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Radiative Properties of Ice Clouds
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 Bulk optical properties of ice clouds Bulk optical properties of ice clouds
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 Parameterization for Radiative Properties – Single-
Scattering Properties

  Parameterization Parameterization for Radiative Properties for Radiative Properties –– Single- Single-
Scattering PropertiesScattering Properties

MModeling of single-scattering properties of ice particlesodeling of single-scattering properties of ice particles

with different shapes (with different shapes (Yang et al. 2000Yang et al. 2000; ; Yang et al. 2005)Yang et al. 2005)

  65 wavelengths between 0.2 and 100 65 wavelengths between 0.2 and 100 µµmm

 45 particle sizes ranging from 2 to 45 particle sizes ranging from 2 to  9500 9500 µµmm

 Single-scattering properties Single-scattering properties

- Extinction efficiency, - Extinction efficiency, QeQe

- Single-scattering - Single-scattering albedoalbedo, , ωω

- Asymmetry factor, - Asymmetry factor, gg

- Phase function- Phase function  at 498 scattering anglesat 498 scattering angles



 Parameterization of the Radiative Properties – Bulk
Optical Properties of Ice Clouds

  Parameterization Parameterization of the Radiative Properties of the Radiative Properties –– Bulk Bulk
Optical Properties of Ice CloudsOptical Properties of Ice Clouds

Mixing scheme for ice cloud particlesMixing scheme for ice cloud particles
((Baum et al. 2005a,b) Baum et al. 2005a,b) 

  Using 21 size distributionsUsing 21 size distributions
(Fu 1996; Fu et al. 1998)(Fu 1996; Fu et al. 1998)

(Yang et al. 2005)(Yang et al. 2005)
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 Parameterization for Radiative Properties  Parameterization Parameterization for Radiative Propertiesfor Radiative Properties

Using parameterization schemesUsing parameterization schemes
((Key et al. 2002) Key et al. 2002) 
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βext / IWC = an
1
re
n

n=0

3
∑

ω = bnre
n

n=0

3
∑

g = cnre
n

n=0

3
∑



The net shortwave (solar) and The net shortwave (solar) and longwave longwave (infrared) fluxes at(infrared) fluxes at
the top of the atmosphere (TOA) are defined as followsthe top of the atmosphere (TOA) are defined as follows
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Flw = −Flw
↑
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F = N(Fsw,cloud + Flw,cloud )+ (1− N )(Fsw,clear + Flw,clear )

For a partially cloudy region with a cloud fraction of For a partially cloudy region with a cloud fraction of NN, the, the
average-sky net TOA flux is given byaverage-sky net TOA flux is given by

the cloud the cloud radiative radiative forcing (CRF) is given byforcing (CRF) is given by

€ 

CRF = F− Fclear

€ 

CRF = CRFsw +CRFlw



 Sensitivity of Forcing to Ice Cloud Properties:
Optical Thickness

  Sensitivity of Forcing to Ice Cloud Properties:Sensitivity of Forcing to Ice Cloud Properties:
Optical ThicknessOptical Thickness

Effective size De = 20, 60, 100 Effective size De = 20, 60, 100 µµmm
Optical thickness Optical thickness ττ = 0 = 0––3030
Geometrical thickness Geometrical thickness ∆∆z = 1 kmz = 1 km

Cloud top height H = 12 kmCloud top height H = 12 km
Solar zenith angle Solar zenith angle θθ00 = 60 = 60ºº
Duration of sunlight is assumed to be 12 hoursDuration of sunlight is assumed to be 12 hours



 Sensitivity of Forcing to Ice Cloud Properties:
Effective Size

  Sensitivity of Forcing to Ice Cloud Properties:Sensitivity of Forcing to Ice Cloud Properties:
Effective SizeEffective Size

Effective size De = 10Effective size De = 10––100 100 µµmm
Optical thickness Optical thickness ττ = 0.1, 1, 10 = 0.1, 1, 10
Geometrical thickness Geometrical thickness ∆∆z = 1 kmz = 1 km

Cloud top height H = 12 kmCloud top height H = 12 km
Solar zenith angle Solar zenith angle θθ00 = 60 = 60ºº
Duration of sunlight is assumed to be 12 hoursDuration of sunlight is assumed to be 12 hours



 Sensitivity of Forcing to Ice Cloud Properties:
Geometrical Thickness

  Sensitivity of Forcing to Ice Cloud Properties:Sensitivity of Forcing to Ice Cloud Properties:
Geometrical ThicknessGeometrical Thickness

Effective size De = 60 Effective size De = 60 µµmm
Optical thickness Optical thickness ττ = 0.1 = 0.1––3030
Geometrical thickness Geometrical thickness ∆∆Z = 1, 3, 5 kmZ = 1, 3, 5 km

Cloud top height H = 12 kmCloud top height H = 12 km
Solar zenith angle Solar zenith angle θθ00 = 60 = 60ºº
Duration of sunlight is assumed to be 12 hoursDuration of sunlight is assumed to be 12 hours



 Sensitivity of Forcing to Ice Cloud Properties:
Cloud Top Height

  Sensitivity of Forcing to Ice Cloud Properties:Sensitivity of Forcing to Ice Cloud Properties:
Cloud Top HeightCloud Top Height

Effective size De = 60 Effective size De = 60 µµmm
Optical thickness Optical thickness ττ = 0.1 = 0.1––3030
Geometrical thickness Geometrical thickness ∆∆Z = 1 kmZ = 1 km

Cloud top height H = 9, 12, 15 kmCloud top height H = 9, 12, 15 km
Solar zenith angle Solar zenith angle θθ00 = 60 = 60ºº
Duration of sunlight is assumed to be 12 hoursDuration of sunlight is assumed to be 12 hours



 Three-year of Climatologies of Ice Cloud Properties  Three-year of Climatologies of Ice Cloud PropertiesThree-year of Climatologies of Ice Cloud Properties

DataData  Three-year Aqua MYD08 ice cloud properties ( Three-year Aqua MYD08 ice cloud properties (ττ, D, Dee)) over the tropics from over the tropics from
the MODIS measurements (the MODIS measurements (King et al., 2003; Platnick et al., 2003)King et al., 2003; Platnick et al., 2003)

Data from 3 years: 9/2002 - 8/2005Data from 3 years: 9/2002 - 8/2005

ISCCP ClassificationISCCP Classification

CirrusCirrus

ττ< 3.6 and< 3.6 and

Cloud top < 440 mbCloud top < 440 mb

CirrostratusCirrostratus

3.6< 3.6< ττ < 23.0 and < 23.0 and

Cloud top < 440 mbCloud top < 440 mb

CirriformCirriform

Deep convectionDeep convection

23.0 < 23.0 < ττ and and

Cloud top < 440 mbCloud top < 440 mb

We will use the ISCCP classification scheme We will use the ISCCP classification scheme ((Rossow and Schiffer, 1999Rossow and Schiffer, 1999)  )  for our analysesfor our analyses
because because modelers modelers are familiar with it.are familiar with it.



 Three-year Climatologies of Ice Cloud Properties  Three-year Climatologies of Ice Cloud PropertiesThree-year Climatologies of Ice Cloud Properties

Ice cloud fraction from AquaIce cloud fraction from Aqua
13:30 PM13:30 PM

Ice cloud fraction (cirriformIce cloud fraction (cirriform
and deep convective clouds)and deep convective clouds)



 Three-year Climatologies of Ice Cloud Properties  Three-year Climatologies of Ice Cloud PropertiesThree-year Climatologies of Ice Cloud Properties

Ice cloud optical thickness and particleIce cloud optical thickness and particle
effective size from Aquaeffective size from Aqua



 Three-year of Climatologies of Ice Cloud Radiative Forcing  Three-year of Climatologies of Ice Cloud Radiative ForcingThree-year of Climatologies of Ice Cloud Radiative Forcing

MYD08 level-3 daily 1MYD08 level-3 daily 1ºº××11ºº  ττ      

MYD08 level-3 daily 1MYD08 level-3 daily 1ºº××11ºº  DeDe

daily 1daily 1ºº××11ºº  cloud top pressure cloud top pressure 

ISCCPISCCP

Monthly ice cloud 1Monthly ice cloud 1ºº××11ºº  ττ            

Monthly ice cloud 1Monthly ice cloud 1ºº××11ºº  De   De   

Monthly ice cloud top pressureMonthly ice cloud top pressure  

Monthly ice cloud fractionMonthly ice cloud fraction  

AIRS level-3 monthly 1AIRS level-3 monthly 1ºº××11ºº  profile data   profile data   LibRadtranLibRadtran
(B.(B.  Mayer and A.Mayer and A.  Kylling, 2005)Kylling, 2005)

Our new parameterizationOur new parameterization

Overcast-sky cloud forcing*Overcast-sky cloud forcing*
FFscfscf=F=Fss-F-Fclearclear, , FFlcflcf=F=Fll-F-Fclearclear
CLF= CLF= FFscfscf  + + FFlcflcf

Average-sky cloud forcing*Average-sky cloud forcing*
FFscfscf=A(F=A(Fss--FFclearclear)), , FFlcflcf=A(F=A(Fll--FFclearclear))
CLF= CLF= FFscfscf  + + FFlcflcf (*Hartmann et al. 2001)(*Hartmann et al. 2001)

Monthly solar zenith angle Monthly solar zenith angle               



Climatologies of Ice Cloud Radiative ForcingClimatologies of Ice Cloud Radiative ForcingClimatologies of Ice Cloud Radiative Forcing



Climatologies of Ice Cloud Radiative ForcingClimatologies of Ice Cloud Radiative ForcingClimatologies of Ice Cloud Radiative Forcing



Climatologies of Ice Cloud Radiative ForcingClimatologies of Ice Cloud Radiative ForcingClimatologies of Ice Cloud Radiative Forcing

Ice Cloud ForcingIce Cloud Forcing



Climatologies of Ice Cloud Radiative ForcingClimatologies of Ice Cloud Radiative ForcingClimatologies of Ice Cloud Radiative Forcing

Cirriform Cloud ForcingCirriform Cloud Forcing



Climatologies of Ice Cloud Radiative ForcingClimatologies of Ice Cloud Radiative ForcingClimatologies of Ice Cloud Radiative Forcing

Deep Convection ForcingDeep Convection Forcing



Climatologies of Ice Cloud Radiative ForcingClimatologies of Ice Cloud Radiative ForcingClimatologies of Ice Cloud Radiative Forcing

Seasonal VariationsSeasonal Variations



Ice Cloud Radiative ForcingIce Cloud Radiative ForcingIce Cloud Radiative Forcing



Climatologies of Ice Cloud Radiative ForcingClimatologies of Ice Cloud Radiative ForcingClimatologies of Ice Cloud Radiative Forcing

Variation of Forcing with LatitudesVariation of Forcing with Latitudes



Climatologies of Ice Cloud Radiative ForcingClimatologies of Ice Cloud Radiative ForcingClimatologies of Ice Cloud Radiative Forcing

00ºº< < θθ0 0 < 10< 10ºº

1010ºº< < θθ0 0 < 20< 20ºº

2020ºº< < θθ0 0 < 30< 30ºº

3030ºº< < θθ0 0 < 40< 40ºº

4040ºº< < θθ0 0 < 50< 50ºº

5050ºº< < θθ0 0 < 60< 60ºº

6060ºº< < θθ0 0 < 70< 70ºº

7070ºº< < θθ0 0 < 80< 80ºº



Climatologies of Ice Cloud Radiative ForcingClimatologies of Ice Cloud Radiative ForcingClimatologies of Ice Cloud Radiative Forcing

00ºº< < θθ0 0 < 10< 10ºº

1010ºº< < θθ0 0 < 20< 20ºº

2020ºº< < θθ0 0 < 30< 30ºº

3030ºº< < θθ0 0 < 40< 40ºº

4040ºº< < θθ0 0 < 50< 50ºº

5050ºº< < θθ0 0 < 60< 60ºº

6060ºº< < θθ0 0 < 70< 70ºº

7070ºº< < θθ0 0 < 80< 80ºº



Differences between Collection 004 and 005 MODIS ice cloudDifferences between Collection 004 and 005 MODIS ice cloud
optical/microphysical products and their impact on radiativeoptical/microphysical products and their impact on radiative
forcing simulationsforcing simulations
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Comparison of the MODIS Collection 004 and Collection 005Comparison of the MODIS Collection 004 and Collection 005
scattering phase functions at for the MODIS 0.65 and 2.13-scattering phase functions at for the MODIS 0.65 and 2.13-µµmm
bands for two values of effective particle radius.bands for two values of effective particle radius.
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Lookup Tables

  MODIS Collection 004 MODIS Collection 004 vs vs Collection 005Collection 005
Lookup TablesLookup Tables



 MODIS Collection 004 vs Collection 005
Ice cloud properties

  MODIS Collection 004 MODIS Collection 004 vs vs Collection 005Collection 005
Ice cloud propertiesIce cloud properties

The granule of Day 182The granule of Day 182
in 2002 over Indonesiain 2002 over Indonesia
from Terra MODISfrom Terra MODIS

 



 MODIS Collection 004 vs Collection 005
Ice cloud properties

  MODIS Collection 004 MODIS Collection 004 vs vs Collection 005Collection 005
Ice cloud propertiesIce cloud properties

TABLE 1. The one-year mean properties of high clouds from August 2001 to July 2002 

over the tropics (30°S 30°N) in from the MODIS on board Terra in daytime. 

 

 Collection 4   Collection 5  
High Cloud Properties 

Land Ocean Total Land Ocean Total 

Fraction (%) 

Optical thickness 

Effective radius ( m) 

Ice water path (g m-2) 

28.9 

13.0 

23.1 

183.6 

19.9 

13.2 

27.9 

225.1 

22.1 

13.1 

26.4 

211.4 

20.5 

14.6 

23.9 

213.3 

14.4 

16.6 

24.4 

247.6 

15.8 

16.0 

24.2 

236.7 

  



 MODIS Collection 004 vs Collection 005
Ice cloud properties

  MODIS Collection 004 MODIS Collection 004 vs vs Collection 005Collection 005
Ice cloud propertiesIce cloud properties



 MODIS Collection 004 vs Collection 005
Overcast-sky Ice cloud Radiative Forcing

  MODIS Collection 004 MODIS Collection 004 vs vs Collection 005Collection 005
Overcast-sky Ice cloud Radiative ForcingOvercast-sky Ice cloud Radiative Forcing

Effective size (MOD08)Effective size (MOD08)
Optical thickness (MOD08)Optical thickness (MOD08)
Cloud top height (MOD08)Cloud top height (MOD08)
Solar zenith angle Solar zenith angle θθ00 = 60 = 60ºº
Duration of sunlight is assumedDuration of sunlight is assumed
to be 12 hoursto be 12 hours
Tropical standard atmospheric profileTropical standard atmospheric profile



 MODIS Collection 004 vs Collection 005
Average-sky Ice cloud Radiative Forcing

  MODIS Collection 004 MODIS Collection 004 vs vs Collection 005Collection 005
Average-sky Ice cloud Radiative ForcingAverage-sky Ice cloud Radiative Forcing

Effective size (MOD08)Effective size (MOD08)
Optical thickness (MOD08)Optical thickness (MOD08)
Cloud top height (MOD08)Cloud top height (MOD08)
Solar zenith angle Solar zenith angle θθ00 = 60 = 60ºº
Duration of sunlight is assumedDuration of sunlight is assumed
to be 12 hoursto be 12 hours
Tropical standard atmospheric profileTropical standard atmospheric profile



 



SummarySummary
•• We have investigated the radiative forcing ofWe have investigated the radiative forcing of

tropical ice clouds.tropical ice clouds.

•• We also comparedWe also compared  the MODIS Collection 004the MODIS Collection 004
and 005 ice cloud properties.and 005 ice cloud properties.

•• This is ongoing research. The present resultsThis is ongoing research. The present results
areare  preliminary.preliminary.


