CERES Instrument Status:
Flight Models 6 (FM1FM6)

Mohan Shankar and Alexander Jarnot

CERES Instrument Working Group

CERES Spring Science Team Meeting
May 13, 2025

CERES Instrument Working Group




Overview

AStatus update on all six instruments
A Calibration and Validation

ASpecial topics (Alex Jarnot)
A Aqua/SNPP and Aqua/NOA20 intercomparisons
ADCC Albedo from CERES observations
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CERES Instrument Working Group



CERES Instrument Working Group

Project Scientist: Kory Priestley
IWG Lead: Mohan Shankar
Technical Lead: Susan Thomas

Instrument Operations Data Management Cal/Vval
B. MikeTafazoli Denise Cooper Nathaniel Smith
Janet Daniels A. ThomasSrepiotis Nitchie Smith
Alexander Brown Dianne Snyder Alexander Jarnot
Ethan Ames Daniel Goldin
Carol Kelly

CERES Instrument Working Group




CERES Instrument Status Summary

ANOAAZO/FM6instrument operating irCrosstracknode and is performing
nominally.
A No further occurrences of SW Noise events (since May 2024).

ASNPP/FMSnstrument is operating il€rosstracknode and continues to
perform nominally.

ATerraand AQuaCERES instruments are conducting RAPS and GEOSCAN

A Terra/FM2 was turned off in Jan 2025 due to spacecraft power constraints.

AlLevel 1 Data products
ANOAA20/FM6 Edition 1 gains have been delivered through Mar 2025.
ASNPP/FM5 Edition 2 gains and SRFs have been delivered through Jul 2024.
ACSNNI FYyR !'ljdzZd AyaldNdHzYSyidaQ 9RAGAZY
Feb 2025.
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CERES Instrument
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the visible through the far IR wavelengths

A Reflected Solar Radiances (SW channel: B.@icrons)

A Total Outgoing Radiances (TOT channel: @@ microns)
A Outgoing Longwave Radiances (WN channel (FB)s 8- 12 microns; LW channel (FM6)35

microns)

AThree sensor assemblies contain Cassegrain telescopes and ther
bolometer detectors.

A Sensor assemblies can be rotated in the elevation axis, and instru
can rotate about the azimuth axis.

AOnboard Calibration:
A Blackbodies: TOT channel and WN/LW channel

A SWICS LamW channel
A Mirror Attenuator Mosaic (MAM): Solar Calibratic®W and TOT channel
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CERES Instrument Operations Summary

NOAA20
SNPP EM5 XTK Operated in F;)Agft r;’ogngg.)m Oct 1, 2019,
Aqua EM4 XTK Operated inl\I/TQPzg’frzogzl;ul 14,2021, t0 XTK: Crosgack
Terra FM2 - Instrument Turned OFF on Jan 11, 2025
Terra i RAPS + GEOSCAN A S 2028
GEOSCAN

A For 5 days spaced evenly through the month, scan plane of CERES is aligned with a GEO imager for a few orbits.
A Target a different GEO imager each day.
A Instrument is operated in XTK for the rest of the day.
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AGEOSCAN test:

A Use specific Earth targets to test GEOSCAN approach with FM5 and FM®6.
A Initial tests were conducted that focused on validating operational planning.

A GEOSCAN measurement approach leverages previously proven approaches with CEl
Instruments

A For e.g., Comparisons between CERES and GERB, GEO imagers.
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NOAA20/FM6 Instrument Status
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FM6 Internal Calibration

A For SW and TOT channels, the responses to tHeoand sources continue to be quite stable (<0.3%) after the
initial rise of ~1.6% (SW) and ~2.2% (TOT) since start of mission.
A LW Channel shows very little change (<0.2%).
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FM6 Solar Calibration

A Response of the SW and TOT channels while viewing the MAM that is illuminated by the sun.
A For SW, after the initial rise of ~1.2% for SW response shows very little change (~0.2%).
A For the TOT, after the initial rise of ~2% for TOT, the response shows ~ 0.3% change.
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FM6 Calibrationinternal and Solar Cal Since May 2018

FMG6 Internal and solar calibration results consistently show <0.4% change since May 2018,
demonstrating that the MAM is very stable.

SW Channel TOT Channel
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Validationg FM6 Tropical Mean (TM)

A Average of the Nadir radiances over Tropical oceaPN20°S) scenes under All

sky conditions.
A Uses latest version of BSdata products (Edition })All calibration updates have been applied.

ATwo sets of TM Dalight Differences (DN) are calculated:

A TOT and S\Wensors
DN= TM(TOTSW)- TMy(TOT)
A LW senso(Observations from the LW channel)
DN= TM(LW)- TM\(LW)
ATrends of the difference in the two DN values highlight any inconsistencies in the
response between the three channels.
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Validation FM6 Tropical mean Ddight

DayNight Differences
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FM6 3channel Consistency che&l&8 Allsky Global Dayight
Differences

May 2018- Mar 2025
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NOAA20 SW and LW Flux Anomaly (Level 3)

Anomaly of NOAA-20 SW (24-hr) Flux (SSF1deg) for All Sky Scenes Anomaly of NOAA-20 L W Flux (SSF 1deg) for AII Sky Scenes
‘ OCEAN™ ' | ' ' | ] ‘ OCEAN" " |
T - T
i_‘; D A A AR A Af'\_..sv.v.“,-w-\;%. A A LA - f_;
2= slope (per decade) = -0.57753 | 2 slope (per decade) = 1.32959 N
7 _ 95%conf= 099307 , | i  95% conf = 079578 | .
2018 2019 2020 2021 2022 2023 2024 2025 2018 2019 2020 2021 2022 2023 2024 2025
‘" Lanp ' | ' ' | ] ‘" LAND
=~ — ~ 2—
E E L
: s, AN M,.,“.-J\ lagped Y
= - e . ] s _.‘V__w--- . g V
2 slope (per decade) = -1.26351 7 2 slope (per decade) = 246507 B
+ . 9%conf= 15338 i  95%conf= 251527 | .
2018 2019 2020 2021 2022 2023 2024 2025 2018 2019 2020 2021 2022 2023 2024 2025
| ALL SCENES ' | ' ' | ] ‘| ALL'SCENES |
= '
S z
=
: :
s, i 5,0 _
B slope (per decade) = -0.78280 | slope (per decade) = 1.66937
4 _ 95%conf= _ 0.93697 . ‘ i _ 95%conf= . 1.41065 ‘ . ]
2018 2019 2020 2021 2022 2023 2024 2025 2018 2019 2020 2021 2022 2023 2024 2025
YEAR YEAR

NOAAZ20: CER_SSF1dbtpnth_ NOAA20VIIRS_Editio

CERES Instrument Working Group




SNPP/FMS5 Instrument Status
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FM5 Internal Calibration

A In response to the blackbodies, the FM5 TOT and WN sensors settled at 0.6% since star
of mission.
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FM5 Solar Calibration

A FM5 Solar calibration results show the MAMs are very staifle8% change since start of mission
for both SW and TOT channels.

FM5 Solar Calibration

o Monthly Average
"~ 99 .
oo 2% Full Scale Edition :CV products
0.6
—~ 04
s
g 02
c
©
S5 00«
(]
e
o -0.2
>
e 04 SNPP spacecraft
) anomaly- Aug 2022 XTK startedOct 2023
g 06 RAPS startedOct 2019
(72}
-0.8
NORMALIZED TO FIRST MONTH
o e e 2 ¥ oz e e e e = 2 2 2 2 8 8 5 5 § §% % § 3 38
&
%%j; +Total +«Shortwave

A0S AN

I‘.},I:I
-

CERES Instrument Working Group

NASA



Validationg Tropical Mean (TM)

A Average of the E8 Nadir radiances over Tropical ocean°{2@°S) scenes under
All-sky conditions.

A Uses latest version of data produetsll calibration updates have been applied.

ATwo sets of TM Dalight Differences (DN) are calculated:

A TOT and S\Wensors
DN= TM(TOTSW)- TMy(TOT)
ALW 6! aSa | WNaNdwkoyBB rglessiob)
DN= TM(LW)- TM(LW)
ATrends of the difference in the two DN values highlight any inconsistencies in the
Reflected Solar wavelengths of the TOT and SW sensors.
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Validation FM5 Tropical Mean
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Terra FM1 & FM2 Internal Calibration

A For FM1, TOT channel shows ~0.7% rise, SW channel shows ~0.2% drop, and WN channel shows
of ~0.3% since start of missidfM1 operating in RAPS mode since Feb 2025.
A For FM2, TOT channel shows ~1.3% rise, SW channel shows ~0.6% drop since start of mission. WH

channel shows no change until the transition to RAPS in Nov. EDR1Instrument turned off in Jan
2025.

Edition 2CV products
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Aqua FM3 and FM4 Internal Calibration

A For FM3, TOT channel shows ~1% rise, SW channel shows ~0.3% rise, and WN channel sl
~0.6% drop since start of mission.

A For FM4, TOT channel shows ~1.1% rise, while WN channel shows ~0.25% rise since start
mission till the transition of operational modes.
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Terra & Aqua Solar Calibration

Since the start of BIAX, the TOT and SW channels on FM2 showed a drop in response of ~1.3%, FM3 drops by
~0.9%. TOT channel on FM4 showed a drop of ~1.2% while in BIAX.
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Validationg Tropical Mean (TM)

A Average of the E8 Nadir radiances over Tropical ocean°{2@°S) scenes under
All-sky conditions.

A Uses latest version of data produetsll calibration updates have been applied.

ATwo sets of TM Dalight Differences (DN) are calculated:

A TOT and S\Wensors
DN= TM(TOTSW)- TMy(TOT)
ALW 6! aSa | WNaNdwkoyBB rglessiob)
DN= TM(LW)- TM(LW)
ATrends of the difference in the two DN values highlight any inconsistencies in the
Reflected Solar wavelengths of the TOT and SW sensors.
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Validation Terra and Aqua Tropical Mean

FM1 Tropical Mean FM2 Tropical Mean
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Edition 5 Instrument Updates

AEdition 5 gains for Terra and Aqua have been validated and delivered.

ATimevarying SRFs are currently being updated

A For Edition 4, in the generation of the tinvarying Spectral Response Functions (SRFs) for
the Total channel for Terra and Agua instruments, a-stiidam change was made in Mar
2017, which involved the MODIS imager.

A Edition 5 will run with the consistent criteria from the Beginning of Mission (BOM) to obtain
new time varying SRFs.

A Currently the team is incorporating the nawnfiltering algorithm into the SRF selection process.
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CERES Instrument Status:
Special Topics

Alex Jarnot
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Topics Covered

ACERES IWG Intercompares
AAqua/NOAA20 (FM3/FM6)
AAqua/SNPP (FM3/FM5)

ADeep Convective Cloud Albedo
Almprovements for FM6 DCC Selection Criteria

ADEMETER
AStatus Update
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Aqua/NOAA20
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CERES FM3 on Aqua CERES FM5 on S-NPP
Altitude: 704 km Altitude: 824 km
Inclination: 98.2° Inclination: 98.7°

Equatorial Crossing: 1:36 PM Equatorial Crossing: 1:27 PM




Aqua/NOAAQ Intercomparisons

AThe nominal orbital geometries for Aqua and NG2Z02are such that orbital
overlaps occur every ~64 hours.

Al |jdzZ Qa4 2NDBAG KIFa RNATFTOSR FNRY Ala y2YAYIlLE af ¢

A Obtain spatially and temporally matched observations on days with orbital
Crossovers.

ANo special operations are conducted to match viewing geometries; Instruments
continue operating in their nominal mode:

A FM6 inCrosstraclscan mode, FM3 in RAPS scan mode since Mar 2023.

AUse matching criteria to subset the data:
A SZA, VZA difference2<®
A RAZifference <5°
A Distance between centroid of footprints 7 km

A Obtain monthly alisky SW reflectance and LW radiance differences using the matched footprints.
A Note:

A Original analysis considered samples in the-lwar window around the orbital crossover times.
A Since FM3 started operating in biaxial scan mode, the number of matched footprints drastically reduced.

SR, A To counteract the reduced sampling, footprint matches for a full day considered (during the RAPS period) instead of jy
& c around the cros®ver times on the days that crossovers occur.
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FM3/FM6 SW A#lky Intercomparisons: May 201:ec 2024
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FM3/FM6 LW ABKy Intercomparisons: May 201ec 2024

Difference of Daytime Radiance: Difference of Nighttime Radiance:
(FM3-FM6) %, 95% CI (FM3-FM6) %, 95% CI
Daytime LW for FM6 obtained from TEG@W RGN Nighttime LW for FM6 obtained from TOT "2 205
Aqua (Ed4)/NOAA20 (Ed1) Daytime LW Intercomparison / Aqua (Ed4)/NOAA20 (Ed1) Nighttime LW Intercomparison \
4
"4 ' \
3
\ Aqua MLT drift start Jan 2022 ? Aqua MLT drift start Jan 2022
- ) —

1 . \ 1 \\‘
BQ 'o.oo°..‘ a0’ o® ot s0et, . ..‘.. F . 3 I
E 0 ® LJ L] (1) L] [ 6-.... e... O'. - o0 . .e"" '6-...... L] sese .9.001..--....... .... .... .... s*sleae ...
(m] o *0,% 0,0 %0 L of% [a) 1 I8 144 111 T117e

1 ¢ - ° ) 1

-2 L ] [ ] 2

-3 3

-4 -4

Jan-18 Jan-19 Jan-20 Jan-21 Jan-22 Jan-23 Jan-24 Jan-2 Jan-18 Jan-19 Jan-20 Jan-21 Jan-22 Jan-23 Jan-24 Jan-25

Data:
CER_SSF_AgEM3MODIS_Edition4A
CER_SSF_NOAAZA6VIIRS EditionlB

Deviation from the longterm trend in the later years due to the impact on the sampling caused by
lljdzr Qa 2NDAGIFE RNAFO FYR Cao 2LISNIGAYT Ay w! t{
CERES Instrument Working Group

NASA



Aqua/SNPP Intercomparisons

AThe nominal orbital geometries for Aqua andNBP are such that orbital overlaps
occur every ~64 hours.
Al |jdzZ Qa4 2NDBAG KIFa RNATFTUOISR FNRY Ala y2YAYIlLE af ¢

A Obtain spatially and temporally matched observations during every crossover.

ANo special operations conducted:;
A FM5 operated in RAPS mode Oct 2002t 2023; FM3 operates in RAPS mode since Mar 2023.

AUse matching criteria to subset the data:

A SZA, VZA difference2<®®
A RAZifference <5°
A Distance between footprints 7 km

A Obtain monthly alisky SW reflectance and LW radiance differences using the matched footprints.
A Note:

A Original analysis considered samples in the-lwar window around the orbital crossover times.
A When either (or both) instruments are operating in Biaxial mode, the number of matched footprints is drastically reduced.

IS0y, A To counteract the reduced sampling, footprint matches for a full day considered (duribigtiperiod) instead of just
& around the crossver times on the days that crossovers occur.
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FM3/FM5 SW AHkKy Intercomparisons: Feb 201Dec 2024

Difference of Reflectance:
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FM3/FM5 LW ABky Intercomparisons: Feb 201Pec 2024
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.“‘ . DCCs are ideal validation sources for SW comparlsons between
CERES Instruments

" They are bright, cold, and timavariant sources

DCCs provide an Eaftfased target to validate instrument stabilif
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