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TOA Radiative Flux Estimation From 
CERES/Terra Angular Distribution Models



1.CERES/Terra ADMs – Brief Overview.

2.TOA Flux Uncertainties: monthly mean, 
instantaneous.

3.Comparisons between CERES SSF and 
ERBE-Like fluxes.
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TOA flux estimate from CERES radiance:

where,

Rj (θo ,θ ,φ) is the Angular Distribution Model (ADM) for the “jth” scene type.



CERES Single Scanner Footprint (SSF) Product

Layer 1

Layer 2

Clear

CERES Footprint

- Coincident CERES radiances and imager-based cloud and aerosol 
properties (including MOD04 and NOAA-NESDIS aerosol products).

- Use VIRS (TRMM) or MODIS (Terra, Aqua) to determine the following
parameters in up to 2 cloud layers over every CERES FOV:

VIRS/MODIS
Imager
Pixel

CERES Footprint

Macrophysical: Fractional coverage, Height, Radiating Temperature, Pressure
Microphysical : Phase, Optical Depth, Particle Size, Water Path
Clear Area      : Skin Temperature, Aerosol optical depth, Emissivity



Cloud Fraction, Surface Brightness, Ice Fraction, cloud 
optical depth

Sea-Ice

Cloud Fraction, Surface Brightness, Snow Fraction, cloud 
optical depth

Fresh Snow
Cloud Fraction, Surface Brightness, cloud optical depthPermanent Snow

Function of cloud phase; continuous function of cloud 
cover and cloud optical depth; uses 1°-regional clear-sky 
BRDFs to account for background albedo.

Land & Desert 
Cloud

1° regional monthly ADMs using Analytical Function of 
TOA BRDF (Ahmad and Deering, 1992).

Land & Desert 
Clear

Function of cloud phase; Continuous function of cloud 
fraction and cloud optical depth (5-parameter sigmoid).

Cloud Ocean

Function of wind speed; Correction for aerosol optical 
depth included.

Clear Ocean
DescriptionScene Type

CERES/Terra Shortwave ADMs for Different Scene Types



Each a function of cloud fraction, sfc temp, sfc-cld temp 
diff

Permanent Snow
Fresh Snow
Sea-Ice

Function of precip. water, skin temp., sfc-cloud temp. diff; 
continuous function of parameterization involving cloud 
fraction, cloud and sfc emissivity, sfc and cloud temp.

Clouds Over 
Ocean, Land, 
Desert

Ocean, Forest, Cropland/Grass, Savanna, Bright Desert, 
Dark Desert, precip. water, lapse rate, skin temperature

Clear Ocean, 
Land, Desert 

DescriptionScene Type

CERES/Terra Longwave & Window ADMs for 
Different Scene Types



Uncertainty in Regional Mean 
TOA Flux due to ADMs



(W m-2)

Direct Integration Test: SSF SW TOA Flux Error (24-h Avg)

December, 2002

June, 2002



(W m-2)

Direct Integration Test: SSF SW TOA Flux Error (24-h Avg)
March, 2003

September, 2002





All-Sky Daytime Longwave Flux Direct Integration Tests (DJF)

TRMM ADMs
F(ADM) – F(DI)

Terra ADMs
F(ADM) – F(DI)

Flux Error
(W m-2)

MN DIFF
-0.04 W m-2

RMS Diff
0.93 W m-2

MN DIFF
-0.13 W m-2

RMS Diff
1.45 W m-2



TOA Flux Consistency Tests



CERES-MODIS Instantaneous TOA Flux 
Consistency Tests

ImagerCERES

1°

1°

θ

(

- Convert imager nadir visible radiance to broadband flux
- Compare off-nadir CERES flux with nadir flux inferred 

from imager visible radiance
- 79 global alongtrack days over 4 years



Clear-Sky Multiangle Consistency [SW Flux(θ=50°-60°) − SW Flux (Nadir)]

Relative SW Flux Difference (%)
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Cloud Layer Classification
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CERES TOA Flux Consistency By Cloud Type
Relative RMS Flux Diff. [F(θ=50°-60°) – F(Nadir)]
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CERES TOA Flux Consistency By Cloud Type
Relative RMS Flux Diff. [F(θ=50°-60°) – F(Nadir)]
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SW: (Overall 4.16%)

LW: (Overall 2.11%)
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CERES TOA Flux Consistency By Cloud Type
Relative RMS Flux Diff. [F(θ=50°-60°) – F(Nadir)]
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LW: (Overall 2.56%)

6.28

CLR

ThickMod
12.49

Thin
9.75
7.76

MCL

ThickModThinThickModThin
5.925.5625.9411.74Low
3.597.635.77Mid

9.238.75High
OVCPCL

2.51

CLR

ThickMod
2.79
5.44

Thin
2.32
2.30

MCL

ThickModThinThickModThin
2.652.162.072.42Low

3.993.224.361.98Mid
2.825.18High
OVCPCL



Instantaneous TOA Flux Error by Cloud Property



CERES-MISR Albedo Comparison
Ai

CERES Footprint

- Convert MISR radiances and albedos to broadband SW.

- Are CERES and MISR albedos consistent?

- Infer TOA albedo from every MISR angle using CERES ADMs

- Are albedos from different angles consistent?

- How do differences depend upon cloud type and degree of   
anisotropy and inhomogeneity?

MISR radiances





CERES, MODIS and MISR Radiance Comparison



ES8 and SSF Comparisons



24-h Monthly Mean TOA Fluxes from 
Instantaneous CERES Fluxes (e.g., SSF, ES8)

- Apply CERES Terra ADMs to determine TOA flux from 
every CERES footprint in CERES SSF product.

- Convert every CERES TOA flux to a 24-h average flux 
using CERES TRMM diurnal albedo models (assume 
constant meteorology).

- Determine gridded (1°x1° latitude-longitude) monthly 
mean maps of SW TOA Flux. 

- Repeat these steps for CERES ES8 (ERBE-Like) 
instantaneous TOA fluxes and ERBE diurnal albedo
models.





(W m-2)

December, 2002

June, 2002

ES8 Minus SSF SW TOA Flux Difference (24-h Avg)

















SSF and CRS Flux Comparisons







Mean Relative Difference: 3.6%

CERES SW Reflectance vs DISORT Reflectance
(OVC Liquid Water Clouds; θo=25°-30°; θ=20°-40°;  φ=30°-60°)

• CERES
• DISORT 



SW LW

Mean SW and LW Cloud Radiative Forcing
(North Pacific 30°-60°; 160° -220°E; July 1985-1989)

CCM3

ERBE
CCM3

ERBE

Norris and Weaver, 2001



SW LW

ECMWF 500-mb ω (mb day-1) ECMWF 500-mb ω (mb day-1)

SW LW

SSF
ES8

CERES SSF vs ERBE-Like Avg. Inst. Cloud Radiative
Forcing by 500-mb ω (July 2000)



Plans For Aqua

- Produce final CERES Aqua Edition2 ADMs and validation results
by the fall 2005 CERES STM.

- Aqua ADMs will use 2 yrs of Aqua Edition1B SSFs and will be 
based on the same strategy as CERES Terra Edition2B ADMs



BACKUP SLIDES





SW TOA Flux Difference (non-geo minus geo)

SW TOA Flux Difference (W m-2)
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SW TOA Flux Difference (non-geo minus geo)

SW TOA Flux Difference (W m-2)
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SW TOA Flux Difference (non-geo minus geo)

SW TOA Flux Difference (W m-2)
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Global SW TOA Flux Comparison: Non-Geo vs GEO (2000)
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