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NUCAPS EDR Products

ATMOSPHERIC VERTICAL TEMPERATURE PROFILE (AVTP)
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:) Outline

 NUCAPS Algorithm team members

* Product maturity definitions

e Entry/Exit Criteria

e Algorithm version(s), processing environment

e Evaluation of NOAA-21 products to specification requirements
* Documentation

* Summary

 Path forward for Validated Maturity

e Supplemental Slides
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NOoOAA DNASA

Ken Pryor, Laurie Rokke

NUCAPS Algorithm Team Members

NOAA/NESDIS/STAR

Lead budget/schedule planning/coordination. Provide government
oversight for soundings cal/val activities, documentations, deliveries

Murty Divakarla

IMSG at NOAA/NESDIS/STAR

Science/Technical lead

Tong Zhu

IMSG at NOAA/NESDIS/STAR

Algorithm development, ATMS, CrlS bias tuning, and maintenance

Margarita Kulko

IMSG at NOAA/NESDIS/STAR

OLR Algorithm development and maintenance

Juying Warner

Univ. of Maryland College Park

Trace Gases algorithm(s) development and maintenance

Wei Li

IMSG at NOAA/NESDIS/STAR

Trace Gas product validations with TCCON and VALAR processing

Mike Wilson, Tish Soulliard

GAMA-1 at NOAA/NESDIS/STAR

STAR-ASSISTT POC for Unified NUCAPS package

Rebekah Esmaili,
Chris Barnet, Nadia Smith

STC

User feedback via PGRR initiatives

Tony Reale, Bomin Sun, Mike
Pettey, Charlie Brown

STAR, IMSG at STAR

NUCAPS vs. Global RAOB Validations

Larrabee Strow

UMBC

IR SARTA model development and maintenance

Lori Borg

Univ. of Wisconsin

ARM Site RAOBs dedicated launches

Robert Knuteson

Univ. of Wisconsin

Surface Emissivity collaborator

Xu Liu NASA/LaRC NUCAPS product assessment, single CrIS FOV retrieval development
A.K.Sharma NOAA/OSPO Product Area Lead (PAL)
Nick Nalli* Formerly with IMSG, thanks for his suggestions on TCCON processing

NOAA-21 NUCAPS Provisional Maturity Review

4



JPSS JPSS Data Products Maturity Definition
.

1. Beta
o Product is minimally validated, and may still contain significant identified and unidentified errors.
o Information/data from validation efforts can be used to make initial qualitative or very limited quantitative assessments regarding product fitness-for-
purpose.
o Documentation of product performance and identified product performance anomalies, including recommended remediation strategies, exists.

2. Provisional
o 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.
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.

3. Validated
o Product performance has been demonstrated over a large and wide range of representative conditions (i.e., global, seasonal).
o 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.
o Product analyses are sufficient for full qualitative and quantitative determination of product fitness-for-purpose.
Product is ready for operational use based on documented validation findings and user feedback.
o Product validation, quality assurance, and algorithm stewardship continue through the lifetime of the instrument.

(@)

* This presentation showcases NOAA-21 NUCAPS EDR products for Provisional maturity for AVTP, AVMP, O, OLR,
CO, CH,, and CO, and and path forward for Validated maturity

NOAA-21 NUCAPS Provisional Maturity Review
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JPSS Maturity Review — Entry Criteria

* Product Requirements

Pre-launch Performance Matrix/Waivers

Provisional Maturity Performance Validation

> On-orbit instrument performance assessment
|dentify all of the instrument and product characteristics you have verified/validated as individual bullets
o CrISSDR/GEO, ATMS TDR/GEOQ are of Provisional/Validated Maturity
o NUCAPS EDRs: AVTP (T), AVMP (H,0), O,, CO, CH,, CO,, OLR
Identify pre-launch concerns/waivers, mitigation and evaluation attempts with on-orbit data
o None

Users/Downstream-Products feedback

Risks, Actions, Mitigations

> Potential issues, concerns

Path forward (to the next maturity stage)

Summary

NOAA-21 NUCAPS Provisional Maturity Review
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NOAA-21 ATMS SDR Validated Maturity Highlights
(from ATMS SDR Provisional Maturity)

JPSS ATMS On-orbit Channel Noise Equivalent Differential Temperature (NEAT)

ATMS Channel

WELLLT WL L | g
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NOAA-20 CriS PCA NEdN on 04 July 2023

NOAA-21 CriIS EP 212 On-orbit Noise Performance vs NOAA-20

NOAA-20

(from CrIS SDR Provisional Maturity)
NOAA-21

NOAA-21 CriS PCA NEdN on 21 September 20:

v by b by v v Lo

Wavenumber
(cm™)

NOAA-20 CrlS has, in general,
lower noise than NOAA-21 near
the Longwave IR edge

NOAA-21 CrlS Operational NEdN, 31 May 2023

Frequency (cm”)

NOAA-21 has no outliers in the MWIR and has much less

Turner Method, without Self-Apodization Turner Method, without Self-Apodization iﬁ\ NOAA-21 .
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variance/spread in the LWIR and MWIR bands for NEdN (noise).

Improved consistency in noise levels between the FOVs.

Provided by Denis Tremblay
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D Maturity Review — Exit Criteria

* Provisional Maturity Performance is well characterized and meets/exceeds the
requirements:

— On-orbit instrument performance assessment

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

o NUCAPS EDRs: AVTP (T), AVMP (H,0), O,, CO, CH,, CO,, OLR

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

o None

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

— Cal/Val Plan and Schedules: Yes

— Product Requirements: Yes, in the Supplement

— Beta Maturity Performance: Yes

— Risks, Actions, Mitigations: Yes

— Path forward (to the next maturity stage): Yes, Validated Maturity

NOAA-21 NUCAPS Provisional Maturity Review
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:) NOAA Unique Combined Atmospheric Processing System (NUCAPS)

Algorithm Version, Processing Environment, Inputs, Outputs

NUCAPS Enterprise Algorithm NUCAPS runs within the

Hyperspectral Enterprise
Algorithm Package (HEAP v2.3)

épss B wmm— Preprocessor 1 ____ ' EB‘QP and operationally generates
eres ' | eres AVTP, AVMP, O, OLR, CO, CH,
S-NPP : Y i MetOp-B and CO, products from JPSS
. Satellite Specific I _ _
mgﬂ 3? ! Spatially and temporally collocated : Matop-imsup. NOAA-20 CrlS af:cd Metop-B/C IASI
& Hyperspectral IR and MW Sounder hyperspectral infrared soundin
JPSS-3, 4 : Radiances, Static LUTs : R L1 : y'i > ; 2
= ] i ! instruments. :
SDR/Geo | | TDR/Geo | || ! : AVHRR MHS L1 HEAP (NUCAPS) v3.0 is currently
e ] Y] A g?ﬁm [R/CAPE PURICER Subsetter | — in operations. Algorithm updates,
\ Ancillary 5 ' \NWF‘ i sensor-independent LUTs, QC/QA
GFS I Ancillary penaen S,
LUTs I GFS
i Microwave Physical Retrieval Subsetted : s/ are all updated for MetOp-C/B/
_____ 7 IRy gﬁjgﬁ;ﬁgmssm s BN G using the latest baseline version
. 1 V
| NASA ' IR+MW Physical Retrieval e 1 EPS-SG | of NOAA-20
: Aqua :: Conversion : : i NUCAPS V31 Wlth AKs W|” be in
. .
: :: 1 ICAPS EDH Products N i e | NCCF operations by January 31
1| AIRS L] —re AVTP, AVMP, O3 IR Radiances | | | BUFR product with NOAA-21 CrIS
I g gaing — CO/CH4/CO2 Trace Gas Profiles BUFR . . .
' AMSUA | | oo Cloud Cleared Radiances Products | ~ 1| NWP Staic | 1 full spectral radiances, thinned
| HERL T e e B Bl | oS oY | radiance data sets
I Centers ! |
: Saic ] ! v : | NUCAPS V3.2 ‘NOAA-21’
1 il Ancilla : Walidation with Correlative : Metimage Metimage: | ¢ : : :
|| GoFs LUTSW I ; NUCAPS EDRs |1 g ECM |, algorithm will be delivered to
I Observations and Reference Data [+ and OLR Daily |! i .
e ) Sets Global Grids [\ _ _ , operations by February 2024.
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:) Evaluation of the effect of required algorithm inputs

* Required Algorithm Inputs
o Primary Sensor Data: NUCAPS requires (1) CrIS SDRs (2) ATMS TDRs, and (3) geolocation files for
retrieval.

CrIS/ATMS sensor noise characteristics
MIT MW fast model for Microwave Retrievals.
All-sky and cloud-cleared PC regression coefficients (generated offline using focus day data sets)
Static tables/files needed for sarta radiative transfer algorithm:
> No change (as provided for CrIS by UMBC->STC->STAR)
o MW and IR bias-tuning LUTs: NOAA-21 specific LUTs developed at STAR
o Ancillary Data: GFS data to provide surface pressure as initial boundary
o A priori for O, CO, CH,, CO,, and other trace gases: Developed at STAR

* Upstream algorithms: None (if/when TDR/SDR processing changes, we evaluate impacts and update MW
and IR bias tuning/corrections if needed)

O O O O

e Evaluation of the effect of required algorithm inputs
o Input static LUTs are all verified. Only dynamic inputs are the TDR/SDR/GEO data.

NOAA-21 NUCAPS Provisional Maturity Review 11



:) Evaluation of Algorithm Performance to Specification Requirements

* Findings/Issues from NOAA-21 Beta Review

v NOAA-21 products show very good performance and high degree of agreement with NOAA-20 products,
consistent with Beta Maturity criteria.

+ Preliminary validations of NOAA-21 products show very good promise.
v No NOAA-21 specific caveats or risks observed
* Improvements since Beta Review
* NOAA-21 specific LUTs using NOAA-21 ATMS/CrIS Noise files
* NOAA-21 LUTs: IR & MW tuning; Cloudy and Clear regression
* Algorithm Improvements: CH, a-priori updates and code changes
» Validation strategies/methods performed for Provisional Maturity
*  NOAA-20vs NOAA-21 product consistency & Hierarchy of validation data sets

1) Focus-day data sets, global ECMWF matches, global RAOB matches (NPROVS), correlative satellite
products (TROPOMI, OCO-2): Evaluation for all NUCAPS products

2) Validation Archive (VALAR) RAOB matches: AVTP, AVMP validation

3) NOAA-GML O3SND matches over Boulder, CO and South Pole: O3 validation

4) Total Carbon Column Observing Network - TCCON matches: CO, CH4, CO2 validation
5) Daily NOAA-20/21 OLR validations with NOAA-20 CERES for 7 months

NOAA-21 NUCAPS Provisional Maturity Review 12



NUCAPS Algorithm
NOAA-21 Beta to Provisional Maturity

NUCAP EDRs
AVTP, AVMP, O,

Co, Co,, CH, [ Operational ] [ NCCF UAT ] [ VSR &2 J Reprilc?sssing

OLR

R,O to ASSISTT™

Version 3.0 Version 3.1

Version
NCIS Cloud

Mission Effectivity

S-NPP NOAA-20 Products Averaging Kernels Includes NOAA-21 Specific
NOAA-20 (Validated) CO, updates LUTs
NOAA-21 O; Improvements CH, updates applicable for
NOAA-21 (Beta) Surface Corrections both NOAA-20/21 Cloud Containerization

MetOp-C NOAA-20 LUTs Used for NS ENE

NOAA-21 Beta Maturity Provisional/Validated

Product Consistency
v3.0vs v3.1 Mission Effectivity

SNPP
*R,0: NUCAPS v3.2 Delivery to the ASSISTT: 1/25/2024. NOAA-20

e ASSISTT’s CCAP Delivery to NCCF: 3 weeks NOAA-21
* Software Code Review (SCR) NOT Required; only LUT updates & few lines of code MetOp-C
change.

NOAA-21 NUCAPS Provisional Maturity Review 13



) Improvements Since Beta Maturity Review

* NOAA-21 specific LUTs
 AVTP and AVMP first guess regression LUT updates (Cloudy and Clear Regression)
 ATMS and CrlS radiance bias tuning

Regression/Tuning Data for Cloudy and Clear Regression

NOAA-20 20190115 20190415 20180715 20181015

Operational January April July October

NOAA-21 20230227 20230417 20230619 20230719 20231016
Feb April June July October

* Algorithm Improvements: CH, a-priori updates and code changes

F ol M er

Annual Global Increase of CH,

E 1
| |I||‘|||‘|||||II|I|‘|||||||‘|“||‘ |
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NUCAPS NOAA-21 EDR Algorithm v3.2

First Guess Regression Updates
IR and Microwave Tuning
NOAA-20 vs. NOAA-21 CrIS Noise

NOAA-21 NUCAPS Provisional Maturity Review 15



:) NOAA-21 NUCAPS: First Guess Regression

. . . g -2 T
* Regression setup and preliminary evaluations o ElgEVAIIES Of LR SRS LRSI
completed

NOAA—20

* Used Five Focus Days (2/27,4/17,06/19, 07/19, 10° -

NOAA—21

10/16) for NOAA-21

* Generated Cloudy and Clear Regression LUTs
for NOAA-21 (CrIS and ATMS)

* Applied these coefficients on a different day
and generated retrievals for both NOAA-20 and

NOAA-21 0 20 40 60 80 100
 Compared the FG vs ECMWF for NOAA-21 and nec numben &
NOAA-20 OPS using 03/24, 09/21, 12/18 for The 1st 100 significant eigenvectors
’ ’ from the NUCAPS regression
global and ocean cases training normalized at A(k=200)

NOAA-21 NUCAPS Provisional Maturity Review 16
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*Five focus days used for NOAA-21 MW

tuning: 02/27, 04/17, 06/19, 07/19,

10/16, 2023

NOAA-21 NUCAPS Provisional Maturity Review

NUCAPS V3.2 has NOAA-21 bias and error
tuning.

o

Five Focus Days, ocean, nighttime
only, and within +/- 60°Lats

NOAA-21 vs. NOAA20 MW Tuning

oBoth have similar tuning biases for
most of the temperature sounding
channels.

oSome notable differences can be
found at water vapor channels.

Note on MW retrievals

o

MW retrieval is a product by itself.
When IR+MW retrieval fails, the MIT
retrieval is available.

The regression retrieval replaces T(p)

and g(p) microwave retrievals
Nevertheless the NUCAPS

downstream retrievals use microwave
emissivities, surface classification (ice,

sea, land, etc.) as well as in QC.
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JPSS NOAA-21 CrIS Double-Difference Tuning

Tuning Biases of NOAA-20 and NOAA-21

T T T T T T T T T

__NOAA-20 V3.0
___NOAA-21_j01mdd_v4

IIIIIIIII|IIIIIIIII]I\I\IIIII|IIIIIIIII

RTA Bias (Birghtness Temp.(K)
o
lIllIIlIllIIlIIIIII]HIHIIII[HIIIIHI

1000 1500 2000 2500
Wavenumber (cm™)

 ECMWEF analysis and 3-hour forecast data are used, and adjust of O3 above 110-hPa with NUCAPS
retrieval

e Data Selection Criteria: VIIRS Cloud Mask, within £60° Lat, Ocean only, Nighttime

e Calculated double-differences of OBS-SIM for NOAA-20 and NOAA-21 on 07/19 and 08/23, 2023

* Generated NOAA-21 tuning by adding double-difference to NOAA-20 tuning

* IR and MW tunings improved retrieval bias and RMS characteristics

NOAA-21 NUCAPS Provisional Maturity Review 1919



NUCAPS NOAA-21 Version 3.2 for Provisional Maturity

V3.0 (December 2020) HEAP 2.3 V3.1 (June 2023) HEAP 2.4 V3.2 NOAA-21 Algorithm
NOAA-20/Metop-C NOAA-20/Metop-C Changes Implemented for NOAA-21
Currently in Operations NCCF Operations: Jan 2024 Provisional Maturity
MW a-priori v MiRS Climatology as a-priori. One year of ECMWF (2012), T(p), WV(p);
Evenly spaced 5 days/month averaged to represent monthly average; « No changes — as is for NOAA-20 « No changes — as is for NOAA-20
Lat /Lon by 5 degrees); 0, 6, 12, and 18 UTC.
MW Tuning
+ Two focus days (20190215, 20190815) and MIT forward model v NOAA-20 * Updated for NOAA-21
Cloudy Regression + PC regression using NOAA-20 all-sky radiances matched with ECMWF, e i 5 :
Updated with STC regression code; used four Focus Days ¥ No change - as is for NOAA-20 SIpE iR a7 NS 21
Clear Regression « PC regression using NOAA-20 CCR radiances matched with ECMWF + No change — as is for NOAA-20 . Updated for NOAA-21
+ Used four Focus Days (20180415, 20180715, 20181015, 20190115) + Updated regression code P
Emissivity Regression . . e i + No changes — as is for NOAA-20
+ NO change from the operational version (V2.1.12d) + No change — as is for NOAA-20  Experiments on-going to update with CAMEL
IR Tuning + Double Difference Method using NOAA-20 radiances and ECMWF  No change — as is for NOAA-20 . Updated for NOAA-21
SARTA simulations
CO climatology/QC + No Change from the operational version (V2.1.12d) + No change — as is for NOAA-20 + No changes — as is for NOAA-20
CH,/N20 a-priori + Updated CH,/N,O a-priori; QC flag updates to CH, + No change — as is for NOAA-20 + Updated, Effectivity NOAA-20/21
SO, + Climatology + Retrieval turned on + Retrieval turned on
CO, a-priori + Updated CO, a-priori and QC flag updates « CO, a-priori updates and QC flags + Carried forward — as is for NOAA-20
CrlS Noise File + No change from the operational version (V2.1.12d) + No change — as is for NOAA-20 + Updated for NOAA-21
Channel Selection for + Minor updates of channels . :
cloud-clearing, T(p).a(p) « Super saturation QC flag implemented + No change — as is for NOAA-20 « No changes — as is for NOAA-20
t(i:sgr;t::esselectlon el + No change from the operational version (V2.1.12d) + No change — as is for NOAA-20 + No changes — as is for NOAA-20
Averaging Kernels and « Added Averaging Kernels to the NUCAPS Product File
pther Al - " 7 Wik ozone a-priorl - + Carried forward these additional improvements
improvements + None in the output file + Surface corrections to alleviate product use « No changes — as is for NOAA-20
+ Damping factor update to improve boundary layer 9
biases

NOAA-21 NUCAPS Provisional Maturity Review 20




NOAA-21 NUCAPS Provisional Maturity Review
NUCAPS EDR Products

Atmospheric Vertical Temperature Profile (AVTP)
Atmospheric Vertical Moisture Profile (AVMP)
Atmospheric Ozone Profile (O,)

Outgoing Longwave Radiation (OLR)

Carbon Monoxide (CO)

Methane (CH,)

Carbon Dioxide (CO,)

NOAA-21 NUCAPS Provisional Maturity Review
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NUCAPS Product Validation Methodology Hierarchies

Noaa \_J Nasa https://www.star.nesdis.noaa.qov/jpss/AlgorithmMaturity.php
4 ] N\ ([ )
T/H,0/0, Profiles Carbon Trace Gases
1. Numerical Model (e.g., ECMWF, NCEP/GFS) Global 1. Numerical Model Global Comparisons
Comparisons Examples: ECMWF CAMS

Large, truly global samples acquired from Focus Days

Large, truly global samples acquired from Focus Days Limitation: Not independent truth data
U.se.ful ?S ”.trans.fer standard” (via double-differences), bias tuning and regression 2. Satellite Sounder EDR Intercomparisons
Limitation: Not independent truth data
. . Examples: TROPOMI, OCO-2
2- Sate"lte Sounder EDR (e.g., AIRS, COSMIC) Intercompar’sons Global Samp|es acquired from Focus Days (e‘g" A|RS)
Global samples acquired from Focus Days (NOAA-20/NOAA-21) Limitation: Similar error characteristics
Limitation: Similar error characteristics 3. Surface-Based Network Matchup Assessments
3. Conventional PTU/O3 Sonde Matchup Assessments Total Carbon Column Observing Network (TCCON) spectrometers (Wunch et al. 2010,
WMO/GTS operational sondes (NPROVS) or O3-sonde network (e.g., SHADOZ) 2011)

AirCore balloon-borne in situ profile observations (Membrive et al. 2017)

Provide routine independent measurements representing global zones akin to RAOBs
Limitations: Small sample sizes, uncertainties in unit conversions, different sensitivities to
atmospheric layers

Representation of global zones, long-term monitoring (Reale et al. 2012; Sun et al. 2017)
Large samples after a couple months (e.g., Divakarla et al., 2006)
Limitations: Skewed distributions; mismatch errors; non-uniform radiosondes, assimilated

4. Dedicated/Reference PTU/O; Sonde Matchup Assessments 4.  Intensive Field Campaign In Situ Data Assessments
Dedicated for the purpose of satellite validation Include ancillary datasets, ideally funded aircraft campaign(s)
Reference sondes: CFH, GRUAN corrected RS92/RS41 ATom, WE-CAN, FIREX, ACT-America

ARM sites (e.g., Tobin et al., 2006), AEROSE, HUBC; collocations facilitated via NPROVS (Reale
et al. 2012; Sun et al. 2017)
Limitation: Small sample sizes, geographic coverage

5. Intensive Field Campaign Dissections
Include dedicated sondes, some not assimilated into NWP models

Include ancillary datasets, ideally funded aircraft campaign(s)
E.g., SNAP, AEROSE, RIVAL, CalWater, JAIVEX, AWEX-G, EAQUATE

NOAA-21 NUCAPS Provisional Maturity Review 22



https://www.star.nesdis.noaa.gov/jpss/AlgorithmMaturity.php

:) Validation Strategies/Methods

NOAA-20 vs NOAA-21 product consistency & Hierarchy of validation data sets

1) Focus-day data sets, global ECMWF matches, global RAOB matches (NPROVS),
correlative satellite products (TROPOMI, OCO-2):

+ Evaluation for all NUCAPS products
2) Global RAOB matches (NPROVS Team)
v/ AVTP, AVMP validation
3) NOAA-GML O3SND matches
«/ Over Boulder, CO and South Pole: O, Profile validation
4) Total Carbon Column Observing Network - TCCON matches:
+ CO, CH,, CO, validation
5) Outgoing Longwave Radiation (OLR)
+ Daily NOAA-20/21 OLR validations with NOAA-20 CERES for 7 months
6) NUCAPS - MetOp-C product evaluations for all the NUCAPS products

NOAA-21 NUCAPS Provisional Maturity Review 23



NOoAA 'DNASA

NOAA-21 NUCAPS EDR Products Evaluation — Focus Day Datasets

Focus CrIS Eng NOAA-20 NOAA-21 ECMWF RAOB TROPOMI 0CO-2 TCCON AIRS OLR MetOp-C
Days Pckg (v3.2) (v3.2) Matches NPROVS
03/24/2023 | « EP V211" | ¢ Yes v Yes v Yes v Yes v Yes v Yes v Yes v Yes v Yes
09/21/2023 | «# EP v212™ | & Yes v Yes v Yes v Yes v Yes v Yes v Yes v Yes
12/18/2023 | &« EP v212" | & Yes v Yes v Yes v Yes v Yes v Yes v Yes v Yes

* CrIS SDR with EP v211 cal/val engineering package (Provisional); ** CrlS SDR with EP v212 cal/val engineering package (validated)

«  Product consistency between NOAA-20/21
v NOAA-21/20 NUCAPS v3.2 (v3.1 Operational version + NOAA-21 updates + CH, updates)

AVTP, AVMP, O,

v NOAA-20,-21 global maps and statistical metrics versus ECMWF baseline
NPROVS Global RAOB collocations

v
CO, CH4, and CO,:

v NOAA-20,-21 global maps versus TROPOMI (CO, CH,), and OCO-2 v11 (CO,) baselines
+ Available TCCON measurement matches (lag-time between measurement time and availability)

« OLR:
v NOAA-21 global maps versus NOAA-20 CrIS and Aqua CERES OLR baselines
o NOAA-20 CERES OLR reference data matchups

NOAA-21 NUCAPS Provisional Maturity Review 24




NOoAA 'DNASA

NOAA-21 NUCAPS EDR Products Evaluation — Focus Day Datasets

O5 Profile Validation with NOAA-GML Ozonesondes

Focus Days N‘(’AA')ZO N‘(’AA')Zl Ogeles O0s5NDs | & Validation of NUCAPS O, profiles over
v3.2 v3.2 Boulder, CO South Pole
Boulder CO, and South Pole
07/17/2023 v Yes v Yes v Yes v Yes  NOAA-GML team orovided
08/23/2023 v Yes v Yes v Yes v Yes independent validations
09/12/2023 e M e N Irina Petropavlovskikh, Miyagawa Koji
10/03/2023 v Yes v Yes v Yes v Yes
OLR Product Validation with NOAA-20 CERES
NOAA-21 NOAA-20 NOAA-20 AIRS MetOp-C
Time Period CrIS CrIS CERES OLR OLR

Seven months of v Yes v Yes v Yes v Yes v Yes + Validation with NOAA-20 CERES

+ OLR Applications
+/ We consider this product to be of
validated maturity

NOAA-20/21 OLR
products

NOAA-21 NUCAPS Provisional Maturity Review 25



D NOAA-21 NUCAPS EDR Products Evaluation — Focus Day Datasets

Trace Gas Product Validations with TCCON Data

NOAA-20 v Yes * Validation of Trace Gas Products w/o Averaging Kernels
NOAA-21 v Yes * Validation of Trace Gas Products with Averaging Kernels

Focus Days TCCON Stations

02/27/2023
03/24/2023
04/17/2023
05/15/2023
05/22/2023
06/19/2023
07/17/2023
07/19/2023
08/21/2023
08/23/2023
09/12/2023
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NUCAPS Provisional Maturity Review

CriS OUTGOING LONGWAVE
RADIATION (OLR) EDR

NOAA-21 NUCAPS Provisional Maturity Review
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D NUCAPS-OLR Reference Data & Time Periods

« NOAA-21 « NOAA-20 CriS | 1° lat/lon « 03/24/2023 v’ Meets the
daily OLR  AgquaAIRS « 09/21/2023 requirement
« NOAA-20
CERES
« NOAA-21 « NOAA-20 Averaged 1° « 04-10/2023 v Meets the
monthly OLR CERES lat/lon requirement

e Seven months
of NOAA-21
OLR products
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https://www.ncei.noaa.gov/access/metadata/landing-page/bin/iso?id=gov.noaa.ncdc:C00928
https://disc.gsfc.nasa.gov/datasets/AIRS2SUP_7.0/summary?keywords=AIRS2SUP_7.0
https://asdc.larc.nasa.gov/data/CERES/SSF/NOAA20-FM6-VIIRS_Edition1B/
https://asdc.larc.nasa.gov/data/CERES/SSF/NOAA20-FM6-VIIRS_Edition1B/

:) About OLR CERES.

https://www.earthdata.nasa.qov/learn/articles/ceres-instrument-primary-source-for-observing-heat-budget

"If people are analyzing the 20-plus years of CERES data, right now they're using Terra and Aqua. The record starts
with [CERES data from] Terra, and then goes to Terra plus Aqua," said Loeb. "The plan was to transition to NOAA-20
and we were going to do that in July [2020], but with the Aqua anomaly that we had in April [2020], we figured we'd just
do it then. So, NOAA-20 has taken over from Terra and Aqua, so the [climate data] record will be Terra only from March

2000 to June 2002, Terra and Aqua from July 2002 to March 2022, and then NOAA-20 from April 22 onward.”

January 26, 2018: NASA has been developing a next-generation sensor to collect this type of data — the RBI (Radiation
Budget Instrument). However, RBI has experienced significant technical issues and substantial cost growth over the
past two years. Because of these challenges, and the low risk of experiencing a gap in this data record over the next
eight years due to having two relatively new instruments presently in orbit, NASA has decided to discontinue
development of RBI. 19

NASA's newest sensor measuring Earth's radiation budget in orbit — CERES (Clouds and the Earth's Radiant Energy
System ) — was launched on Nov. 18, 2017, aboard the National Oceanic and Atmospheric Administration's JPSS-1
(Joint Polar Satellite System-1), now named NOAA-20. CERES instruments are currently collecting data on four
different U.S. spacecratft, including the joint NASA/NOAA Suomi NPP launched in 2011. Two other CERES instruments
have been operating well for more than a decade.

https://www.eoportal.org/satellite-missions/jpss-2#mission-status
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)5 NOAA-20 CrlS vs NOAA-21 CrlS OLR for 24 March 2023

v/ NOAA-21 CrIS OLR agrees well with NOAA-20 for both ascending and descending orbits.

NOAA-21 CrIS Ascending

NOAA-20 CrIS vs NOAA-21

NOAA-20 CrlIS Ascending

Q0N

OLR D|fferences |

BON | 2 g

Cris

00 + T : T T T
100 150 200 250 300 350 400
NOAA-21 CriS (W/m?)

Mean Diff (W/m?) 0.1

STDev (W/m?) 8.1

NOAA-20 CrIS vs NOAA-21

| OLR leferences |
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JP$S NOAA-20 CrlIS vs NOAA-21 CrlS OLR for 21 Sept 2023

v/ NOAA-21 CrIS OLR agrees well with NOAA-20 for both ascending and descending orbits.

NOAA-21 CrIS Ascendmg NOAA 20 CrIS Ascendmg OLR D|fferences (I\éOAA-ZO CrlS vs NOAA-21

350

NOAA-20 CriS (W/m?)
o ~ w
S & 8
8 2 3

-
G
=]

100 150 200 250 300 350 400
NOAA-21 Cris (W/jm?)

Mean Diff (W/m?) 0
STDev (W/m?) 7.6
OLR leferences NOAA-20 CrlS vs NOAA-21

S

208 1 1 . 1 | 100 +— - - - - - 0
18 120w BOW a SOE 120E 180 100 150 200 250 300 350 400

_1m B | NOAA-21 CriS (W/m?)
Mean Diff (W/m?) 0.2
STDev (W/m?) 6.4
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)5 Aqua CERES vs NOAA-21 CrlS OLR for 24 March 2023

v NOAA-21 CrIS OLR agrees well with Aqua CERES for both ascending and descending

orbits.
NOAA-21 CrIS Ascending ~_Aqua CERES Ascending - OLR leferences |

Agua CERES vs NOAA-21 CrlS

(Wjm?)
w

NOAA-21 Cris (W/m?)

Mean Diff (W/m?) -1.8
STDev (W/m?) 9.1

Agua CERES vs NOAA-21 CrIS

S (W/m?)
w

NOAA-21 Cris (W/m?)

Mean Diff (W/m?) -0.4
STDev (W/m?) 8.0
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)5 Aqua CERES vs NOAA-21 CrlS OLR for 21 Sept 2023

+ NOAA-21 CrIS OLR agrees well with Aqua CERES for both ascending and descending orbits.

400

NOAA 21CrIS Ascendlng Aq ua CERES Ascendmg | OLR leferences | Agua CERES vs NOAA-21 CrlS

CERES (W/m?)

Aqua

L L L T T T T
180 120w EOW o 60E 120 180 100 150 200 250 300 350 400

.1m Y m_ﬁ) NOAA-21 CriS (W/m?)
Mean Diff (W/m?) 2.7
STDev (W/m?) 10.8

OLR leferences Aqua CERES vs NOAA-21 CrlS

! I L L 1 : . . . .
180 120% 60w [} GDE 120E 180 100 150 200 250 300 350 400

- . - 5 - ! NOAA-21 Cris (W/m?)
Mean Diff (W/m?) -0.4
STDev (W/m?) 8.6
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:) CrlS, 1ASI, AIRS 04-10/2023 Monthly OLR Mean vs CERES

NOAA-21 CrIS — NOAA-20 CERES

30N

NOAA-21 CriIS )
_ - NOAA-20 CrIS (Operational Product)

- ———

= w SE e % Aqua AIRS (Operational Product)
= 1 =i Terra CERES (Operational Product)
g e ) NOAA-20 CERES (Operational Product)
| ﬁ% ’)- NOAA-21 CrlIS (Beta, not in operations)
el , = The NOAA-21 OLR product meets the requirement
© 7 NoAA20cCrs "~ NOAA-20 CrlS — NOAA-20 CERES as evidenced by the validations performed.

-~ e

Monthly OLR Bias & StDev
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:) Total Monthly Mean Difference Between CrlS, IASI, AIRS and
CERES

NOAA-21 CrIS — NOAA-20 CERES OLR Mean 04-10/2023 NOAA-20 CrIS — NOAA-20 CERES OLR Mean 04-10/2023

* NOAA-21 OLR is
consistent with NOAA-
20 CrlS and shows
good agreement with
NOAA-20 CERES.

* The larger value
differences can be
attributed to the
viewing and scanning
properties of the
sensors and a lack of
scene uniformity due
to daytime solar
radiation.
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Typhoon Lan was a category
4-equivalent tropical cyclone,
made a landfall over Japan,

A heavy thunderstorm causing flooding, landslides,
brought over a foot of hail Widespread damage to
in Germany, resulting in infrastructure, and injuries.

blocked drainage systems,
flooding, and
snowploughs.
NOAA-21 CHS OLR 08/01-15/2023 Ascending

Hurricane Dora was a powerful P
tropical cyclone that travelled across
all three North Pacific cyclone basins. e
Gradient winds caused by the }

hurricane facilitated the spread of the ‘
Hawaii wildfires. calf

BON

El Nino conditions
remained in place, as

30s8

warm waters displaced 60S
eastward over the central
H 408
and eaStern troplcal 180 120w S0OW a S0E 1Z0E 180
Pacific.
I | I .
100 175 250 325 400

Thanks to Tom Atkins for the JSTAR Mapper tiles script.



JPSS Summary

« The NUCAPS system produces consistent daily and monthly
OLR products from NOAA-20, NOAA-21, and MetOp-C.

« The NUCAPS NOAA-21 and NOAA-20 OLR are consistent
with each other and show good agreement with NOAA-20
CERES and AIRS. son

. NOAA-21 OLR meets all JPSS requirements for provisional - 7
maturity level. :

« Afew differences are seen on the edge of the scans and in
the tropical and subtropical regions and may be cause by the l
angular, temporal, and spatial sampling differences of the s0s| I
sensors.

«  The hotspots do not significantly affect the OLR validation
performance, as they do not persist over extended periods,
and no hotspots of the same intensity are observed in the
monthly mean OLR.

*  OLR coupled with NOAA-20 VIIRS True-Color facilitates
monitoring of global weather activities.

. Future OLR work includes yearly OLR analysis, blended OLR
product, CFS comparisons, and CPC collaboration
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NUCAPS Provisional Maturity Review

NUCAPS EDR Products
ATMOSPHERIC VERTICAL TEMPERATURE PROFILE (AVTP)

ATMOSPHERIC VERTICAL MOISTURE PROFILE (AVMP)
ATMOSPHERIC OZONE PROFILE (O,)

Focus CrIS Eng NOAA-20 NOAA-21 ECMWF RAOB TROPOMI 0OCO-2 TCCON AIRS OLR MetOp-C
Days Pckg (v3.2) (v3.2) Matches NPROVS
03/24/2023 | « EP V211" | « Yes v Yes v Yes v Yes v Yes v Yes v Yes v Yes v Yes
09/21/2023 | «# EPv212™ | & Yes v Yes v Yes v Yes v Yes v Yes v Yes v Yes
12/18/2023 | &« EP v212" | & Yes v Yes v Yes v Yes v Yes v Yes v Yes v Yes
01/01/2024 | « EP v212™ | « Used for the verification of NCCF (v3.1) operational run vs offline run

« Product consistency between NOAA-20/21

« NOAA-21/20 NUCAPS v3.2 (v3.1 Operational version + NOAA-21 updates + CH, updates)

« AVTP, AVMP, O,
v NOAA-20,-21 global maps and statistical metrics versus ECMWEF baseline

« NPROVS Global RAOB collocations

v 03 Validations with NOAA-GML O;SNDS
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NOAA 'DNA sA

CrIS/ATMS Atmospheric Vertical Temperature Profile (AVTP)

Measurement Uncertainty— Layer Average Temperature Error

JPSS Specification Performance Requirements
CrIS/ATMS Temperature and Moisture Profile EDR Uncertainty

PARAMETER THRESHOLD OBIJECTIVE
()
E AVTP, Cloud fraction < 50%, surface to 300 hPa 1.6 K/ 1-km layer 0.5K/ 1-km layer
2 AVTP, Cloud fraction < 50%, 300-30 hPa 1.5K/ 3-km layer 0.5K/ 3-km layer
nﬂ; AVTP, Cloud fraction < 50%, 30-1 hPa 1.5K/5km layer 0.5K/5-km layer
S AVTP, Cloud fraction < 50%, 1-0.5 hPa 3.5K/5km layer 0.5 K/ 5-km layer
frard
© AVTP, Cloud fraction = 50%, surfaceto 700 hPa 2.5K/1-km layer 0.5K/ 1-km layer
| .
g- AVTP, Cloud fraction = 50%, 700-300 hPa 1.5K/ 1-km layer 0.5K/1-km layer
E AVTP, Cloud fraction = 50%, 300-30 hPa 1.5K/ 3-km layer 0.5K/ 3-km layer
|q_" AVTP, Cloud fraction 2 50%, 30-1 hPa 1.5K/5km layer 0.5K/5-km layer
AVTP, Cloud fraction = 50%, 1-0.5 hPa 3.5K/ 5-km layer 0.5 K/ 5-km layer
CrIS/ATMS Atmospheric Vertical Moisture Profile (AVMP)
Q Measurement Uncertainty— 2-km Layer Average Mixing Ratio % Error
"6 PARAMETER THRESHOLD OBIJECTIVE
o
o AVMP, Cloud fraction < 50%, surface to 600 hPa Greaterof 20% or 0.2 g kg™ / 2-km layer 10%
2 AVMP, Cloud fraction < 50%, 600-300 hPa Greater of 35% or 0.1 g kg™ / 2-km layer 10%
3 AVMP, Cloud fraction < 50%, 300-100 hPa Greaterof 35% or 0.1g kg™ / 2-km layer 10%
(V2]
o) AVMP, Cloud fraction 2 50%, surface to 600 hPa Greater of 20% of 0.2 g-kg™/ 2-km layer 10%
E AVMP, Cloud fraction = 50%, 600-400 hPa Greater of 40% or 0.1g kg™ / 2-km layer 10%
AVMP, Cloud fraction = 50%, 400—100 hPa Greater of 40% or 0.1 g-kg™ / 2-km layer NS

NOAA-21 NUCAPS Calibration/Validation Maturity Review 39

“Clear to Partly-Cloudy”
(Cloud Fraction < 50%)

IR+MW retrieval
“Cloudy”
(Cloud Fraction >= 50%)

MW:-only retrieval

Global requirements defined for
lower and upper atmosphere
subdivided into 1-km and 2-km
layers for AVTP and AVMP,
respectively.

Source: (L1RD, 2014, pp. 41, 43)



D JPSS Specification Performance Requirements
CrIS Trace Gas EDR Uncertainty (O,, CO, CO,, CH,)

CrlS Infrared Trace Gases

Specification Performance Requirements

PARAMETER THRESHOLD OBJECTIVE
o 0O; (Ozone) Profile Precision, 4—260 hPa (6 statistic layers) 20% 10%
i._g O, (Ozone) Profile Precision, 260 hPa to sfc (1 statistic layer) 20% 10%
nh_ 0; (Ozone) Profile Accuracy, 4-260 hPa (6 statistic layers) +10% +5%
g 0, (Ozone) Profile Accuracy, 260 hPa to sfc (1 statistic layer) +10% +5%
5 0O, (Ozone) Profile Uncertainty, 4—260 hPa (6 statistic layers) 25% 15%
0, (Ozone) Profile Uncertainty, 260 hPa to sfc (1 statistic layer) 25% 15%
" CO (Carbon Monoxide) Total Column Precision 15% (CrISFSR) 3%
% CO (Carbon Monoxide) Total Column Accuracy +5% (CrISFSR) +5%
Lg CO, (Carbon Dioxide) Total Column Precision 0.5% (2 ppmv) 1.05to 1.4 ppmv
_8 CO, (Carbon Dioxide) Total Column Accuracy +1% (4 ppmv) NS
:“)’ CH, (Methane) Total Column Precision 1% (=20 ppbv) NS
CH, (Methane) Total Column Accuracy +4% (=80 ppmv) NS
Source:

(LIRD, 2014, pp. 45-49)
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* NUCAPS produces vertical
profiles of: Temperature,
Water vapor, O,, CO, CH,,
CO, and Outgoing Longwave
Radiation (OLR)

 Figures shown are for
Temperature, Water Vapor,
and Ozone.

* V3.2 NOAA-21 products are
consistent with the NOAA-20
operational products (v3.1)

* Retrieved profiles (100
layers) span from surface to
0.01 hPa.

* NUCAPS enterprise version
produces products from
both JPSS NOAA-21/20 and
MetOp —C/B Satellites.

* Yield: 66% (NOAA-20/21)

Yield: 51% (MetOp-C)




:) NUCAPS QC Flags for NOAA-20/21 V3.0/V3.1 (24 Mar 2023)

o IR+MW Pass 66.8% 62.9%

IR Failed, MW 30.0% 34.0%
Pass

Both IR, MW 3.2% 3.1%
Failed

NOAA-21 v3.2 NOAA-20 v3.2

NUCAPS QC Flag for V3.2_J01

NUCAPS QC Flag for V3.2_J02 . 20230324

+ NUCAPS v3.2, v3.1 (to be in OPS),

-150 -120 -90 -60 -30 : 0 30 60 90 120 1Q58 Flag -150 -120 -90 -60 -30 : 0 30 60 90 120 1Q58 Flag and V3'O (OPS) are Conslste nt In
IR+MW IR_only MW _only Failed IR+MW IR_only MW _only Failed

C flags and products.
NOAA-21 v3.0 (OPS) NOAA-20 v3.0 (OPS) QC flag P

NUCAPS QC Flag for V3.0_J02 . 20230324

- - -5

NUCAPS QC Flag for V3.0_J01 . 20230324

v V3.2 has no detrimental impact to
the operational NOAA-20 NUCAPS
products (v3.1) (supplemental
slides).

Vv T(p), q(p), Os(p) use IR+MW QC for
accepted cases; trace gas products

-150 -120 -80 -60 -30 ] 30 60 a0 120 150 -150 -120 -80 -60 -30 ] 30 60 a0 120 150

w IR_only I MW _only m Qc Flag w IR_only I MW _only m AC Flag iﬂClUde an additional Set QC flags

(DoF)
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NOAA-21 vs NOAA-20 NUCAPS EDR Retrievals for 24 March 2023

NOoAA NASA

Temperature at 496 hPa TPW (mm) Total Ozone (DU)
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NUCAPS EDR retrievals from NOAA-21 Provisional algorithm matches very well both qualitatively and quantitatively with the NOAA-20 NUCAPS EDRs. The algorithm
produces vertical profiles of temperature, water vapor, O;, OLR, CO, CH,, and CO,. Retrieved profiles (100 layers) span from surface to 0.01 hPa.
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NOAA-21 vs NOAA-20 NUCAPS EDR Retrievals for 21 Sep 2023
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NUCAPS EDR retrievals from NOAA-21 Provisional algorithm matches very well both qualitatively and quantitatively with the NOAA-20 NUCAPS EDRs. The algorithm
produces vertical profiles of temperature, water vapor, O;, OLR, CO, CH,, and CO,. Retrieved profiles (100 layers) span from surface to 0.01 hPa.
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NOAA-21 vs NOAA-20 NUCAPS EDR Retrievals for 18 Dec 2023
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NUCAPS EDR retrievals from NOAA-21 Provisional algorithm matches very well both qualitatively and quantitatively with the NOAA-20 NUCAPS EDRs. The algorithm
produces vertical profiles of temperature, water vapor, O;, OLR, CO, CH,, and CO,. Retrieved profiles (100 layers) span from surface to 0.01 hPa.
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NOAA-21 24 Mar 2023

24 Mar 2023 21 Sep 2023 18 Dec 2023
RET vs ECMWF RET vs ECMWF RET vs ECMWF
100 R R e UL e e Y 2 n Iy | BLErLrrrrL i 100 - - T 77T

L UL L AN B P B B 100+ T - - T -...l...[l.!.,‘l..,-ml,.

QT(top) v 50—30600—70‘:i075urf Tskin QT(top) : &)—50600—703)0—511# Tskin QT (top) Dﬁﬂﬂ—7ﬂi10—snrf Tskin
62% /323760 NOAA—21 Glb 1.023 0.916 1.233 3.600 59% /323760 NOAA-21 Glb #.012 0.9231.237 3.380 | 56% /323880 NOAA—-21 Glb 2 0.962.1.316 3.710
60%/199231| —0— NOAA—21 Sea [ 1.009 0.793]1.054 2.620 60%/199845| ——— NOAA-21 Sea  { I’ﬁ'.t)'d's'blél 1.080 2.830 | 53%,/198933] —— NOAA—21 Sea & | ?S'dlé'{éli .088 2.810
66%,/323760| .. —._.. .NOAA=20 Glb..... .1.030.0.932 1.298 3.590. 63%/323760| .. _._...NOAA=20 Glb..... | .1.070.0.935 1.336 3.410.| 60%/323760| .. . .. .NOAA=20 Glb......... J{.422 0.966p1.351 3.770.
B4%/195884| . - . NOAA-20 Sea 1.019 0.&23'1.10:5 2.730 65%/196387| o~ — . NOAA—20 Sea 1.056 0.8731.176 2.900 | 59%/200918| — — . NOAA—20 Sea - f}£059 0.857 1.155 2.940 e

K
200 208 216 224 232 240 248 256 264 272 280

R S g, b | JPSS| i b [ S L A |

J02.v3r2_Temp at 496 hPa.20230921 (yield= 59.61%)
e — LRy :
o LWy f o | I I
< < < -
~— 300 ~  300f 1— 300p. ... oife 0
2 u u | ¥
> > s Py AR | ...........
7] 7] v . o
¢ 8 18 =
e x e T R X
_______________________ o\
Coarse| o rW e e §"| """"""
Layer [ oo b e R e T B K
Boundaries NN b b NN N 200 208 216 224 232 240 248 256 264 272 280
_____________________________ SN I NOAA-21 12 Dec 2023
: [ J02.v3r2_Temp at 496 hPa.20231218 (yield= 56.77%
.................................... B L . | —
N
1OOO 1000 1000 1 1 1 1 I 1 1 1 1 ’ 1 1 1 1 I 1 1 1 1
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
T(P) RMS, difference T(P) RMS, difference T(P) RMS, difference

NOAA-21 AVTP show good agreement with NOAA-20 and

— NOAA-21 Global ——NOAA-21 Sea-only reveals a marginal improvement in RMS difference with
—— NOAA-20 Global ---NOAA-20 Sea-only ECMWEF

NOAA-21 NUCAPS Calibration/Validation Maturity Review 49




NoAA ' NASA

NOAA-21 24 Mar 2023
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AVTP, AVMP VALIDATIONS WITH
GLOBAL RAOBS
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NOAA Products Validation System (NPROVS)

NUCAPS MIRS AIRS v.6 IASI-L2

NOAAZ20 S-NPP

S-NPP NOAA20 Aqua-EOS MetOp—A, B,C
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- Collocation W= Development /
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FTP

https://www.star.nesdis.noaa.gov/smcd/opdb/nprovs/
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Yields (%) of Successful NUCAPS “IR+MW” and “MW-
only” Sounding
for the 3-Focus Days

Sept 21 2023 Dec. 18 2023 March 24 2023
NOAA21 v3.2 NOAA21 v3.2 NOAA21 v3.2

- Total retrievals: 323760 « Total retrievals: 323880 « Total retrievals: 323760
« IR+MW yield: 59.6 (57.7, v3.1b) * IR+tMWyield: 56.8 « IR+MW yield: 62.9

« MW-only yield: 37.2 *  MW-only yield: 40.4 «  MW-only yield: 34.1

« Both Fail: 3.2 * Both Fail: 2.8 « Both Fail: 3.0

NOAA20 v3.2 NOAA20 v3.2 NOAA20 v3.2

- Total retrievals: 323760 « Total retrievals: 323760 « Total retrievals: 323760
« IR+MW yield: 63.6 (63.5, v3.1h) * IR+tMWyield: 60.7 « IR+MW yield: 66.9

« MW-only retrieval: 33.2 *  MW-only yield: 36.5 «  MW-only yield: 30.0

« Both Fail: 3.2 * Both Fail: 2.8 « Both Fail: 3.1

N21v3.2 on average has 4% lower IR+MW yield than N20v3.2
MetOp-C (not shown) has about 7-10% lower IR+MW yield than N20v3.2
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D PDF of IR+MW Pass QC vs Effective Cloud Faction

9/21/23
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PDF’s more similar for v3.2 (right) compared to v3.1 (left)
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Sept 21

MUCAPS MOASLD 3.2 Converted QI Fla september 21, 2023
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. ¥, et
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NOAS Products Yalidation System (NPROWVS)

Island {(Coast) Island {(Inland)

Ship Dropsonde

i
Humber of collocations: BOZ (204 unique location=) December 17, 2022 (15=) to Decamber 19, 2022 (2=
- NOAA Products walidation System (NPROYWS)
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Humber of callacatiaons: 1S5 (1< unique locationsy

Cecember 17, 2023 ¢15=) to December 19, 2023 G=)

Collocated Raob and NUCAPS (IR+MW pass qc) for:
N200Oper N20v3.2 N21Beta N21v3.2
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NUCAPS NOAA-21 v3.2

NUCAPS NOAA-21 Beta

NUCAPS NOAA-20v3.2
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NUCAPS NOAA 20 Oper
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NOoAA 'DNASA

Summary

« NPROVS validation of NOAA-21 EDR Sounding using collocated Radiosonde and Satellite
Observations from three Focus Days (March 24, September 21, December 18); 100 Layers

* N21v3.2 appears overall compatible to N20v3.2, slightly better for Temperature and close
for H20 vapor fraction; improved compatibility with MetOp-C

 The IR+MW yield for NOAA-21v3.2 is ~4% less than that for NOAA20v3.2.

« Recommend NOAA-21 (and NOAA-20) v3.2 suitable for operational implementation
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:) JPSS Specification Performance Requirements
CrlS Trace Gas EDR Uncertainty (O3, CO, CO,, CH,)

CrlS Infrared Trace Gases

Specification Performance Requirements

PARAMETER THRESHOLD OBJECTIVE
o 0O; (Ozone) Profile Precision, 4—260 hPa (6 statistic layers) 20% 10%
i._g O, (Ozone) Profile Precision, 260 hPa to sfc (1 statistic layer) 20% 10%
nh_ 0; (Ozone) Profile Accuracy, 4-260 hPa (6 statistic layers) +10% +5%
g 0, (Ozone) Profile Accuracy, 260 hPa to sfc (1 statistic layer) +10% +5%
5 0O, (Ozone) Profile Uncertainty, 4—260 hPa (6 statistic layers) 25% 15%
0, (Ozone) Profile Uncertainty, 260 hPa to sfc (1 statistic layer) 25% 15%
" CO (Carbon Monoxide) Total Column Precision 15% (CrISFSR) 3%
% CO (Carbon Monoxide) Total Column Accuracy +5% (CrISFSR) +5%
Lg CO, (Carbon Dioxide) Total Column Precision 0.5% (2 ppmv) 1.05to 1.4 ppmv
_8 CO, (Carbon Dioxide) Total Column Accuracy +1% (4 ppmv) NS
:“)’ CH, (Methane) Total Column Precision 1% (=20 ppbv) NS
CH, (Methane) Total Column Accuracy +4% (=80 ppmv) NS
Source:

(LIRD, 2014, pp. 45-49)
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\ NUCAPS Ozone Product Evaluations with ECMWF

NOAA-20 v3.2

NOAA NASA
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NOAA-21 Ozone shows good agreement with NOAA-20 and

reveals a marginal improvement in Bias & RMS difference with ECMWF
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NOAA-21 O, profiles show good agreement with NOAA-20 and

reveals a marginal improvement in RMS difference with
ECMWF
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NUCAPS Ozone Retrieval Validation with GML O,SNDs

* As part of NOAA-GML collaborations, performed many validations of NOAA-20 with
NOAA-GML O3SNDS during Antarctica spring to summer transition (supplemental slides)

* NUCAPS NOAA-20 O3 retrievals match pretty well with NOAA-GML O3SNDS

* NOAA-21 and NOAA-20 O3 retrievals show very good agreement with each other, and
as a ‘transfer standard’ prove NOAA-21 O, retrievals are good.

* In addition, validated NOAA-21/20 O, retrievals with NOAA-GML O,SNDS over (a)
Boulder, CO; and (b) South Pole

O, Profile Validation with NOAA-GML Ozonesondes

Focus Days NOAA-20 NOAA-21 O5SNDs O5SNDs
(v3.2) (v3.2) Boulder, CO South Pole
07/17/2023 v Yes Vv Yes v Yes v Yes
08/23/2023 V Yes Vv Yes V Yes v Yes
09/12/2023 V' Yes Vv Yes V Yes v Yes
10/03/2023 v Yes v Yes v Yes v Yes

+ Validation of NUCAPS O, profiles over
Boulder CO, and South Pole

v/ NOAA-GML team provided
independent validations

+ Thanks to:
Irina Petropavlovskikh & Miyagawa Koji
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Ozone Validations with NOAA-GML O,SNDS
Irina Petropavlovskikh and Miyagawa Koji

NOAA-21 NUCAPS Provisional Maturity Review
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:) NOAA-21/20 O3 Profile vs South Pole O,SND: 3 Oct 2023

South Pole, Antarctica (89.9 S, 24.8 W) * Ozone hole conditions: co-
Octgber 3,2023 NUCAPS - SONDE,AKs located (+/_ 1 degree latitude
| ' +/- 50 degree longitude) NOAA-
10- 20 (green) and NOAA-21 (blue)
.. ozone profiles show very good
—_ ' agreement with each other,
(© . . .
o | including small differences due
o 50- to ozone natural variability
§ =  NUCAPS profiles also agree well
E 100~ between 200 and 50 hPa with
o the co-incident ozonesonde
=== |01 89.15 S, 90.16 W, 22:55
—_ }m SON_AKs (red) launched from South Pole.
_ o sinme  The agreement is further
so00-@g e AP improved after the 100-layer AK
' | o PEREW P R ' lied to smooth ozonesonde
0 2 4 6 8 40 -20 0 20 40 60 IhS aEp luti file (black
Ozone [DU] 03 difference [%] igh resolution profile (black).
The bias is within +/-10 %
between 300 and 30 hPa, which
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:) NOAA-21/20 O3 Profile vs Boulder, CO O;SND: 17 Jul 2023

Boulder,CO. (40.0 N, 105.3 W)
July 17, 2023 NUCAPS - SONDE,AKs

10-

50

100"

Pressure [hPa]

s J01 40.01 N, 106.79 W, 18:18
— J01 SON_AKs
w02 40.03 N, 103.95 W, 17:00
—e— 02 SON_AKs

[ « @+ SONDE, 16:00 [
0 5 10 15 140 20 0 20 40 60
Ozone [DU] O3 difference [%]

Typical middle latitude: co-located
(+/- 1 degree latitude, +/- 5 degree
longitude) NOAA-20 (green) and
NOAA-21 (blue) ozone profiles show
very good agreement with each
other,

NUCAPS profiles also agree very well
with the co-incident ozonesonde
(red) launched from Boulder, CO.
The agreement is further improved
after the 100-layer AK is applied to
smooth ozonesonde high resolution
profile (black).

The bias is within +/-10 % above 100
hPa.

Larger bias below 100 hPa is due to
limited sensitivity of the NUCAPS
retrieval as defined by the AKs.
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Boulder, CO (Top) and South Pole
Four Focus Days

NOoAA NASA

17 Jul 2023 23 Aug 2023

03 Oct 2023

12 Sep 2023

Boulder,CO. (40.0 N, 105.3 W)

Boulder,CO. (40.0 N, 105.3 W) Boulder,CO. (40.0 N, 105.3 W)
July 17, 2023 September 12, 2023 October 3, 2023
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Focus Day Datasets

race Gas Products
CO, CO,, CH,
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Satellite CH, @1000hPa (ppbv)

Global Average

194Q g AARRARLEASL IR | LARLAALALAL (AL | BALLRALAERL | AAAALLARAL AALALAALALL T
1930 —— GML-Surace
- — NUCAPS-FG
19205 | NoaA-20
19105 : NOAA-21
1900 * Metop-C

Previous v3.1 CH, a priori is shown as
black horizontal line, whereas green line
represents GML surface measurements
showing high rate of increase. NUCAPS
retrievals are biased low in later years
due to this fixed a priori, see NOAA-20,
NOAA-21, and MetOp-C.

CH4 A-priori Update (v3.2)

Pressure (hPa)
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2050

——— lowTrop GH4 monihiy mean

[ aly1: y = 6484417574802, R=0.93848

2. = 0286817 40747781+ 1775.6009, F=0.98744
— 3y = -0.0080195F +0.407301 20,2168 11+ 1778 2088, FF-0.96769

e
L *
1950 e

CH, mixing ratio (ppbv)

I L L L
2005 2010 2015 2020 2025 203

V3.1 a priori was developed using HIPPO and ATom field
campaign measurements reflecting vertical and latitudinal
variations.

NUCAPS team analyzed CH, NOAA-GML and CarbonTracker
model data to identify the increased rate of CH, for a necessary
change in the a-priori. A 2nd degree polynomial fit in the trend
term was added in v3.2.

NOAA-21 NUCAPS Provisional Maturity Review
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NOAA NASA

V3.1 CH, Retrievals
NOAA-20

V3.2 CH, with new a-priori

NOAA-20 TROPOMI

30 60 90 120 150

1720 1740 1760 1780 1800 1820 1840 1860 1880 1900 1920 1720 1740 1760 1780 1800 1820 1840 1860

1720 1740 1760 1780 1800 1820 1840 1860 1880

NOAA-21 MetOp-C IASI

30 60 90

NOAA-21

90 60 300

1720 1740 1760 1780 1800 1820 1840 1860 1880 1900 1920 1720 1740 1760 1780 1800 1820 1840 1860 1880 1900 1720 1740 1760 1780 1800 1820 1840 1860

*  NUCAPS CH4 was underestimating in v3.1 by approximately 50 ppbv, compared to TROPOMI, as shown in the
histograms on the right.

* Newv3.2 CH, a priori was adjusted by GML trends; the vertical and horizontal distributions in the a priori were
developed by HIPPO and Atom, same as in v3.1.

NOAA-21 NUCAPS Provisional Maturity Review

NOAA-20 and NOAA-21 xCH, (ppbv) with A-priori updates: 24 March 2023
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:) Maps of NOAA-21 CH, Collocated with TROPOMI Pixels

NOAA-21 V3.1 CH, Retrievals NOAA-21 V3.2 CH, with a-priori updates TROPOMI
NOAA-21 V3.1 xCH4 {ppb) for 20230324, Both NOAA-21 V3.2 xCH4 {ppb) for 20230324, Both TROPOMI xCH4 (ppb) for 20230324, Both
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g ; TROPOMI, a significant improvement

0001 ; compared to v3.1.
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:) Total Column Carbon Monoxide NOAA-21,-20 NUCAPS 3.2 vs TROPOMI for 24 Mar 2023
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NOAA-21 NUCAPS Provisional Maturity Review

NUCAPS total
column CO, CrlIS vs
TROPOMI.

NUCAPS EDR
products are
generated for both
daytime and
nighttime.

TROPOMI uses solar
spectrum to retrieve
CO and comparisons
are possible for
daytime only.

NOAA-21COis
slightly higher than
NOAA-20, by
0.5x10Ymols/cm?
statistically.
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:) Total Column Carbon Monoxide NOAA-21, -20 NUCAPS 3.2 vs TROPOMI for 21 Sep 2023
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:) Total Column Carbon Monoxide NOAA-21, -20 NUCAPS 3.2 vs TROPOMI for 18 Dec 2023
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:) Column Averaged Methane NOAA-21,-20 NUCAPS 3.2 vs TROPOM I for 24 Mar 2023
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3 Column Averaged Methane NOAA-21,-20 NUCAPS 3.2 vs TROPOMI for 21 Sep 2023
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3 Column Averaged CH, NOAA-21,-20 NUCAPS 3.2 vs TROPOMI for 18 Dec 2023
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:) Column Averaged Carbon Dioxide NOAA-21,-20 NUCAPS 3.2 vs OCO-2 for 24 Mar 2023
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NUCAPS products are
generated for both
daytime and
nighttime.

OCO-2 uses solar
measurements to
retrieve CO, and
comparisons are
possible for daytime
only.

NOAA-21 NUCAPS
CO, retrievals agree
very well both
qualitatively and
quantitatively with
NOAA-20 NUCAPS
CO,.

NOAA-21 NUCAPS Provisional Maturity Review 80




:) Column Averaged Carbon Dioxide NOAA-21,-20 NUCAPS 3.2 vs OCO-2 for 21 Sep 2023
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:) Column Averaged Carbon Dioxide NOAA-21,-20 NUCAPS 3.2 vs OCO-2 for 18 Dec 2023
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Trace Gas Product Validations

CCON Measurements




JPSS The Total Carbon Column Observing Network (TCCON) Data

TCCON Stations (J02 N = 10 Focus Days)

j:: é? ¥
DF - Edwards, CA, USA * LR--- Lauder, New Zealand o TCCON reference
ET --- East Trout Lake, Canada * OC--- Lamont, Oklahoma, USA measurements require
GM --- Garmisch, Germany * PA--Park Fa”S, Wisconsin, USA time to collect due to lag-
- time between
HW --- Harwell, UK * S0 ---Sodankyld, Finland measurement time and

KA --- Karlsruhe, Germany * WG --- Wollongong, Australia availability (~5 months)



:) NUCAPS v3.2 Total Column Trace Gases vs TCCON: Statistical Analysis

Box-Whisker Statistics by TCCON Station

(Sorted in order of latitudes)
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*  NOAA-21 results agree very well with those of NOAA-20
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D NOAA-21, 20 Collocated TCCON Matches

Carton Monoxide Mathane Carbon Diox ide
; e ¥ : ¥ ) r v y v T | - y y T . T

w €0 =1 v CHa WCOZ %m «  NUCAPS correlation
) A5 | =1 i with TCCON for the
= [ Ly = | P . focus days.
< 5 L | | ™ 3 | «  NOAA-21 and NOAA-
S £l . | e | ' 20 correlation results
- B " | to TCCON are similar
o | in) |l for NUCAPS CO, CH4,
! °l and CO,.

A S RS S S [N S S W Vs S Y S S e S W S o . Asimple linear fit
TCCON (ppb) .
comonvioits correlation

. co e CH, = "o, B *FE coefficients of 0.62 to
Lo A AN 0.89 show good
=17 S - - agreement between

- £ NUCAPS retrievals

O B P
N B : = g
< B5 A i =M ' and TCCON
<C 2 ool o] 1 12} .
O B i ! measurements.
=z S i -: Lo d : 1 a10}
7l | | wl * Uncertainties partially

ol . | | due to difficulties

. o]
' ¥ h- |
!
b, | matching samples.
"!‘ﬂ (,I'h HI') ]El) L;ﬂ 1:"_' ]E,p, J l?[.r--]_,lfd'[‘g'[i;l;]“l]lgs L 4_|S|; .‘-am .1:[:. 4{) di.{ _|'I[r= 4ig ‘!50 ‘;) 4

TCCON (ppb)
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NOAA-20 <> NOAA-21 Transfer Standard

Raw Total Column
Parameter

TCCON AKs applied

NUCAPS |  Req NUCAPS |  Req
Precision | 12.7 (11.5) i 15% 11.5 (10.3) i 15%
CO : ]
Accuracy 1504
iSi 2y : 1%* * : 1%
cha Precision 1.5(1.4) " (20 ppmy) 1.5(1.4) ' (20 ppmy)
Accurac +1.1 (0 7) E 4% +1.1 (0 7) E 4%
Y 7 1 (80ppmv) = (80 ppmy)
iSi | 5% i 5%
Precision | 0.3(0.3) | (20p§m(\)/) 03(0.3) | (20p§m(\)/)
COZ i 4
Accurac 01(0) | +1% 01(01) | %
U ' ' (4ppmv) ; ' ' (4ppmv)

NOAA-21 and NOAA-20 NUCAPS V3.2 versus TCCON: Statistical Summary

Values in ( ) indicates NOAA-20

Meets requirement

Marginal (+ 25%)

Outside Requirement
(with explanation)

NOTES

*Precision requirements for CH, are now known to
be too stringent and will require waiver.

tTNUCAPS CO sensitivity peaks in mid-troposphere
whereas TCCON peaks above 100 hPa.

NOAA-21, NOAA-20 V3.2 Global Yields:
CO= 47.3(54.5)%, N =114 (132)
CH4 = 56.0 (46.7)%, N = 135(113)
CO2 = 67.2(68.2)%, N = 162(165)
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User Engagement/Readiness
Case Studies
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:) NUCAPS Users and Collaborations

NUCAPS Product(s) Application

Monitoring Arctic Air Outbreak

(Dec 20-26, 2022)

AWIPS WFO AVTP, AVMP Nowecasting, atmospheric instabilities, severe weather

outbreaks NUCAPS Temperature at 852 hPa (i20221220)
CSPP Direct Broadcast ~ AVTP, AVMP, other Improved latency for regional applications, situational

awareness

NOAA-GML Trace Gas Products (CO, CH,, Tracking Greenhouse Gases and Understanding

Co,) Carbon Cycle Feedbacks: Annual Reports”,

Publications

NOAA-GML IR Ozone Ozone and water vapor comparison of satellite
retrievals and in situ measurements from ground and ot 750 255 200 205 270 275 20 205 290 295 a00

airborne sources. Ozone and water vapor - Annual
Reports”, publications; TOAST Product (OSPO)

NOAA-CPC CrlS OLR product CPC gridded daily OLR analysis for improved climate Heatwave in US Pacific Northwest
monitoring and analysis; OLR is ingested into CPC (May 11 - 15, 2023)
Blended OLR (CBO) product. NUCAPS Temperature at 852 hPa (a20230511)
NWP Centers (ECMWF)  Thinned radiance products NWP Assimilation o Mg
Argentina AVTP, AVMP Assimilation of NUCAPS temperature and water vapor
Meteorological Service into regional model. Active collaborations ongoing.

*NaIIi, N., Baier, B., Jacobson, A.R., Warner, J., Bruhwiler, L., Lan, X., and Sweeney, C. (2022). October 2022 NESDIS-GML Annual Report, “Synergies
between OAR Observing Capabilities and NESDIS Satellite Missions for Trusted Data and Product Development. Internal NOAA report: unpublished.
*Petropavlovskikh, I., Flynn, L., Divakarla, M., Johnson, B., McConville, G., Miyagawa, K., Beach, E., Wild, J., Nalli, N., Zhu, T., Prior, K., Niu, J., Hurst,
D., and Morris, G. (2022). October 2022 NESDIS-GML Annual Report, Ozone and Water Vapor Theme 2, Synergies between OAR Observing
Capabilities and NESDIS Satellite Missions for Trusted Data and Product Development. Internal NOAA report: unpublished
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Use of NUCAPS Hyperspectral OLR Retrievals
2) Sample Daily OLR derived from NUCAPS Retrievals
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:) NUCAPS NOAA-21 Captured Ozone Hole at Its Maximum Size on September 21, 2023

2023 ozone hole ranks 12th largest on record NOAA-20_V3.2_total column O3 NOAA-21_V3.2_total column O3

P e 20230921

T 20230921
2023 0zone hole 12"-fargest on record '

Annual maximums 1979-2023

, 2023

South 22
America

Antarctica

Australia

S— , . : 20230921.v6 (DU) 20230921.v6 (DU)
Sep 21,2023 trat Dob t NOAA Climate.gc -
f , Ozone concentra ion (Dobson units) I)a‘m:N()l.’l\/\JN,/\S)/;/ i N B
200 * 480 95 133 171 209 247 285 323 361 399 437 475 95 133 171 209 247 285 323 361 399 437 475

The 2023 Antarctic ozone hole (the total area where ozone amounts are below 220 DU) reached its maximum size
(26 million km?2) on September 21, which ranks as the 12t |argest since 1979, according to annual satellite and
balloon-based measurements made by NOAA and NASA. —by www.noaa.gov/news-release/ (11/01/2023)

NUCAPS NOAA-20 and NOAA-21 V3.2 retrievals (IR+MW and MW _only) exhibit a comparable pattern and size in
capturing the ozone hole. Further analysis is underway.
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User Engagement and User Readiness

Results from 2023 Survey on NUCAPS utilization and interest in additional overpasses from satellites

(Source: Rebekah Esmaili)

How often do you check NUCAPS satellite soundings?

27 responsas

® Daily

® Weekly
Iaonthly

® Infrequantly

® Never

If you could have more NUCAPS data, which would you prefer?  Option 1: Multiple NUCAPS profiles
closely spaced in time to monitor temporal rends (... current data availahility is adequate for my needs

27 responses

@ Option 7= Multiple soundings clozely
spaced in time

@ Ogtion 2: Additional eoundings
thraughout the day
Cgtion 3 Mo change in number of
soundings

Which time of the day would NUCAPS soundings provide the most value? Please pick one time
range far each category.

B Vostvale M Some value

Jal L

[4-102 10182 E-Z2 7 22042

_essvalue M Leas: value

What vertical pressure range for NUCAPS temperature and water vapor is absolutely necessary?

27 respongas

@ Surface to Imb

@ Surface to 52mb
Surface to 120mb

@ Surface to 320mb

NOAA-21 NUCAPS Provisional Maturity Review

How can we prepare?

Revisit file structure/users
needs (STAR)

* MetOp-B/-C and NOAA-
20/-21 NUCAPS data file
structure the same

How can we reduce latency as
much as possible
(STAR/OSPO)

Ensure that data are AWIPS
friendly (STAR)

* Surface correction a
major issue, already
being addressed

Consider how NWS users
want to display the data

(PGRR)
* An opportunity to have
custom/upgradable

AWIPS modules
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NOoAA NASA

Ken Pryor Posted November 10, 2023 (edited) o

E Tornado and Storm Research Organisation 4creates B & @ KenPryorv
&

The parent storm of the Gloucestershire tornado appears impressively in satellite passive microwave imagery as a large pulse-type severe storm. Here's my official
weekly report to NOAA administration on my preliminary findings of this event study.

0 NOAA-21 NUCAPS sounding profile observes severe wind and tornado potential over Great Britain: During the late afternoon and early evening of October 28,
2023, areas of intense thunderstorms developed over southwestern England and the English Channel downstream of a double-center extratropical cyclone over the

Members

Forums northeastern Atlantic Ocean and Irish Sea. A particularly large and intense pulse-type storm developed in a potentially unstable air mass, containing a relatively deep
and convective boundary layer, over Gloucestershire County between 1700 and 1800 UTC. Storm outfiow wind and tornado damage near Cheltenham,
Home > Weather Reports in Britain and Ireland > Severe Weather Reports in Britain and Ireland » 20237028 TN Condicote, Gloucesters Unread Content v Mark site read Gloucestershire, United Kingdem (UK) is shown in Figure 1 that entails significant tree and structural damage. Shortly before the time of tornado occurrence,

concurrent Defense Meteorological Satellite Program (DMSP) F-17 satellite Special Sensor Microwave imager Sounder (SSMIS) 92 GHz polarization-corrected

temperature ("PCT") and Climate Predi n Center (CPC) Morphing technique {CMORPH) rainfall rate product images at 1749 UTC and 1730 UTC, respectively,

20231028 TN condicote’ Gloucestershire showed in Figure 2 storm structure and intensity and the location of tornade occurrence (white inverted triangle) near Cheltenham. In addition, this storm generated
low-end outflow (downburst) winds measured at 33 mph at Little Rissington Royal Air Force station. Accordingly, Figure 3 highlights the closest NOAA-21 NOAA
Unique Combined Atmospheric Processing System (NUCAPS) sounding profile over central England over five hours before the tornado event that exhibited a classic

ﬂ Fy Jamss h»lche_a—n . . "inverted-\V" signature, typically associated with warm-season severe downburst wind events over the Southern Great Plains region of the United States. Derived

: = = o from the sounding profile, the microburst windspeed potential index ("MWPI", K. Pryor, developer) indicated downburst/outflow wind gust potential of 44 to 47 mph,

sufficient to promote tornado generation. The NUCAPS sounding retrieval was obtained by the NOAA/NPROVS Orbital Display System {(ODS). This preliminary
ue satellite data analysis is a component of an ongoing study conducted by the UK-based Tornado and Storm Research Crganisation (TORRO), and will be presented at

-—-._.______/ o 52p13NUpGSWMW 20231028/1208 (User Selected) the upcoming monthly JPSS PGRR Sounding Initiative meeting on November 16, 2023

1 aptions
s 52p13N0Op68W 20231028/1208 (User Selected)' Captions:
MWPI=2 Figure 1: Significant tree and structural damage associated with the tornado occurrence near Cheltenham, Gloucestershire County, UK on October 28, 2023. Site
WGP -47 h survey photographs are courtesy of and , Tornado and Storm Research Organisation (TORRO).
~ ABSORBED L = I I mp B Figure 2. Concurrent DMSP F-17 satellite 92 GHz channel polarization-corrected temperature ("PCT") (left) and CPC CMORPH rainfall rate product images on October
":"'-.._ a1 . 28, 2023 shortly before tornado occurrence in Gloucestershire County, UK. The inverted white triangle marks the location of tornado occurrence and the green circle
g%;a " marks the NOAA-21 NUCAPS sounding retrieval location over central England. “33" represents outflow (downburst) winds measured at 33 mph at Little Rissington
X GALL] 200 - Royal Air Force station.
975 k O I Figure 3. The National Weather Service Ocean Prediction Center-produced surface analysis valid at 1800 UTC (left) and the NOAA-21 NUCAPS sounding profile over
2 . 989 I n ey y 1 central England at 1208 UTC (right) October 28, 2023.
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A Multi-scale Study of the 23 October 2022 Southern England QLCS
Kenneth Pryor!, David Smart?, David Flack?®, Matthew Clark?

INOAA/NESDIS Center for Satellite Applications and Research (STAR), College Park, MD, USA
2UCL Hazard Centre, Univ. College London, London, United Kingdom
3UK Met Office, Exeter, Devon, United Kingdom

= Met Office

UCL
Hazard Centre
N occussoumoconcuisos

+In general, the early afteroon (1222 UTC) NOAA-20
NUCAPS sounding quaitatively indicated the strongest

Attendance and Presentation
at the AMS 20th Conference on

Mesoscale Processes:
e K. Pryor presented “A Multi-scale Study of the

DATAAND METHODOLOGY:
SATELLI AND NWP MODEL ANALYSIS
“The NOAA-Unique Combined Atmospherc Processing

PHASE 2: LONDON/SE ENGLAND BOW ECHO
+The second phase of the QLCS lifetime entailed its track

PHASE 1: HAMPSHIRE BOW ECHO AND SUPERCELL

During the afternoon of 23 October “The fist phase of the QLCS lifetime over southem

A H i System (NUCAPS) is an enterprise algorithm that retrieves England entailed its track from the English Channel om Wiltshire-Berkshire-Kent, merger with a supercell signal for severe thunderstorm and downburst occurrence
2022, a quasi-linear convective atmospheric profile environmental data records (EDRs), and northward into Dorset and Hampshire between 1430 and over Greater London, and then northward into the o s England

. 3. system (QLCS) developed and is applied and evaluated for both a daytime and nocturnal 1500 UTC. The QLCS developed a prominent bowing Midiands betwsen 1600 and 1800 UTC. The QLCS “Clode’ Aceamant bativeen the: boundary layer aifuctine

5 2 : severe convective windstorm cases. NUCAPS is siso the segment on its westem (lefi) flank over the English developed 2 prominent bowing segment west of London (inverted-\") as resolved by the NUCAPS soundings and

C O er o u e rn n an u aS I - I n ear intensified over the English primary algorthm for the operational hyperspectral thermal Channel that persisted during fts track through soutn- that persisted during the remainder of its track. The WRF profiles and the MWPI gust potential as calculated

Channel and tracked north- IR and microwave sounders (ie. Advanced Technology central England. The squall line bow echo (‘SLBE") QLCS-supercell merger resuted in a clusler of pulse- from NUCAPS and the WRF model

- 1] Microwave Sounder (ATMS), Cross-track Infrared Sounder merged with a supercell storm over Bournemouth near severe storms that produced a «Stron: ip between high rain rates as indicated

northeastward into southern (CrlS)). The ATMS and CrlS instruments are deployed on the 1445 UTC and then proceeded north o : over betwean 1640 and 1740 UTC During by UKMO radar and the very low MW brightness

o nVeC Ive yS e I I I . % 5 NOAA-operational low earth orbit (LEO) Joint Polar Satellite Hampshire, producing a series of tomadoes and severs this period, a prominent stratiform precipitation region. temperatures (BTs) apparent in both the consecutive F-18
England, producing widespread System (JPSS)-series satelltes. downbursts between 1500 and 1600 UTC. vith embedded elevated convactive stom activity, and F-16 overpasses

propagatedin the wake of the pulse storm cluster.

" ki i S
: G agetadin he s, ow BTs alsa comespond well with the high integrated

graupel values. suggesting that intense downdrafts and

damaging downburst winds. In

e The poster was viewed by scientists from
National Center for Atmospheric Research
(NCAR), University of Reading, UK, and

University of Melbourne, Australia, with an

general, early afternoon NOAA-20 resuking downbursts were forced by ice precipitation
% = loading and melting, as well as unsaturated air entrainment
NUCAPS  sounding retrievals - into the mixec-phase precipitation core.

Phase1 +Diagnostics to determine the environment that the
convection formed in, from Flack et al. (2023), show that
the event was initilly surface-based However, as time
orogressed and the convective cores stabiized the
environment the rear of parts of the QLCS had elements of

qualitatively indicated the strongest
signal for severe thunderstorm and
downburst occurrence over
southern England.

INTRODUCTION AND OBJECTIVES

{ Figue &.f
Ghz scatien
t 184501

SSIES 183 4/, 7 GHz brightness temperat
7

g the
«This elevated instabilty may help explain the increased
precipitation rates within the stratiform region of the QLCS
and investigations are still ongoing

e (51, 1ght) with o4

: - e

Interest in NUCAPS sounding profiles of
temperature and moisture and LEO satellite

+During the aftemoon of 23 October 2022, a quasiinear
convective system (QLCS) developed and intensified over the
English Channel and tracked north-northeastward into
southern  England, producing  widespread  damaging
downburst winds. The highest measured downburst wind
qusts of the event cccurred at 1) Amy Aviation Centre (AAC)
Middle Wallcp, Hampshire (56 miles SW of London), with a
wind gust of 54 kt (2 mph) recorded between 1500 and 1600

Figure 2. Graphical summary of the NUCAF

"'#-..'.—-.'!"" -'=’.:"

iy e
owr Groal Britain on ;vm.,nu- 2072

Figiso 4 FSWT

+Future work will consist of further exploration of the role of
squall line-supercell mergers in the enhancement and
promotion of severe staightine winds  and
tomadogenesis in close proximity. This phase of the study
will likely entai higher resolution model simulations that
are more sensitve to precipitation phase and
concentration and boundary layer turbulence.

. . UTC and generated by a prominent bawing segment of the T BIBLIOGRAPHY
QLCS:; 2) London Colney, Hertfordshire, with a wind gust of <
microwave image products. e il Py
pulse-severe cell east of the bawing the QLCS prse . v

® Presented important study results of cool-
season elevated convective storm and

mesoscale convective system (MCS) development

over Great Britain and northwestern Europe.
e This poster contributed to filling a knowledge
gap within the meteorological research
community by showcasing the effectiveness
of NUCAPS in severe storm environments.

92433 evel
ore:

Figue 3. Graphical summary of data analysis and methodology
+Figure 3 illustrates the rigorous inter-comparison process
employed to infer and extract the most important physical
processes that sustained the QLCS and fostered intense
outfiow winds. The most important steps in the evaluation
process entail pattern recognition, parameter evaluation,
and feature identification applying coincident sounding
retrieval and satellite, radar and NWP model 2-D plan-view
imagesto buid a three-dimensional conceptual model

The Met Office/Jules Regional Atmosphere and Land

8l o - i
dan m,w downbusst mu view of WRE model
1t r.m Frgiard (0) ard

ique generated from a
vection permil u WRF 1un iniiakised wih Global
clion 15 averaged over a 36km wids box

5t System data

~F-|gute1 2 WRF-modal simulation of the QLCS during phase

the favorable and dynamic

hcbrs that promoted strong outflow wind generation: 1)

precipitation loading, 2) latent cooling. 3) negative bucyancy

(Fym) 4) downdraft acceleration. 5) downshear wske

and 6) rear-flank jet. This

research effort demonstrates how ground-based and satellite-

based observational data can be combined for monitoring and

forecasting applications and the scientific value added by
synergistic analysis.

version 2 (RAL2M: Bush et al. 2023) of the

Unified Model (UM) was used to create a downscaled 2.2

km grid length with 90 vertical levels simufation of the event

initiated at 0300 UTC 23 October 2022. The UCL WRF-

modelrun configurationis described below

« WRF-ARW 4.2 x (modfied code)

. it GFS 06Z 0.25 deg pties

* 9-3kmASL (owest ~40m) i

- Deep Cu OFF. GRIMS shalow Cu ON. .

- WSMS sagle moment physics (inc
areupel)

+ ACM2 locainon-ocal PBL

+ Noah LsM

* 1-way nesting (concuren, every time
step)

/ CAPE ratio: 0.49
»

Figure 10 NUGAPS and sourding

omparison over London

Figue 11. CAP

seived max kb
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2. “Dowrburst montoring and prediction studies”. F e
Measurements for Passive Environmental Remete Sensing, Fsevier,
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NOAA 'DNA sA

Attribute Analyzed

JPSS Data Product

Specifications

Maturity

Status

Error Budget

Analysis/Validation

Result

Error Summary

Support Artifacts

NOAA-21/20
OLR

NOAA-21/20
AVTP, AVMP

NOAA-21/20
O3

NOAA-21/20
CO, CH, & CO,

Supplemental slides

Slides 39, 40;
Supplemental slides

Slide 61;
Supplemental slides

Slide 61,
Supplemental slides

Provisional

Provisional

Provisional

Provisional

Meets requirements

Meets requirements

Meets requirements

Meets requirements

Slide 37
Slide 101

Slide 60
Slide 101

Slides 63-65
Slide 101

Slide 87
Slide 101

Slides 27-37

Slides 46-50
Slides 56-60

Slides 61-69

Slides 70-86




Documentation

NOAA NASA
Science Maturity Check List Yes ?
ReadMe for Data Product Users v Yes
Algorithm Theoretical Basis Document (ATBD) v Yes
Algorithm Calibration/Validation Plan v Yes
(External/Internal) Users Manual v Yes
System Maintenance Manual (for ESPC products) v Yes
: — v Yes (AMS, AGU presentations; Annual reports on STAR/NOAA-GML
Peer Reviewed Publications )
. . : Theme 1 (Trace gases) and Theme 2 (Ozone and water vapor); peer
(Demonstrates algorithm is independently reviewed) :
reviewed (See below)
Regular Validation Reports (at least annually)
: v Yes
(Demonstrates long-term performance of the algorithm)
Peer Reviewed Publications and Conference Presentations

1. Nalli, N. R., et al., 2023: Validation of carbon trace gas profile retrievals from the NOAA-Unique Combined 5. Nalli, N. R., et al., 2018b: Validation of atmospheric profile retrievals from the SNPP NOAA-
Atmospheric Processing System for the Infrared Atmospheric Sounding Interferometer, manuscript in prep Unique Combined Atmospheric Processing System. Part 2: Ozone, IEEE Trans. Geosci. Remote
for Remote Sens. special issue. Sens., 56(1), 598-607, doi:10.1109/TGRS.2017.2762600.

2. Kalluri, S., C. Barnet, M. Divakarla, R. Esmaili, N. R. Nalli, K. Pryor, T. Reale, N. Smith, C. Tan, T. Wang, J. 6. Nalli, N. R., et al., 2018a: Validation of atmospheric profile retrievals from the SNPP NOAA-
Warner, M. Wilson, L. Zhou, and T. Zhu, 2022: Validation and Utility of Satellite Retrievals of Atmospheric Unique Combined Atmospheric Processing System. Part 1: Temperature and moisture, IEEE
Profiles in Detecting and Monitoring Significant Weather Events, Bull. Amer. Meteorol. Soc., 103(2), E570- Trans. Geosci. Remote Sens., 56(1), 180-190, doi:10.1109/TGRS.2017.2744558
E590, doi: 10.1175/BAMS-D-20-0126.1. 7. Sun, B., A. Reale, F. H. Tilley, M. E. Pettey, N. R. Nalli, and C. D. Barnet, 2017: Assessment of

3. Kuciauskas, A., A. Reale, R. Esmaili, B. Sun, N. R. Nalli, and V. R. Morris, 2022: Investigating NUCAPS Skill in NUCAPS S-NPP CrIS/ATMS sounding products using reference and conventional radiosonde
Profiling Saharan Dust for Near-Real-Time Forecasting, Remote Sens., 14(17), 4261, doi:10.3390/rs14174261. observations, IEEE J. Sel. Topics Appl. Earth Observ., 10(6), 2499-2509, doi:
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] Check List - Provisional Maturity

Provisional Maturity End State Assessment

Product performance has been demonstrated through analysis of

a large, but still limited (i.e., not necessarily globally or seasonally Vv Yes
representative) number of independent measurements obtained

from select locations, periods, and associated ground truth or field
campaign efforts.

Product analysis is sufficient to communicate product performance
to users relative to expectations (Performance Baseline). v Yes

Documentation of product performance exists that includes

recommended remediation strategies for all anomalies and v Yes
weaknesses. Any algorithm changes associated with severe

anomalies have been documented, implemented, tested, and

shared with the user community.

v Yes
Product is ready for operational use and for use in comprehensive

cal/val activities and product optimization.

e S e e e e B
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Risk ID & Rank

1. Reference data sets for

NUCAPS trace g

as

product validation.

Medium

3,4

OO0OO0OI-—-—rmX-—r

Lo}

2

| CONSEQUENCES

Risk(s)

Approach/Mitigation Status

Risk Statement

Given that: There is a time lag
between acquisition of TCCON, and
aircraft in situ measurements and
public release of QA products

There is a possibility: of delay in
validating NUCAPS products and
time series and seasonal depiction of
validations.

Resulting in : Delays in reaching
validated maturity of trace gas
products from NOAA-21, J3

Global validation of carbon trace NUCAPS team makes

gases requires acquisition periods every effort to get the

for in situ data collection, TCCON required data sets in time,

and aircraft campaigns (e.g., and so far met all the

ATom) having a lag time between deliverables and

observation and pubic release of milestones of product

QA products. validated maturity
reviews.

TCCON sites provide routine

measurements of total column

trace gases. Other satellites can

provide independent satellite-

derived EDRs (e.g., AIRS, TROPOMI,

0OCO-2, etc.). AirCore soundings

can provide in situ measurements,

but they have not become a

routine dataset yet, and they are

still a rather new data source.

These are datasets that can be

used for cal/val without aircraft

campaigns, but they not be of the

same quality for this purpose.
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forward models for
future satellite
instrument
configurations (e.g.
MetOp-SG IASI-
NG/MWS)

Low Risk in
Implementation

OO0OO0OI-—-—rmrmX-—r

2,3

Risk(s)

2. SARTA and MW fast

Given that: SARTA and MW
radiative transfer algorithms
and updates are provided by
collaborating agencies (UMBC,
STC) to generate fast forward
models for NUCAPS

There is a possibility: The
NUCAPS team may not be able
to implement these fast
forward algorithms to future
satellite systems

Resulting in : Delivering
NUCAPS products.

STAR NUCAPS team holds cross-  Through these TIMs, the NUCAPS

training and technical core team gained self sufficiency
interchange meetings (TIMs) in working with the SARTA and
Q&A sessions with STC and other MW RTAs, fast forward model
agencies. implementation, and generation

of LUTs for fast forward models.

This risk has been addressed and
effective measures were taken
resolving this risk.




:),.m Summary

* Performed global evaluation of all the NOAA-21 NUCAPS products

+ Quality flags and data formats for consistency for both ascending and descending orbits.

v Global maps (Asc/Desc) and statistical metrics (NOAA-20/21) vs ECMWEF (AVTP, AVMP, O,)

« AVTP and AVMP assessment with global RAOB matches (NPROVS)

+ Ozone product assessment with NOAA-GML O;SNDS

v Global maps (Asc/Desc) of CO, CH,, and CO, (NOAA-20 & 21 vs TROPOMI CO, CH,, and OCO-2 v11)
v CO, CH,, and CO, assessment with TCCON measurement matches

« OLR global (Asc/Desc) maps: NOAA-21 vs NOAA-20 with NOAA-20 CERES.

* Validations of NOAA-21 products show very good performance, and high degree of
agreement with NOAA-20 products; NOAA-21 NUCAPS EDRs (OLR, AVTP, AVMP, O,, CO,
CO,, CH,) meet JPSS requirements.

 NUCAPS v3.2 DAP has been delivered to the ASSISTT team (1/24/2024).

* NUCAPS Team recommends NOAA-21 Provisional Maturity, effective with the
operational implementation date of NUCAPS v3.2 in NCCF.

- NUCAPS Weekly Meeting: Wednesday 12/06/2023



JPSS Path Forward for Validated Maturity

* Planned activities moving from “Provisional” to “Validated”

o Continue validations exercises following the product validation methodology hierarchies to meet
validated maturity requirements.

« NOAA-21 OLR product has been validated with CERES and other satellite observations (AIRS) for about 7
months. Based on the presented results, the NUCAPS team recommends “Validated Maturity” for OLR.

o Global evaluation of NUCAPS products with focus data sets spanned around a year and collocated
ECMWF and other models; correlative satellite retrieved products (TROPOMI, OCO-2)

o Time series of all NUCAPS products validations with truth measurements (global and seasonal)
o Multi-satellite inter-comparisons and trend analysis for trace gas products

o AVTP and AVMP validations using NPROVS global RAOB collocations and Validation Archive (VALAR)
data sets (currently ongoing)

o Ozone product validations with additional NOAA-GML, WOUDC-03 measurements
o Trace gas product validations with additional TCCON and other in situ measurements
* Near Future Plans: Reprocessing of S-NPP/NOAA-20 NUCAPS products on NCIS; CAMEL emissivity

lookup, addition of physical emissivity for snow/ice; NUCAPS product applications: situational awareness,
environmental applications.



Supplemental Slides
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NUCAPS NOAA-21 Version 3.1 for Beta Maturity

V3.0 (December 2020) HEAP 2.3 V3.1 (June 2023) HEAP 2.4 V3.1 NOAA-21 Algorithm
NOAA-20/Metop-C NOAA-20/Metop-C Version Used for NOAA-21
Currently in Operations NCCF Operations: Jan 2024 Beta Maturity (Required Changes)
MW a-priori + MiRS Climatology as a-priori. One year of ECMWF (2012), T(p), WV(p); | + No changes — as is for NOAA-20 « No changes — as is for NOAA-20

Evenly spaced 5 days/month averaged to represent monthly average;
Lat /Lon by 5 degrees); 0, 6, 12, and 18 UTC.

MW Tuning + Two focus days (20190215, 20190815) and MIT forward model v NOAA-20 « Currently using NOAA-20 LUT
* Requires an update for NOAA-21
Cloudy Regression + PC regression using NOAA-20 all-sky radiances matched with ECMWF, | « No change — as is for NOAA-20 « Currently using NOAA-20 LUT
Updated with STC regression code; used four Focus Days * Requires an update for NOAA-21
Clear Regression « PC regression using NOAA-20 CCR radiances matched with ECMWF + No change — as is for NOAA-20 + Currently using NOAA-20 LUT
+/ Used four Focus Days (20180415, 20180715, 20181015, 20190115) + Updated regression code * Requires an update for NOAA-21
Emissivity Regression + NO change from the operational version (V2.1.12d) « No change — as is for NOAA-20 + No changes — as is for NOAA-20
+/ Experiments on-going to update with CAMEL
IR Tuning + Double Difference Method using NOAA-20 radiances and ECMWF « No change — as is for NOAA-20 + Currently using NOAA-20 LUT
SARTA simulations * Requires an update for NOAA-21
CO climatology/QC + No Change from the operational version (V2.1.12d) « No change — as is for NOAA-20 + No changes — as is for NOAA-20
CH,/N20 a-priori +/ Updated CH,/N,O a-priori; QC flag updates to CH, + No change — as is for NOAA-20 + No changes — as is for NOAA-20
SO, + Climatology + Retrieval turned on + Retrieval turned on
CO, a-priori +/ Updated CO, a-priori and QC flag updates + CO, a-priori updates and QC flags « No changes — as is for NOAA-20
CrlS Noise File + No change from the operational version (V2.1.12d) « No change — as is for NOAA-20 « Currently using NOAA-20 LUT
* Requires an update for NOAA-21
Channel Selection for + Minor updates of channels « No change — as is for NOAA-20 « No changes — as is for NOAA-20
cloud-clearing, T(p),q(p) + Super saturation QC flag implemented
Channels selection for + No change from the operational version (V2.1.12d) + No change — as is for NOAA-20 + No changes — as is for NOAA-20
trace gases
Averaging Kernels and + None in the output file « Added Averaging Kernels to the NUCAPS Product File « Carried forward these additional improvements
other product + Updated ozone a-priori « No changes — as is for NOAA-20
improvements « Surface corrections to alleviate product use
+ Damping factor update to improve boundary layer
biases
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NOAA-21-Provisional’ FG LUT updates perform better than the “NOAA-21-Ready”

algorithm used for Beta Maturity

NOAA-21 NUCAPS Provisional Maturity Review

Slide from Beta

Maturity
“NOAA-21-Ready”
algorithm (Beta Maturity)
used NOAA-20 regression
LUTs to provide First
Guess.

“NOAA-21 algorithm”
(Provisional Maturity) has
updated FG LUTs
generated with matched
NOAA-21 and ECMWEF
collocations.
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:) NUCAPS Ozone Product Improvements and
Validations with NOAA-GML O,SNDs Collocations

®* Evaluated NUCAPS Ozone retrievals over Antarctica spring to summer transition

NUCAPS OPS: Ozone a-priori
Ozone Validated Maturity version

* Utilized collocated NUCAPS and CLIMCAPS retrievals with NOAA GML O;SNDs to validate
the algorithm improvements

NUCAPS Toted 0%

®* Evaluated relative merits of NUCAPS and CLIMCAPS a-prioris and final retrievals with
collocated O3SNDS through three-way inter-comparison

®* Provided matched NUCAPS retrievals with Averaging Kernels for NOAA GML evaluations

B Feb Mar A May Jm  Ji Ay Sep Oct MNov Dec Total ¢elumn of O3 (DU) over South Pole 2020
A———— T T U Total column of O3 (DU) over Boulder CO 2020
120 145 170 185 220 243 270 205 320 345 370 395 420 350
400
NUCAPS v3.1: 300
Ozone new a-priori oo 350
NUCAPS Total O3 AIRSYT e e e
300
250
200
Sep.01 Sep.11 Oct.01 Oct.12 Nov.05 Nov.12 Dec.03 Dec.12
Sep.01 Sep.11 Oct.01 Oct.12 Nov.05 Nov.12 Dec.03 Dec.12
‘ NUCAPS_Ret_U UARS A-Priori
Jan Feb  Mar  Apr May Jun Wl Aup Sep Oof Nov  Des - = NUCAPS Ret U UARS A-Priori
ou ——@— NUCAPS_Ret_A ++ 4+« AIRSY7m A-Priori _Ret_ riori
120 145 170 185 230 245 270 295 320 35 WO 305 420 el C1 IMCAPS e es MERRA-2 ==@==NUCAPS_Ret_A «*# = AIRS¥Im A-Priori
. 035SND s CLIMCAPS e oo« MERRA-2
—@— Dobson
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:) NUCAPS NOAA-20 Ozone Product Validations
Using Focus Day Data Sets and ECMWF Collocations

evewpeczo20 | csrsons | ecwwr | caws recon et NUCAPS NOAA-20 Global Ozone Retrieval vs. ECMWF
ATMS/TDRs .
Focus Doy SNPp | N20 [ SWPP | W20 | S [ 20 | Swew [ ez [ htop [ A1 Sample Size: 12 focus days: 3,856,560
' T B B Dashed Lines: v3.0: a-priori V3.1: new a-priori
Focus Day Data Sets with e L Lot b b i Solid Lines: v3.0 Final Retrieval, v3.1 Final Retrieval
ECMWE Collocations = oo oo ol Bias RMS
oz v | v | v 1 v v v vl vl v vy e T o
B B B B A N AN BRI S ° |
20190316 V [ v [ v [ v [ v [ v ]~V v vV : D tet(%) tot(%)
0190513 y ' e | | L e ==y &7 i
S R = e : ¥ ST
NUCAPS OPS: Ozone a-priori NUCAPS v3.1: SUNNE S B\ N ISR S S K . SR
Ozone Validated Maturity version Ozone new a-priori SR A U R : é é
NUCAPS Total O3: URS NUCAPS Total 3: ARSvz s s e PN s N N ' o
30N _ _ ‘?é' oo . ]
EQ : : - . - [ A S ‘\
308 \
~
60S ’,
Jan Feb Mar Apr May Jun Jul ] Aug Sep Oct Nov Dc 777777777777777777777777777777777777777777777777 f ------- ), ---------
Jan Feb Mar Apr Mny Jun Jul  Aug Sep Oct Nov DUDet: S S S S S —— [ o]V]
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* NUCAPS v3.1 global O, profile retrievals show improved
statistical metrics with ECMWEF collocations. T T | : : :
¢ CUFFent'V 80ing through NCCF Operational implementation“”” 1...|.[....]...| o .'.'.'.'.'.'.'.'.';;;.'.'.'.'.'.'.';.'.'.'.'.';;;;i.‘.‘.‘.‘.‘.‘.‘.‘.‘;;;;;
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QE{P) BIAS ® difference O3(P) RMS = difference
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NOAA-20 V3.1, NOAA-21 V3.1 NOAA-21 V3.2 (20230324)

NOAA NASA

J02.v3r1 Temp at 496 hPa.20230324 (yield= 65.84%)
3
VIIRSJ0?2 &% STl N Caiet il $ 80000 S Nk A DTN N T s NOAA-21
Cloud Mask _ V3.1
@
o153
-150 -120 -90 60 ST) : 0 '30 ' 60 9.0 ~1é0 :50
K
200 208 216 224 232 240 248 256 264 272 280
J01.v3r1 Temp at 496 hPa.20230324 (yield= 66.82% ] _ J02.v3r2_Temp at 496 hPa.20230324 (vield= 62.94%)
NOAA-21
NOAA-20 V3.2
V3.1
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:) NOAA-20 vs NOAA-21 ATMS rotation and CrlS Matching

(Chris’s email on February 24, 2023)
sub: on-orbit ATMS/CrIS footprints are perfectly aligned, as expected

FOV #4-93 N21 CriS 20230216_+0436009_e0443587 BT at 300 1/cm or 2.7e4 GHz
- B ) < NS A S - T T A,

o s B T . WF .

3ngl ATMS jD2_d20230216_t04355851_e044354 Ch18 183.31 GHz or 6.11 1/em,
T ——— T ———— g, 7

T 1 L. 3% x5 J

5 . ,g.zg

% 5 g
= o
= X
20
15 1 1 L 1 1 L P, | 1 PEA T 1 | ST L 1 1 | L i 1 1 1 1 1 1 1
Ll L 129 1»2:153«, 130 135 No Data %0 110 115 120 125 130 13 No Data 140
iet: wpE CEw I 998 Td o op oo E —_— —— lendide g B
265. 269. 274, 278. 283. 287. 291. 286. J300.
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NOAA Unigue Combined Atmospheric Processing System (NUCAPS)

Algorithm Version, Processing

Environment, Inputs, Outputs

NUCAPS runs within the Hyperspectral Enterprise Algorithm Package (HEAP v2.3) and operationally produces AVTP, AVMP,

03, OLR, CO, CH, and CO, products from JPSS NOAA-20 CrIS and Metop-B/C IASI hyperspectral infrared sounding

Instruments.

JPSS
Series

S-NPP
NOAA-20
NOAA-21
JPSS-3, 4

Cris ATMS
SDR/Geo TDR/Geo

Static
NWP
Ancillary
i LUTs

.-

NUCAPS Enterprise Algorithm

-------------

-

R

Preprocessor <

¥

Satellite Specific
Spatially and temporally collocated
Hyperspectral IR and MW Sounder

Radiances, Static LUTs

MetOp
Series

MetOp-B
MetOp-C

3 Static

AMSUA
L1

IASIL1C

‘ AVHRR ‘ ‘ MHS L1 ‘

Static
NWP Ancillary
GFS LUTs

—— -

Lic L1C

1)
]
]
I
[ iasinG ‘ MWS ‘
]
]
I

NWP i
GFS Ancillary

LUTs

OLR NUCAPS EDR/CCR Subsetter
Algorithm Retrieval Algorithm
Microwave Physical Retrieval
All-Sky and Clear Regression
Cloud Clearing
IR+MW Physical Retrieval BUFR
g
NUCAPS EDR Products
= AVTP, AVMP, O3 IR Radiances
Quigoing COICH4/CO2 Trace Gas Profiles BUFR
Longwave Cloud Cleared Radiances Products
Radive Flix To PDA/CLASS To NWP
t Centers
Validation with Correlative NUCAPS EDRs

Observations and Reference Data

Sets

—  and OLR Daily
Global Grids

Metimage
Metimage ECM

HEAP (NUCAPS) v3.0 is currently in operations. Algorithm
updates, sensor-independent LUTs, QC/QA are all updated for
MetOp-C/B/ using the latest baseline version of NOAA-20

‘NOAA-21-Ready’ NUCAPS algorithm uses NOAA-20 LUTs

The HEAP provides the pre- and post-

' - Retrieved Spectral
processing capability for The NUCAPS Parameter Range
retrieved products and generates Used (cm™t)
;) ':l_JCAPSI FérOd“Cts AVTP 650-800

) Principal Components 93752395
3) OLR
4) Thinned radiance preparation AVMP 1200-1600
5) Daily grid generatlon N Cloud P, 200-900
6) BUFR product file containing CrIS T fraction
FSR (2211 channels) and IASI (8461 5 9961068
channels), thinned radiances CrIS 8 )
FSR: 431 channel radiances; IASI: CcO 2155-2200
616 channel radiances; CrlIS
collocated VIIRS cloud height and CH, 1220-1370
cloud fractlon.‘ co, 666-795
7) PCreconstruction scores for OSPO
product
Satellite Instrument
JPSS NOAA-20/21, J3) CrIS/IATMS,;

S-NPP products discontinued due to unavailability
CrlS midwave band

MetOp-B, C

IASI/AMSU-A/MHS
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:) About OLR CERES.

https://www.earthdata.nasa.qov/learn/articles/ceres-instrument-primary-source-for-observing-heat-budget

"If people are analyzing the 20-plus years of CERES data, right now they're using Terra and Aqua. The record starts
with [CERES data from] Terra, and then goes to Terra plus Aqua," said Loeb. "The plan was to transition to NOAA-20
and we were going to do that in July [2020], but with the Aqua anomaly that we had in April [2020], we figured we'd just
do it then. So, NOAA-20 has taken over from Terra and Aqua, so the [climate data] record will be Terra only from March
2000 to June 2002, Terra and Aqua from July 2002 to March 2022, and then NOAA-20 from April 22 onward.”

January 26, 2018: NASA has been developing a next-generation sensor to collect this type of data — the RBI (Radiation
Budget Instrument). However, RBI has experienced significant technical issues and substantial cost growth over the
past two years. Because of these challenges, and the low risk of experiencing a gap in this data record over the next
eight years due to having two relatively new instruments presently in orbit, NASA has decided to discontinue
development of RBI. 19

NASA's newest sensor measuring Earth's radiation budget in orbit — CERES (Clouds and the Earth's Radiant Energy
System ) — was launched on Nov. 18, 2017, aboard the National Oceanic and Atmospheric Administration's JPSS-1
(Joint Polar Satellite System-1), now named NOAA-20. CERES instruments are currently collecting data on four
different U.S. spacecratft, including the joint NASA/NOAA Suomi NPP launched in 2011. Two other CERES instruments
have been operating well for more than a decade.

https://www.eoportal.org/satellite-missions/jpss-2#mission-status
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:) TCCON time series and NUCAPS-TCCON Differences

NUCAPS J02 v3.2 acc+qa vs TCCON GGG2020 (10 Focus Days)
0 Carbon Monoxide (CO) i
I I I nuith Carbon Monoxide
\
i : [ Integration with TCCON AKs
§
o 3 + z ' . . - 15— [T Inegrtion /o TCCON AKs
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50 | | | | | | J
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» The histograms show roughly Gaussian distributions in the errors.

« CH, and CO, basically show very little difference when TCCON AKSs are applied.

* CO shows a larger bias with TCCON AKs applied, because the TCCON AKs for CO (unlike
CH, and CO,) all peak above the upper-troposphere/lower-stratosphere (UT/LS), whereas
the NUCAPS AKs for CO peak in the mid-troposphere. Thus greater weight is given to the
(UT/LS) when TCCON AKs are applied to NUCAPS, and given that NUCAPS has no skill
above 100 hPa, we therefore would expect less agreement in the total column results.
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(S.2) NOAA-21 PRODUCT EVALUATIONS — ADDITIONAL SLIDES
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:) Aqua AIRS vs NOAA-21 CrIS OLR for 24 March 2023

v NOAA-21 CrIS OLR agrees well with Aqua AIRS for both ascending and

descending orbits.

1 CrIS
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)5 Agua AIRS vs NOAA-21 CrIS OLR for 21 Sept 2023

v/ NOAA-21 CrlIS OLR agrees well with Aqua AIRS for both ascending and

Aaocrandinn

NOAA-21 CrIS Ascendlng

hite
Aqua AIRS Ascendlng OLR leferences | .. AquaAIRS vs NOAA-21 CriS _

1 : Il L =y 1 1 Il Il 1
180 120% 60 o 60E 1206 180 180 120w §0W a 60E 120E 180 100 150 200 250 300 350 400
NOAA-21 CrlS (Wim?)

Oo_ cor H 71m |
Mean Diff (W/m?) 2.0
STDev (W/m?) 10.3
Aqua AIRS Descendlng OLR D|fferences o AQUa AIRS vs NOAA-21 CrlS

T T T
250 300 350 400
NOAA-21CrlS (Wm?)

Mean Diff (W/m?) 2.4
STDev (W/m?) 9.0
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Pressure (hPa)

— NOAA-21 Global —NOAA-21 Sea-only
—— NOAA-20 Global ---NOAA-20 Sea-only

NUCAPS Total Ozone (DU)

12 _Total 03.20230324 (vield= 62.94%)
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100~ N T oofrrrryrrrrr T T T T T T _ _ _
QT(top) 0800-70000-surf Tskin {2 km) tot(% )| 40- 300500~ 60BO0-surf NOAA-21 Global NOAA-21 Sea Only
56% /323880 NOAA-21 Gib . 1fge2 0.962 1.316 3.710 — . NOAA-21Glb 9.30 17.2 18.7 17.0 —— NOAA-20 Global ---NOAA-20 Sea-only
53%/198933| NOAA-21 Sea @ J’g”s’bléi’é’ifdéé 2.810 — NOAA-21: Sea 7.97. 17.6 18.6 15.7
60%/323760| .. —. .. NOAA=20 Glb..... i‘;zz.o.gelg.uss.t 3.770. - — = = NOAA-20 Glb 10.04 1 19.5 17.4 NOAA-21 Ret Temp at 500 hPa
59%/200918 = = . NOAA-20 Sea J£059 0.85% 1.155 2.940 = = = = NOAA-20 Sea 8.95 1 19.3 16.8
"""""""""""""""""" A : ' ' J02.v3r2 Temp at 496 hPa. 20231218 (yield= 56.
200 ueasesedensissananss s T . T !
) o
a o
= =
~  300f ~ e
b b
= =
L) [
w0 (%] N : . :
o SRR Y ) SRS SO \ 400F i : : e -
o H
JPSS : : : PSS 200 208 216 224 232 240 248 256 264 272 280
_______________________________________________ ~ Requirement . ~Reallirement ECMWF Temp at 500 hPa
__________ NN ______________ / 600 ____________ ____________ _________ / ECMWF_J02_Temperature at 496 hPa.20231218
IARRERERREEEE SRR LR SRR e g Coarse ------------ ------------ ---------- . 1 RS < P
------------------------------ Layer -[ : ; ; ] :
__________ Boundaries . B
: E _ \N g '
1000 1 1 1 1 ] 1 1 1 1 I 1 1 1 1 I I- 1 1 1 ‘]OOO 1 1 1 I 11 1 1 ] L1 1 1 I L1 1 1 11 1 1
0.0 0.5 1.0 1.5 2.0 0 5 10 15 20 25
T(P) RMS, difference Q(P) RMS, % difference

NOAA-21 AVTP & AVMP show good agreement with NOAA-20 and om0 w0 o % m w

c c o o o |
reveals a marginal improvement in RMS difference with ECMWF 200 208 216 224 202 240 208 26 264 272 200
NOAA-21 NUCAPS Provisional Maturity Review 122



NOAA 'DNASA

ECMWF

RET vs
‘]OO JLIY QLN NG I N U O N R LA )
QT(top) : : :
56%,/323880| _—__ NOAA—21 Glb
53%/198933| NOAA—21 Sea

60%/323760| .. _
59%/200918| o .

Pressure (hPa)

— . NOAA-20 Glb. |
NOAA—20 Sea

...............................

so—s@aoo 70800 surf.Tskln
—0.003 0.019 0.023—0.12

0.005 0.0470.000:-1.22

| =0.16+0.051 0.3130.000

—0.162-0.040 0.274—0.98

...........................

300 oo N\
.......................... ’o
___________________________ RV A\ O S,
................................ \
............................. /
e T T T .\.\ ......................

1OOOIIIIiIIII]IIIIiIIIIIIII;IIII[IIIIiIIII
-2 —1 O 1 2

T(P) BIAS,

difference

Pressure (hPa)

100

200

400}

600}

1000

RET vs ECMWF

IIII1IIIIIIIIIlIIIIIIIII IIIIIIIIIIIIII!IIII‘IIII

12 km): 101(7)140—50&1500 -606B00-surf

_,__ NOAA 2‘I Glb 0. 2?5 1 9 —5 8 —-2 2
: NOAA-21: Sea | 0.03 2.2 -6.9 -2.5
— '— —  NOAA-20 o —%9?; -2.0 -8.6 -5.5

- = - NOAA 20 S.u

18 —-1.8 -8.5 —6.1

— NOAA-21 Global —NOAA-21 Sea-only
NOAA-20 Global ---NOAA-20 Sea-only

IIII]IIIIiIIII[IIIIiIIII IIII&IIII]IIIIiIIII[IIII

—20 —10 0 10 20
Q(P) BIAS, % difference
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reveals a marginal improvement in Bias with ECMWF
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Land Sea Global
D/N/A D/N/A D/N/A

Land Sea Global
D/N/A D/N/A D/N/A

Focus Days: 24 Mar 2023 || 21 Sep 2023 || 18 Dec 2023
NOAA-20 vs NOAA-21 Accepted Samples (%) New

24 Mar 2023
NOAA-20 (66.9%) || NOAA-21 (62.9%)

Land Sea Global
D/N/A  DIN/A D/N/A

21 Sep 2023
NOAA-20 (63.6%) || NOAA-21 (59.6%)

Land Sea Global
D/N/A D/N/A D/N/A

18 Dec 2023:
NOAA-20 (60.7%) || NOAA-21 (56.8%)

Land Sea Global
D/N/A D/N/A D/N/A

Land Sea Global
D/N/A  DIN/A D/N/A
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18 Dec 2023:
NOAA-20 (60.7%) || NOAA-21 (56.8%)

21 Latitudinal Distribution of Accepted Samples

21 Sep 2023
NOAA-20 (63.6%) || NOAA-21 (59.6%)

20 vs NOAA
Focus Days: 24 Mar 2023 || 21 Sep 2023 | | 18 Dec 2023

NOAA

NASA

2

NOAA

24 Mar 2023
NOAA-20 (66.9%) || NOAA-21 (62.9%)
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Accepted Samples Day/Night/All

NOAA-20 vs NOAA-21 Accepted Samples

N20/21 03/24 N20/21 09/21 N20/21 12/18

Accepted Samples FG vs RET

N20/21 03/24 N20/21 09/21 N20/21 12/18

24 Mar 2023
NOAA-20 (66.9%) || NOAA-21 (62.9%)

21 Sep 2023
NOAA-20 (63.6%) || NOAA-21 (59.6%)
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18 Dec 2023:
NOAA-20 (60.7%) || NOAA-21 (56.8%)
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NOAA-20 V3.1, NOAA-21 V3.1 NOAA-21 V3.2 (20230324)

NOAA NASA

J02.v3r1 Temp at 496 hPa.20230324 (yield= 65.84%)
3
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NOAA-20 V3.2
V3.1
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24 Mar 2023
NOAA-20 (66.9%) || NOAA-21 (62.9%)

21 Sep 2023
NOAA-20 (63.6%) || NOAA-21 (59.6%)
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Supplemental Slides
(S.2) NPROVS Evaluations with RAOBs
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Supplemental Slides

(S.4) NUCAPS v3.1 Improvements
V3.2 Updates
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:) v3.1 (going into OPS in Jan 2024) Improvements/Validation

* NUCAPS v3.1 CCAP delivery to NCCF is expected in June 2023

« OSPO successfully completed Software Code Review (Feb 2023) and the ASSISTT Team plans to
submit the CCAP in May/June 2023

« Provides compressed Averaging Kernels at the trapezoid layers for all the NUCAPS products - T(p),
q(p), O3(p), CO (p), CH,(p), and CO2 (p) as part of the NUCAPS netCDF product file.

+ Ozone a-priori improvements improve ozone retrievals globally and, especially over the Antarctica
spring to summer transition

« Surface correction improvements alleviate NUCAPS product use by user groups without
misinterpretations

V3.1 NOAA-20 NUCAPS products have been validated using a hierarchy of validation data sets and show
no detrimental impact to the operational NOAA-20 NUCAPS products (v3.0)

e AVTP and AVMP products have been validated using matched ECMWF, and global RAOB collocations
(NPROVS)

« Ozone product has been validated with ECMWF and historic WOUDC data sets
+ Trace gas products have been evaluated with TROPOMI (CO, CH,) and OCO-2 v11 (CO,)
« Validation with historic Validation Archive (VALAR) data sets is nearing completion

NOAA-21 NUCAPS Provisional Maturity Review 132
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Update

Need

NUCAPS System Upgrades (in Operations May 2023)

Mitigation/Fix

1. Averaging Kernels for JPSS - Users require AKs (PGRR initiatives, NOAA- « Implemented into the NUCAPS Post
and MetOp-B/C GML) Processor
AMS-2023, Murty et al.,
2. Temperature Damping Factor | . Improve temperature bias at the surface « Namelist changes
(0.5°K improvement over land) AMS-2022, Changyi et al.,
3. Ozone Climatology a-priori » Improve O3 retrievals during Antarctic Namelist changes
change springto summer transition AMS-2023, Tong et al.,
4, CO2 First Guess Update (JPSS | - The original CO2 coefficients for NUCAPS S- | -+ The new CO2 first guess was created with
and MetOp-B/C) NPP and NOAA-20 were developed using in updated ESRL CO2 monthly mean (for
situ and model data prior to 2016. Due to trend), and Carbon Tracker 2019B (monthly
global CO2 values rising rapidly in the last mean profiles upto 201903) + NRT v2022-1
two years, we updated NUCAPS CO2 (upto 202102). We used 2-degree
coefficients recently. polynomialto fit trends ayms 2023, Juying, et al.,
5. Surface Correction: NUCAPS | - This was done by design {(as an Worked with Rebekah Esmaili (STC) to

reports temperatures, mixing
ratios, and column densities
at all levels up to 1100 hPa,
even those underground.

extrapolation) but tends to confuse users

- Caveat: Users must apply surface correction
to the profile and calculate LBOT and
BLMULT themselves.

develop a solution for operational
implementation.
Implemented into the NUCAPS Post

Processor AMS-2023, Murty et al.,

NOAA-21 NUCAPS Provisional Maturity Review
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3 AMS-2023 NUCAPS Presentations Highlighting v3.1 Improvements

Lead Author

Abstract Title

Changyi Tan

The Improvement of NUCPAS PBL Temperature Retrieval using Dynamic
Weighting, Poster, AMS-2022, R236, Monday, January 24, 6:00 — 7:30 PM (EST)
https://ams.confex.com/ams/102ANNUAL/meetingapp.cgi/Paper/391038

Tong Zhu et al.

“NUCAPS Ozone A-Priori Improvements and Validation with Averaging Kernel
Analysis.” Tuesday, January 10, 5:00 PM to 6:30 PM
https://ams.confex.com/ams/103ANNUAL/meetingapp.cgi/Paper/419637

Nick Nalli et al.

“Validation of Carbon Gas Retrievals from the Metop-B,-C NOAA-Unique Combined
Atmospheric Processing System.” Thursday, January 12, 2:00 PM - 2:15 PM
https://ams.confex.com/ams/103ANNUAL/meetingapp.cgi/Paper/415732

Murty Divakarla et al.

NUCAPS Abstract: “NUCAPS Products from JPSS-CrIS and MetOp-IASI:
Advances, Optimization, and Augmentation for JPSS-2 and IASI-NG Hyperspectral
Sounders.” Thursday, January 12, 1:30 PM — 1:45 PM
https://ams.confex.com/ams/103ANNUAL/meetingapp.cgi/Paper/412347

Juying Warner et al.

“‘Recent Updates to the NUCAPS Trace Gas Product Algorithms and
Intercomparisons with Other Satellite Products.” Tuesday, January 10, 5:00 PM to
6:30 PM

https://ams.confex.com/ams/103ANNUAL/meetingapp.cgi/Paper/421295
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The Improvement of NUCAPS PBL Temperature Retrieval using Dynamic Weighting
Changyi Tan®, Murty Divakarla®, Chris Barnet?, Ken Pryor3?, Shu-peng He3, Mike Wilson?, Nick Nallit, Tong Zhu?, Juying Warner?, and Tianyuan Wang?

x : ) P NOoAA ' NASA
INOAA/NESDIS/STAR, 11.M. Systems Group, Inc., ?Science and Technology Corporation, and *University of Maryland, College Park
Introduction :
The NOAA Unigue Combined ic br Y {NLCAPS) rotrieves temperature, moisture, and trace gas profiles using the synergy of hy al infr; {IR) ding instr and acc i ders abo:lrd the Joint Polar s:nelllm System (.IPSS) and N ical Op i
Satcllite Frogram {MetOp) series of polnr orhl!-mx s:m.-llm:s. NUCAPS products are disserinatod th gh NOAA Comprch Large Array-data stcwnrdshlp syslem {CLASS) for worldwide users and Dircct Broadcost (DB) scrvices with imp for | n © and water vapor
retrievals are i) dinto the Ad W ive Processing (AW IPS-2} for their utility in analyzing atmospheric Instahllities and now-casting applicaticns. All of the NUCAPS proaucts have hed the validated maturity. | there Is scope for further impr to thesep
The NUCAPS algorithm uses an cigenvector regression first guess for temperature and water and climatology for ozone, CO, CH4, and CO2 as the background state. it perturbs the backg: d state to minimize the difference b the cal d r from the retrieved h state and cloud-ch d

radiances using an iterative solution to produce the final retricval. Thore is always a dynamic equilibrium if one bBelioves more in the background stnes (a priori) or the last retrieval based on cbserved radiances. Sometimes, the background states ans far apart from the truth. Other times the ohserved radiances are noisier

{low signal-noise ratio) to provide a real raerieval. Tr , 2 dy woighting 1o background o priori and radiance noise is necessary to obtain the cprinal rctﬂc’v:l rosults under van i

Onc of the concerns with the NUCAPS temperoture retricvol is the scasonal summertime veorm bias obscrved over dayti fand coscs ing glcboi radi inthe# v Boundaly lavcr. The PBL plays a vital rofc in driving the i ifitics, and biases obscrved in the temgperature
retrieval cowld tead t6 erroncous colculations of stobility parameters end errors in anafyzing potentio! cutbreaks of severe weother, This paper presents an ottempt to afleviate the PBL biases by optimizing the d) we in the retrieval algerithm for optimal retrieval.

A set of focus day sets spanning various seasons is used 1o g NUCAPS iewals and study the impact of damping factors on the PRI boundary tem perature retrievals. NUCAPS global temperature retrieval bias and RMS differences with cellocated FCMWE analysis fields are used 10 study the effects of varying the
damping factor and define an optimized damrping factor.

The results of this study indicate that believing observed radiances more with an optimized darmping factor Improm PBL temperature retrievals h detr lly im other downstream retrieval prod In ad P results led animpr inr g bias by about 25% in
the PEL. Results from thesce investigations and the impact of improving the PBL bias char: istics on Y, uaticn with truth data scts, and iated impr intho do tracc gos p will he pr d at |l|c conferonce.

Definition of the Dynamic Weighting {or Damping Data Sets and Experiments SGP Experimerts cont'd
Factor) in NUCAPS The dainping lactor dewcribes a dyremic equiibrium of the mognitude of retrieved profile tha
background ®s jor 2 priod | arcording te the absarsd mdiances "~ this pastirdar varahla 47 n this sturhy, wie selars NOAR-20 NUICARS (CriSJaT S daca o anzly oo The focusdayis 4pcll 20, 2020
P teitienels pely e on e Backy ol s ales, e o ge velues, Ui reoimvals Beve roene deg mes of lreedun, ‘We select the Southen Grea: Mains {357] sul-dataset to study the g a1 the NUCAFS land retn evel
= e gobel deteset 1o study the overallimpz cis. The S67 sub-detenst is within 23€ kan ercund the o ter
- | ~= e E courdmales {26 361083528793, -0E.1168U753572 323 Tre dey tone and mighl sane
| = dod \"_ Y \". retrievals are bath ncladed  We mediSy the tarpel
= . =2 o] . = We bebinah the NUTARPS sebiera s aith the collocated FOMW
A Tk . i .k An . g
| wly dumara pE
v - 7 re damped K .
= B ! Ui Statms
o &1 Mhorransse & & svarwned cosbons vk —— The antoard Vre JPSS st an sotelioes recsure maose predss noes with venent
nrises (sos | s nwedis nosp v/ pes dp) =5 right hme te 4o the experdments of acjusting the
Courtasy of Chrs Barnet's ncte NUCEES dyor i o deviele more [omn U Geckgncund steles by auust e dernpion Tacton T shis siudy, we aoly

focus on the tempersture resrievel domping factor end eszmine the imoacts on the finzl owsical resrews

Courmmsy of Google Map

The Global Exparimants SGP Lxperimants

Comrpare e badkground siates end retneval

Diss

Sida AMS

Summary and Discussion

1 Tre temperature damping factor adjustrments impact the
temperature profiles of the physical retrievals, vertically
from the PBL &ll the way to the upper stratosprere.

 The temperature damping Tactors should be relaced anc
ootimized to allow the retrievals reflect more the
armospherc state truths. Probazly, 0.570.6 is an eptimized
value. But more welidations with averaging kernels are
needed to ce dore e cortirm it.

<@ U Tris is the first step to revisit the damp ng factors. Tre

meisture end other trace gas (03, CO, CH4, CO2) damping

factors will be acjusted, tested and assessed in nex: steps.

Glohal Anzesmrunt

Wate that the 1tk is the ECMWF cata Gloal sl Casn Note that the truth is the ECMWWF cata.
Poster 104 391038, 18th Annual Symposium on Operational Environmental Satellite Systems, 102™ AMS Annual Meeting, 24 January 2022, HOUSTON, TX. }&rrespondlng Authar; ChangyiTan@ noaa.gov

AA-21 NUCAPS Provisional Mat 135




NOAA "]vmsn

NUCAPS Ozone A-Priori Improvement and Validation with Averaging Kernel Analysis

Tong Zhul, Murty Divakarlal, Irina Petropavlovskikh2, Ken Pryor3, Nicholas R. Nalli1,
Changyi Tan4, Mike Wilson5, Juying Warner6, Lihang Zhou7, Zaizhong Mal

Objective:

« Update NUCAPS V3.1 with a new ozone
climatology, and evaluate the ozone retrievals
with WOUDC ozonesonde measurements by
applying Averaging Kernel (AK) analysis

Results:

 The ozone profile and near surface temperature
retrievals are improved based on the statistics of
12 focus days evaluation over the globe in 4
seasons.

 The validation with WOUDC ozonesonde
measurements in 77 days shows that NUCAPS O3
retrieval is better than first guess in high latitudes
around Antarctic region,

» The comparison between O3 retrieval and AK
convolved ozonesonde shows better agreement,
and indicates a small bias in the retrieval comes
from the a-priori.

Comparison of O3 profiles at
WOUDC Station101: Lat/Lon: -69.01, 39.58
03/13/2018 - 06/26/2019 (55 days)

Pressure (hPa)

1000 L ti
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NUCAPS O3 Profile at STN101
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D Validation of Carbon Gas Retrievals from the Metop-B,-C NUCAPS (Nalli et al.)

TCCON Stations (IASI_MetOpC N = 14 Focus Days)

»  NUCAPS JPSS (SNPP & NOAA-20) carbon trace gas EDRs have SoO B R
previously achieved validated maturity based on comprehensive . Wy |
reference datasets serve as a baseline . PO o e
* In this work we validated the NUCAPS v3 Metop-B,-C carbon trace
gas EDRs using collocated Total Carbon Column Observing Network . ’
(TCCON) data ¥ sl
— TCCON are a global network of ground-based FTS that el ‘a D= e il Il B B -1 |

accurately measure total column abundances of CO,, CO,
CH,4, N,O trace gases

NUCAPS IASI_MetOpC v3_DAP acc+qa (14 Focus Days, GGG2020, AK-Smoothed)

— Allow for convenient collocations with the Metop orbits, S e Capon Slee

which are different from JPSS
— Serve as transfer standard with validated JPSS versions | :,

— We adopted the new TCCON version GGG2020 which has e 1 |
. .. . g o |5 :':'"l"gi Sa10

several significant improvements over GGG2014; the new : g | e P :

. . . £ 100f s 18 pohit s F

data format required quite a bit of code updates on our end : 48 ¢ [t ¢

8ol 12:1: ' ] 18 ;‘-"; fl, ] ] 405
* The statistical results show comparable performance with the JPSS pot

series versions o | | [

TCCON (ppb) TCCON (ppm) TCCON (ppm)
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3 NUCAPS Products from JPSS-CrIS and MetOp-IASI: Advances, Optimization, and

Augmentation for JPSS-2 and EPS-SG IASI-NG Hyperspectral Sounders

Murty Divakarlal, Ken Pryor?, Tong Zhut, Juying Warner?, Nick Nallit,Changyi Tan?, Mike Wilson?, Letitia Soulliard3, and Zaizhong Ma?

SU M MARY ‘ NOAA-20 Averaging Kernels: V3.1 run 20210720, scan_time:2341519, FOR:30

MUICAPS A - TEMPERATURE - 20210720 HUCAPS AK - H20 - 20210720 NLCAPS AK - 03 - 20210720 NUCAPS AK - €O - 20210720 NUCAPS AK - C02 - 20210720 KUCAPS K - CH4 - 20210720
1 i 1 F— 1 - - 1 - - 1 -

e Operational Products from JPSS NOAA-20 (CrlS),
MetOp-B/C (IASI)

. i
Ty 0

'
3 50

o AVTP) AVM P’ 03) CO, CH4I and COZ ?m ?100 10 w| RERC wof - 1
kY S M| n 004 | 300
ind {33;57{ 500 B A 300 500 j 500 b 500

=5 ‘« :
= = ¥ B
e 1000 1 1
0100 01 12 03 04 05 06 0 Mes g 005 020 o1s om0z 000 005 0l0 015

) N U CA PS SYSte m U pg e d €5 ) b o i " ‘”nen"(;'"e' it 5:}4"’9:23‘01?'-9 Aue Kemel st FOR=30STime= 2341513 ek 20h0 smali]mls:ﬂu ve Kernel at FOR= 30 ST me=23415.9 e Kemel at FOR=30 STimz=2341519
* Averaging Kernels as pa rt Of the N UCAPS MetOp-C Averaging Kernels: V3.1 run 20220519, scan_time:235930, FOR:30 ‘
prod u Ct fi Ie fo r J PSS ( N OAA'ZO) M eto p-C . NUCIAFSAK—TEIJFFATURE—202%35]9 . ‘Numg,,(,m,‘mum‘ 1 ‘wuc,lvsnx-cs.‘znzzcsm
7

il
03 product improvement during Antarctic ex

NUCAPS AK - 002 - 2022051% NUCAPS 8K - CHA - 20220519
” 1 — :

By Wb

10

NLICAPS £K.- 0 - 20220519

10

; 17
IR 50
501

o ey . [
spring to summer transition o
: s =8 ol e -
W o 300 o
* Surface Corrections to facilitate user request R e i LA G —y ‘ |
e Kernel at FOR=3C $Time=1359530 e derel &7 FOR=30 ST me=2350530 " nue Keme 3t FOR=30 STime=2358530 .nn%o’ % 17 130 D05 000 005 016 015 020 0 100000 00 010 Cis 020 025 T
" ave Kernil at FOR= 30 5T 1ie=2350530 Aue <ernel ar FOR=30 §Time=2359330 Aue Keme! gt FOR=30 STime=2359530

and easy use of NUCAPS products
. . NUCAPS OPS: Ozone a-priori _ o
* CO, first guess updates using extended ESRL Ozone Validated Maturity version NUCAPS v3.1: Ozone new a-priori

CO, measurements and Carbon Tracker model
* On-going Activities/Plans
* Addition of Ammonia product to the NUCAPS
Operations
* Mission-long reprocessing for S-NPP/NOAA-20

NUCAPS Total O3: AIRS.v7

NUCAPS Total O3: UARS

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
DU

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
bu 120 145 170 195 220 245 270 295 320 345 370 395 420

PrOdUCtS 120 145 170 195 220 245 270 295 320 345 370 395 420
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Product

NUCAPS JPSS Products

Number of
Files/Day

Size/Day

NUCAPS JPSS Products with

Averaging Kernels

Number of
Files/Day

Size/Day

NUCAPS Output Products (NOAA-20 and NOAA-21)

1 NUCAPS ALL FOVs 2700" 25G 2700 25G BUFR toolkit and OSPO
2 _II\_I:;::‘:::; ZRlz(::Jlifa?:Zl’ 616 (IASI) ALL FOVs 2700 54G 2700 54G BUFR toolkit
3 NUCAPS PCS Monitoring 2700 11 M 2700 11 M OSPO
4 NUCAPS Retrieval Monitoring 2700 11 M 2700 11 M OSPO
5 L1C Metadata.xml (for IASI only) N/A N/A N/A N/A CLASS
6 EDR NetCDF 2700 7.8G 2700 94 G CLASS and OSPO
7 CCR Archive NetCDF 2700 29G 2700 29G CLASS
8 | OLR NetCDF 2700 170 M 2700 170 M CPC
9 |0.5x2 NUCAPS EDR global grids 2 14G 2 14G OSPO
10 | 0.5 x 2 OLR global grids 2 6.1 M 2 6.1 M OSPO
Total 16204 38.7G 16204 40 G

NUCAPS Enterprise System has been implemented on both JPSS NOAA-20 and NOAA-21.The NUCAPS
daily product output file sizes are approximately of the same order for both NOAA-20 and NOAA-21.
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Surface Corrections

Temperature
- 5h

(100)(120 [Psurf Plev(Pbot)] = Pa
FOR=1|FOR=2|FOR =3 BL _ _ Psurf=Piev(Ppor=1)
206.3 206.5 206.1 mult Piev(Ppot)—Pirev(Ppot—1)
210.9 211.1 210.7 BLMULT(120) must be calculated
219.9 220.1 219.7
230.1 230.3 230.0 FOR=1 |FOR =2 FOR =3
239.2 239.5 239.1 1.0 1.2 0.8

Lbot(120) must be calculated
296.3 294.5 294.5 FOR=1| FOR=2 |FOR=3
298.0 296.4 296.1 97 96 99
300.7 299.6 298.9
302.3 299.6 300.5 Tsurf = T(Pbot - 1) + BLmult X [ T(Pbot) - T(Pbot - 1)]
302.3 299.6 300.5
302.3 299.6 301.5 Sample Tsurf calcs for each FOR...
302.3 299 6 3015 1) 300.7-1.0*(302.3-300.7) = 299.4

**Currently repeating below

surface

2) 296.4-1.2%(299.6-296.4) = 292.6
3) 300.5-0.8*(301.5-300.5) = 299.7

NOAA-21 NUCAPS Provisional Maturity Review

Temperature (100x120) for

NU

Replace with corrected value, fill with

CAPSv3

FOR=1 FOR=2 | FOR =3
206.3 206.5 206.1
210.9 211.1 210.7
219.9 220.1 219.7
230.1 230.3 230.0
239.2 239.5 239.1
296.3 294.5 294.5
298.0 296.4 296.1
300.7 292.6 298.9
299.4 nan 300.5
nan nan 300.7
nan nan 299.7
nan nan nan

missing values (e.g., -999.9, -9999.9,

etc.) (Slide from Rebekah)
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(S.4) NUCAPS Products Requirements
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JPSS Specification Performance Requirements
CrIS/ATMS Temperature and Moisture Profile EDR Uncertainty

NOAA ‘]vmsa

CrIS/ATMS Atmospheric Vertical Temperature Profile (AVTP)

Measurement Uncertainty— Layer Average Temperature Error

“Clear to Partly-Cloudy”

PARAMETER THRESHOLD OBIJECTIVE (Cloud Fraction < 50%)
m (o]
E AVTP, Cloud fraction < 50%, surface to 300 hPa 1.6 K/ 1-km layer 0.5K/ 1-km layer
o AVTP, Cloud fraction < 50%, 300-30 hPa 1.5K / 3-km layer 0.5K / 3-km layer IR+MW retrieval
nﬂ; AVTP, Cloud fraction < 50%, 30-1 hPa 1.5K/5km layer 0.5K/5-km layer
S AVTP, Cloud fraction < 50%, 1-0.5 hPa 3.5K/5km layer 0.5 K/ 5-km layer “Cloudy”
e .
© AVTP, Cloud fraction = 50%, surfaceto 700 hPa 2.5K/1-km layer 0.5K/ 1-km layer (CIoud Fraction >= 50%)
| .
8- AVTP, Cloud fraction = 50%, 700-300 hPa 1.5K/ 1-km layer 0.5K/1-km layer
MW-only retrieval
E AVTP, Cloud fraction = 50%, 300-30 hPa 1.5K/ 3-km layer 0.5K/ 3-km layer y
|q_" AVTP, Cloud fraction 2 50%, 30-1 hPa 1.5K/5km layer 0.5K/5-km layer
AVTP, Cloud fraction = 50%, 1-0.5 hPa 3.5K/ 5-km layer 0.5 K/ 5-km layer
CrIS/ATMS Atmospheric Vertical Moisture Profile (AVMP)
Q Measurement Uncertainty— 2-km Layer Average Mixing Ratio % Error
‘S PARAMETER THRESHOLD OBJECTIVE Global requirements defined for
- lower and upper atmosphere
o AVMP, Cloud fraction < 50%, surface to 600 hPa Greater of 20% or 0.2 g-kg* / 2-km layer 10% subdivided into 1-km and 2-km
2 AVMP, Cloud fraction < 50%, 600-300 hPa Greater of 35% or 0.1 g kg™ / 2-km layer 10% /ayersfor/?VTP and AVMP,
respectively.
3 AVMP, Cloud fraction < 50%, 300-100 hPa Greaterof 35% or 0.1g kg™ / 2-km layer 10% p Y
(V2]
o) AVMP, Cloud fraction 2 50%, surface to 600 hPa Greater of 20% of 0.2 g-kg™/ 2-km layer 10%
E AVMP, Cloud fraction = 50%, 600-400 hPa Greater of 40% or 0.1g kg™ / 2-km layer 10% Source: (L1RD, 2014, pp. 41, 43)
AVMP, Cloud fraction = 50%, 400—100 hPa Greater of 40% or 0.1 g-kg™ / 2-km layer NS

NOAA-21 NUCAPS Provisional Maturity Review
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JPSS Specification Performance Requirements
CrIS Trace Gas EDR Uncertainty (O;, CO, CO,, CH,)

CrlS Infrared Trace Gases

Specification Performance Requirements

PARAMETER THRESHOLD OBJECTIVE
o 0O; (Ozone) Profile Precision, 4—260 hPa (6 statistic layers) 20% 10%
i._g O, (Ozone) Profile Precision, 260 hPa to sfc (1 statistic layer) 20% 10%
nh_ 0; (Ozone) Profile Accuracy, 4-260 hPa (6 statistic layers) +10% +5%
g 0, (Ozone) Profile Accuracy, 260 hPa to sfc (1 statistic layer) +10% +5%
5 0O, (Ozone) Profile Uncertainty, 4—260 hPa (6 statistic layers) 25% 15%
0, (Ozone) Profile Uncertainty, 260 hPa to sfc (1 statistic layer) 25% 15%
" CO (Carbon Monoxide) Total Column Precision 15% (CrISFSR) 3%
% CO (Carbon Monoxide) Total Column Accuracy +5% (CrISFSR) +5%
Lg CO, (Carbon Dioxide) Total Column Precision 0.5% (2 ppmv) 1.05to 1.4 ppmv
_8 CO, (Carbon Dioxide) Total Column Accuracy +1% (4 ppmv) NS
:“)’ CH, (Methane) Total Column Precision 1% (=20 ppbv) NS
CH, (Methane) Total Column Accuracy +4% (=80 ppmv) NS
Source:

(LIRD, 2014, pp. 45-49)
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:) Requirement Check List — Atmospheric Vertical Temperature Profile

The Atmospheric Vertical Temperature Profile product shall provide atmospheric
vertical temperature profiles, globally day and night, for all scenes, for each field of
regard (FOR) comprised by multiple fields of view (FOVS), at the refresh rates of the
instrument.

DPS-160 + Yes

The Atmospheric Vertical Temperature Profile product shall provide atmospheric

bPS-161 vertical temperature profiles with a horizontal cell size of 50 kilometers at nadir.

v Yes
The Atmospheric Vertical Temperature Profile product shall provide atmospheric
vertical temperature profiles with vertical reporting intervals of 20 millibar (mb) from
the surface to 850 mb; 50 mb from 850 to 300 mb; 25 mb from 300 to 100 mb; 20 mb
from 100 mb to 10 mb; 2 mb from 10 mb to 1.0 mb; 0.2 mb from 1.0 mb to 0.5 mb.

DPS-162 Vv Yes

The Atmospheric Vertical Temperature Profile product shall provide atmospheric
vertical temperature profiles with a cloud-free or partly cloudy measurement
uncertainty of 1.6 kelvin (K) per layer from the surface to 300 mb; 1.5 K per layer
from 300 mb to 1 mb; 3.5 K per layer from 1 mb to 0.5 mb.

DPS-163 Vv Yes

The Atmospheric Vertical Temperature Profile product shall provide atmospheric
vertical temperature profiles with a cloudy-condition measurement uncertainty of 2.5
kelvin (K) per layer from the surface to 700 mb; 1.5 K per layer from 700 mb to 1 mb;
3.5 K per layer from 1 mb to 0.5 mb.

DPS-164 Vv Yes
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:) Requirement Check List — Atmospheric Vertical Moisture Profile

The Atmospheric Vertical Moisture Profile product shall provide atmospheric
vertical moisture profiles, globally day and night, for all scenes, for each field of

PIFSas regard (FOR) comprised by multiple fields of view (FOVSs), at the refresh rates of v Yes
the instrument.
DPS-167 The Atmospheric Vertical Moisture Profile product shall provide atmospheric  Yes

vertical moisture profiles with a horizontal cell size of 50 kilometers at nadir.

The Atmospheric Vertical Moisture Profile product shall provide atmospheric
DPS-168 vertical moisture profiles with vertical reporting intervals of 20 millibar (mb) from the v Yes
surface to 850 mb; 50 mb from 850 to 100 mb.

The Atmospheric Vertical Moisture Profile product shall provide atmospheric
vertical moisture profiles with a cloud-free and partly-cloudy measurement

DiFeleke uncertainty of the greater of 20% or 0.2 gram per kilogram (g/kg) from the surface Ve
to 600 mb; greater of 35% or 0.1 g/kg from 600 mb to 100 mb.
The Atmospheric Vertical Moisture Profile product shall provide atmospheric

DPS-170 vertical moisture profiles with a cloudy-condition measurement uncertainty of the v Yes

greater of 20% or 0.2 g/kg from the surface to 600 mb; greater of 40% or 0.1 g/kg
from 600 mb to 100 mb.
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D Requirement Check List — CrlS Infrared Ozone Profile

The Infrared Ozone Profile product shall provide infrared ozone
DPS-189  profiles, globally day and night, at the refresh rates of the v Yes
instrument.

The Infrared Ozone Profile product shall provide infrared ozone
profiles from the top of atmosphere to the surface, on the native
vertical reporting interval of the radiative transfer model grid used in
the retrieval.

DPS-190 v Yes

The Infrared Ozone Profile product shall provide infrared ozone
profiles with a measurement precision of 20% from the surface to
260 millibars (mb) in one

statistic layer, and from 260 mb to 4 mb in 6 statistic layers.

DPS-192 Vv Yes

The Infrared Ozone Profile product shall provide infrared ozone
profiles with a measurement accuracy of 10% from the surface to
260 millibars (mb) in one

statistic layer, and from 260 mb to 4 mb in 6 statistic layers.

DPS-193 Vv Yes
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:) Requirement Check List — Outgoing Longwave Radiation

Requirement Performance

The Outgoing Longwave Radiation product shall
provide outgoing longwave radiation, globally day
DPS-205 and night, for all scene conditions, over the v Yes
measurement range of the instrument, at the refresh
rates of the instrument.

The Outgoing Longwave Radiation product shall
provide outgoing longwave radiation with a
measurement precision of 12 watts per square
meter (W/m”"2).

DPS-208 Vv Yes

The Outgoing Longwave Radiation product shall
DPS-209 provide outgoing longwave radiation with a v Yes
measurement accuracy of 5 W/m”"2.
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] Requirement Check List — Carbon Monoxide (CO)

The Carbon Monoxide product shall provide carbon Monoxide
volume density, geolocated, globally, for the total vertical
column, in all weather conditions, day and night, at the refresh
rates of the instrument.

DPS-398 Vv Yes

The Carbon Monoxide product shall provide carbon Monoxide
DPS-399 volume density with a measurement range of 0 to 200 parts per v Yes
billion by volume (ppbv).

The Carbon Monoxide product shall provide carbon Monoxide

DPS-400 volume density with a horizontal resolution of 100 km. e

DPS-402 The Carbon Monoxide product shall provide carbon monoxide o Yes
column value with a measurement precision of 15%.

DPS-403 The Carbon Monoxide product shall provide carbon Monoxide o Yes

column value with a measurement accuracy of 5%.
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DPS

DPS-382

DPS-381

DPS-383

DPS-385

DPS-386

Requirement Check List — Methane (CH,)

Requirement

The Methane product shall provide methane volume
density, geolocated, globally, for the total vertical column, in
all weather conditions, day and night, at the refresh rates of
the instrument

The Methane product shall provide methane volume
density with a measurement range of 1100 to 2250 parts
per billion by volume (ppbv)

The Methane product shall provide methane volume
density with a horizontal resolution of 100 km

The Methane product shall provide methane
volume density with a measurement precision of
1% or 20 ppbv

The Methane product shall provide methane volume
density with a measurement accuracy of 4% or 80 ppbv

Performance

V Yes, see slide 51.

+ Yes, see slide 125.

Yes. The NUCAPS algorithm produces a CO, product on a
field-of-regard consisting of 3 x 3 CrIS fields-of-view,
constituting a nominal nadir spatial resolution of 45 km.

Global validation of carbon trace gases requires acquisition periods
for in situ data collection, with AirCore, TCCON and aircraft
campaigns (e.g., ATom) having a lag time between observation and
pubic release of QA products. Recent field measurements
(conducted since the time when the requirements were devised)
suggest that the CH, precision threshold is too stringent. The team
recommends a waver for a relaxed total/partial column CH, precision
requirement (TBD), along with the proper use of averaging kernels
(AKSs).

As above regarding in situ data collection.
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DPS

DPS-389

DPS-390

DPS-391

DPS-393

DPS-394

Requirement Check List — Carbon Dioxide (CO,)

Requirement

The Carbon Dioxide product shall provide carbon dioxide
volume density, geolocated, globally, for the total vertical
column, in all weather conditions, day and night, at the
refresh rates of the instrument

The Carbon Dioxide product shall provide carbon dioxide
volume density with a measurement range of 300 to 500
parts per million by volume (ppmv)

The Carbon Dioxide product shall provide carbon dioxide
volume density with a horizontal resolution of 100 km

The Carbon Dioxide product shall provide carbon
dioxide volume density with a measurement
precision of 0.5% or 2 ppmv

The Carbon Dioxide product shall provide carbon dioxide
volume density with a measurement accuracy of 1% or 4

ppmv

Performance

« Yes. The NUCAPS algorithm produces a CO, product
geolocated, globally, for the total vertical column, in all
weather conditions, day and night, at the refresh rates
of the instrument. See slide 55.

Yes. See slide 125.

« Yes. The NUCAPS algorithm produces a CO, product
on a field-of-regard consisting of 3 x 3 CrIS fields-of-
view, constituting a nominal nadir spatial resolution of
45 km.

+/ Global validation of carbon trace gases requires
acquisition periods for in situ data collection, with
AirCore, TCCON and aircraft campaigns (e.g., ATom)
having a lag time between observation and pubic
release of QA products. The team also recommends
proper use of averaging kernels (AKs) as part of
assessments.

+ As above.
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