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Radiance and flux 

• CERES measures radiance: I(θ0, θ, ϕ) 

• Relationship between radiance and flux: 
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The road from radiance to flux: 
 angular distribution model 

• Sort observed radiances into angular bins over different 
scene types; 

• Integrate radiance over all θ and ϕ to estimate the 
anisotropic factor for each scene type; 

• Apply anisotropic factor to observed radiance to derive 
TOA  flux; 

 

05/01/2012 CERES STM 2 



Anisotropic factor for clouds over ocean (Ed2 ADM) 

• Clouds of smaller 
ln(fτ) are more 
anisotropic than 
larger ln(fτ) 
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• Liquid/mixed clouds 
are more anisotropic 
than ice clouds 
 



More liquid clouds in Ed4 
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• For Jan. 2001, Ed2 has 32.4 million footprints with valid 
retrievals, Ed4  has 34.1 million footprints 

13.4   10.1  

33.7   40.6  25.8   24.6  27.1   24.7  



Cloud fraction (f) and cloud optical depth (τ) show less view 
zenith angle dependence in Ed4 than in Ed2 (4 months data) 
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Ed4 cloud fraction distribution: 200101 daytime 
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Ed4-Ed2 cloud fraction: 200101 daytime 
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Ed4 cloud optical depth distribution: 200101 daytime 
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Ed4-Ed2 cloud optical depth: 200101 daytime 
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Distribution of ln(fτ) between Ed4 and Ed2 (daytime) 

• For liquid clouds, ln(fτ) is larger in Ed4 than in Ed2. 

• For mixed/ice clouds, ln(fτ) decreases somewhat in Ed4. 

• Ed4 identifies more thin cirrus clouds.  
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SW flux difference between Ed4 and Ed2: 200101 (Ed2 ADM) 
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Daytime LW flux difference between Ed4 and Ed2: 200101 
(Ed2 ADM) 
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ΔF=1.7Wm-2 
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Nighttime LW flux difference between Ed4 and Ed2: 200101 
(Ed2 ADM) 

ΔF=0.4Wm-2 



Why reflectance and albedo are sensitive to solar azimuth? 
• Use Dec. clear-sky data over south pole (88~89S, -93~-101W); 
• Angular bins: SZA [65~70]; VZA [55~70]; RAZ [60~70]; 
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  Terra Mean Reflectance and Albedo against Solar Azimuth Angle 

                                     Solar Azimuth Angle (°) 



MISR reflectances reveal sastrugi signal  

• Reflectances at 0.86 μm from nine MISR cameras are 
stratified by ϕws 
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                                                           View Zenith Angle (°) 
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Using MISR to correct for sastrugi 
• For each MISR camera, calculate how many standard deviation 

each reflectance measurement is from its mean 
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Adjustment factor  
• Adjustment factor based upon MISR to build a statistical 

relationship to account for the effect of sastrugi on BRF 
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New ADMs based upon MISR reduce the albedo 
dependence on solar azimuth angle  
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  Terra Mean Reflectance and Albedo against Solar Azimuth Angle 
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LW ADMs over snow and ice 
• Over snow and ice surface, LW ADMs are constructed for 

discrete intervals of cloud fraction, surface skin 
temperature (Ts), and surface-cloud temperature 
difference (ΔTsc)  

• Ed2 ADM has two Ts bins, Ed4 ADM increases the number 
of Ts bins 
– Permanent snow: 8 bins 
– Sea ice: 5 bins (day) and 6 bins (night) 
– Fresh snow: 5 bins 

• Ed2 ADM has two ΔTsc bins. Ed4 ADM increases the 
number of ΔTsc bins to three. 

• Use the RMS error between normalized predicted radiance 
and normalized observed radiance to assess the Ed2/Ed4 
ADM  
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Increase the number of Ts and ΔTsc bins reduces the 
RMS error: nighttime permanent snow (July 2003) 
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Increase the number of Ts and ΔTsc bins reduces the 
RMS error: nighttime fresh snow (Jan. 2003) 
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     Ed2 ADM: mean RMS error = 6.2%        Ed4 ADM: mean RMS error = 4.1% 

% 

ΔF= 0.43 Wm-2 



Artificial neural network (ANN) update 
• ANN has been trained over 10 surface types to provide a 

mapping between CERES radiances and ADM-derived 
anisotropic factors 

• To train the ANN ADMs, the selected parameters 
(radiances, sun-view geometry, etc) are first binned into 
discrete bins and averaged 

• Calculate the standard deviation of anisotropic factor for 
each bin 

• Select bins for the training sets based upon thresholds of 
standard deviation of anisotropic factor and total number 
of observations.   
– Ed2 ADM: threshold of standard deviation is 2 for daytime LW and 

3 for nighttime LW 
– Ed4 ADM: optimize the thresholds for each surface type  
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LW fluxes from the new ANN ADMs agree better with 
the LW fluxes from CERES ADM (Ed2) 

• For daytime LW, the new ANN ADMs reduce the mean 
flux difference from -0.34 Wm-2 to -0.02 Wm-2.  

• For nighttime LW, the new ANN ADMs reduce the mean 
flux difference from -0.14 Wm-2 to 0.02 Wm-2.    
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More talks on ADM  

Co-I talk by Zach Eitzen on Thursday 
“An update on CERES Longwave ADMs”  
 
Working group talk by Joe Corbett 
“Using MISR to correct for sastrugi in the CERES 

permanent snow ADMs” 
 
Working group talk by Lusheng Liang 
 “On the optimization of the CERES Artificial Neural 

Network ADMs ” 
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Summary  
• Ed4 SSF has less clear footprints and more liquid cloud 

footprints than Ed2 SSF. The changes in scene type affect the 
fluxes. 

• For Ed4 SW ADMs over clear permanent snow, MISR 
observations will be used to correct the effect of sastrugi. The 
new ADMs reduce the albedo dependence on solar azimuth angle.  

• For Ed4 LW ADMs over snow/ice, we will increase the number of 
bins for surface skin temperature and surface-cloud 
temperature difference. The new ADMs reduce the RMS error 
between normalized predicted and observed radiances by about 
2%. 

• For Ed4 artificial neural network ADMs, we will use surface type 
dependent thresholds of standard deviation and total number of 
observation to train the ADMs.  
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View zenith angle dependence for SZA [20-30] using all four 
months data (2001/01,2001/04, 2008/01, 2008/10) 

 

05/01/2012 CERES STM 26 


	Updates on the Next Generation CERES �Angular Distribution Models
	Radiance and flux
	The road from radiance to flux:� angular distribution model
	Anisotropic factor for clouds over ocean (Ed2 ADM)
	More liquid clouds in Ed4
	Cloud fraction (f) and cloud optical depth (τ) show less view zenith angle dependence in Ed4 than in Ed2 (4 months data)
	Ed4 cloud fraction distribution: 200101 daytime
	Ed4-Ed2 cloud fraction: 200101 daytime
	Ed4 cloud optical depth distribution: 200101 daytime
	Ed4-Ed2 cloud optical depth: 200101 daytime
	Distribution of ln(fτ) between Ed4 and Ed2 (daytime)
	SW flux difference between Ed4 and Ed2: 200101 (Ed2 ADM)
	Daytime LW flux difference between Ed4 and Ed2: 200101 (Ed2 ADM)
	Slide Number 14
	Why reflectance and albedo are sensitive to solar azimuth?
	MISR reflectances reveal sastrugi signal 
	Using MISR to correct for sastrugi
	Adjustment factor 
	New ADMs based upon MISR reduce the albedo dependence on solar azimuth angle 
	LW ADMs over snow and ice
	Increase the number of Ts and ΔTsc bins reduces the RMS error: nighttime permanent snow (July 2003)
	Increase the number of Ts and ΔTsc bins reduces the RMS error: nighttime fresh snow (Jan. 2003)
	Artificial neural network (ANN) update
	LW fluxes from the new ANN ADMs agree better with the LW fluxes from CERES ADM (Ed2)
	More talks on ADM 
	Summary 
	View zenith angle dependence for SZA [20-30] using all four months data (2001/01,2001/04, 2008/01, 2008/10)

