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TISA Ed5 improvements

ÅIncorporate GEO cloud retrieval and gridding PGEs into catalyst so that it can be run on AMI-P

ÅSSF1deg and SYN1deg products to include nighttime-only clouds, along with daytime, and 24-hour

ÅSYN1deg 3x3 pc-tau cloud types 

ÅSYN1deg CERES/GEO SW flux normalization

ÅImproved regional GMT hourly solar incoming computations

ÅMODIS and VIIRS stability assessment using DCC, Dome-C, Libya-4 invariant targets

ÅNOAA20-VIIRS, SNPP-VIIRS, and Terra-MODIS to Aqua-MODIS C7 scaling factors 

ÅGEO to Aqua-MODIS scaling factors

ÅUse AIRS and CrIS as a transfer radiometer between MODIS/VIIRS and GEO/MODIS
ÅCWG uniquely computes the TOA predicted IR channel BT using the imager or GEO (need only cal, not SBAF)
ÅThe TISA GEO WV and WN to LW broadband are based on imager/CERES, requires an imager equivalent GEO radiance

ÅImproved GEO narrowband to SW broadband relationships

ÅFBCT, cloudtype narrowband to broadband with more channels using ML, and improved footprint scaling
ÅThe Ed5 SSF has 12 imager channels for total, clear and the 2 cloudlayers, Ed4 only 5 channels for cloudlayers

Legend
Completed
In progress
Pending



SYN1deg 3x3 pc -tau 
clouds



SYN1deg 3x3 pc -tau cloudtypes

ÅThe Ed4 SYN1deg provided 4-pressure layer cloud properties

ÅThe Ed5 SYN1deg will provide 3x3 pc-tau cloudtypes
ÅThe 3x3 pc-tau clouds will provide the SARB group more accurate Fu-Liou flux computations
ÅEd4 layer optical depth distribution was estimated using a gamma function based on the log and 

linear averaged optical depth

ÅThe Ed4 CldTypHist product
ÅContains the Terra/Aqua/N20/GEO sampling strategy similar to SYN1deg
ÅThe number of 2025 users that ordered SYN1deg and CldTypHist products is 1299 and 124
ÅFor Ed5, discontinue CldTypHist product, since SYN1deg will contain 3x3 clouds, now duplicitous

ÅThe TISA temporally interpolates each cloud type individually and spatially averages 
all the cloud-types to compute the total cloud for the hourbox
ÅThere are very few GEO datagaps and the 3x3 and 4-layer total cloud properties should be similar
ÅHowever, for polar regions SYN1deg uses N20-only twice daily observations, the individual cloud-

type interpolated based total cloud properties may slightly differ between the 3x3 and 4-layer 
clouds



4-layer minus 3x3 cloudtype  total cloud 
comparison

ω CƻǊ !ǉǳŀ-only twice daily observations, the 
total cloud properties may slightly differ 
between the 3x3 and 4-layer cloud properties 
ω ¢ƘŜ ŎƭƻǳŘ ŦǊŀŎǘƛƻƴ ƛǎ ƭƛƴŜŀǊƭȅ ƛƴǘŜǊǇƻƭŀǘŜŘ 
between successive observations
ω ¢ƘŜ ŎƭƻǳŘ ǇǊƻǇŜǊǘȅ ƛǎ ƭƛƴŜŀǊƭȅ ƛƴǘŜǊǇƻƭŀǘŜŘ 
between successive valid individual cloud-type 
observations
ω ƛŦ ƻƴŜ ƻŦ ǘƘŜ ƻōǎŜǊǾŀǘƛƻƴǎ ƛǎ ŎƭŜŀǊ-sky or does 
not contain the cloud-type, the valid cloud 
property is replicated
ω ¢ƘŜ ǘƻǘŀƭ ŎƭƻǳŘ ǇǊƻǇŜǊǘȅ ƛǎ ǘƘŜ ǿŜƛƎƘǘŜŘ 
cloud fraction sum
ω ¢ƘŜ ǘƻǘŀƭ ŎƭƻǳŘ ǇǊƻǇŜǊǘƛŜǎ ŀǊŜ ǘƘŜ ǿŜƛƎƘǘŜŘ 
cloud fraction cloud-type properties

April 6, 2020, GMT=4.5. Aqua April 6, 2020, daily total, Aqua

4-layer minus 3x3 total cloud properties
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ωThe regional hourly and daily total cloud property differences are small 



Solar Incoming



Ed5 solar incoming computations

Edition4 integration Edition5 integration

Ed4 ς Ed5 June 23, GMT=11.5, solstice
Equal angle grid

Ed4 ς Ed5 June 23, GMT=11.5, solstice
nested grid

Ephemeris off by 1 hour, Equinox

ωThe hour-angle is integrated over the GMT to compute the integrated cos(SZA) (int_csza)
ω ¢ƘŜ 9Řр int_csza is the average of a 0.1° latitude and longitude grid over a 1° region
ω ¢ƘŜ ƴŜǎǘŜŘ int_csza can either be averaged over the equal angle grid or averaged using the 
0.1° grid within the nested region
ω {ƻƭŀǊ ƛƴŎƻƳƛƴƎ Ґ int_csza*Esun(TSIS)*DisE-S

2

ω aǳǎǘ ǳǇŘŀǘŜ ǘƘŜ ŜǇƘŜƳŜǊƛǎ ƘƻǳǊƭȅ

±0.1 Wm-2 ±13.6Wm-2

±1 Wm-2

Global mean no change Global mean no change

1° region computation locations



CERES/GEO SW 
normalization



SYN1deg CERES/GEO all -sky SW Regional Normalization

ÅThe GEO imager narrowband to broadband derived instantaneous gridded fluxes 
are normalized with the CERES observed fluxes
ÅTo maintain the CERES instrument calibration in the 26-year SYN1deg flux record and spatially 

across the 5 contiguous GEOs

ÅRegress monthly the coincident within 30-minute instantaneous and collocated 
regional GEO and CERES flux pairs to compute the normalization coefficients
ÅFor a region, use the surrounding 5x5 regional flux pairs from the same GEO and surface type

ÅThe CERES/GEO normalization coefficients are applied to all GEO hourboxes
ÅUnless the GEO regional hour has a glint probability < 20%, rely on temporal interpolation

ÅEdition4 methodology was based on having both Terra+Aqua observations
ÅExclude glint flux pairs, since the other satellite overpass provided sufficient non-glint pairs

ÅEdition 5 methodology needs to be seamless between Terra+Aqua and N20-only
ÅMitigate the regional monthly flux difference between Terra+Aqua and N20 normalizations
ÅNeed to use regional hourly glint pairs



SYN1deg Ed4 monthly all -sky D SW flux
Terra-only or Aqua -only minus Terra+Aqua

Ed4 Terra-only minus Terra+Aqua SW, Jan 2019 Ed4 Aqua-only minus Terra+Aqua SW, Jan 2019

ω ¢ƘŜ Ǝƻŀƭ ƛǎ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ¢ŜǊǊŀ-only or Aqua-only minus Terra+Aqua SYN1deg regional monthly means
 ωEach satellite combination applies its own CERES/GEO normalization

ω ¢ƘŜ ƎǊŜŀǘŜǎǘ ǊŜƎƛƻƴŀƭ ƳƻƴǘƘƭȅ ƛƴŎƻƴǎƛǎǘŜƴŎȅ ƛǎ ƻǾŜǊ D9h Ǝƭƛƴǘ ǊŜƎƛƻƴǎ 
ω ¢ƘŜ /9w9{κD9h ƴƻǊƳŀƭƛȊŀǘƛƻƴ ƳƛǘƛƎŀǘŜǎ ǘƘŜ ƛƳǇŜǊŦŜŎǘ D9h ƴŀǊǊƻǿōŀƴŘ ǘƻ ōǊƻŀŘōŀƴŘ ŀƴŘ D9h ǘƻ !ǉǳŀ-MODIS scaling

GOES-15 GOES-16 Met-11 Met-8 Himawari-8



Can we use òTerra and Aqua climatologyò 
CERES/GEO normalization for Ed4?

GOES-16 MET-8

MET-10GOES-15 Him-8

Ed4 Aqua-only minus Terra&Aqua SW Jan 2019
Using 2018 Terra&Aqua coefficients 

applied to both Aqua-only and Terra&Aqua 2019 

GOES-13 MTSAT-2

MTS-2

GOES-15 MET-10

Ed4 Terra-only minus Terra&Aqua SW Jan 2019
Using 2015 Terra&Aqua coefficients 

applied to both Aqua-only and Terra&Aqua 2019 

Both 2018 and 2019 had the same GEOs

Only 2 GEOs were the same between 2015 and 2019

GEOs that differ are in bold text

Year Bias 
(W/m2)

RMS 
(W/m2)

2019 Ed4 -0.09 1.62

2012 +0.63 3.20

2013 +0.74 3.22

2014 +0.61 3.23

2015 +0.71 3.22

2016 +0.09 1.95

2017 +0.20 1.90

2018 +0.06 1.31

2019 +0.03 0.64

2020 -0.16 1.29

2021 -0.18 1.49

Dec&Jan 19 -0.04 1.66

ωNarrowband to broadband biases are 
GEO dependent 
ω ¢Ƙǳǎ ŎƭƛƳŀǘƻƭƻƎȅ ƴƻǊƳŀƭƛȊŀǘƛƻƴ ǿƛƭƭ ƴƻǘ 
work

Ed4 Aqua-only minus Terra&Aqua SW Jan 2019
Using 2019 Terra&Aqua coefficients 

applied to both Aqua-only and Terra&Aqua 2019 

MET-7



Jan 2019, Glint region scatter plot
Ed4, With glint filter
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Ed4 Terra-only and Aqua-only 
regressions differ

Ed4 regression
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ωThe Ed4 CERES/GEO normalization relies 
on the non-glint CERES overpass
ω bƻǘ ŀƴ ƻǇǘƛƻƴ ŦƻǊ 9Řр



Ed5 CERES/GEO normalization methdology

STEP 2) Apply a force (through the 
origin) slope linear regression only 
with pairs where the GEO/CERES 
flux < 1.5

STEP 3) Apply a 2-sigma filter to 
remove outliers

Outliers are due to regional 30-
minute cloud advection changes, for 
example where CERES is clear and 
GEO is overcast and any residual 
clear-sky glint pairs

STEP 4 Recompute the force slope



Jan 2019, Glint region scatter plot
Ed4, With glint filter
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Ed4 Terra-only and Aqua-only 
regressions differ

Ed5, With 1.5 ratio, 2*sigma filter

Ed5 Terra-only and Aqua-only 
regressions are closer

Ed5, With 1.5 ratio, 2*sigma filter

Slope Ed4
Force

Ed5
force

Terra
(glint)

0.82 0.91

Aqua
(nonglint)

1.02 1.02

T+A 0.95 0.96

Ed4, With glint filter

Terra&Aqua



Application of the Ed4 linear fit near the terminator

Jan 2019, Aqua

October 2016 CERES STM

SSF-Terra

Monthly hourly SSF, SYN, GERB July 2010 fluxes

SSF-Aqua

SSF-Aqua

SSF-Terra

GERB

SYN SYN

SYN1deg ς GERB monthly hour, July 2002

Aqua, Jan 2019, 14.5E, 20.5N

Force Fit

Linear Fit

SW linear regression offset 
scaling coefficient

Ed4 linear fit comparison with GERB

Sahara desert Ed4 uses directional models for hourboxes>60° SZA 

GEO narrowband to broadband biases are SZA dependent



Force fit allows terminator 
hourboxes  to be normalized 

Aqua Bias 
(W/m2)

RMS 
(W/m2)

Ed4 -0.09 1.62

Linear (SZA<60) -0.10 1.46

Force (SZA<60) -0.06 1.30

Linear (SZA<90) -0.15 1.61

Force (SZA<90) -0.06 1.28

Terra Bias 
(W/m2)

RMS 
(W/m2)

Ed4 -0.01 1.75

Linear (SZA<60) +0.04 1.53

Force (SZA<60) -0.05 1.30

Linear (SZA<90) -0.15 1.68

Force (SZA<90) -0.02 1.28

ω 9Řп ǘŜƳǇƻǊŀƭƭȅ ƛƴǘŜǊǇƻƭŀǘŜŘ ŘŀȅǘƛƳŜ 
hourboxes with SZA>60°
ω 9Řр ǿƛƭƭ ǳǎŜ ŀƭƭ ŘŀȅǘƛƳŜ D9h {½!ғфл° 
observed fluxes

force fit, Aqua minus Terra&Aqua
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0° Linear fit, Aqua minus Terra&Aqua



Meteosat  normalization with GERB to validate 
the diurnal impact

ÅConstruct local time GERB and Meteosat derived 1° regional instantaneous 
SW flux maps by appending 15° longitude GMT strips over the month
ÅBoth the hourly GERB and Meteosat data are observed between :00 to :15, are time 

matched within 5 minutes, minimizing cloud advection differences

ÅPerform GERB/Meteosat normalization at Terra (10LT) and Aqua (13LT) 
overpass times
ÅDid not use the CERES SSF1deg sampling pattern, where the observations at the 60°N, 

0°, and 60°S are at 12:00, 13:30 and 14:30 local time
ÅGERB SW fluxes are not scaled to CERES, assume that GERB fluxes are robust diurnally

ÅPerform both Ed4 and Ed5 normalization algorithm
ÅCompare the monthly hourly flux differences between 6-18 LT
ÅTerminator hourboxes included



Met9-GERB Monthly Hourly SW comparison
Aqua, Jan 2007Terra, Jan 2007

no normalization Ed4 normalization Ed5 normalization no normalization Ed4 normalization Ed5 normalization
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For this Study, Glint hourboxes are defaulted For this study, Ed4 terminator hourboxes are normalized



Monthly Hourly Domain Met9 -GERB Bias 
Terra-only (10 LT) Aqua-only (13 LT) Terra/Aqua (10&13 LT)
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ωBetween 10 and 14 LT the Ed4 and Ed5  biases are close to 0
ω ¢ƘŜ 9Řр ƴƻǊƳŀƭƛȊŀǘƛƻƴ ƛǎ ǊŜŘǳŎŜǎ ǘƘŜ ōƛŀǎ ŦƻǊ ƳƻǊƴƛƴƎ ŀƴŘ ŀŦǘŜǊƴƻƻƴ hourboxes
ω D9h ƴŀǊǊƻǿōŀƴŘ ǘƻ ōǊƻŀŘōŀƴŘ ŦƭǳȄŜǎ ƘŀǾŜ ŀ {½! ōƛŀǎΣ ǿƘŜǊŜ ƘƛƎƘ {½! ŦƭǳȄŜǎ ŀǊŜ ǎƳŀƭƭŜǊ ŀƴŘ ƭƻǿ {½! ŀǊŜ ƭŀǊƎŜǊ

Legend
Met-9
Ed4
Ed5
ΧΦ bƻǊƳ [¢



Monthly Hourly Regional Met9 -GERB RMS 
Terra-only (10 LT) Aqua-only (13 LT) Terra/Aqua (10 and 13LT)
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ωBetween 9 and 15 LT the Ed4 and Ed5  RMS are similar
ω ¢ƘŜ 9Řр ƴƻǊƳŀƭƛȊŀǘƛƻƴ ǇǊƻǾƛŘŜǎ ǊŜƎƛƻƴŀƭ wa{ ŜǊǊƻǊǎ ƭŜǎǎ ǘƘŀƴ ƻǊ Ŝǉǳŀƭ ǘƻ ǘƘŜ ƴƻƴ-normalized
ω ¢ƘŜ 9Řп ǘŜǊƳƛƴŀǘƻǊ ŦƭǳȄŜǎ ƘŀǾŜ ǊŜƎƛƻƴŀƭ wa{ ŜǊǊƻǊǎ ƳǳŎƘ ƎǊŜŀǘŜǊ ǘƘŀƴ ǘƘŜ ƴƻƴ-normalized

Legend
Met-9
Ed4
Ed5
ΧΦ bƻǊƳ [¢
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8 LT 10 LT (Terra) 12 LT (Terra) 13 LT (Aqua) 15 LT (Aqua)

Monthly Hourly Domain Met9 -GERB Bias 

ωWhat is the local time limit for GERB/GEO normalization?

ωSince the Met-9 narrowband to broadband derived flux biases are SZA dependent, the Ed5 normalization can be applied between 9-15 LT
ω LŦ ǘƘŜ D9h ƴŀǊǊƻǿōŀƴŘ ǘƻ ōǊƻŀŘōŀƴŘ ŦƭǳȄŜǎ ŀǊŜ ƴƻǘ {½! ŘŜǇŜƴŘŜƴǘ ƳƻǊŜ [¢ Ŏŀƴ ōŜ ŎƻƴǎƛŘŜǊŜŘΦ

Legend
Met-9
Ed4
Ed5
ΧΦ bƻǊƳ [¢
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8 LT 10 LT (Terra) 12 LT (noon) 13 LT (Aqua) 15 LT (Aqua)

Monthly Hourly Domain Met9 -GERB RMS 

ωThe Ed5 normalization is not effective outside 9-15LT, since the dynamic range is limited, the regression is noisy, and the narrowband to 
broadband errors are greater for large SZAs

Legend
Met-9
Ed4
Ed5
ΧΦ bƻǊƳ [¢



SYN1deg Ed5 CERES/GEO SW 
Normalization Conclusions

ÅThe linear regression through zero or force fit allows all terminator 
hourboxes to be normalized

ÅThe Ed5 regression criteria successfully removes glint impacted 
CERES/GEO flux pairs

ÅThe Ed5 normalization provides more consistent SYN1deg-
Terra&Aqua and SYN1deg-single-satellite monthly SW fluxes

ÅThe Ed5 normalization is effective between 9 to 15 local time
ÅThe GEO narrowband to broadband SW flux biases seem to be SZA dependent 

when compared with GERB



Imager Calibration



MODIS and VIIRS 0.65µm stability 
over DCC, Libya -4, Dome-C

Legend
DCC
Libya-4
Dome-C

Terra-MODIS Aqua-MODIS NPP-VIIRS N20-VIIRS

C
6

.1
C

7

±0.5%

±2%

ωMain Ed5 stability algorithm improvement is including aerosols, water vapor and ozone to account for the atmospheric column
ω ¢ƘŜ ƛƴǾŀǊƛŀƴǘ 9ŀǊǘƘ ǘŀǊƎŜǘ ƴŀǘǳǊŀƭ ǾŀǊƛŀōƛƭƛǘȅ ƛǎ ŀǘ ōŜǎǘ ±0.5%, MODIS and VIIRS are stable within 0.5%
ωMODIS C7 calibration stability is an improvement over C6.1, especially for Terra



Terra to Aqua MODIS scaling

Terra/ 

Aqua 
Scaling

SNO 

Stderr
(%)

SNO MAIAC MAIAC

/SNO 
(%)

0.65µm 0.11 1.0024 1.0013 -0.11

0.86µm 0.23 0.9903 0.9961 +0.59

0.47µm 0.22 0.9861 0.9882 +0.21

0.55µm 0.15 1.0013 1.0003 -0.10

1.24µm 0.35 0.9783 0.9929 +1.50

1.64µm 0.42 0.9887 0.9982 +1.16

2.13µm 0.32 1.0071 1.0006 -0.65

Terra/Aqua 0.65µm

C
6

.1
, ±

1
0
%

C
7

, ±
5

%

Terra/Aqua 2.1µm
ωPolar 100-km simultaneous nadir 
overpass (SNO) Terra/Aqua pairs are 
regressed monthly and compared with 
Lyapustin MAIAC inter-calibration

Mean = 1.0024
STDerr = 0.1%
Trend = 0.13%/20 years

Mean = 1.0071
STDerr = 0.3%
Trend = 0.02%/20 years

ω ¢ƘŜ ¢ŜǊǊŀκ!ǉǳŀ ah5L{ /т ƴƻƴ-scaled calibration are near 1.0 and very stable over time

Mean = 1.0127
STDerr = 0.3%
Trend = +0.36%/20 years

Mean = 0.9892
STDerr = 0.8%
Trend = -2.7%/20 years

C6.1 scalings used 0.5° grid angular matched data including off nadir, C7 used 100-km SNOs-only


