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:) JPSS Data Product Validation Maturity Stages -

O
O

(@)

COMMON DEFINITIONS (Nominal Mission)

Product is minimally validated, and may still contain significant identified and unidentified errors.

Information/data from validation efforts can be used to make initial qualitative or very limited quantitative assessments regarding product fithess-for-
purpose.

Documentation of product performance and identified product performance anomalies, including recommended remediation strategies, exists.

2. Provisional

(©)

Product performance has been demonstrated through analysis of a large, but still limited (i.e., not necessarily globally or seasonally
representative) number of independent measurements obtained from selected locations, time periods, or field campaign efforts.

Product analyses are sufficient for qualitative, and limited quantitative, determination of product fitness-for-purpose.

Documentation of product performance, testing involving product fixes, identified product performance anomalies, including recommended
remediation strategies, exists.

Product is recommended for potential operational use (user decision) and in scientific publications after consulting product status
documents.

O
O

O

3. Validated

Product performance has been demonstrated over a large and wide range of representative conditions (i.e., global, seasonal).

Comprehensive documentation of product performance exists that includes all known product anomalies and their recommended remediation strategies
for a full range of retrieval conditions and severity level.

Product analyses are sufficient for full qualitative and quantitative determination of product fithess-for-purpose.

Product is ready for operational use based on documented validation findings and user feedback.

Product validation, quality assurance, and algorithm stewardship continue through the lifetime of the instrument.
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:) Maturity Review - Entry Criteria

* Product Requirements
 Pre-launch Performance Matrix/Waivers
* NOAA-21 PLT Timeline

* Provisional Maturity Performance Validation
— On-orbit instrument performance assessment
— NOAA-21 OMPS NM and NP SDR performance assessment

« Users/Downstream-Products feedback
* Risks, Actions, Mitigations
— Potential issues, concerns
— Mitigations
« Path forward towards the Provisional maturity stage
e Summary
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:) Maturity Review - Exit Criteria

* Provisional Maturity Performance is well characterized:
— On-orbit instrument performance assessment

- Provide summary for each identified instrument and product characteristic
you have validated/verified as part of the entry criteria

- Provide summary of pre-launch concerns/waivers mitigations/evaluation and
address whether any of them are still a concern that raises any risk.

« Updated Maturity Review Slide Package addressing review committee’s
comments for:

— Cal/Vval Plan and Schedules

— Product Requirements

— Provisional Maturity Performance

— Risks, Actions, Mitigations

— Path forward (to the next maturity stage)

NOAA-21 Calibration/Validation Maturity Review



PROVISIONAL MATURITY REVIEW
MATERIAL
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:) Outline*

« Algorithm Cal/Val Team Members
* Product Overview/Requirements

* Pre-launch/Post-launch Performance Matrix/\Walivers (Starry)
« NASA NOAA-21 OMPS HRR & Handover Briefing (Glen and Colin)

« OMPS NM/NP Instrument and Data Performance Assessments from STAR
— OMPS PLT Timeline
— OMPS NM and NP instrument performance assessment
— OMPS NM and NP Post-launch data performance assessment
— OMPS NM and NP data quality long-term monitoring from ICVS

« User Feedback Summary (details are deferred to the OMPS EDR Beta review presentation)
* Risks, Actions, and Mitigations

« Documentation (Science Maturity Check List)

e Conclusion

« Path Forward

* All sections without presenter assignment will be presented by Banghua
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NOAA-21 OMPS SDR Algorithm Cal/Val Team

Major Task

NOAA/STAR/SCDAB

NOAA/STAR/SCDAB

NASA

GST/SSAI

GST/SSAI

GST/SSAI

GST/SSAI

UMD/CISESS

UMD/CISESS

GST

SAIC

Project task plan and performance monitoring; OMPS instrument SDR cal/val science development and
plan; monthly/quarterly/annual/review reports; ATBD update; first light image report

Operational OMPS ADL code update and delivery with updated LUTs; OMPS RDR reader
development; offline OMPS ADL code development; First light image report; ATBD update

OMPS instrument pre-launch calibration; OMPS SDR SCDB data set support; OMPS instrument
performance maintenance support

NOAA-21 OMPS wavelength registration; NOAA-21 NM and NP SDR calibration algorithm
improvements; OMPS bi-weekly solar LUT derivation

SNPP/NOAA-20/NOAA-21 OMPS dark, gain and nonlinearity calibration algorithm and code
development; OMPS solar raw flux code development; weekly dark LUTS

OMPS data noise characterization analysis; OMPS solar LUTs; SNPP OMPS sensor degradation; Inter-
sensor comparison with Tropomi; JSTAR weekly reports

VCRTM interface development for OMPS NM/NP radiance simulations; OMPS polarization impact
assessment; validations of NOAA-21 OMPS SDR using RTMs

OMPS NM SDR geolocation accuracy algorithm development; OMPS x-sensor radiometric calibration
bias analysis among three missions; first light image support

OMPS solar calibration and NM wavelength shift algorithm improvements; SL analysis; OMPS SDR
calibration and data quality validation; OMPS inter-sensor radiometric calibration bias analysis

OMPS RDR and SDR long-term monitoring via ICVS website system; OMPS NP solar intrusion
aanalysis; inter-sensor comparison; first light image support

OMPS SDR DRs/CCRs support

Acknowledge C. Pan, L. Flynn, M. Liu, C. Seftor, T. Kelly, B. Das, L. Dunlap, R. Mundakkara, J. Liu, Z. Zhang, D. Stuhmer, E. Beach, R. Lindsay, STAR CRTM, JSTAR and DPMS teams for their valuable support in different aspects or stages.
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JPSS NOAA-21 NM SDR Requirements

Budget Term Requirement/Allocation

Wavelength range 300-380
Horizontal cell size <17 km @ nadir
: >300 (195 for NOAA-21 NM 10
2 =JJ
SNR radiance @17 x17km x12km?)
Irradiance uncertainty <7%
Wavelength registration accuracy <0.01 nm
Intra-orbital wavelength variation <0.01 nm
Radiance uncertainty < 8%
OOB Stray Light <10%
Maximum Albedo Calibration <2%

Geolocation Error < 8.5 km @nadir (AT)
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JPSS NOAA-21 NP SDR Requirements

Budget Term Requirement/Allocation

Wavelength range 250-310
Horizontal cell size <50 km (@) nadir
SNR radiance @50x50km? varies with wavelength A
Irradiance uncertainty* <7%
Wavelength calibration* <0.01 nm
Intra-orbital wavelength variation* <0.01 nm
Radiance uncertainty* < 8%
Maximum Albedo Calibration <2%
OOB Stray Light < 5%
Geolocation Error < 25 km @nadir (AT)

*Follow NOAA-20 NP SDR requirement

250 - 273.6 /
273.6 - 283.1 20
283.1 -287.7 40

287.7-292 52

292-310 80

NOAA-21 Calibration/Validation Maturity Review 10



)5 NOAA-21 OMPS NM and NP SDR Waivers (Presenter: Starry)

(ReRiyfGisE OMPS Nadir Stray Light
GSegDPS Waiver at 252nm

iesiiydelll OMPS Nadir Stray Light
PRD Waiver at 252 NM

(Refopicrl OMPS Nadir Stray Light
MMSS and FSRD Waiver at
252nm

(k20222158 Flow-Down of Approved
NOAA-21 OMPS Nadir
Resolution/SNR
Requirements to the FSRD

Waiver requesting relaxation of stray light requirement for NOAA-21 OMPS Nadir Profiler for 252nm from
5% to 7.3%.

Rationale: The Nadir Profiler passes the stray light requirement of 5% at all wavelengths channel except
for the shortest wavelength channel at 252nm.

Waiver requesting relaxation of stray light requirement O_PRD-11438 from 5% to 7.3% at 252nm only.
Rationale: The Nadir Profiler passes the stray light requirement of 5% at all wavelength channels except
for the shortest wavelength channel at 252nm.

Waiver requesting relaxation of stray light requirement for NOAA-21 OMPS Nadir Profiler for 252nm from
5% to 7.3%.

Artifacts regarding comparative performance to J1 and NOAA-21 OMPS instrument and relevant science
impact are attached to 472-CCR-19-1799.

The Flight Segment Requirements Document (FSRD) Rev B CCR (470-CCR-17-0195) included
incorporation of approved mission-level changes to OMPS Nadir Mapper horizontal resolution (approved
as NJO-2016-014 Rev C) and OMPS Nadir wavelength coverage requirement specifications (approved as
NJO-2017-008 Rev B).

This CCR has no impacts to Level 3 OMPS PRD requirements or to NOAA-21 SRD requirements.

NOAA-21 Calibration/Validation Maturity Review 11



:) NOAA-21 OMPS NM/NP Pre-launch Performance Matrix (Presenter: Starry)

Build

9633 5577 NOAA-21 OMPS Nadir Mapper (NM) Correct the mistake in the formula for calculating the

geolocation code change for off-nadir OMPS geolocation unit vectors Mx7 n ?lgg;ggon
geolocation error correction
5513 NOAA-21 OMPS Mounting Matrix Update the J02 OMPS Mounting Matrix using NOAA-21 Vi In Operation
Updates (pre-dynamic) satellite pre-dynamic data 7/18/22
9908 5926 NOAA-21 OMPS Nadir Version Table An update to the Nadir Version Table for OMPS-TBL- _
Update N_TIM_PAT_VER Value VERS-GND-PI_j02 is required to account for raw data Mx7 In Operation
record (RDR) from the redundant side of the instrument. 7118/22
5997 NOAA-21 OMPS Nadir Mapper (NM) 1) NOAA-21 OMPS-NM operational sample table
operational sample table includes 3 includes 3 additional CCD spectral-columns that In Operation
additional CCD spectral-columns that have no valid irradiance coefficients. Mx7 (03/09/2023)
have no valid irradiance coefficients 2) NASA delivered new coefficients to NOAA STAR in
January 2023
5997 NOAA-21 OMPS Nadir Mapper (NM) 1) NOAA-21 OMPS-NM and NOAA-21 OMPS-NP show
and NOAA-21 Nadir Profiler (NP) significant/unacceptable discrepancies in albedo .
. .. In Operation
. show significant/unacceptable coefficients between 300-310 nm. Mx7 (03/09/2023)
discrepancies in albedo coefficients 2) NASA delivered the updated NOAA-21 NM radiance
coefficients in February 2023
- 6101 NOAA-21 OMPS pre-launch LUTs 10 OMPS LUTs needed to be updated pre-launch At NOAA-21 .
In Operation
update launch
6112 NOAA-21 OMPS Total Column code An incorrect table was used for the OMPS-TC Expected May
change and OMPS-TC MACROPIX  MACROPIX and EV-SAMPLE tables for J02 TC-OMPS. Mx8 2023
and EV-SAMPLE tables update
6135 NOAA-21 OMPS Mounting Matrix NOAA-21 OMPS post TVAC sensor mounting matrix At NOAA-21 .
. : .. In Operation
Coefficients Update (post dynamic)  coefficients update launch



:) NOAA-21 OMPS NM/NP Post-launch Performance Matrix (Presenter: Starry)

Buia
Build

6439 Fix a 3-pixel-wavelength shift The NOAA-21 OMPS NM radiance shows a large discrepancy
error in the NOAA-21 OMPS  with NOAA-21 OMPS NP in the range from 300 to 310 nm due

: : . In O ti
TC wavelength table to an about 3-pixel-wavelength shift error. This issue was caused Mx7 33 /é)s;;%g]
by mismatched OMPS NM wavelength table
10281 6439 NOAA-21 OMPS NM and NP Update the NOAA-21 OMPS nadir sensor wavelength tables due In Operation
wavelength scale registration to the wavelength shift from ground to orbit Mx7 03/09/2023
6463 NP Wavelength & OSOL An update to the NOAA-21 NP wavelength and solar OSOL

Update tables to capture the wavelength shift of the NP since 9 In Operation
February. In the meantime, the updated OSOL table also fixed Mx7 03 /;3 12023

the 12-pixel shift error detected in the NOAA-21 NP solar flux

SDR data (see the analysis later)

84-86 cross track pixels. This will be fixed with the updated Mx7 e AERIETTEh

10308 6475 NOAA-21 OMPS NM OSOL Incorrect value of QC used in the NOAA-21 OMPS algorithm for Plan to deliver
and wavelength LUT update the nadir sensor has led to discontinuity of the NM SDR data at
OMPS NM OSOL and wavelength LUTSs. 04/03
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NOAA 'DNA sA

Part I: From NASA OMPS HRR & Handover Briefing for NOAA-21 Nadir Sensors
by Glen and Colin (see a separate ppt file)

NOAA-21 Calibration/Validation Maturity Review
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NOAA 'DNA sA

Part Il: From STAR OMPS SDR Team for NOAA-21 Nadir Sensor Instruments
and Data Assessments by Banghua

(in combination with the ICVS monitoring results)

NOAA-21 Calibration/Validation Maturity Review
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:) NOAA-21 OMPS Nadir Mapper and Nadir Profiler PLT Timelinel?
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9 o 3 7 KaTx-1 problem and KaTX-2
2022 (12/16/22 ~ 02/02/23) \ \ )
Y Y I
Door Closed Door Open Door open Provisional

(function test, Outgassing, intensive diagnostic  (non-globe) (globe)+ Beta

tests such as different PIDs dark, LED, EV noise)

1 Courtesy of NASA OMPS Group for sharing the NOAA-21 OMPS PLT Activity Schedule

2 Timeline is not shown on scale
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D OMPS CCD Temperature Monitoring from ICVS
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:) OMPS Instrument Performance: CCD Signal Dynamic Range

NOAA-21 OMPS NM LED Response

NOAA-21 OMPS NP LED Response
15000 - —prelaunch left L7 z e T 7 15000 | = =Prelaunch Pl dd bl el 1
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. / 4 ’
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NOAA-21 OMPS CCD raw counts dynamic range:
— Saturation happens after 12000 counts
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:) Impact of On-Orbit Dark Look-Up Table (LUT) Implementation

. a) Operational NOAA-21 OMPS NP Door-Close Radiance (b) J2 OMPS NP Door-Close Radiance
e The aﬂalyS|S showed that the @ FZA prelaunch dark LUT or JCT3 TVAC version) (A post-launch dark LUT based on on-orbit data)

pre-launch dark LUT caused
anomalous features (striping
pattern) in the door-close J2
OMPS NM and NP radiance
data. An example for NP is given

in Fig. a)
« With a postlaunch dark rate S
LUT, the above striping feature R —
was significantly mitigated (see e e
Flg b) (c) J2 OMPS NM and NP Dark Rate Time Series
* The first dark rate LUT was oo . 402 OMPS Dark Calibration Count Rate
delivered on 01/17/2023 asf

— Fixed the striping and other 3 TH
unexpected features in the -
door-closed EV radiance
image D (01/17)

— Started the weekly dark LUT
delivery since 02/13/2023

J2 OMPS NM and NP dark rates are
relatively stable with time 112
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D OMPS NM and NP Dark Rate Monitoring

it Updated to orbit 1957
(a) VS ' Orblt |ndeX J02 OMPS Dark Calibration Count Rate, PID=80 P

4 I I | | | I I I
T NM
—TI-NP
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®  Thefirst delivery for the dark LUT started on 01/17/2023;
®  The weekly dark LUT delivery started on 02/13/2023;
®  The OMPS NM/NP CCD dark rate with time is relatively stable.
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:) OMPS On-Orbit Nonlinearity Performance: Meet Requirement

* NOAA-21 OMPS NM
and NP on-orbit

nonlinearity performs Updated to orbit 1933

J02 NMENP Maximal Non-linearity
I

stably: the system ' ] | | o | |
AN -+NM Left-+NM Right -+ NP
nonlinearity is less than 09+ 02/04: OMPS Windows .
075% ? e g;/%tg;itm?;nt Adjustment;
~08F | (OMPS Straylight Maneuver -
— Time series of maximum :3"07 i e AT o)
nonlinearity for the g T ———— *ﬁu R
NOAA-21 OMPS NM 1 S— EE SRS sN———
(left and right CCD) and 505_ == -
NP is shown in the ¢
figure. 04r §
— The maximum 03" * J 1 * ' J 1 ‘
200 400 600 800 1000 1200 1400 1600 1800

nonlinearity Is constantly
smaller than 0.7%, within
the requirement of 2%

OrhitD
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:) OMPS Gain Performance: Stable

®* The NOAA-21 OMPS

Updated to orbit 1933
N M and N P Syste m 60 [ : J02 NM Gain from reference measurement, Left

gains (electron#/count) £s | - |

are assessed based on 2w HiiE H—3—+ :

the LED data by using Sus -

the mean Varlance . 340200 Bfllﬂ 1D|C|U 12:]'0 14:]0 ‘1G|DO 13|0'|]'

methOd that WaS used In J02 NM Gain from rez:'::c::measurament, Right

the SNPP and NOAA_ gso I-i-l-ligh RasponsLZone-i—Low Roslponse Zone | | |

20 OMPS (Kowalewski et Bk ‘ meg 1 11 1] ]

al., 2012) FeHH , _ P
® Time series of the 8ol . . | | . . | |

NOAA—Z]_ NM and NP 200 400 600 800 | 100[:)”:,“ o 1200 1400 1600 1800
gains are Showed in the -li-High Response lZoha-i—Low Resplluhsé Zone lJoz o frorln mﬁarencemeasrrement

figure, demonstrating a -

relatively stable gain
with small offsets |
rEIatlve 1o the pre- 40 2l|)|J 4l|10 mlm stlm 1n|un _ 12|uo '14|[|-ﬂ 15|rm 13|un
launch TVAC values.

Gain (electrons/count)
-
-

Relatively stable with time: within £1%
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:) Wavelength Registration Changes (15t Version)

° (a) J2 OMPS Nadir Solar Spectrum Difference between WV-Shifted Obs. and Synthetic (%)
The J2 OMPS NM and NP C 10 - - T .
wavelength registration is
changed due to the
instrumental thermal
temperature change from
ground to orbit.

®  The NM/NP wavelength
changes relative to the pre-
launch (a synthetic solar

NM WV ave shift -0.14nm
NP WV ave shift -0.09nm

%pecgum)ﬂ?r%.de{e”?med First delivery of the LUTs to
asea on the Tirst solar ASSISTT was made on 03/01
diffusor measurement data. \

(Obs. — Synthetic Flux)*100.0/Synthetic

The methodology is similar o 2w 200 a0
to the OMPS ATBD Wavelength (nm)
methodology ).

(b) NM Wavelength Shift vs. Cross-Track Position (c) NP Wavelength Shift vs. Cross-Track Position

The preliminary results 012

show that the wavelength R ] o
Mean shift:-0.14nm

o.00

Mean shift:-0.09nm

-0.05 — —

mean changes are -0.14 nm
for NM and -0.09 nm for
NP.

Further improvement is
needed by considering a
possible solar activity
Impact correction.

-0.10 — —

-0.15 — —

Wavelength Shift (nm)
Wavelength Shift (nm)

[ 7 202 S S S ST S SN S S S 0 TS S S S S S S S S S T

-0.15 L L L L L 1 L L |
o 50 100 150
. NP Macro Pixel Index
NM Macro Pixel Index

Courtesy of NASA solar diffusor calibration L1B data from the SIPS  NOAA-21 Calibration/Validation Maturity Review 23




. JOMPS NM and NP Wavelength Registration Update

® So far, six measurements are made for NOAA-21 OMPS Solar Flux
solar flux data via the solar working 1500 '

diffuser | Synthetic (prelaunch)
— 02/09,02/17,02/26,03/03,03/12,03/19 1st delivery

® Based on the 02/17 solar flux data, g 2" Delivery (NP only now)
— 0On 03/01, 1t NM and NP wavelength c R ”
and OSOL LUTs were delivered (also o NV
fixing the 3-pixel-shift problem in NM £ NAA IV (A
radiance data) (Slide #23 ~ 26). = ' i) G
® Based on the 03/19 solar flux data, g , |
— 0n03/21, 2" NP wavelengthand OSOL X
LUTs were delivered, as a regular bi- 0T W A
weekly delivery (also fixing the 12-pixel- i I
shift problem) (Slides from 27 to 30). L R Wl | Pl ——————— —_——
—  2nd NM wavelength and OSOL LUTsare 'y} | 1=t version (ground2orbit) sensor

to be delivered, fixing the discontinuity | mean wavelength shifts:

|

|
: : Al - |
issue at the macro-pixels from 82 to 84 itz 11" | _g'égm :g: m,/' and |
(Slides from 31 to 32). g | . . _

_ | 2" version relative to 1st: |
solar flux L1B data are referred to slides N s T ol
#59 to 61 in backup portion ‘ —— ’ —

260 260 300 320 340 360 30

Wavelength (nm)
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:) NOAA-21 OMPS NM Intra-Orbit Wavelength Shift
Performance Monitoring from ICVS

NOAA-21 OMPS NM Intra-Orbit Wavelength Shift at 307.35nm

® The operational ADL processing (03/12 ~ 03/23, available nominal data) (Animated)
uses an automatic algorithm T T T Nokaky
(Flynn et al. 2013) to characterize i 1
the NOAA-21 OMPS NM intra- el _ ]
orbit wavelength shift and £ =~ 0.02nm shift ]
CO r re Ct i O n S . % T aé“a:ai:ié’w'é#h’iﬂ:ﬁﬁ:;‘f# ARG bt " “"—,%
® The ICVS provides a regular g o730 ]
monitoring for the OMPS NM I (more wavelengihs are referred ]
intra-Orbit Wavelength Shift 307.25 [-Orbit: 0172601727 0172801729 0173001731 M7390174001742
fea‘tu res inCIUdIng NOAA-Z]‘ -90 -E;D -?I'U -60 -E:U -JI(D -BID 20 -1&TI_[I|!UDI‘IEIU EID BID 4ID EID BIU ?'IU 80 E_;D
(https://www.star.nesdis.noaa.gov/icvs
'beta/ StatUS_JOZ_O M PS_N M . ph p) . NOAA-20 Ntﬂpzfei:ya yx:gvse1l<;:g:r;4szﬁ1a;i gg 2019/01/01
® The NOAA-21 NM shows a stable The NOAA-21 OMPS NM
) ) ) shows a stable intra-orbit NOAA-20
|ntra'0rb|t Wavelength Shlﬂ pattern Wave|ength shift pattern with §
so far, with a variation of 0.02nm. time, with a shifted range within -
0.02nm that is slightly smaller o ~ 0.03nm shift
than the NOAA-20 (~ 0.03nm) [ ———

-10 0 1
LATITUDE
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NOoAA 'DNASA

— DR 10281: NOAA-21 OMPS NM
wavelength 3pixel-shift error

A 3-pixel shift issue was detected
in the NOAA-21 OMPS NM
wavelength table. This issue can
cause the inconsistency in EV
radiance in the range from 300 to
310 nm between the J2 OMPS NM
and NP (see Figure).

 Solution: Updated the four LUTs
(OSOL and wavelength LUTS).

* The updated LUTs were successfully
iImplemented on 9 March 2023
@16:10 GMT

Radiance

35

30

20

15

10

One Action from the NOAA-21 OMPS SDR Beta Review:
3-Pixel-Shift Issue (well done, 03/09 Operation)

T e by / k‘\»
Blue: NP~ [
1
Orange: NM doservec i
: | [
Grey: NM obderved (shifted by .3nm) [
I /
: I
“New” J2 OMPS NM SPR 1/
data by shifting about §.3nm ;1
show a very good congistency A %f"?x b
with the NP data betwgen 300 L @
and 310 nm { 1

I ,-9/ ’v'/

| ¢ 3 :

I J S loperational (NM)
| f | i

[data shows a large
|di5crepancy with
NP data in the

[
: | /*/ ‘ Irange from 300 to
\ I = PR 1310nm
At Y |

T, /,L A i

2% 2 29 30 303 305 307 308 il EjE 305

Wavelength (nm)
(LAT: 8.65°N~9.08 °N; LON: -104.98 °W ~ -104.52)
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:) Verification of the Updated LUTSs (Especially 3-Pixel-Shift-Correction)

OMPS Na

(a) Before the 3pixel-shift-issue was

fixed
d!r Mapper Radiances Comparsion [10S,10N] 2023/02/17

1.4

1.2

1.0

Ratio

0.8

lwllllllll

| |

>

L 7 “
; |
4 1 | " . " | " " , | . ; .

340
/ Wavelength(nm)

N21/SNPP radiance ratio significantly deviates
from one with large fluctuations

OMPS Nadir Mapper Radiances Comparsion [10S,10N] 2023/03/13

Ratio

(b) After the 3pixel-shift-issue was
fixed

1.4 '

\ Great improvements!
\ N21is in a family of SNPP and

08 N20 (~+3% above 305nm) ‘_
\\ i
L \
o6l . .\, .
300 320 340 360 380
\ Wavelength(nm)

N21/SNPP radiance ratio is very close to one with a
relatively uniform variations except below 305nm
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Orbits 1736-1740 Orbits 27528-27533

20
._ . 14
AndthQ Demonstration: 151 .
. 'y 1z
Comparing N21 and N20 101 »
- - 1 B LR - 1C
(0-10° Latitude) using the e “?x A AR
0 - Y ‘ -8
data on 03/13 (New LUTS): e R N
-5 4 - : W a X 6
101 R ad
Wiy B ‘ “' ] y 4
L i‘ 2
20 4 A .
-180 -160 -140 -120 -100 -80 -60 -—-40 -2
Lo Latitude: 0-10°
0.12 7.5 _ ]
Bias is Flat now!
© 0.10- 5.0 1
2 —_
@ 0.08- X *°
5 N el e’ ) 3
S 0.0 o B e LI IAL NG Pof oo PE SN
o 9007 Normalized Radiance _8 :':}' TR : e
S 004 (by Solar Irrad. & cosine of mn % < Great improvements:
= solzen) _50- : N21 against N20: ~+2.5% above 30bnm
Z 0.02- . _
~754 % Bias= (N20 — N21) *100%
0.00{ ° | | | | ~10.0 1 — . ; ; .NZO ; : : - .
300 320 340 360 380 300 310 320 330 340 350 360 370 380

_ Wavelength (nm) Wavelength (nm) 28




Demonstration on NOAA-21 OMPS NM and NP Radiance in the
overlapped range between 300 to 310 nm (New LUTS)

02/17/2023:

Use of the updated LUTs
results in a much consistent
radiance between the NM
and NP in the range
between 300nm and 310
nm

i

"a;
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D New Issue # 1: A 12-Pixel-Shift Problem Detected in NOAA-21 NP Solar Flux Data*
(Well Done; New Table into Operation on 03/23)

A!‘m

N
NOAA-21 Nadir Profiler Daily Nadir Wavelength Shift R

Updated at Mar 14 19:49:23 2023 UTC
03/09 New LUTs

0.1 - 1 301
L A A A AL A A A & A A A : 3
§ A A AA ATA A A A A A j\ | E
0.0F Y | =0.0
E Used the Prelaunch LUTs ! 3 'é
= I N | e
E s ~ 0.03nm difference ! = B
B 01k in wavelength shift ; .01D
- i between Radiance I E =
S and Solar Flux I 3 e
2 - I = o9
% ; ~ -0.3nm difference | = o
= 0.2 between Radiance I = 0'2‘;“
= - and Solar Flux : 3 =
o : 1 B
W - Something wrong in | : 03“’
V.o . 1 1 o
. the delivered LUTSs? | "
1 a4
- I x
-0.4L . . . : +-0.4
02/10/2023 02/17/2023 02/25/2023 03/05/2023 03/13/2023

*The figure was generated by D. Liang in the ICVS team; the problem was reported by L. Flynn in the OMPS EDR team
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:) Impact of 12-Pixel-Shift Problem on NOAA-21 NP Solar Flux Data

(@) In the presence of the 12-pixel-shift issue (b) Fixing the 12-pixel-shift issue
50||Qflfffi>lhj‘JQT‘QPISIPQWPQ‘V‘@‘@"EQ“JIQIZR?‘PF‘Q‘CI‘?Q??/‘QQ/W Solar from J01 OPS compared to JO2 Reproc 2025/@2/W7
800 ] 8O0 F T T
- JO1 Reference, Spatial Idx=2 | - . -
I | B JO1 Reference, Spatial Idx=2 i
600 - - L ) % 0 5 ]
0 ] 600~ & ao 47N
>~ o - , { og fBle 1 O
£ i b c . IRRAD@NADIR Shift: 5.09001nm | WTRE \
L 4007 i ~ i w\ ¥ Mo i
2 - P “L-.'*
5 - 1 < — ; -
E i | < 400 2 ]
200r ] T | & 4 |
I B o & G o G .I‘-, ¥
B B g - "gr.:':"_.-h ..... ‘_ g, (‘? ‘(". 4 I» _
: . 200 i My o L T 7 —
O Y A [ [P IR [ = o ¢ 7 4 " ¥ \ -
250 260 270 280 290 300 310 - 5 e 94 ' .
Wavelength, nm 5 R R / JO2 At NCIdII’ SthIG| ldx=2 I
P R A A S R L v vy Ly v vy 0 L v v v v v b b [
NOAA-21 solar irradiance spectrum significantly 230 260 270 280 290 300 310
deviates from the NOAO-20 spectrum Wavelength, nm

NOAA-21 solar irradiance spectrum is very
comparable to the NOAO-20 spectrum
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D Root Cause to the 12-Pixel-Shift Problem
In the DR10281-Delivered NOAA-21 OMPS-NP-OSOL LUT

Solar NP OSOL Table without problem Solar NP OSOL Table with the problem (delivery 03/09)

300 300

i == The 12-pixel-shift error ¢
2 o e causes about 5.01nm e
s error for the NOAA-21 2 :
OMPS NP-OSOL (i.e.,
5 o ~5.01nm shiftin the SDR 5
solar irradiance data) 12 overclock positions
were missed
a a
0 100 200 300 0] 100 200 300
Spectral Index Sample Spectral Index
Old OSOL Watts/nm /cm~2 Table: New OSOL Watts/nm/cm»2
W - B 480 .
2.0e+00 1.7e+02 3.3e+02 5.0e+02 6.7e+02 8.3e+02 1.0e+03 2.0e+00 1.7e¢+02 3.3e+02 5.0e+02 6.7e+02 8. 3e+02 1.0e+03
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:) Validation of the Updated NOAA-21 OMPS NP OSOL Tahle

B Ul
(a) OMPS NP Solar Flux Comparison (b) OMPS NP Solar Flux Comparison ] '
between NOAA-20 and NOAA-21 between NOAA-21 NM and NP in 300 to 310nm i
0 NOAAZD e (1) Old OSOL LUT N
NOAA-21 at: 16.31° ~ 17,63
w0l ] 250 ~ 380nm 298~ 312nm Lon: 360 - -24.6)
Big improvement for il 9
. N20 and N21 flux after | 12001 800
3 400 the table was updated | 1000

600 -

\ | 800 -
‘ 600 - 400 A
200 / ‘

A big inconsistency!

L \V/ | 200 1 .
240 260 280 300 "0 280 300 320 340 360 380 o8 300 302 304 :
Wavelength ;\a
(2) New OSOL LUT =
. An updated OSOL table for NOAA-21 OMPS 250 ~ 380nm 208 ~ 312nm . 2 (Ehove sosnm)
NP was implemented into the operational e 200 7:20 (NP-NM)*100%/NM
processing on 03/24/2023. . 800 - L |
«  The new results demonstrate a much oso 700 ] T eenom
improved consistency between NOAA-21 NP
EV radiance and solar flux comparison, the T Zoom-ine
NOAA-20 and NOAA-21 NP flux comparison. %00 » 500 {
— NM and NP normalized radiance (NR) 0 o Agree well!
averaged differences are within +2.5% 2007
above 305nm. 0 260 280 300 320 340 360 380 300298 300 302 304 306 308 310 312
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i) New Issue# 2: A Wavelength Discontinuity Issue for NOAA-21 OMPS
NM Spectrum nearby 85" Cross-Track Position

(a) Each cross-track solar flux spectrum to the average of the solar flux for the adjacent spectra:
* A wavelength discontinuity issue Flux(i)*2/[Flux(i-1)+Flux(i+1)]-1
was detected in the NOAA-21 = : ” . '““ ' “ “‘ =1 -
OMPS NM SDR solar spectrum

nearby the 85t cross-track position.

— Th problem was captured when
the NOAA-21 NM by checking
each cross-track solar flux
spectrum to the average of the
solar flux for the adjacent
spectra (see the upper panel
figure; courtesy of L. Flynn)

— The similar feature was Values from #84 to #86 are
out of family!

Flux(i)*2/[Flux(i-1)+Flux(i+1)]-1

detected by Comparing the (b) NOAA-21 NM Solar Spectrum Wavelength Shifts Relative to NOAA-20
NOAA-20 and NOAA-21 OMPS Computed Shift frorm JO1 OPS Nadir, JO2 Reproc 2023,/03,/1.
NM solar spectrum (See the 0.04 o 2L P = Raeln JES meEproc sU=eos 02
lower panel figure)

» The problem was caused by a big

fluctuation in the previously derived
wavelength shifts) (See next slide)

o
8]
W
| TTTTT \‘HI TTTTT

0
0
N

u||| Ll \‘HIH\HI

Wavelength Shift (nm)

TTTTTTTRA TTTTTITTTTTTTTITT

Spatial Cross Track Index, West to East
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:) Root Cause and Solution to the Wavelength Discontinuity Problem

(a) NOAA-21 NM Wavelength Shift vs. CT Position (Ground to Orbit; Old Version)

* The on-orbit NOAA-21 OMPS NM
wavelength registration was conducted o oo !
using the solar raw flux data for the g oo ar
wavelength shift estimation of the sensor g ooor Hi
from ground to orbit. £ oo ' MWMMWWW
— In 15t the algorithm, there are no v
proper QC criteria S ) B
* Relatively Iarge ﬂUCtuationS (b) NOAA-21 NM Solar Spectrum Wavelength Shifts Relative to NOAA-20
especially at the 84"-86t CT R - - | R
positions. g oo |
— In 2" version , a proper QC was used 5 oo :
to remove outliers. ; =-oc |

» Large fluctuations disappear.
A new DR/CCR have been opened to

(c) NOAA-21 NM Wavelength Shift vs. CT Position (Ground to Orbit; Updated Version)

update NOAA-21 NM OSOL and o
wavelength LUTSs.

— The updated LUTs are expected to
deliver to the ASSISTT on 04/03/2023

Large fluctuations disappear!

Wavelength Shift (nm)

100 200 300 400 500 &600 700
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:) Earth View Noise Meets Requirements
noas \S nasa (NP: 250 ~ 310nm; NM:305~380nm)

(&) NOAA-21 OMPS NP SNR (b) NOAA-21 OMPS NM SNR
oy o1 WP a0 and BMSHA920 2 10 .. N21 NM Rad and RMSR 2023 02 10 tropics
- — SNR \\ ‘ |||ﬂkl ] 1r"“f [|Il||||||| |||||||| ||I|II| |||||||| ||||II|I ||||”| |||||||| ||||||| ||||||||| ||||||| ||"|||| |||||||||||”||“”““|

102 - H { I|| |||II gl “l||||||II|||||||||||||||||||||||I|||||||II|II|||”l||I||||||||||||””|II||"I|||||||"|||||I|“|/V _
|“ Requirement line (195)
100k  MeanRed. —L_ H\"""
10° - l"||||m - -
102 RMSR (Noise) || \mn i ||||.m||||'||l i ullm i ||||||| l"""| nuhl' """|"“"“
|\| il

Spokal B F 107 ‘|l!l| :
10} | _

e e e e ([ T S W R S T
il <60 Wavzeslgngth aKo a2y 280 300 320 340 360 380 400

Wavelength

Both NOAA-21 OMPS NM and NP meet the SNR requirements except for part of the dichroic range (300 ~ 305nm) for NM

NOAA-21 Calibration/Validation Maturity Review



/") NOAA-21 OMPS NP and NM SNR Time Series: Stability Check

OMPS NP
N21 NF SNR Walues for Days with Full Coverage

OMPS NM
NZ2T MM SNR Walues for Days with Full Coverage

. ' 150
E [
c < S
= % = ™
(=2 — (@3]
GRS s | 2
CI>J ] 40@* — ————— = © e 100
T Sl1.5¢ =S c
= c =
B )
Q)
200 50
G 0
Day Index (Day covered: 2/17, 2/18, 2/26, 3/5, 3/6, 3/7, 3/12, 3/13, 3/19, 3/20, 3/21, 3/22, 3/23) Day Index

Both NOAA-21 OMPS NM and NP show a stable SNR performance so far. They generally meet the SNR
requirements except for part of the dichroic range (300 ~ 305nm) for NM
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Comparison of Stray Light Correction (SLC) at 283nm
D between NOAA-20 and NOAA-21 NP

Radiance Difference Radiance Difference (%)
diff in Radiance at all iFOV and iScan ot 283.01nm %diff in Radiance at all iIFOV and iScan at 283.01nm
0.006 ‘ S e R SE T T T T ' T
0.005? +F : E
. 0.004 - E g
e '13 3
NOAA21NP | , =
0.002F = E;_L: 2
0.001 & 3 i3 e
00005 | ..
R TS NOAA-21 NP has a similar SL
oriuge Legrees Lotitude Degrees .
correction performance to
<iliff‘ in‘ qui?nc‘e qt c;ll EFQ\/ o'nd. iSf:on at 2‘83701nn? %diff in Radiance ot oll iFOV and iScan ot 283.01nm NOAA'ZO (An Ofﬂlne ADL teSt
z| 5F — T 7 7 —
; : ; w/wo SLC)
0.005 - = F
| | ~
0,004 F : 3 . :
NOAA-20NP | "
° o.oozi g 2_ _
0.001 1 ~ P ' A
ot L (I

-50 (o] 50
Latitude Degrees

(Radiance Difference = Radiance without SLC - Radiance with SLC)

Latitude Degrees
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:) Stray Light Preliminary Analysis via a Scattering Plot
for NOAA-21 OMPS NP SDR Data

® The OMPS stray light (SL) components,
which can originate from both spectral and

: : _ NOAA-21 NP Mg-1l Index vs. Radiance at 305nm
spatial scattered light, can be described by an J

instrument’s point spread function (PSF) 1.0
(OMPS ATBD). 09 +
®  Two pre-launch SL correction tables based +
on the PSF data have been applied to the 0871 4
operational ADL processing for NOAA-21 . + ;

OMPS NM and NP.

® Check if the EV radiance data still
experience significant SL effects.
— Mg-Il index
=(Rad_280*2.0/(Rad_277+Rad_282)

— A scattering plot is analyzed between the
Mg-I1 core-to-wing ration variation with

++ + +

+ T Less correlation between
Mg-ii index and Rad_305nm

0.6 *

Mg_ Il Index

054 *

radiance at 305nm for NOAA-21 NP (the 0.2 1— . . . :
method was initialized by L. Fynn) 0.0 2.5 5.0 7.5 10.0 125 15.0 175
® Less correlation is observed, _

demonstrating residual SL effect should Radiance at 305nm

not be large around 280nm.
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NOAA

.C)WOMPS NM and NP Radiance Consistency for NOAA-20 and NOAA-21

- NOAA-21
’
%0iff in Rodiance at NP TC averlap regfon n20 2023/03/13 %0iff adib\nce at NP TC averlap region n21 2023/02/17
T | T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T | T T T T T T ‘ T é \I T T | T T T | T T T | T T T ‘ T T T

N 7 B ll Bo o\ 7

40— — 40— 1 ) —

—~ = - L I & D' 4
X i MAax_sza: 20.0 i | [ ke Max_sza: 28.0 ,

N
1
Q B I i \ | ,l ]
O 20 — 20— \ L —
c L _ L \ i
% L ? o a | \\ /) E i o [
’

E AR e et T : S H o= i - B ____________\_\___;‘___ _i !ﬂ 1 __:i _D_D_Lii__
o 9 al Wb gi;iil:ii ii EE : & 0 +5%lines Hl‘igﬂiii ii i N
1 e R P [ TTRRCRRTRRRNY -
o L - ! , . ,
% r g D f : - - -
S -2 i ] _2al Remining SL effect? _
© L J L |
x L _ L i
I (NM-NP)*100%/NP ] I 1

—40— — —40— —

| Il ‘ Il 1 1 ‘ Il Il 1 ‘ 1 Il Il ‘ Il 1 Il | Il Il Il | | Il 1 Il ‘ 1 Il 1 ‘ 1 Il Il | 1 1 Il | Il Il 1 | 1 Il Il ‘ Il 1 1 |
298 302 304 306 308 310 J12 298 J00 302 304 306 308 310 312

Wavelength, nm Wavelength, nm

«  NOAA-21 NP and NM radiance shows a good consistency in the range from 303 to 310nm
with differences within £5%.

« Arelatively large inconsistency remains below 303nm, partially indicating the performance of
the SL correction is to be improved. The dichroitic effect also impacts the differences.
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NOAA-21

NOAA-21 and NOAA-20: More Examples

(a) Normalized Radiance Comparison between NOAA-21 and NOAA-20 NP (03/26; new NP wavelength LUT)
NOAA-20

N20 and N21 NR Spectra

Comparison of OMPS NP and NM Radiance between

N20 and N21 NR Difference (%)

60 - 14 60 10.0
‘ 30 2
0.035 7.5 .
50 A . 12 50 4 ] . :
Orbit 1934 ] oy ‘.
0.030 é » 8 sof-= % .i. _____ R +5%lines |
40 1o 40 S 304 £ 's-"' _.';_1 -
03/14 0.025 g § 254 .+ 4 "'ﬂ';.-' A
03/26 8 Orbi 2 o
304 ] rbit 27556 o i 04 . < . .
Orbit 1934 . b0 g s £ : © -
6 = 55 ] e et e 2
A N I W E e it
| 4 : | 0.010 g ; N O T PR A .
10 L — | ] 1 P
\ 2 ’ /— - 0.005 R
0 , T : r 0 i . g . = 0.000 01 . : . . ‘ . . -10.0 L— . ‘ r T ‘ .
=35 -30 =25 -20 35 jp/ -25 -20 -15 ' 250 260 270 280 290 300 310 250 260 270 280 290 300 310
Comparison .
area: 8-20° in Lat (NOAA-20 ahead about 25 mins of NOAA-21)
(b) Normalized Radiance Comparison between NOAA-21 and NOAA-20 NM (03/23; 3-pixel-shift issue was fixed)
- NOAA-20
40 NOAA-2L 40 1 u 4
010 al +2% lines
(YA, s B i e,
35 12 351 *J’V -
008 [ 2 o o, s
30 10 301 3 ."d 2 ’ »-,.:...-Wu-'whn" . ?'h'
8 o S -1.""
. T 006 P g TNy
25 S — — — — — — — 251 4 | £ '-
o ’/[ oS -4 v
' S 0041 J g .
20 201 = J : .
£ { 8 61,
4 = / =
o 002 < -
15 S — —.7. 15 1 z 81
2 b
107 10 4 0001 ' ! : . W ———
5 10 15 20 25 30 3\ 40 P4 % 30 3B 40 00 20 340 %0 80 300 310 320 330 340 350 360 370 380

Comparison area: 15-
25°in Lat

«  NOAA-21 NM and NP SDR data agree well with NOAA-20 data
2NPs: mostly within £5%;
2NMs: mostly within £2% above 305nm
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Comparison of NOAA-21 OMPS NM Radiance

:) with SNPP and NOAA-20: More Examples from ICVS
: (a) 02/14/2023
 More examples are given ormE Moot mopper modinnoes Sormporsion [105.10m) zos3 0z 1a
here based on the ICVS NE? Ln@lor dare
inter-sensor comparison s D
monitoring results osl - e — =N
(https://www.star.nesdis.noaa.qov/icvs— VN ¢ et oot SR SO e Cormparsion [10s.10m] zo23 0312

beta/comparison OMPS.php) .

— The ratio is a averaged of radiance
differences between NOAA-21 and ool

1.2

NZ2? -~ ENSB_:

1.0 NS S e ————— e —
= B

Refo

] Preliminary
SNPP; NOAA-20 and SNPP by o.al_ . - . 1 results show
using the data between +10° in (c) 03/13/2023 T o gy
IatitUde. oMEs Nadi i i [1O0sS,10N] 2023 03 71 3h|gher than
. | SNPP and
— NOAA-21 NM agrees with NOAA- — NZ9 ~ SNEE 1 NOAA-20.
: : =2 ..o urther
20 and SNPP with margins. e analysis is
« Averaged differences are . needed.
1 0 o‘;oo =0 e i =- é;::h(nm) seo 80
typically less than 3% for the (d) 03/19/2023
wavelengths above 305nm. - Comparsion [10S.10N] 20230319
« The differences increase " \W P ——
N e NPP
largely at wavelengths close to g ..of “eoeee e e
300 nm due to the dichroic om :
effect. e, - . . . -

300 320 340 360
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https://www.star.nesdis.noaa.gov/icvs-beta/comparison_OMPS.php

:) NOAA-21 NM Radiance Deviations from CRTM Simulations
Relative to Two Reflectivity Channels

* The CRTM v.3 (|_iu and Cao 2021) is (a) NOAA-21 NM Observation at 378.8nm (b) O - B Image at 378nm for the NOAA-21 NM

applied to the OMPS NM radiance a0
simulations under clear skies.

0.25 40 T 10

35¢ 35}

Raman scattering effect is still not
included in the CRTM, thus causing ripple
pattern in current O-B spectral features

w
o
w
o
T

Latitude
N
w
Latitude
N
w

An comprehensive interface package was
added to the CRTM for SNPP, NOAA-20

and NOAA-21 OMPS NM/NP (Huang et al.,
2021 and 2022 AMS conferences)

—  Surface reflectivity at 347.6 nm and 371.8
nm are derived using OMPS NM SDR data | | \ ‘ ‘
(Liu et a|, 2022) %30 : -110 -100 g 4 -130 g -110 -100

Longitude Longitude

N
o

20 -

0.05

15+ 15+

Other ancillary information to the CRTM
simulations use the EUMETSAT NWP

analysis data (see Huang et al. 103" AMS - -
presgntation) ( 9 (c) Mean Normalized Radiance (NR) Spectrum (c) Mean NR (O = BY/O (%) vs. Wavelenath

N21 OMPS Nadir Mapper Normalized Radiance, 3113/2023 01 T T T T T T
T T T T

The O — B represents the deviations of 0
observations (O) from the simulations o8
(B) relative to the two reflectivity
channels.

15+ \4— Large O-B due to
1 both CRTM

1 simulation errors
107 1 and instrument

) dichroic effect +20p daSh |ineS

The mean O — B values are typically
within +5% for the channels above 310nm,
and can be up to 20% below 305nm that
are in the dichroic wavelength range.

n
T

OMPS TC NR (O-B)Y/O*100(%)
=

OMPS NM NR (O-B)/O™100(%)
=
=

—0
The CRTM simulation accuracy and the ——Bvithwavelergh mitched
data errors are contributors to the large O —

n I I | I I I | ] | | | | |
B Values (abSOIUte Value) 590 W N W W M B/ W/ I W/ X0 300 310 320 330 340 50 360 370 80

Wavelength {nm) Wavelength (nm)

o
T

ra
(=1

NOAA-21 Calibration/Validation Maturity Review 43



Potential for Inter-Sensor Comparison between OMPS and TROPOMI

* Sentinel-5P TropOMI UV bands have (2) NOAA-20 OMPS NM (35X2621)  5/01/2021) (b) TropOMI (448X5786)
overlapping wavelengths to the OMPS : =
NM and NP q\\/ﬁﬁ é/wf//ﬁ\/

— OMPS NM: 300 ~ 380 nm =2
— OMPS NP: 250 ~ 310 m,

— TROPOMI UV:: 270 ~ 495 nm: 0.55 nm
spectral resolution; 7x28 km?
(Launched on 10/13/2017)

A ray-matching method (Doelling et
al. 2011) was applied to the inter-
sensor comparison between OMPS
and TROPOMI, which took into

(c) Mean Radiance Comparison vs. Wavelength

. . . Orlglnal Hadlance Values for 2021 05 01 Troplcs
account location, time, solar zenith 100.0

angle, viewing angle, and more - Operational NP ]

L Operational NM 2 ol

OMPS NM. TROPOMI Ray-Match 10.0 SDR MR NM (not calibrated) M”WM"W i

_ Threshold Z : ™ z

Time Difference (mins) 50 &= i Mﬁ Good agreement for most 1

_ _ 1.0} e o wavelengths, though =

o - A *’_-,.5/ -

View Angle Diff. (°) <4.0 - in TropOMI i
Azimuthal Ang|e Diff. (°) <30 0.1 P TR TP T U TP TR T

298 300 302 304 306 308 310 312

Wavelength

A similar analysis will be applied to the NOAA-21 OMPS data when more data are available!
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Q OMPS Geolocation Check in Comparison with VIIRS

90°W 80°W

10°N

00 |- ol

10°S

20°S

30°S Lo N

10°N

00

10°S

— 20°S
£2)

=1 30°S

90°W 80°W

70°W 60°W

NOAA-21 VIIRS M1 Band
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:) NOAA-21 OMPS NM Geolocation Assessment (1/3):
Geolocation Accuracy Relative to VIIRS*

- Geolocation registration is an important (a) Collocated VIIRS M1 Band (b) OMPS 380nm
calibration work, which contains CCD pixel (750m nadir, 3200 pixel per scan) (12x10km nadir, 177 pixel per scan)

look angles for the Field Angle Map (FAM) Sl S 20330211 11
LUT and is used to compute the pointing e
direction (unit vectors) of each individual CCD
pixel in the OMPS SDR operational
processing.

* An algorithm was developed to estimate the
geolocation accuracy of the OMPS NM SDR
data from SNPP to NOAA-21 (Wang et al. 2022).

* The algorithm was applied to the NOAA-21
OMPS NM SDR data.
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— VIIRS M1 band data on 02/10 collocated (c) OMPS 380nm vs. VIIRS M1
with the OMPS 380nm data. - Rad. Scatter plot 20230210 t114328
— A high correlation is observed between Ry i

Figure (a) VIIRS band 1
image. (b) OMPS NM 380
nm. (c) Scattering plot of
OMPS radiance at 380 nm
and VIIRS radiance at 410
nm with (red dots) /without
(blue dots) the perturbation.

the OMPS 380nm and VIIRS M1 band “0
radiance data.

— A small perturbation is applied to the
OMPS SDR data to have the best
correlation between the two data
sources. »
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:) NOAA-21 OMPS NM Geolocation Assessment (2/3):
Geolocation Accuracy Relative to VIIRS*

NOAA-21 OMPS NM Geolocation Accuracy The pixels were shifted ~0.1 degree (1.5 km at nadir )
10 Feb 2023 in the along-track direction
Along-track Direction /
0.4
i i T e s A
0 02 A
0
O 0.0 { Corresponding to 8.5 km at
2 WV\VWWI\—M -
2 0.2 - nadir
L€ 000 e m e e e e e e e e e e e e ke o o o e e o o b o o ]
~0.4 { | | | | | | | | \
0 20 40 60 80 | 100 120 140 160 The worst performance is at the edge pixel
Pixel number 176 (DR10039 code error)
Cross-track Direction
0.50 A
@ os 4— — [ 1 r o ]
o
0 0.00 1 Corresponding to 10.0 km at
= nadir
< I I A N N N Y N D *Further assessment is needed in the future.
— Instruments are in the orbit test stage
=0.50 + T T T T T T T — OMPS NM spectral calibration is not done yet.

0 20 40 60 80 100 120 140 160 —  VIIRS geolocation evaluation is still undergoing.
Pixel number

Geolocoation accuracy relative to VIIRS within the subpixel level ( ~ less than half of pixel size)
47

NOAA-21 Calibration/Validation Maturity Review Reference: Wano



NOoAA 'DNASA

NOAA-21 OMPS NM Geolocation Assessment (3/3):
Geolocation Accuracy Update Relative to VIIRS*

Along-track Direction

0.4 -
Y 0.2 -
o =T~ Equivalent to 8.5 km
a . > -mm—r == at nadir (1 pixel)
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< o= —= 02/10
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_0.4 -l T T T T T T T T |
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. . - e edge pixels' geolocation
The edge pixels are improved Pixel number accuracy are improved
in the in track direction. Cross-track Direction j
O e s e I I I
‘v -~ TT =~
02 - .~ N
=2 f
8 0.0 -Wﬂw Equivalent to 10 km at
E . S o — - nadir (1 pixel)
2 _0.2 A
< Il 1.4 "4 Q9 g g —— 02/10
—0.4 - — 03/23
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Pixel number

The geolocation relative to VIIRS is well within subpixel level (~1/2 pixel level)
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:) NOAA-21 OMPS NP Geolocation Assessment Relative to OMPS NM

NASA

Ground Pixel Center Distance between NM and NP (km)

Ground Pixel Center distonce, NOAA—20 MNP and NM  2023/02 /17 hiRes_Ground Pixel Center distonce, NOAA—21 NP and NM 2023/02/17
; ; T T T T T T T T T T T T T T T i T T T T T T T T T T

5 - T T T T [ T . 5 F T T T [ [ [ -
- (a) NOAA-20 - - (b) NOAA-21 -
N N N N N N % WAL v e e e NG - -
= E o - c Mt N N N e e WU e e e
X 3 Nadir pixel = X oz E 3
e F - m — C _
- ?— Ol =~ G e e e e e N e e NS - - o -
e - e E Nadir pixel ]
c oF FOv- - 5 = 2D el Gl e R o e e e e e
= u ‘ 7 [ - =
r m = FEOV: 3 I
- ; = FOM: 1 .
TE E 1 _E FOV- 2 E
O - ! l . . ! l . ] O = 4 I I \ \ .

0 5 1Q 15 prie] [u} =3 10 15 20

H Day H Day

The N21 NP geolocation accuracy meets the requirement (less than ¥z pixel resolution), where
the interpixel distance are smaller than the N20.

— Nadir is marked in green as FOV2. FOVO0 and FOV4 are the outermost pixels.
— More analyses are referred to slide # 62 to 63 in backup
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:) NOAA-21 NP Solar Intrusion Issue: Preliminary Check

(a) NOAA-21 (No solar intrusion correction is applied)

« Mostly due to the OMPS instrument s D NE Radioncen v 526 In North Spegyoe 10
Innermost baffle vane, the solar intrusion o04E 277.97nm 3
persistently occurs for the NOAA-20 E s

. . ) - . =

OMPS NP at high solar zenith angle o 003F N nm
(SZA) over Northern Hemisphere (NH) 2 oo02f ' B =
© - N 3

(Jaross and Huang 2020). © orE Anunexpected /(' )

« The solar intrusion is expected to exist § | [leawreduefofhe S~e
for J2 OMPS NP, but the correction is = 000F
not turned on in the current operational o
ADL processing package. Solar Zenith Angles
With th limi IVsi h | (a) NOAA-20 (Solar intrusion correction is applied)

. Ith the preliminary analysis, the solar N20 OMPS NP Radiances vs SZA in North 2023/02/10
intrusion seems to exist in the J2 OMPS g
NP data below 300 nm over the NH L, 00 277.97nm <
when the SZA is high (see the figure). % 0.03F 269.60nm 3
However, further investigation is needed e
to confirm this impact. c OO E

= ! 3

0.00;— —;

-0.01 ; . . . 1 . . . 1 : . . 1 . . . :
40 60 80 100 120
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:) Long-Term Monitoring of NOAA-21 OMPS NM and NP Data

NOAAISTAR Central Data Repository Ops Granule Data Status "
NOAA-21 OMPS RDRISDR u

17 Feb 2023 o
* The ICVS has developed a —=4 Monitoring and chamctenzlng satelhte instrumentiperformance’ 'for weather.clnmale and ¢ OMPS Tamey R (FOLPT)- 4 Hous —Nomal  — Oulpedntssng
beta_versmn of the STAR ICVS Home NOAA.21 OMPS Nadir Mapper Example # 3: NOAA-2L NM__,,
mon |t0r|ng tOOI for NOAA_ DEV9|0pmellt Zone 19 Feb 2023 -22:36 ET [/ 03:38UTC SDR gl’anu|e status OMPS NP Science RDR (RNSCA-RONPS) - 24 Hours Normal Delayed/Missing
21 OMPS NM/NP e Il DATA NOT APPROVED FOR PUBLIC KEL EASE 11
|nStrU ment, 5 :::::': i Selsect a paramseter: OMPS NM CAL SDR Time Series E OMPS TC Science RDR (RNSCA-ROTCS) - 24 Hours ~ — Normal  — Delayed/Missing
calibration/telemetry RDR e e e - Y
« Scvere Event Watch ¢ ©
. . Examp|e# 2: CCD hot pixel percentage cod 1 she g
an d S D R d a.ta U aI It I n a. - . h h | 202 shi OMPS NP SDR (SOMPS) - 24 Hours —Normal - Delayed/Missing
- d y T Sy calibration parameter = o bl e s srent )
near-real time mode ot monitoring igas s s o
. . . _ . 1 Overclock leadi e od2 OMPS TC SDR (SOMTC) - 24 Hours —- Normal - Delayed/Missing
(https.//www.star.nesdls.noaa.govllcvs — 2023 /O oA e Iz:i:g ;nmgz e
beta/status J02 OMPS NM php) Overclock leading stddev ccd
- - - ) ) OAA-21 (restricted access) 1.4 . Overclock trailing mear ccd1 : : : : :
° The mon |t0r| ng param ete s Spacecraft T gVOI’C:OCE tral:lnu m:gr CCdj oztmzozs opATROZs  omive  weiinEoss  o2aes  oaangoes  uzinizozs
Exam ple# 1 : verclock trai Ing stddav ce
. . ATMS 0
include the instrument cne FoR ccDhot 12 il 7 iy 0
H - Smeer stcd cd1 shert t g
performance (temperature, S L pixel# C Shiser meen ot short i Ge .
S i i == Smeer stddev ed2 short ter =
CCD dark, smear, hot ol ol monitoring " dork cutent mean o ta ]
. . _ B dark current stddev Iife t b
pixel, etc.), EV-radiance, i 2 081 -
reflectance, data quality AT - -
«cris 0.6 =
flag, and other calibration « cris FoR - o’ Z
s VIIRS B =
parameters. « CIPE Nadir Mapper 0af o 0? a
.  OMPS Nadir Profiler J NOAA-21 OMPS NM hot pixel percentage trend
* Examples are given on the ShomiE 0.2 ]
right panel for the NOAA- Sseon \ . 1 1 i
21 OMPS NM CCD hot L 11/22/2022  12/10/2022 12/28/2022 01/15/2023 02/02/2023  02/21/2023
Time
«CriS FSR

pixel percentage trend and
others.

(Courtesy of ICVS D. Liang)
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:) User Feedback

Organization Application User Feedback

- User readiness dates for ingest of data and bringing data to operations

Larry NOAA/STAR/S OMPS Ozone The prodfucts ;clhre of g(t)ocg q.ualityf \a/]lth five known ctofnce\;gls:) and odnsl g_lrjce)valuated
. concern from the point of view of their use as input for ro an z.
Flynn MCD retrieval Known Concerns

1. The OMPS NP has significant solar stray light for the Northern Hemisphere at SZA > 62.
A correction similar to the one developed for the NOAA-20 OMPS NP is needed.

2 and 3. The OMPS NM & NP has some level of disagreement in the overlap region from
300 to 310 nm. Some part of this is probably the stray light correction for the OMPS NM for
the shortest wavelengths.

4. The sample table fix for CT #177 will be implemented with Mx 8/9.

5. New solar and wavelength scale tables are needed for three near-nadir pixels for the
OMPS NM. This is expected to be resolved next week.

Unevaluated concern: we have not evaluated the performance of the stray light correction
for the OMPS NP.

We expect to be able to reach provisional maturity for the EDRs with the current SDR
performance.

We will need to have an OMPS NP solar stray light correction to reach validated maturity.
Need for coordination for any calibration changes for the SDR with the soft calibration
adjustments for the EDR.
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D Risks, Actions, and Mitigations

» Provide updates for the status of the risks/actions identified during the previous maturity review(s); add new ones as

needed
Identified Description Impact Action/Mitigation and Schedule
Risk/lIssue
Issue # 1 Wavelength scale registration change Big impact on NM  Four updated tables implemented into operation on
and NP SDR data  03/09/2023 (Done)
quality
Issue # 2 NOAA-21 OMPS NM wavelength NOAA-21 OMPS  Two updated tables implemented into operation on
pixel-shift error NM radiance data  03/09/2023 (Done)
quality
Issue # 3 NOAA-21 OMPS NP solar flux 12-  NOAA-21 OMPS  Two updated tables implemented into operation on
pixel-shift error NP solar flux data  03/23/2023 (Done)
quality
Issue # 4 NOAA-21 OMPS NM wavelength NOAA-21 OMPS  Two updated have been derived; plan to deliver to
shift discontinuity error at CT# 84- NM data quality at the ASSISTT as a fast track on 04/03/2023
86 CT# 84-86 (To-Be-Done)
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:) Documentations (Check List, 1 slide)

Science Maturity Check List

Yes ?

ReadMe for Data Product Users

Draft is done (internal review)

Algorithm Theoretical Basis Document (ATBD)

The OMPS (SDR&EDR) ATBD exits but
it needs to be updated: in progress
(Target: by April)

(Demonstrates long-term performance of the algorithm)

Algorithm Calibration/Validation Plan Yes
(External/Internal) Users Manual N/A
System Maintenance Manual (for ESPC products) N/A
Peer Reviewed Publications in olan
(Demonstrates algorithm is independently reviewed) P
Regular Validation Reports (at least annually) Yes

NOAA-21 Calibration/Validation Maturity Review
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3 Check List - Provisional Maturity

Provisional Maturity End State

o Product performance has been demonstrated
through analysis of a large, but still limited
number of independent measurements obtained
from selected locations, time periods, or field
campaign efforts.

o Product analyses are sufficient for qualitative, and
limited quantitative, determination of product
fitness-for-purpose.

o Documentation of product performance, testing
involving product fixes, identified product
performance anomalies, including recommended
remediation strategies, exists.

o Product is recommended for potential operational
use (user decision) and in scientific publications
after consulting product status documents.

Information/data from validation efforts can only be used to
make initial qualitative or very limited quantitative assessments
regarding product fithness-for-purpose

Documentation of product performance and identified product
performance anomalies, including recommended remediation
strategies, exists

NUAF

Yes.

o Improved the NOAA-21 OMPS NM and NP calibration algorithms
(fixed three problems)

o Product performance of NOAA-21 OMPS NM and NP SDR has
been demonstrated through the analysis for more than 15 days of
data sets in multiple ways.

- The OMPS NM and NP SDR data shows a good quality.

- The SDR data agree well with SNPP and NOAA-20, within
averaged differences of 5% for NP and +3% for NM at most of the
NM channels.

- The geolocation accuracy of the OMPS NM and NP SDR data
meet the requirement

- The OMPS NM and NP SDR data meet the SNR requirements.
o A total of 3 calibration problems have been identified(target with

operation 04/06)

o The readme is in progress.

Yes.
(The NOAA-21 OMPS NM/NP SDR data are being tested in the OMPS EDR
retrievals, showing a fine comparison with the SNPP/NOAA-20 products.)

Yes.

fole)



:) Lesson Learned from NOAA-21 OMPS NM 3-pixel Issue

«  Background: the 3 pixel shift issue in J2 OMPS NM SDR data

— The clearest explanation of what happened was that NOAA-21 used a new higher resolution format and different set of sample tables
than both SNPP and NOAA-20.

— Root causes:

+ JCT3 TVAC used the same sample tables now in use but there was no Earth View (EV) radiance signal in the tests. Everything
was door closed. So, it is challenging to verify the wavelength shift problem without true EV radiance data.

» There were no available on-orbit measurements with real EV signal based on the pre-launch calibration tables before door open.
. Potential impact on future J3/J4 missions and mitigations:

— Potential impact:

 When NOAA-22/23 is launched in future, if the sample tables are not the same as NOAA-21, there will be a higher
probability that similar kinds of errors will be repeated.
— Mitigation # 1: use the same sample tables as NOAA-21

* It would have been easy to detect that there was a problem and it would have been corrected much earlier through the JCT test
data sets.

— Mitigation # 2: measure a few orbits of on-orbit door-open OMPS operational nominal SDR data as early as possible after the satellite
launch

* make a few orbits of on-orbit door-open OMPS operational nominal SDR data measurements as early as possible before the global
data measurements are made

« Test the consistency of the EV radiance data for a new mission in comparison with existing OMPS SDR data
» Implement any updated LUTSs to fix captured issues into the operational processing before the full orbits of the data are measured

— Mitigation # 3: provide the simulated OMPS EV radiance data that use the same calibrations tables (e.g., sample table, wavelength table)
as those for the new mission, which is comparable to EV radiance

» A good accuracy of RTM is needed.
* An early test can be conduced

NOAA-21 Calibration/Validation Maturity Review



:) Lesson Learned from Two New NOAA-21 Problems

« Two new problems:

— The 12-pixel-shift error: it occurred in the solar flux in the SDR data, which were generated based
on the solar flux OSOL table.

— The wavelength shift discontinuity error: it occurred at two specific cross-track positions.
* Lesson learned:
— Itis important to validate the solar flux table by running an offline ADL.
— Itis important to check the consistency of the wavelength shift along the cross-track position.
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:) Conclusion (1/2)

« Cal/Val results summary:

— NOAA-21 OMPS NM and NP instrument performs stably, and the SDR data show

a reasonable quality with a good agreement with SNPP and NOAA-20
« On average, the SNR meet the requirements
« Geolocation accuracy meets the requirement
« NM and NP data consistencies in the range from 303 to 310 nm are mostly
within £5%.
« OMPS NM SDR data agree with both SNPP and NOAA-20 typically with
margins of £3 % for the channels above 305nm.

« OMPS NP SDR data agree with both SNPP and NOAA-20 typically with
margins of £5 %.

« Ozone products from NOAA-21 OMPS SDR data show a reasonable feature
(from the user feedback)

NOAA-21 Calibration/Validation Maturity Review
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:) Conclusion (2/2)

Cal/Val results summary:
— Team recommends algorithm provisional maturity

* Product is recommended for potential operational use and in scientific publications
after consulting product status documents.

— Address pre-launch concerns/waivers: yes.

— Caveats: 3 calibration issues are identified (2 well done; 1 to be fixed in
operational processing)

— The 3-pixel-shift problem in NOAA-21 NM radiance (Beta Review action): In
operation on 03/09

— The 12-pixel-shift problem in NOAA-21 NP Solar flux table (A new problem): In
operation on 03/23

— The wavelength discontinuity problem in NOAA-21 NM at 84-86 cross-track pixels
(A new problem): target 04/06 into operation

» Plan to deliver the updated NM OSOL and wavelength LUTs into the ASSISTT
on 04/03

» |t Is expected that the new LUTs can be implemented into the operational
processing 04/06
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Plan Future Cal/Val Activities towards Validated Review

Planned Detailed Cal/Val Activities towards Provisional review
— Deliver the DR#10308 LUTSs to the ASSISTT on 04/03 (wavelength shift discontinuity error)
Continue the following analyses

Regular deliveries for the NOAA-21 NM/NP dark and NP wavelength LUTs
NOAA-21 OMPS NM and NP wavelength registration accuracy improvement
SNR calculation method improvement

Geolocation accuracy of NOAA-21 OMPS NM/NP data

Solar intrusion effect for NOAA-21 NP

Stray light correction performance

Further quantify the NOAA-21 data quality towards the scientific requirements using multiple methods

Improve the simulation accuracy of the CRTM for OMPS NP and NM in coordination with CRTM team (M. Liu, M.

NM and NP SDR data quality consistency
Inter-sensor radiometric calibration uncertainties (e.g., JPSS instruments, TropOMI, GEMS)
RTM simulations

Chen, P. Ling, and others)
Assess impact of a different solar reference spectrum (e.g., GSICS-recommended one) on NOAA-21 SDR data
quality
Future Cal/Val activities / milestones
— Validated review: March 2024

NOAA-21 Calibration/Validation Maturity Review
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* Dbackup
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NOAA-21 NM Solar L1B Mean at Different Positions (Animated)

Spectrum CCD pixel number

JO02 NM SOLAR L1B mean posl 20230209
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Q NOAA-21 OMPS NM/NP Raw Solar Flux Data: Trend Track since 02/07

NOAA-21 OMPS nomalized Flux
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NOAA-21 OMPS Solar Flux ob-syn ratio
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:) NOAA-21 OMPS NP Geolocation Assessment Relative to OMPS NM (1/3)

« The NOAA-21 OMPS NP geolocation (a) NOAA-21 NM Pixels Mapped to NP Ground Pixels

accuracy is assessed against the NOAA-21
OMPS NM (see the upper panel)

— Red: NP ground pixel corners, centers, )
edges. One 7.5 second scan, 5 NP pixels -

— Blue: TC ground pixel corners, centers,
edges. Three 2.5 second scans

— There 5CT (cross-track) and 6AT (along-
track) TC ground pixels per each NP pixel

« As a comparison, for the NOAA-20 NP (lower

5CTx6AT (NM) ~ INP pixel

¥
|
|i:‘km

NN

Mapped scene is northwest of the island of Samoa

panel) (b) NOAA-20 NM Pixels Mapped to NP Ground Pixels
— Red: NP ground pixel corners, centers,
edges. One 7.5 second scan, 5 NP pixels 1CTx3AT (NM) ~ INP pixel
— Blue: TC ground pixel corners, centers, :‘:‘iJr_* ]ﬁ;ﬂf&j_ -
edges. Three 2.5 second scans S | S S —
— There 1CT and 3AT TC ground pixels per
each NP pixel
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:) NOAA-21 OMPS NP Geolocation Assessment Relative to OMPS NM (2/2)

Ground Pixel Corner Distance between NP and NM (km)

Pixel Corner Dwstances NOAA 20 I\IP to TC 2023/02/17 theS P\xel Corner Dlstqnces NOAA 21 NP to TC 2023/02/17
5 Sk T T T
E () NOAA-20 j "~ (b) NOAA-20 .
4E_ " é 1 Nr e e e e N e e e e
T N e e N N e e v v v N = 3
& E Taw s e e ™ N e v e e e
< 3 Mar s T T M T T e e N e s = 2k —
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= WEEEE“EE*EE“Q
OE . | | ! ! 0 L ! \ R [ ‘E

0 5 10 15 20 0 5 10 15 20
Hours in Day Hours in Day

« There are 20 lines across: Four corner distances for each of 5 NP ground pixels.
« The corner locations are marked for the representative scenes in slides 2,3.
» The corner distances are smaller for NOAA-21.
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:) NOAA-21 NM Radiance Deviations from CRTM Simulations
Relative to Two Reflectivity Channels

* The CRTM v.3 (|_iu and Cao 2021) is (a) NOAA-21 NM Observation at 378.8nm (b) O - B Image at 378nm for the NOAA-21 NM

applied to the OMPS NM radiance a0
simulations under clear skies.

0.25 40 T 10

35+ 35+
Raman scattering effect is still not
included in the CRTM, thus causing ripple

pattern in current O-B spectral features

w
o
w
o
T

Latitude
N
w
Latitude
N
w

An comprehensive interface package was
added to the CRTM for SNPP, NOAA-20

and NOAA-21 OMPS NM/NP (Huang et al.,
2021 and 2022 AMS conferences)

—  Surface reflectivity at 347.6 nm and 371.8
nm are derived using OMPS NM SDR data | | \ ‘ ‘
(Liu et a|, 2022) %30 : -110 -100 g 4 -130 g -110 -100

Longitude Longitude
Other ancillary information to the CRTM

simulations use the EUMETSAT NWP . .
analysis data (see Huang et al. 103@ AMS (c) Mean Normalized Radiance (NR) Spectrum (d) Mean Normalized Radiance (NR) Spectrum

presentation) (N21’s surface reflectance) (N20’s surface reflectance)

N21 OMPS Nadir Mapper Normalized Radiance, 3113/2023
! : ! T T T N21 OMPS TC NR, 3/13/2023

N
o

20 -

0.05

15+ 15+

The O — B represents the deviations of 0
observations (O) from the simulations o8
(B) relative to the two reflectivity
channels.

8

Lod
o
®
w

o
o
=

8

The mean O — B values are typically
within +5% for the channels above 310nm,
and can be up to 20% below 305nm that
are in the dichroic wavelength range.

<

Q

a
T

OMPS NM NR (O-BY/O™100(%)
e o
Q
8 8
T T

Simulated Normalized Radiance

—0
The CRTM simulation accuracy and the ——Bvithwavelergh mitched
data errors are contributors to the large O —

n | | | | | | | ' ' i '
B values (absolute value) e m m m m w m wm m m m 280 300 323\/ ave|ei§h(nm?60 380 400

Wavelength (nm)
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« A preliminary analysis was
conducted for cross-validation of
the NOAA-21 OMP SDR data
between the NOAA and NASA
Data source.

The two data sources have
independent calibration
algorithms and implementation
process

 Data coverage:
Date: 03/12/2023 data

— Only compared a few scans
spanning three locations (low,
middle and high latitudes)

« The figures are the results over
tropical area.

— The preliminary results show
that the quality of the two data
source is comparable and in a
family.

More comparisons will be done
future

Radiance

Radiance

NOAA-21 Calibration/Validation Maturity Review Wavelength (nm)

Cross-Validation of NOAA-21 NM and NP SDR Data
between NOAA and NASA Data Source: Preliminary Analysis
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EV Radiance, Scan: 30; FOV: 001; d20230312_t0223560_e0224335_b01728
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The Results demonstrate that the observations from three NPs are in a family. The differences
are caused primarily by different viewing conditions (time and spatial resolution).
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The figures show the difference ONLY. It is not intended to judge the data quality.
Further investigation is under way to evaluate accuracy of the solar reference data
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