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Outline

 SNPP and NOAA20 VIIRS scaling with Aqua-MODIS C7
 Stability improvement with the VCST N20-VIIRS daily calibration corrections

GEO calibration and navigation
* IR calibration with AIRS and CrIS
* GEO subsatellite point and angles recomputed hourly

Cloud property spatial gridding and temporal interpolation
* The processing is now hourly driven rather than zonal monthly
* 3x3 and 4-layer cloud capability and validation

GEO narrowband to broadband (NB to BB) and CERES normalization
e Ed5 clouds impact on the SW NB to BB
* Ed5 normalization improvements over glint and large solar zenith angles

FluxByCloudType

e Ed5 clouds and additional channel narrowband to broadband
Ed5 Framework status and GEO processing in production environment
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SNPP and NOAA20
VIIRS scaling with
Aqua-MODIS C7




NOAA-20 VIIRS VCST daily scaling factors

* For the first 3-years, the on-orbit stability is based on the solar diffuser.

* The solar diffuser-based calibration was found to be degrading when compared with lunar
looks

* After the first 3-years, the on-orbit stability is obtained from lunar observations.
e The lunar looks are noisy and require 3-years before they are useful

e The VIIRS visible channel L1B radiances were trending downward until the more
reliable lunar looks were used to maintain stability (~2021)

* There are no plans to reprocess the NASA N20-VIIRS dataset.

 The NASA Goddard VIIRS characterization support team (VCST) provided daily
scaling factors to mitigate the forward processing degradation drift

* The VCST daily scaling factors will be applied in the CERES processing
* Will impact cloud retrievals and FBCT narrowband to broadband fluxes
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e The VCST daily scaling mainly
mitigated the shorter wavelength L1B
degradation trends before 2022

e For most VIIRS channels the stability
was within £0.5% based on deep
convective cloud (DCC), Libya-4, and
Dome-C stable earth targets

e |t seems that the VCST daily scalings
did somewhat correct for the early
record degradation




SNPP and NOAA-20 VIIRS with Aqua-
MODIS scaling strategy

* Aqua, SNPP and NOAA-20 are in the same 1:30PM LT orbit

« SNPP and NOAA-20 are in the same 16-day repeat cycle orbit but spaced 8 days
apart during 2012 to 2022 scaling period

e Agua (720km) altitude differs from SNPP and NOAA-20 (824km) altitude
allowing orbital intersects every 64 hours over both the poles and
nonpolar domains

* Divide the calibration domain into non-polar all-sky ocean and polar all-sky
* The polar SNOs are only available near solstice over the Arctic

 Compare the polar and nonpolar Spectral Band Adjusted Factor (SBAF)
corrected VIIRS to MODIS scaling factors
» Similar scaling factors validates the Simultaneous Nadir Overpass (SNO) strategy
 Each domain has a unique SBAF, reflected Earth spectra, and solar conditions
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VIIRS scaling with Aqua-MODIS strategy

* The scaling factor is the linear regression of the MODIS and VIIRS
instantaneous SNO radiances

 Larger SNO footprints reduces the instantaneous matching noise but
may reduce number of SNOs and the radiance dynamic range
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July 2020 NPP and N20 VIIRS nonpolar
scaling factors by SNO diameter

NP | 12.5km | 25km | SOkm | 100km | Afactor | | NOAA20 | 12.5km | 25km | 50km | 100km | Afactor |

M5/B1 0.9387 0.9613 0.9650 0.9662 A2.8% M5/B1 1.0206 1.0231 1.0200 1.0219 A0.3%
M7/B2 0.9327 0.9552 0.9641 0.9676 A3.6% M7/B2 1.0037 1.0053 1.0155 1.0133 A1.2%
M3/B3 0.9490 0.9660 0.9661 0.9670 A1.9% M3/B3 1.0225 1.0223 1.0191 1.0198 A0.3%
M4/B4 0.9473 0.9679 0.9700 0.9704 A2.4% M4/B4 1.0254 1.0265 1.0278 1.0266 A0.2%
M8/B5 0.9357 0.9590 0.9640 0.9638 A2.9% M8/B5 0.9793 0.9845 0.9874 0.9882 A0.9%
M10/B6 0.9202 0.9477 0.9574 0.9579 A3.9% M10/B6 0.9650 0.9725 0.9778 0.9785 Al.4%
M9/B26 0.9461 0.9716 0.9411 0.9492 A3.1% M9/B26 1.0013 1.0177 1.0323 0.9968 A3.4%
11/B1 0.9614 0.9836 0.9865 0.9872 A2.6% 11/B1 1.0324 1.0347 1.0366 1.0356 A0.4%
13/B6 0.9120 0.9392 0.9492 0.9498 A4.0% 13/B6 0.9755 0.9828 0.9885 0.9884 A1.3%

* For N20-VIIRS, the SNO scaling factors are consistent within 1.4%, except for band 26 (1.38um)

e For NPP-VIIRS, the 12.5km and 25km SNOs have smaller scaling factors than the 50km and 100km SNOs
* For both the N20 and NPP VIIRS, the 50-km and 100-km SNOs have very consistent scaling factors

e Use the 100km SNOs to derive the scaling factors




NPP and N20 VIIRS-I1 with Aqua-MODIS scaling trends
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1.100

Impact of VCST N20-VIIRS daily adjustments

Without VCST daily adjustments
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NPP-VIIRS/Aqua-MODIS scaling factors
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N20-VIIRS/Aqua-MODIS scaling factors
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MODIS/VIIRS IR intercalibration with AIRS/CrIS

e Grid the MODIS and VIIRS 11um channel pixel L1B radiances over the TWP (Himawari-8 GEO domain)

* Convolve the AIRS hyperspectral radiances with MODIS spectral response function (SRF),
« MODIS(AIRS)rad = [ZAIRS, ® SRF(MODIS),*A,]/ [Z SRF(MODIS) ;e A, ]

* The MODIS or VIIRS 3.7um, water vapor and 8.6pum channel SRFs are not contained in the AIRS or CrIS
spectral range

Ac  MODIS-B31/Aqua-AIRS 11pm VIIRS-M15/N20-CrIS 11pm
Ju/ly%_OZO a July 2020 11um @290 @220

320
AQUA AIRS
291.02 291.03
16.19 16.11
300 196.21 196.97
309.19 309.06
112.98 112.09

N20
291.12
16.02
199.38
309.66
110.28

MODISys - AquaA|R5 -0.02 -0.38
VIIRS 3 — N20jxs 012  -0.25

280

260

* VIIRS is more consistent across the dynamic
range than MODIS
e MODIS and VIIRS are within ~0.1K over the

dynamic range

LinSlp 9.9483e-01
240 PCxoff -1.51
R? 0.9999
LinSTDerr% 0.06
220 NUM 1481
BIAS(X-Y) -0.02
RMS 0.19
RMS% 0.07
200 PCslp 9.9489e-01
YXslp 9.9494e-01
ForSIp[0.0] 1.0000e+00

18
Q80 200 220 240 260 280 300 320
MODIS Band 31 (11.0164um), BT (K)

LinSIp 9.9802e-01
PCxoff -0.67
R? 0.9999
LinSTDerr% 0.07
NUM 1767
BIAS(X-Y) -0.11
RMS 0.23
RMS% 0.08
PCslp 9.9810e-01
YXslp 9.9817e-01
ForSip(0.0] 1.0004e+00

1
8980 200 220 240 260 280 300 320
VIIRS Band M15 (10.6878um), BT (K)

AGMT < 0.25 hr AGMT < 0.25 hr

VZA < 40°

AVZA < 5° Z -

Hihe (0025 (BT-200/01°0.00020 i Sciences
ut! g

Outlier 4.00 (30 removed) “”
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NPP and N20 scaling factor summary

* The N20-VIIRS VCST daily scaling adjustment provided improved
stability and trends for the visible bands
* The NPP-VIIRS VCST daily scaling adjustments are anticipated mid November

* The large 100-km SNOs provided the lowest monthly linear regression
standard errors compared with the smaller SNO

* Applying the scene specific SBAFs provided more consistent nonpolar
and polar scaling factors and were within 1% for most bands

* The MODIS and VIIRS 11um band BT are consistent within 0.1K

* The NPP and N20 scaling factors have been delivered to the CWG this
summer

NASA Langley Research Center / Atmospheric Sciences



GEO calibration
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CERES imager and GEO time series

Drifting-> Today

L a0 — 3T \.-----
1 O I A A A P50 TN T NN NPPJ_B»E-----
P b P F T (o722 ToN ET6) S —

N N O A Ay 2=

0° Met-7 Met-8 Met-9 | Met-10 | Met-11 | Met-10 | MTG-13 |
60° | Met-5 (63° ) | Met-7 (57°_) [ Met8 (415) | Met0 (455) | Met-10 (485 |
140° GMS-5 G9 160° MTSAT-1R MTSAT-2 (145 ) | Himawari-8 | Himawari-9 [H1i0 |
-135° GOES-10 GOES-11 | GOES-15 | GOES-17 | __GOES-18 |
_75° GOES-8 GOES-12 GOES-13 | GOES-16 | GOES-19 |

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026) 2028 2030 2032

1% generation * Terra decommissioned December 2026

2"d generation * Aqua decommissioned June 2027

3" generation * NPP decommissioned early November 2026, CrlS and ATMS degraded performance
4th generation » Meteosat-10 currently at 0° to move to Indian Ocean mid-2028

MODIS/VIIRS » Meteosat-12 is the 0° operational satellite, but has no onboard calibration

Legend » Meteosat-13 launched in August 28, 2026 (CERES to transition from Met-10 to Met-13 when operational)

* Himawari-10 in late 2030
* GOES-XO (GOES-20) launch no earlier than 2032

* CLARREO launched May 15, 2026 and soon to be operational, Mission refocused to calibrate land imagers
* NOAA-22 Libera to launch late 2027

NASA Langley Research Center / Atmospheric Sciences _Crors
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(c] o] tlat
GOES-08

GEO subsatellite position

GOES10-15
* The McIDAS area file format does not provide the subsatellite latitude and
longitude position needed to compute the proper view and azimuthal angles cors.is

. IFor Ed4é| the GEO subsatellite position was assumed to be located at the equator at a fixed [
ongitude

* For GEOs with well maintained orbits, the orbit control box was within several tenths of a
degree and did impact the angular computations

* For Meteosats over the Indian Ocean, the orbit is not maintained and can
oscillate as much as £10° in latitude over a day

* The longitude variation is minimal

* The near subsatellite view angle can differ by 1° for every 1° in latitude shift in the sub-
satellite location

* Proper view angles are necessary for GEO/MODIS angle matching, glint retrievals, GEO
ADM and narrowband to broadband LUTs MTSAT-1/2

L _ Met-8/Terra-MODIS matched angle radiances April 2021
Met-8 orbit latitude extent varies from +5°

to 8.5° between 2016 to 2022 “Angles based on fixed position 'MAngIes recomputed from the
T BT ; . true sub-satellite position

MIN 67.62 10.69
400 FMAX  715.01 44274
RNG 64739  432.05

GOES16-17

Him08-09
Met-05 10

Met7/11

Met-07 10
Met-08 10
Met-09 10
Met10 <2023
Met12

MET8 2021 Sub-satellite Location

400 |FMAX  698.75  442.74

6 RNG  631.41  431.67

Latitude (°N)

N
o
o

LinSIp 6.9956e-01
PCxoff 67.55
R? 0.9920
LinSTDerr% 7.90
NUM 542
PCslp 7.0142e-01
YXslp 7.0522e-01
ForSIp[51.0] 6.6828e-01

LinSlp 6.7728e-01
PCxoff 50.92
R? 0.9977
LinSTDerr% 4.12
NUM 634
PCslp 6.7779e-01
YXslp 6.7888e-01
ForSIp[51.0] 6.7772e-01

200 400 600 800
SEVIRI Band 1 (0.6um), CNT (10 bit)
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GEO orbital location from TLEs

* Daily TLE files are used to predict the GEO orbit (CELESTRAK)
* Orbital propagation code from python library

 However, a few daily TLEs are spurious. A TLE QC tool was developed to quickly identify spurious TLEs
e Aspurious daily TLE is replaced with the previous day TLE and propagated into the following day

Data + Dally QC | Position vstime | Overview TLE QC TOOl Met-5 June 2001 Monthly QC: 2024-05 TLE QC TOOI Met-9 May 2024

Satellite: MET5 35.8k
Monthly QC: 2001-06

Month . . Day of month
June 2001 Satellite Position Satellite altitude ﬂ le

29
28
27
28 26
27 25
35.8k |26 24

\/\[vv\/\[\r\/\/\/\ﬁf\f y 25 23
i 24 22
Min subalt (km) Max subalt (km) ‘\‘ )\ 23

Day of month
30

Previous month Next month 29

Day color scale

Subalt (km)

Rainbow

Subalt (km)

2
| 22 .

| 3 20
Auto Auto UL 227K 21 19

20
19
18

May 5 May 12 May 19 May 26 18
2024 17
16

Show all dates
Jun 3 Jun 10 Jun 17 Jun 24

1,043,136 positions - 1991-03-03 to 2010-12- 2001

31 250,797 fabricated

Sublat (degrees)

N
&)
Y

(o\

2001-06: 4,320 positions - 0 fabricated - 0
steps above 1° (0 touching fabricated rows).
Peak daily altitude half-range: 157 km.

| Latitude (°)

o
D
s
FAB=1 marks fabricated positions caused by CheCkS a ItItUde a noma Ile 0)\
missing TLEs. QC signals are not confirmed
errors. The first few days after launch are
unreliable. Long ranges and plots are sampled for

display; counts and QC use every source row.

o
()
S

I V A i

Jun 3 Jun 10 Jun 17 46 48 May 5 May 12 May 19 May 26
2001 2024

Longitude (o) Date (UTC) Sublon (degrees) Date (UTC)

Step (degrees)
Step (degrees)




“ GEO cloud retrievals GEO NB to BB

Ed4 e Multi-channel retrieval e Calibrate GEO water vapor and window
* No IR scaling IR bands with MODIS analogous bands
e GEO LW NB to BB coefficients based on
MODIS

Ed5 Him-8 IR intercal
with MODIS and VIIRS

® 3-channel retrieval
e 11um calibrated with Aqua-AIRS & N20-CrIS
® No 3.7um scaling

Ed5

11um Spectral Response Functions

 The GEO water vapor and window channel to LW coefficients are
based on MODIS/CERES regressions

* The GEO to Aqua MODIS BT scaling coefficients convert the GEO BT
to a MODIS equivalent BT (no spectral difference adjustment)

10.5 11.0
Wavelength (um)

Him-8/Aqua-MODIS 11um Him-8/N20-VIIRS 11um

MODIS Band 31 (11.0164um), BT (K)

Night, July 2020

Night, July 2020

Him-8 minus Aqua-MODIS 11um

T

AQUA
291.29

12.38
191.78
298.29
106.51

f T
HIM8
290.99
12.22
192.35
298.11
105.76

300
280

260

LinSlp 1.0135e+00
PCxoff 3.63 7]
RZ

LinSTDerr%

220 NUM
BIAS(X-Y)

240

200 1.0137e+00 |

1.0139e+00 |

PCslp
YXslp

VIIRS Band M15 (10.6878um), BT (K)

1 I I I
HIM8 N20
289.57 290.10
15.64 15.84
188.10 187.24
297.86 298.23
109.76 110.99

LinSlp
PCxoff

RZ
LinSTDerr%
NUM
BIAS(X-Y)
RMS

RMS%
PCslp
YXslp

1.0126e+00
1.0130e+00

v
Xoff: day(290)

Bias (BT ew - BTrer)

2.554 ©
Xoff: day(220) = 2.554 (]
X
X

ot night220) = 2008 A290K=+0.32K
A220K= -0.44K

day(290)
day(220)
night(290)
night{220)

day(290)
1.5603e-05

1n(iﬁht(ZZO) night(290) day(220)
2.9039¢-01 |

.0166e-05 1.3445e-05 1.1803e-05
-4.9968e-01 3.0628e-01  -4.0236e-01

Bias (BTpew - BTrer)

Xoff: day(290) 1.262
Xoff: day(220) = 1.262
L. Xoff: night(290) 1.864
Xoff: night(220) = 1.864

A290K +0.66K o
A220K= +0.12K  *

M)
T

RXR - XOx
o% xX

Oo oR0R

59965% ) TR
x"xxxxxx X% XXNXXH

Legend
O d%y
X night

night(290)
1.6463e-05
6.0628¢-01

Ceonoo
oneodo
XX
X XXX
XX

night(220)
1.2462¢-05
6.1014¢-03

day(220)
2.5796e-05
1.4710e-01

i X x ~QRXX%Q0~ ZS‘V’VX:‘: (o} B!
””Q‘X’Q"?SG;.;SQQQ’S‘P’* oS RGRR5 QQXQQQ‘

0O 000000036200
o OO
Xxx

> day(290)

day(220)
night(290)
night(220)

B

a
600, X
xxX X

day(290)

3.4053e-05
5.9811e-01 T

0.4830 0.3283 0.3830 0.3159 MEAN : 6407 X 6694
RO LOsenil it ol ko -7.6815e-01  1.4948e+00 -1.1247e+00  1.8027e+00 SPVR 141330701 93701001  4.68230¢00 185680500

7180 200 220 240 260 280 300 32

AGMT < (.25 hr

VZA < 4¢f
AVZA < §

Ho1a.131 < (0.025-(BT-200.0)*0.0002)*1.0
Outlier 4.00 (23 removed)

15'47 19'12 22'77 26I42 30
HIM8 Days Since Launch (Oct 07, 2014)

2019 2020 2021 2022 20
YEAR

816 1181 1547 1912 2277 2642 30

HIM8 Days Since Launch (Oct 07, 2014)
2017 2018 2019 2020 2021
YEAR

| 1 |
30 200 220 240 260 280 300 32

AHI Band 14 (11.2um), BT (K) AHI Band 14 (11.2um), BT (K)

e 2016 2022 20

VZA < 400
AVZA < 50

Hg1a.ums < (0.025-(BT-200.0)%0.0002)*1.0
Outlier 4.00 (26 removed)

* Note the GEO-MODIS BT difference is due to both a spectral and calibration difference
¢ Here the day/night BT bias is similar, but the BT bias is a function of BT



. . “ GEO cloud retrievals GEO NB to BB
E d 5 G E O I R cal I b ratl O n Ed4 e Multi-channel retrieval e Calibrate GEO water vapor and window

* No IR scaling IR bands with MODIS analogous bands

Wlth AI RS a n d C rI S EdS « 3-channel retrieval e GEO LW NB to BB coefficients based on

e 11um calibrated with Aqua-AIRS & N20-CrIS MODIS
® No 3.7um scaling
e First make sure that Aqua-AIRS and N20-CrlIS have similar calibration
* Aqua and N20 intersect every 64 hours over tropical regions
* Use GEOs as a transfer radiometer

. glgp(vé)llz\ée) the AIRS hyperspectral radiances with GEO spectral response function, GEO(AIRS)rad = [ZAIRS, ¢ SRF(GEQ);*A,]/ [Z
z®

* AIRS and CrIS do not have the spectral range to inter-calibrate the 3.7um, water vapor and 8.6pum channels
* Processing is set up to inter-calibrate all 22-GEOs with AIRS and CrIS from 2002

Him- 8/Aq|ua -AIRS 11pum : ;
uly 2020 July 2020 Him-8 minus Aqua-AIRS 11pm Him-8 minus N20-CrlS 11pum

1 1 1 1 1 I

Him-8/N20-CrIS 11pum

T

U
N
q

v Ul

HIMS cris Xoff: day(290) = 1.392 ©  day(290) Xoff: day(290) 1.338 O day(290)
289.57  289.97 Xoff: day(220) = 1.392 O day(220) Xoff: day(220) = 1.338 O day(220)
X
X

|- Xoff: night(290) = 1.522 _ I Xoff: night(290 1.607 I 4
isei10  HErgs Xoff: night(220) =  1.522 A290K= +0.41K night{290) nNigit(290) night(290)

297.86  298.27 night(220) Xoff: night(220) = 1.607  A290QK= +0.40K x night(220)
5 & i A220K= -0.04K i o

T
HIMS AIRS
290.82 291.25
11.98 12.10
192.35 193.02
298.11 298.46
105.76 105.44

w
o
o

109.76 110.52

53
=
=}

A220K= -0.06K
5% 25 # Srs TR

- BTger)

N
(o))
o

LinSlp 1.0094e+00
PCxoff al
RZ

LinSlp
PCxoff

RZ
LinSTDerr%

FROQOOSA0H
RRIRR RRR ERRIIRRR
NUM

L%gend
BIAS(XY) X nlght
RMS

RMS% g %h\(ZZO) night(290) day(220) ay(290) g]ht(ZZO) m%ht(ZQO) da{(ZZO) day(290)
PCslp 1.0086€+00 SLOPE 45¢-06  2.8192e-06  1.2941e-06 339¢-06 ] SLOPE 12e-06  7.5615e-06  9.9804e-06

YXslp 1.0087e+00 OFF 4.3477e-01  -4.4202e-02 3 8725e 01 OFF 564e-02 4.0993e-01  -5.8080e-02 3.5173e-01 T
Fms' . 6] 1. 00706+00 MEAN 0 0365 0.4394 -0.0421 0.3901 MEAN 0 0695 0.4232 -0.0421 0.3728
N B \ \ \ P SLP%/YR -2.1335e+00 2.3419e-01 -1.1224e+00 1.6001e-01 SLP%/YR -2.5086e+00 5.4427e-01 -6.5496e+00 9.7723e-01

0 200 220 240 260 280 300 37 80 200 220 240 260 280 300 32

AHI Band 14 (11.2um), BT (K) AHI Band 14 (11.2um), BT (K)

LinSTDerr%

NUM

BIAS(X-Y)

RMS 0.49
RMS%

PCslp 1.0095e+00
YXslp 1.0097e+00
ForS\pll 5] ) ¥ 00688+00

N

N

o
Bias (BT pew

=
=}
=}

AIRS Convolved -> AHI Band 14 (11.2um), BT [K)
CiiS Convolved -> AHI Band 14 (11.2um), BT (K)

451 816 1181 1547 1912 2277 2642 300§ 15'47 1912 2277 2642 30
HIM8 Days Since Launch (Oct 07, 2014) HIM8 Days Since Launch (Oct 07, 2014)
AGMT < 0.25 hr A <P.25hr

vz < ade <afp 15 2016 2017 2018 YZI(E))&% 2020 2021 2022 20 2019 2020 2021 2022 20

<bo
H, (0.025-(BT-200.0)*0.0002)*1.0 < (0.025-(BT-200.0)*0.0002)*1.0
Outlier 4.00 (23 removed) utlier 4.0 (26 removed)

e The GEO-AIRS BT difference is strictly a calibration difference
e Note the GEO-AIRS and GEO-CrIS similar BT difference indicating that the calibration consistency of AIRS and CrIS




Cloud property

spatial gridding and
temporal
Interpolation

|



Cloud property interpolation

Cloud type spatial griddin
* The instantaneous pixel cloud properties are gridded by cloud type ype Rt :

* The more cloud types the better the representation of the cloud distribution within a
region

* |If a high (cirrus) and low (stratus) cloud parameter values are gridded into a single
mid-layer cloud the values

* |If an optically thin (cirrus) and thick (DCC) cloud parameter values are gridded into a
single mid optical depth bin

Single cloud type
* For each cloud cloud type, the observed cloud parameter values are e =l

linearly interpolated to fill in unobserved hourboxes PSS nid

* Between cloud and clear observations, the cloud fraction is linearly interpolated but
the cloud property is replicated towards the clear-sky observed Here the low and high cloud was
tpatially averaged as a mid-layer cloud

Two cloud types in 1° grid cell

Cloud type temporal interpolation between cloud observations

LN

Cloud type interpolation between clear and cloud observations

Clear-sky

Observed (GMT=0.5) || Interpolated (GMT=1.5) || Observed (GMT=2.5) |R | Observed (GMT=0.5) | |Interpolated (GMT=1.5)|| Observed (GMT=2.5)

NASA Langley Research Center / Atmospheric Sciences %
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Interpolation

r, 3x3 cloud-type

-laye

!

laye

Cloud Property 1

Observation #2, 15 GMT

Linear interpolation, 13 GMT  Linear interpolation, 14 GMT

Observation #1, 12 GMT
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Cloud property interpolation validation

Total Cloud Base | 12GMT | 13GMT | 14GMT | 15 GMT * The total cloud fraction is the sum of all cloud-type cloud fractions
Fracror = Z(Frac ay1+ Frac ay,*Baseays + ...)

Height (km) obs interp interp interp

3x3 total cloud 6.53 5.86 * The total cloud base height is the sum of the individual base

heights weighted by the cloud fraction
Baseor = X(Frac a1 *Base a1 + Frac sy, *Base sy + ...)/Fracyor

4 lay total cloud 6.53 5.83

Single total cloud 5.74 4.83

The spatial gridding and temporal interpolation routines are validated by comparing the
monthly total cloud property values from the 3x3 and 4-layer, and a single 1-layer

The cloud fraction should be identical

The cloud properties should be identical if all hourboxes are observed (no temporal
interpolation) — SYN1deg (hourly GEO and 12-hourly Aqua-MODIS)

The cloud properties may differ depending if most hourboxes are unobserved-
(hourboxes mostly temporal interpolation) — SSF1deg (12-hourly Aqua-MODIS)

NASA Langley Research Center / Atmospheric Sciences %
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July 2020 Cloud Fraction (%) interpolation comparison

SYN1deg, Aqua+GEO SSFldeg, Aqua-only

9-layer minus 4-layer, July 2020 9-layer. Iayer July 2020

=5

Global Means Global Means

O-layer = 66.35 *- 9-layer = 67.51
4-layer = 66.35 * 7 4-layer=67.51

A =0.00 m A =0.00
I° Reg G = 0-0 180W 120W 126E 180E Reg G O O

Global Means " = X ' Global Means
4-layer = 66.35 P e, 9-layer=67.51
1-layer = 66.35 - : | ), A4layer=6751
A =0.00 *

e The total cloud fraction is the same whether interpolated or observed or number of layers



July 2020 Cloud Base (k) interpolation comparison

9-layer minus 4- Iayer JuIy 2020 9-layer minus 4-layer, July 2020

=S

Longitude
Units: km

-0.2 -0.1 0o 0.1

Global Means
O-layer = 3.16
4-layer = 3.17
A =-0.004
Reg ¢ =0.02

Global Means
4-layer = 3.17
1-layer = 3.16
A =+0.01

Global Means
9-layer =3.50
4-layer = 3.56
A =-0.06

Reg 6 = 0.06

Global Means
4-layer = 3.56
1-layer = 3.43
A =+0.13
Regc=0.12

Longitude
Units: km

0 0.1

. ® for regions with mostly interpolated cloud

properties the total cloud properties differ slightly




July 2020 optical depth interpolation comparison

9- Iayer mlnus 4- Iayer JuIy 2020 9-layer minus 4- Iayer July 2020

Global Means I Y 5 | Global Means
9-layer = 3.89 | __ P9 TN | 9-layer = 3.42
4-layer = 3.86 T 2 P e Z | 4-layer = 3.23
A =+0.03 A=+0.21

Reg & = 0.09 e e " ™1 Reg o =0.19

Global Means SN o S - Global I\_/Ieans
4-layer = 3.86 3 G, [HIBYERSS:23
1-|ayer = 3.89 " SRR b i S T A 1—Iayer =3.38

A =-0.02 S - e~ e ke A =-0.15
| < Rego=0.15

Longitude
Units: N/A

ongitude
nits:
B o ° °° 1 _‘ B °° ’ °° 1

e The global total cloud properties are only slightly dependent on number of cloud types -




GEO NB to BB
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Ed5 — Ed4 24-hour Cloud Properties

cloud fraction 0-100% Cloud optical depth 0-10

Cloud effective Height 0-10 km

Edition 5

q—
(@
= |
O
L

Ed5 - Ed4

w Latitude [

2 2 3
2

o [ z z
1 1

(2]
o

o
[

i
180°W

T
120°W

Longitude
Units: km

4

Longitude
Units: km

6

e Ed5 clouds are
optically thicker at
night with lower
cloud base heights

e Do the Ed5 clouds
improve the SW
narrowband to
broadband (NB to
BB) fluxes due to
improved LUT scene
selection?

e Ed5 is using the
same SW Ed4 SW NB

to BB LUTs




Edition 4

Edition 5

Ed4 — Ed5

GEO — N20 CERES within 30-minute matched SW fluxes, July 2020

RMS error (Wm 2 __Bias (Wm2)

Ed4 (Wm-2)
RMS=25.7
Bias = 7.07

Ed5 (Wm-2)
RMS=18.8
Bias = 5.87

|



GEO/CERES normalization

Ed5 (Wm-2)
* For Ed4, the within 30-minute CERES and GEO SW fluxes are regressed before normalization
linearly over a running 5x5 regional domain RMS=18.8

* For Ed5, the within 30-minute CERES and GEO SW fluxes are regressed Bias = 5.87

through the offset after applying a 2xsigma filter over a running 5x5
regional domain

Ed5 (Wm-2)

N . p : : : after normalization
* Ed5 normalization significantly improved over glint and large solar zenith RMS=16.4

e Bias = 0.0

Ed5 RMS error
o 18 e

zzzzzzz

120°W 120°W 60°W. i 120°E 180° 180° 120°W
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FBCT
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NB to BB

Ed5 SW 0.47um  0.65um  0.86pm  1.24um  1.38um

E d 5 F I UXByC I ou dTy pe Ed5 LW 6.7um  8.6um  1lum  12um  14.2um

ED4 SW & LW  0.47pm 0.65pum 0.86pm  1lpm 12pum

* The main FBCT improvement is from using MODIS additional channels in the narrowband to
broadband (NB to BB) radiance conversion

 The NB to BB coefficients are based on overcast footprint, LUT Januarys 2006-2009
e Especially the water vapor channel for the LW

* Apply to the sub-footprint MODIS radiances and compare to footprint CERES observed flux
dn S5 (W vJanuary 2007 "'u

ces
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TISA FRAMEWORK
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Edition 4 and Ed5

Edition 5

GEO cloud retrieval processing strategy

& Download GEO GEO multi- Run on science side Ed4 GEOldeg LEGEND
[78 1B images Monthly Zonal
§ from McIDAS 1 char\nel GEO Archived Ed4 i Executable
o) retrieval code Cgg S Y
S = 8 COET gridding Files
t

2 Archived Binary—®® GEQ 2-channel Qc e e B EdS GEO1ldeg _
© : . Human oversight
I flat files retrieval code hourly -
o Ed2
o (netCDF) = Edd

GEO pixel angular Run on production side
a0 geometry GEO multi-
= computed
A channel
Q
3 Ed5 GEO visible and IR hourly GEOpix
oY calibration from Aqua- netCDF files (netCDF)

MODIS C7 and AIRS/CrIS

e For Ed4, the TISA group downloaded the entire GEO record of McIDAS images, retrieved clouds and performed quality control — The
download time and human supervised quality control took well over a year and is not feasible for Ed5

o " |



Ed5 SYN1deg framework accomplishments

LEGEND

SSFl1deg-hour and GEOldeg-hour spatial gridding

Process GEO clouds and gridding in production environment
Container hourly processing libraries

MOA, IGBP-altitude, ephemeris (SZA) container

Cloud container,
* Hourly temporal interpolation with daily, monthly and regional, zonal, and global averaging
e Working on Monthly hourly
* Working on Day and night cloud interpolation and averaging

Working on GEO narrowband to broadband and CERES/GEO normalization
Working on FBCT

Completed

In progress
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