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OUTLINE
ÅTISA Ed5 framework
ÅCompleted end to end GEO1deg-hour product demonstration, SSF1deg-hour previously finished
ÅFinishing the development of the SSF1deg/SYN1deg-cloud product

ÅCERES SSF1deg and SYN1deg L3 product transition from GEOS5.4.1 to MERRA2 reanalysis
ÅGOES5.4.1 product ended with data month July 2024

ÅEd5 FluxByCloudType(FBCT) narrowband to broadband (NB to BB) improvements
ÅEvaluated SW and LW imager channel selection

ÅNew GEO satellites
ÅGOES-19
ÅMeteosat-12
ÅGEO sub-satellite navigation implementation

ÅNOAA-20 VIIRS I01 band trend detection using Libya-4 and Deep Convective Clouds 
Å/ƻƴŦƛǊƳŜŘ ōȅ ±/{¢ όWŀŎƪΩǎ ƎǊƻǳǇύ

ÅStatus on Ed5 GEO and imager calibration improvements



TISA Framework (from a 2019 kick off document)

V Flexible spatial grid

Flexible timeboxes including local/GMT

V Flexible parameter dimensions within group

V Flexible CERES/GEO input sources

V Reordering time and space dimensions

V Separate the product cloud and flux code

Cloud temporal interpolation and averaging (close)

Directional models with SW flux observations (SSF done) need GEO 
(high priority)

Updated integrated hourboxSZA code (high priority)

Flux temporal interpolation and averaging (high priority)

SARB flux temporal interpolation (transmission and albedo)

V Convert 2-channel code to pixel netCDFformat

V Process Ed5 GEO clouds using Ed4 GEO pixel netCDFfiles

Combine cloud/flux/SARB output into product netCDFfile

GEO NB to BB improvements

V Improved SW visible channel to BB using NDVI imager input

Multiple GEO channel NB to BB based on FBCT results

15-minute CERES/GEO coincident comparisons for GEO flux normalization and 
validation

V Flexible regional normalization (glint)

Validate the GEO NB to BB radiances with coincident CERES RAPS footprints

TISA Ed5 framework status



SSF1deg Ed4.2 updates



SSF1deg transition from GEOS5.4.1 to MERRA2
Terra

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026

Terra Ed4.1 (GEOS5.4.1)
Terra Ed4.2 (MERRA2)

AquaAqua Ed4.1 (GEOS5.4.1)

NPP RAPS

N20

N20

NPP Ed2A (GEOS5.4.1)
NPP Ed2B (MERRA2)*

N20 Ed1B (GEOS5.4.1)
N20 Ed1C (MERRA2)

GOES5.4.1
MERRA2

Legend
RAPS

NPP

RAPS

N20

July 2024

Aqua Ed4.2 (MERRA2)# RAPS

Terra

Å The SSF1deg products are single satellite products

The GEOS5.4.1 reanalysis product has been discontinued in July 2024

Å The MERRA2 is in now the forward processing reanalysis input

Å For N20, the full record was processed with both GEOS5.4.1 and MERRA2 to facilitate EBAF 

Ed4.2.1 product development and allow users to compare the flux and cloud differences
Å Overlap with GEOS5.4.1 and MERRA2 for Terra (Aug 2023 to July 2024) and NPP (Oct 2023-

July 2024) 

# No SSF1deg hour/day/month products while CERES instrument is in RAPS mode

* NPP Ed2b (MERRA2) has not been processed yet
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ωA) Note that the CERES observed fluxes are similar between MERRA2 and GEOS5.4.1, although there are cloud differences
ω .ύ aƻǎǘ ƻŦ ǘƘŜ ah5L{ ƻǊ ±LLw{ ŎƭƻǳŘ ǇǊƻǇŜǊǘȅ ŘƛŦŦŜǊŜƴŎŜǎ ŀǊŜ ƻǾŜǊ ǘƘŜ ǇƻƭŜǎΣ ŜǎǇŜŎƛŀƭƭȅ ǇƻƭŀǊ ƴƛƎƘǘ

SSF1deg MERRA2-GOES5.4.1 February 2024, Terra
B

B
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SSF1deg MERRA2-GOES5.4.1 February 2024, NOAA20

C) NOAA-20 coding bug did not set the clear-sky fraction to zero over glint regions when applying the CERES shortwave ADM
D) For bright deserts, MERRA2 has less daytime clouds than GOES5.4.1, and might slightly impact the all-sky SW

C
C

BB

D
D

B)Missing orbit 
swaths in 
GOES5.4.1 
processing that 
were recovered in 
MERRA2

A) Note the MERRA 
and GEOS5.4.1 
cloud property 
differences are 
similar between N20 
and Terra

A

A



Global parameter N20 Aug18-Jul24 Terra Aug23-Jul24

All-sky SW (Wm-2) 0.03±0.04 -0.05±0.01

Clear-sky SW (Wm-2) 0.07±0.15 -0.04±0.03

All-sky LW (Wm-2) 0.002±0.003 -0.005±0.003

Clear-sky LW (Wm-2) -0.05±0.07 -0.13±0.02

CldFrac, 24-hr (%) -0.19±0.13 -0.23±0.14

CldTemp, 24-hr (K) -0.07±0.06 -0.12±0.05

CldPhase, 24-hr 0.0014±0.001 0.0033±0.001

CldOpt, 24-hr -0.007±0.016 0.013±0.007

CldFrac, day (%) -0.07±0.08 -0.13±0.08

CldTemp, day (K) 0.09±0.05 0.0±0.04

CldPhase, day 0.0003±0.0006 0.0011±0.001

CldOpt, day 0.007±0.035 0.060±0.008

SSF1deg MERRA2 ï GEOS5.4.1 global means 

Å The SSF1deg-month MERRA2- GOES5.4.1 global flux and cloud differences are insignificant

ÅMost of the MERRA2 minus GEOS5.4.1 cloud property differences are over poles, especially polar night



SYN1deg Ed4.2 updates



SYN1deg Ed4.2 and Ed4.1 differences
Terra

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026

Terra

N20

GOES5.4.1
MERRA2

Legend

April 2022

AquaAqua
NOAA-20

Atmosphere
GEO at 0°
GEO at 60°

GEO at 140°
GEO at -135°
GEO at -75°

Met-9Met-7 Met-8 Met-10

Met-5 (63° ) Met-7 (57° ) Met-8 (41.5)

GMS-5

Terra

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026

Terra

April 2022

Aqua

N20

July 2024

GEOS5.4.1 imager and GEO cloud retrievals

Aqua
NOAA-20

GEOS5.4.1 imager and GEO cloud retrievals

New GEO cloud code

Ed4.1

Ed4.2

MERRA2

N20

Atmosphere



SYN1deg Ed4.2 differences from Ed4.1

ÅGEO cloud retrieval reprocessing
ÅMet 8, 9 and 10 (April 2004 to February 2018) reprocessed consistently using the latest Met-11 code 
ÅGEO 2-channel satellites, reprocessed with improved cloud mask and night-time optical depths 

Å GMS-5 140° Mar 2000 to Apr 2003 
Å Met-5 57° Mar 2000 to Jan 2007 
Å Met-7 0° Mar 2000 to Apr 2004 
Å Met-7 63° Jan 2007 to Jan 2017 

ÅThe twilight cloud retrievals (SZA>60) are temporally interpolated across the twilight hour-boxes 
ÅTwilight retrieved clouds caused noisy surface fluxes, use interpolated clouds instead 

ÅConsistent GEO boundaries, rather than the dynamic bisecting longitude between satellite locations

ÅGEO cloud retrievals used the MERRA2 atmosphere beginning in April 2022
ÅGEO retrievals prior to April 2022 used GEOS5.4.1

ÅEd4.2 used only N20 observations starting in April 2022
ÅPrior to April 2022 both versions used Aqua and Terra observations
ÅEd4.1 utilized both N20 and Terra observations and Ed4.1 and ended in data month July 2024 
ÅFor Ed4.2, the GEO to CERES flux normalization is only tied to one satellite after April 2022



SYN1deg Ed4.2 ς Ed4.1, June 2005
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F)The Ed4.2 GEO 
boundaries are static 
whereas the Ed4.1 are 
dynamic

C) GEO narrowband to 
broadband derived LW 
fluxes are not dependent 
on clouds. SYN1deg LW 
fluxes not impacted

A) The SYN1deg clear-sky 
fluxes do not use GEO obs.
The SYN1deg is a 
combination of Terra and 
Aqua clear-sky CERES obs

B) GEO narrowband to 
broadband derived SW fluxes 
are dependent on clouds. 
There is a minor impact of GEO 
clouds on SW

D) Meteosat-7 is a 2-
channel satellite and for 
Ed4.2 has improved night-
time optical depths and 
cloud mask

E) Meteosat-8 used the 
Met-11 cloud retrieval code. 
For Ed4.2 all 2nd generation 
Meteosat imagers used the 
same cloud code 

C

A

B
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SYN1deg Ed4.2 ς Ed4.1, April 2021
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B) Cloud twilight 
temporal interpolation 
for hourboxes with 
SZA>60°
The longitude cloud 
striping was removed by 
temporal interpolation

A) A bug fix was 
implemented in 
SYN1deg Ed4.2 that 
corrected an 
uninitialized snow 
fraction issue in Ed4.1
ω 9ŘпΦн Ƙŀǎ ŎƻǊǊŜŎǘŜŘ 
this issue

A B

B

B

B

B

B



SYN1deg Ed4.2 ς Ed4.1, April 2022
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A) CERES/GEO flux 
normalization linearly 
regresses instantaneous 
coincident flux pairs over the 
month and 5x5 regions 
ω hǾŜǊ Ǝƭƛƴǘ ǘƘŜ D9h {² ŦƭǳȄ 
is not unreliable and not 
used in the CERES/GEO 
normalization
ω ²ƘŜƴ ōƻǘƘ ¢ŜǊǊŀ ŀƴŘ !ǉǳŀ 
observations are available 
than the satellite with the 
nonglint flux pairs is used for 
normalization  
ω IƻǿŜǾŜǊ ŦƻǊ bнлΣ ǿƘŜƴ 
there are only very few non-
glint pairs, thus the 
CERES/GEO normalization is 
not as effective

A

B

B) A bug was discovered in 
the SYN1deg code.
ωThe SYN1deg Ed2 
employed a clear-sky albedo 
map to fill in the missing 
clear-sky SW fluxes to 
facilitate Ed2 computed 
fluxes. This was supposed to 
be turned off for all Ed4 
versions.
ωThe clear-sky albedo map 
feature will be removed in 
future SYN1deg editions
ωFor SYN1deg Ed4.2 clear-
sky SW is only from N20 (less 
clear-sky observations than 
Ed4.1) and thus the clear-sky 
albedo spatial filling was 
employed 

The SYN1deg cloud property 
differences are due to the 
GEO retrievals using 
GEOS5.4.1 (Ed4.1) and 
MERRA2 (Ed4.2)



SYN1deg Ed4.2 ς Ed4.1, January 2023
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B) The SYN1deg cloud property 
differences over polar night are 
similar to the SSF1deg N20 
MERRA2 minus GEOS5.4.1 
cloud property differences
See page 7 A)

C) The winter-only all-sky LW 
flux difference over ocean of 1 
Wm-2 is still being investigated

A) The southern ocean all-sky SW 
winter-only flux difference is due 
to the N20&Terra (Ed4.1) and 
N20-only (Ed4.2) diurnal 
difference. At this latitude, there 
is a 6-hour time difference 
between N20 and Terra. This is 
validated by plotting the N20-
Terra SSF1deg all-sky SW flux 
differences

A

B

B
C



FBCT



FBCT (Flux By Cloud Type) Product

42 Pc-Tau cloud type bins

single scene 

footprints

ÅGridded daily and monthly averaged daytime fluxes stratified by cloud pressure and optical 
depth into 42 Pc-Tau bins
ÅTerra & Aqua July 2002 to February 2023, NOAA20 record begins May 2018
ÅThe cloudtype fluxes are a combination of observed overcast fluxes and the VIIRS narrowband to 

broadband cloud layer derived fluxes within a partly cloud footprint

ÅProcedure
ÅThe VIIRS to broadband radiance coefficients are based on clear and overcast footprints
ÅThe VIIRS broadband cloudtype radiances are converted to fluxes using the SSF Ed4 ADMs
ÅThe  VIIRS derived clear and cloudtype fluxes are area weighted to compute the footprint flux
ÅThe VIIRS derived footprint flux is normalized to the observed footprint flux, where the individual 

cloudtype and clear fluxes have the same normalization ratio applied



Clear-sky

FBCT Ed4 channels
SW: 0.47, 0.65, 0.86, 11, 12
LW: 0.47, 0.65, 0.86, 11, 12 OvercastCld>50%Cld<50%
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The large LW NB to BB 
biases are due to not 
using the 6.7µm channel 
in Ed4

FBCT Ed4 minus CERES observed footprint radiance difference

DRad = [Fclr*RadMODIS_BBclr  + 
Fovc*RadMODIS_BBovc ] - RadOBS

Aqua-MODIS, Jan 2019,

The NB to BB coefficients 
are from 2007 to 2011 
Januarys and applied to 
2019



Clear-sky

FBCT Ed5 channels
SW: 0.47, 0.65, 0.86, 1.24, 2.15
LW: 6.7, 11, 12, 14.2, 8.6 OvercastCld>50%Cld<50%
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FBCT minus CERES observed footprint radiance difference
Aqua-MODIS, Jan 2019,

DRad = [Fclr*RadMODIS_BBclr  + 
Fovc*RadMODIS_BBovc ] - RadOBS

Using best available 
channels on the SSF Ed5 
alpha3 footprints



Clear-sky

FBCT Ed5 channels
SW: 0.47, 0.65, 0.86, 1.24, 1.38
LW: 6.7, 11, 12, 14.2, 13.3 OvercastCld>50%Cld<50%
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FBCT minus CERES observed footprint radiance difference
Aqua-MODIS, Jan 2019,

SSF Ed5 
alpha3 
channels

Suggest 
replacing 
red with 
green 
channels 
for SSF Ed5

1.38µm is 
a high 
cloud 
detection 
channel

13.3µm is 
another 
CO2 
channel 
that is less 
absorptive 
than the 
14.2µm



FBCT Ed5 improvements

ÅOptimal 5 visible channels for SW and 5 IR channels for IR
ÅRecommend adding the 1.38µm and 13.3µm for improved FBCT cloud type 

fluxes
ÅThe Ed4 was limited to:  0.48µm, 0.65µm, 0.86µm, 11µm, 12µm

ÅMachine learning NB to BB, looks promising for SW

ÅBug fix in the application of the sea ice ADMs

ÅRevisit the normalization of the cloud layer and clear fluxes rather 
than apply a single ratio to all sub-footprint fluxes

ÅFBCT is part of the SSF/CRS/SSF1deg processing stream and the Ed5 
improvements will need to meet the schedule



NEW GEOs



CERES imager and GEO time series

Met-90°

60°
140°

-135°

-75°

Met-7 Met-8

Met-5 (63° )
GMS-5

GOES-10 GOES-15

Met-7 (57° )

GOES-11

MTSAT-1R MTSAT-2 (145° ) Himawari-8

Met-10

Met-8 (41.5)

Met-11

GOES-17

Terra (10:30)
Aqua (1:30)

NPP (1:30)
NOAA-20 (1:30)

Himawari-9

GOES-8 GOES-12 GOES-13 GOES-16

20302000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028

N22 Libera

G9 160°

GOES-19

GOES-18

H10

Met-10 MTG-13M-12

Met-9 (45.5)

ÅGOES-19 (East 75W) operational April 7, 2025, 3-day overlap with GOES-16

Å Meteosat-12 (MTG-12 0E) operational December 4, 2024, Met-10 to overlap till end of 2025

 MTG-12 launched Dec 13, 2022, during commissioning the optical port was stuck 

looking at solar diffuser, now looking at Earth but relying on inter-calibration with other sensors

ÅCLARREO launch Nov 2026 for an expected 3-year mission

ÅNOAA-22 Libera to launch end of 2027

?
RAPS

?

?

1st generation
2nd generation
3rd generation

MODIS/VIIRS
4th generation

Legend

NPP (1:30)RAPS

Drifting-> Today

RAPS



GOES-19 calibration checkout

Pre-operational GOES-19 at 89.5°W intercalibrated with Terra-
MODIS, Aqua-MODIS-reference, NPP-VIIRS, and N20-VIIRS

ΧΦ [мō ŎŀƭƛōǊŀǘŜŘ
__ calibrated with Aqua-MODIS

0.65µm

NOAA implemented a 
+2.6% calibration 
adjustment on Jan 13, 
2025, (FangFang Yu)

GOES-19/N20-VIIRS 
April 2025, 0.65 Day

GOES-19/N20-VIIRS 
April 2025, 11µm Night

ωMonthly all-sky tropical ocean ray matching
        time and angle matched GEO/imager 0.5° gridded pairs

ωThe GOES-19 CERES record calibration timeline will 
start with April 2025
       GOES-19 at 75°W operational starting April 7, 2025



Meteosat -12 checkout
Operational MTG-12 at 0.0°E intercalibrated with Terra-MODIS, 

Aqua-MODIS-reference, NPP-VIIRS, and N20-VIIRS

ΧΦ [мō ŎŀƭƛōǊŀǘŜŘ
__ calibrated with Aqua-MODIS

0.65µm

Meteosat-12/N20-VIIRS 
April 2025, 10.7µm Night

Meteosat-12/N20-VIIRS April 
2025, 0.65µm, Day

Meteosat-12/Terra-MODIS 
April 2025, 0.91µm Day

Meteosat-12/N20-
FUSRAD April 2025, 6.3µm 
Day



GEO imager channels
MODIS
channels

VIIRS 
channels

Met-5, Met-
7, GMS-5

Meteosat
8-11

Meteosat
12-13

GOES
8-11

GOES 
12-15

GOES
16-19

MTSAT
1-2

Himawari
8-9

0.48 µm 0.49 µm 0.44 µm 0.47 µm 0.46 µm

0.55 µm 0.55µm 0.51 µm 0.51 µm

0.65 µm 0.67 µm 0.65 µm 0.65 µm 0.64 µm 0.65 µm 0.65 µm 0.65 µm 0.68 µm 0.65 µm

0.86 µm 0.86 µm 0.86 µm 0.86 µm 0.86 µm 0.86 µm

0.91 µm 0.91 µm

1.24 µm 1.24 µm 1.24 µm

1.38 µm 1.38 µm 1.38 µm 1.38µm

1.64 µm 1.64 µm 1.64 µm 1.61 µm 1.64 µm 1.64 µm

2.25 µm 2.25 µm 2.25 µm 2.25 µm 2.25 µm

3.7 µm 3.7 µm 3.9 µm 3.9 µm 3.9 µm 3.9 µm 3.9 µm 3.8 µm 3.9 µm

6.7 µm 6.7 FSNrad 6.7 µm 6.2 µm 6.3 µm 6.6 µm 6.6 µm 6.2 µm 6.8 µm 6.3 µm

8.6 µm 8.6 µm 8.6 µm 8.7 µm 8.5 µm 8.6 µm

10.8 µm 10.8 µm 10.8 µm 10.8 µm 10.5 µm 10.8 µm 10.8 µm 11.2 µm 10.8 µm 11.2 µm

12.0 µm 12.0 µm 12.0 µm 12.3 µm 12.0 µm 12.3 µm 12.0 µm 12.4 µm

13.3 µm 13.3 FSNrad 13.4 µm 13.3 µm 13.4 µm 13.3 µm 13.3 µm



GEO angle computations in McIDAS
ω /ǳǊǊŜƴǘƭȅ ǘƘŜ McIDAS GEO navigation is computed with the correct sub-satellite latitude within an internal McIDAS module
ω ¢ƘŜ ǇƛȄŜƭ ±½!Σ {½! ŀƴŘ w!! ŀǊŜ ŎƻƳǇǳǘŜŘ ǳǎƛƴƎ ŀ fixed sub-satellite point and the pixel latitude and longitude within an external module
ω CƻǊ ǎƻƳŜ Meteosat satellites, the orbit is not well maintained, causing a large almost daily latitude oscillation

±4.2° latitude

57.4°<long< 57.5°
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GOES-12 , 0°N, 75°W Met-9, 0°N, 0°E Met-7, 0°N, 57°E MTSAT-1R, 0°N, 140°E

±0.07° latitude
139.96° <long< 140.01°

±0.45° latitude

-0.42°<long<-0.40°
±0.07° latitude
-74.78°<long<-74.68°

GOES-11 , 0°N, 135°W

±0.4° latitude
-135.55°<long<-135.4°
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0

GOES-17 , 0°N, 135°W GOES-16 , 0°N, 75°W Met-11, 0°N, 0°E Met-8, 0°N, 41.4°E Him-8, 0°N, 140°E

±0.035° latitude
-137.19°<long<-137.17°

±5.4° latitude

41.4°<long< 41.4°
±0.03° latitude
140.66° <long< 140.68°

±0.5° latitude

-0.33°<long<-0.32°

±0.02° latitude
-75.19°<long<-75.16°

The plot scales vary between 
satellites and are shown to 
emphasize the daily pattern



Meteosat -8 and N20-VIIRS raymatching , 
March 2022

Prescribed navigation
TLE navigation

ωDue to the figure 8 daily orbit, some hours are impacted more than other hours 

Note the reduced 
linear regression 
standard error using 
the TLE navigation

Stderr = 3.51%Stderr = 3.84%


