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• A new climate ERB calibration stability goal and Rev1
Adjustment Results for Terra and Aqua

• Stability metric of DCC albedo to replace MAM data and
darkening model required to meet needs of climate community

• Contamination model spectral response and gain estimates for
Terra and Aqua generated for Edition 3 beta test run

• Edition 3 Beta SW validation results
• Proposal to balance all channels on same EOS platform
• Application of contamination model to 3 channel/Total SW

response calibration
• Suggest significant increase to all CERES daytime LW and

comparisons with CRS trends
• Request for commentary
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Ohring et al (2005)
suggests that ERB

measurement stability
needs to reach 0.3% per

decade

This is near to an order of
magnitude greater than

CERES instrument design
specification stability

(note: not data products)
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The resulting comparison with anti-correlated SeaWiFS PAR
shows that the Rev1 adjustment to CERES Terra SW data yields
stability comparable to that of SeaWiFS:
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However, even after the Rev1 adjustment the Aqua SW flux
anomaly continues to drop relative to Terra:
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SW Ed3 beta calibration: Model Derived
Gains and Spectral reaponse
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This shows deficiencies in the Aqua Rev1 adjustment, perhaps
due to significant cross-track instrument darkening or on-board
lamp drift. Hence for Edition 3, a new calibration methodology
is needed:

• Deep Convective Cloud albedo: Find the albedo of the coldest,
brightest and most uniform clouds in the tropics. These become
your ‘solar diffuser’ stability metric.

• Constrain contamination model using direct compare:
Contamination/UV exposure model is adjusted to best match the
direct compare of nadir footprints between two instruments on
the same platform. Use of clear ocean and allsky scenes allows
the model to determine coloration of spectral response changes.
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Use MODIS to find Ed1-CV filtered SW footprints of
thickest, coldest and most uniform tropical ocean DCC
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In order to use filtered radiance as a diagnostic, a run of CERES ES8 data was
generated with fixed calibration and production code (Edition 1-CV). Filtered

radiance footprints are then matched with SSF information on ADMs, scene type &
MODIS radiances.
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Edition1-CV DCC albedo change (no cal adjustments)
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1 RAPS, 1 Xtrack instrument at anytime. Direct Compare
(DC) is the ratio of simultaneous nadir filtered radiance

Instrument diagnostic that is INDEPENDENT OF CLIMATE
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Plot of normilized Earth spectra compared to fractional transmission 

of polymerized contaminant transmission (1um thick)
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FM1 Contaminant Thickness
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FM2 Contaminant Thickness
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Changes to Terra SW Spectral responses R(λ) for Edition 3 Beta
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Use of model spectral response and DA to find gain change
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CERES Un-filtering:

Re-arrange to give gain change g(t) from DCC Filtered albedo:
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Net Instrument Response = Gain * Spectral Response
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We gave Tom some Clear Ocean Ed3_beta/Ed2 values which he
applied to his CRS model comparisons:
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SW Ed3 beta calibration: Aqua
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FM3 Contaminant Thickness
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FM4 Contaminant Thickness



NASA Langley Research Center / Science Directorate

Changes to Aqua SW Spectral responses R(λ) for Edition 3 Beta
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Net Instrument Response = Gain * Spectral Response
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Edition 3 `BETA’ that is inverted using the contamination model
derived gains and spectral responses also now gives excellent
agreement between Terra and Aqua SW flux:
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LW Ed3 beta calibration: Nighttime
Balancing between instruments
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Terra Allsky Nighttime LW Un-filtered Direct Compare
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Aqua Allsky Nighttime LW Un-filtered Direct Compare
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Terra Allsky Nighttime WN Un-filtered Direct Compare
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Aqua Allsky Nighttime WN Un-filtered Direct Compare
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LW Ed3 beta calibration: Daytime
Balancing between SW and Total Channels
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Re-analysis of 3 channel Deep Convective Cloud balancing to
determine SW potion of Total channel response
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During day use window channel to remove the filtered LW DCC
signal from filtered radiances. Compare Total and SW response

to DCC SW radiance:
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Model fit to FM1 DCC SWTOT/SW slope
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Model fit to FM2 DCC SWTOT/SW slope
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Terra Daytime LW Edition Comparison
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Comparison of CRS Model with FM1 Day/Nite LW Flux
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Aqua Daytime LW Edition Comparison
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Edition 3 Calibration Beyond 2006
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• How stable is DCC albedo?
• The darkening model appears to be successful at providing

good stability to CERES inversion but does not have fully
solid physical basis (e.g. Terra SW 4% gain change).
Development continues.

• Do we want all CERES instruments on same radiometric
scale (Terra/Aqua using DCC), how do we do it?

• Is the significant absolute changes to daytime LW for all
CERES data realistic?

Thoughts for Comment
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Terra Allsky Daytime LW Un-filtered Direct Compare
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Aqua Allsky Daytime LW Un-filtered Direct Compare
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Re-analysis of 3 channel Deep Convective Cloud balancing to
determine SW potion of Total channel response
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allsky
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Clear ocean



NASA Langley Research Center / Science Directorate



NASA Langley Research Center / Science Directorate



NASA Langley Research Center / Science Directorate



NASA Langley Research Center / Science Directorate



NASA Langley Research Center / Science Directorate



NASA Langley Research Center / Science Directorate

CERES Edition 3 beta Calibration
Theory and Results

Contributors: Norman Loeb, Costy Loukachine, Bruce Wielicki

CERES Instrument Working Group
CERES Science Team Meeting, UKMO,

Exeter UK, 25/10/06



NASA Langley Research Center / Science Directorate

• Introduction: Desired ERB data product measurement stability
stretches CERES design specification

• Improved model uses Ed1-CV matched to SSF-MODIS
information used to identify scenes and estimate spectra

• Deep convective cloud albedo used to derive SW gain changes
rather than SWICS in order to increase stability

• Iterative SW darkening model is tuned using allsky and clear
ocean direct compare

• Initial results very promising for Aqua (Terra Model still being
tuned)

• Re-analysis of 3 channel: suggests adjustments SW total channel
response that result in an increase in CERES daytime LW

• Future considerations and topics for discussion
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Ohring et al (2005)
suggests that ERB

measurement stability
needs to reach 0.3% per

decade

This is near to an order of
magnitude greater than

CERES instrument design
specification stability

(note: not data products)
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• Introduction: CERES Instrument and spectral
darkening

• CERES Edition 2 Revisions, Terra & Aqua results
• Deep convective cloud albedo, proposed stability

metric for CERES Edition 3
• Contaminant fixing and polymerizing model to

derive Edition 3 spectral response and gains.
• Preliminary results from test run with model

derived calibration parameters
• Summary
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In order to use filtered radiance as a diagnostic, a run of CERES ES8 data was
generated with fixed calibration and production code (Edition 1-CV). Filtered

radiance footprints are then matched with SSF information on ADMs, scene type &
MODIS radiances.
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CERES Scanning Radiometer Instrument
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What does SWICS data imply about change
SW gains gains on the Terra instruments?

Answer: The lamps suggest SW channel gains are stable to
0.1% on both Terra instruments FM1 and FM2
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Anomalous -2% drift in Edition 2 Terra
measured global SW Flux from the Earth?
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CERES Spectral Response of 3 Channels
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Could this be caused by a non-spectrally uniform darkening of
the CERES SW optics as occurred on LDEF?
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The GOME instrument narrowband channels show a similar
spectral shape of darkening:
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Could this be caused by a non-spectrally uniform darkening of
the CERES SW optics as occurred on LDEF (undetectable by

viewing onboard lamps)?
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1 RAPS, 1 Xtrack instrument at anytime. Direct Compare
(DC) is the ratio of simultaneous nadir filtered radiance

Instrument diagnostic that is INDEPENDENT OF CLIMATE
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Plot of normilized Earth spectra compared to fractional transmission 

of polymerized contaminant transmission (1um thick)
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• The LDEF experiment suggests that atomic
oxygen in LEO has the effect of removing and
mobilizing optical coatings where they are
then fixed to optical surfaces by UV photons.

• If this is the cause of CERES spectral
darkening, what is it about the RAPs
operational mode that allows this to happen?
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How can we quantify and remove this change in response for
each instrument without removing real climate trends?

• Short term (Ed2_Rev1): Experience from LDEF suggests that
the SW response of the instrument in Xtrack mode should
remain relatively stable. Hence use Xtrack instrument as
calibration standard in percent direct compare to derive change
in RAPS instrument response to All sky and Clear Ocean.

• Long term (Ed3): Develop comprehensive Contamination/UV
exposure model and use percent direct compare in conjunction
with Deep Convective Cloud albedo metric to derive change to
instrument spectral response.
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Use Xtrack instrument as calibration standard and hence you can
derive the separate instrument drift to be taken out in Rev1 adjustment
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A table of Rev1 adjustment factors is issued via the quality
summary, authors then use the description “Edition2_Rev1”

http://eosweb.larc.nasa.gov/PRODOCS/ceres/ES8/Quality_Summaries/CER_ES8_Terra_Edition2.html
http://eosweb.larc.nasa.gov/PRODOCS/ceres/ES8/Quality_Summaries/CER_ES8_Aqua_Edition2.html
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