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SDR Validation Priorities

SDR comparisons with IASI, AIRS, AMSU.

SDR comparisons with airborne sensors for absolute
calibration as long as Sl traceability can be demonstrated.

SDR comparisons with high quality radiosondes (DOE
ARM Sites) via RTM

SDR comparisons with NWP models

Eigenvector analysis of SDRs

ATMS asymmetry and limb adjustments



Pr10riIties

NPROVS up and running to evaluate the EDRs

Intercompare with NDE NUCAPS retrievals (based
on AIRS science team code), AIRS and IASI
retrievals and other alternatives

Intercompare ATMS only retrieval with NDE MIRS
Some bias corrections

— If AIRS, IASI and CrlIS are in good agreement, we
should come up with a good traceable approach for
bias corrections
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WP community are assimilating the radia
whocaresabotut the EDRs?

e We do!!

 Why - a successful and robust EDR algorithm will result in
Improved SDR radiance assimilation and perhaps use of EDRS

* Meeting the CriS/ATMS EDRs threshold and pushing towards
objective requires accurate surface emissivity retrieval, cloud
detection, cloud clearing and accounting for trace gases.

* These are also essential for optimal radiance assimilation
e Right now - radiance assimilation is suboptimal:
— Poor surface emissivity, do not use channels over land
— Discard most of the channels because of cloud contamination.
— Water vapor channels are not treated properly — over tuned.
 [ts important to engage the NWP community



Summary

 \We have a great team.

« Highest confidence that we will succeed.

e Make use of lessons learned from AIRS and
|ASI



Back to the present
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User Readiness: Products to
Applications

Ensure users are ready for NPP/JPSS
data and improve their key
operational and research product
and services
v Severe weather forecasts and warnings
v Aviation weather forecasts and warnings
v Improve fire and air quality forecasts and
warnings
v" Improve warnings and prediction of poor
water quality in coastal regions
v' Improve drought, precipitation, snow and
ice assessments and predictions
Periodic feedback from keys users
on the impact of NPP/JPSS data and
to identify improvements needed

for products and applications

Notes:

PSS Program Data Products
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What is the Proving Ground & Risk EFFTS
Reduction Program for JPSS? SRS

The JPSS Proving Ground and Risk Reduction (PGRR) program’s primary
objective is to maximize the benefits and performance of NPP/JPSS data,
algorithms, and products for downstream operational and research users

(gateways to the public) through:

* Engaging users to enhance/improve their applications through the
optimal utilization of JPSS data.

e Education, Training and Outreach
* Facilitating transition of improved algorithms to operations.

» Detailed characterization of data attributes such as uncertainty
(accuracy and precision) and long-term stability

* Provides user feedback to the cal/val program
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Lifecycle

Development Long Term Monitoring

(Sustainment)
!

— - Application

(last mile )

(new or enhanced algorithm)

l

Validation

(Is the product meeting requirements?)




e Assist WFOs to make
better use of NUCAPS
temperature and
moisture soundings

e Support NWS/NCEP
plans to improve data
assimilation of
radiances in cloudy
conditions

e Use NUCAPS to solve
for or derive trace gases

latitude (dag)

0N

| NUCAPS Ozone retrievql_@_ 500mb |

45N |
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USER ENGAGEMENT PROJECTS

e NUCAPS IN AWIPS - Organized Initiative,
Working with WFQOs, we are providing
training, we participate in the 2015
Hazardous Weather Testbeds - Very
successful.

e NWS training liaison we hired from CIRA
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NMOAA - NESDIS

APS Evaluated in NWS Hazardous Weather Testbe R

» Background
What is the HWT: a joint testbed in Norman OK managed by the NWS Storm Prediction Center, the
NWS Weather Forecast Office and the National Severe Storms Laboratory

Purpose: plan and execute operational tests focused on national hazardous weather needs

Spring Experiment: annual, 5-week test periods. Researchers, forecasters, and broadcast meteorologists
evaluate emerging research concepts and tools through experimental forecast and warning generation
exercises. NUCAPS was a key focus area in the Spring Experiment 2015

- L — - m ) pr= T

Waiting for deep convection to start.
Denver’s 18z special sounding showed
— | astrong inversion around 700mb. The
20Z NUCAPS showed the lower levels
not quite fully mixed. NUCAPS
increased confidence that deep
convection would occur but not quite
yet. (comment edited)
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NUCAPS sounding shows the presence
of a cold pocket aloft and relatively low

- precipitable water values around a half
an inch confirm elevated convection
Examples of along with the scattered reports of
Forecaster severe hail in eastern ldaho.
feedback A VIIRS Satellite Pass at 19447

provided a NUCAPS Profile near some
developing storms in Texas. It provided
a nice snapshot of the atmosphere in
between [radiosonde] soundings.
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AWIPS-2 NUCAPS Training on Youtube Vi

Joint Polar Satellite System _
=

-

anks to Scott Lindstrom, Chris Barnet, Brian Motta anc
others




CSPP Software (Apr 2015)
S

1. 5DR
2.VIIRS EDR
3. HSRTV

4, Polar2grid

5. Hydra

6. MIRS

7. CLAVR-x

8. NUCAPS

9. IAPP

10. ACSPO

VIIRS, CrlS, and ATMS geolocated and calibrated earth observations.

VIIRS imager cloud mask, active fires, surface reflectance, vegetation indices, sea surface
temperature, land surface temperature, and aerosol optical depth.

Hyperspectral infrared sounder retrievals of temperature and moisture profiles, cloud
properties, total ozone, and surface properties.

Reprojected imagery (single and multi-band) in GeoTIFF and AWIPS formats.

Interactive visualization and interrogation of multispectral imagery and
hyper spectral soundings.

Microwave sounder retrievals of temperature and moisture profiles; surface properties;
snow and ice cover; rain rate; and cloud/rain water paths.

Multispectral imager retrievals of cloud properties; aerosol optical depth; surface
properties; ocean properties.

Combined hyperspectral infrared sounder and microwave sounder retrievals of
temperature and moisture profiles, cloud cleared radiances, and trace gases.

Combined infrared sounder and microwave sounder retrievals of temperature and
moisture profiles, water vapor, total ozone, and cloud properties.

Multispectral imager retrievals of sea surface temperature.




Metop-B 2015/03/30 02:01 UTC (g
MIRS Examples SNPP 2015/03/18 11:03UTC = .
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Metop-B AMSU/MHS 840 hPa
temperature and water vapor

SNPP ATMS Surface Skin Temperature with Rain Rate
contours and isosurface of Rain Mass Profile
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Sounding Applications including NOAA Unique CriS/ATMS Processing System (NUCAPS) vl

Improving NUCAPS Soundings for CONUS Severe Weather Applicatons via Datd.usssissses I
Advancing Hyperspectral Sounder Applications in the Direct-Broadcast EnVIrOMENt.susssunndd
The Uty of NUCAPS Retrieved Profiles to Diagnase Extratropical Transtion..uussesssscsssse ]
Understanding Emissions and Tropospheric Chemistry Using NUCAPS and VIRS s 4

Howard Universty Support of NOA' commitment tothe Global Clmate Observing System [GC0Y

2015 Joint Polar Satellite System Reference Upper Al Nebwork [GRUAN ..ol

(JPSS) Proving Ground and Risk

Reduction Projects Portfolio
Suppeorting the NOAA Mission through Applications
and Research

Edited by:
Mitch Goldberg, Julie Price, Bill Sjoberg, and Arron Layns
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Improving NUCAPS Soundings for CONUS Severe Weather

Applications via Data
Daniel T, Lindsey

SYNOPSIS: This project's team members plan to use the NOAA Unigue CrISfATMS Processing System
(NUCARS) vertical profiles of temperature and moisture from the J1PSS satellites and combine them with
observed surface observations and numerical model output to produce improved vertical soundings

over the CONUS. These modified, "fused" data soundings will be displayed in AWIPS-2 for the National
Weather Service.

WHY IS THIS RESEARCH IMPORTANT?

Sharp vertical variations in temperature and moisture are commaon near the surface prior to warm-
season, severe convective events. These sharp gradients, along with the amount and depth of low-
level water vapor, can be determining factors in whether convective storms initiate, and if they do,
how those storms evolve. One of the key uncertainties on many dayvs when severe weather is
possible is whether the low-level temperature inversion, or “cap”, will be eliminated due to daytime
heating of the earth’s surface or cooling above the surface. Currently, the only observations having
adeguate vertical resolution of temperature and moisture for severe thunderstorm applications are
radicsondes. However, the major limitation of radiosonde data is inadequate temporal and
horizental resolution. Balloons are launched only at 00 and 12 UTC {and occasionally at 18 UTC), and
the launch sites are 300-300 km apart in the central U.5.

18
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JPSS#:

Advancing Hyperspectral Sounder Applications in the Direct-

Broadcast Environment
Elisaheth Weisz

SYNOPSIS: BY performing a rigorous validation and evaluation of the UW hyperspectral [dual-regression)
retrieval system and the NOAA Unigue CrIS/ATMS Processing System (NUCAPS), project team members
aim to address concerns raised by users on how to best use these retrieval systems.. In addition, project
team members will characterize product performance, such as attributes of accuracy and precision and
their stability over time (both short- and long-term). This will contribute significantly to our continued
efforts to serve D3 users by making the best possible data products available.

WHY IS THIS RESEARCH IMPORTANT?

Hyperspectral infrared sounders, such as AIRS [Atmospheric Infrared Sounder] on EO5-Aqua, IASI
(Infrared Atmospheric Sounding Interferometer) on MetOp-A and MetOp-B, and CriS [Cross-track
Infrared Sounder) on Suomi NPP [5-NPP), measure the top-of-atmosphere (TOA) radiance emitted by
the Earth system with very high spectral resolution using several thousand channels. The great
advantage of high spectral resolution is an increased sensitivity to changes in the wvertical
atmospheric column [from surface to TOA). Thus, hyperspectral measurements can be inverted into
vertical temperature, moisture and ozone profiles, as well as information describing Earth surface
and cloud properties. With hyperspectral sounder retrievals now operationally available from four

it Polar Satellite System
—
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The Utility of NUCAPS Retrieved Profiles to Diagnose

Extratropical Transition
Emily Berndt

SYNOPSIS: The goal of this proposal is to demonstrate how NUCAPS infrared retrieved temperature,
moisture, and ozone profiles can complement the Air Mass RGB by giving forecasters insight about the
vertical distribution of various atmospheric variables that are influencing the Air Mass RGB imagery and
are important for anticipating a tropical to extratropical transition. Additionally, NOAA G-IV
dropwindsondes will be used as a verification dataset to compare to the NUCAPS soundings and Air
Mass RGB, especially over data sparse regions.

WHY I5 THI5 RESEARCH IMPORTANT?

Currently NOAA Unigue CriSfATMS Processing Systemn (NUCAPS) temperature and moisture
soundings are available in AWIPS-1l as a point-based display. Traditionally soundings are used to
anticipate and forecast severe convection, however unigue and valuable information can be gained
from soundings for other forecasting applications, especially in data sparse regions. Forecasters at
the National Centers (i.e. the National Hurricane Center (NHC), Weather Prediction Center (WPC),
and Dcean Prediction Center (OPC)) have GOES-R/IPSS Proving Ground proxy products, such as the
Air Mass RGE, to assist in monitoring extratropical transition of hurricanes. These extreme events
often occur aver the ocean in data sparse regions.

Seiar Satellite System
—
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Understanding Emissions and Tropospheric Chemistry Using e e ;yﬂég’

NUCAPS and VIIRS
Crregory Frost

SYMOPSIS: Project team members will develop an approach using MOAA aircraft field measurements
and atmospheric chemical-transport models to deliver products to characterize NUCAPS [Crl5/ATMSE)
retrieval quality, with the goal of improving the accuracy of the NUCAPS daily global measurements of
methane [CH4) and carbon monoxide (C0). The goals are to test and improve the accuracy of JP5S-
retrieved data and demonstrate their usefulness in air quality and dimate modeling studies.

WHY I5 THIS RESEARCH IMPORTANT?

Methane

CH4 is an important dimate-forcing agent and mediator of global tropospheric chemistry. Recent
assessments using field and satellite data demonstrate significant knowledge gaps about the
magnitude, trends, and location of CH4 sources in the US and glabally. Current CH4 inventories for
the US differ significantly from one another, and many inventories do not capture changes in
emizsion from rapidly evolving sectors, such as foszil fuel production. Changes to drilling technology
have significantly decreased the cost of producing oil and natural gas [DOMNG). Assessing the
enviranmental benefits of natural gas vs. coal depends on accurate knowledge of natural gas leaks in
extraction, processing and distribution.

Carbon Monoxide

C0, a regulated pollutant due to its air quality impacts, is produced predominantly by fossil fuel
combustion, tropospheric oxidation of WOCs, wildfires, and agricultural burning. Data from aircraft,
roadside monitoring, and regulatory networks demonstrate that C0 emissions have been declining in
US urban areas for many decades as light-duty gasoline vehicles have gotten cleaner (Warneke et al.,
2012; Pollack et al., 2012; McDonald et al, 2013). While inventories capture these long-term
dedines in US CD emissions, inverse modeling using NOAA aircraft observations (Brioude et al,
2011; Brigude et al., 2013) demonstrates that inventories do not accurately guantify the magnitude
of US CO emissions.

21



Howard University Support of NOAA's commitment to the

Global Climate Observing System [GCOS) Reference Upper Air
Network (GRUAN)
Belay Demoz

SYNOPSIS: The objective of this project is to address the owverall Joint Polar Satellite Systerm [JP55)
Proving Ground and Risk Reduction [PGRR) Program goal of maximizing the benefits and performance of
the Suomi National Polar orbiting Partnership (5-NPP)SIPSS data, and products. This will be done by
providing a well characterized GRUAN standard product for NUCAPS and other 5-MPP data validation;
enabling the engagement of the GRUAN dimate sdence community im JPSS data products and providing
feedback; and facilitating the use of the IPSS data in education and training of future scientists.

WHY IS THIS RESEARCH IMPORTANT?

Lack of proper documentation of upper air atmospheric state variable errors has hampered accuracy
of derived climate trend estimates. To mitigate this issue, the GCO5 Reference Upper Air Network
[GRUAM] sites have started a rigorous documentation of highly accurate upper air soundings on
routine and periodic intervals. The central GRUAN objective iz to provide high quality observations
using specialized radiosondes and complementary remote sensing profiling instrumentation that can
be used for validation as a baseline for all other measurements and other purposes (GCOS11Z;
Diamond et al. 2009). Satellite-53onde validation activities address a component of the GRUAN goal;
where GRUAN gquality data can be transferred and scaled to global data sets. Satellite-based

NOAA « NESDIS
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Direct Readout Enhancement of Short-Range Forecast Impact

for Global and Regional Models
Stanley . Benjamin and Stephen 8. Weveand:

SYNOPSIS: The goal of this research is to more effectively assimilate IP55 and 5-NPP satellite data in
rapidly updating (hourly) mesoscale and global models via application of direct readout data with lower
latency. Enhanced skill for these rapidly updated short-range forecasts means improved decision-
support guidance for hazardous weather, such as severe thunderstorms including aviation hazards
(turbulence, icing, ceiling, visibility, convection for air-traffic management).

WHY I5 THI5 RESEARCH IMPORTANT?

The Rapid Refresh [RAP) and High-Resolution Rapid Refresh [HRRR) are closely linked hourly updated
NOAA operational mesoscale prediction models (Benjamin et al. 2015, Alexander et al. 2015,
respectively) run at the National Centers for Environmental Prediction (NCEP) to improve decision
support guidance for weather events that endanger lives and economic activity. The RAP runs at a
coarser 13km resolution and provides most of the infermation for initial conditions for the 3km
HRRR model. Because of the increased water domain coverage of RAP compared with its
predecessor, the RUC, satellite radiance data are playing an important role in the RAP assimilation
and forecast skill, also affecting HRRR skill. In 2013, RAP was updated at NCEP to use hybrid
variational/Ensemble Kalman Filter (EnKF) assimilation within G5, using ensemble information from

dka BA casschas P FRAE slakal scsscakilas dasibe ssabfocilabfac = cabsas Facalabaab cudile dha sk ook

NOAA « NESDIS

Joint Polar Satellite System
—
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Title: The Cold Air Aloft Aviation Hazard: Detection Using Observations from the JPSS Satellites and
Application to the Visualization of Gridded Soundings in AWIPS 11

Principal Investigator:
Bradley Zavodsky (NASA SPoRT)

Co-Investigators:
Jack Dostalek (Colorado State University/CIRA)
Nadia Smith (University of Wisconsin/CIMSS/SSEC)
Eric Stevens (University of Alaska Fairbanks/GINA)

Collaborator:
Kristine Nelson (NOAA/NWS Anchorage CWSU)
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data access from CLASS EistEe

& NOAA's Comprehensive L x

[ www.class.ncde.noaa.gov/saa/products/welcome

———————— - - i

»» CLASS Home s Login  »rRegister »Help » About CLASS »m OCLASSH&IP 1Al NOAA 3 SEARCH

Please select a product to search »G0

SEARCH FOR DATA

|* | Environmental Data from Polar-
orbiting Satellites

|* | Environmental Data from
Geostationary Satellites

|* | Defense Meteorological
Satellite Program (DMSP)

¥ Suomi National Polar-orbiting
Partnership (NPP)

| * | Sea Surface Temperature data
NEWS (S5T)
Attention CORS users (06/23/14): . * |RADARSAT
Starting January 1, 2014, the National Geodetic Survey's CORS data archived at CLASS now includes
GPS+GLOMASS data for stations with GNSS-capable eguipment. The GLOMASS broadcast navigation file (BRDC) ¥ Altimetry / Sea Surface Height
is also available for users at the same starting date. (GLO navigation file name example: brdc1680.14g.92) Data [JASON)
CORS data collections include RINEX since 1994 and raw GPS from selected CORS sites since 2004, The original |* Global Navigation Satellite

at-sampling rate was retained except where there was only the 30-second decimated rate data. For more info see the Systems (GNSS)
CORS CLASS search page.
|* | Other - Miscellaneous products

Attention Suomi NPP Users: in CLASS
The most recent global NPP operational products are now available in daily tar files for quick and easy downloads at:
fip:/iftp-npp.class.ngde.noaa.gov/. Please see the NPP help page for instructions. Up to the most recent 85 days SEARCH COLLECTION METADATA

of data will be available for direct online access.

Suomi NPP data access status (11/25/14):

The majority of 3-NPP products are now available and can be ordered through CLASS. The ones available to the
public will show the begin dates after the product name on the search page. Also, a "quick look™ of which products are
at which maturity stages can be easily viewed at the STAR Algorithm Product Maturity Matrix website. Details of
high priority issues related to the data quality are contained in the Readme files provided by the S-MPP Project
Scientist. Many of these have recently been updated. Please read these before ordering and using the data.

»G0O
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1Sy Access - 85-day rotating server

Joint Polar Satellite System
——

& NOAA's Comprehensive Larc

~ =2 0O

07/08/2015 11:

B FTP root at ftp-npp.class & NOAA's Comprehensive Larg

&« > O |
FTP directory /20150709/ at ftp-npp.class.ng

B Fre directory 20150709 X+

-//ftp-npp.class.ngdc.noaa.gov/20150709
‘ ftp://ftp-npp.class.ngdc.noaa.g s - 9

=== e e e

424M Directory 20150624
07/08/2015 11:56AM Directory 20150625
07/08/2015 12:08FM Directory 20150626 Up to higher level directory
07/08/2015 12:21FM Directory 20150627

07/09/2015 04:00AM
07/08/2015 04:158M
07/08/2015 06:00AM
07/16/2015 01:30PM
07/08/2015 10:48AM
07/09/2015 05:15AM
07/08/2015 05:45AM
07/08/2015 05:46PM
07/08/2015 05:30AM

Directory ATMS-SDR
Directory ATMS-TDR
Directory CRIS-SDR
Directory NDE-DAILY
Directory NDE-L2
Directory OMPS-EDR
Directory OMPS-IP
Directory OMPS-EDR
Directory OMPS-SDR

07/08/2015 12:
07/08/2015 12:
07/08/2015 12:
07/08/2015 01:
07/08/2015 01:
07/08/2015 0O1:

34FM
47FM
58PM
08FM
22PM
37PM

Directory 20150628
Directory 20150629
Directory 20150630
Directory 20150701
Directory 20150702
Directory 20150703

07/09/2015 01:49FM D:!'IECtDIY 20150704 07/09/2015 09:09AM Directory VIIRS—EDR
07/08/2015 02:00PM Directory 20150705 07/09/2015 10:00AM Directory VIIRS-IPNG
07/08/2015 02:11FM Directory 20150706 07/09/2015 12:10FM Directory VIIRS-SDR
07/08/2015 10:47AM Directory 20150707 07/08/2015 08:12AM Directory VIIRSI-EDR

07/08/2015 10:
07/08/2015 10:
07/10/2015 01:

35aM
474M
30PM

Directory 20150708
Directory 20150709
Directory 20150710

07/12/2015 05:15AM Directory 20150711

07/12/2015 0&:15PM Directory 20150712 = . - < BB

D?f13f2015 A1 :30BM Directcry EEIEE?IE & NOAA's Comprehensive Larg FTP directory /20150709

07/14/2015 01:30FM Directory 20150714 & > O | ftpy/fp-npp.assngdcnosagoy/20150709/NDE-L2

07/15/2015 01:30PM Directory 20150715 .

07/16/2015 01:30BEM Directory 20150716 FTP directory /20150709/NDE-L2/ at ftp-npp.class.ngdc.noaa.gov
07/17/2015 01:30PM Directory 20150717

A fe i fmmes e A m e - [ .

Up to higher level directory

07/10/2015 01:06PM
07/10/2015 01:06PM

Directory NUCAPS-Clound-Cleared-Radiances
Directory NUCAPS-Environmental-Data-Records

FTP directory /20150709/NDE-L2/NUCAPS-Environmental-Data-Records/ at ftp-npp.class.ngdc.noaa.gov

Up to higher level directory

07/08/2015 10:47AM
07/08/2015 10:47AM
07/09/2015 01:01PM
07/08/2015 01:01PM
07/08/2015 08:08PM
07/08/2015 035:08PM
07/10/2015 01:06PM
07/10/2015 01:06PM

327,565 NDE-LZ NUCAPS-Environmental-Data-Records 20150708 00001.manifest.xml
1,365,025,024 NDE-LZ NUCAPS-Environmental-Data-Records 2015070% 00001.tar
65,021 NDE-LZ NUCAPS-Environmental-Data-Records 2015070% 00002 .manifest.xml
268,244,552 NDE-LZ NUCAPS-Environmental-Data-Records 2015070% 00002.tar
210,534 NDE-LZ NUCAPS-Environmental-Data-Records 20150708 00003.manifest.xml
877,337,600 NDE-LZ NUOCAPS-Environmental-Data-Records 20150708 00003.tar
45,501 NDE-LZ NUCAPS-Environmental-Data-Records 20150705 00004 .manifest.zml
186,851,264 NDE-LZ NUOCAPS-Environmental-Data-Records 20150708 00004.tar




Reprocessing

e Successfully completed the first reprocessing
of NUCAPS via Chris Barnet and UW team led
by Liam Gumley.
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NPROVS Utility In a
Variety of Meterological and
Cal/Val Scenarios

Tony Reale
STAR

(Bomin Sun, Frank Tilley, Mike Pettey and Nick Nalli)
(IMSG)
June 2015

STAR /JPSS
2015 Annual Science Team Meeting
24-28 August 2015
NCWCP, College Park, Md.
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Outline

*About NPROVS

s*Long Term Monitoring (LTM-NARCS)
*10-day Collocation datasets (PDISP)
+AWIPS-2 Coordination

« Cold Core

« CALWATER

ssUncertainty



NPROVS/NPROVS+ Data Management Schematlc

INPUTS

MIRS
NOAA IASI NPP (Op, v.11) EUMETSAT
MetOp-A NOAA-18,19 AIRS v.6 1ASI

(OsPO) MetOP-A,B (NASA) MetOp-A,B
" MetOp-B DMSP F18 (0sPO)

(STAR) (STAR FTP) (STAR FTP,
Conv OSAPO) GRUAN &

Radiosondes DOE/ARM
+GFS Radiosondes

NUCAPS
(S-NPP)

NUCAPS

ATOVS

NOAA-18,19 GOES GRAS COSMIC

MetOp-A,B (0SPO) (EUMETSAT) (UCAR)
(OSPO)

PROCESSING

3 day delay 14 day delay
_____________________________________________________________ '\-------------
s BB U = == —
\
P - Algorithm
g
NPROVS { NPROVSS Development

Collocation \

OUTPUTS Archive Collocation FTP

Archive




NOAA Products Validation System (NPROVS)

Centralized RAOB and Satellite Product Collocation

.\?/o\

6-hour 250km

Collocation DataSet ... over 2 million stored

https://www.star.nesdis.noaa.gov/smcd/opdb/nprovs 4

NWP:
*GFS
*CFSR
*ECMWF

Every Day since April 2008
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\ .
NOAA Products Validation Syvstem (INPROVS)
12719 (865) available out of 12719 CoastLandlsland (Coast)lsland (Inland)}ShipDropsonde

Maritime ... Blue, Red
Land ... Brown, Orange %»
(Drops ... Purple) =

ﬁw

October 6, 2014 (1523 to October 16, 2014 (1623

Typical NPROVS Global Collocation Dataset
(1000 collocation records per day)
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NPROVS+
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GRUAN and JPSS funded Dedicated (S-NPP) RAOB Sites
Over 10,000 RAOBS (1000 Dedicated) available since July 2013 7
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NOAA Archive Summary (NARCS)
(Long Term Monitoring (LTM) of
SAT-minus-RAOB
2008-present)

optimal sample per system

2013 to present

Maritime vs Continental ... Global

NUCAPS, IASI (NOAA and EU), AIRS v.6, MIRS, NWP
IR vs MW

QC'd products

Weekly average differences

RMS

650 hPa

T and H20 vapor fraction (W2)
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Applic

WEB Site

CHNOAA STAR it Wy
SATEL TE AF‘PLICATIONS AND HE EARCH

»HNOAA PROducts Validation
System (NPROWVS) >>

» Summary Plots
»User Interface

» Daily Data Monitoring
» Documentation
»Links

» Personnel

» OPDE Polar Products

Data and images displayed omn
STAR sites are provided for
experimental use only and are
not official operational NOAA
products. More informatiom>>

The

i ﬂl.ra net -(‘f&‘ltaﬁ:t Slup navigation

STAR //SMCD / OPDB - NOAA Products Validation System (NPROVS)
NPROVS Overview

MNPROWS routinely (daily) compiles datasets of collocated radiosonde, dropsonde and numerical weather prediction (NWF) collocated
with the following satellites and sounding product suites:

> Suomi-NPP (S-NFF) NOAA Products Validation System (NPROVS)

# NOAA Unique Cris
and ATMS
Frocessing System
(NUCAPS)

» Microwawve
Integrated Retrieval
System (MIRS])

# MetCOp A and B

# Infrared
Atmospheric
Sounding
Interferometer
(LAS])

# |AS] from
EUMETSAT O

» MIRS

» ATONS MR

~GFS
# NOAA-18 19 ~CFSR
» MIRS “EenTwe

» ATONS

Centralized RAOB and Satellite Product Collocation

&-hour 250km

Collocation DataSet .. owver 2 million stored
#+ Defense
Metearalogical
Satellite Program
(DMSP) F-16, F-18 . F18

* MIRS
# NASA-Earth Observing System (EQS)-Aqua

# Advanced InfraRed Sounder (AIRS) (NASA w6 beginning April. 2013}
# GOES 11 and 13 (clear sky only}

# Constellation Observing System for Meteoaralogy lonosphere and Climate (COSMIC) Global Positioning System Radio
Cccultation (GPSROC) from University Corporation for Atmospheric Research (UWCAR) Infrared Atmospheric Sounding
Interferometer (1ASI) O

Every Day since April 2008

Collocation datasets are used for product monitoring and support of scientific algorithm development.

ajor sections:

# Summary Plots of product moniton

# Graphical Interface (JAVA applications)
(seasonal) are available.

r selected product suite combinations

r user analysis of collocation datatsets (i.e., weekly) and longer term trends

# Daily Data Monitoring Images on thi ge show 24 hour data coverage for each system that is input into NFROWS.

http://www.star.nesdis.noaa.gov/smcd/opdb/nprovs/index.php 18
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EDGE Analytical Interface ...
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Proflle Dlsplay (PDISP):

(Monitoring/Analysis of (10-day) NPROVS
collocation datasets)

Common Samples

Analytical options:
» Collocated profile display and statistics
o Sampling options (space / time windows, region,
weather, satellites, instruments, day/nite, gc ...)

Assessments:
« NUCAPS upgrade (oper vs parallel test)
 MIRS upgrade (oper vs parallel test)
* Retrieval vs First Guess Convergence

* Moisture Statistics Weighting 0
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NOAA Products Validation Svstem (NPROVS)
5265 (723) available out of 12414 CoastLandlsland (Coast)Island {(Inland)ShipDropsonde

oy

Tuly 15, 2015 (14z) to July 25, 2015 (14z)

10-day sample of collocations containing NUCAPS test
and Oper IR+MW soundings which pass QC 21
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NOAA Products Validation System (NPROVS)
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MIRS Test NPP QC Flags : z QC Flags July 19, 2015

FPassed Failed Passed Failed

QC Flag _ : ~ July 19,2

015

e =

g A

Accepted It Dty Failed Accepted Failed

QC flags ... red means MiRS (upper) and both NUCAPS (lower) failed 24
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\/ NOAA Products Validation System (NPROVS) ' NOAA Products Validation System (NPROVS)
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g - NOAA Products Validation Svstem (NPROVS)

CoastLandlsland (Coast)Island {Inland)ShipDropsonde

August 3, 2015 (142 to August 13, 2015 (14=)

10-day sample of collocations containing:
1) NUCAPS Test 2) AIRS 3) IASI-EU ... all pass respective QC
4) ECMWF 27
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NOAA Products Validation System (NPROVS)
August 3, 2015 to August 13, 2015
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NOAA Products Validation System (NPROVS)
August 3, 2015 to August 13, 2015
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Moisture weighting makes a difference

\ NOAA Producs Vilidation System (NPROVS) \ NOA Producs Validton ysem (NPROVS)
August 3, 2015 1o August 13, 2015 August 3, 2015 to August 13, 2015
T ™ i - ek
¥ 16 m 16
,ai? 166 ur HEE
x.:‘J 175 m o s
»en . _ |01
W AIRS Scig¢nce Team "
i‘ \c ki 751 B M78
] 1‘.. 178 38 M8
:' L\ H7O W H7g
g L) m o g oy g
° / ﬂ;i‘ mo 3 f 5 m
E v m ° P . o
£ Fa mo8 5% o B
£1i¥ 7 s1sf 7
0y 7 o 70
| 178 Bt M7
Y 178 106 g
178 Lt (176
1 W M7
H7l 7 M1
154 904 M54
W2 12 W i3
""" (M A R AR AR} e
Water Vapor (sal- baseling) % error. Bias / St Dev ViatarVapar (sl - baseling) % emor. Bias { 510 Dev
Baseline: Radiosonde Radiosonde Baseline: Radiosonde Radiosonde
AIRS AQUA ECMWF AIRS AQUA ECMWF
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NUCAPS IR+MW 206 hPa (35000 ft)

January 9, 2015

ECMWF

Retrieved Layer Tem

Mucaps

Retriewed Laver Tem)|

EChiiF 12z Analysis

Nucaps

i’ Layer Temperaturs

MIRS Test NPP

. January 9, 2015
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NUCAPS MW Temp MIRS NPP 33
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v NOAA Products Validation System (NPROVS)
Temperature (deg K)
g
L
2
S
[a ¥

N \

Radiosonde 71908 (80)
ECMWF ANALYSIS
MIRS NFPP (0.5)
NUCAPS MPP

1/09/2015 11:15 5389 N /12279 W

1/09/2015 12:00:00 (0.8 howrs) 5400 N /12275 W (11.7km)
1/09/2015 10:43:09 (-0.5 hours) 5390 N /122,68 W (7.2 kam)
1/09/2015 10:43:00 (-0.5 hours) 5400 N /12288 W (134 km)

Canada (S)
IR+MW pass QC

Radiosonde

ECMWEF Analysis
MIRS NPP
NUCAP NPP

MIT
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| D ] Center for Satellite

v NOAA Products Validation System (NPROVS)
Temperature (deg K)

Pressure (hPa)

Radiosonde 71945 (80) 1/0%/2015 23:17 58.82 N /122,60 W

ECMWF ANALYSIS 1/10/2015 00:00:00 (0.7 hours) 5875 N /12250 W (10.5 km)

MIRS NFPP (0.5) 1/08/2015 22:15:08 (-1 hours) 58.84 N/ 12284 W (14 kan)

NUCAPS MPP 1/09/2015 20:3348 (-2 7hours) 5839 N /12221 W (23.8 km)
Canada (N)

IR+MW pass QC

Radiosonde

ECMWEF Analysis
MIRS NPP
NUCAP NPP

MIT
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NOAA Products Validation System (NPROVS)

Temperature (deg K)

Pressure (hPa)

D

Radiosonde 70026 (152)
FCMWF ANALYSIS
MIRS NEP (0.5)
NUCAPS NPP

1/08/2015 11.03 TLAEN/156.78 W

1/08/2015 12:00:00 (0.9 hours) 7125 N/ 15675 W (3.7 kan)
1/08/2015 122020 (13 hours) 713N/ 156.64 W (5.7 kan)

1/08/2015 121959 (13 hours)  T133N/I5571W (38.6 k)

NSA
IR+MW pass QC

Radiosonde

ECMWEF Analysis
MIRS NPP
NUCAP NPP

MIT
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v NOAA Products Validation System (NPROVS)
Temperature (deg K)
@
2
¥

-~

, . # b r Iy
\;\ p Y /
% ./.f \JJ' \ 'f;.

%, Iy £,
£ bY

Radiosonde 70027 (81 1/08/2015 17:30 TLIZN/156.61 W

ECIWEF ANALYSIS 1/08/2015 18:00:00 (0.5 hours)  7L25N/ 15650 W (8.9 lam)

MIERS NFF (0.6) 1/08/2015 17:20:05 (-0.2 hours) T1LITN/156.65 W (6.2 lam)

NUCAPS NFP 1/08/2015 18:59:21 (1. 5hours) 7142N/1571W (20,8 lam)
NSA

IR+MW pass QC

Radiosonde

ECMWEF Analysis
MIRS NPP
NUCAP NPP

MIT
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SAT-minus-RAOB Statistics
1. Case Study Day Jan 9 (Alaska Region)
2. Case Study Period Jan 5-15 (Alaska Region)

3. Case Study Period Jan 5-15 (CONUS)

39
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\J NOAA Products Validation System (NPROVS) \J NOAA Products Validation System (NPROVS)

Temgeratne (sathaseling) deg K. Biss Temperature (sakbaseling) deg K- RM3
Baseline: Radiosonde
*
Radiosonde GFS 6 Hour ECMWEF Analysis MIRS NPP *
NUCAPS NPP NUCAPS NPP MIT
SAT-minus-RAOB for Jan 9, 2015: Alaska Region 40

(NUCAPS IR+MW and MiRS pass QC)
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\J NOAA Products Validation System (NPROVS) \J NOAA Products Validation System (NPROVS)

January, 2015 to January 1, 2015 January 5, 2015 to January 19, 2015
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511 H15 et P ", a‘r. 5, 11§
06t 1 i ————————— e e T e T i e e 1
. : RS TS FARRE " 07 11 1 18 35 0 e
Temgeratne (sathaseling) deg K. Biss Temperature (sakbaseling) deg K- RM3

Baseline: Radiosonde
Radiosonde GFS 6 Hour ECMWF Analysis MIRS NPP *
NUCAPS NPP NUCAPS NPP MIT

SAT-minus-RAOB for Jan 5-15, 2015: Alaska Region 41
(NUCAPS IR+MW and MIiRS pass QC)
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\J NOAA Products Validation System (NPROVS) \J NOAA Products Validation System (NPROVS)
January, 2015 to January 1, 2015 Januany 5, 2015 1o January 15, 2015
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Temgeratne (sathaseling) deg K. Biss Ternperature (sakbaseling) deg K RMS
Baseline: Radiosonde
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Radiosonde GFS 6 Hour ECMWF Analysis MIRS NPP *
NUCAPS NPP NUCAPS NPP MIT

SAT-minus-RAOB for Jan 5-15, 2015: CONUS 42
(NUCAPS IR+MW and MiRS pass QC)



CalWater 2/ACAPEX
%N 1 M B CalWater 2 / ACAPEX DOE G-1
(\Q{ _/L S 74 F|e|d Ca m pa Ign Observational Strategy et

Jan = Mar 2015 NOAA HMT Network

M Wind Profilers, Radars, GPS Met

* Interagency Campaign:
e Scripps (Marty Ralph, Kim Prather)

* NOAA (Allen White, Ryan Spackman) : e
MNOAA WP- 3D
« DOE (PI: L. Ruby Leung) ACAPEX = ARM e
Cloud Aerosol Precipitation Experiment , : Ngfag;y
* White paper at ‘
e http://esrl.noaa.gov/psd/calwater 0w ssow 0w 0w
AR Observatories and ARO sites: CA(4), Full campaign Snow level radar (S-band), 449 MHz wind profilers, soil
Hydro-Met Testbed OR(2), WA(1) moisture, 10 meter surface tower
NOAA WP-3D 1-22 kft, 4000 km  80h over 4 weeks  ~150 dropsondes, W-band radar (clouds), IWRAP Radar, Tail
range Dopper Radar, Cloud Probes, SFMR
NOAA G-IV 1-45 kft 90h over 6 weeks  ~300 dropsondes, Tail Doppler Radar, NOAA O3, SFMR
DOE G-1 with ~40 1-23 kft 120h over 8 Cloud properties (Lig/water content, size), aerosol properties
instruments weeks (concentration, size, CCN), trace gases (H20, 03, CO)
NOAA R.H. Brown Can move <5 30 days AMF2: Aerosol Observmg System, Ka ,X, W- Band Cloud

deg/day to stay ; ages
within AR RS-92 Sondes ~260 (~half dedlcated overpass time)

9/1/2015 Gambacorta et al. 43
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— o ﬂ

GRUAN and JPSS funded Dedicated (S-NPP) RAOB Sites
Over 10,000 RAOBS (1000 dedicated) available since July 2013 44
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NOA A Products Walidation Systermn (INPRON S

Herener o <

189 (1) available out of 2265

ToastLandlsland (CoastYisland (Inland)ShipDropsonde

All

MNowember 6, 2014 to Dlarch <, 2015

N S Products Walidation Systern (INPRORSY

150 (1) available out of 2265

ToastLandlIlsland (Coasthisland (Inland)ShipDropsonde

T

rd

<

[

h

o> o o *%g{
‘ ¥

All collocated with NUCAPS

f

Bl

Iowember . 2014 to Dwlarch <1, 2015

CALWATER RAOB collocated with NUCAPS
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NS Prodilcts VWalidation Systein (NP RO 5SS
&1 (1) available out of 2265

e e,
s %
_;»wﬁ
3
;‘ '
[,
(fe\ £
Hrene of o

i

7

“

ToastLandlsland (Coast)island (Inland)ShipDropsonde

|

3

.
All collocated with NUCAPS -

+/- 1 hour, 50km *®

—

#

L B

ol

MMovwermnber 6, 2014 to Invlarch <, 2015

-

™SOS A Products Walidation System (W PRONS)
24 (1) available out of 22685

CToastLandIisland (Coast)island {(Inland)ShipDropsonds
i

z [
%\

All collocated with NUCAPS * * 8 -

+/- 1 hour, 50km ‘

- ﬁ‘%
IR+MW pass QC

Mowermber 6, 2014 to Indarch <4, 2015

CALWATER RAOB collocated with NUCAPS
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v NOAA Products Validation System (NPROVS)
MNovember 6, 2014 to March 4, 2015
2004 ol -4
0.013
223 51
0.028
2471 51
0.053
27 51
0.054
3004 51
328 e 51
1oa] 1228 H20 frac 51
0.328
3001 oo +/- 6hr 51
= 4241 51
% ] 0.64 | g
= 59 0 g0s i 2
= 4961 51 =
@ 0.901 o
@ 5351 51 =]
o 0.996
5751 . 51
6171 _]';1 51
5611 L5
1.829
7061 51
2.026
731 51
2642
gozi 51
3.94
8521 51
ansf 51
£.009
0581 51
9.934 5
LR PR S A s w0 45 g0 7\ an
Water Vapor (sat- baseline) % error: Bias ! 5td Dev
Baseline: Reference Sonde GRUAN RAOB
ECMWF Analysis MIRS NPP Test NUCAPS NPP
47

Sample of NUCAPS IR which pass QC
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Sample of NUCAPS IR which pass QC

v NOAA Products Validation System (NPROVS)
MNovember 6, 2014 to March 4, 2015
200-00]_] — H19
2231 /’::ET'- 20
0.025
2471 L20
0.053
2721 20
0.09
300 20
1l 0147 s
358] H20 frac L
0.309
3901 0 441 +/- 1hr 20
= 4241 20
[l hia g
€ L) 20 2
5 so6] F20 3
@ 1.01 o
@ 5351 H20 =
o 1.034
5751, 4 20
BT L20
1.327
BE1T 20
1.642
706 L20
2017
7A3t 20
2.398
8021 H20
1,598
8521 k20
4.831
904 20
7.238
9581 20
9.28 5
1013 7 R /S S A N T P T T .
Water Vapor (sat- baseline) % error: Bias ! Std Dev
Baseline: Reference Sonde GRUAN RAOB
ECMWF Analysis MIRS NPP Test NUCAPS NPP
48
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ECMWF 12Z Analysis Retrieved Layer WVMR (649 hPa) 7 February 2015 ECMWF 18Z Analysis Retrieved Layer WVMR (649 hPa) 7 February 2015

ECMWF 06Z Analysis Retrieved Layer WVMR (649 hPa) 8 February 2015 ECMWF 00Z Analysis Retrieved Layer WVMR (649 hPa) 8 February 2015

ECMWF 127 ( Feb 7" to 6Z (Feb 8t) 49
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NOAA Products Validation System (NPROVS)
Temperature (deg K)

Reference Sonde
ECMWEF Analysis
MIRS NPP Test
NUCAPS NPP

Pressure (hPa)

:\ // _',--’;'
s ] 4

293.14 26314 263.14

1000

GRUAN Sonde ACAPEX (80) 2/07/2015 10:00 3700 N S 12717 W

ECMWF ANALYSIS 2/07/2015 12:00:00 (2 hours) 3700 N /12725 W (6.2 km)
MiRS NPP TEST (0.%) 2/07/2015 10:03:12 (0.1 hours) 3692 N /12723 W (9.2 lan)
NUCAPS NFP 2/07/2015 10:02:54 (0 hours) 36,86 N /12724 W (15.8 km)

SAT @ 10037 ... ECMWF @ 127 ... RAOB @ 1000Z >0
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NOAA Products Validation System (NPROVS)

350

450

500

550

EiIIIIZI

Pressure (hPa)

i3]

L=}

Too

750

00

a4l

L=1

o0
450
1000

Temperature (deg K)

' \//gx //

i r, :)

/04 or:;' N 14 15\/:.0 "\

293.14 26314 263.14 27314

283.14

GRUAN Sonde ACAPEX (80) 2/072015 20:32

ECMWF ANALYSIS 2/07/2015 18:00:00 (-2.5 hours)
MiRS NPP TEST (0.6) 2/07/2015 21:2346 (0.9 hours)
NUCAPS NFP 2/07/2015 21:23%3% (0.9 hours)

FT02N 12729 W

P00 /12725 W (4.9 km)
FT0ZN /12733 W (3.5 km)
T4 N 12718 W (16.2 km)

SAT @ 21237 ... ECMWF @ 18Z ...

Reference Sonde
ECMWEF Analysis
MIRS NPP Test
NUCAPS NPP

51

RAOB @ 20327
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NOAA Products Validation System (NPROVS)

Temperature (deg K)

A7

.
/ \\

A / /
)’J rr’r ¢ f'f
;.-" J‘rr)’r.J / Vi

5:j 0/

Pressure (hPa)

_/’ rrr p " (’.' _.", ,l‘;-: /’,_r"
04 N 10 1.5 2.0

1000
243.14 26314 263.14 203,14
GRUAN Sonde ACAPEX (80) 2/07/2015 20:32 FT02NF 12729 W
ECMWEF AMNALYSIS 2{08/2015 00:00:00 (3.5 hours) 37.00N/12725W (4.9 km)
MiES NPP TERT (0.6) 2/07/2015 21:2346 (0.9 hours) 3702N /12733 W (3.5 km)
NUCAPS MPP 2f07/2015 21:23:39 (0.9 howrs) 3714 N /12718 W (16.2 km)

Reference Sonde
ECMWEF Analysis
MIRS NPP Test
NUCAPS NPP

52

SAT @ 21237 ... ECMWF @ 00Z ... RAOB @ 2032Z
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NOAA Products Validation System (NPROVS)

Pressure (hPa)

1000

Temperature (deg K)

,r . '.’;
Ve

0 -'l.

293.14

26314

GRUAN Sonde ACAPEX (80) 2/072015 21:38 36.97 M f 12735 W

ECMWF ANALYSIS 2/08/2015 00:00:00 (2.4 howrs) 3700 N /12725 W (9.4 km)
MiRS NPP TEST (0.6) 2/07/2015 21:2346 (-0.2 hours) 3702ZN /12733 W (5.4 km)
NUCAPS NFP 20072015 21:2%3%9 (-0.2hours) 3714 N /12718 W (23.3 km)

Reference Sonde
ECMWEF Analysis
MIRS NPP Test
NUCAPS NPP

53

SAT @ 21237 ... ECMWF @ 00Z ... RAOB @ 2138Z
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NOAA Products Validation System (NPROVS)
Temperature (deg K)

Reference Sonde
ECMWEF Analysis

350

450

500

550

600

Pressure (hPa)

650

Too

750

00

40

900 fe—

wol Y y e
/ 0.4 5 - | 15 ‘4\/’5,0
253.14 263.14

1000

293.14 283.14 29214

GRUAN Sonde ACAPEX (200 2/028/2015 02:56 36,43 W /12699 W
ECMWF ANALYSELS 2/08/2015 06:00:00 (3.1 houts) 36501 12700 W (7 k)

SAT @ ... ECMWE @ 06Z ... RAOB @ 0256Z >4
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NOAA Products Validation System (NPROVS)
Temperature (deg K)

Reference Sonde
ECMWEF Analysis

350

450

r’}.‘- !‘I ,: y ; y /
.

550 h&/’

600

Pressure (hPa)

650

Too

7504

B00

240

000 f—<=

as0 1

1000
243.14 263.14 263.14 27314 25314 283.14
GRUAN Sonde ACAPEX (200 2/02/2015 04:35 36,21 N /12681 W
ECMWF ANALYSLS 2/08/2015 06:00:00 (1.4 hours) 625N A26T75W (71 k)

SAT @ ... ECMWE @ 06Z ... RAOB @ 0435Z >5
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650 hPa H20 Vapor
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Special session on users
featuring
ongoing AWIPS-2 activities
top utilize NUCAPS (etc) sounding
at

at NWS field office

Thursday

10:30
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GRUAN Reference Measurement Principles
(see Poster)

Given two measurement (m1, m2), their uncertainty (u,, u,) and
variability (o), then two observations are consistent if k .le. 2:

m, —m, | < kyo? +U2 +u?

... In following plots :
K=ABS(X - GRUAN) /u

where u is GRUAN or NASA v6 uncertainty

“need uncertainty estimates for EDR” !!
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GRUAN and JPSS funded Dedicated (S-NPP) RAOB Sites
Over 10,000 RAOBS (1000 Dedicated) available since July 2013 59
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SUMMARY

* Independent validation of multiple product system performance provided
by NPROVS/NPROVS+ (see Poster; Pettey)

 LTM tracks overall characteristic performance and targets areas of
iImprovement for respective systems

* Analysis of collocations with conventional and reference/dedicated RAOB
provides more detailed assessments down to “deep dive” (see Poster; Sun)

« NUCAPS and MiRS test products appear better than respective operations
* Product performance generally rooted in first guess; moisture weighting

« Performance in unique weather environments (Cold core and CALWATER)
justifies ongoing AWIPS-2 efforts to disseminate (NUCAPS) soundings to
NWS field offices (See Poster; Sounding user session Thursday)

* Providing uncertainty estimates for soundings opens door to more robust

validation against GRUAN RAOB (see Poster)
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10-day sample of collocations containing MiRS v.11 and
Oper MW soundings which pass QC 64
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Objectives

 |ntroduction on the NUCAPS System

 General outline, algorithm characteristics

e Recent enhancements to the system
e MW-only retrieval module
e MWH+IR retrieval module

 New system has been delivered to NOAA on July 8" 2015 and is
currently running in operations.

e Ongoing research

e Future work




The NOAA Unique CrIS ATMS

Processing System (NUCAPS)

A multi-step retrieval algorithm, heritage of the AIRS Science Team Retrieval Algorithm

Current operational system (same retrieval code, same spectroscopy) run by NOAA to
process:

« AIRS/AMSU (since 2003); IASI/AMSU/MHS (since 2006); CrIS/ATMS (since 2011)

Retrieval Steps

« 1) a microwave retrieval module which computes Temperature, water vapor and

cloud liquid water (Rosenkranz, 2000)

2) a fast eigenvector regression retrieval that is trained against the European

Center for Medium-Range Weather Forecasts (ECMWF) analysis and CrIS all sky

radiances which computes temperature and water vapor (Goldberg et al., 2003)

» 3) a cloud clearing module (Chahine, 1974)

* 4) a second fast eigenvector regression retrieval that is trained against ECMWF
analysis and CrIS cloud cleared radiances (Temperature and water vapor)

« 5)the final infrared physical retrieval based on a regularized iterated least square
minimization: temperature, water vapor, trace gases (03, CO, CH4, C0O2, SO2,
HNO3, N20) (Susskind, Barnet, Blaisdell, 2003)

L) wasa Joint Polar Satellite System




The NOAA Unique CriS ATMS

Processing System (NUCAPS)

SDR (Level 1C)

L ]
Input Checking

QA MW

/ MW tuning Coefficients

/ Climatology / MW Only Retrieval |

/ Forecast Surface Press /

Local Angle Correction |
) / Emissivity 17 Guess /
Cloudy Regression
IR Tuning Coefficients /
v —=
Cloud Cleari 35
oud Clearing — / RTA /
— VY
Y

Emissivity Regression Clear Regression

v

Cloud Clearing
/ Forecast Surface Pressure /—b PhYSical Retrieval
|

v
Level 2 products

Joint Polar Satellite System




Designed to use all available sounding instruments.
¥ Climatological startup.

¥ Only ancillary information used is surface pressure from
GFS model

600
¥ Microwave radiances used in microwave-only physical

retrieval, “allsky” regression solution, “cloud cleared”
regression and downstream physical T(p) and q(p)

3
N
700
steps. :
0
0
iR

Uses a comparison of 4 independent retrieval steps for quality
control (QC) in addition to traditional QC (residuals, etc.). 800

Utilizes the high-information content of the hyper-spectral
infrared - both radiances and physics. 9001

All channels used in linear regression first guesses.

Y
& Utilizes forward model derivatives to help constrain the g

00

N\ 2nd Wi+RR Ret

© MOy
Allsky Reg

CloudCleares Reg

solution. 260

¥ Physical steps use full off-diagonal covariance of
(obs-calc) errors.

& Minimizes arbitrary a-priori constraints.

&) vasa’ Joint Polar Satellite System

270

280 290
Temperature {K)



i

Goal of NUCAPS Is to sound as close

to surface as possible

We use a cluster of 9 infrared footprints and co-located
microwave to eliminate the effects of clouds
¥ Cloud clearing sacrifices spatial resolution for coverage
¥ Cloud clearing works in ~70% of cases (~225,000 / 324,000 per day)

For all 3 hyperspectral infrared instruments (AIRS, IASI, and
CrlS) we have 30 retrieval fields-of-regard per 2200 km-wide

swath (a “scan-set”)
& Nadir retrieval field of regard is ~50 km, Edge of scan is ~70x135 km
¥ At this scale ~95% of all retrievals are impacted by clouds

3.33 degree steps Nadir

| 48.33 degree




List of operational retrieval

products

Retrieval Products NUCAPS Temperature retrieval @ 500mb
Cloud Cleared Radiances 660-750 cm-1 " it i R A
2200-2400 cm-1 e
Cloud fraction and Top 660-750 cm-1
Pressure
Surface temperature window
Temperature 660-750 cm-1
2200-2400 cm-1 _ = =
Water Vapor 780 — 1090 cm-1 T . W e
1200-1750 cm-1
03 990 - 1070 cm-1 .
NUCAPS Ozone retrieval @ 500mb
CcO 2155 — 2220 cm-1 Q0N = - - ' N
CH4 1220-1350 cm-1 oo
J& 1:7.‘2;'
CO2 660-760 cm-1 o i
% 54
N20 1290-1300cm-1 = oa.c8
2190-2240cm-1 = L
HNO3 760-1320cm-1 2
S0O2 1343-1383cm-1 =

lengitude (deg)




Recent Algorithm Enhancements

- MW Only Retrieval

MW-Only
Module

e 2014 MW Only
System

o Updated Instrument
NEDT file (dash dot
red)

 New Forward Model
Bias Tuning (dash
ret)

« and Error file and
optimized Channel
Selection (solid ret)

e Bug fixes
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Recent Algorithm Enhancements

- MW Only Retrieval

MW_Omy FOCUS DAY 2015-02-17 GLOBAL RMS
Module Temperature Water vapor
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Recent Algorithm Enhancements

- MW+IR Retrieval

MW+IR FOCUS DAY 2015-02-17 GLOBAL BIAS
Module Temperature Water vapor
ohod | ;1115 L ) e e J A
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Recent Algorithm Enhancements

- MW+IR Retrieval

MW+IR
Module

2014 MW+IR System
OLD FG (dash blue)

New MW-Only
System

New first guess
(STAR)

Optimized QC (on
going)

New first guess
experiment (on

going)

KA wsa Joint Polar Satellite System
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Ongoing research

 Ongoing discussion on the sensitivity peak height
dependent bias in the 183GHz band

« OBS-CALC bhias computation is observed to increase with lower
peaking 183GHz channels

« Problem is observed across all current forward models and MW
iInstruments (AMSU, SAPHIR, ATMS)

 Problem is observed on both ATMS TDR and SDR files (next 2
slides)

 June 2015: a dedicated workshop to study the issue

 Possible sources: surface, precipitation contamination, water vapor
continuum. Workshop outcome summary is going to be distrubuted
soon.

« We are in contact with Phil Rosenkranz who has an updated forward
model with improved water vapor transmittance.

&) nasd Joint Polar Satellite System



TDR (black) & SDR (red)
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183 GHz bias (OBS-CALC): TDR
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183 GHz bias (OBS-CALC): SDR
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Summary and future work

e NUCAPS is showing an improved accuracy, yield

and stability.

 Upgrades shown have been delivered to NOAA on July 8t 2015 and
IS currently running in operations.

 Ongoing research towards solving existing issues in

both MW and MW+IR retrieval module

« 183GHz bhias issue
 Experimenting with alternative first guess and improved QC

e Approved 2014 PSDI project plan has the SARTA
CrlS full-spectral resolution delivery scheduled early
next year.
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MIRS ATMS Retrievals: Algorithm
Updates, Product Assessment, and
Preparations for JPSS-1

Product/Algorithm: MiRS (Microwave Integrated
Retrieval System)

Contributors: X. Zhan, C. Grassotti, M. Chattopadhyay,
J. Davies
Date: August 26, 2015



Team Member Organization Roles and Responsibilities

X. Zhan (Task Lead) NESDIS/STAR/SMCD Project management

C. Grassotti NESDIS/STAR/SMCD Coordination of technical activities;
(Contractor, Technical (U. MD./ESSIC) review/deliverable planning

Lead)

M. Chattopadhyay NESDIS/STAR/SMCD DAP preparation, EDR

(Contractor, 50%) (AER, Inc.) generation/validation



Product List

MIRS V9.2 Currently running on S-NPP/ATMS operationally at NDE (since
2013), also running at OSPO on 8 different satellites/sensors

V11.0 delivered Sept 2014 (for N18, N19, MetopA, MetopB, F17 HR)

V11.1 delivered August 2015 to OSPO (for N18, N19, MetopA, MetopB, F17,
F18) and NDE for ATMS (pre-DAP for V11.2)

Numerous algorithm updates/improvements in V11.0 and V11.1

V9.2/V11.0 Added V11.1
Atmospheric Temperature profile Snowfall Rate (MSPPS,
Atmospheric Water Vapor profile AMSU/MHS currently)
Total Precipitable Water Sea Ice Age (FY, MY)
Land Surface Temperature Snow Grain Size

Surface Emissivity Spectrum
Sea-lce Concentration

Snow Cover Extent
Snow-Water Equivalent
Integrated Cloud Liquid Water
Integrated Ice Water Path
Integrated Rain Water Path
Rainfall Rate




Cal/Val Status

® All official EDRs are compared/validated against appropriate
reference data:

T and WV profiles and TPW: ECMWF and GDAS analyses, radiosondes

RR: Stage IV over CONUS, TRMM 2A12 (when operational), IPWG, CDC daily
rainfall (new plans for this year to incorporate GPM official RR in comparisons)

Tskin: daily comparison with NWP, limited comparison with SURFRAD (more
intensive comparisons planned starting March 2017 as per project plan)

Sea Ice Concentration: AMSRE, AMSR2, SSMIS NRT, European OSI-SAF
SWE: NOHRSC/SNOWDAS, European GlobSnow, AMSRE, AMSR2

® V9.2 deficiencies included:

WYV, TPW moist bias in extreme cold/dry air outbreaks
Larger T profile std dev over land surfaces

Some underestimation of SWE in Siberia.

These have largely been addressed in the upgrade to V11.1

® [ong-term monitoring: MiRS website contains product maps,
comparisons with reference data, and radiometric monitoring; plan to
work with STAR webmaster (L. Brown) to update website to
accommodate JPSS-1 requirements.

http://www.star.nesdis.noaa.gov/smcd/mirs/



JPSS-1 Readiness:

Algorithm Overview

® Basic Retrieval Problem: Given a limited set of satellite-based microwave radiometric
measurements, which are related to the Earth atmospheric and surface conditions (state
vector) in a linear or non-linear way, how does one determine the elements of this state

vector?

— State vector can have 100+ elements

— Problem is underdetermined: many more variables to retrieve than measurements; more than one
combination of atm/sfc conditions can “fit” the measurements

® Variational Approach: Find the “most likely” atm/sfc state that: (1) best matches the
satellite measurements, and (2) is still close to an a priori estimate of the atm/sfc

conditions

Satellite Microwave (TB)
Measurements (INPUTS)

/“' 20 channels \

(multispectral)

| TB (Channel 1) |

| TB (Channel 2) |

| TB (Channel 3) |
|

| TB (Channel Ntot) |

+

\| Sensor Noise |/

MIiRS Components

Forward RT Model (CRTM):
(1) TB= F(Geophysical State Vector)
(2) Jacobians (dTB/dX)

A Priori Background:
Mean and Covariance of
Geophysical State

Basis Functions for State Vector:
Reduce degrees of freedom
in geophysical profile (~20 EOFs)

Uncertainty of satellite radiances:

Instrument noise estimates

MIRS
iD
Variational
Retrieval

—

E

Geophysical State Vector

MIRS
(OUTPUTS)

Postprocessing

Temp. Profile (100 layers)

o

Water Vapor Profile (100)
Derived Products
Cloud Water Profile (100)

(OUTPUTS)

Graupel Water Profile (100)

Rain Water Profile (100)

Emissivity Spectrum
(~ 20 channels)

Skin Temperature (1)




JPSS-1 Readiness: MiIRS

s
anges in V11.1 (compared with v9.2) § Jpss

Description

Satellites/Sensors Affected

Benefit

Integration of CRTM 2.1.1 (previously using pCRTM)

All: N18, N19, MetopA, MetopB/AMSUA-MHS,

SNPP/ATMS, F17, F18/SSMIS , MT/SAPHIR

Better sync with CRTM development
cycle; more realistic ice water retrievals
(Jacobians)

Integration of new dynamic a priori atmospheric All Large improvement in T, WV sounding;

background reduction in average number of
iterations; increase in conv rate

Updated hydrometeor/rain rate relationships All Improved RR over land and ocean

Updated hydrometeor a priori background profiles All Improved RR over land and ocean;
improved sounding products in rainy
conditions

New bias corrections for all sensors All Needed for consistency with CRTM
211

Snow Water Equivalent (SWE) spatially-temporally variable All Better spatial and temporal constraint

climatology background on SWE; also improved SGS retrieval

Snow Grain Size (SGS) and Sea Ice Age (SIA) All Preliminary Product, satisfies user
request

Updated all Snow Emissivity Catalogs: finer SGS All Smoother distributions for SGS, SWE,

discretization and larger physical ranges

larger dynamic range for SGS.

Dynamic channel selection near sea ice boundary

N18, N19, MetopA, MetopB/AMSUA-MHS,
SNPP/ATMS

Better convergence behavior for cross-
track instruments

Miscellaneous changes to improve code efficiency, bug fixes

All

Matrix preparation time reduced from
40% to 5% of 1dvar computation time




JPSS-1 Readiness: MIRS
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JPSS-1 Readiness: MIRS

MS Temp Sounding Performance vs. GDA

V9.2 2015-08-10
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JPSS-1 Readiness: MIRS
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JPSS-1 Readiness: MiIRS

In Rate Performance (AMSU/MHS)

N18 Rain Rate (vs. Stage IV)

FREQUENCY DISTRIBUTION (%)
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Mean MiRS v9.2 = 0.09
Mean Stage IV = 0.08
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1.0
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» Better agreement in low intensities
* More consistent at higher intensities (> 3 mm/h)
e Improved correlation and lower RMSE
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JPSS-1 Readiness:

MIRS Long-Term Monitoring

S-NPP/ATMS MIRS v9.2 Temperature Retrieval Bias and Std Dev vs. ECMWF

since Nov 2011 (Ocean)
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JPSS-1 Readiness:

IRS Long-Term Monitoring

* S-NPP/ATMS MIRS v9.2 Water Vapor Retrieval Bias and Std Dev vs. ECMWF

since Nov 2011 (Ocean)
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JPSS-1 Readiness: MIRS

Deliverables in FY16 and Beyond

® Good working relationship with POCs at NDE, facilitates delivery
and integration.

® No major changes to basic MiRS software architecture anticipated

Date(s) Activities Comment/Deliveries
Jul - Oct 2016 Code + data extension to JPSS-1/ATMS **Need CRTM sensor coefficient
files for J-1/ATMS and sample
data**
Oct 2016 Critical Design Review CDR Docs

Oct 2016 - Apr 2017

MIiRS algorithm testing with sample/proxy data

Apr 2017

JPSS-1 Launch

May 2017

Preliminary DAP delivery to NDE

pDAP (radiometric bias corrections
based on limited post-launch data)

Apr 2017 - Mar 2018

Algorithm Verification and Validation with real data

Mar/Apr 2018

Algorithm Readiness Review + Final DAP delivery to NDE

ARR Docs + DAP

Oct 2017 - Sep 2018

MIiRS JPSS-1/ATMS products validated to Stage 1

Oct 2018 - Sep 2019

MIiRS JPSS-1/ATMS products validated to Stage 2




ummary & Path Forward

MIRS is a robust, flexible satellite retrieval system designed for rapid, physically-
based atmospheric and surface property retrievals from passive microwave
measurements.

MIRS v9.2 running at NDE since 2013.

MIRS v11 released in September 2014, V11.1 released in this month, and V11.2
expected delivery to NDE in near future: contains numerous changes, leading to
improved performance for T, WV sounding, hydrometeor, cryospheric products.
MIRS software package already contains features designed to facilitate validation of

certain EDRs (T and WV soundings). Additional off-line software exists in STAR for
additional assessment and validation of RR, surface and cryospheric parameters.

Future Improvements:
» Bias corrections (air mass dependence, rainy conditions)
* Precipitation: hydrometeor size, and distribution parameters, stratiform/convective
« Background constraint in rainy conditions: Impacts on T and WV sounding through rain
« Surface emissivity: project plan 2017-2018 S-NPP/ATMS emissivity product cal/val

« Surface type: currently 4 types, move toward mixed types with unique emissivity
characteristics (e.g. fuzzy clustering)

16
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JPSS-1 Readiness:

ometeor Retrievals (AMSU/MHS)

Severe Weather, 28 April 2014
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JPSS-1 Readiness:

Grain Size and SWE (AMSU/MHS)
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JPSS-1 Readiness:

Sea Ice Conc and Ice Age (AMSU/MHS)
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Current SNPP Sounding Products
from the Operational System and
Way Forward for the JPSS-1
CrlS/ATMS Products

A.K. Sharma,
OSPO, Sounding Products Area Lead
August 26, 2015



Outline

NUCAPS Team Members
NUCAPS System Requirements

Unique CrlS ATMS Processing System (NUCAPS) - Operational
Products

JPSS Specification Performance Requirements

NUCAPS Products on the OSPO Website (External Users)
NUCAPS Online Product Monitoring (Internal Users)
NUCAPS Data Distribution and Access (NDE/PDA)
NUCAPS Users

NUCAPS Major Accomplishments

SNPP Looking Ahead

Summary / NUCAPS Future Plans



NUCAPS Team Members

Team Members:

STAR: Mark Liu, Tony Reale, Walter Wolf, Thomas King,
Nicholas Nalli, Bomin Sun, Letitia Soulliard, Mike Wilson, Kexin
Zhang

STC: Chris Barnet, Antonia Gambacorta

OSPO: A.K. Sharma, Antonio Irving, Chris Sisko, Donna
McNamara, Zhaohui Cheng, Jing Han, Oleg Roytburd, William
OConnor, Sterling Spangler

OSGS (NDE project): Tom Schott, Geoff Goodrum, Dylan Powell



UCAPS System Requirements

 The NUCAPS shall provide:

— CrlS thinned radiance products for NWP center users. (product,
functional)

— CrlS full spatial resolution granule files containing all CrIS FOVs
and FORs for all 1305 channels.

— Trace gas profile products for U.S. users. (product, functional)

— Atmospheric temperature and moisture profiles for AWIPS
derived from CrIS/ATMS radiances.

— Retrieval products for AWIPS in netCDF4 format.

— CrlIS Cloud-clear Radiance (CCR) products for NWP centers and
CLASS. (product, operational)

— Daily global products for system validation, maintenance, and
development. (product, operational)

— Data files for science guality monitoring of SDR and EDR data.
— Granules available within 103 minutes of observation



igue CrlS ATMS Processing System

APS) Operational Products

Objectives

Provide Products within 16 to 23
minutes of data receipt from IDPS to
NWS and DOD.

Operational Products:

>> Spectrally and spatially thinned
Radiances,

>> Retrieved products such as
Temperature, moisture, pressure
profiles

>> Cloud cleared radiances
>> Atmospheric trace gas products
>> Principal components

>>QA/QC Science products for
Operational Monitoring

>>EDR Validation Products:
Global Grids, Matchups, and
Binaries

++ Not Validated
** Currently not yet declared operational

Retrieval Products

Cloud Cleared Radiances 660-750 cm-1
2200-2400 cm-1
Cloud fraction and Top 660-750 cm-1
Pressure **
Surface temperature ** window
Temperature 660-750 cm-1
2200-2400 cm-1
Water Vapor 780 - 1090 cm-1
1200-1750 cm-1
03 ++ 990 - 1070 cm-1
CO ++ 2155 -2220 cm-1
CH4 ++ 1220-1350 cm-1
N20++ 1290-1300cm-1
2190-2240cm-1
HNO3 ** 760-1320cm-1
SO2 ** 1343-1383cm-1




NUCAPS AWIPS Products

The retrieval product for AWIPS includes the following variables.

CrlIS FOR Time

Latitude Longitude

View Angle Ascending/Descending Status
Topography Surface Pressure

Skin Temperature Quality Flag

Pressure (at 100 levels) Effective Pressure (at 100 levels)
Temperature (Kelvin at 100 levels) H20 (g/Kg at 100 levels)

O3 (ppb at 100 levels) Liquid H20 (g/Kg at 100 levels)
Ice/Liquid Flag (at 100 levels) SO2 (ppb at 100 levels)

Stability parameters

» See Session 7b on Thursday morning for AWIPS User Presentations.



Atmospheric Vertical Temperature Profile (AVTP)

Measurement Uncertainty — Layer Average Temperature Error

 NUCAPS Algorithm: Unified HADSMETER THRESHOLD
(AlRS/lASl/CrlS) apprOaCh, AVTP Clear, surface to 300 mb 1.6 K / 1-km layer
multi-step iterative method, AVTP Clear, 300 to 30 mb 1.5K / 3-km layer
front-end regression AVTP Clear, 30 mb to 1 mb 1.5 K / 5-km layer
NUCAPS science code (100 |ayer) AVTP Clear, 1 mb to 0.5 mb 3.5 K/ 5-km layer
- Operational prOdUCt in Sept AVTP Cloudy, surface to 700 mb 2.5K / 1-km layer
2013 AVTP Cloudy, 700 mb to 300 mb 1.5 K/ 1-km layer
y ” AVTP Cloudy, 300 mb to 30 mb 1.5K/3-km layer
Clear to Partly CIOUdy - SSO% AVTP Cloudy, 30 mb to 1 mb 1.5 K / 5-km layer
5|cf)|lcj)izjny(2’?i - £0% cloudiness AVTP Cloudy, 1 mb to 0.5 mb 3.5 K/ 5-km layer
p ., ] Atmospheric Vertical Moisture Profile (AVMP)
o ClOUdy — IR fails conve rge, Measurement Uncertainty — 2-km Layer Average Mixing Ratio % Error
MW-only retrieval PARAMETER THRESHOLD
* “Clearto Partly CIOUdy AVMP Clear, surface to 600 mb Greater of 20% or 0.2 g/kg / 2-km layer
convergence
AVMP Clear, 600 to 300 mb Greater of 35% or 0.1 g/kg / 2-km layer
AVMP Clear, 300 to 100 mb Greater of 35% or 0.1 g/kg / 2-km layer
* glzRg g)u %pz_ ;I-ralb,les 52 2432’1’5 9 5’ AVMP Cloudy, surface to 600 mb Greater of 20% of 0.2 g/kg / 2-km layer
5 2. 6, 5 27’ 3 nd 528 AVMP Cloudy, 600 mb to 400 mb Greater of 40% or 0.1 g/kg / 2-km layer

AVMP Cloudy, 400 mb to 100 mb Greater of 40% or 0.1 g/kg / 2-km layer




® OSPO NUCAPS Sounding Products Webpages (Internet) for €Xtern al users:

® NUCAPS Sounding Products
http://www.0ospo.noaa.gov/Products/atmosphere/soundings/nucaps/
® NUCAPS/SNPP Global Granules Composite Images

htltp://www.ospo.noaa.qov/Products/atmosphere/soundinqs/nucaps/NUCAPS composite.ht
ml

® NUCAPS/SNPP Global Gridded Products
http://www.ospo.noaa.gov/Products/atmosphere/soundings/nucaps/NUCAPS gridded.html
® NUCAPS/SNPP Retrieval Statistics
http://www.ospo.noaa.gov/Products/atmosphere/soundings/nucaps/NUCAPS _stats.html

® NUCAPS Product Monitor Web links (Intranet) for INternal users:

http://nucaps.espc.nesdis.noaa.gov/cgi-bin/NUCAPS/nucapsMonitor.pl (OSPO Oper)
http://nucaps.espc.nesdis.noaa.gov/cgi-bin/NUCAPS/nucapsPSmonitor.pl
http://nucaps.espc.nesdis.noaa.gov/cgi-bin/NUCAPS/globeStats.pl
http://nucaps.espc.nesdis.noaa.gov/cqgi-bin/NUCAPS/yieldStats.pl
http://nucaps.espc.nesdis.noaa.gov/cgi-bin/NUCAPS/RetrStats.pl
http://nucaps.espc.nesdis.noaa.gov/cgi-bin/NUCAPS DIFF/nucapsMonitor.pl
http://prodmonp.espc.nesdis.noaa.gov/imtool (NDE)



http://www.ospo.noaa.gov/Products/atmosphere/soundings/nucaps/
http://www.ospo.noaa.gov/Products/atmosphere/soundings/nucaps/NUCAPS_composite.html
http://www.ospo.noaa.gov/Products/atmosphere/soundings/nucaps/NUCAPS_composite.html
http://www.ospo.noaa.gov/Products/atmosphere/soundings/nucaps/NUCAPS_gridded.html
http://www.ospo.noaa.gov/Products/atmosphere/soundings/nucaps/NUCAPS_stats.html
http://nucaps.espc.nesdis.noaa.gov/cgi-bin/NUCAPS/nucapsMonitor.pl
http://nucaps.espc.nesdis.noaa.gov/cgi-bin/NUCAPS/nucapsPSmonitor.pl
http://nucaps.espc.nesdis.noaa.gov/cgi-bin/NUCAPS/globeStats.pl
http://nucaps.espc.nesdis.noaa.gov/cgi-bin/NUCAPS/yieldStats.pl
http://nucaps.espc.nesdis.noaa.gov/cgi-bin/NUCAPS/RetrStats.pl
http://prodmonp.espc.nesdis.noaa.gov/mtool

http://www.ospo.noaa.gov/Products/atmosphere/soundings/nucaps
/NUCAPS_gridded.html
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http://www.ospo.noaa.gov/Products/atmosphere/soundings/nucaps

/NUCAPS_composite.html
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NUCAPS Level Temperatures

Temperature
LO1l: 0.0161 mb LO2: 0.0384 mb LO3: 0.0769 mb LO0O4: 0.137 mb LO5: 0.2244 mb

-_;HHI-TE ur‘

L76: 515.7 mb L77: 535.2 mb L78: 555.2 mb L79: 575.5 mb L80: 596.3 mb




Mixing Ratio of Water Vapor
L01: 0.009 mb  L02: 0.026 mb  L03: 0.055 mb  LO04: 0.104 mb  L05: 0.177 mb

L06: 0.281 mb  LO7: 0.421 mb  L08: 0.604 mb L09: 0.838 mb  L10: 1.129 mb

L91: 840 mb L92: 865.6 mb L93: 891.7 mb L94: 918.1 mb L95: 945 mb

'mm‘\\‘.*.\




Tenperature (£}

NUCAPS/SNPP Retrieval Statistics

NUCAPS Retrieval Statistics - SNPP 2015-08-19
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NUCAPS Phase 3

The NUCAPS Phase 3 has the following updates:

New retreival regression

CrlS OLR (granules and global grids)

CrIS/VIIRS collocation (for CrlS SDR BUFR)

Major preprocessor updates

Bug fixes to retrieval and preprocessor codes

CF-compliance updates for netCDF4 output files

Port to GNU compiler

Update to handle VIIRS CM IP or EDR (for IDPS 2.0 testing)

Turned off many of the NUCAPS global products (only
running L2 and OLR grids)

SNPP hardcoding is removed from scripts (for using J1
filenames)

NUCAPS Phase 3 ARR planned on Sept 3, 2015

| Page 15



NUCAPS EDR Images for 2015-08-24 AM - PE1-PE2

Internal links: [Single I evel Parameters| [MR of Water Vapor Diff. PE1-PE2] [Temperature Diff. PE1-PE2]

PE1+PE2 Quality Flag

Temperature Diff. PE1-PE2
101; 0.0161 ab L4 342 128; 26.18 b I42; 99.52 sb

L84 683.7 b 196: 1042 mb

Termperature Diff. PE1—PE2, Lewvel 84: Pressure B883.7 mb
Range —12.5 — 19.7 K Mean D.202 PE1—PEZ2 2015—08—24 AM

90

MR of Water Vapor Diff. PE1-PE2
101: 0.009 =b L14: 3.009 ab L28: 24.7% ob 142; 96,34 ob

60

30

Latitude
0

170: 3%9.1 ab Lid: 672.4 b 198: 1028 ob

-30

-60

=

L 5]

]

IElcc Foil [ |No Data [ |< 0.1 Longitude
L

T
1
—1Q —8 8]




UCAPS SNPP Global Statistics — Dynamically

Generated

| Start | End NUCAPS EDR
Time c Ahsolute‘ Year ‘Month | Day ‘ Year |M0nth ‘ Day
| 2015 7| | Aug = |20 7] [2015 ] || Aug =] 20 =] [ Bottom Level Index
@ Relative | Week ending yesterday B [ Ice Liquid Flag, Layer 01: Pressure 0.009 mb
C Half Day [ Ice Liquid Flag, Layer 14: Pressure 3.009 mb
Granularity| € Day [ Ice Liquid Flag, Layer 28: Pressure 24.79 mb
 Week [ Ice Liquid Flag, Layer 42: Pressure 86.34 mb
ﬁ EBI?rIl\(/:IIIIJa?t()fNG) [ Ice Liquid Flag, Layer 56: Pressure 206.5 mb
Output| . Comma:epearate valucs [ Ice Liquid Flag, Layer 70: Pressure 399.1 mb
€ Tab-separated values [ Ice Liquid Flag, Layer 84: Pressure 672.4 mb
Quality Discard periods whose statistics cover an average of less than |0 % of Earth's surface r 106.3 L_iquid Flag, Layer 98: .PI'B.SSUTG 1028 mb
every 12 hours. [ Mixing Ratio of Carbon Dioxide, Layer 01: Pressure 0.009 mb
I Mean [ Variance [ Maximum [ Minimum [ Median* [ Lower quartile* [ Upper [~ Mixing Ratio of Carbon Dioxide, Layer 14: Pressure 3.009 mb
Statistic (10rt11e” [ Mixing Ratio of Carbon Dioxide, Layer 28: Pressure 24.79 mb
* Only available for half-day granularity [ Mixing Ratio of Carbon Dioxide, Layer 42: Pressure 86.34 mb
I~ Mixing Ratio of Liquid Water, Layer 01: Pressure 0.009 mb [ Mixing Ratio of Carbon Dioxide, Layer 56: Pressure 206.5 mb
[ Mixing Ratio of Liquid Water, Layer 14: Pressure 3.009 mb [ Mixing Ratio of Carbon Dioxide, Layer 70: Pressure 399.1 mb
[ Mixing Ratio of Liquid Water, Layer 28: Pressure 24.79 mb [ Mixing Ratio of Carbon Dioxide, Layer 84: Pressure 672.4 mb
I Mixing Ratio of Liquid Water, Layer 42: Pressure 86.34 mb [ Mixing Ratio of Carbon Dioxide, Layer 98: Pressure 1028 mb

I Mixing Ratio of Liquid Water, Layer 56:
I Mixing Ratio of Liquid Water, Layer 70:

Pressure 206.5 mb
Pressure 399.1 mb

I Quality Flag

Pressure 0.0161 mb

[ Mixing Ratio of Methane, Layer 98:

Pressure 1028 mb

I Mixing Ratio of Liquid Water, Layer 84: Pressure 672.4 mb | Surface Height

I Mixing Ratio of Liquid Water, Layer 98: Pressure 1028 mb [~ Temperature, Level 01:
[ Mixing Ratio of Methane, Layer 01: Pressure 0.009 mb [~ Temperature, Level 14
I Mixing Ratio of Methane, Layer 14: Pressure 3.009 mb ™ Tem eratm‘e’ Level 28
[ Mixing Ratio of Methane, Layer 28: Pressure 24.79 mb P ’ ’
I Mixing Ratio of Methane, Layer 42: Pressure 86.34 mb r Temperature, Level 42:
I Mixing Ratio of Methane, Layer 56: Pressure 206.5 mb r Temperature, Level 56:
I Mixing Ratio of Methane, Layer 70: Pressure 399.1 mb [ Temperature, Level 70:
I Mixing Ratio of Methane, Layer 84: Pressure 672.4 mb [ Temperature, Level 84:

I Temperature, Level 98:

FOR ALL NUCAPS

Pressure 3.34 mb

Pressure 26.18 mb
Pressure 89.52 mb
Pressure 212 mb

Pressure 407.5 mb
Pressure 683.7 mb
Pressure 1042 mb

Products and
RETEIELES

| Page 17



NUCAPS SNPP Granule Monthly Processing

Statistics for 2015
Date |TD#|5D# Avg. EDR Delay|RGsdr# EP=dr%|TPsdr%|RGedr#|SGedr#|APedr% EPedr%| Tfov# Sfovg |Yield’
201501 31|31 01:15:26 83607 |99.89 | 9%.89 | 83607 | 83204 [99.52|9%.41 |10032840| 9984480 | 99.52
201502| 28 | 28 01:14:28 75516 99.89 | 9%.89 | 75488 | 75488 | 99.96 | 99.85 | 9058560 | 9058560 |100.00
2015031 31| 31 01:18:35 83607 |99.89|95.89 83607 | 83607 |100.00])99.89|10032840|10032840|100.00
201504 30| 20 01:19:3¢6 80880 99.85|95.85|80730|80730|99.81)199.67|9694800 | 9687600 |99.93
201505 31|31 0l:16:16 83514 (99.78|9%.78|83514|83514|100.00|9%.78 |10021680|10021680|100.00
201506| 30| 30 01:15:56 80850 (|9%9.81|9%.81 | 80850 |80790(99.93|9%.74|9702000 | 9694800 ]99.93
2015071 31|31 01:14:03 83483 (99.74|95%.74|83483 | 83483 |100.00|9%.74 |100175%60|100175%60|100.00

® Date: The date, year/month
® TD#: Number of days in this month

® SD#: Number of days with good retrievals in this month

® Avg. EDR Delay: Avg. EDR processing delay (latency), hh:mm:ss
® RGsdr#: Number of SDR granules received

® EPsdr%: SDR expected percentage: RGsdr# / (SD# *

® EPedr%: EDR expected percentage:

® Tfovi: Total FOVs:
® Sfov#: Total FOVs marked as good retrievals

® vield%: Yield percentage:

(FOV per gran.)

Sfov#/TfovE

SGedr# / (SD# *
* (Tot.

(Max gran. per day))
® TPsdr%: SDR total percentage: RGsdr# / (TD# * (Max gran. per day))
® RGedr#: Number of EDR granules received
® Scedr#: Number of EDR granules marked as good retrievals
® APedr%: Actual percentage for EDR/SDR: S5Gedr#/RGsdr#
(Max gran. per day))

number of retrievals)

| Page 18




NUCAPS

water vapor profiles, mean GFS water vapor (truth), 2 water vapor error, Layer Bias and

RMS of temperature profile

Product Monitor

Plot Generator

Product Group: | NUCAPS_Ret 'I
Product Name: I nucaps_ret ¥

Data Name: Inumacceptj I daily-sum 7|

Date/Time Year Month  Day Hour
st [asz] [1d [1F [wd [wi
End [osE [sH [od [wd [ed
Submit | (Year=NULL means startiend at firstlast available data point)
Graphing Options: ¥ Draw line I Invert y-axis

NUCAPS_RET -- NUMACCEPT
DAILY-SUM

200000

Minute Second

[0 ]
[o0]

Product Monitor

gs NUCAPS_Rad 2014-01-24 13:00:00

ual Plotting Tool

sage Counts -- Good: 287 Waming: 10 Bad: 0 Show Messages

four Plots
our time series:

iour time series:

Mean PCS for Band 1 FOV §
dard deviation of PCS for Band 1 FOV §

our time series:
our time series:
iour time series:

Mean PCS for Band 2 FOV §
Standard deviation of PCS for Band 2 FOV §
Mean PCS for Band 3 FOV §

our time series:

deviation of PCS for Band 3 FOV §

Jay Blots

‘lots Available (30 day)

Jay Blots
lay time series:

Mean PCS for Band 1 FOV 5

lay time series:

deviation of PCS for Band 1 FOV 5

lay time series:

lay time series:

Mean PCS for Band 2 FOV 5
dard deviation of PCS for Band 2 FOV 5

lay time series: Mean PCS for Band 3 FOV 5

lay time series:

deviation of PCS for Band 3 FOV 5

:r Plots

’lots Available (other)

180000
160000
140000 ]
120000
100000
80000

40000 *

NUCAPS_RADPCS -- MEANPCS
WEEKLY-MEAN FOVNUM=3 BANDNUM=3

0.37

Reconstructed Radiance

Monitorin

0.365 1
0.36 1
0.355 1
0.35 1
n .3 45 L 1 1 1 1 1 1 1
e@s %s %s %s %, %, %s s %
‘0( ‘0‘, ‘0& ‘0? ‘06‘ ‘00 k7] N '00 2,
% % % % % % % %
p) I
v % 0t % e, v % %
Y oy N, B, T, %,
(] (] (] (-] & & (] (-]

http://prodmonp.espc.nesdis.noaa.gov/mtool
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APS Data Distribution and Access (NDE/PDA) 53‘4"‘)‘*

PSS

NDE 1.0 (PE1) Summary — Today’s Operations

* NDE system has been operational for 23 months and the system is performing
as expected. Production Generation is > 99.9 %

« Oversubscription is causing significant strain on the infrastructure.

* Over 80% of the current NDE system will be utilized in NDE 2.0; therefore,
from a support and system perspective we expect the product generation
portion to be very stable going into the ground segment upgrade (NDE 2.0,
PDA and JPSS Block 2.0).

Sep 2013 Today
(initial operations) (July 2015)
Number of users (subscriptions) 3(12) 29 (310)
Average Data Ingest* ~70TB ~109 TB
Production Success* >99.9% >99.9%
Distribution Success* >99.5% >99.9%
Average Data Distributed* ~10TB ~27TB

Polar Constellation Meeting -Chris Sisko | Page 20



» JPSS NDE / PDA Transition

o Today, NDE does product generation and provides its own
distribution mechanism.

o After JPSS Block 2.0 goes operational (in the 2016 time frame), JPSS
products (S-NPP, JPSS-1, JPSS-2 and GCOM-W1) will be provided to
users via the PDA interface.

o For 30-45 days, NDE 1.0 (current operational NDE system) will
remain online to facilitate an orderly transition to PDA — NASA’s
Network Adapter Box will permit both NDE 1.0 and NDE 2.0 to serve
out the same content.

o Under the PDA paradigm, the top priority will be given to the
operational users with a demonstrated real-time data need.
» Other sources of data for research groups:

o GRAVITE (in near real-time under Block 2.0)
o CLASS

Polar Constellation Meeting -Chris Sisko
| Page 21
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APS Data Distribution and Access (PDA) Jpaé 2

S

« Future Contingency Operations Note

— In the event of an outage at the primary Facility (NSOF in
Suitland, MD), PDA access is transferred to the Consolidated
Back-up in Fairmont, West Virginia, to support only the JPSS/S-
NPP mission.

— Fail-over requirement (JPSS/S-NPP) is under 12 hours

— Just the JPSS primary mission sensor data will be available - the
backup system is smaller scale than the operational system at
NSOF.

— Supports a full failover to CBU and a split failover scenario:

e |.e. GOES-R can be nominal at NSOF while JPSS is failed
over to CBU

 This backup flexibility requires different network addresses
at both NSOF and CBU; therefore, pull users will need to
change to CBU or incorporate smart logic into their scripts.

| Page 22



NUCAPS Users

e U.S. Users:

NOAA NCEP (John Deber, Andrew Collard, Dennis Keyser)
NOAA CPC (OLR)
NASA GMAO (Emily Liu)

NOAA AWIPS Il [Atmospheric stability condition for severe storms, Nowcasting, Alaska

(cold core)]
NOAA STAR (Tony Reale, Mark Liu, Nicholas Nalli, Kexin Zhang, Jonathan Smith)
NOAA CLASS (Phil Jones)

* [International Users:

EUMETSAT (Simon Elliott)
e UK Met Office (Nigel Atkinson)
* ECMWEF (Tony McNally)
e DWD (Reinhold Hess)
e Meteo-France (Lydie Lavanant)
* Plus other EUMETSAT members states
CMC (Louis Garand)
EC (Sylvain Heilliette)
JMA (Hidehiko Murata)
BOM (John Le Marshall)

23



NUCAPS QA/QC Near-Real-Time Tools were developed
and used for monitoring the products (EDRs and SDRS)

STAR Enterprise Product Lifecycle (EPL) process was
used for NUCAPS system Development

NUCAPS code met the Satellite Product and Services
Review Board (SPSRB) software standards and OSPO
security standards

NUCAPS system successfully transition to ESPC
operation

24



NUCAPS Phase 3.0 implementation

— Operationalize Outgoing long-wave radiation (OLR) EDR
— CrlS ozone algorithm improvement

NUCAPS upgrades including CrlIS full-spectral data
Improvement of Trace gas EDRs (CO, CO2, CH4)

Participation in the Aircraft, satellite, dedicated
radiosonde campaign for NUCAPS validation

25



SUMMARY

NUCAPS Future Plans

® Ongoing optimization study includes channels, perturbation functions, first guess and damping parameter.

* Use dedicated cal/val field campaign in situ measurements to fully assess NUCAPS retrieval performance of
temperature, water vapor, cloud cleared radiance, cloud parameters and trace gases.

*Leverage ongoing scientific collaborations (low cost activities for NOAA) to perform trace gas validation.
*CrIS OLR development and implementation for ESPC operation.

*Full Resolution RDR’s for CrlS SW and MW bands to support carbon products.

*Improve the Quality of CO, CO2, and CH4 by employing the full-resolution.

* Enhancement of real time NUCAPS Quality Monitoring System for JPSS-1 products validation.

*NPROVS can be operationalized for JPSS-1 for validating the products.

*Plan for JPSS-1 Algorithm Updates and Validation using existing tools developed at OSPO

*PDA Future Activities for JPSS —
-.Continue Integration users & Testing of PDA systems.

.Determine the optimal method for supporting the PDA OGC / AWIPS DD interface for AWIPS2 users (169 sites)
given resource constraints — KPP/critical products are supported 24x7 and all other data is best effort.

.Conduct Operational Readiness Review (ORR) currently scheduled for Mar 2016 time frame.
.Conduct Operations at NSOF (all missions*) and CBU (limited to JPSS). 26
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NUCAPS Retrieved Products

NUCAPS Cloud Cleared Radiances NUCAPS Principal Components

NUCAPS Methane CH4 Profile

NUCAPS Cloud Fraction

NUCAPS Clear Sky OLR

NUCAPS Carbon Monoxide CO Profile

NUCAPS Carbon Dioxide CO2 Profile

NUCAPS Cloud Top Pressure

NUCAPS Water Vapor Profile

NUCAPS Nitric Acid HNO3 Profile

NUCAPS Nitrous Oxide N20 Profile

NUCAPS Ozone Profile

NUCAPS Outgoing Longwave Radiation

NUCAPS Convective Available Potential Energy

NUCAPS Level 1 Radiances

NUCAPS Reconstructed Radiances

NUCAPS Surface Emissivity

NUCAPS Sulfur Dioxide SO2 Profile

NUCAPS Sea Surface Temperature

NUCAPS Atmospheric Temperature Profile

NUCAPS Thinned Radiances

NUCAPS Total Ozone

NUCAPS Cloud Cleared Radiances - for archiving

| Page 28



NUCAPS SNPP System Monitoring

Internal

NUCAPS SNPP System Monitoring

[Granule Processing Status] [Global statistics] [Yield Statistics] [Retrieval Stats]

NUCAPS EDR, SNPP

Globe Images

[2015-08-20 AM*] [2015-08-19 AM PM] [2015-08-18 AM PM] [2015-08-17 AM PM]

[2015-08-16 AM PM] [2015-08-15 AM PM] [2015-08-14 AM PM] [2015-08-13 AM PM]
[2015-08-12 AM PM] [2015-08-11 AM PM] [2015-08-10 AM PM] [2015-08-09 AM PM]
[2015-08-08 AM PM] [2015-08-07 AM PM] [2015-08-06 AM PM] [2015-08-05 AM PM]
[2015-08-04 AM PM] [2015-08-03 AM PM] [2015-08-02 AM PM] [2015-08-01 AM PM]
[2015-07-31 AM PM] [2015-07-30 AM PM] [2015-07-29 AM PM] [2015-07-28 AM PM]

NUCAPS DIFF PE1-PE2 System Monitoring

[Global statistics] [Retrieval Stats Differences]

NUCAPS EDR, PE1-PE2

Globe Images

[2015-06-25 AM*] [2015-06-24 AM] [2015-06-23 AM PM] [2015-06-22 AM PM] [2015-06-21 AM PM]
[2015-06-10 AM] [2015-06-09 AM PM] [2015-06-08 AM PM] [2015-06-07 AM PM] [2015-06-06 AM PM]

* Some or all images may not be ready yet.
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NUCAPS DIFF PE1-PE2 Retrieval Statistics
Graphics: 2015-06-24

Acceptable Cases Diff. Coordinate Diff. Water Bias of Full Tropo. Diff.

[PPSR g S S 5, S L PO 0, . i Y T Tampvrs Wi of Fall Trepm, Cres-alae 1

Water RMS of Full Tropo. Diff. | Water % Error of Full Tropo. Diff. Temperature Bias ﬁf Full Tropo. Diff.
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Ground Segment Transition: User Transition Timeline TTO — 120 to TTO + 90 (Earliest Decommission Start)

Pre-TTO Timeline

TTO — 20 days

.'I_I'O -120 days Recheck with major stakeholders. TTo -5
Freeze period for on-boarding new users ORR
Freeze on rolling out new algorithms.
TTO - 90 TTO-60 TTO — 30 days TTO0 -7
Coordinate with users All training complete. Formal notification of TTO. Seven days notice TTO=0

From TTO

OPR Prep Period (90 Days)

@
3

Q< TTO -2

3 @ Coordinate the exact times

E a " . For the switch to occur during

(G) Post-TTO Timeline 2 back orbit

Pel) NCEP/EMC
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al|lv NAVO TTO + 45 TTO 90- -
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L. old systems
Erciaes User Transition Period Decision gate
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Initial group || p——" T ESPC/NUCAPS — i . N
Monitoring ; EE;:::?:::T | ESP:;:E?GDVTON | esec/roast | Each group is given 5 days to be brought on-line. After
(~48 hrs) . ITWE B <o C/VIIRSDIST | ESPC/Okeanos | ESPC/MIRS : the 5 day period, a 48 hour monitoring period is
e S = C/ T el /oapc scheduled to ensure that data is flowing reliably to

each user. Any users that miss their allotted time slot

POIa r ConStEI Iatlon will be automatically bumped into the next user

NOTE: Only internal users that cannot get to the group.
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essing and Distribution (near Future) - PDA 513-55

Purpose of the Production Distribution and Access (PDA) system is to serve
as the NESDIS enterprise distribution system for our near real-time users.

o All near real-time distribution except for McIDAS will be migrated to PDA - phased
approach (new missions and then current missions).

McIDAS ADDE access will remain on GEODIST systems for the foreseeable future.

GOES-R products will be provided to AWIPS2/Satellite Broadcast Network (SBN), GOES
Re-Broadcast (GRB) and the primary PDA system at NSOF.

o  S-NPP/JPSS products will be provided via PDA.
 PDA is being developed for OSPO by the Office of Satellite Ground Services (OSGS).

PDA Distribution Service Improvements:

» User managed subscriptions

« User managed search and tailoring

* Enhanced security controls / transfer protocols

* Enhanced reporting and control for system optimization
» Ability to handle large data volumes

Polar Constellation Meeting -Chris Sisko | Page 34
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Poor Sounding Vertical Resolution Causes Problem with Direct Assimilation of Satellite Profiles
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The Problem

» Satellite profile retrievals exhibit vertical structure biases toward the a-
prior profile (1.e., either the initial guess profile or the mean of the statistics
used for regression) due to the low vertical resolution (1.e., “null space”) of the
radiance observations

* This bias was large for retrievals from low spectral resolution filter
radiometers (e.g., HIRS) causing vertical resolution aliasing when assimilated
into NWP models causing negative impact.

* Direct assimilation of the radiances, rather than retrievals, was employed
to avoid vertical resolution aliasing and to achieve positive impact.

* However, for hyperspectral sounding instruments, which contain thousands
of spectral channels, radiance assimilation of all the spectral radiances 1s
currently too time consuming for operational use. As a result, only a small
subset of spectral channel radiances are assimilated limiting the vertical
resolution, which 1s maximized by utilizing “ALL” the spectral channels in the
retrieval process.

* Here, a simple and time efficient method for de-aliasing full spectral
resolution hyperspectral sounding retrievals 1s presented



“Dual-Regression” Retrieval Algorithm™* Overview

Global clear soundings Global cloudy soundings

. Radiances (cloudy FM
Radiances (clear FM) Cloud hei;ht clazlsses )
1

Clear-trained regression Cloud-trained regression
/ coefficients coefficients
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* Smith, W. L., E. Weisz, S. Kirev, D. K. Zhou, Z. Li, and E. E. Borbas (2012), Dual-Regression Retrieval Algorithm for Real-Time Processing
of Satellite Ultraspectral Radiances. J. Appl. Meteor. Clim., 51, Issue 8, 1455-1476.



How Can We Transform Radiances
to Vertical Profiles?

Prof. Suomi provided the answer many years ago. He said
the problem of satellite profile retrieval is similar to trying
to separate the Yolk from the White in a scrambled egg.

The answer: Feed the scrambled egg back to the chicken

Spectral Radiances — Models —  Vertical Profiles



De-aliasing Using Forecast Model Profile

Problem: DR method uses a statistical training data set. Imperfect skill, due to
lack of vertical resolution in radiances, leads to a vertical resolution alias.

Solution: Calculate radiances from a Forecast Profile (FP) and perform DR
retrieval using simulated radiances. Simulated Retrieval Error = Vertical Alias.

‘ Vertlcal Alias= FP radiance Retrieval - FP

0 100
—_— Raob (N 36 b6 W 97 5: 161900 )
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The “Environmental” GH AN
AN .

AVAPS S-HIS CPL
Airborne Vertical Scanning High Cloud Physics Lidar
Atmospheric Resolution Infrared (CPL)
Profiling System Sounder (S-HIS)

(AVAPS)

Upwelling thermal radiation at
high spectral resolution between
3.3 and 18 microns.
532/1064 nm Lidar Reflection

o

89 Dropsondes / flight

Temperature, Pressure, Temperature, water vapor vertical Cloud structure and depth
wind, humidity vertical profiles
profiles



DA S-HIS Vs. Dropsonde Statistics

(HS3-2014)
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CriS Coverage 19:08 UTC
S-NPP Cal/Val May 20 2013

11 micron (i.e., 900 cm1) Radiance
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Regression Vs. De-aliased VVs. GDAS Lifted Index (May 20 2013)
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Time Tendencies of Lifted Index (May 20 2013)
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Summary

Poor vertical resolution of satellite soundings can cause a
vertical alias within the NWP models that assimilate them

The vertical alias can be determined using NWP simulated
radiances and removed from the real radiance retrieval

It is shown that the de-aliased profile retrieval is an
improvement of the model profile that was used for the de-
aliasing process

Analyses of time consecutive (2-hr interval) satellite retrievals
(i.e., from Metop-B IASI and S-NPP CrlS), antecedent to a
Tornadic storm outbreak, indicates that the assimilation of de-
aliased satellite profile retrievals will improve the forecast of
the location and timing of severe weather events.

This hypotheses now needs to be proven through the time
assimilation of de-aliased hyperspectral soundings obtained
from the system of Metop-A, Metop-B, S-NPP, and Aqua
satellites.
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Background

The AIRS Science Team Version 6 retrieval algorithm is currently producing
very high quality level-3 Climate Data Records (CDRs) from AIRS that will
be critical for understanding climate processes. CDRs are gridded level-3
products which include all cases passing AIRS Climate QC

AIRS CDRs should eventually cover the period September 2002 through at
least 2020

CrIS/ATMS is the only scheduled follow on to AIRS/AMSU

The objective of this research is to generate a long term CrIS/ATMS level-3
data set that is consistent with that of AIRS/AMSU Version-6, or an
improved version of it.

National Aeronautics and Space Administration JPSS Session 7b: Soundings Breakout 2



Research Plan

The AIRS Science Team has made significant improvements to AIRS
Version-6 and plans to reprocess all AIRS data with AIRS Version-7 in
the relatively near future. Research is continuing toward the
development of AIRS Version-7. The current version is called AIRS
Version-6.22. We have adapted AIRS Version-6.22 to run with
CrIS/ATMS. AIRS Version-6.22 and CrlIS Version-6.22 both run now at
JPL. JPL plans to generate, in the relatively near future, many months in
common of AIRS Version-6.22 and CrlS 6.22 data products, or possibly
products using improved versions of each retrieval system. We will
evaluate the results by comparison of monthly mean AIRS and CrlIS
products, and more significantly, their inter-annual differences and,
eventually, anomaly time series.

National Aeronautics and Space Administration JPSS Session 7b: Soundings Breakout



Overview of AIRS/AMSU Version-6 Retrieval Methodology .

AIRS Version 6 is a physically based retrieval system
. AN .
Uses cloud cleared radiances R; to determine the state vector X
R represents what AIRS would have seen in the absence of clouds

Basic steps
1) Generate a Neural-Net based initial guess X° using AIRS/AMSU
observations R,
2) Generate cloud clearing coefficients that provide ﬁ, for all channels
3) Sequentially determine: T, T(p), q(p), Os(p), CO(p), and CH,(p)
using /l?,in subsets of channels i selected for each step
Finds state X such that R,(X) best match ﬁ,- where R(X) is the
computed radiance for state X
4) Derive cloud parameters such that R; (X'°) best matches observed
radiances R; where X2 is the final state vector including cloud parameters
5) Compute Outgoing Longwave Radiation (OLR) using an OLR Radiative
Transfer Algorithm in conjunction with X¢P
6) Generate QC flags for all parameters
QC=0 passes Data Assimilation QC; QC=1 passes Climate QC

National Aeronautics and Space Administration JPSS Session 7b: Soundings Breakout 4



Major Improvements in Version-6.22 Over Version-6

Version-6.22 is very much like Version-6 with some modifications in details.

The major changes are given below.

e O,(p) retrieval step uses many more channels and also simultaneously
solves for surface spectral emissivity in the vicinity of the O, absorption
band near 1000 cm™. Version-6.22 retrievals of O,(p) have improved
considerably compared to Version-6.

e g(p) retrieval step uses many more channels in Version-6.22 compared
to Version-6 and also allows for changes from the g(p) first guess which
have more vertical structure than Version-6, especially in the boundary
layer. Version-6.22 retrievals of g(p) have improved considerably
compared to Version-6.

e T(p) retrieval step now includes all tropospheric sounding CO, channels,
but only if the cloud corrections made to the brightness temperatures of
those channels are less than 5K. We also loosened the T(p) Data
Assimilation (DA) QC thresholds to allow for more cases, while still
keeping RMS errors of T(p) with QC=0 on the order of 1K or less.

National Aeronautics and Space Administration JPSS Session 7b: Soundings Breakout 5
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CrIS/ATMS Neural-Net Coefficients

Like in AIRS Version-6, Version-6.22 uses Neural-Net methodology to
generate the first guess T°(p), g°(p), and T°_; for each AIRS/AMSU or
CrIS/ATMS (Field of Regard) FOR. The CrIS/ATMS Neural-Net coefficients
were trained by Bill Blackwell and co-workers at Lincoln Labs using data on
select time periods. These coefficients are then used on all time periods.

The CrlIS Neural-Net coefficients were trained using CrIS/ATMS
observations early in the NPP mission. CrIS and ATMS calibration
procedures were modified in November 2013. The quality of CrIS/ATMS
retrievals improved after this change, even though the Neural-Net
coefficients began to produce a biased first guess. They will need
retraining.

Bill Blackwell has indicated that he will generate new CrIS/ATMS Neural-
Net coefficients trained on radiances using the newest CrIS/ATMS
calibration procedures when they are finalized. In the meantime, we are
using and evaluating results using the old Neural-Net coefficients.

National Aeronautics and Space Administration JPSS Session 7b: Soundings Breakout 7



Comparison of AIRS Version-6, AIRS Version-6.22, and CrlS
Version-6.22 Results

The following results are shown for the single day, December 4, 2013. EOS
Aqua and NPP orbits overlap closely on this day. This is important for
comparison purposes to minimize time-of-day sampling differences. This
day also occurs after the major upgrade in ATMS calibration procedures.

QC’'d level-2 results are shown for all experiments in terms of yields, RMS
errors, and biases compared to ECMWEF for T(p), g(p), and ocean surface
skin temperature T..

In addition, AIRS Version-6, AIRS Version-6.22, and CrIS/ATMS Version-6.22
level-3 gridded fields are shown and compared to measures of truth for
total O, burden and total precipitable water W;,_,. AIRS and CrIS results
using Version-6.22 are significantly improved compared to Version-6 for
both water vapor and ozone products.

Finally, daily fields of other select products of Version-6.22 AIRS and
Version-6.22 CrlS are compared and show good agreement with each
other, especially over ocean.

National Aeronautics and Space Administration JPSS Session 7b: Soundings Breakout 8



December 4, 2013 Global Statistics

Percent of all Cases Accepted 1km Layer Mean Temperature (K) 1km Layer Mean Temperature (K)
RMS Differences From ECMWEF Bias Differences From ECMWF
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Global QC’d 1 km layer mean temperature profile statistics for December 4, 2013 for
different retrievals and different QC thresholds. CrlS results use both the AIRS Version-6.22
DA and Climate thresholds. CrlS results using DA QC has a lower yield than AIRS Version-6.22
with smaller errors, as expected. CrlIS results with Climate QC has a lower yield and larger
errors than AIRS, possibly indicative of poorer performance in cloudier scenes than AIRS.
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December 4, 2013 Global Statistics

Percent of all Cases Accepted 1km Layer Precipitable Water  1km Layer Precipitable Water
RMS % Differences From ECMWEF Bias % Differences From ECMWF
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Global QC’d 1 km layer precipitable water profile statistics for December 4, 2013 for different retrievals
and different QC thresholds. AIRS and CrIS Version-6.22 results are both superior to those of AIRS
Version-6 with regard to both RMS errors and biases, especially with Climate QC.
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Surface Skin Temperature Difference
December 4, 2013 Daytime and Nighttime combined
50 Nto 50 S Non-Frozen Ocean

10000
9000
8000
o 7000
—
—
—_ 6000
o
o
5000
Tenf—
o
. 4000
D
e
= 3000
j—]
=
2000
1000
O 45 13 -11 -9 7 -5 3 1 1 "3 5 7 9 11 13 15
. Mean sSTD Y% Cases Percent
Temperature Difference greater than
|I3K]| from mean
— Version-6 QC=0,1 -0.21 .92 55.42 1i.41
— NVMersion-6.22 AIRS QC=0,1 -0.18 0.93 54 .83 1.36
Version-6.22 Cr IS QC=0,1 -0.21 0.95 58 .47 1.31
e \f@FSiON-6 QC=0 -0.18 0.80 44 .52 0.61
Version-6.22 AIRS QC=0 -0.15 0.81 44 .51 0.62
Version-6.22 CrlIS QC=0 -0.17 0.82 44 .07 0.57

Counts of QC’d values as a function of errors of AIRS Version-6, AIRS Version-6.22 and CrlS
Version-6.22 sea surface temperatures using both DA (QC=0) and Climate (QC=0,1) QC
thresholds. All three sets of results are excellent and are comparable quality with each other.
CrlS SW spectral coverage truncated at 2550 cm™ does not degrade ocean SST.
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December 4, 2013 50°N to 50°S Ocean

Percent of all Cases Accepted 1km Layer Mean Temperature (K) 1km Layer Mean Temperature (K)
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CrIS/ATMS statistics for T(p) are similar to those of AIRS/AMSU over mid-latitude ocean
using each of DA and Climate QC thresholds.
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December 4, 2013 50°N to 50°S Non-Ocean

Percent of all Cases Accepted 1km Layer Mean Temperature (K) 1km Layer Mean Temperature (K)

RMS Differences From ECMWF

Bias Differences From ECMWF
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CrIS/ATMS statistics for T(p) are poorer over land than those of AIRS/AMSU, with regard to
% yield, RMS differences from ECMWEF, and bias structure, especially for the more cloudy
cases included using Climate QC. This could be a consequence of poorer CrIS/ATMS land
surface skin temperatures than those of AIRS/AMSU resulting from truncated SW CrlS

spectral coverage.
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Ozone (DU) December 4, 2013 1:30 PM
a) AIRS Version-6 b) AlIRS Version-6.22 c) CrlS Version-6.22
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AIRS Version-6, AIRS Ver5|on—6.22, and CrlIS Version-6.22 QC’d fields of total O, for ascending
orbits on December 4, 2013, and their differences from OMI. CrlS is missing parts of some
orbits. AIRS V6.22 agrees much better with OMI than AIRS V6 with regard to both STD and
spatial correlation. CrIS V6.22 statistics are comparable to AIRS V6.22 but CrlS is biased high.
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December 4, 2013 Total Precipitable Water(cm) 1:30 PM
a AIRS Version-6 bL AIRS Version-6.22 ¢ CrlS Version-6.22
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Derived QC’d fields of Total Precipitable Water (W,,;) for the ascending (1:30 PM) orbits of
AIRS and CrlS, and their differences from the ECMWF 3-hour forecast for this time period,
which we take as truth. AIRS V6.22 W, , is much more accurate than V6, especially in areas
of high cloud cover. CrIS W, is very good as well.
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December 4, 2013 1:30 PM

Surface Skin Temperature (K) Surface Skin Temperature (K) Surface Skin Temperature (K)
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Comparison of AIRS and CrlS retrieved values of surface skin temperature and 700 mb
temperature for ascending orbits on December 4, 2013. Results agree very well over the
tropical oceans. There are some differences over land, especially at high latitudes.
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December 4, 2013 1:30 PM

300 mb Temperature(K) 300 mb Temperature(K)
C AIRS minus CrlS

300 mb Temperature(K)
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Comparison of AIRS and CrlS retrieved values of 300 mb temperatures and cloud parameters
from December 4, 2013. Cloud fields show both p_(color) and a (intensity). Agreement over
tropical ocean is excellent in both fields. Again, some differences occur at high latitudes.
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OQutgoing Longwave Radiation (Watts/m®)

December 4, 2013 1:30 PM
a)AIRS Version-6.22 1:30 PM b)CrIS Version-6.22 1:30 PM ) AIRS minus CrlIS 1:30 PM
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