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• Terra ADMs based on 2 years of CERES/Terra 
measurements.

• CERES/TRMM used only to fill in angular bins at small 
solar zenith angles.

• Scene Identification based on CERES Edition1A cloud
properties.

• Terra SSF Edition2 will use new cloud algorithm for 
nighttime polar and twilight conditions.

• Terra SSF Edition2 will improve how microwave-based 
snow and sea-ice fraction is represented over a 
CERES FOV.

• Terra SSF Edition2 will use GEOS 4 instead of 
ECMWF

CERES Data Used in Terra ADM Development
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i) ADMs
ED1   = ED2B CERES/TRMM ADMs applied to CERES/Terra
ED2   = Developed from 2yr CERES/Terra with ED1 cloud algorithm

ii) Cloud Algorithm
ED1   = Run on 2yr of MODIS (has bugs in polar night and twilight conditions)
ED2   = Fixes polar night and twilight bugs in ED1

iii) SSF Product

NAMING CONVENTIONS:

Proposed

2 years +

Availability

Lots of 
Good 

Science?

Based on ED2 ADMs
developed using 2 years of 

ED1 cloud algorithm
ED2ED2A

ED2 ADMsBased on ED1 ADMs
(CERES/TRMM ED2B)

ED1ED1A

OutputTOA FluxesCloudsSSF
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Given that the new Terra ED2 ADMs were developed using the ED1

cloud algorithm for scene identification, how do TOA fluxes change 

when the ED2 ADMs are applied using the improved ED2 cloud 

algorithm?
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Effect of Cloud Algorithm Changes on SW TOA Fluxes
F(ED2 Clouds) – F(ED1 Clouds) using new Terra ED2 ADMs
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Effect of Cloud Algorithm Changes on LW TOA Fluxes
F(ED2 Clouds) – F(ED1 Clouds) using new Terra ED2 ADMs
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Effect of Cloud Algorithm Changes on Nighttime LW TOA Fluxes
F(ED2 Clouds) – F(ED1 Clouds) using new Terra ED2 ADMs

December 31, 2000 June 14, 2001

Mean Diff
Std of Diff

Mean Diff
Std of Diff
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Snow info on SSF is inferred using snow and sea-ice map from NSIDC (based on SSM/I).

=>Fractional snow/sea-ice coverage is projected onto a 10’ grid.

Snow & Sea-Ice Coverage on SSF
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- It assumed that if snow/sea-ice was
present, it covered 100% of the area.

- ED2 snow & sea-ice ADMs were based on 
2-years of this data.

ED1 SSF ( June 14, 2001)

ED2 SSF ( June 14, 2001)
Ice/Snow Percentage Over Footprint

Ice/Snow Percentage Over Footprint

SSF ED1A used the NSIDC map incorrectly:

ED2A will account for fractional sea-
ice.

SSF ED2A will correct this problem:
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SW TOA Flux Sensitivity to Changes in SSF ED1A and ED2A 
Snow/Sea-Ice Fraction
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Flux Difference (W m-2)

JUNE 14, 2001

SW TOA Flux Sensitivity to Changes in BOTH Cloud Algorithm
and Snow/Sea-Ice Fraction
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Flux Difference (W m-2)

LW TOA Flux Sensitivity to Changes in BOTH Cloud Algorithm 
and Snow/Sea-Ice Fraction
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SW TOA Flux Validation

1) Direct Integration Test

2) TOA flux differences between CERES/Terra ES8, ED1 and 
ED2

3) Alongtrack Consistency Tests
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SW Flux Direct Integration Test

Flux(ADM) – Flux (DI)
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- Compare ES8, ED1 and ED2 monthly mean from instantaneous clear and all-sky TOA 
fluxes (no diurnal averaging) for December 2001 and June 2002 crosstrack data.

- Use only daytime measurements at local times between 6 a.m. and 6 p.m.

All Daytime Hours 6 a.m. – 6 p.m.

TOA Flux Differences Between CERES/Terra ES8, ED1 and ED2
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DECEMBER, 2001
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SW TOA Flux Comparisons
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ED2 (W m-2)
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JUNE, 2002
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SW TOA Flux Comparison (June 2002)
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RMS Diff
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SW TOA Flux Differences: ES8 & ED1 vs ED2
(December 2001)
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RMS Diff
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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

- 41 global alongtrack days over 2 years
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Regional Stratification:
Tropics         - Lat < 30°, Ocean, Land, Desert
Midlatitudes - Lat > 30°, Ocean, Land, Desert
Polar             - Global, FOV contains Snow or Sea Ice 

- Convert imager nadir visible radiance to broadband flux: 
i)  Narrow-to-broadband radiance regression developed using 

instantaneous nadir CERES and imager radiances over 
1° regions. 

ii)  Retain only cases where error in fit is < 3% (≈57% of popl’n)
iii) Apply CERES ADMs to CERES off-nadir and imager

nadir broadband radiances.

- Compare off-nadir and nadir instantaneous TOA fluxes by 
latitude, region, IGBP type, cloud type, etc.

Approach
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Clear-Sky Instantaneous SW TOA Flux Consistency: Terra ADMs
[ F(θ=50°-60°) − F(Nadir) ] / F(Nadir) x 100%

Relative Difference (%)
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Clear-Sky Instantaneous SW TOA Flux Consistency: TRMM ADMs
[ F(θ=50°-60°) − F(Nadir) ] / F(Nadir) x 100%

Relative Difference (%)
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Polar 312.6 -12.1 17.7 18,692 
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Clear-Sky Multiangle Consistency [SW Flux(θ=50°-60°) − SW Flux (Nadir)]

Relative SW Flux Difference (%)
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All-Sky Instantaneous SW TOA Flux Consistency: Terra ADMs
[ F(θ=50°-60°) − F(Nadir) ] / F(Nadir) x 100%

Relative Difference (%)
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All-Sky Instantaneous SW TOA Flux Consistency: TRMM ADMs
[ F(θ=50°-60°) − F(Nadir) ] / F(Nadir) x 100%

Relative Difference (%)

-50 -40 -30 -20 -10 0 10 20 30 40 50

R
el

at
iv

e 
F

re
qu

en
cy

 (
%

)

0

5

10

15

20

25

30
Tropics
Midlatitude
Polar

Region Mean SW Flux 
(W m-2) 

Bias 
(%) 

RMS 
(%) 

No. FOVs 
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All-Sky Multiangle Consistency [SW Flux(θ=50°-60°) − SW Flux (Nadir)]

Relative SW Flux Difference (%)
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TOA Albedo Error vs Albedo Consistency at Nadir and θ=55°
(3 ADMs Applied to 1D Cloud Popln;  θo=20°-30°)
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Estimated Instantaneous TOA Flux Error
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LW TOA Flux Validation

1) Direct Integration Test

2) TOA flux differences between CERES/Terra ED1 and ED2

3) ES8 – ED2 TOA flux differences

4) Alongtrack Consistency Tests
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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
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TRMM ADMs
F(ADM) – F(DI)

Terra ADMs
F(ADM) – F(DI)

Flux Error
(W m-2)

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

MN DIFF
0.35 W m-2
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1.32 W m-2
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RMS Diff
0.82 W m-2
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TRMM ADMs
F(ADM) – F(DI)

Terra ADMs
F(ADM) – F(DI)

Flux Error
(W m-2)

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

MN DIFF
0.28 W m-2
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1.63 W m-2

MN DIFF
-0.10 W m-2

RMS Diff
1.34 W m-2
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TRMM ADMs
F(ADM) – F(DI)

Terra ADMs
F(ADM) – F(DI)

Flux Error
(W m-2)

All-Sky Nighttime Longwave Flux Direct Integration Tests (JJA)

MN DIFF
0.69 W m-2

RMS Diff
1.37 W m-2

MN DIFF
0.24 W m-2

RMS Diff
1.02 W m-2
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Clear-Sky Instantaneous LW TOA Flux Consistency: Terra ADMs
[ F(θ=50°-60°) − F(Nadir) ] / F(Nadir) x 100%

Relative Difference (%)
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All-Sky Instantaneous LW TOA Flux Consistency: Terra ADMs
[ F(θ=50°-60°) − F(Nadir) ] / F(Nadir) x 100%

Relative Difference (%)
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Conclusions
- New Terra ADMs meet CERES TOA flux accuracy requirements.

- Notable improvements in TOA flux accuracy relative to 
CERES/TRMM ADMs for:
- Snow and sea-ice (SW and LW)
- Clear and all-sky land (SW)

- Expect large differences between ES8 and SSF cloud radiative
forcing: 
=> large increase in SW CRF from SSF (~5 W m -2); modest increase 

in LW CRF (~2 W m -2)

- Differences between ES8 and SSF scene id and ADMs alone do not 
explain the ~5 W m-2 imbalance in global annual net radiation 
observed in ERBE.

-Instantaneous SW TOA flux accuracy best for low-level overcast 
conditions (~4%); worst for thin and multi-layer clouds (~10%).

-Greatest challenge for LW TOA flux accuracy for high thin clouds.
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-Changes in cloud algorithm and snow map in SSF ED2 induces 
large SW flux changes relative to ED1, but small LW changes:

-=> Zonal avg SW flux decreases by up to 5 W m-2 between 60-70N

=> Zonal average LW flux decreases by up to 0.5 W m-2.
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Backup Slides



63

CERES/Terra ED2 SW ADMs

(Note: ED1 Cloud Algorithm is used for scene ID)
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Clear Ocean
Similar approach as for CERES/TRMM but with 2° angular bin 
resolution. Wind speed dependent empirical ADMs + theoretical 
correction for aerosol optical depth variations.

* 6 bins of wind speed (0-12 m s-1 in steps of 2 m s-1)
* 45 solar zenith angle bins (0-90 deg in steps of 2 deg) 
* 45 viewing zenith angle bins (0-90 deg in steps of 2 deg) 
* 90 relative azimuth angle bins (0-180 deg in steps of 2 deg) 
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Clouds over Ocean:
“Continuous” ADMs using sigmoidal fit approach for 3 cloud 
phase categories:

i) Liquid Water (Phase  < 1.01)
ii) Mixed Phase (1.01 < Phase < 1.75)
iii) Ice (Phase > 1.75)

Clouds Over Ocean
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SW Radiance vs ln[ f  e<ln τ>]

ln[ f  e<ln τ>]
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Viewing Zenith Angle (°)
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In sunglint, radiance-to-flux conversion is highly uncertain both for clear and 
cloudy conditions.

Clear Scenes:

To determine whether or not to perform a radiance-to-flux conversion, the 
standard deviation (σclr) of the clear ocean ADM anisotropic factors in the 
vicinity of the measurement (i.e. surrounding ws, θο, θ, and φ bins) must be 
less than 0.05.

Otherwise, use ADM mean flux corresponding to ADM scene type.

Cloudy Scenes:

Perform radiance-to-flux conversion if: (1-fcld) σclr < 0.05

Otherwise, use ADM mean flux corresponding to cloudy ADM scene type.

Sea Ice:

Perform radiance-to-flux conversion if: (1-fice)(1-fcld) σclr < 0.05

Otherwise, use ADM mean flux corresponding to sea-ice ADM scene type.

Glint Avoidance
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Percentage of CERES FOVs Passing Sunglint Avoidance Test
(December, 2001; Crosstrack)
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ED2
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- Collect one month of clear land CERES reflectances over 
≈1° equal-area regions. Stratify by solar zenith angle and TOA 
NDVI.

- If sampling over angle is sufficient, use an 8-parameter 
nonparametric fit (from Ahmad and Deering, 1992) to produce
brdf and ADM for the ≈1° region.

Clear Land & Desert
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-Multiple scattering based on Chandrasekhar’s RT solution for 
semi-infinite medium.

-“Hot-spot” modeled using empirical term (Hapke, 1986).
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BRDF in Vicinity of SGP ARM Site (June, 2000)
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Clouds Over Land & Desert
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ii) Determine fits for f Icld(µo,µ,φ) vs ln(f e<lnτ>) (independent of 
surface type):

Sigmoidal Fit Over Land
(θο = 40°-45°; θ = 0°-5°)
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iii) Instantaneous TOA flux inferred from:
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Definition of Snow and Ice 

• Permanent Snow
Dominant surface type is permanent snow

• Fresh Snow
Dominant surface type is fresh snow or
Imager detects snow/ice over land and surface 
temperature is less than 280 K.

• Sea Ice
Dominant surface type is fresh snow or
Imager detects snow/ice over ocean and sea surface 
temperature is less than 280 K.
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Bright and Dark Snow/Ice

• Bright or Dark snow is determined based on a snow map 
made from nadir view (? < 25) MODIS 630 nm 
radiances.

• The snow map is made by:
1) Determine mean reflectance as a function of snow 
type and solar zenith angle.
2) Every nadir view reflectance is classified as bright (1) 
or dark (-1).
3) If the sum of all classification from one month of data 
in a 1 degree by 1 degree is positive, the area is 
classified as bright snow. 
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Snow and Ice ADM Scene Type 
Classifications
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Use of Neural Network Scheme to Predict TOA Fluxes

(FSSF – FADM)/FANN (%)
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- Determine TOA fluxes when imager information is unavailable or too 
many pixels have no cloud retrieval.

-Train neural network with TRMM ADMs to predict TOA fluxes using
only CERES SW, LW & WN radiances and ECMWF parameters.
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CERES/Terra ED2 LW ADMs
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Longwave and Window ADM Scene Types for Clear Scenes
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- For scene types stratified by:
i)   surface type (ocean, land, desert)
ii)  precipitable water (4 intervals)
iii) skin temperature   (11 intervals)
iv) surface-cloud temperature difference (22 intervals)

Derive functional fits in 2° viewing zenith angle increments 
between CERES LW (WN) radiance and the parameter ψ
defined by:

Terra LW & WN ADMs: Cloudy Scenes
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LW Flux vs ΨF

(Ocean; w=4 cm-1; Ts=300 K; Ts-Tc=85 K)
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LW Radiance & Anisotropy: Clouds Over Ocean
(w=4 cm-1; Ts=300 K; Ts-Tc=85 K)

Viewing Zenith Angle (°)
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SFC

CERES MODIS

MODIS pixels within a CERES FOV are identified using a surface reference level.
⇒ This is appropriate for clear scenes, but not for clouds since CERES and MODIS 

“see” different parts of a cloud (A and B above).

CERES-MODIS flux difference due to inappropriate reference level increases with:
(i) Cloud height. 
(ii) Difference between CERES and MODIS viewing angles.
(iii) Cloud inhomogeneity.

A B
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Relative RMS Error

θcer - θmod
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December, 2001

ED1 – ED2 SW TOA Flux RMS Difference
June, 2002

RMS Difference (W m-2) RMS Difference (W m-2)

Clear Clear

All-SkyAll-Sky
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December, 2001

ED1 – ED2 LW TOA Flux RMS Difference

All-Sky

Clear
June, 2002

All-Sky

Clear
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