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CERES imager and GEO calibration tasks

* Assess the stability of the MODIS and VIIRS imager channel radiances
* Provide the NPP and N20 VIIRS to Aqua-MODIS C5 calibration reference coefficients
— annual updates in January

» Provide GEO visible channel calibration coefficients radiometrically scaled the Aqua-
MODIS C5 calibration reference

— bi-monthly updates of operational GEOs

— Assess GEO pre-operational image quality
* Improve spectral band adjustment factors using hyper-spectral datasets
Improved GOES-17 bad scan line detection and cleaning

2022-2023 Future

Europe/Africa 0° Met-11 to Met-10 Mar 21, 2023 Met-10 to Met-12 late 2023, Met-13 late 2026
Indian Ocean 45° Met-8 to Met-9, Jul 1, 2022

TWP 140° Him-8 to Him-9 Dec 1, 2022 Him-9 until 2029
GOES-West -135° GOES-17 to GOES-18 Jan 4, 2023 GOES-18 until 2030 (GOES-19 launch 2024)
GOES-East -75° GOES-16 until 2032
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Aqua-MODIS-B1/N20-VIIRS-I1 0.65um intercalibration

Tropical SNO, Jan 14, 2020
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Comparison of Libya-4 1.24um stability with and without
atmospheric parameters

Aqua-MODIS N20-VIIRS

Before atmospheric correction
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Normalized Response
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» We independently track the MODIS and VIIRS temporal stability and talk with the MCST and VCST team if we
see any significant trends and update annually on the satcorp web site




NPP/N20 VIIRS channel ratios

NPP/N20 VIIRS band calibration difference %
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DCC-IT: Deep Convective Cloud Invariant Earth target approach 4.8 4.0 3.9
Libya-4: Invariant desert target approach 50 5 4 3.5
DCC-RM: Coincident collocated ray-matched radiance pair

approach using DCC and Aqua-MODIS as a transfer radiometer g2322?:&110(}1;;26&1;}1))1;;%0}11:12{:?)i?avnliﬁigsenf;;;5‘5.n stal
ATO-RM: same as DCC-RM except using all-sky tropical ocean 2023, submitted

The four calibration ratio approaches were consistent within CERES and MAIAC agree within 0.8%
0.8%, except for band M10 which agreed within 1.3%. - CERES and VCST agree within 1.7%




Met-11/Imager stability and radiometric scaling

MET11, OCEAN_ONLY, VIS, 0.64um (SBAF)
AQUA, TERRA, TERRA2AQUA, NPP, NPP2AQUA, N20, N202AQUA

LEGEND
Aqua-MODIS (reference) .
Terra-MODIS 0 -------
Terra-MODIS scaled to Aqua
NPP-VIIRS 0 —-=----
NPP-VIIRS scaled to Aqua -
N20 VIIRS 0 -==---
N20 VIIRS scaled to Aqua -

0.62

0.58 -

=
®© - i
O . Calibration difference with
0.54 | %70-00™ " 07 _ respect to Aqua-MODIS
AQUA TERRA T2A NPP(11)  NPP2A(I1) N20(11)  N20_2A(1)
g0 5.638e-01 555101 5.643e-01 5648¢-01 5.660e-01 532101  5.637e-01 % Before Scaled
g1 1.152e-05 9.783e-06 9.713e-06  9.152¢-06 9.769¢-06  9.3960-06  1.179e-05 .
- g2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 scaling to Aqua
R’ 0.6472 0.6592 0.6525 0.6950 0.7227 0.6672 0.7407
STDerr% 0.7873 0.6582 0.6422 0.5540 0.5507 0.6428 0.6340 Terra -2 1 -0.5

0 50 MEAN 5. 8539 01 5.731e- 01 5.821e-01 5 819e-01 5.8430-01 5.498e- 01 5.858e-01

..................................................................

899 1264 1 629 1994 2359 2724 3089
MET11 Day Since Launch (Jul 15, 2015)

2018 2019 2020 2021 2022 2023 2024 %5
YEAR

NPP
N20

-0.6
-6.1

-0.2
+0.1

N\ /2
CERES

.\ | 4




GOES-18/Imager stability and radiometric scaling
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Himawari-8/imager IR Window (11.2 ym) comparison

Him8/N20 11 um, 201 8-2022

................................. RERERRRES ST
SpaceCoum(DAY) 21455

Him8/Aqua 11um, 2018-2022

vvvvvvvvvvvvvvvvvvv BRI S N B B 0w S AL LA B0 S an o o

mmgﬁ%z?& lo) Day ] SpaceCount(NIGHT) = 2.7370 o) Day
Hlm8/Aqua 11 um Jan 2021 | o xNight | HIim8/N20 11um, Jan 2021 x Night
e 3, B2 IS >0, s
320 T 7 T T T o 320 T T T T T T St ;'\5}" preav %3 ‘%"3“ \5}“‘*‘2:};5@@ (‘Qﬁ»—;\’g)
we 208008 & [ AVE 28035 281.02 ) ’\
-SDV  23.31 23.51 . | ] 0 ReiBn J. S0 e P O
3001S2% 20950 299.28 A— : 3001 S2% 25531 20969 S »>5y >>>>>‘>%>>>>> SRR T R o P s
MIN  192.11 191.22 E " MIN 185.08 183.91 >

280 [-RNG 107.39 108.36 o 280 RNG 114.23 115.72 _

260

T

260

SLOPE  1.0104 |
240 XoffPC 2.2

R 0.99
STDerr% 0.17
NU

240

T

2

.9
STDerr% 0.10
UM

NIGHT 290 220 DAY 290 220

BIAS (Tnew - RefTemp), Temperature (K)

BIAS (Tnew - RefTemp

N20 DAY M15(10.763um), Temperature (K

AQUA DAY CH12(11.015um), Temperature (

2201 BIASKY) 024 220 BlASxY) 060 ] SLP  2.270e-01 1.717e-01 SLP 3.103e-01  2.349-01
& -0. - -0. + .270e- 717e- .103e- ¢ -01
RMS 0.43 1 NIGHT 290 220 DAY 290 220 i RMS 0.88 OFF 0.5432 -0.2561 OFF 0.5601 -0.(?978
2001} RMS% 0.15 - SLP 0.090e-4 0.068¢-4 SLP 0.128e-4 0.097e-4 4 2001} RMS% 0.31 | R 0.0090 0.0090 R: 0.0357 0.0357
PC 1 0085 OFF 0.2603 -0.4995 OFF 0.2398 -0.3655 PC 1.0105 STDen% 21.6619  -43.9527 STDem% 13.8392 ~  ***+
Ryx 2.2 10088 R’ 0.0143 00143 R 0.0486 0.0486 S'(:)P . 1.0107 4| MEAN 05007 -0.2202 MEAN 06251 -0.0486
180 A FO ] 1.0087 STDer% 21.7486 STDerr% 17.4095 180 , ; :  FORI21 10101 1 -4l Do o Db b b
-0. < i 1180 1545 1910 2275 2640 3005
180 200 220 240 260 280 300 320 f§ - Al B B, 180 200 220 240 260 280 300 320 HIM8 Day Since Launch (Oct 7, 2014)
HIM8 DAY CH12(11.2um), Temperature (K) e Dy e L b 5 i HIM8 DAY CH14(11.2um), Temperature (K) | : : | : i
M3 Day Since Launch (Oot 7, 2014) 2018 2019 2020 2021 2022 2023

M T T T ) YEAR

2015 2017 2019 2021 2023
YEAR

* The GEO/imager IR channel temperature difference is monitored at 220K and 290K
* The GEO and imager IR calibration relies on blackbodies and are fairly consistent across sensors
» The sensor temperature differences are mainly due to spectral response differences




GOES-16/imager IR WV (6.2um comparison)

Comparison between AIRS and MODIS BT at
6.7 um (Huang group at UM, Mar 21, 2023)
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* The Aqua-MODIS IR 6.2um and 8.6um channels have been drifting since 2018
* The N20 FSNRAD 6.2 and COZ2 channels provide a very stable IR reference
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GOES-16/Aqua-MODIS IR WV (6.2um comparison)

G16 vs AQUA, 2017-2024, LAND & OCEAN

G16 vs AQUA, 2017-2024, LAND & OCEAN IR, 6.2um (C6&C6.1)

IR, 6.2um (C6&C6.1)
Aqua spacecraft anomaly
April 2022

(Tnew - RefTemp), Temperature (K)

<
e
=
o
o)
Q
§
l—
~
§
-
o)
[
2
@
e
=
)
<
m

<«— July 2022 LUT update
, Nov 2022 LUT update
real-time L1B Apr to Jul 2022 reprocess L1B April to July 2022

-4
41 406 771 1136 1501 1866 2231 2596
G16 Day Since Launch (Nov 19, 2016) 41 406 771 1136 1501 1866 2231 2596

G16 Day Since Launch (Nov 19, 2016)

2017 2018 2019 2020 2021 2022 2023 2024
YEAR 2017 2018 2019 2020 2021 2022 2023 2024

YEAR

 The CERES imager and geostationary calibration team was able to help MCST Tiejun Chang
verify his Aqua-MODIS IR LUT 6.2um and 8.6um corrections
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Migrate to N20-VIIRS stability reference

« Migrate to N20-VIIRS stability reference scaled to Aqua-MODIS C5
calibration reference

_ Aqua-MODIS reference Mar 2023-> N20 scaled to Aqua

MODIS and VIIRS visible Radiometrically scale Terra-MODIS, Use the 2018 to 2022 overlap to
channels NPP-VIIRS, N20-VIIRS to the Aqua- compute the one-time scaling factors
MODIS reference annually with Aqua. No further updates

GEO visible channels GEO/Aqua inter-calibration (primary) GEO/N20-VIIRS (scaled to Aqua) inter-
Compare with the GEO/Terra, calibration (primary), Compare with
GEO/NPP, GEO/N20 (imagers scaled other imagers (scaled to Aqua)
to Aqua) Although Aqua and Terra are drifting
inter-calibration with GEO not impacted

IR channels Compare monthly the GEO and Aqua Compare monthly the GEO and N20
BT differences and radiometrically scale FSNRAD BT differences and
the IR and WV to Aqua-MODIS. radiometrically scale the IR and WV to
Aqua-WV channel quality impacted N20 FSNRAD
after Aqua April 2023 anomaly.




CERES L3
PRODUCTS
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Aqua FM3 scan mode started on March 22, 2023

[ GOES-West | GOES-East | Europe [ indian ocean [ TWP
]
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Perform GEO scan mode every 5t day

e The 5th day may vary in order to get
perform an Aqua/NPP or Aqua/N20
SNO, which occurs every 64 hours.

® To perform an SNO scan the CERES
instruments need to be in cross-track
mode
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CERES instrument scan modes

« Cross-track mode designed for uniform spatial
sampling
— This provides observations for SSF1deg and SYN1deg data
products

« RAPS mode designed to capture all view and
azimuthal angles

— This provides observations to build ADMs

« GEO scan mode where the CERES instrument is
pointed to the same line of sight as the GEO
operational scanning.

— This provides coincident angle matched GEO and CERES
observations

NASA Langley Research Center / Atmospheric Sciences




CERES Ed4 L3 data products

Product March 2022 April 2022 March 2023 Datagap 2022
EBAF Terra+Aqua N20

SSF1deg-Terra-FM1  Terra (cross-track) Oct 12-25
Terra-FM2 RAPS mode (no product)

SSF1deg-Aqua-FM3 Aqua cross-track until Feb2023 RAP mode Mar 31-Apr 15

SSF1deg-SNPP RAPS mode start Oct 2019 (no product), except Sept 2022 cross track ~ July 27-Aug1
SSF1deg-N20 N20 (cross-track)

SYN1deg TerratAqua+GEO  Terra+N20+GEO Terra+N20+GEO

FBCT Terra+Aqua Terra+Aqua (see next slide)

CldTypHist Terra+tAqua+GEO  Terra+tAqua+GEO Terra+N20+GEO

« The CldTypHist-Terra+tAqua+GEO record will stop with the February 2023 data month

« The CldTypHist-Terra+N20+GEO record will begin with the March 2023 data month to be publicly
available in June

. NASA Langley Research Center / Atmospheric Sciences &
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FBCT Ed4 data records

 The FluxByCloudType (FBCT) product provides observed daytime
CERES fluxes stratified by 7 cloud layer and 6 optical depth bins (similar
to ISCCP)

— The TRMM directional models are used to compute the daily SW flux

* Now that Terra and Aqua are drifting the observed mean local time is
changing conflating the diurnal sampling in the daily SW flux

» Climatology adjustments to bridge the gap between Terra&Aqua and a
NOAAZ20-only record were unsuccessful
— mostly due to optically thin cloud differences between MODIS and VIIRS
« The FBCT-Terra /Aqua will end in March 2023 and a NOAA-20 record
beginning in March 2018 will be in forward processing mode
— Projected release date at the end of July 2023

SMALL MEDIUM LARGE

CLOUD TOP PRESSURE (MB)

\CCIl 02 03 04 05 06 07 108 109 10 |41 112 13 |14 115 16 117 118 119 120 |21 |22 123
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FBCT MODIS or VIIRS narrowband to broadband derived
sub-footprint cloud layer flux algorithm

For multi-scene CERES footprints, MODIS narrowband to broadband (NB2BB) empirical
relationships estimate the sub-footprint cloud layer broadband radiance

— For single scene type CERES footprints, the observed CERES flux is utilized directly

Convert the cloud layer radiances to fluxes using the CERES ADMs

The MODIS derived cloud-layer fluxes are normalized to the CERES observed footprint flux
— Same ratio is applied to the clear or cloud layer portions (Flux;) of the CERES footprint

Validate the normalization by differencing the MODIS/Aqua and VIIRS/N20 NB to BB based
FBCT fluxes before and after normalization applied to N20

CERES footprint ————————»
20-km LEGEND

e MODIS pixel

: Flux
Flux?om“a]lzed = | - EERER A Flux;.

Single layer

Fluxfootprint

Low cloud layer

High cloud layer

Clear-sky . - %
tmospheric Sciences
A |




Comparison of Aqua vs N20 narrowband to broadband
derived N20 SW FBCT fluxes, Jan 2019

Before footprint normalization After footprint normalization

201901 SW Diff Before Normalization: N20(NB2BBaous) - N20(NB2BBy20) 201901 SW Diff After Normalization: N20(NB2BBaoua) - N20(NB2BBy2o)
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» Aqua and N20 narrowband to broadband coefficients were derived over the same N20 and Aqua overlap period (May 2018 to

Dec 2022)
« After footprint flux normalization the FBCT fluxes are more consistent. There are remaining differences due to MODIS and
VIIRS cloud mask and retrieval differences




Comparison of Aqua vs N20 narrowband to broadband
derived AQUA SW FBCT fluxes, Jan 2019
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« Similar to N20, the Aqua
footprint flux normalization
FBCT fluxes are more
consistent

» As expected, the Aqua
biases are reversed from
the N20 FBCT biases

* The LW footprint flux
normalization also shows
more consistent FBCT
fluxes, however the LW
biases are smaller than the
SW
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SYN1deg Ed4B product

GEO reprocessing of the entire (2000-2022) for greater computed flux and cloud
consistency across the record
— Met 8,9 and 10 reprocessed using the latest Met-11 code

— GEO 2-channel satellites, reprocessed with improved cloud mask and night-time optical
depths
 GMS-5 Mar 2000 to Apr 2003
« Met-557° Mar 2000 to Jan 2007
« Met-7 0° Mar 2000 to Apr 2004
« Met-7 63° Jan 2007 to Jan 2017

The twilight cloud retrievals (SZA>60) to be temporally interpolated across the twilight
hour-boxes

Code bug fixes
Consistent GEO boundaries
Should be publicly available in summer 2023

NASA Langley Research Center / Atmospheric Sciences &
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Ed5 framework
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CERES/GEO flux regional normalization
Test of the TISA Ed5 coding framework

GEO pixel level —— hourly instantaneous ——— SYN1deg code

netCDF files GEO1deg NB SSF1deg code apply GEO NB to BB coefficients
radiances and clouds TRMM ADMs

CERES/GEO 5x5 regional

normalization

Temporal interpolation

Temporal averaging (day/month)

Temporal
interpolation
Temporal
averaging
(day/month)

hourly instantaneous I

SSF1deg fluxes and ‘
clouds
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GEO pixel level , Apply GEO NB -hourly » compute CERES/GEO SSF1deg and SYN1deg

netCDF files to BB instantaneous 5x5 regional and time »temporal interpolation using
coefficients GEO1deg BB matched CERES and hourly GEO or TRMM diurnal
Apply TRMM fluxes and clouds GEO linearly regressed models ‘

ADMS _ flux coefficients
hourly instantaneous SSF1deg and SYN1deg

SSF1deg fluxes and temporal averaging
clouds (day/month)

Edition 5 framework

* Edition 5 framework allows flexibility in using multiple GEO channels for NB to BB and scene types

» The CERES/GEO stand alone code allows validation of the GEO NB to BB derived fluxes as well as flexibility in
deriving CERES/GEO normalization coefficients outside of the TSI code framework

« Splitting the temporal interpolation and averaging algorithms allows both SSF1deg(no GEO) and SYN1deg (with GEO)
to processed with the same code as well as facilitating SARB and FlashFLUX processing




CERES/GEO regional monthly normalization

* For each 1deg region save the coincident within 30 minutes CERES and
GEO derived fluxes

* For each 1 degree, use the surrounding regions that are from the same
geostationary sensor and surface type
— For Edition 4, use the surrounding 5x5 regions
« Perform the linear regression of the CERES and GEO fluxes to compute
the radiometric scaling factors
« The Ed5 framework can now set the surrounding region domain, the

time difference
— The LW comparison is finished, working on the SW

NASA Langley Research Center / Atmospheric Sciences %
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CERES/GEO regional LW flux normalization

1x1 regional normalization, 30 min

180° 120°wW 60°W 60°E 120°E 180°

0.0 2.5 5.0 7.5 10.0 12.5 15.0
LW RMS 1x1 after Normalization

Filter Window: 1 x 1°
Time Difference: 30 Minutes

17.5 20.0

Global Mean: 6.62
Global SD: 2.20

bias1l_after_normalization LW AQUA 201901

0°

30°s|

60°S

180°

-4 -2 V] 2 4

LW BIAS 1x1 after
Normalization

120°W 60°W 60°E 120°E 180°

Filter Window: 1 x 1°
Time Difference: 30 Minutes

Global Mean: -0.00
Global SD: 0.00

3

9x5 regional normalization, 30 min

120°wW 60°W 0° 60°E

180° 120°E 180°

0.0 2.5 5.0 7.5 10.0 12.5 15.0
LW RMS 1x1 after Normalization
Filter Window: 5 x 5°
Time Difference: 30 Minutes

17.5 20.0

Global Mean: 6.75
Global SD: 2.24

biasl_after_normalization LW AQUA 201901

0°
30°S

180° 120°wW 60°W 0° 60°E 120°E 180°

-4 -2 o
LW BIAS 1x1 after
Normalization

Filter Window: 5 x 5°
Time Difference: 30 Minutes

/X7 regional normalization, 15 min

120°W 60°W 120°E 180°

0.0 2.5 5.0 7.5 10.0 12.5 15.0
LW RMS 1x1 after Normalization

Filter Window: 7 x 7°
Time Difference: 15 Minutes

17.5 20.0

Global Mean: 6.29
Global SD: 2.31

bias1l_after_normalization LW AQUA 201901
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Filter Window: 7 x 7°
Time Difference: 15 Minutes
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Global Mean: 0.08
Global SD: 1.11

120°E 180°

[
LW BIAS 1x1 after
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GRID SYSTEMS
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satellite directior

ner of footp = d reso 0
VZA=0 N20 footprint is ~24 km at nadir VZA=65 VZA=70
1.0 grid 3 I : i SRR !, R i ‘
R e T O e v
::;..::. --L [_._ | : .. : o: L B
05 grld : T— ! : . : ': ': :. 0 ..o .IO L:
:: ':':' __L [__ [ . s : ,: ... ... o, [[*s.| %o
0.25 grid s L : S S ..k,_J. NABEEN
e T SUEEEE
YOS ‘ P R
:i: :q: e p [__ = : IR e ° [P °

* For Ed4 every other CERES footprint is processed in SSF L2 product, except for VZA>65 then use all footprints
« Even though the footprint may straddle multiple regions, the footprint center determines the region



N20 Number of footprints per grid resolution
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Proposed EdS 0.5 grid system

« The Ed4 1.0-degree grid system used every CERES footprint for VZA>65°

« The Ed5 0.5-degree grid system will use every CERES footprint for VZA>45°
to ensure that every region will have at least 2 footprints
latitude Region size | Total regions latitude Region size
1.0x1.0 0.5x0.5 129600
1.0x2.0 0.5x1.0 36000
1.0x4.0 0.5x2.0 7200
1.0x8.0 0.5x4.0 3240

1.0x360 0.5x180 8
176048

Total regions

Edition 4 grid system
Edition 5 grid system

CERES Nested runs between 1.38 to
0.66 except within 5 degrees of pole

0.5deg grid

e G|Obe ~ @mmm=CERES Nest e=====60 Degree

| : e
90 80 70 60 50 40 30 20 10 O 10 20 30 40 50 60 70 80 90
South latitude (deg) North |




1deg Gridded Instantaneous RMS error using every and
every other footprint
AII sky SW flux ' 1. Odeg, N2O March 23, 2020 GMT=6-7 AII-sky SW flux RMS error

s

1 daytime  0.021 4.23
7 24-hour  0.011  3.02

w }

All-Sky TOA SW Flux (W m-2) All-Sky TOA SW Flux - All-Sky TOA SW Flux (W m-2)
41 I . > <

160.24 320.47 480.71 640.95 801.18 -10.00 -6.00 -2.00 2.00 6.00

\Wm-2__| LW bias | LW RMS

daytime 0.0007  0.637
nighttime  0.0005  0.960
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Cloud Type Frequency by grid resolution
Aqua January 2019 daytime

6x7 cloud bins, 201901 Aqua Histogr: 6X7 1deg grid, 3x3 cloud bins, 201901 Aqua Hi 3X3 1deg grid,
mean = 5.21 mean = 2.87

6x7 cloud bins, 201901 Aqua Histogram: 3x3 cloud bins, 201901 Aqua Hi

6x7 1deg grid, "~ 3x3 0.5deg grid,
mean = 2.73 mean 1.96

ISCCP CLOUD CLASSIFICATION
I [ |

DEEP
CIRRUS CIRROSTRATUS | oo NYECTION >HIGH

+60° latitude m 0.5x0.5 grid Data volume multiple

2x2 pc-tau 2.19 1.67 4*1.67/2.19 = 3.05
3x3 pc-tau 2.87 1.96 4*1.96/2.87 = 2.73
oUW [eTEATOCUILLE | STRNTLS = 7 LOW /X6 pc-tau 5.21 2.73 4*2.73/5.21 =210
| | |

13 36 94 23 60 379 3-layers 1.98 1.61 4*1.61/1.98 = 3.25
Sl e 4 layers 2.26 1.74 4*1.74/2.26 = 3.08

ALTOCUMULUS | ALTOSTRATUS |NIMBOSTRATUS
— > MIDDLE




