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Legend

TISA Ed5 improvements

Pending

A Incorporate GEO cloud retrieval and gridding PGEs into catalyst so that it can be run@n AMI
A SSF1deg and SYN1deg products to include nightimheclouds, along with daytime, and-Béur
A SYN1deg 3x3 gau cloud types

A SYN1ldeg CERES/GEO SW flux normalization

A Improved regional GMT hourly solar incoming computations

A MODIS and VIIRS stability assessment using DCC;@duiiyad invariant targets

A NOAA2OVIIRS, ,andTerraMODISo AquaMODIS C7 scaling factors

A GEO to AqudiODIS scaling factors

A The TISA GEO WV and WN to LW broadband are based on imager/CERES, requires an imager equivalent GEC

A FBCTcloudtypenarrowband to broadband with more channels using Mi.,
A The Ed5 SSF has 12 imager channels for total, clear andkhedlayers Ed4 only 5 channels foloudlayers
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SYN1ldeg 3x3 pc -tau
clouds
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SYN1ldeg 3x3 pc -tau cloudtypes

AThe Ed4 SYN1deg providegpressure layer cloud properties

AThe Ed5 SYN1deg will provide 3x3accloudtypes
A The 3x3 pdau clouds will provide the SARB group more accuratkiéu flux computations

A Ed4 layer optical depth distribution was estimated using a gamma function based on the log ar
linear averaged optical depth

AThe Ed4AIdTypHisproduct
A Contains the Terra/Aqua/N20/GEO sampling strategy similar to SYN1deg
A The number of 2025 users that ordered SYN1degCGldd@ypHisproducts is 1299 and 124
A For Ed5, discontinu€ld TypHisproduct, since SYN1deg will contain 3x3 clouds, now duplicitous

AThe TISA temporally interpolates each cloud type individually and spatially averag
all the cloudtypes to compute the total cloud for thieourbox
A There are very few GEf@tagapsand the 3x3 and 4ayer total cloud properties should be similar

A However, for polar regions SYN1deg uses-dia§ twice daily observations, the individual cleud
type interpolated based total cloud properties may slightly differ between the 3x3 daget

clouds
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4-layer minus 3x3 cloudtype total cloud

comparison

April 6, 2020, GMT=4.5. Aq April 6, 2020, daily total, Aquill @ C 2 Ndnly tyvidel-daily observations, the
e T L[ T[] == - || total cloud properties may slightly differ
©“as~. o o7 M between the 3x3 and-ayer cloud properties
w ¢KS Of 2dzR FTNJ OGA 2

between successive observations

w ¢KS Of 2dzR LINZ LIS NIi
between successive valid individual cletyge
observations

w AT 2yS 27F (K Sskydrodaes
not contain the clouetype, the valid cloud
property is replicated

w ¢KS G20Ff Of 2dzR LJ
cloud fraction sum

w ¢KS G201t Of 2dzR LI
cloud fraction clouetype properties
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Solar Incoming
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Ed5 solar incoming computations

1° region computation locations
Northlatg ! Ed4c Ed5 June 23, GMT=11.5, solstf§ Ed4¢ EdS June 23, GMT=11.5, solst

| Equal angle grid nested grid
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Hourly solar incoming - Hourly solar incoming (WM-2) Hourly solar incoming - Hourly solar incoming (WM-2)
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wThe hourangle is integrated over the GMT to compute the integrated cos(82A39za
w ¢ K $t &Ripthe average of a O*latitude and longitude grid over & tegion
w ¢ KS inf 8sdadas &lther be averaged over the equal angle grid or averaged using t
0.1° grid within the nested region
w {2 NJ ikt \CQ2EY NFID*DE2
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CERES/GEO SW
normalization
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SYNldeg CERES/GEO all -sky SW Regional Normalization

AThe GEO imager narrowband to broadband derived instantaneous gridded fluxes
are normalized with the CERES observed fluxes

A To maintain the CERES instrument calibration in thge26 SYN1deg flux record and spatially
across the 5 contiguous GEOs

ARegress monthly the coincident within-8@inute instantaneous and collocated
regional GEO and CERES flux pairs to compute the normalization coefficients

A For a region, use the surrounding 5x5 regional flux pairs from the same GEO and surface type

AThe CERES/GEO normalization coefficients are applied to aidBEOxes
A Unless the GEO regional hour has a glint probability < 20%, rely on temporal interpolation

A Edition4 methodology was based on having boghra+Aquabservations
A Exclude glint flux pairs, since the other satellite overpass provided sufficierglimtpairs

A Edition 5 methodology needs to be seamless betw&ema+Aquand N2Gonly
A Mitigate the regional monthly flux difference betwederra+Aquand N20 normalizations
A Need to use regional hourly glint pairs
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SYN1ldeg Ed4 monthly all -sky D SW flux
Terra-only or Aqua -only minus Terra+Aqua

Ed4 Terrsonly minusTerra+Aqué&W, Jan 2019 Ed4 Aquaonly minusTerra+Aqua&W, Jan 2019
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wEach satellite combination applies its own CERES/GEO normalization
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Can we
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CERES/GEO normalization for Ed4?

Ed4 Aquaonly minusTerra&AquaSW Jan 2019
Using 2018erra&Aquacoefficients
applied to both Aqua)nly andTerra&AquaZOlQ

90°N

Both 2018 and 2019 had the same GEOs
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Ed4 Aquaonly minusTerra&AquaSW Jan 2019
Using 2019Terra&Aquacoefficients
applied to both Aquaonly andTerra&Aqua2019

Ed4 Terraonly minusTerra&AquaSW Jan 201¢

Using 2015Terra&Aquacoefficients
applied to both Aquaonly andTerra&Aqua2019
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Jan 2019, Glint region scatter plot
All matches, red=glin

Terra all matched 201901: [59.5E,11.55]
— Terra(729): y = 0.79x + -17.77 Terra Ed4 matched 201901: [59.5E,11.5S]

ms TA(916): y = 0.95x + 8.45
== Force Fit: y = 0.74x m— Terra(244):y = 0.87x + -13.89 s Force Fit: y = 0.98x

TA Ed4 matched 201901: [59.5E,11.5S]

== Force Fit: y = 0.82x
Num_glint = 531

. Num_glint = 0
Num_glint = 0 =

CERES SW
CERES SW
CERES sw

Terraonly

Terra+Aqua

S

w— AQua(706): y = 0.97x + 15.02 w——AQua(706): y = 0.97x + 15.02 Wlth g I Int fl Iter
w— Force Fit: y = 1.02x == Force Fit: y = 1.02x

Num_glint = 24 «o. d Num_glint =0

wThe Ed4 CERES/GEOQO normalization r
on the nonglint CERES overpass
w b20 Fy 2LIWNA2Yy T2

Aquaonly

Glint probability <25pairs in red gg Ed4 Terraonly and Aquaonly
fASA NASA Langley RIS differ ic Sciences
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Ed5 CERES/GEO normalization methdology

Linear regression before and after 2-sigma filtering: TA 201901 [161.5E,11.55]
1000 -

STEP 2) Apply a force (through th Before filter (1381): y = 0.92x + -10.24
origin) slope linear regression onl pfter filter {1316} y = 0.95x + -14)76
with pairs where the GEO/CERES
flux <1.5

STEP 3) Apply asiyma filter to
remove outliers

Outliers are due to regional 30

minute cloud advection changes, f
- ® . "

example where CERES is clear a fpummm Regression before filter

=== +20 before

GEO is overcast and any residual | —— Regression after filter

- I I @ Original data
clear Sky g“nt pa| rs ® Kept points after filter

® Outliers removed

STEP 4 Recompute the force slop

600 800




Jan 2019, Glint region scatter plot

All matches

Terra all matched 201901: [59.5E,11.55]

m— Terra(729): y = 0.79x + -17.77
== Force Fit: y = 0.74x

| Num_glint = 531

Ed4 With glint filter

Terra Ed4 matched 201901: [59.5E,11.5S5]

m— Terra(244):y = 0.87x + -13.89
== Force Fit: y = 0.82x

| Num_glint = 0

Ed5 With 1.5 ratio, 2*sigma filter *wrsr-e

G Terra R1.5 after sigma matched 201901: [59.5E,11.55]

wes Terra(430): y = 0.97x + -23.99
=== Force Fit: y = 0.91x

| Num_glint = 282

Ed4 With glint filter

wes TA(916): y = 0.95x + 8.45
== Force Fit: y = 0.98x

CERES SW

CERES SW
CERES SW
CERES SW

Ed5 With 1. 5 ratio, 2*S|gma fllter

1000

Terraonly

= TA(1097): y = 0.94x + 5.98
mm= Force Fit: y = 0.96x

| Num_glint = 301

CERES SW

Aqua all matched 201901: [59.5E,11.55]

Aqua Ed4 matched 201901: [59.5E,11.5S]

w— AQua(706): y = 0.97x + 15.02
w— Force Fit: y = 1.02x

T Num_glint = 24

w— Aqua(706): y = 0.97x + 15.02
w— Force Fit: y = 1.02x

1 Num_glint =0

Aqua R1.5 after sigma matched 201901: [59.5E,11.5S]

| Num_glint = 22

m— Aqua(664): y = 0.98x + 12.66
w= Force Fit: y = 1.02x

Slope

Force | force

Terra 0.82 0.91
(glint)

Aqua 1.02 1.02
Ed5 Terreonly and Aquaonly (nongling

regressions are closer T+A 0.95 0.96

Aquaonly

GI|nt probablllty <25pairs in red g Ed4 Terreonly and Aquannly

NASA Langley regressions differ




Application of the Ed4 linear fit near the terminator

SYN1ldeg GERB monthly hour, July 20(
SZA<60°

SW linear regression offset
scaling coefficient

Ed4 linear fit comparison with GEF

Monthly hourly SSF, SYN, GERB July 2010 f
Monthly Hourly Flux, 0°E, 0°N, July 2010
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Ww 9RNn UGSYLIR2NJffe

Force fit allows terminator hourboxeswith SZA>60

. w 9R gANff dza § |°f
hourboxes to be normalized observed fluxes

Linear fit, AQua minu$erra&Aqua force fit, Aqua minu3erra&Aqua
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Global mean: -0.10 W/m? RMS: 1.46 W/m? Global mean: -0.06 W/m? RMS: 1.30 W/m?
SW Diff: Sigma_rl.5_linfit_IR35_noSZA60: Aqua - TA 201901 SW Diff: Sigma_rl.5_ffit_IR35_noSZA60: Aqua - TA 201901

e = L ] . Terra Bias RMS
e (W/m?) | (W/m?)

Ed4 -0.01 1.75
Linear(sza<e60) +0.04 1.53

Forcesza<6o) -0.05 1.30

Linear(sza<90o) -0.15 1.68

Forcesza<oo) -0.02 1.28

All daytimehourboxes

Global mean: -0.15 W/m2 RMS: 1.61 W/m? Global mean: -0.06 W/m? RMS: 1.28 W/m?



Meteosat normalization with GERB to validate
the diurnal impact

AConstruct local time GERB adéteosatderived T regional instantaneous
SW flux maps by appending°1éngitude GMT strips over the month

A Both the hourly GERB aMkteosatdata are observed between :00 to :15, are time
matched within 5 minutes, minimizing cloud advection differences

APerform GERBleteosatnormalization at Terra (1LOLT) and Aqua (13LT)
overpass times

A Did not use the CERES SSF1deg samplln? pattern, where the observations @i the 60
0°, and 60S are at 12:00, 13:30 and 14:30 local time

A GERB SW fluxes are not scaled to CERES, assume that GERB fluxes are robust diuri

APerform both Ed4 and Ed5 normalization algorithm

A Compare the monthly hourly flux differences betweef&LT
A Terminatorhourboxesincluded

NASA Langley Research Center / Atmospheric Sciences



Met9-GERB Monthly Hourly SW comparison

Agqua, Jan 200

Terra, Jan 200

Ed4 normalization® Ed5 normalization Ed5 normalization

no normallzatlon Ed4 normallzatlo

no normallzatlon

Normalization hour

10 LT

Bins (V4 m)
Bios = 4011 | RMSE=17.899

Bies (W m)
Bias = -2.766_| RMSE = 11.849
—

Bios (W m)
Bias=-0.341 | RMSE=11.334

200701 Monthly Hourly Bias at Local Hour 10:00:
GERB SW Flux - MET8 Original SW Flux

200701 Monthly Hourly Bias at Local Hour 10:00:

200701 Monthly Hourly Bias at Local Hour 10:00:

Bins (W m)
Bios = 6.756 | RMSE = 15,548

GERB SW Flux - MET8 Ed4 Normalized SW Flux

©
Bins (W mT)
Bias = 0239_| RMSE =18.223

GERB SW Flux - MET8 Ed5 Normalized SW Flux

Normalization hour
13 LT

Bias (W m?)

Bias = 0.894 | RMSE=09.474

200701 Monthly Hourly Bias at Local Hour 15:00:
GERB SW Flux - MET8 Original SW Flux

200701 Monthly Hourly Bias at Local ch 15:00
GERB SW Flux - MET8 Ed4 Nom d SW Flux

200701 Monthly Hourly Bias at Local Hour 15:00:
GERB SW Flux - MET8 Ed5 Normalized SW Flux

Bias (W m?)

Bins (W) 7).

Bias = 0,486 _| RMSE =14.438

Biss (W m7)
Bias = 2.747 | RMSE=13.502

Bias = 7.542 | RMSE=15.336

For this Study, Gliftourboxesare defaulted

Bios (W m)
Bios = 4.011 | RMSE =17.899

Bins (W mY)
Bios = -2.057__| RMSE = 16.952

Bins (W m?)
Bios =-0.036 | RMSE =14.724

200701 Monthly Hourly Bias at Local Hour 13:00:

200701 Monthly Hourly Bias at Local Hour 13:00;
GERB SW Flux - MET8 Ed4 Normalized SW Flux

200701 Monthly Hourly Bias at Local Hour 13:00:
GERB SW Flux - MET8 Ed5 Normalized SW Flux

GERB SW Flux - MET8 Original SW Flux

i = -e;_\?

Biss (W m7)

Bias = 0.062_| RMSE = 9.687

200701 Monthly Hourly Bias at Local Hour 15:00:

200701 Monthly Hourly Bias at Lacal Hour 15:00:
GERB SW Flux - MET8 Ed4 Normalized SW Flux

200701 Monthly Hourly Bias at Local Hour 15:00:
GERB SW Flux - MET8 Ed5 Normalized SW Flux

GERB SW Flux - MET8 Original SW Flux

Bins (W m7)
Bias = 7.542 | RMSE = 15336

©
Bias (W m?)
Bios = -0.670_| RMSE = 13.267

Bios (W m %)

Bias =2.079 | RMSE =11.604 \\LL/ 7
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Monthly Hourly Domain Met9 -GERB Bias

Terraonly (10 LT) Agquaonly (13 LT) Terra/Aqua (10&13 LT)

200607 Monthly Hourly Bias by Experiment ZUUbU/ MOoNTNIY HOUrly BIas DY EXperiment ZUUDBU/ MIONLUIY MOuUrly bias Dy Cxperimeric
w w

Bias (W m~2
LN
o
I-II-II-II-" L]
E EEEEEEEEEEEEEEEEEEEENEER mEm

)
)
j
D

\
f
\

|
w

I
(O]

/

\.\

Bias (W m~2)
L
[=]

|
=
wv

|
—
w

July 2006

—e— Original monthly=4.247
Editiond Norm monthly®=-3.88
—e— Edition5 Norm monthly'FvO.ZB

—e— Original monthly=4.24
Edition4 Norm monthly=-2.45
—e— Edition5 Norm monthly=0.39

—e— Original monthly=4‘24:
1 —*— Edition4 Norm monthiyf=-3.29
—e— Edition5 Norm month\)::0,12

S A EEEEEEEEEEEEEEEEEEEEEN

H
6 7 8 9 Jo 11 12 13 14 15 16 17 18

. Local Hour 6 7 8 9 10 11 12

Local Houf

6 7 & 9 40 11 12 I3 14
. Local Hou}

200701 Morithly Hourly Bias by Experiment 200701 Monthly Hourly Bias by Experiment 200701 Morithly Hourly Bia:-s by Experiment

|
\E

3

Bias (W m~2)
i
w
Bias (W m~2)
Bias (W m~
L
wv

—e— Original monthly=5.14 = —&— Original monthly=5.14
Edition4 Norm monthly=-1.50 —o— Edition4 Norm monthly=-2.09
—e— Edition5 Norm monthly§0.61 —e— Edition5 Norm monthly=0.45

—e— Original monthly=5.14 ®
o~ Editiond Norm monthly==-2.04
—e— Edition5 Norm monthlyﬁ.o.dS

January 2007

H EEEEEEEEESEEEEEEEEEER

6 7 8 9 10 11 12 13 14 15 16 17 18 6 7 & 9 10 11 12 13 14 15 16 17 18

Local Hour Local Hour

wBetweer) 10 arld 14 LT the Ed4 and I§d5 biases are close to OA 5 o
w ¢KS 9Rp Y2NXITtATIFOA2Y A& NI RodzboRes
w D9h yYINNRgolrYyR (2 OoNRIRoOlFIYR ¥FfdESa

6 7 8 9 10 11 12 13 14 15 16 17 18
Local Hour




July 2006

January 2007

RMSE (W m~2)

RMSE (W m~2)

Terraonly (10 LT)

200607 Monthly Hourly RMSE by Experiment

RMSE (W m~2)

—&— Original monthly=9.92
—e— Edition4 Norm monthly=9.67
—e— Edition5 Norm monthly=6.53
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Local Hour

Agquaonly (13 LT)

200607 Monthly Hourly RMSE by Experiment
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200701 Monthly Hourly RMEE by Experiment
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July 2006

January 2007

Monthly Hourly Domain Met9

wWhat is the local time limit for GERB/GEO normalizatic
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200607 Monthly Hourly Bias by Experiment
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200607 Monthly Hourly Bias by Experiment
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200701 Monthly Hourly Bias by Expariment
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wSince the Me19 narrowband to broadband derlved flux biases are SZA dependent the EdS normalization can be applied bétweer
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wThe Ed5 normalization is not effective outsid@®LT, since the dynamic range is limited, the regression is noisy,
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SYN1ldeg Ed5 CERES/GEO SW
Normalization Conclusions

AThe linear regression through zero or force fit allows all terminator
hourboxesto be normalized

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

AThe Ed5 normalization provides more consistent SYN1deg
Terra&Aqua and SYN1dsonglesatellite monthly SW fluxes

AThe Ed5 normalization is effective between 9 to 15 local time

AThe GEO narrowband to broadband SW flux biases seem to be SZA depender
when compared with GERB
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Imager Calibration
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MODIS and VIIRS 0.65um stability
over DCC, Libya -4, Dome-C

TerraMODIS

Terra MODIS Band 1 (0. 65um)

AquaMODIS

Aqua MODIS Band 1 (0. 65um)

NPPVIIRS
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NPP VIIRS — I1 (0.650 um)
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wMain Ed5 stability algorithm |mprovement IS mcludlng aerosols, water vapor and ozone to account for the atmospheric
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wMODIS C7 calibration stability is an improvement over C6.1, especially for Terra
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C6.1+10%
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Terra to Aqua MODIS scaling

Terra/Aqua 0.65um Terra/Aqua 2.1um

SLOPE FORCE
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C6.1scalingsused 0.8 grid angular matched data including off nadir, C7 usedKraGGNO®nly

w ¢KS ¢SNNJI k! I|jsdaled clibfatiod are/naar 1y0&anf very stable over tif

wPolar 108km simultaneous nadir
overpass (SNO) Terra/Agua pairs are
regressed monthly and compared with
Lyapustin MAIAC interalibration
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