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OutlineOutline

•• Assimilation of cloud observations:Assimilation of cloud observations:
–– ISCCPISCCP
–– MODISMODIS

•• Assimilation of MODIS wind dataAssimilation of MODIS wind data
•• Aerosol data assimilationAerosol data assimilation
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Clouds in the control DASClouds in the control DAS
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From GCM to DASFrom GCM to DAS
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Reasons to Assimilate Cloud DataReasons to Assimilate Cloud Data

•• Improve cloud analysis/climatologyImprove cloud analysis/climatology
•• Improve cloud/precipitation forecastingImprove cloud/precipitation forecasting

(impacting diurnal temperature range, visibility,(impacting diurnal temperature range, visibility,
aviation, agriculture, etc.)aviation, agriculture, etc.)

•• Improve cloud background for interpretation ofImprove cloud background for interpretation of
satellite radiancessatellite radiances

•• Improve cloudImprove cloud--radiation parameterizations viaradiation parameterizations via
constraints by various cloud data types, leadingconstraints by various cloud data types, leading
to improved understanding of clouds and climateto improved understanding of clouds and climate
predictionspredictions
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Approaches to Cloud Data AssimilationApproaches to Cloud Data Assimilation
•• Assimilation of cloudy radiancesAssimilation of cloudy radiances::

–– e.g.,e.g., JaniskovJaniskováá et al., 2002et al., 2002
–– Radiative transfer model explicitly accounts for cloudsRadiative transfer model explicitly accounts for clouds
–– Cloud liquid water and cloud ice included as control variablesCloud liquid water and cloud ice included as control variables

•• PseudoPseudo--RH/RH correctionRH/RH correction::
–– e.g.,e.g., MacphersonMacpherson et al., 1996et al., 1996
–– Cloud observations used to generate pseudoCloud observations used to generate pseudo--RH data consistent withRH data consistent with

model’s diagnostic parameterization, ormodel’s diagnostic parameterization, or
–– Cloud observations used to correct coCloud observations used to correct co--located RH observations,located RH observations,

consistent with model’s diagnostic parameterizationconsistent with model’s diagnostic parameterization
–– Cloud fraction parameterization is never modifiedCloud fraction parameterization is never modified

•• Parameter EstimationParameter Estimation::
–– e.g., Wu and Smith, 1992; GMAOe.g., Wu and Smith, 1992; GMAO
–– Cloud observations used to modify model’s diagnostic cloudCloud observations used to modify model’s diagnostic cloud

parameterizationparameterization
–– RH analysis not directly affected by cloud observationsRH analysis not directly affected by cloud observations
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Parameter Estimation ApproachParameter Estimation Approach

•• Recognize empirical elements of cloudRecognize empirical elements of cloud
parameterizations that treat unresolvedparameterizations that treat unresolved
subsub--gridgrid--scale moisture variability,scale moisture variability,
uncertain microphysical details, and clouduncertain microphysical details, and cloud
overlap assumptions.overlap assumptions.

•• Address the resultant biases by slowlyAddress the resultant biases by slowly
varying associated cloud parameters tovarying associated cloud parameters to
drive model towards cloud observations.drive model towards cloud observations.
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Cloud Fraction ParameterizationCloud Fraction Parameterization

•• CCM3 diagnostic cloud fraction parameterization:CCM3 diagnostic cloud fraction parameterization:
–– Convective: function of convective mass flux; adjustsConvective: function of convective mass flux; adjusts

environmental RHenvironmental RH
–– NonNon--convective: based largely on RH, with correctionsconvective: based largely on RH, with corrections

for vertical velocity, stability, land/ocean, low levelfor vertical velocity, stability, land/ocean, low level
stratusstratus
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Cloud Parameter EstimationCloud Parameter Estimation

•• Revised diagnostic parameterization:Revised diagnostic parameterization:
–– Quadratic f(RH) is generalized to a smoothlyQuadratic f(RH) is generalized to a smoothly

asymptotingasymptoting SS--shaped polynomial, depending on 3shaped polynomial, depending on 3
parameters:parameters:
üü RH*RH* –– critical RH below which f=0critical RH below which f=0
üü RH’RH’ –– upper threshold above which f=1upper threshold above which f=1
üü �� –– asymmetry parameterasymmetry parameter
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Adaptive Parameter EstimationAdaptive Parameter Estimation

•• Sequential algorithm:Sequential algorithm:

•• IncrementIncrement δαδα determined by minimizing thedetermined by minimizing the
cost function:cost function:
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Parameter Estimation DetailsParameter Estimation Details

•• Three stage estimation procedure:Three stage estimation procedure:
–– Cloud Fraction (ISCCP or MODIS)Cloud Fraction (ISCCP or MODIS)
–– Liquid water Path (SSM/I)Liquid water Path (SSM/I)
–– Cloud optical depth (ISCCP or MODIS)Cloud optical depth (ISCCP or MODIS)

•• Cloud fraction estimation occurs in twoCloud fraction estimation occurs in two
pressure bands: low and midpressure bands: low and mid--high.high.
Estimated from ISCCPEstimated from ISCCP--DX data toDX data to
approximately correct for low cloudapproximately correct for low cloud
obscuration.obscuration.
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CERES TOA: Cloud Fraction OnlyCERES TOA: Cloud Fraction Only
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Cloud Optical Depth/Liquid Water PathCloud Optical Depth/Liquid Water Path
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CERES TOA: CF+CLW DataCERES TOA: CF+CLW Data
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CERES TOA: Cloud+CLW+CODCERES TOA: Cloud+CLW+COD
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Cloud FractionCloud Fraction
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Cloud Forcing: CERESCloud Forcing: CERES
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Cloud Fraction: Forecast SkillCloud Fraction: Forecast Skill
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Land Surface Radiation BudgetLand Surface Radiation Budget
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Skin Temperature ResponseSkin Temperature Response

Latent+Sensible+LW up Delta Skin Temperature Delta
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CERES: Skin TemperatureCERES: Skin Temperature
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Vertical Cloud DistributionVertical Cloud Distribution

ZonalZonal--height plots for July 2000 of fvDAS cloud fraction (%) forheight plots for July 2000 of fvDAS cloud fraction (%) for
the control run (left) and a run assimilating ISCCPthe control run (left) and a run assimilating ISCCP--DX derivedDX derived
cloud fraction and optical depth and SSM/I liquid water pathcloud fraction and optical depth and SSM/I liquid water path
(center). The right panel shows the difference.(center). The right panel shows the difference.

The following changes are most evident:The following changes are most evident:
1.1. a decrease in tropical cirrus;a decrease in tropical cirrus;
2.2. a general increase in lowa general increase in low--level cloud, except at high latitudes wherelevel cloud, except at high latitudes where

there is a decrease. The increase is strongest in midthere is a decrease. The increase is strongest in mid--latitudes andlatitudes and
especially in the southern hemisphere;especially in the southern hemisphere;

3.3. an increase in midan increase in mid--level cloudiness in midlevel cloudiness in mid-- and highand high--latitudes.latitudes.
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Heating Rate ChangesHeating Rate Changes

ZonalZonal--height plots for July 2000height plots for July 2000
of radiative heating rate (K/day)of radiative heating rate (K/day)
differences between a clouddifferences between a cloud
assimilating run and the controlassimilating run and the control
run. The heating rates arerun. The heating rates are
generally consistent withgenerally consistent with
longwavelongwave cooling/heating atcooling/heating at
cloud top/base and heating bycloud top/base and heating by
shortwave absorption withinshortwave absorption within
clouds.clouds.
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Temperature and RH changesTemperature and RH changes

ZonalZonal--height plots for July 2000 of temperature (K) and relative humidheight plots for July 2000 of temperature (K) and relative humidity (%) for theity (%) for the
control run (left) and a run assimilating ISCCPcontrol run (left) and a run assimilating ISCCP--DX derived cloud fraction and opticalDX derived cloud fraction and optical
depth and SSM/I liquid water path (center). The right panel showdepth and SSM/I liquid water path (center). The right panel shows the difference. Thes the difference. The
temperature change is reasonably consistent with the change in ntemperature change is reasonably consistent with the change in net radiative heatinget radiative heating
rate. Changes in relative humidity (bottom panel) seem to correlrate. Changes in relative humidity (bottom panel) seem to correlate with changes inate with changes in
cloudiness for highcloudiness for high--latitudes and tropical cirrus, and with a deepening in the boundlatitudes and tropical cirrus, and with a deepening in the boundaryary
layer for midlayer for mid-- to lowto low--latitude lowlatitude low--level clouds.level clouds.
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MODIS (Terra) CoverageMODIS (Terra) Coverage
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Cloud Forcing: MODISCloud Forcing: MODIS vsvs CERESCERES
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Future PlansFuture Plans

•• Extend algorithm to new statisticalExtend algorithm to new statistical--prognosticprognostic
cloud parameterization in GEOScloud parameterization in GEOS--55

•• Explore other MODIS observables (Water path,Explore other MODIS observables (Water path,
Effective radius)Effective radius)

•• Use AMSRUse AMSR--E LWP retrievalsE LWP retrievals
•• Convective clouds: merge with precipitationConvective clouds: merge with precipitation

assimilation (Arthurassimilation (Arthur HouHou and Sara Zhang)and Sara Zhang)
•• AssumedAssumed--PDF cloud parameterizationsPDF cloud parameterizations
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Lars PeterLars Peter RiishojgaardRiishojgaard andand YanYan--QiuQiu ZhuZhu
GMAOGMAO

MODIS winds assimilationMODIS winds assimilation
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GMAO MODIS windsGMAO MODIS winds
experimentsexperiments

•• MOWSAP (MODIS Winds Special AcquisitionMOWSAP (MODIS Winds Special Acquisition
Period): November 8, 2003Period): November 8, 2003--January 31, 2004January 31, 2004
–– Winds generated by CIMSS and by NESDIS (preWinds generated by CIMSS and by NESDIS (pre--

operational mode)operational mode)
•• Same algorithm, different code basesSame algorithm, different code bases
•• Different backgrounds for QC and height assignmentDifferent backgrounds for QC and height assignment

–– Winds generated from MODIS Aqua and MODIS TerraWinds generated from MODIS Aqua and MODIS Terra
imageryimagery

–– Assimilation experiments by GMAO, ECMWF, MetAssimilation experiments by GMAO, ECMWF, Met
Office, CMCOffice, CMC

–– Experimental setup: 5Experimental setup: 5--day forecast every other day;day forecast every other day;
42 members in the ensemble42 members in the ensemble
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DiagnosticsDiagnostics

•• External verification: Observation minusExternal verification: Observation minus
forecast residuals (forecast residuals (OmFOmF) versus) versus RAOBsRAOBs

•• Average forecast skills (anomalyAverage forecast skills (anomaly
correlation coefficients) verified againstcorrelation coefficients) verified against
self, NCEPself, NCEP

•• Time series of dayTime series of day--5 anomaly5 anomaly
correlationscorrelations
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SummarySummary
•• MODIS winds complement other observations inMODIS winds complement other observations in

the high latitudes; more so in the SH than in thethe high latitudes; more so in the SH than in the
NH due to the current dataNH due to the current data sparsitysparsity

•• Based on independent verification statistics the,Based on independent verification statistics the,
quality of the information is acceptablequality of the information is acceptable

•• Positive overall contribution to forecast skillPositive overall contribution to forecast skill
–– Substantial impact in the SHSubstantial impact in the SH
–– Impact extends to entire hemisphereImpact extends to entire hemisphere
–– Improvements in average forecast skill results primarilyImprovements in average forecast skill results primarily

from improving the skill of the worst forecastsfrom improving the skill of the worst forecasts

•• Timeliness remains an important issue; currentTimeliness remains an important issue; current
delay is 4delay is 4--6 hours; some improvement possible via6 hours; some improvement possible via
use of Direct Broadcast capabilityuse of Direct Broadcast capability
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Aerosol Data Assimilation at GMAOAerosol Data Assimilation at GMAO

•• Emphasis on estimation ofEmphasis on estimation of
–– Global, 3D aerosol concentrationsGlobal, 3D aerosol concentrations
–– Aerosol sources and model parametersAerosol sources and model parameters
–– Observing System Simulation Experiments (OSSE)Observing System Simulation Experiments (OSSE)

•• Aerosol Transport modelAerosol Transport model
–– Aerosols transported onAerosols transported on--line within GMAO’s Finiteline within GMAO’s Finite--

volume Data Assimilation System (volume Data Assimilation System (fvDASfvDAS))
–– Aerosol modules from GOCART:Aerosol modules from GOCART:

•• Absorbing aerosols: Dust and black carbonAbsorbing aerosols: Dust and black carbon
•• NonNon--absorbing aerosols: sulfates, organic carbon, seaabsorbing aerosols: sulfates, organic carbon, sea--saltsalt
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Monthly AOT: ACE Asia (April 2001)Monthly AOT: ACE Asia (April 2001)
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Aerosol DAS, cont.Aerosol DAS, cont.

•• Aerosol Observing Systems:Aerosol Observing Systems:
–– TOMS:TOMS: Aerosol index and 380 nm radiancesAerosol index and 380 nm radiances
–– MODISMODIS:: Optical DepthOptical Depth retrievals or radiancesretrievals or radiances
–– AERONET:AERONET: Optical DepthOptical Depth andand Index of RefractionIndex of Refraction

•• Assimilation MethodologyAssimilation Methodology
–– PhysicalPhysical--space Statistical Analysis System (PSAS)space Statistical Analysis System (PSAS)
–– Anisotropic/flow dependent error statisticsAnisotropic/flow dependent error statistics
–– Bias estimation (indirect information on sources)Bias estimation (indirect information on sources)
–– Joint estimation source defectsJoint estimation source defects

•• Current status:Current status:
–– offoff--line assimilation of MODIS data in GOCART (Weaver)line assimilation of MODIS data in GOCART (Weaver)
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MODIS RadiancesMODIS Radiances
FIRST GUESS AOT ANALYSIS AOT

MODIS Retrieved AOTGOCART, No Data

Clark Weaver, 613.3

http://www.go2pdf.com


SummarySummary

•• Cloud observations have a very positive impactCloud observations have a very positive impact
on theon the fvDASfvDAS cloudcloud radiativeradiative forcing and landforcing and land
surfacesurface

•• MODIS winds complement other observations inMODIS winds complement other observations in
the high latitudesthe high latitudes

•• OnOn--lineline aeorosolaeorosol datadata asismilationasismilation enables:enables:
–– Production of long term analyzed datasetsProduction of long term analyzed datasets
–– Aerosol forecasting in support of field campaignsAerosol forecasting in support of field campaigns
–– Simulation of future aerosol instrumentsSimulation of future aerosol instruments
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