentNVAP, GPCP: 1983-present
•• A-train: CALIPSO, A-train: CALIPSO, CloudSatCloudSat, Aqua, Aqua
•• ARM surface site time series: mid 90s to presentARM surface site time series: mid 90s to present
•• Ocean Ocean scatterometer scatterometer surface wind vectors and divergencesurface wind vectors and divergence
•• Improved surface networks: Improved surface networks: Aeronet Aeronet and BSRNand BSRN
•• New types of cloud and radiation data analysis:New types of cloud and radiation data analysis:

•• ISCCP cloud type principle components (Jacob & ISCCP cloud type principle components (Jacob & RossowRossow))
•• Cloud system objects (Cloud system objects (XuXu))
•• Dynamic State (Bony)Dynamic State (Bony)
•• Partial derivatives of Partial derivatives of dCloud dCloud / / dAtmospheredAtmosphere, , dCloud dCloud / / dAerosoldAerosol
•• Decadal and Decadal and Interannual Interannual variations of cloud, aerosol, radiationvariations of cloud, aerosol, radiation
•• GEWEX assessments for radiation, cloud, GEWEX assessments for radiation, cloud, precipprecip, aerosol underway, aerosol underway



Taylor Diagrams:Taylor Diagrams:  Radiation/Cloud/PrecipRadiation/Cloud/Precip
MMF not yet demonstrated betterMMF not yet demonstrated better

Pincus, CMMAP 
Meeting, 8/06

The good news: MMF isThe good news: MMF is
as good asas good as  climate modelsclimate models
tuned to ERBE alreadytuned to ERBE already

The bad news:The bad news:
Not yet better Not yet better 



Cluster analysis of satellite data: Cloud RegimesCluster analysis of satellite data: Cloud Regimes
((Jakob Jakob et al. 2005)et al. 2005)

SSC: Suppressed shallow clouds; SSC: Suppressed shallow clouds; CC: Convectively active cirrusCC: Convectively active cirrus
STC: Suppressed thin cirrus;        STC: Suppressed thin cirrus;        DC: Deep convectionDC: Deep convection



Comparison of CAPE of Large-size TropicalComparison of CAPE of Large-size Tropical
Convective Cloud Objects, March 1998 TRMMConvective Cloud Objects, March 1998 TRMM

Contiguous
Cloud Objects
pdfs of 20km
CERES fovs:
Overcast
Zcld > 10 km
Tauvis > 10

System
Diameter >
300 km

Xu et al.
Cloud object
Data online



Cloud Objects and Cloud Objects and CALIPSO/CloudSatCALIPSO/CloudSat

Cloud Cloud 
objectobject

Vertical levelsVertical levels
improveimprove

back-trajectoriesback-trajectories
for aerosolfor aerosol

source source regionsregions



How can CMAPPHow can CMAPP  take advantagetake advantage
of these new capabilities?of these new capabilities?

•• MMF sampling is sufficient to do climate accuracy cloudMMF sampling is sufficient to do climate accuracy cloud
teststests
–– MMF may be challenged, however, to directly do climateMMF may be challenged, however, to directly do climate

sensitivitysensitivity

•• MMF is well suited to comparisons with new global satelliteMMF is well suited to comparisons with new global satellite
data from 1km to global scales, days to yearsdata from 1km to global scales, days to years

•• MMF well suited to do direct comparisons to newMMF well suited to do direct comparisons to new  cloudcloud
analysis methods such as cloud types, objects, dynamicanalysis methods such as cloud types, objects, dynamic
statestate

•• MMF is well suited to eventually target aerosol indirect effectMMF is well suited to eventually target aerosol indirect effect
and try to unscramble cloud dynamics and aerosol effects.and try to unscramble cloud dynamics and aerosol effects.

•• Given difficulty of getting accurate boundary layer T(z), q(z),Given difficulty of getting accurate boundary layer T(z), q(z),
vertical velocity from current 4-D assimilation, can MMFvertical velocity from current 4-D assimilation, can MMF
improve this situation in an NWP mode?improve this situation in an NWP mode?



How can we focus CMAPPHow can we focus CMAPP
Model Model vs vs Observation Activities?Observation Activities?

•• Define some key initial cloud/radiation metrics to showDefine some key initial cloud/radiation metrics to show
improvements over current climate and NWP modelsimprovements over current climate and NWP models
–– Traditional monthly Traditional monthly gridded gridded climate statistics (e.g. AMIP, Taylorclimate statistics (e.g. AMIP, Taylor

Diagram).  Some already done on 19-yr AMIP runDiagram).  Some already done on 19-yr AMIP run

–– Bony diagram for cloud versus vertical velocityBony diagram for cloud versus vertical velocity

–– Jacob/Rossow Jacob/Rossow cloud type diagramscloud type diagrams

–– Xu Xu cloud objectscloud objects

–– Select a few key weeks or months to start withSelect a few key weeks or months to start with

•• Evolve metrics as other efforts improve relationships of climateEvolve metrics as other efforts improve relationships of climate
prediction to model/observation differences (prediction to model/observation differences (climatepredictionclimateprediction.net).net)

•• Make model output easily available. Make model output easily available.   Will some effort be available toWill some effort be available to
manage and modify model output statistics, data formats,manage and modify model output statistics, data formats,
documentation, distribution?documentation, distribution?

•• Start with some highly Start with some highly subsetted subsetted data sets and evolve from there.data sets and evolve from there.



Should we be focusing more onShould we be focusing more on
low cloud MMF improvements?low cloud MMF improvements?

•• IPCC Cloud Feedback uncertainty dominated by low cloudIPCC Cloud Feedback uncertainty dominated by low cloud

•• Weakest MMF physics currently boundary layerWeakest MMF physics currently boundary layer  cloudcloud

•• Aerosol indirect effect largest IPCC Aerosol indirect effect largest IPCC radiative radiative forcing uncertainty,forcing uncertainty,
and also is dominated by low cloud changesand also is dominated by low cloud changes

•• Aerosol indirect effect is a long term direction and requiresAerosol indirect effect is a long term direction and requires
progress on cloud feedback of low cloud first.progress on cloud feedback of low cloud first.

•• Biases in lowBiases in low  cloud show up quickly in NWP mode: one week MMFcloud show up quickly in NWP mode: one week MMF
runs might be enough to show dramatic improvements.runs might be enough to show dramatic improvements.

•• Mini-LESMini-LES  Big BrotherBig Brother  SAM and MMF tests forSAM and MMF tests for  boundary layer cloudboundary layer cloud

•• Current traditional climate model metrics including Taylor diagramsCurrent traditional climate model metrics including Taylor diagrams
look like small improvements for early MMFlook like small improvements for early MMF

•• Diurnal cycles, ENSO, andDiurnal cycles, ENSO, and  MJO improved, but not clear these relateMJO improved, but not clear these relate
strongly to uncertainties in climate sensitivitystrongly to uncertainties in climate sensitivity



The EOS Afternoon Satellite Constellation

(artwork by Alex McClung)



CMMAP Backup SlidesCMMAP Backup Slides





NASA Langley Research Center / Atmospheric Sciences

Surface SW Flux Validation NoiseSurface SW Flux Validation Noise

Remarkable consistency for Remarkable consistency for interannual interannual anomalies 0.5 to 1 Wmanomalies 0.5 to 1 Wm-2-2



Earthshine, ISCCP, CERES: 2000 to 2004Earthshine, ISCCP, CERES: 2000 to 2004

Loeb et al., AGU 2005Loeb et al., AGU 2005

Climate accuracy requirements are poorly understood by theClimate accuracy requirements are poorly understood by the
community: recent Earthshine 6% changes were published in Science,community: recent Earthshine 6% changes were published in Science,
causing much confusioncausing much confusion



ISCCP FD versus CERES: 2000 to 2004ISCCP FD versus CERES: 2000 to 2004

Loeb et al., AGU 2005Loeb et al., AGU 2005

Tropical 30S-30N

Global 90S-90N

MeteorologicalMeteorological  satellite climate data is not accuratesatellite climate data is not accurate
or stable enough to determine decadal trends, butor stable enough to determine decadal trends, but
very useful for regional studies.very useful for regional studies.



Soden et al. 2006
J.Climate

ClimateClimate  Sensitivity Sensitivity vs vs Cloud FeedbackCloud Feedback
IPCC AR4 ModelsIPCC AR4 Models

Climate sensitivity is essentially linear in cloud feedbackClimate sensitivity is essentially linear in cloud feedback



Soden et al. 2006
J.Climate

Cloud Feedback Cloud Feedback vs vs Cloud Cloud Radiative Radiative ForcingForcing
IPCC AR4 ModelsIPCC AR4 Models

Cloud Feedback is essentially linear in cloud Cloud Feedback is essentially linear in cloud radiative radiative forcing changeforcing change


