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0OAA DNASA

MIRS Users

 Many users use MIRS products for operational applications and research.
« Operational users, who have subscriptions on PDA, are:

NWS NHC, NESDIS_VIZLAB, CLASS, STAR, NASA GPM, NAVO, FNMOC, 557TH, NASA
JPL, GNC-A, NWC, CHINA CMA, NWS AWIPS, NWS NCO, CIRA, NASA SPORT,
SSEC/CIMMS, NESDIS operational applications: eTRaP, blended TPW, blended RR, IMS and
TC,

NHC TC intensity (POC: Galina Chirokova (CIRA))

International Arctic Research Center, Alaska (POC: Carl Dierking, NOAA Liaison)
NOAA Climate Prediction Center (POC: Pingping Xie)

National Ice Center

NWS Weather Forecast Offices

« CSPP generates MIRS products for direct broadcasting

» Users also download MIRS from CSPP and generate MiRS products at their own machines
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3 MiRS Downstream Products

» Ensemble Tropical Rainfall Potential (eTRaP)

» blended TPW, and blended layer PW

» blended Rain Rate

» Snow and Ice Cover Analysis (IMS)

» NESDIS Microwave Sounder-based Tropical Cyclone (TC) Products
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3 JPSS Data Products Maturity Definition

1. Beta

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

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

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

O O

o

2. Provisional

o0 Product performance has been demonstrated through analysis of a large, but still limited (i.e., not necessarily globally
or seasonally representative) number of independent measurements obtained from selected locations, time periods, or
field campaign efforts.

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

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

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

3. Validated

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

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

o0 Product analyses are sufficient for full qualitative and quantitative determination of product fithess-for-purpose.

o0 Product is ready for operational use based on documented validation findings and user feedback.

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

Product Requirements (presented with each EDR)
Pre-launch Performance Matrix/Waivers (None)

Validated Maturity Performance Validation
— On-orbit instrument performance assessment

= |dentify all of the instrument and product characteristics you have
verified/validated as individual bullets (presented with each EDR)

= |dentify pre-launch concerns/waivers, mitigation and evaluation
attempts with on-orbit data (None)

Users/EDRs feedback
Risks, Actions, Mitigations
— Potential issues, concerns
Path forward

Summary
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Validated Maturity Review - Exit Criteria

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

— On-orbit instrument performance assessment

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

= Provide summary of pre-launch concerns/waivers _
mitigations/evaluation and address whether any of them are still a
concern that raises any risk. (None)

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

— Cal/Val Plan and Schedules

— Product Requirements

— Validated Maturity Performance
— Risks, Actions, Mitigations

— Path forward
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3 Outline

e Algorithm Team Members

e Evaluation of algorithm performance to specification requirements
— Algorithm version, processing environment
— Evaluation of the effect of required algorithm inputs
— Quality flag analysis/validation
— Product requirements/Validation results (supplemental slides at end of presentation)
— Error Budget

o User Feedback

 Downstream Product Feedback

* RIisks, Actions, and Mitigations
 Documentation (Science Maturity Check List)
e Conclusion

 Path Forward

o Supplemental Slides
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Identification of Processing Environment

e Algorithm version: v11.4 (delivered March 2019)
« All static ancillary files needed by algorithm are contained within the DAP
« All validation conducted in STAR:
— Linux servers running f90, IDL, bash, C/C++, libraries (hdf5 and netCDF4)

— Many codes are run every day as part of regular validation and
assessment
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3 Evaluation of algorithm performance to specification requirements

MIRS initial operational processing at NDE was v9.2 in June 2013. NOAA-20 ATMS capability was delivered with
v11.3 in Dec 2018, and TTO in March 2019. MIRS v11.4 was delivered in March 2019, and TTO in July. Most
validation results shown here reflect v11.3.

— Primary change in v11.3 = v11.4 was update of radiometric bias correction (minor impact on T profile bias, example shown).

Cal/Val Activities for evaluating algorithm performance:

— T, WV: Regular comparisons with radiosondes (NPROVS system). NPROVS group has been monitoring MiRS products. MiIRS
group has NPROVS software and is also analyzing performance, globally, regionally, and seasonally.

— Daily comparisons to both ECMWF and GDAS: global maps and statistics. Results automatically posted to MiRS website each
day. (T, WV, TPW). Other parameters such as LSE, LST, CLW are compared qualitatively with ECMWF and GDAS.

— LSE: Analytic emissivity using CRTM, VIIRS LST (not ECMWF) and ECMWEF atmospheric T, WV profiles with global coverage in
4 different seasons

— LST: SURFRAD ground-based measurements for 7 sites over CONUS for the period Nov 2017- Mar 2019

— Sea lce Concentration: Regular comparisons with NASA SSMIS (F17/F18) NRT 25-km product (NASA Team Algorithm),
supplemented with 4-km NIC/IMS analyses.

— SWE/SC: Regular comparisons with JAXA Algorithm (AMSR2) 25-km product, supplemented with NIC/IMS analyses.

— Rain Rate: Regular comparisons with surface radar-gauge analyses (Stage IV and MRMS) over CONUS and nearby waters.
— CLW: Regular comparisons with JAXA AMSR2 CLW. Qualitative comparisons with ECMWF CLW.

— External Users: provide feedback, identify issues, algorithm team has issued several bug fixes/patches in past few years.

— NOTE: SFR already at Validated maturity, so not validated here.
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3 Evaluation of the effect of required algorithm inputs

« Required Algorithm Inputs
— Primary Sensor Data: MiRS requires (1) TDRs (for retrieval), (2) SDRs (for NEDTs), and (3) geolocation
— Ancillary Data: GFS (0.5 deg) data for SFR procedure (not validated in this review)

— Upstream algorithms: None (iffwhen TDR/SDR processing changes, we evaluate impacts and update
bias corrections if needed)

— Static tables/files needed for: CRTM sensor coefficients, snow/ice retrieval, radiometric bias corrections,
EOFs, background mean/covariance

« Evaluation of the effect of required algorithm inputs
— None needed since only dynamic inputs are the TDR/SDR/GEO data. All other required data is static.

— Only change has been the update to the radiometric bias correction in v11.4. Only impact is on
temperature profile bias and this is minor (example shown).

— MIRS tools in STAR available to evaluate as needed to rapidly assess impacts of turning select channels
on/off (e.qg. if sensor shows signs of degradation, drift). This has been done for other operational
satellites/sensors that MiRS runs on. To date, not required for ATMS
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D Quality flag analysis/validation

 MIRS Quality Flags
— Top level QC: O=good, 1="some event”, 2=bad
— Lower level QC: bitwise packed for multiple conditions (e.g. precipitation, RH saturation, T inversion, etc.)
— Normally sufficient to utilize top level QC flag, along with geophysical situation for filtering (i.e. for valid T
and WV in non-rainy conditions select all points where QC< 2 .and. RR=0)

Quality flag analysis/validation

— Daily maps indicate extremely low rate of QC=2 (bad), < 1%, normally caused by high chi-square (non-
convergence), or extremely heavy precipitation.

Chi-square Convergence Rate: 2019-04-03 to 2019-08-11 Percent QC=bad: 2019-04-03 to 2019-08-11
MIRS N20/ATMS Chi Square 2019-05—10 Ase  (V4201)
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3 MiRS QC Flag Information

* Numerous checks made at various steps in retrieval process: TB values, chi-square, rain intensity, physical
ranges, inversions, supersaturation, etc.

 Stored in 4-byte Integer array len=4.

* Individual QC checks are stored bitwise in QC(2-4). QC(1) contains top level summary QC: O=good, 1=probably
good, but some event triggered (e.g. rain, do not use T and WV), use with more caution, 2=bad

Bit 6 | Bit 7 |Bit 8| Bit9 |Bit 10]Bit 11| Bit 12 |Bit13

convercence il convercence n | preciprraTioN TYPE OF PRECIPITATION OUT-OF-BOUND FLAGS SFR
ACN " (Chisq>=10) | (5<=Chisq <10) (YES/NO) D
LIGHT mepium | HEavy |Tskin|TEmP| a [emiss| Tew|icLw| rRwp |ewr RTM CONVERGENCE | SFR LOW/UNDETERMINED
- -
TEMPERATURE SUPERSATURATION T — —_—
ac (3 TEMPERATURE |  INVERSION [ SUPERSATURATION| 3 CONTIGUOUS | HUMIDITY | .
C) LaPSERATE | (Range:Psfc- (RH > 99.9 %) LAYERS INVERSION
200mb to Psfe) (RH > 99.9 %) TskiN|TEMP| Q [emiss| TPw|icLw| rRwP | WP

New flags added for SFR in v11.4
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Validation Data Sets:
3 EDRs, Reference data, Time Periods

Temperature, and Water vapor profiles: Radiosonde
: 6 ten-day periods (2018.01.09-20, 2018.04.09-20, 2018.07.09-20, 2018.10.09-20, 2019.01.09-20, 2019.04.09-20)
Temperature, Water vapor profiles, and TPW: ECMWF AND GDAS
: 6 days (2018.01.15, 2018.04.15, 2018.07.15, 2018.10.15, 2019.01.15, 2019.04.15) and daily time series since launch (T and WV)
Land Surface Temperature: SURFRAD ground based measurements
: 14 months (2017.11.29-2019.03.04)
Land Surface Temperature: VIIRS LST
: 7 days (2019.03.17, 2019.04.01, 2019.04.14, 2019.05.11, 2019.05.29, 2019.06.04, 2019.06.12)
Land Surface Emissivity: VIIRS LST and ECMWEF as input to CRTM (Analytic emissivity egn.), also ECMWEF LST as input
: 7 days VIIRS (2019.03.17, 2019.04.01, 2019.04.14, 2019.05.11, 2019.05.29, 2019.06.04, 2019.06.12)
: 7 days ECMWF (2018.01.15, 2018.04.15, 2018.07.15, 2018.10.15, 2019.01.15, 2019.04.15, 2019.07.15)
Sea Ice Concentration: SSMIS NRT (F18)
: 2019.01.19 — 2019.07.09 daily time series
Sea Ice Concentration: IMS
: 4 days (2018.01.15, 2018.12.15, 2019.01.15, and 2019.02.15)
Snow Water Equivalent and Snow Cover: JAXA AMSR2 and IMS
: 4 days (2018.01.15, 2018.12.15, 2019.01.15, and 2019.02.15)
Rain Rate: Stage IV and MRMS
: 4 ~3-month periods (seasons) during 2018-2019
Cloud Liquid Water: JAXA AMSR2 and ECMWF
: 4 days (2019-01-09, 2019-04-09, 2019-06-21, 2018-09-09)
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3 Requirements and Validation Results: Temperature Profile

* Daily, Global Collocations with ECMWF and GDAS.

» Stratified by clear/cloudy, and surface type
* Requirements from JPSS-REQ-1004
* All accuracy and precision requirements are met

* Periodic, Global collocations with radiosondes (NPROVYS)

Geographic Global (non- See

coverage frozen surfaces)  table/figs
Vertical Coverage Surface to 0.01

mb
Vertical Cell Size Individual layers

(not averaged);
based on CRTM
100 p layers

Horizontal Cell Size 15 km at nadir

Data collected:

ECMWF and GDAS: 2018.01.15, 2018.04.15
2018.07.15, 2018.10.15, 2019.01.15, and
2019.04.15

Radiosonde: 6 ten-day periods

2018.01.09-01.20, 2018.04.09-04.20,
2018.07.09-07.09, 2018.10.09-10.20,
2019.01.09-01.20, and 2019.04.09-04.20

Collocation details:

ECMWEF and GDAS: bilinear interpolation in space and time from
1 deg lat/lon, 6-hour analyses

Radiosonde (NPROVS): radius: 250 km & time: 6 hour

Mapping N/A (reflects
Uncertainty SDR
characteristics)
Measurement N/A
Range *
Measurement See table
Accuracy .
Measurement See table
Precision
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3 Original retrieval on 100 Layers from 0.01 to 1100 hPa

Date: 2019-04-15
Lat: 20.16 N

Lon: 170.23 W
Psfc: 1008.5 Symbols plotted at every p layer
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3 Requirements and Validation Results: Temperature Profile
Compared to radiosondes

Sea Land
Layer . Layer _
Scene Accuracy (K Precision (K Scene Accuracy (K Precision (K
(hPa) y (K) (K) (hPa) y (K) (K)
MiRS Req MIiRS Req MiRS Req MIiRS Req
100 -0.19 (-0.06) 0.5 1.90 (1.92) 2.0 100 -0.23 (-0.19) 1.0 2.07 (2.10) 2.0
300 -0.35 (0.10) 0.5 1.43 (1.50) 2.0 300 -0.26 (0.35) 0.8 1.83 (1.83) 2.0
Clear Clear
500 -0.14 (0.05) 0.5 1.38 (1.37) 2.0 500 -0.36 (0.13) 0.5 1.59 (1.60) 25
900 0.05 (0.10) 1.5 2.00 (1.98) 3.0 900 0.13 (-0.32) 25 2.93(2.93) 5.5
100 -0.07 (0.03) 0.8 2.09 (2.10) 2.0 100 -0.08 (0.02) 1.0 1.99 (2.19) 2.0
300 -0.43 (0.08) 0.8 1.50 (1.51) 25 300 -0.25 (0.35) 0.8 1.99 (2.02) 2.0
Cloudy Cloudy
500 0.23 (0.39) 0.8 1.37(1.38) 2.0 500 0.00 (0.50) 0.5 1.70 (1.73) 25
900 0.39 (0.40) 2.0 2.03 (2.02) 3.0 900 0.02 (-0.39) 25 3.06 (3.08) 5.5

Values in () indicates NPP

Meets requirement
Marginal (£ 20%)
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3 Requirements and Validation Results: Temperature Profile
Compared to GDAS

Sea Land

Scene %ﬁgg Accuracy (K) Precision (K) Scene I(_r?gz)r Accuracy (K) Precision (K)
MiRS Req MIiRS Req MiRS Req MIiRS Req
100 -0.82 (-0.63) 0.5 1.46 (1.50) 2.0 100 -1.03 (-0.85) 1.0 1.60 (1.63) 2.0
Clear 300 -0.32 (0.07) 0.5 1.43 (1.47) 2.0 Cloar 300 -0.07 (0.31) 0.8 1.52 (1.56) 2.0
500 0.16 (0.34) 0.5 1.24 (1.25) 2.0 500 0.04 (0.29) 0.5 1.46 (1.49) 2.5
900 0.50 (0.63) 15 1.78 (1.83) 3.0 900 -0.59 (-0.56) 25 2.94 (3.01) 55
100 -0.54 (-0.37) 0.8 1.46 (1.53) 2.0 100 -0.78 (-0.67) 1.0 1.68 (1.66) 2.0
Cloudy 300 -0.42 (-0.15) 0.8 1.72 (1.76) 25 o 300 -0.14 (0.31) 0.8 1.53 (1.55) 2.0
500 0.02 (-0.37) 0.8 1.45(1.48) 2.0 500 0.14 (0.50) 0.5 1.36 (1.40) 25
900 0.58 (0.25) 2.0 2.13(2.12) 3.0 900 -0.02 (-0.20) 25 3.17 (3.26) 5.5
100 -1.23 (-1.13) 15 1.46 (1.49) 25 100 -1.81 (-1.60) 15 1.72 (1.71) 25
Rainy 300 -0.32(0.07) 15 1.43(1.47) 25 - 300 -0.27 (0.13) 15 1.79 (1.82) 25
500 1.26 (1.46) 2.0 2.02 (1.97) 25 500 0.85 (1.09) 1.0 1.85 (1.85) 3.0
900 0.50 (0.63) 2.0 1.78 (1.83) 35 900 0.35 (0.26) 25 3.71 (3.76) 5.5

Values in () indicates NPP

Meets requirement
Marginal (£ 20%)
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Requirements and Validation Results: Temperature Profile
Compared to ECMWF

NOAA DNASA

Sea Land

Scene %ﬁgg Accuracy (K) Precision (K) Scene I(_r?gz)r Accuracy (K) Precision (K)
MiRS Req MIiRS Req MiRS Req MIiRS Req
100 -0.12 (0.07) 0.5 1.55 (1.58) 2.0 100 -0.29 (-0.11) 1.0 1.67 (1.70) 2.0
Clear 300 0.23 (0.62) 0.5 1.54 (1.59) 2.0 Cloar 300 0.24 (0.62) 0.8 1.60 (1.64) 2.0
500 -0.49 (-0.30) 0.5 1.28 (1.29) 2.0 500 -0.29 (-0.04) 0.5 1.51 (1.53) 2.5
900 0.52 (0.65) 15 1.84 (1.88) 3.0 900 -0.40 (-0.40) 25 2.83 (2.88) 5.5
100 -0.16 (0.01) 0.8 1.56 (1.63) 2.0 100 0.03 (0.12) 1.0 1.59 (1.73) 2.0
Cloudy 300 0.06 (0.33) 0.8 1.87(1.82) 25 . 300 0.11 (0.64) 0.8 1.63 (1.65) 2.0
500 -0.62 (-0.37) 0.8 1.50 (1.52) 2.0 500 -0.30 (0.04) 0.5 1.46 (1.50) 25
900 0.99 (1.10) 2.0 2.26 (2.25) 3.0 900 0.00 (-0.18) 25 3.02 (3.09) 5.5
100 -0.56 (-0.41) 15 1.59 (1.65) 25 100 -0.90 (-0.66) 15 1.81 (1.80) 25
Rainy 300 0.23 (0.62) 15 1.54 (1.59) 25 - 300 0.05 (0.45) 15 1.84 (1.86) 25
500 0.50 (0.70) 2.0 2.03 (1.98) 25 500 0.39 (0.65) 1.0 1.89 (1.86) 3.0
900 0.52 (0.65) 2.0 1.84 (1.88) 35 900 0.33 (0.29) 25 3.41 (3.50) 5.5

Values in () indicates NPP

Meets requirement
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:) Validate MiRS Temp and WV retrieval based on collocated sonde data

Validation data are from 6 ten day periods in January, April, July and October 2018, and
January and April 2019. Collocation criteria: +/- 6 hour, 250km radius

Locations of collocated sonde observation 2018

L 7 NOAA F y (NPROVS) L 7 NOAA F y (NPROVS)

Coast Land Island {Coast) Island {Inland) Ship Dropsonde Coast Land Island {Coast) Island {Inland) Ship Dropsonde

s °

\] --.:7-33. e O e O

anuary = . =% ® S

|n.nam=| coleations: 13456 1704 undgus locstion ] - Foranry B, 2018 15 Jenubry 25, 200 Toamber o colr:ations: 14931 TR0 undque location ] - = ]

- NOAA F y (NPROVS) - NOAA F y (NPROVS)

Coast Land Island {Coast) Island {Inland) Ship Dropsonde Coast Land Island {Coast) Island {Inland) Ship Dropsonde

October =5 -~ e T3

Teambar o el aliofe: 14506 {807 unigus location DeRober 9, 3010 & Celober 20, 3008
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Temperature Profile Validation based on sonde data
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:) Temperature (K) comparison NOAA-20 (NPP) vs. radiosonde

Note: statistics are for 10-day periods

Land Clear
N20
P@j"; 100 hPa 300 hPa 500 hPa 900 hPa 100 hPa 300 hPa 500 hPa 900 hPa
Requirement (1.0K) (0.8K) (0.5K) (2.5K) (2.0K) (2.0K) (2.5K) (5.5K)
2018.01.15 0.32 -0.23 -0.23 -0.31 2.18 1.94 1.63 3.28
2018.04.15 -0.15 -0.62 -0.46 0.37 2.43 2.05 1.64 3.27
2018.07.15 -0.22 -0.45 -0.16 -0.29 1.73 1.58 1.53 2.45
2018.10.15 0.13 -0.40 -0.27 -0.40 1.73 1.65 1.48 2.90
2019.01.15 -1.23 0.41 -0.66 0.49 2.28 1.93 1.67 2.77
2019.04.15 -0.31 -0.47 -0.51 0.89 2.08 1.84 1.55 3.38
NPP
P@j"; 100 hPa 300 hPa 500 hPa 900 hPa 100 hPa 300 hPa 500 hPa 900 hPa
Requirement (1.0K) (0.8K) (0.5K) (2.5K) (2.0K) (2.0K) (2.5K) (5.5K)
2018.01.15 0.42 0.33 0.21 -0.45 2.21 1.94 1.69 3.23
2018.04.15 -0.06 -0.01 0.03 -0.02 2.47 2.03 1.62 3.23
2018.07.15 -0.18 0.21 0.38 -0.66 1.74 1.57 1.54 2.47
2018.10.15 -0.00 0.21 0.25 -0.71 1.79 1.66 1.48 2.95
2019.01.15 -1.11 1.01 -0.20 0.24 2.30 1.95 1.69 2.76
2019.04.15 -0.12 -0.09 -0.27 0.91 2.10 1.85 1.58 3.38

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%
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:) Temperature (K) comparison NOAA-20 (NPP) vs. radiosonde

Note: statistics are for 10-day

periods; sea statistics based on ~ Sea Clear

F’gf;“g:e 100 hPa 300 hPa 500 hPa 900 hPa 100 hPa 300 hPa 500 hPa 900 hPa
Requirement (0.5 K) (0.5K) (0.5K) (1.5 K) (2.0K) (2.0K) (2.0K) (3.0K)
2018.01.15 0.18 -0.53 0.22 -0.31 2.00 1.56 1.47 2.30
2018.04.15 0.29 -0.30 -0.20 -0.29 2.04 1.64 1.43 1.87
2018.07.15 -0.35 -0.42 0.05 -0.04 1.85 1.23 1.47 1.95
2018.10.15 0.44 -0.45 0.23 0.13 1.74 1.30 1.26 2.12
2019.01.15 -1.50 -0.06 -1.00 0.74 1.85 1.41 1.26 1.75
2019.04.15 -0.96 -0.44 -0.20 1.03 1.85 1.32 1.37 2.40

NPP

F’Ire";f'eﬁ“g:e 100 hPa 300 hPa 500 hPa 900 hPa 100 hPa 300 hPa 500 hPa 900 hPa
Requirement (0.5 K) (0.5 K) (0.5K) (1.5 K) (2.0K) (2.0K) (2.0K) (3.0K)
2018.01.15 0.26 0.14 0.55 -0.38 1.98 1.60 1.29 2.19
2018.04.15 0.34 0.14 -0.05 -0.09 2.08 1.68 1.45 2.08
2018.07.15 -0.14 -0.18 0.19 0.24 1.89 1.37 1.52 1.76
2018.10.15 0.61 0.03 0.34 -0.14 1.89 1.34 1.23 2.03
2019.01.15 -1.36 0.37 -0.77 0.87 1.78 1.61 1.37 1.86
2019.04.15 -0.96 0.28 -0.21 0.62 1.88 1.45 1.30 2.53

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%
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:) Temperature (K) comparison NOAA-20 (NPP) vs. radiosonde

Note: statistics are for 10-day periods

Land Cloudy

Plreffeﬁ“g:e 100 hPa 300 hPa 500 hPa 900 hPa 100 hPa 300 hPa 500 hPa 900 hPa
Requirement (1.0 K) (0.8 K) (0.5K) (2.5 K) (2.0K) (2.0K) (2.5K) (5.5 K)
2018.01.15 0.40 -0.28 0.18 -0.19 2.25 1.96 1.77 3.22
2018.04.15 -0.05 -0.39 -0.00 -0.01 2.32 2.19 1.77 3.26
2018.07.15 -0.18 -0.36 -0.07 -0.52 1.75 1.72 1.39 2.62
2018.10.15 -0.01 -0.31 0.06 0.18 1.20 1.99 1.80 2.97
2019.01.15 -0.58 0.08 -0.17 0.62 2.42 2.09 1.78 3.24
2019.04.15 -0.38 -0.23 -0.29 0.77 2.04 2.04 1.76 3.35

NPP

F’Ig’feﬁ“g:e 100 hPa 300 hPa 500 hPa 900 hPa 100 hPa 300 hPa 500 hPa 900 hPa
Requirement (1.0 K) (0.8 K) (0.5K) (2.5 K) (2.0K) (2.0K) (2.5K) (5.5 K)
2018.01.15 0.52 0.31 0.64 -0.63 2.32 2.00 1.83 3.23
2018.04.15 0.04 0.21 0.52 -0.37 2.38 2.23 1.80 3.25
2018.07.15 -0.14 0.27 0.46 -0.90 1.77 1.76 1.42 2.65
2018.10.15 0.11 0.30 0.56 -0.28 2.03 2.00 1.82 3.03
2019.01.15 -0.43 0.67 0.30 0.23 2.45 2.12 1.80 3.26
2019.04.15 -0.23 0.19 -0.02 0.68 2.07 2.09 1.77 3.43

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%
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:) Temperature (K) comparison NOAA-20 (NPP) vs. radiosonde

Note: statistics are for 10-day
periods; sea statistics based on ~ Sea Cloudy

Plreffeﬁ“g:e 100 hPa 300 hPa 500 hPa 900 hPa 100 hPa 300 hPa 500 hPa 900 hPa
Requirement (0.8 K) (0.8 K) (0.8 K) (2.0 K) (2.0 K) (2.5 K) (2.0 K) (3.0K)
2018.01.15 0.25 -0.56 0.52 0.28 2.10 1.43 1.45 2.09
2018.04.15 0.22 -0.63 0.12 0.25 2.12 1.56 1.33 1.86
2018.07.15 -0.18 -0.52 -0.06 0.59 2.06 1.48 1.31 2.11
2018.10.15 0.27 -0.35 0.39 0.31 1.87 1.47 1.29 2.02
2019.01.15 -0.92 -0.07 0.19 0.54 2.26 1.54 1.48 2.05
2019.04.15 -0.21 -0.38 0.30 0.86 2.02 1.30 1.39 2.00

F’Ire";f'eﬁ“g:e 100 hPa 300 hPa 500 hPa 900 hPa 100 hPa 300 hPa 500 hPa 900 hPa
Requirement (0.8 K) (0.8 K) (0.8 K) (2.0 K) (2.0 K) (2.5 K) (2.0 K) (3.0K)
2018.01.15 0.37 -0.09 0.67 0.36 2.11 1.43 1.53 2.05
2018.04.15 0.33 -0.17 0.26 0.26 2.08 1.66 1.31 1.95
2018.07.15 -0.15 0.05 0.19 0.52 2.09 1.45 1.30 2.12
2018.10.15 0.36 0.16 0.49 0.30 1.98 1.43 1.27 2.00
2019.01.15 -0.78 0.47 0.36 0.56 2.23 1.60 1.48 2.00
2019.04.15 -0.13 0.09 0.40 0.77 2.09 1.38 1.44 2.12

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%
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NOAA DNASA

Temperature Profile Validation based on ECMWF data

N20 500hPa Temperature NPP 500hPa Temperature
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Temperature Profile Validation based on ECMWF data

NoAA NASA

Cleur MIRS NZD/ATMS Ternp Mecm Bias Vert Dlstrl 2019 D4 15 Asc: (r4—201) Cleur MIRS NF'P/ATMS Temp Meun BICIE Vert Dls‘trl ZD'IQ CI4 15 Asc (r420'|)
T T T
- N20 Accurac V . - NPP Accurac .
157 — 157 .
196 — — 196 — _
. 4B — o 2AE —|
o ]
£ £
5308— — %308— —
m n
z r
T o3as |- — BT 1 .
484 — — 484~ —
606 — G06 — _
75E — — 75B— —
990 L P T T TR T A R Fanli IR N S SRR R ST 950 PR N TR I T TR S N N T T T T TR AN SO S
—B —4 -2 0 z 4 E —E —4 -2 o z 4 B
Mean Biaa Maan Biaa
Clear MIRS N20/ATMS Termp. Stdv Wert. Distri. 2019—04—15 Asc (r4201) 100 Clear MIRS MPP/ATMS Temp. Stdv ‘ert. Distr. 2018—-04—15 Asc (r4201)
F T L 2 B L B UL L I L | LI B L L L L L B
125—N20 Pr — 125_NPP P e |
157 — — 157 -
196 — — 196 — —
— 246 — — — 245 — —
g £
€ s0a- — g 308 -
g m
E £
T ses|- - 386 — -
484 — — 84— -
BO6 — — 506 — —
75E — — 75E — —
980l b b e b Lo v a0l b d Lo bt e Lo L
o 1 2 3 4 5 B C 1 2 3 4 = B
Stdv St
_ Sen — Lond — Sed — Land

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS



NOAA

NASA

ECMWF

ECMWF

Temperature Profile Validation based on ECMWF data

Clear Asc Temnp. (K) @ 100mb Over Sea 2019-04-15 (r4201)
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NOAA

NASA

ECMWF

ECMWF

Clear Asc Temp. (K) @ 100mb Over Sea 2019-04-15 (r4201)
—

Temperature Profile Validation based on ECMWF data
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Bias Correction Effect on Temperature Profile
V11.3 2018.10.15
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Bias Correction Effect on Temperature Profile
V11.4 2018.10.15

All Cond. MIRS N20/ATMS Ternp. Mean Bias Vert. Distri. 2018—10—15 Asc [r420° Clear MIRS NZO/ATMS Temp. Mean Bias Vert. Distri. 20168—10—15 Asc (r4201)
g T T T T T T T T —T T T T T T T 1 I T T T T T T T T T T T T T T[T T
125 — 125 _
157 — — 157~ _
196 — — 196 — _

— 246 — — T —

o =]

£ E

- —t

£ soa— — £ sos— —

] 8

i 2

T o3as |- — T Fas - .
484 — - 484 — —
GO6 — — 606 |— |
758 — — 758 — _
fe1] L P T S S R IR R ST N A S S el L P I T SR S N P N S T TR R S T

-5 —4 -2 2 4 [5 -5 -4 -2 2 4 [
Maan Biaa Maan Biaa

All Cond. MIRS N20/ATMS Temp. Stdv Wert. Distri. 2018—-10-15 Asc {r4201) Clear MIRS N20/ATMS Ternp. Stdv Vert. Distri. 2018—10—15 Asc (r4201)

100 [T R T T T T T e T L B B B I ) I

125 — — 125 — —]

157 — — 157 — _

196 — — 196 — —

5.211-8— — ,_E.,24-B— —

E £

;308— — %308— —

% o

; &

& 3E6— - 386 _
484 — - 484 —
BOG — — BOE6 — —]
75E— — FoE— —
[t I N ST . R P N [1:1s] PR P TN EERY . Yool v b b

s} 1 2 3 4 5 g o 1 2 3 4 E g
Stdy St
— Sen — Sed lee — Land — Sen — Sed Ice — Lond

JPSS Validated Mat




NOAA DNASA

Bias correction effect on temperature profile
V11.3 2018.10.15
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NOAA DNASA

Bias correction effect on temperature profile
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NOAA QNASA

N20

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

NPP

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

Note: results stratified by asc/des, but requirements are for combined passes

Temperature Profile Validation based on GDAS data

Accuracy (asc/des) Precision (asc/des)

100 hPa
(0.5 K)

-0.56/-0.52
-0.63/-0.58
-0.89/-0.91
-0.58/-0.59
-1.39/-1.47
-0.86/-0.91

Accuracy (asc/des) Precision (asc/des)

100 hPa
(0.5 K)

-0.35/-0.36
-0.44/-0.39
-0.71/-0.75
-0.40/-0.41
-1.20/-1.22
-0.62/-0.73

300 hPa
(0.5 K)

-0.53/-0.52
-0.56 /-0.52
-0.42/-0.43
-0.50/-0.59
0.06/0.09
0.04/0.03

300 hPa
(0.5 K)

-0.05/-0.05
-0.08 /-0.06
0.04/0.11
-0.10/-0.17
0.53/0.50
0.07/0.07

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS

Clear Sea Scenes

500 hPa
(0.5 K)

0.21/0.24
0.20/0.26
0.06/0.13
0.27/0.40

-0.09/-0.03

0.13/0.17

500 hPa
(0.5K)

0.34/0.45
0.31/0.42
0.24/0.27
0.46/0.57
0.03/0.18
0.36/0.45

900 hPa
(1.5 K)

0.51/0.52
0.52/0.39
0.50/0.35
0.38/0.34
0.68/0.58
0.68/0.58

900 hPa
(1.5K)

0.75/0.65
0.70/0.50
0.57/0.45
0.54/0.43
0.76/0.67
0.83/0.68

100 hPa
(2.0 K)

1.46/1.47
1.49/1.51
1.27/1.31
1.34/1.26
1.7711.80
1.44/1.43

100 hPa
(2.0K)

1.42/1.46
1.55/1.55
1.33/1.38
1.38/1.31
1.77/1.89
1.47/1.47

300 hPa
(2.0 K)

1.57/1.51
1.50/1.43
1.35/1.45
1.35/1.35
1.471/1.45
1.31/1.39

300 hPa
(2.0K)

1.54/1.48
1.55/1.51
1.38/1.49
1.41/1.44
151/1.48
1.40/1.45

500 hPa
(2.0 K)

1.28/1.21
1.17/1.16
1.28/1.33
1.19/1.18
1.33/1.32
1.20/1.23

500 hPa
(2.0K)

1.25/1.21
1.19/1.20
IRGEY NG
1.22/1.21
1.32/1.32
1.21/1.19

900 hPa
(3.0K)

1.76/1.75
1.81/1.76
1.89/1.79
1771171
1.79/1.79
1.80/1.76

900 hPa
(3.0 K)

1.7711.77
1.81/1.78
1.94/1.90
1.77/1.76
1.86/1.86
1.87/1.82

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%
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NOAA QNASA

N20

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

NPP

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

Note: results stratified by asc/des, but requirements are for combined passes

Temperature Profile Validation based on GDAS data

Accuracy (asc/des) Precision (asc/des)

100 hPa
(0.8 K)

-0.52/-0.46
-0.53/-0.53
-0.49/-0.63
-0.48 /-0.52
-0.56 /-0.59
-0.56/-0.71

Accuracy (asc/des) Precision (asc/des)

100 hPa
(0.8 K)

-0.36/-0.29
-0.34/-0.37
-0.26/-0.44
-0.34/-0.36
-0.40/-0.42
-0.35/-0.49

300 hPa
(0.8 K)

-0.77 /-0.68
-0.46 / -0.47
-0.56 /-0.50
-0.43/-0.35
-0.16/-0.15
-0.28/-0.21

300 hPa
(0.8 K)

-0.53/-0.40
-0.13/-0.12
-0.19/-0.13
-0.08/-0.02
0.11/0.16
-0.25/-0.17

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS

Cloudy Sea Scenes

500 hPa
(0.8 K)

0.14/0.16

-0.10/-0.01

0.01/0.03
0.04/0.15

-0.26 /-0.23

0.13/0.12

500 hPa
(0.8 K)

0.43/0.39
0.09/0.18
0.28/0.26
0.29/0.35

-0.04/-0.02

0.43/0.40

900 hPa
(2.0 K)

0.34/0.37
0.68/0.67
0.81/0.73
0.36/0.32
0.59/0.65
0.73/0.75

900 hPa
(2.0 K)

0.46/0.55
0.78/0.74
0.85/0.76
0.44/0.46
0.69/0.78
0.7710.79

100 hPa
(2.0 K)

1.40/1.38
1.49/1.51
1.4711.44
1.48/1.36
1.67/1.62
1.37/1.34

100 hPa
(2.0K)

1.49/1.41
1.56/1.53
1.58/1.54
1.55/1.43
1.73/1.71
1.45/1.42

300 hPa
(2.5 K)

1.79/1.76
1.98/1.78
1.51/1.50
1.63/1.55
1.82/1.81
1.70/1.80

300 hPa
(2.5 K)

1.75/1.78
2.07/1.83
1.56/1.55
1.66/1.62
1.84/1.84
1.79/1.86

500 hPa
(2.0 K)

1.50/1.42
1.54/1.54
1.34/1.40
1.51/1.40
1.50/1.47
1.38/1.35

500 hPa
(2.0K)

1.50/1.47
1.60/1.53
1.49/1.40
1.52/1.42
1.50/1.50
1.42/1.37

900 hPa
(3.0K)

2.11/2.15
2.20/2.26
2.1712.20
2.21/2.09
1.98/1.98
2.09/2.07

900 hPa
(3.0 K)

2.15/2.14
2.21/2.20
2.19/2.16
2.20/2.12
1.94/1.99
2.12/2.06

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%

37



NOAA QNASA

N20

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

NPP

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

Note: results stratified by asc/des, but requirements are for combined passes

Temperature Profile Validation based on GDAS data

Accuracy (asc/des) Precision (asc/des)

100 hPa
(1.5 K)

-1.07/-0.80
-1.16/-1.10
-1.30/-1.30
-1.24/-1.34
-1.85/-1.71
-0.96 /-0.89

Accuracy (asc/des) Precision (asc/des)

100 hPa
(1.5 K)

-1.01/-0.79
-1.10/-0.87
-1.25/-1.10
-1.19/-1.26
-1.72/-1.65
-0.87/-0.78

300 hPa
(1.5 K)

-0.97/-0.89
-0.78/-0.73
-0.61/-0.45
-0.64 /-0.62
-0.32/-0.14
-0.46 /-0.27

300 hPa
(1.5 K)

-0.65/-0.54
-0.51/-0.39
-0.33/-0.16
-0.34/-0.31
0.06/0.14
-0.37/-0.18

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS

Rainy Sea Scenes

500 hPa
(2.0 K)

1.58/1.35
1.33/1.17
1.13/1.15
1.21/1.13
1.33/1.15
1.37/1.28

500 hPa
(2.0K)

1.81/1.57
1.36/1.36
1.32/1.26
1.46/1.36
1.49/1.43
1.54/1.56

900 hPa
(2.0 K)

0.76/0.76
1.14/0.91
0.79/0.65
0.94/0.55
0.25/0.15
1.07/0.72

900 hPa
(2.0 K)

1.04/0.82
1.38/1.06
0.90/0.73
1.03/0.85
0.25/0.39
1.14/0.82

100 hPa
(2.5 K)

1.38/1.40
1.58/1.72
1.38/1.33
1.33/1.34
1.67/1.79
1.26/1.31

100 hPa
(2.5K)

1.57/1.57
1.61/1.65
1.38/1.39
1.32/1.36
1.67/1.80
1.28/1.31

300 hPa
(2.5 K)

1.90/1.79
1.70/1.62
1.53/1.57
1.52/1.57
1.68/1.60
1.77/1.81

300 hPa
(2.5 K)

1.79/1.94
1.73/1.63
1.52/1.56
1.58/1.63
1.60/1.59
1.79/1.79

500 hPa
(2.5K)

2.09/2.07
2.13/2.14
1.88/1.96
2.04/2.01
1.87/1.95
2.06/1.98

500 hPa
(2.5K)

2.09/1.99
2.04/2.13
1.79/1.94
1.98/1.99
1.80/1.84
2.06/1.98

900 hPa
(3.5 K)

2.43/2.57
2.86/2.96
2.2212.24
2.86/2.67
2.51/2.73
2.81/2.48

900 hPa
(3.5 K)

2.61/2.40
2.82/2.88
2.01/2.16
2.68/2.61
2.29/2.54
2.7212.38

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%
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NOAA QNASA

N20

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

NPP

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

Note: results stratified by asc/des, but requirements are for combined passes

Temperature Profile Validation based on GDAS data

Accuracy (asc/des) Precision (asc/des)

100 hPa
(1.0 K)

-0.57/-0.74
-0.82/-1.04
-0.60/-0.66
-0.75/-0.69
-1.95/-2.08
-1.09/-1.35

Accuracy (asc/des) Precision (asc/des)

100 hPa
(1.0 K)

-0.36/-0.45
-0.64 /-0.88
-0.50/-0.62
-0.44/-0.50
-1.81/-1.88
-0.95/-1.12

300 hPa
(0.8 K)

0.04/0.04
-0.24 /-0.23
-0.50/-0.31
-0.42/-0.35
0.36/0.38
0.15/0.24

300 hPa
(0.8 K)

0.34/0.41
0.24/0.26
0.06/0.16
-0.02/0.05
0.82/0.81
0.25/0.37

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS

Clear Land Scenes

500 hPa
(0.5K)

-0.07/0.03
0.05/0.08
0.10/0.06
0.11/0.08
-0.02/0.06

-0.00/-0.05

500 hPa
(0.5K)

0.34/0.28
0.28/0.22
0.38/0.21
0.43/0.36
0.24/0.29
0.25/0.19

900 hPa
(2.5 K)

-0.19/-0.25
-0.07/-0.32
-0.75/-0.88
-0.91/-0.69
-1.07/-1.16
-0.29/-0.47

900 hPa
(2.5 K)

-0.50/-0.33
0.07/-0.24
-0.97/-0.78
-0.89/-0.73
-0.95/-0.91
-0.21/-0.32

100 hPa
(2.0K)

1.61/1.66
1.89/1.84
1.24/1.26
1.41/1.36
1.73/1.69
1.77/1.73

100 hPa
(2.0K)

1.45/1.55
1.96/1.93
1.25/1.34
1.49/1.49
1.80/1.74
1.82/1.79

300 hPa
(2.0K)

1.7811.74
1.78/1.60
1.33/1.26
1.38/1.22
1.56/1.62
1.48/1.48

300 hPa
(2.0K)

1.75/1.74
1.77/1.62
1.41/1.33
1.47/1.33
1.61/1.68
1.47/1.50

500 hPa
(2.5K)

1.33/1.25
1.64/1.63
1.39/1.55
1.40/1.32
1.60/1.58
1.50/1.35

500 hPa
(2.5K)

1.64/1.41
1.60/1.56
1.45/1.39
1.48/1.44
1.51/1.54
1.51/1.35

900 hPa
(5.5 K)

2.7212.52
3.40/2.83
2.71/2.51
2.7212.62
3.22/3.23
3.49/3.37

900 hPa
(5.5 K)

2.8712.76
3.48/2.91
2.85/2.52
2.96/2.70
3.00/3.05
3.55/3.52

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%
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NOAA QNASA

N20

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

NPP

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

Note: results stratified by asc/des, but requirements are for combined passes

Temperature Profile Validation based on GDAS data

Accuracy (asc/des) Precision (asc/des)

100 hPa
(1.0 K)

-0.15/-0.12
-1.06/-1.37
-0.40/-0.47
-0.31/-0.24
-1.45/-1.83
-1.08/-0.94

Accuracy (asc/des) Precision (asc/des)

100 hPa
(1.0 K)

0.10/-0.01
-1.15/-1.19
-0.22/-0.29
-0.17/-0.08
-1.44/-1.53
-1.08/-0.95

300 hPa
(0.8 K)

-0.55/-0.35
-0.21/-0.18
-0.43/-0.30
-0.46/-0.34
0.22/0.11
0.31/0.46

300 hPa
(0.8 K)

-0.08/0.21
0.21/0.34
0.13/0.10
0.16/0.09
0.72/0.76
0.49/0.62

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS

Cloudy Land Scenes

500 hPa
(0.5 K)

0.41/0.45
0.24/0.17
0.05/-0.02
0.15/0.14
-0.11/0.19
0.11/-0.04

500 hPa
(0.5K)

1.11/1.04
0.53/0.41
0.40/0.24
0.38/0.40
0.34/0.57
0.35/0.27

900 hPa
(2.5 K)

-0.31/-0.21
0.34/0.52
-0.46/-0.01
0.13/0.65
-0.74/-0.63
-0.12/0.69

900 hPa
(2.5 K)

-1.27/-0.98
0.15/0.56
-0.47/-0.02
-0.03/0.72
-0.95/-0.90
0.02/0.80

100 hPa
(2.0 K)

1.81/1.78
2.19/2.04
1.30/1.32
1.63/1.62
1.47/1.50
1.73/1.79

100 hPa
(2.0K)

1.55/1.50
2.12/2.16
1.29/1.36
1.67/1.77
1.45/1.49
1.71/1.83

300 hPa
(2.0 K)

1.68/1.64
1.60/1.43
1.50/1.52
1.84/1.82
1.30/1.29
1.40/1.35

300 hPa
(2.0K)

1.48/1.70
1.67/1.48
1.55/1.64
1.80/1.84
1.26/1.41
1.36/1.40

500 hPa
(2.5 K)

1.37/1.33
1.33/1.25
1.19/1.24
1.52/1.46
1.49/1.35
1.40/1.35

500 hPa
(2.5K)

1.52/1.37
1.36/1.32
1.24/1.26
1.50/1.52
1.48/1.46
1.41/1.37

900 hPa
(5.5 K)

3.09/2.81
3.67/3.69
2.59/2.76
3.44/3.33
2.67/3.15
3.41/3.46

900 hPa
(5.5 K)

3.62/2.84
3.51/351
2.66/2.74
3.59/3.69
2.66/3.03
3.65/3.67

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%
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NOAA QNASA

N20 Accuracy (asc/des)

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

NPP

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

Note: results stratified by asc/des, but requirements are for combined passes

Temperature Profile Validation based on GDAS data

100 hPa
(1.5 K)

-1.01/-1.14
-2.05/-2.70
-1.16/-1.70
-0.94/-1.15
-2.43/-2.72
-2.08/-2.63

Accuracy (asc/des) Precision (asc/des)

100 hPa
(1.5 K)

-0.34/-0.80
-2.08/-2.37
-1.10/-1.53
-0.77/-0.99
-2.27/-2.54
-2.04 /-2.37

300 hPa
(1.0 K)

-0.75/-0.53
-0.39/-0.58
-0.16 /-0.23
0.07/-0.17
-0.06 /-0.08
-0.04 /-0.27

300 hPa
(1.0 K)

-0.72/-0.01
0.12/0.09
0.22/0.15
0.55/0.35
0.21/0.27
0.19/0.14

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS

Rainy Land Scenes

500 hPa
(1.0K)

1.38/1.52
0.64/0.66
0.85/0.92
1.18/0.83
0.61/1.28
0.31/0.06

500 hPa
(1.0K)

1.73/1.50
0.93/0.78
1.00/1.00
1.40/1.19
1.15/1.47
0.58/0.39

900 hPa
(2.5 K)

0.40/0.01
1.08/1.35

-0.46/-0.10

0.52/1.09

-0.85/-1.07

0.67/1.57

900 hPa
(2.5 K)

0.18/0.42
0.83/1.20

-0.35/-0.02

0.11/0.68

-0.77 /-1.09

0.52/1.41

100 hPa
(2.5K)

1.81/1.51
2.3412.42
1.29/1.44
1.73/1.78
1.41/1.43
1.71/1.79

100 hPa
(2.5K)

1.82/1.62
2.4212.35
1.33/1.44
1.64/1.88
1.28/1.47
1.59/1.62

300 hPa
(2.5 K)

1.74/1.56
1.93/1.71
1.80/1.84
2.05/1.82
1.56/1.47
2.01/1.98

300 hPa
(2.5 K)

1.92/1.85
1.89/1.75
1.82/1.84
1.93/1.85
1.58/1.53
1.90/1.92

500 hPa
(3.0K)

1.66/1.82
2.01/1.81
1.73/1.68
2.08/2.02
1.83/1.87
1.99/1.67

500 hPa
(3.0K)

1.85/1.93
2.00/1.78
1.83/1.75
1.99/1.96
1.7211.77
1.97/1.69

Precision (asc/des)

900 hPa
(5.5 K)

4.7212.94
4.17 1 4.05
2.90/3.06
3.871/4.39
3.09/3.49
3.92/3.87

900 hPa
(5.5 K)

5.44]4.54
3.82/4.11
2.81/2.97
3.52/3.92
2.94/3.35
4.04/3.64

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%

41



\
NOAA

NASA

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS

42



NoAA

NASA

Termperature Mean Biaz {K)

Ternperature Standard Deviation

Temperature Profile Validation based on GDAS data:
Time Series (Nov 2017 — May 2019)

MIRS N2D/ATMS_gdas Termnp Mean Bias (K) Over Sea (W4201)

- Accuracy Sea N20

.

-} I B B B B S
Mow2d FebZg by 3 Aug My 23 bard 1 Mcgm
2017 2018 2018 2018 2018 2019 2019
Layer (mb)
I _a |

100 200 300 400 500 500 FOO  BOD 800 100D
MIRS NZ0/ATMS_gdas Ternp Stdv Over Sea [V4201)

Precision Sea N20

.
II'!IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII_

& M R Ll 1 Ll
Now2g FebZ2 Moy 31 AugiQ Mrw29 Mor( Mery3 1
2077 2018 20)/18 2[?18 2018 201% 2
Layer (mb)
I i |

100 200 300 400 SO0 500 700 BOC Qa0 1000

Temperature Mean Bioz (K)

MIRS N20/ATMS_gdas Temp Mean Bias (K) Over Land (v4201)

- Accuracy Land N20

5]

.

MNowvZg Feb2g M%y31 AUC?SD MNew29 MarQ1 Mcgm
2017 2018 2018 2008 2018 2018 20149
Layer (mb)

I i |

Ternperoture Stondard Deviation

100 204 300 400 00 [=na] 700 BOO 9ao 1000

MIRS N20/ATMS_gdas Temp Stdv Over Land (v4201)

6:' T I:
.t Precision Land N20 E
SE
sE .
1E =
Oiu Ll M L1 ! .g
oved Feb2g Moy 3 Augs0 Mo 29 Waro w31
2017 a 2(])(18 2[?18 2018 Q1% 1
Laver (mb)
I i .

100 200 30a 400 S0 GO0 700 BOO a0 1000

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS

43



NoAA NASA

Termperature Mean Hios (K)

Temperature Profile Validation based on GDAS data:
Time Series (Nov 2017 — May 2019)
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NoAA

NASA

Temperature Mean Bias (K]

Temperature Profile Validation based on ECMWF data:
Time Series (Nov 2017 — May 2019)

MIRS N20/ATMS_ecmwf Ternp Mean Bias (K) Over Sea (W4201)
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NoAA

NASA

Temparature Mean Bioa {K)

Temperature Profile Validation based on ECMWF data:
Time Series (Nov 2017 — May 2019)

MIRS NPF/ATMS_ecmwf Temp Mean Bias (K) Over Sea (v4201)
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3 Requirements and Validation Results: Water Vapor Profile

* Daily, Global Collocations with ECMWF and GDAS.
* Periodic, Global collocations with radiosondes (NPROVYS)
» Stratified by clear/cloudy, and surface type
* Requirements from JPSS-REQ-1004
* All accuracy and precision requirements are met
Data collected:
Geographic Global (non- See
coverage frozen surfaces)  table/figs ECMWF and GDAS: 2018.01.15, 2018.04.15
Vertical C Surface to 0.01
ertical Coverage  Surface to 2018.07.15, 2018.10.15, 2019.01.15, and

Vertical Cell Size Individual layers 20190415

JEONENEEE Radiosonde: 6 ten-day periods

100 p layers 2018.01.09-01.20, 2018.04.09-04.20,
Horizontal Cell Size 15 km at nadir 2018.07.09-07.09, 2018.10.09-10.20,
Mapping A (feiEss 2019.01.09-01.20. and 2019.04.09-04.20
Uncertainty SDR

characteristics) ) o
Measurement /A Collocation details:
Range « ECMWEF and GDAS: bilinear interpolation in space and time from
Xf(is}l;fyme"t e ke 1 deg lat/lon, 6-hour analyses
Measurement See table * Radiosonde (NPROVS): radius: 250 km & time: 6 hour
Precision

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS



Requirements and Validation Results: Water Vapor Profile
3 Compared to radiosonde

Sea Land
Layer . Layer i
Scene y Accuracy (%) Precision (%) Sene y Accuracy (%) Precision (%)
(hPa) (hPa)
MiRS Req MiRS Req MIiRS Req MiRS Req
400 4.0 (3.5) 30 47.7 (46.5) 60 400 3.6 (8.3) 30 48.9 (51.9) 60
500 12.6 (11.1) 20 42.5 (44.6) 60 500 5.9 (5.6) 20 46.6 (47.9) 60
Clear Clear
700 5.3 (5.5) 20 34.6 (35.5) 50 700 2.8(-3.7) 20 34.1(32.3) 50
900 0.5(0.8) 20 17.4 (17.8) 30 900 7.1(0.9) 20 28.1 (26.9) 50
400 9.3(8.5) 30 41.9 (42.6) 70 400 8.7 (15.6) 30 44.0 (48.3) 60
500 11.1(8.4) 20 39.2 (40.3) 65 500 10.0 (12.7) 20 40.0 (41.3) 60
Cloudy Cloudy
700 -2.6 (-2.9) 10 27.4(27.2) 60 700 -9.7 (-7.7) 20 26.2 (25.7) 50
900 -4.3 (-3.9) 20 12.9 (12.8) 30 900 -3.2(-7.3) 20 19.9 (19.8) 50

Values in () indicates NPP

Meets requirement
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Requirements and Validation Results: Water vapor Profile
3 Compared to GDAS

Sea Land
Layer . Layer i
Scene y Accuracy (%) Precision (%) Scene y Accuracy (%) Precision (%)
(hPa) (hPa)
MiRS Req MIiRS Req MIiRS Req MIiRS Req
400 -15.5 (-14.8) 30 37.9 (39.7) 60 400 -12.4 (-11.6) 30 43.1 (45.0) 60
500 2.7 (0.3) 20 40.2 (41.7) 60 500 5.9 (4.8) 20 44.4 (46.1) 60
Clear Clear
700 7.1(6.3) 20 32.0(31.8) 50 700 -4.3 (-4.9) 20 31.7 (31.0) 50
900 -0.3(-0.2) 20 12.8 (12.8) 30 900 6.2 (4.8) 20 24.1 (24.9) 50
400 -18.4 (7.2) 30 44.3 (62.1) 70 400 -7.8 (-4.1) 30 37.3(38.6) 60
500 -6.3(2.8) 20 50.1(58.2) 65 500 8.6 (9.8) 20 37.9 (38.4) 60
Cloudy Cloudy
700 -1.8(8.0) 10 36.0 (36.5) 60 700 -9.5 (-8.8) 20 27.0 (26.7) 50
900 -6.3 (-2.2) 20 15.3 (16.3) 30 900 7.7 (7.3) 20 20.8 (20.8) 50

Values in () indicates NPP

Meets requirement
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NOAA DNASA

Requirements and Validation Results: Water vapor Profile

Compared to ECMWEF

Sea Land
Layer . Layer i
Scene Y Accuracy (%) Precision (%) Scene y Accuracy (%) Precision (%)
(hPa) (hPa)
MiRS Req MiRS Req MIiRS Req MiRS Req
400 3.7 (3.0) 30 49.0 (51.0) 60 400 8.2 (8.4) 30 49.8 (53.1) 60
500 6.8 (3.8) 20 45.3 (47.4) 60 500 11.8 (11.5) 20 45.6 (46.8) 60
Clear Clear
700 10.4 (9.9) 20 33.1(33.6) 50 700 2.7 (-3.9) 20 29.5 (30.5) 50
900 -0.8 (-0.3) 20 13.4 (13.5) 30 900 0.3 (-0.7) 20 24.1 (25.2) 50
400 7.8(7.2) 30 62.9 (62.1) 70 400 14.6 (16.3) 30 46.7 (48.3) 60
500 4.4(2.8) 20 57.3(58.2) 65 500 16.0 (18.1) 20 40.1 (41.2) 60
Cloudy Cloudy
700 7.7 (8.0) 10 37.8 (36.5) 60 700 -7.0 (-6.2) 20 25.9 (26.8) 50
900 2.7 (-2.2) 20 16.8 (16.3) 30 900 2.7 (2.8) 20 21.1(20.9) 50

Values in () indicates NPP

Meets requirement
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NOAA

NASA

Water Vapor Profile Validation based on sonde data

All conditions and surface types

January 9, 2018 to January 20, 2018

April 9, 2018 to April 20, 2018

206{0-622! : 111606 2060024 112628
241j0.038 I 111694 241j0.044 - 12765
2790082 I 112304 279i0.092 113797
321j0.156 T 112577 321jp-179 114030
5 3661:2’_?3@ i 12653 0 5 3661:3:55_ 14137 0
£ 4150438 t 1128173 £ 415514 142773
o 468[0.667 I 1128842 o 468079 143152
2 5250964 } 112962 (n 3 5251167 114366
¢ 5851348 ! 12892 8 5851668 -~ hazsen
& 650i{1.847 t 112863 & 65002.34 - 114264
718255 ; 112770 7183206 114145
789[3.284 t - 112509 789}4.206 113884
865/4.334 t 111740 865/5.487 - 113088
9445765 —— 18994 9447126 —— —— 19912
-50 50 100 150 -50 50 100 150
Bias / Std Dev Bias / Std Dev
n 1 ]
L] L]
TPW 40 30 30 -10 Io 10 20 30 40 13456 TPW 40 30 20 -0 o0 10 20 30 40 14421
Baseline: SONDE Baseline: SONDE
MIRS NPP MIRS NOAA-20 MIRS NPP MIRS NOAA-20
July 9, 2018 to July 20, 2018 October 9, 2018 to October 20, 2018
2060645 ~— = 12742 2060028 e e e e L e e e 13054
241i0.096 : 12913 241j0.055 13152
2790201 ! 13525 2790115 13930
321375 : 13625 321238 14175
§ 366(0.63¢ = 13671 § 3660379 14283
< 415{1.008 — 137143 < 4150672 143733
o 4681515 — 137532 o 4680938 144052
a 52521 — 13816 n 3 S25 37—+ 14456 (n
® 585729 T 137415 ® 5851947 | 14380 &
o §50/4.0 —F 13714 o §502.755 14358
718/5.4 — 13615 7183768 ——— 14264
789/7.151 — 13412 789l4.895 | 14070
865(0.1 — 12793 865(6.377 13318
944 — 19704 9445182 110174
100 150 -50 150
TPW I 14591 TPW 14586
40 30 20 -10 0 10 20 30 40 40 30 20 -10 0 10 20 30 40
Baseline: SONDE Baseline: SONDE
MIRS NPP MIRS NOAA-20 MIRS NPP MIRS NOAA-20
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:) Water Vapor (%) comparison NOAA-20 (NPP) vs. radiosonde

Note: statistics are for 10-day periods

Land Clear

P@j"; 400 hPa 500 hPa 700 hPa 900 hPa 400 hPa 500 hPa 700 hPa 900 hPa
Requirement (30 %) (20 %) (20 %) (20 %) (60 %) (60 %) (50 %) (50 %)
2018.01.15 10.04 10.89 -0.90 14.97 51.49 48.18 34.13 31.85
2018.04.15 -1.13 8.59 11.35 6.94 47.42 50.70 38.53 29.39
2018.07.15 6.80 7.94 1.99 -0.40 50.82 42.27 30.97 21.36
2018.10.15 -1.65 1.31 -0.48 5.11 47.71 43.03 32.37 28.24
2019.01.15 3.83 0.61 2.24 8.97 47.12 48.77 34.37 29.77
2019.04.15 0.48 11.97 11.66 8.75 51.07 51.30 37.34 30.97

F’Ifj'eﬁ“g:e 400 hPa 500 hPa 700 hPa 900 hPa 400 hPa 500 hPa 700 hPa 900 hPa
Requirement (30 %) (20 %) (20 %) (20 %) (60 %) (60 %) (50 %) (50 %)
2018.01.15 14.39 10.06 -6.58 8.22 54.76 48.74 32.10 30.62
2018.04.15 2.97 7.85 3.00 -0.04 47.62 50.67 36.38 28.26
2018.07.15 13.77 10.68 -1.61 -4.01 56.75 44.89 30.37 21.34
2018.10.15 2.98 1.58 -7.03 -0.61 51.34 46.24 30.93 26.57
2019.01.15 7.29 -1.98 -6.04 1.14 49.05 48.93 31.63 27.53
2019.04.15 -0.22 8.45 9.39 7.77 50.24 50.30 37.70 30.62

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%
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:) Water Vapor (%) comparison NOAA-20 (NPP) vs. radiosonde

Note: statistics are for 10-day

periods; sea statistics based on ~ Sea Clear

P@j"gf 400 hPa 500 hPa 700 hPa 900 hPa 400 hPa 500 hPa 700 hPa 900 hPa
Requirement (30 %) (20 %) (20 %) (20 %) (60 %) (60 %) (50 %) (30 %)
2018.01.15 0.73 8.19 6.05 -0.50 60.92 47.61 38.46 16.03
2018.04.15 -4.24 16.90 8.27 0.27 36.03 41.30 32.51 17.40
2018.07.15 10.30 18.15 1.39 1.11 29.69 27.23 30.29 17.36
2018.10.15 7.77 21.18 3.84 0.16 47.37 51.30 31.14 14.87
2019.01.15 5.23 -1.65 6.76 1.47 64.31 45.23 40.54 21.40
2019.04.15 -16.05 -1.10 22.24 -0.07 39.19 53.26 43.74 15.22

F’Ig’feﬁ“g:e 400 hPa 500 hPa 700 hPa 900 hPa 400 hPa 500 hPa 700 hPa 900 hPa
Requirement (30 %) (20 %) (20 %) (20 %) (60 %) (60 %) (50 %) (30 %)
2018.01.15 1.47 9.79 4.62 -1.55 54.07 46.15 39.57 17.06
2018.04.15 -4.68 13.01 8.14 1.07 34.46 47.98 33.86 17.83
2018.07.15 10.80 14.51 3.11 2.66 37.77 31.88 31.26 17.75
2018.10.15 7.51 19.01 4.25 0.30 43.88 48.12 30.74 14.48
2019.01.15 2.46 -0.96 7.30 1.74 62.31 48.99 42.18 21.83
2019.04.15 -17.32 -3.89 18.18 -0.78 43.04 51.70 44.93 16.14

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%
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:) Water Vapor (%) comparison NOAA-20 (NPP) vs. radiosonde

Note: statistics are for 10-day periods

Land Cloudy
N20

F’lreff:l“g:e 400 hPa 500 hPa 700 hPa 900 hPa 400 hPa 500 hPa 700 hPa 900 hPa
Requirement (30 %) (20 %) (20 %) (20 %) (60 %) (60 %) (50 %) (50 %)
2018.01.15 13.23 10.99 -12.32 -6.04 38.79 33.33 25.01 17.63
2018.04.15 6.45 11.91 -6.94 -0.81 47.76 44.24 27.90 22.24
2018.07.15 6.84 9.25 -6.97 -3.07 40.47 36.92 23.51 19.01
2018.10.15 5.39 7.66 -12.46 -3.01 47.81 43.87 26.01 19.98
2019.01.15 11.43 10.18 -9.83 -2.95 45.10 39.40 28.37 20.48
2019.04.15 6.23 9.45 -3.17 -0.30 45.23 42.37 29.38 21.41

Plreffeﬁ“g:e 400 hPa 500 hPa 700 hPa 900 hPa 400 hPa 500 hPa 700 hPa 900 hPa
Requirement (30 %) (20 %) (20 %) (20 %) (60 %) (60 %) (50 %) (50 %)
2018.01.15 19.68 13.71 -15.77 -10.08 42.01 36.03 25.35 17.60
2018.04.15 12.16 14.15 -11.37 -5.12 52.42 46.01 27.10 22.06
2018.07.15 17.30 13.75 -9.04 -5.71 48.09 39.56 24.29 20.01
2018.10.15 11.73 10.91 -16.82 -7.68 51.11 45.41 24.99 19.56
2019.01.15 17.04 11.08 14.72 -7.88 48.02 39.35 26.85 19.62
2019.04.15 10.24 11.44 -3.38 -1.02 50.05 44.52 29.25 21.89

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%
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:) Water Vapor (%) comparison NOAA-20 (NPP) vs. radiosonde

Note: statistics are for 10-day

periods; sea statistics based on ~ Sea Cloudy

P@j"; 400 hPa 500 hPa 700 hPa 900 hPa 400 hPa 500 hPa 700 hPa 900 hPa
Requirement (30 %) (20 %) (10 %) (20 %) (70 %) (65 %) (60 %) (30 %)
2018.01.15 15.08 12.46 -2.67 -4.62 41.64 43.50 31.06 12.77
2018.04.15 2.46 11.21 -4.77 -2.37 38.76 40.28 26.70 14.57
2018.07.15 1.82 10.25 -0.53 -5.92 34.84 34.85 27.23 12.09
2018.10.15 16.71 14.82 -0.49 -5.04 49.84 41.09 24.51 12.12
2019.01.15 10.52 6.75 -4.31 -3.54 44.66 36.16 27.59 12.93
2019.04.15 16.18 14.87 2.79 -3.15 53.15 44.89 36.74 13.83

ng;“g:e 400 hPa 500 hPa 700 hPa 900 hPa 400 hPa 500 hPa 700 hPa 900 hPa
Requirement (30 %) (20 %) (10 %) (20 %) (70 %) (65 %) (60 %) (30 %)
2018.01.15 14.61 10.13 -2.56 -3.94 43.61 44.28 29.40 12.71
2018.04.15 3.77 10.46 -5.48 -2.26 38.36 42.33 26.89 14.14
2018.07.15 1.85 7.05 -1.28 -5.24 36.77 36.88 27.80 12.13
2018.10.15 11.38 8.75 -0.18 -4.30 47.24 39.28 24.27 12.47
2019.01.15 10.69 5.85 -5.08 -3.60 47.20 38.80 27.82 12.46
2019.04.15 10.05 10.21 3.79 -2.61 48.96 46.81 36.61 14.21

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%
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NOAA

NASA

Water Vapor Profile Validation based on ECMWF data

N20 700hPa Water Vapor NPP 700hPa Water Vapor

MIRS MN20/ATMS Water Vapar Content {g/kg) at 700mb 2019—04—15 Aac  (¥4201) MIRS NPP/ATMS Water Yapor Content (9/kg) at 700mb 2019-04-15 Aac  (V4201)

a0

75

&0

_EEJ1 150  —120 =80 —6G0 =30 il 30 60 ) 120 120 180 _EE:: —1580  —120 —ac —60 =30 il 30 &0 ) 150 1580 180

L1 e | . L1 | o

HNoData QT fail 0.00 200 400 6.00 B.CO 10.00 12.00 HoData QT fail 0.00 2.00 400 6.00 B.CO 10.00 12.00
N20-ECMWF 700hPa WYV Diff. NPP-ECMWF 700hPa WV Diff.

Aae {r4201)
T

Al Cond. MIRS N2O/ATMS—ECMWE WV (g/kg} @ 700mb 2019-04—15 Ase (r4201) Al Gond. MIRS MPP/ATMS—ECMWE Wy {g/kq) @ 700mb 2019—04—15
90 T T T 7 T ! ; T T T - T T ; T

20 T T T

—180 —150 —120 =80 —6G0 =30 il 30 60 ) 120 120 180 —180 —150  —120 —ac —60 =30 il 30 &0 ) 150 1580 180
HoData QT fail -k =1 -1 jal i) [} il i) 1 1 2 HoData QT fail -k =1 -1 hil i) [} il ] 1 1 2
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Water Vapor Profile Validation based on ECMWF data

NoAA NASA

Cleur MIRS NZCI/ATMS WV Meun Bias Vert Dlstrl ZD'IEI D4 15 Asc (r4201) Clear MIRS NPP/ATMS WY Mean Bios Vert. Distri. 2019-04-15 Asc {r4201
0 ‘ 200 T T T T T T T T ‘ T T T T T T T T T T
. N20 Accurac | - NPP Accurac |
283 — — 283 — —
336 — — 336 — —
i i
E 400 — E 400 -
® ®
H H
B 475 — B 475 —
a a
GBS — — GBS — —
672 — 672 —
79— — 79— —
esol oo T R S esol o o oy AT R S
—100 —50 0 50 100 —100 —50 0 50 100
Mean Bios (%) Mean Bios (%)
Clear MIRS NZCI/ATMS w Stdv art. Dls‘trl 20180415 Asc (r4201) Clear MIRS NPP/ATMS Wy Stdv Werl. Distri. 2019—04—15 Asc {r4201)
T T T T 200 T T T T T T T T T T T T T T
— 236 — —
— 283 — —
— 336 — —
oy o
E — E 400 —
w m
H H
H — B 475 —
a a
— GBS — —
— 672 —
— 79— —
[T N . 950 S R S S
60 80 100 o 40 80 100
Stdv (%) Stdv (%)
— Seq — Land — Sea — Land
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NOAA QNASA

N20

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

NPP

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

Water Vapor Profile Validation based on GDAS data

400 hPa
(30 %)

-18.0/-17.0
-18.0/-17.0
-17.0/-14.0
-15.0/-14.0
-19.0/-15.0
-10.0/-12.0

Accuracy (asc/des) Precision (asc/des)

400 hPa
(30 %)

-20.0/-18.0
-17.0/-17.0
-16.0/-12.0
-14.0/-12.0
-18.0/-14.0

-11.0/-9.0

500 hPa
(20 %)

2.0/3.0
40/4.0
3.0/1.0
4.0/3.0
2.0/2.0
3.0/1.0

500 hPa
(20 %)
0.0/1.0
0.0/1.0
-1.0/0.0
-1.0/-1.0
0.0/1.0
20/1.0

Clear Sea Scenes

700 hPa
(20 %)

9.0/9.0
5.0/4.0
8.0/6.0

11.0/10.0

5.0/6.0
5.0/7.0

700 hPa
(20 %)
9.0/9.0
4.0/3.0
5.0/6.0
9.0/9.0
4.0/3.0
7.0/8.0

900 hPa
(20 %)
0.0/1.0
1.0/1.0
0.0/0.0
-2.0/-1.0
-1.0/0.0
-1.0/-1.0

900 hPa
(20 %)
0.0/1.0
1.0/1.0
0.0/0.0
-1.0/-2.0
0.0/0.0
-1.0/-1.0

400 hPa
(60 %)
40.0/39.0
39.0/36.0
36.0/35.0
37.0/35.0
39.0/37.0
42.0/40.0

400 hPa
(60 %)
41.0/40.0
39.0/38.0
37.0/39.0
39.0/38.0
40.0/39.0
43.0/43.0

500 hPa
(60 %)
43.0/42.0
41.0/38.0
37.0/34.0
42.0/38.0
42.0/40.0
44.0/41.0

500 hPa
(60 %)
44.0/43.0
41.0/41.0
38.0/37.0
41.0/39.0
44.0/43.0
47.0/42.0

700 hPa
(50 %)
36.0/34.0
33.0/32.0
29.0/27.0
32.0/32.0
33.0/32.0
32.0/32.0

700 hPa
(50 %)
35.0/34.0
34.0/31.0
28.0/28.0
32.0/31.0
32.0/31.0
34.0/31.0

Accuracy (asc/des) Precision (asc/des)

900 hPa
(30 %)
14.0/13.0
14.0/13.0
12.0/12.0
12.0/12.0
13.0/13.0
13.0/12.0

900 hPa
(30 %)
13.0/13.0
13.0/13.0
12.0/11.0
12.0/13.0
14.0/13.0
13.0/12.0

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%

Note: results stratified by asc/des, but requirements are for combined passes
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NOAA QNASA

N20

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

NPP

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

Note: results stratified by asc/des, but requirements are for combined passes

Water Vapor Profile Validation based on GDAS data

400 hPa
(30 %)

-18.0/-14.0
-19.0/-11.0
-11.0/-12.0
-15.0/-12.0

-7.0/-1.0

-19.0/-10.0

Accuracy (asc/des) Precision (asc/des)

400 hPa
(30 %)

-16.0/-15.0
-17.0/-14.0
-10.0/-11.0

-14.0/-9.0
-6.0/-1.0

-15.0/-11.0

500 hPa
(20 %)
6.0/5.0
6.0/10.0
6.0/2.0
5.0/10.0
5.0/6.0
1.0/9.0

500 hPa
(20 %)
3.0/8.0
6.0/10.0
5.0/6.0
1.0/5.0
2.0/2.0
3.0/7.0

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS

Clear Land Scenes

700 hPa
(20 %)
-1.0/4.0
-5.0/-6.0
-3.0/-1.0
-5.0/-4.0
-8.0/-8.0
-6.0/-8.0

700 hPa
(20 %)
0.0/0.0
-4.0/-4.0
-2.0/-5.0
-5.0/-5.0
-8.0/-8.0
-9.0/-9.0

900 hPa
(20 %)
9.0/7.0
8.0/3.0
7.0/2.0
7.0/4.0
10.0/3.0
10.0/4.0

900 hPa
(20 %)
9.0/4.0
6.0/4.0
5.0/0.0
6.0/1.0
8.0/3.0
9.0/2.0

400 hPa
(60 %)
40.0/42.0
41.0/44.0
43.0/41.0
41.0/46.0
42.0/46.0
44.0/47.0

400 hPa
(60 %)
43.0/41.0
45.0/45.0
48.0/46.0
44.0/50.0
44.0/47.0
44.0/43.0

500 hPa
(60 %)
49.0/47.0
47.0/46.0
41.0/42.0
43.0/45.0
41.0/40.0
46.0/46.0

500 hPa
(60 %)
48.0/48.0
50.0/48.0
44.0/45.0
46.0/48.0
45.0/42.0
45.0/44.0

700 hPa
(50 %)
38.0/39.0
32.0/30.0
27.0/26.0
28.0/27.0
33.0/35.0
32.0/33.0

700 hPa
(50 %)
35.0/37.0
32.0/31.0
26.0/26.0
28.0/29.0
31.0/30.0
33.0/34.0

Accuracy (asc/des) Precision (asc/des)

900 hPa
(50 %)
27.0/26.0
22.0/21.0
23.0/21.0
26.0/24.0
27.0/26.0
22.0/24.0

900 hPa
(50 %)
27.0/27.0
28.0/24.0
23.0/22.0
21.0/20.0
28.0/27.0
27.0/25.0

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%
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NOAA QNASA

N20

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

NPP

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

Water Vapor Profile Validation based on GDAS data

Accuracy (asc/des) Precision (asc/des)

400 hPa
(30 %)
-15.0/-17.0
-21.0/-20.0
-22.0/-18.0
-18.0/-17.0
-18.0/-16.0
-19.0/-20.0

Accuracy (asc/des) Precision (asc/des)

400 hPa
(30 %)
-13.0/-12.0
-23.0/-22.0
-18.0/-18.0
-13.0/-17.0
-17.0/-15.0
-18.0/-18.0

500 hPa
(20 %)
-2.0/-1.0
-6.0/-8.0
-6.0/-4.0
-7.0/-4.0
-10.0/-8.0
-11.0/-9.0

500 hPa
(20 %)
-2.0/-5.0
-11.0/-7.0
-6.0/-6.0
-6.0/-6.0
-11.0/-9.0
-10.0/-9.0

Cloudy Sea Scenes

700 hPa
(10 %)
-6.0/-5.0
-2.0/0.0
-1.0/0.0
-4.0/2.0
-4.0/-1.0
-1.0/0.0

700 hPa
(10 %)
-6.0/-3.0
-2.0/0.0
0.0/0.0
2.0/1.0
-3.0/-1.0
0.0/1.0

900 hPa
(20 %)
-6.0/-6.0
-6.0/-6.0
-7.0/-7.0
-6.0/-7.0
-5.0/-6.0
-7.0/-7.0

900 hPa
(20 %)
-5.0/-6.0
-6.0/-5.0
-7.0/-7.0
-5.0/-7.0
-4.0/-6.0
-6.0/-7.0

400 hPa
(70 %)
43.0/41.0
44.0/41.0
43.0/42.0
50.0/43.0
51.0/45.0
45.0/43.0

400 hPa
(70 %)
44.0/41.0
43.0/42.0
45.0/43.0
49.0 / 44.0
49.0/47.0
43.0/42.0

500 hPa
(65 %)
51.0/49.0
52.0/48.0
48.0/46.0
54.0/49.0
54.0/51.0
51.0/48.0

500 hPa
(65 %)
50.0 /48.0
49.0/48.0
48.0/46.0
54.0/50.0
55.0 /52.0
51.0/48.0

700 hPa
(60 %)
34.0/34.0
37.0/38.0
35.0/34.0
36.0/37.0
36.0/36.0
37.0/38.0

700 hPa
(60 %)
32.0/33.0
36.0/36.0
33.0/33.0
35.0/37.0
34.0/34.0
36.0/38.0

900 hPa
(30 %)
16.0/16.0
16.0/16.0
14.0/15.0
14.0/14.0
15.0/15.0
16.0/16.0

900 hPa
(30 %)
15.0/14.0
16.0/16.0
14.0/14.0
13.0/14.0
15.0/ 15.0
17.0/16.0

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%

Note: results stratified by asc/des, but requirements are for combined passes
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Water Vapor Profile Validation based on GDAS data

NOAA QNASA

Cloudy Land Scenes

N20 Accuracy (asc/des) Precision (asc/des)

Pressure

ool & 400 hPa 500 hPa 700 hPa 900 hPa 400 hPa 500 hPa 700 hPa 900 hPa
Requirement (30 %) (20 %) (20 %) (20 %) (60 %) (60 %) (50 %) (50 %)
2018.01.15  -2.0/-1.0  18.0/16.0 -8.0/-11.0 6.0/6.0 37.0/340 39.0/370 26.0/31.0 19.0/21.0
2018.04.15 -10.0/-80 50/100 -10.0/-12.0  8.0/9.0 36.0/380 36.0/37.0 24.0/250 21.0/19.0
2018.07.15  -11.0/-9.0 8.0/6.0 -6.0/-8.0 8.0/6.0 32.0/31.0 34.0/350 24.0/240 17.0/19.0
2018.10.15 -10.0/-11.0 3.0/50  -10.0/-10.0 8.0/11.0  44.0/450 450/440 30.0/32.0 26.0/28.0
2019.01.15  -7.0/-3.0  12.0/11.0 -9.0/-12.0 6.0/6.0 34.0/30.0 35.0/31.0 26.0/260 20.0/18.0
2019.04.15 -12.0/-10.0  4.0/5.0 -10.0/-80  80/10.0  41.0/450 40.0/420 26.0/30.0 20.0/21.0

NPP
Plreff;“g:e 400 hPa 500 hPa 700 hPa 900 hPa 400 hPa 500 hPa 700 hPa 900 hPa

Requirement (30 %) (20 %) (20 %) (20 %) (60 %) (60 %) (50 %) (50 %)

2018.01.15 -20/10  17.0/16.0 -4.0/-12.0 9.0/4.0 350/31.0 36.0/33.0 23.0/240 20.0/18.0
2018.04.15  -8.0/-6.0 7.0/11.0 -6.0/-11.0 11.0/11.0 39.0/38.0 38.0/38.0 24.0/27.0 22.0/24.0
2018.07.15  -7.0/-8.0 8.0/5.0 -5.0/-9.0 2.0/2.0 39.0/37.0 38.0/380 26.0/260 19.0/21.0
2018.10.15  -7.0/8.0 3.0/4.0 -9.0/-11.0 9.0/9.0 48.0/48.0 47.0/46.0 29.0/33.0 24.0/25.0
2019.01.15  -50/1.0  13.0/17.0 -7.0/-12.0 6.0/6.0 32.0/31.0 33.0/32.0 26.0/27.0 18.0/17.0
2019.04.15 -10.0/-6.0 9.0/8.0 9.0/-10.0  10.0/9.0  41.0/440 40.0/420 250/30.0 22.0/20.0

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%

Note: results stratified by asc/des, but requirements are for combined passes
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NoAA

NASA

Water Vapor (%)

Water Vapor Profile Validation based on GDAS data:
Time Series (Nov 2017 — May 2019)

MIRS MZ20/ATMS_gdas WY Mean Bias (%) Over Sea [W4201)
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NoAA NASA

Water Yapor (%)

Water Vapor Profile Validation based on GDAS data:
Time Series (Nov 2017 — May 2019)

MIRS NPP/ATMS_gdos Wy Mecm B|os (7) Over Seo (v4201)
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NoAA NASA

Water Yapar (%)

Water Vapor Profile Validation based on ECMWF data:
Time Series (Nov 2017 — May 2019)

MIRS NZD/ATMS_ecmWf Y- Mecm B|os (7) Over Seo (W4201)
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Water Vapor Profile Validation based on ECMWF data:
Time Series (Nov 2017 — May 2019)

MIRS MPP/ATMS_scrmwf WY Mean Bias (%) Over Sea (¥4201)
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Requirements and Validation Results: Total Precipitable Water
3 Compared to GDAS

* Daily, Global Collocations with ECMWF and GDAS.
» Stratified by clear/cloudy, and surface type

* Requirements from JPSS-REQ-1004

* All accuracy and precision requirements are met

Product | Sfc | Condition Bias (mm) StDv (mm) Collocation details:
) (Accuracy) (Precision)
Geographic Global See e ECMWEF and GDAS:
coverage table/figs MIRS Req MIiRS Req bili o lati "
lninear interpolation Iin

Vertical Coverage Surface Clear 1.47 (1.46) 15 1.91 (1.86) 25 p

Sea space and time from 1 deg
Horizontal Cell Size 15 km at nadir Cloudy 0.12 (0.17) 0.5 2.04 (2.01) 2.5 lat/lon. 6-hour analyses

]
Mapping N/A (reflects I Clear -0.39 (-0.39) 2.0 1.12 (1.15) 2.0
Uncertainty SDR vz
characteristics) TPW Cloudy 0.15 (0.16) 2.0 1.79 (1.89) 2.0

R — A Lo Clear 1.17 (0.96) 25 4.90 (3.97) 55
Range Cloudy 1.23 (1.52) 2.5 4.86 (5.26) 5.5
Measurement See table S Clear -0.22 (-0.20) 0.5 0.86 (0.86) 2.0

now
Accuracy Cloudy 026(0.48 | 05 | 195(219) | 20
Measurement See table . ..
Eadislan Values in () indicates NPP

Meets requirement

Data collected:

ECMWEF and GDAS: 2018.01.15, 2018.04.15
2018.07.15, 2018.10.15, 2019.01.15, and
2019.04.15
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3 Requirements and Validation Results: Total Precipitable Water
Compared to ECMWF

* Daily, Global Collocations with ECMWF and GDAS.
» Stratified by clear/cloudy, and surface type

* Requirements from JPSS-REQ-1004

» Most accuracy and precision requirements are met

Product | Sfc | Condition Bias (mm) StDv (mm) Collocation details:
) (Accuracy) (Precision)
Geographic Global See e ECMWEF and GDAS:
coverage table/figs MIRS Req MIiRS Req bili o lati "
lninear interpolation Iin
Vertical Coverage Surface Clear 1.66 (1.65) 15 2.16 (2.14) 25 p
Sea space and time from 1 deg

Horizontal Cell Size 15 km at nadir Cloudy 1.13(1.21) 0.5 2.06 (2.02) 2.5 lat/lon. 6-hour analyses
Mapping N/A (reflects I Clear 0.22 (0.23) 2.0 1.12 (1.16) 2.0 :
Uncertainty SDR vz

characteristics) TPW Cloudy 1.17 (1.16) 2.0 1.87 (1.97) 2.0
AV — — Lo Clear 1.06 (0.84) 25 3.89 (4.11) 5.5
Range Cloudy 1.23 (1.51) 25 5.07 (5.74) 5.5
Measurement See table S Clear 0.28 (0.31) 0.5 0.91 (0.93) 2.0

now
Accuracy Cloudy 097(1.13) | 05 | 213239 | 20
Measurement See table
Precision Values in () indicates NPP
Meets requirement
Data collected: q
Marginal

ECMWEF and GDAS: 2018.01.15, 2018.04.15
2018.07.15, 2018.10.15, 2019.01.15, and
2019.04.15
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NoAA

NASA

Validation Results: Total Precipitable Water (TPW)

MiRS NPP/ATMS TPW(mm) 2019-04-15 Asc
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NOAA

NASA

Validation Results: Total Precipitable Water (TPW)

MiRS N20/ATMS -GDAS TPW (mm) 2019-04-15 Asc
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NOAA DNASA

GhAS

CDAS

Validation Results: Total Precipitable Water (TPW)
Compared to GDAS

Clear Asc TPW (rm) Over Sea 2019-04—15 (r4201)
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Validation Results: Total Precipitable Water (TPW)
3 Compared to GDAS
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NOAA QNASA

N20

Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

NPP

Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

Accuracy (asc/des) Precision (asc/des)

Clear Sea
(1.5 mm)

1.62/1.84
1.45/1.58
1.35/1.48
1.36/1.44
1.35/1.52
1.31/1.39

Accuracy (asc/des) Precision (asc/des)

Clear Sea
(1.5 mm)

1.62/1.80
1.40/1.55
1.31/1.46
1.33/1.43
1.34/1.46
1.39/1.44

TPW Validation based on GDAS data: Ocean

Cloudy Sea
(0.5 mm)

0.19/0.19
0.14/0.20
-0.02/-0.05
0.15/0.22
0.24/0.26
-0.07 /-0.05

Cloudy Sea
(0.5 mm)

0.21/0.23
0.17/0.20
0.04/-0.07
0.23/0.21
0.23/0.33
0.14/0.11

Clear Ice
(2.0 mm)

-0.35/-0.26
-0.67 /-0.62
-0.30/-0.30
-0.38/-0.27
-0.31/-0.28
-0.50/-0.49

Clear Ice
(2.0 mm)

-0.40/-0.35
-0.66 / -0.64
-0.21/-0.25
-0.36/-0.28
-0.34/-0.29
-0.47/-0.47

Cloudy Ice
(2.0 mm)

0.49/0.40
0.22/-0.58
0.26/0.16
0.40/0.55
-0.09/-0.53
0.39/0.12

Cloudy Ice
(2.0 mm)

-0.23/-0.62
0.20/-0.46
0.37/0.34
0.69/0.58

0.03/-0.41
0.83/0.56

Clear Sea
(2.5 mm)

1.93/1.99
1.94/1.93
2.06/2.06
1.83/1.87
1.77/1.82
1.88/1.89

Clear Sea
(2.5 mm)

1.88/1.85
1.87/1.89
2.02/2.02
1.78/1.79
1.76/1.76
1.84/1.80

Cloudy Sea
(2.5 mm)

2.20/2.18
2.00/2.00
2.11/2.20
2.03/1.94
1.88/1.82
2.06/2.04

Cloudy Sea
(2.5 mm)

2.20/2.13
1.96/2.00
2.05/2.12
2.02/1.98
1.83/1.77
2.03/2.00

Clear Ice
(2.0 mm)

0.99/1.03
1.40/1.25
1.34/1.24
1.37/1.30
0.86/0.86
0.94/0.91

Clear Ice
(2.0 mm)

1.04/0.98
1.41/1.28
1.29/1.32
1.48/1.36
0.92/0.87
0.96/0.92

Cloudy Ice
(2.0 mm)

1.67/1.55
1.88/2.65
1.63/1.57
1.62/1.40
1.82/2.14
1.85/1.74

Cloudy Ice
(2.0 mm)

2.01/1.98
2.03/2.77
1.67/1.79
1.63/1.43
1.85/1.99
1.80/1.74

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%

Note: results stratified by asc/des, but requirements are for combined passes
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NOAA QNASA

N20

Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

NPP

Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

Note: results stratified by asc/des, but requirements are for combined passes

Clear Land
(2.5 mm)

1.34/1.34
1.19/0.95
1.68/1.34
1.15/0.95
1.18/0.74
1.27/0.91

Clear Land
(2.5 mm)

1.32/1.13
1.14/1.08
1.43/0.87
0.87/0.47
0.87/0.68
1.04/0.68

Cloudy Land

(2.5 mm)
1.76 / 1.09
0.85/1.22
1.72/1.29
0.82/0.96
1.34/0.89
1.28/1.55

Cloudy Land

(2.5 mm)
2.4411.20
2.17/1.72
1.41/0.89
1.07/0.82
1.77/1.29
1.83/1.67

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS

Clear Snow
(0.5 mm)

-0.25/-0.23
-0.32/-0.27
-0.01/-0.01
-0.21/-0.26
-0.25/-0.25
-0.34/-0.28

Clear Snow
(0.5 mm)

-0.20/-0.19
-0.27/-0.23
-0.02/-0.01
-0.19/-0.26
-0.25/-0.20
-0.32/-0.25

Cloudy Snow

(0.5 mm)
1.37/1.79
0.06/0.47

-0.65/-0.53

0.27/0.68

-0.05/-0.07

-0.35/0.12

Cloudy Snow

(0.5 mm)
1.73/1.32
0.50/2.28

-0.64/-0.60

0.20/0.74
-0.12/0.12
-0.30/0.49

Clear Land
(5.5 mm)

3.34/351
3.84/3.92
4.12/4.24
3.95/3.92
3.85/3.92
3.95/4.24

Clear Land
(5.5 mm)

3.51/3.69
3.91/4.26
4.23/4.18
3.83/4.16
3.97/3.81
3.82/4.25

(5.5 mm)
4.86/4.58
5.16 /4.85
4.82/4.48
4.85/4.49
5.43/5.32
4.87/4.66

(5.5 mm)
5.75/4.89
5.69/5.49
5.20/4.77
5.43/4.71
5.89/5.42
5.20/4.68

TPW Validation based on GDAS data: Land

Accuracy (asc/des) Precision (asc/des)

Cloudy Land  Clear Snow Cloudy Snow

(2.0 mm)
0.81/0.81
0.98/1.04
0.78/0.83
0.83/0.96
0.84/0.78
0.77/0.86

Clear Snow Cloudy Snow

(2.0 mm)
0.81/0.85
0.91/1.09
0.74/0.82
0.82/1.02
0.86/0.74
0.78/0.91

(2.0 mm)
1.91/1.91
2.19/2.22
2.98/3.13
1.52/1.40
1.43/1.11
1.87/1.69

Accuracy (asc/des) Precision (asc/des)

Cloudy Land

(2.0 mm)
2.38/2.21
3.27/3.43
2.7313.02
1.57/1.49
1.47/1.05
2.00/1.72

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%
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NOAA DNASA

Requirements and Validation Results: Land Surface Emissivity

* Daily, Global Collocations with Analytic emissivity based on VIIRS LST,
ECMWF and CRTM. VIIRS LST recommended at NPP Maturity Review.
* Analytic emissivity = See below

* Requirements from JPSS-REQ-1004

* All accuracy and precision requirements are met

Collocation details:

» ECMWE: bilinear interpolation in space and time from 1 deg lat/lon, 6-hour
analyses

* LST: clear VIIRS pixels within ~30 km of ATMS FOV are averaged.

Geographic
coverage

Vertical Coverage

Horizontal Cell Size

Global land(non-
frozen surfaces)

Surface

15 km at nadir

See
table/figs

“Analytic” Emissivity Calculation
» Assume Simplified RT equation:

Tb(f) = [e(f) * B(Tskin) *t(H] +T T () + [T L (f) * (1 — () * ()]
* Analytic emissivity:

b(f)—T1T
) KT (f)T(fY)" @

) Tl (f)]/(B(Tskin) —T1(M)

Data Collected (VIIRS): 7 days
2019.03.17, 2019.04.01, 2019.04.14
2019.05.11, 2019.05.29, 2019.06.04,
2019.06.12

Data Collected (ECMWF): 7 days
2018.01.15, 2018.04.15, 2018.07.15

Mapping N/A (reflects  Tb= measured radiance (corrected Th), at frequency f 2018.10.15, 2019.01.15, 2019.04.15,
Uncertainty SDR o e Tskin=LST 2019.07.15
characteristics) « £ = emissivity
Measurement 0.00001 -1.0 * 7 = total transmittance (top of atmosphere)
Range T 1 = upwelling radiance
Measurement See table * Tl = downwelling radiance
Accuracy  Tskin, T(p), q(p) from collocated VIIRS LST; B the Planck function
e 7,T1,T 1 from CRTM using ECMWF inputs
Measurement See table
Precision Note: R-J approximation is used here and will be changed by using radiance.
. Freq .
Product Sfc Condition (GHz) Accuracy (%) Precision (%)
- i Values in () indicates NPP
Reference: MIRS Req. MIRS Req. ( )
VIIIRS LST-based emissivity 23.8 -0.23 (-0.35) 20 | 1.75(1.78) 3.0 Meets requirement
Emissivity Land Clear 50.3 -0.08 (-0.25) 15 1.36 (2.44) 3.0
165.5 -1.22 (-1.55) 15 3.39 (3.44) 4.0

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS
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Validation Results: Land Surface

NOAA NASA

2019-03-17
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3 Validation Results: Land Surface Emissivity

2019-03-17
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3 Validation Results: Land Surface Emissivity

MiRS N20
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Validation Results: Land Surface Emissivity
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Validation Results: Land Surface Emissivity
Compared with Em From VIIRS LST and ECMWF+CRTM

N20 Accuracy (asc/des) Precision (asc/des)

NOAA DNASA

Threshold 23 H (2.0 %) 50 H (1.5%) 165 H (1.5%) 23 H (3.0%) 50 H (3.0%) 165 H (4.0%)
2019.03.17 0.65/-0.82 1.13/-0.73 -0.30/-1.45 1.84/1.56 2.41/2.19 2.97 1 3.47
2019.04.01 0.46/-0.85 0.85/-0.76 -0.74 /-1.89 1.78/1.64 2.3712.28 2.92/3.63
2019.04.14 0.64/-0.53 1.06 /-0.39 -0.76 / -1.59 1.62/1.63 2.20/2.20 2.81/3.64
2019.05.11 -0.75/-0.14 -0.89/0.10 -1.94/-1.14 2.05/2.02 2.7712.63 3.79/3.88
2019.05.29 0.25/-0.91 0.46 /-0.94 -0.72/-1.84 1.66 / 1.54 2.19/2.17 2.93/3.56
2019.06.04 0.12/-0.89 0.29/-0.87 -1.01/-1.73 1.69/1.54 2.27/2.13 3.04/3.61
2019.06.12 -0.64/0.12 -0.83/0.39 -1.27 1 -0.64 2.00/1.98 2.66 /2.60 3.70/3.54

Threshold 23 H (2.0 %) 50 H (1.5%) 165 H (1.5%) 23 H (3.0%) 50 H (3.0%) 165 H (4.0%)
2019.03.17 -056/-081  -057/-0.73  -1.69/-1.72 2.07/1.81 2.7912.46 3.71/3.62
2019.04.01 -0.40/-0.53  -0.34/-0.33  -1.86/-1.59 2.05/1.64 2.8212.22 3.52/3.60
2019.04.14 -0.37/-0.62  -0.41/-056  -1.89/-2.12 2.12/1.69 2.85/2.41 3.45/3.75
2019.05.11 0.47/-0.84 0.75/-0.83 -0.90/-2.15 1.82/1.81 2.45/2.55 3.15/3.92
2019.05.29 0.48/-0.81 0.69/-0.78 -0.63/-1.94 1.73/1.60 2.3212.26 2.99/3.52
2019.06.04 0.30/-0.78 0.51/-0.71 -0.85/-2.11 1.69/1.62 2.2412.27 3.01/3.50
2019.06.12 0.43/-0.81 0.62/-0.81 -0.54 /-1.68 1.73/1.57 2.30/2.23 2.89/3.52

Accuracy (asc/des) Precision (asc/des)

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%
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Validation Results: Land Surface Emissivity
Compared with Em From ECMWF+CRTM

N20 Accuracy (asc/des) Precision (asc/des)

NOAA DNASA

Threshold 23 H (2.0 %) 50 H (1.5%) 165 H (1.5%) 23 H (3.0%) 50 H (3.0%) 165 H (4.0%)
2018.01.15 -0.68/-0.16 -0.51/0.42 -2.17/-1.52 2.26/2.18 3.11/2.95 3.7813.84
2018.04.15 -0.63/-0.03 -0.58/0.39 -2.08/-1.47 2.09/2.09 2.90/2.83 3.64/3.84
2018.07.15 -0.37/0.41 -0.46 / 0.82 -1.27/-0.72 2.15/2.05 2.86/2.78 3.37/3.21
2018.10.15 -0.64/-0.13 -0.65/0.22 -1.90/-1.38 2.09/2.10 2.82/2.85 3.54/3.58
2019.01.15 -0.52/-0.22 -0.40/0.12 -1.92/-1.44 2.21/2.26 2.97/3.01 3.76 /1 3.96
2019.04.15 -0.75/0.00 -0.87/0.26 -2.21/-1.31 2.03/2.02 2.75/2.68 3.94/3.84
2019.07.15 -0.42/0.30 -0.68/0.48 -1.14/-0.56 2.05/1.97 2.7312.62 3.27/3.18

Threshold 23 H (2.0 %) 50 H (1.5%) 165 H (1.5%) 23 H (3.0%) 50 H (3.0%) 165 H (4.0%)
2018.01.16 -0.39/-0.13 -0.36/0.18 -1.79/-1.43 2.21/2.23 3.05/3.04 3.7214.13
2018.04.15 -0.41/0.25 -0.43/0.59 -1.81/-1.08 2.01/2.26 2.7812.98 3.54/3.91
2018.07.15 -0.12/0.55 -0.21/0.92 -1.00/-0.35 2.04/2.00 2.7312.70 3.12/3.29
2018.10.15 -0.32/0.08 -0.41/0.29 -1.64/-1.01 2.10/2.12 2.85/2.85 3.54/3.84
2019.01.15 -0.22/-0.00 -0.21/0.25 -1.67/-1.36 2171214 2.88/2.77 3.99/3.92
2019.04.15 -0.42/0.18 -0.47/0.48 -2.10/-1.35 2.16/2.08 2.90/2.75 3.60/4.17
2019.07.15 -0.22/0.42 -0.39/0.73 -1.04/-0.42 2.08/2.02 2.74 1 2.67 3.23/3.40

Accuracy (asc/des) Precision (asc/des)

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%
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NOAA DNASA

Requirements and Validation Results:

* 14 months (Nov. 2017- Mar. 2019) of

collocations with ground-based SURFRAD data

* Global comparisons with VIIRS LST
* Requirements from JPSS-REQ-1004

* All accuracy and precision requirements are met

Geographic
coverage

Vertical Coverage

Horizontal Cell Size

Mapping
Uncertainty

Measurement
Range

Measurement
Accuracy

Measurement
Precision

Global
(clear/cloudy)

Surface
15 km at nadir

N/A (reflects
SDR
characteristics)

150-350K

See table

See table

See
table/figs

Data Collected:

For SURFRAD: 2017.11.29-2019.03.04

For VIIRS: 7 days

2019.03.17, 2019.04.01, 2019.04.14 .
2019.05.11, 2019.05.29, 2019.06.04,

2019.06.12

Land Surface Temperature

EDR MiRS MiRS
Product SFC Attribute clear cloudy Req Reference
Accuracy (K) (8'38) 4.0 SURFRAD
Precision (K) (2?2) 7.0 SURFRAD
Uncertainty 5.36
K) (5.14) 8.0 SURFRAD
LST (K) Land
Accuracy (K) éig) (iég) 4.0 VIIRS
Precision (K) (jg% (g;;) 7.0 VIIRS
Uncertainty 5.01 4.90
K) 5.23) | (5.60) | 0 MRS

Values in () indicates NPP
Meets requirement

Collocation details:

e SURFRAD: radius=25 km and time=180 seconds => find
the closest ATMS pixel to each SURFRAD location

VIIRS: clear VIIRS pixels within ~30 km of ATMS FOV are
averaged.

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS
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:) Validation of Land Sfc Temperature: SURFRAD

* Targeted daily collocations with SURFRAD data:

— Collocations with SURFRAD LST (IR Flux Based): Nov. 2017-Mar. 2019, 7 stations over
the CONUS

— Advantage: in situ, direct measurement (need to convert from flux to LST using
Stefan-Boltzmann law), IR emissivity assumed=0.9z
0 LST = [ (IRyy — (1 —¢) IRy, )/(g0) |*
— Disadvantage: IR LST, not same as MW LST (vertical penetration/emission depth),
representativeness error (point vs. IFOV average)

— SURFRAD stations used: 55 —

SURFRAD locations

50

i
v
T

Latitude (deg)

w
v

30

25

-130 -120
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LST Validation Using SURFRAD:
3 Nov 2017- Mar 2019

MiRS vs. SURFRAD Station-by-station Comparison

DRA, NV BON, IL FPK, MT GWN, MS PSU, PA SXF, SD TBL, CO

lalsweled
uonepieA

Dsc Asc A+D Dsc Asc A+D Dsc Asc A+D Dsc Asc A+D Dsc Asc A+D Dsc Asc A+D Dsc Asc A+D

R CQD 0.97 0.96 0.94 0.95 0.95 0.84 0.95 0.94 0.93 0.86 0.90 0.91 0.94 0.92 0.91 0.94 0.94 0.92 0.93 0.93

/0.93 /0.96 /0.95 /0.93 /0.95 /0.95 /0.81 /0.96 /0.94 /0.92 /0.88 /0.89 /0.90 /0.93 /0.92 /0.92 /0.95 /0.94 /0.93 /0.94 /0.94
Bias -1.12 -5.40 -3.21 2.24 1.54 1.85 4.84 2.28 3.42 3.35 -2.43 0.01 4.43 0.71 2.54 3.42 2.40 2.88 0.66 -3.73 -1.64
(K) /-1.09 /-6.25 /-3.55 /1.41 /0.90 /1.13 14.81 /1.44 /3.00 12.41 /-3.58 /-1.04 /3.64 /0.45 12.04 /3.12 /1.80 12.44 /-0.80 /-3.02 /-1.94
Std 4.09 3.41 4.33 3.78 3.78 3.79 4.62 5.02 5.01 3.79 4.83 5.26 4.07 3.92 4.40 4.61 4.55 4.60 4.67 5.48 5.56
(K) /3.95 /3.70 14.62 13.77 13.47 /3.61 14.86 14.43 14.93 13.77 /14.50 /5.14 14.04 /3.92 14.28 14.24 /4.03 /4.18 /4.33 /5.16 /4.90

(K) /14.10 7.26 /5.83 4.02 /3.59 13.79 16.84 14.66 5.77 14.47 /5.76 /5.25 /5.44 /3.94 14.74 /5.26 14.41 14.84 14.40 /5.98 /5.27

/
Note: N20/NPP

RM57 4.24 6.39 5.40 4.40 4.08 4.22 6.70 5.51 6.06 5.06 5.41 5.26 6.01 3.98 5.08 5.74 5.14 5.43 4.71 6.63 5.79

: : Product SFC EDR Attribute Require
Green: meeting the requirement, Blue: ment
within 20% from the req., Black: over 20%
LST (K) Land Bias/Accuracy (K) 4.0
Note: results stratified by asc and des, but STDV/Precision (K) 70
requirements are for combined passes RMS/Uncertainty (K) 8.0

e Performance roughly consistent between stations
* Ascending (daytime) negative bias larger than descending (nighttime).
* Ascending correlation higher for most stations

e Overall Bias (Accuracy) of 0.46 K, Standard Deviation (Precision) of 5.34 K, and RMSE
(Uncertainty) of 5.36 K are within JPSS Requirements: 4 K, 7 K, and 8 K, respectively

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS



Validation Results: Land Surface Temperature
3 Compared to VIIRS

N20 Accuracy (asc/des) Precision (asc/des)

Threshold Clear (4.0 K) Cloudy (4.0 K) Clear (7.0 K) Cloudy (7.0 K)
2019.03.17 -0.89/3.33 -0.93/3.33 5.21/4.18 4.57/5.35
2019.04.01 -0.29/3.37 -0.96/2.24 5.03/4.36 4.52/5.74
2019.04.14 -0.90/2.62 -0.00/2.39 4.60/4.21 4.26/5.24
2019.05.11 4.00/1.88 0.79/0.38 5.33/4.85 4.71/4.52
2019.05.29 0.49/3.62 0.21/4.89 4.52/4.03 4221491
2019.06.04 0.91/3.60 0.20/3.90 4.65/4.04 4.00/5.31
2019.06.12 3.73/1.18 0.46/-1.02 5.0714.77 4.751/4.69

Threshold Clear (4.0 K) Cloudy (4.0 K) Clear (7.0 K) Cloudy (7.0 K)
2019.03.17 3.15/3.40 -1.47/2.06 5.45/4.69 5.21/5.19
2019.04.01 2.6712.45 -0.89/2.73 5.28/4.20 5.41/5.86
2019.04.14 2.61/2.72 -0.13/2.83 5.53/4.48 5.03/5.24
2019.05.11 -0.33/3.48 -0.51/5.39 5.23/4.72 5.28/6.82
2019.05.29 -0.24/3.24 -0.87/4.39 4.85/4.24 4.21/5.84
2019.06.04 0.30/3.20 -0.70/ 4.05 4.68/4.35 4.4716.51
2019.06.12 0.00/3.32 -0.61/5.09 4.7714.28 4.81/5.60

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS

Accuracy (asc/des) Precision (asc/des)

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%
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NOAA DNASA

Requirements and Validation Results:
Sea Ice Concentration

* Regular collocations with SSMIS NRT (F18), NASA Team algorithm (also comparisons with NIC IMS

analyses)

» Official reference is SSMIS NASA Team
* Period: 2019.01.19~2019.07.09 for F18 comparison, and 4 days for IMS comparison

* Requirements from JPSS-REQ-1004
* All accuracy and precision requirements are met

Geographic
coverage

Vertical Coverage

Horizontal Cell Size

Mapping
Uncertainty

Measurement
Range

Measurement
Accuracy

Measurement
Precision

Global (Oct-
May)

Surface
15 km at nadir

N/A (reflects
SDR
characteristics)

20 - 100 %

See tables

See tables

See
table/figs

Product SFC EDR Attribute MiRS Requirement
Accuracy (%) ;g : gi 10.0
SIC Ocean/ (2. 4)
(%) Ice 11.3~18.4 25.0
TS . . .
Precision (%) (11.4 - 18.2)

D Meets requirement

Reference: SSMIS NRT (F18)
Values in () indicates NPP

Collocation details:

 SSMIS NRT (F18): remap both SSMIS and MIRS to 0.25
deg grid and compare.

* IMS: collocate to IMS on 4 km grid, average 13x13 grid
window nearest to ATMS.

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS
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NOAA DNASA

Sea Ice Concentration Performance:
Comparison with NASA Team NRT SSMIS (F18)

N20 MRS SIC

NASA Team SSMIS

MIRS N2 /ATMS ke Daily (V3634)

20189-02-15 Des  (V4201) 2019'02-15 SEMIS MNASA T

MaoData  OC fail  Land 8] 140 i 30 440 50 ] 70 B @0 eli) NaData  QC fail  Land 8] 140 20 30 44 =i =] Fa &0

C 1 ] | .

] @0 100 MNallata O fail  Land 0 14 i) 3 440 50 1] Fh ]

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS
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3 Sea Ice Concentration Performance:
Comparison with NASA Team NRT SSMIS (F18)

NPP MRS SIC 2019-02-15 Des  (¥4201) 2019-02-15 SSMIS NASA T NASA TeaT ,SSMIS Daily (V3634)

MIRS NPP/ATMS ke

MaoData  OC fail  Land 8] 140 i 30 440 50 ] 70 B @0 eli)

MRS NPP/ATMS 5. H. Sea lce Cencentration (%) 2019-02-15 Des (¥4201)

C 1 ] | . — C 1 ] | . —

MaoData  OC fail  Land 8] 140 i 30 440 50 ] 70 B @0 eli) MNallata O fail  Land 0 14 i) 3 440 50 1] Fh ] @0 100

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS
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NOAA DNASA

Py
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std. deviotion {obs—valid)

Sea Ice Concentration Performance (19 Jan — 9 Jul 2019):
Daily Comparison with NASA Team NRT SSMIS (F18)

Globe

MIES allSensers bios (obs—walid) glb Asc sice Valid:int2dy {W4201) MIRS allSensors bias {(obs—valid) glb Des sice Validint2dy (W4201)

Ascending Accuracy Descending :
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MIRS allSensors std. deviation {obs—valid) glb Asc sice Valid:intZdy (V4201) MIRS allSensors std, deviation (ebs—valid) glb Des sice Valid:int2dy (v4201)

30 T T T T T =C T T T T T
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3 Sea Ice Concentration Performance (19 Jan — 9 Jul 2019):
Daily Comparison with NASA Team NRT SSMIS (F18)

Northern Hemisphere

MIRS allSensors blas {ebs—valid) nh Asc sice valid:ntZ2dy (V4201 MIFS allSensers bios (obs—valid) nh Des sice Validint2dy (w4207)
18 T T T T y T T T T T T
- Ascending AT Descending
% sf- ] % i
B Ofmmmeccccccccscscssc s e -
) = el
_5__ -5
-1l . 1 . 1 . 1 . 1 . 1 . —18
Jani 9 Febi7 Mariy s My 1d Junid Jul o8 Jonia
20149 Zure 2015 014 2014 2019 20189 2019
MIES allsensors std. deviation (obs—valid) nh Asc sice Valid:niZdy (W42017 MIRS allSensors std. deviation {obs—wvalid) nh Des sice Valid:nt2dy (¥4201)
als) T T T T T T T T T T ]
- Ascending Precision Descending 1

20 20

etd. deviotion {abs—valid)
o

e NPP

5 - s _
e N20 A F e N20

O 1 1 1 ' 1 ' 1 X T ol N 1 N 1 N 1 . 1 1 N

Jarig Feb17 Mari7 ris May 13 Junii Julog Jani9 Febi7 Mar17 ris May1d Junid Julog

018 209 201% 1% 28{19 20189 2018 2018 2149 201% 1% 2019 20149 2018
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Py

q)
O

)

atd. deviotion {obs—valid)

Sea Ice Concentration Performance (19 Jan — 9 Jul 2019):
Daily Comparison with NASA Team NRT SSMIS (F18)

Southern Hemisphere

MIRS allSensors biog (obs—valid) sh Asc sice Validint2dy (V4207

MIRS allZensors bios (obs—validy sh Des sice Walidint2dy (w4201}

15
B 1 .______-__-_..!
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oY L . g2 - g c-:- ----------------------------------
I eNPP | | e NPP |
: e N20 B e N20
—1al . 1 . 1 . 1 . 1 . 1 . —-1ol 1 1 1 1
Ei Eiik] "oy S " s it g gk "Ed iRt " S0 At
MIRS allSensors std. deviatien (obs—valid) sh Asc sice Valid:ntZdy (W4201) MIRS allSensers std. dewiation (obs—walid) sh Des sice Validint2dy (W4207)
i Precision ; .
: nding Descending :
L & & & _§ &8 & & § & §B §B &N _ &R &N N §N N N N N E--- L B &R B N &N §B § § §B § N §B R &R &R _§N N §N | L
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7019 2019 2018 01 2019 me 2015 Z014 2019 2015 01d 1 Z01% 2015
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3 Sea Ice Concentration Performance:
Comparison with IMS 4-km Analysis

MIRS N20/ATMS N20 MIRS SIC 9-01-15 Des  (¥4201)

L

NIC IMS SIC FO1—-15 Des (V42013

L

2019_01_15 IRS NZO/ATMS M. H. IMS Se

C 1 ] T C 1 ] T

MaData OC fail  Land 8] 10 50 30 40 50 &0 F0 4] @0 100 MaData OC fail  Land 8] 10 0 30 40 50 &0 F0 4] 20 100

All Cond. Asc Sea lce Concentration (%) Over lce 2018—01-15 (r4201) All lce Concentration (%) Over lce 2019-01-15 (r4201)
— : — : ; L —

100 100

T T T
Correlation: (.7E2E
Hiaa: —1.74475
Std Dew: 10.520
Points: 107858

20

[ Slope: 0.833] = ad
o Intercept: 1 =
L RMS: 10.664 i
80— — [} —
o B b [ 7
= r b = b
40 — 40 —
20 = = 20 1
i Precision: 10.5 % (25.0) I
L Accuracy: -1.7 % (10.0) 1
j} qa
0 24 A0 50 80 100 o 20 40 =14 a0 100
MNZ0/ATMS MIRS NZD/ATMS MIRS
Density of Points Density of Points
I L] . I L] .
1 10 100 1000 1 10 100 1006
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Sea Ice Concentration Performance:
Comparison with IMS 4-km Analysis

NOAA DNASA

MIRS MPP/ATMS NPP MiRS SIC 9-01-15 Des (1201} 2()19-01-15 IRS NPP/ATMS N. H. IMS Se NICIMSSIC 1,5 s (¥4201)
C 1 ] T C 1 ] T
MaData OC fail  Land 8] 10 50 30 40 50 &0 F0 4] @0 100 Molata OC fail  Land [} 10 0 30 440 50 3] T0 50 20 100
All Cond. Asc Sed lce Concentration (%) Over lce 2019-01-15 (r4201) All

Cond. Des Sea lce Concentration (%) Over lce 2019-01-15 (r4201)
— g

100 T 100
I correlation: & . 4 I correlation: 0 |
L Bioe: —1.73231 i L Bioa: —1.587 i
Std Dav: 10, Std Dev: 11
L 4 [ - L 1 4
Paints: 1050 Points: 1136
BI Slope: cB30 = 30 Slope: o863 —
o Intercapt: 1 = o Intercapt: 1 L -
L RMs: 10917 = i L RMs: 11.405) . i
80— . 60— u .—
2] B [ ] h 5] B )
= r 7 = r | B
L ] _ L 4
40 0 — 40 -
201 = 20— =
r || Precision: 10.8 % (25.0) I Precision: 11.3 % (25.0) I
L Accuracy: -1.7 % (10.0) 1 L Accuracy: -1.6 % (10.0) 1
a 1 1 1 qa 1 1 1
8] 24 40 50 80 100 o 20 40 =14 a0 100
NF'F'/ATMS MIES NPF'/ATMS MIES
Density of Points Density of Points
I . I .
1 10 100 1000 1 10 100 100
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NOAA DNASA

Validation Results Summary:

Sea Ice Concentration

Date(s) Accuracy (%) Precision (%) Reference Comment
Requirement 10.0 25.0
ey | g9T72 | T | resssaTan | wvam e promrs
e e T
2018-01-15 (NH) é:; / gzg) (ﬁ’:; j T NIC IMS asc/des
2018-12.15 (NH) (:2:2 / :%) (ﬁ’:g j T NIC IMS asc/des
2019-01-15 (NH) e / j:g) (1822 j ﬂg) NIC IMS asc/des
2019-02-15 (NH) (jé / :gé) (ﬂ:; ; ig:i) NIC IMS asc/des

[ IMeets the requirement except during warm season (ice-melt) Values in () indicates NPP

: Meets requirement

MIRS SIC Performance vs. SSMIS NASA Team and NIC IMS

» Official reference is SSMIS NASA Team

* Most requirements are met (degraded performance in warm season
due to ice melt)

* IMS used as secondary reference

Note: results stratified by asc/des, but requirements are for combined passes

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS



NOAA DNASA

Requirements and Validation Results:
Snow Water Equivalent/Snow Cover

* Periodic collocations with JAXA AMSR2 (also comparisons with NIC IMS analyses)
» Official reference is JAXA AMSR2

* Period: 4 days (20180115, 20181215, 20190115, 20190215)

* Requirements from JPSS-REQ-1004
e Maturity Level: Validated
* All requirements are met except some individual cases for False Alarm Rate.

Geographic
coverage

Vertical Coverage

Horizontal Cell Size

Mapping
Uncertainty

Measurement
Range

Measurement
Accuracy

Measurement
Precision

N. Hemisphere
(cold season,
Nov-Mar)

Surface
15 km at nadir

N/A (reflects
SDR
characteristics)

1.2-26.5cm

See tables

See tables

See
table/figs

Product SFC EDR Attribute MiRS requirement
Accuracy (cm) (125 : ig) 3.0
Precision (cm) éjg : ggg) 6.0
SWE/SC Land/ - . 0.84~0.94
(cm) Snow Probability of Detection (0-1) (0.84 ~ 0.94) 0.80
. 0.09~0.11
False Alarm Ratio (0-1) (0.09 ~ 0.11) 0.10
. . 0.55-0.69
Heidke Skill Score (0-1) (0.57 ~ 0.71) 0.55

|:| Meets requirements except some cases

|:| Meets requirements

Reference: JAXA AMSR2
Values in () indicates NPP

Collocation details:

« JAXA AMSR2: collocate to AMSR2 on 25 km grid,
choosing grid nearest to ATMS.

e IMS: collocate to IMS on 4 km grid, average
13x13 pixel window nearest to ATMS.

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS
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NOAA DNASA

Al

JAXA AMSRZ

a0

Validation Results Summary:
Snow Water Equivalent/Snow Cover

MIRS N20 /AT
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NOAA DNASA

All

JAKA AMSRZ

a0

Validation Results Summary:
Snow Water Equivalent/Snow Cover
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3 Validation Results Summary:
Snow Water Equivalent/Snow Cover
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NOAA DNASA

Validation Results Summary:
Snow Water Equivalent/Snow Cover

420 IRS NFP/ATMS IMS Snho 01—15 Des  (V4201)
T T T T T T T !

2019-01-15 | _  cemee SN

MiRS NPP ATMS (des)

—45
60 |
i i i i i —a0 i
—180 =150 =120 —a0 =11l —-30 a 30 &0 e1s] 120 150 180 —180 =150 =120 —ao —G0 =3 a 30 &0 Q0 120 150 1B0
L1 ] | . . C 1 ] | _ .
NoData O fail Saq o1 3 45 6 7 B 8101112131415 1617 1B 19 20 NoData  QC fail Saa [#] b 4 & -] 10 12 14 16 18 i}
All Cond. A o 15 (r4201 All Cond. Des q (r4201
Mo MIiRS ATMS (asc) vs. IMS 1 AL MIiRS ATMS (des) vs. IMS =
— Car ] G ]
[ Blos: 2 A1EBT T Blos: 208133 T
_. Std D-: 3.7BE1 _ Std Dev: 39455 T
Palnts: 18035% N Palnt.‘IGSBZB |
Slope: 0.3447 T e ==5e T
20 Intereept: 2.73260 — 20 Wit 25140 —
~ RMS: 45204 — RMS’:‘E??? —
N - H I | - 1 & 1
| = 1 1
% 15 ! # ] —_ % 15 —_
n n i _
10 Precision: 3.19 cm (6.0) 10 Precision: 3.09 cm (6.0)
Accuracy: 1.45 cm (3.0) Accuracy: 1.48 cm (3.0)
- Prob. Detection: 0.84 (0.80) Prob. Detection: 0.88 (0.80)
5 == ~=="|"False Alarm Ratio: 0.01 (0.10) 5 False Alarm Ratio: 0.02 (0.10)
- ey Heidke Skill Score: 0.55 (0.55) Heidke Skill Score: 0.57 (0.55)
| 1 1 ! 1 | 1 1 1 1 1 1 1 1 1 ! 1 1 1
5 10 15 20 25 5 10 15 20 25
NFF/ATMS MIRS NFF/ATMS MIRS
Density of Points Density of Points
I : ‘ I : ;
i 10 100 1000 1000 i 10 100 1000 1000

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS

101



\
NOAA NASA

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS 102



3 Validation Results Summary (N20):
Snow Water Equivalent/Snow Cover

SWE Snow Cover
Date Reference

Accuracy Precision POD FAR HSS

(asc/des) (asc/des) (asc/des) (asc/des) (asc/des)
Requirement 3.0cm 6.0cm 0.80 0.10 0.55
2018-01-15 1.38/1.41 3.20/3.11 0.84/0.87 0.09/0.10 0.55/0.58 JAXA AMSR2
2018-12-15 1.30/1.27 2.49/2.46 0.85/0.92 0.09/0.10 0.62/0.69 JAXA AMSR2
2019-01-15 1.40/1.35 3.17/3.12 0.88/0.93 0.10/0.10 0.59/0.68 JAXA AMSR2
2019-02-15 1.40/1.36 3.95/3.86 0.87/0.94 0.11/0.11 0.61/0.68 JAXA AMSR2
2018-01-15 2.23/2.05 3.85/3.98 0.79/0.81 0.01/0.02 0.50/0.52 NIC IMS
2018-12-15 1.88/1.58 3.40/3.74 0.78/0.83 0.00/0.03 0.52/0.53 NIC IMS
2019-01-15 2.55/2.29 3.60/3.99 0.83/0.86 0.01/0.03 0.54/0.57 NIC IMS
2019-02-15 2.30/2.01 3.81/4.10 0.80/0.86 0.00/0.01 0.52/0.58 NIC IMS

: Meets requirement

|:| Marginal

MiRS SWE/Snow cover Performance vs. JAXA/AMSR2 and NIC IMS

» Official reference is JAXA/AMSR?2

* Most threshold requirements are met (except FAR for select cases)
* IMS used as secondary reference

Note: results stratified by asc/des, but requirements are for combined passes
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Validation Results Summary (NPP):
Snow Water Equivalent/Snow Cover

SWE Snow Cover
Date Reference

Accuracy Precision POD FAR HSS

(asc/des) (asc/des) (asc/des) (asc/des) (asc/des)
Requirement 3.0cm 6.0cm 0.80 0.10 0.55
2018-01-15 1.50/1.49 3.19/3.16 0.84/0.90 0.09/0.10 0.57/0.62 JAXA AMSR2
2018-12-15 1.41/1.39 2.49/2.43 0.84/0.92 0.10/0.10 0.63/0.71 JAXA AMSR2
2019-01-15 1.45/1.48 3.19/3.09 0.88/0.94 0.09/0.10 0.60/0.65 JAXA AMSR2
2019-02-15 1.53/1.46 3.93/3.84 0.88/0.94 0.10/0.11 0.62/0.68 JAXA AMSR2
2018-01-15 2.39/2.13 3.75/4.05 0.79/0.85 0.01/0.02 0.52/0.56 NIC IMS
2018-12-15 1.85/1.79 3.66/3.51 0.77/0.81 0.01/0.03 0.52/0.54 NIC IMS
2019-01-15 2.52/2.32 3.76/3.95 0.84/0.88 0.01/0.02 0.55/0.57 NIC IMS
2019-02-15 2.38/2.07 3.85/4.18 0.80/0.86 0.00/0.01 0.52/0.59 NIC IMS

: Meets requirement
|:| Marginal

MiRS SWE/Snow cover Performance vs. JAXA/AMSR2 and NIC IMS
» Official reference is JAXA/AMSR?2
* Most threshold requirements are met (except FAR for select cases)
* IMS used as secondary reference
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* Periodic collocations with Stage-IV and MRMS
* Official reference is Stage-1V

« Stratified by surface type, but requirement is for land only

* Requirements from JPSS-REQ-1004

* All requirements are met except some individual cases for False Alarm Rate

Product SFC EDR Attribute MiRS Requirement
Geographic Global (non- See 0.02 ~ 0.05
coverage frozen surfaces)  table/figs AeeEey (i) (0.02 ~0.05) 0.1
Vertical Coverage Surface Precision (mm/h) (82 : 82) 10
Horizontal Cell Size 15 km at nadir : '
RR Land Probability of Detection (%) E9 =0 50
Mapping N/A (reflects (mm/h) y 0 (67 ~ 80)
Uncertainty SDR 49-70
characteristics) False Alarm Rate (%) ( 4.8 _ 6.3) 5
Measurement N/A
Range Heidke Skill Score (83‘71 _ 82;) 0.3
Measurement See table
Accuracy Product SFC EDR Attribute MiRS Requirement
Measurement See table
Precision Accuracy (mm/h) (88§ _ 882) 0.1
Data Collected: Fall 2018, Winter 2018-19, SeEEn G 0.62 ~ 0.95 1.0
Spring 2019, Summer 2019 (0.64~0.92) '
RR . : 75~ 80
0
. (mmih) Ocean Probability of Detection (%) (74 ~ 80) 50
|:| Meets requirements except some cases 3357
: Meets requirements False Alarm Rate (%) (3.2 - 5.5) 5
Reference: Stage IV 0.47 ~0.61
. . Heidke Skill ' : _
Values in () indicates NPP eidke Skill Score (0.50 ~ 0.61) 0.3

I ——

Requirements and Validation Results: Rainfall Rate

Collocation details:

Stage-1V:
o NOAA NCEP Multisensor

(radar + gauges) Precipitation

Estimator (MPE) analyses,
hourly over CONUS and

adjacent near ocean, spatial

resolution is 4 km.
0 Collocation spatial radius:

~4.55 km, average Stage-1V

values within the range.

o Collocation time window: + 30

minutes.
MRMS :
o Multi-Radar Multi-Sensor
(MRMS) Quantitative

Precipitation Estimation (QPE),

in situ gauge corrected radar

QPE, hourly over CONUS and

adjacent near ocean, spatial
resolution 0.01 degree.

o0 Collocation spatial radius: FOV

size, average grid values fall
within each FOV.

o Collocation time window: + 30

minutes

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS
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MIRS

Stage IV

One day example: N20 MIRS vs. Stage-IV Rain Rate (mm/h)

MIRS N20 HR Rain Rate (mm/h) 2019-07—15 Des (r4201)

MIRS N20 HR Rain Rate {mm/h) 2018—07-15 Aac {r4201)
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Rain Rate Validation Results: Stage-IV density plot LAND

Land Rain Rate (rmm/h) 20181201-20190228 (¥4201)
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Accuracy: 0.1
Precision: 1.0

POD: 50
FAR: 5
HSS: 0.3
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Rain Rate Validation Results: Stage-IV density plot OCEAN

Ocean Rain Rate (mm/h) 20181201-20190228 (V4201)
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N20 and NPP vs
Dec 2017 — Jun 2019 (5-day average over CONUS)
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AV

Stage-

N20 and NPP vs
Dec 2017 — Jun 2019 (5-day average over CONUS)
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3 One day example: N20 MiRS vs. MRMS Rain Rate (mm/h)

MIRS N20 HR Rain Rate (mm/h) 2019-07—15 Des (r4207) MIRS N20 HR Rain Rate {mm/h) 2019—07-15 Asc (r4201)
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Rain Rate Validation Results: MRMS density plot LAND
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Requirement:
Accuracy: 0.1
Precision: 1.0

POD: 50
FAR: 5
HSS: 0.3
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MRMS Rain Rate {rmm/h)
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MIRS N20 HR Rain Rate (mm/h)
Density of Points

MRMS Rain Rate {mm/h)

MRMS Rain Rate {mm/h)

Rain Rate Validation Results: MRMS density plot OCEAN

Ocean Rain Rate {mm/h) 20181201-20190228 (v4201)
— e e A e T e e

Ocean Rain Rate (mm/h) 20190401-20190531 (V4201)
e T e e

Carrelatlen: 05346
Blax D.0E34404
Std Daw: 04805
Palnts: E04343
Tlope: 03542

Intereapt: 0.00725
RME: O_4%48

Accuracy: 0.06
Precision: 0.49
POD: 80%
FAR: 4%

HSS: 0.40

POD=0.728

FAR=0.043 i
HSS=0.404
| RR_thlr{mm)=O.60
2 4 6 B 10
MIRS N20 HR Rain Rate (mm/h)

Ocean Rain Rate (mm/h) 20180901 -20181130 (\/4201j
— 7T 7T T 7T
Catrelatlen: 05397
Blos: 0.0213006
Std Dav: D.E4ES
Palnts: 1140115
Slope: 03803 1
Intereapt: 001778 -
R 0.6508 Accuracy: 0.08 |

Precision: 0.65 |7
POD: 7% |
FAR: 5% |
HSS: 0.45 H
POD=0.765 i
B rer-0.051 1
HSS=0.446

T

2 4 10

]
MIRS N20 HR Rain Rate (mm/h)
Density of Points

1 10 100 1000 1000
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Requirement:
Accuracy: 0.1
Precision: 1.0

POD: 50
FAR: 5
HSS: 0.3

113




3 Rainfall Rate Validation Based on Stage IV

EDR Attribute Requirements Winter 18-19 Spring 19 (AM) Summer 19 (JJ) Fall 18 (SON) Combined
(DJF)

Land Sea Land Sea Land Sea Land Sea Land Sea
Bias (mm/h) 0.10 0.02 0.08 0.05 0.05 0.03 0.03 0.02 0.05 0.03 0.05
STDV (mm/h) 1.0 0.50 0.62 0.72 0.63 0.78 0.92 0.60 0.80 0.66 0.75
Prob. of Detection 50 65.6 78.0 75.0 79.7 79.1 77.9 73.9 74.8 73.6 78.1
(%)
False Alarm Rate 5.0 5.7 5.7 7.0 3.3 4.1 4.2 5.0 5.3 5.7 4.6
(%)
Heidke Skill Score 0.30 0.44 0.47 0.45 0.55 0.51 0.58 0.49 0.52 0.47 0.54
EDR Attribute Requirements Winter 18-19 Spring 19 (AM) Summer 19 (3J) Fall 18 (SON) Combined

(DJF)

Land Sea Land Sea Land Sea Land Sea Land Sea
Bias (mm/h) 0.10 0.02 0.08 0.05 0.05 0.03 0.04 0.02 0.04 0.03 0.07
STDV (mm/h) 1.0 0.50 0.64 0.72 0.71 0.80 0.92 0.63 0.79 0.66 0.77
Prob. of Detection 50 66.6 79.9 74.4 79.8 78.9 78.8 74.9 74.4 73.7 78.2
(%)
False Alarm Rate 5.0 5.2 55 6.3 3.2 4.1 4.3 5.0 4.7 5.2 4.4
(%)
Heidke Skill Score 0.30 0.47 0.50 0.47 0.59 0.53 0.59 0.50 0.54 0.49 0.56

Meets requirement
Marginal RR threshold for categorical scores: 0.6 mm/hr
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3 Rainfall Rate Validation Based on MRMS

EDR Attribute Requirements Winter 18-19 Spring 19 (AM) Summer 19 (JJ) Fall 18 (SON) Combined
(DJF)

Land Sea Land Sea Land Sea Land Sea Land Sea
Bias (mm/h) 0.10 0.02 0.09 0.07 0.06 0.08 0.08 0.04 0.08 0.05 0.08
STDV (mm/h) 1.0 0.41 0.53 0.63 0.49 0.73 0.65 0.51 0.65 0.57 0.58
Prob. of Detection 50 63.5 74.3 76.7 79.8 80.5 78.3 74.6 76.5 73.8 7.2
(%)
False Alarm Rate 5.0 5.2 6.4 7.4 4.3 5.6 4.4 5.6 5.1 5.6 5.1
(%)
Heidke Skill Score 0.30 0.43 0.34 0.43 0.40 0.37 0.30 0.46 0.45 0.42 0.37
EDR Attribute Requirements Winter 18-19 Spring 19 (AM) Summer 19 (3J) Fall 18 (SON) Combined

(DJF)

Land Sea Land Sea Land Sea Land Sea Land Sea
Bias (mm/h) 0.10 0.03 0.10 0.06 0.07 0.11 0.1 0.04 0.07 0.06 0.09
STDV (mm/h) 1.0 0.43 0.56 0.64 0.58 0.77 0.69 0.53 0.60 0.59 0.61
Prob. of Detection 50 65.8 77.1 76.7 80.1 84.4 80.5 75.1 76.0 75.5 78.4
(%)
False Alarm Rate 5.0 4.9 6.2 6.8 4.2 6.2 4.9 5.6 4.7 5.9 5.0
(%)
Heidke Skill Score 0.30 0.46 0.36 0.46 0.43 0.27 0.22 0.47 0.46 0.42 0.37

Meets requirement
Marginal RR threshold for categorical scores: 0.6 mm/hr
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Requirements and Validation Results:
D Cloud Liquid Water

* Regular collocations with JAXA/GCOM-W AMSR2 (0.25 degree global)
* Also regular daily comparisons with ECMWF analyses.
 Four days of global collocations, ocean only, non-rainy conditons
» Days: 2019-01-09, 2019-04-09, 2019-06-21, 2018-09-09
* Requirements from JPSS-REQ-1004
» All accuracy and precision requirements are met
Date(s) JAXA GCOMW/AMSR2 ECMWF
Geographic Ocean See Bias/ StDev/ Bias/ StDev/
coverage table/figs Accuracy (mm) Precision (mm) Accuracy Precision
Vertical Coverage Single Layer (mm) (mm)
Horizontal Cell Size 15 km at nadir Requirement 0.03 0.08 0.03 0.08
. 2019-01-09 0.004 0.049 -0.010 0.053
Mapping N/A (reflects :
Uncertainty <DR (0.002) (0.040) (-0.010) (0.052)
characteristics) 2019-04-09 0.012 0.048 -0.006 0.054
(0.002) (0.043) (-0.010) (0.052)
Measurement 0.0- 2.0 mm
Range 2019-06-21 0.009 0.050 -0.007 0.054
(0.005) (0.043) (-0.012) (0.053)
Measurement See table
Accuracy 2018-09-09 -0.0001 0.049 -0.014 0.053
(0.003) (0.053) (-0.016) (0.053)
Measurement See table
Precision : Meets requirements except some cases Collocation details:
[ Meets requirements . JAXAAMSR2: collocate to AMSR2 on 25 km grid,

weighted four point interpolation.

« ECMWEF: bilinear interpolation in space and time
from 1 deg lat/lon, 6-hour analyses

Values in () indicates NPP
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NOAA-20 example for one day: 2019-01-09 Descending

NoAA NASA

>
<
9]
A
N

=

90 T t

ated MIRS N2Q/ATMS CLW (mm} 2019-01-0% Des (W4201)
T T T ! ; T T T

T .i

MIRS liocated Jaxs ccom /amsrz o (mm) 2019-01-06 Des (v4201)
! i T

&l Requirement:
50 Accuracy: 0.03
* Precision: 0.08
aa
15 _"'
i
-15
—a0
—45
—60
=70 e B ¥
: : : . : : : . : : =5 : s : : : :
—a0 i I i i I I i i I \ —a0 i i i I i i i I i i
=182 —150 =120 =80 —&0 =30 ) ] 3] a0 120 150 180 =182 —150 =120 =80 —&0 =30 ) ] 3] a0 120 150 180
L] ] L] ]
NoData  QC fail Land 0,00 [sR1s] 0.20 0.30 040 0.50 [8X-14) 070 NoData  QC fail Land 0,00 [sR1s] 0.20 0.30 040 0.50 [8X-14) 070
MIRS — AMSR?2 CLW (rnm) Des 2019—01-09 (r4201)
—_— Chd 08 T T T T T T T T T T T T T T
s I m) 2019-01-05 Des {ré201) | Correlation: 0.775288/ 0.66723
: - : i : Bias: 0.0127146,/ 0.00460143
.y g - Std Dev: 00743336/ 0.051181 A . O 004
E S | Peints: 508691/ 481112 Ccurac . .
Slepe: 0.59011297/ D,?Ieasam oo
06— Intercept: 0.020358714/ 0.021 P " O 051
[}
e
30 L4
<=L
T
16 =
=
o
a )
<
—-15 ZE
—-30
—45
=60
=74 5 )
—30 0.2 0.4 0.6 0.8
-180  —1s0  —-120  —®0  —g0 —30 a 30 &0 G0 120 150 180 MIRS NZJ/ATMS
Density of Points
1 [ . [ . '
NoDlata  OC fail 020 —0.16 —0.12 ~0.08 —0.04 0.00 004 D08 012 018 0.00 h 0 100 1000 10000 100000
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NoAA

NASA

NOAA-20 example for one day: 2019-01-09 Ascending

MIRS

MIRS W20 /ATMS Collocated JAXA GOOMW/AMSRE CLW (mm) 2019—01-09 Ase  {(V4201)
%0 ! ! T ] ! ! ; T ! ‘

5[

—50 i i i i i i i i i i
—18c -150 -120 -90  —80  —30 o 30 80 90 120 150 180

C ] ]

MoData QC fail  Land

MIRS N2

MiRS — AMSR2

90 T T T

=580
—1&0  —150 =120 —ao —&0 =30 k) 30 &0 a0 120 150 180

L1 e

MNoData  QC fail

=020 =016 =012 —0.08 —0.04 000 004 008 012 018 020

JAKA GOOMW/AMSRE Collocated
%0 ] :

) 2014-01-09 Asc {W4201)

75

=75

—80

Requirement:
Accuracy: 0.03
Precision: 0.08

—-180 —150

C ] ]

NoData  QC fail

=120 -8 —B0 =30 il 30 &0 @0 140 1580 180

Land 0.00

o1l 0.20 .30 0.40 0.50 [SX:1s] 070

0.8

DB

JAKA GOOMW/AMSR2

CLW (mm) Asc 2019—D1—09 (r4201)

Correlation: 0.783973/ 0.4
Bios: 0.0101354,/ 0.00387
Std Dew: D.0665550,/ 0.04
Points: 500689/ 477106

Slepe: 0.62858567/ 0.579
Imtercept: 0.014752988, (

RhS: DOE73

Accuracy: 0.004 | |
Precision: 0.047 | _
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NoAA NASA

JBKA GCOMW AMSRZ

JAXA GUOMW/AMSRZ

N20 CLW Validation Results: JAXA AMSR2 Comparison

0.8

0.6

0.8

0.6

CLW (mm) Combined 2019-01-0@ (r4201)
b BSUULESULLE LA

Carrelation: D.?84551/ C.564410 Accuracy. O 004

Bigs: 0.0114353/ 0.00429158
Std Dew: 0.07097130/ 0.0493805 PreCISIOI’l 0 049

Points: 1008320/ 952218

Slope: 0.6083E6B58/ 0.57486764
Imercept: 0.017506725/ 0.018758764
RMS: DO718

0.2 0.4 0.6
MIRE N7OSATMS

CLW [mm) Combined 2019-08—21 (r4201)
T T T T T T T T T I T

Carrelation: D.?BZ?BG/ C.6545806
Bias: 0.0155324/ Q.00857228
Std Dew: D.GGQZ?Q?/ 0.04385189
Paints: 1040115/ 931780
Slope: 0.57481735/ 0.520959267

Accuracy: 0.009
Precision: 0.050

Imercept: 0.0171287684/ 0.0196686232
RMS: D.O709

0.2 0.4 0.4
MIRS W20/ ATMS
Density of Points
I ;
1 i A0 100 D000 1 000

JBKA GCOMW AMSRZ

JAXE GUOMW/AMSRZ

CLW (mm) Combined 2019-04—09 (r4201)
0.8 L — N T

» Carrelation: D.?QESZCI/ 0.591352
Bias: 0.0180830/ Q.0116158

- Std Dew: 0_0659052/ Q.0475859

Paints: 856143/ 825201

Accuracy: 0.012
Precision: 0.048

Slops: D.BO227677/ 0.57044209
Imercept: 0.013881883/ 0.015522837
RMS: D.O8E3

DG

=
s

0.2 [

0.2 0.4 0.6
MIRE N7OSATMS

CLW (mm) Combined 2018-09—02 (r4201)
0.8 L T . — .

» Carrelation: D.BDQZDQ/ 0.590548
Bias: D.GDSSd—ZDS/ —0.00d1 43689
- Std Dew: D_CIG'IBEIEIZ/ Q.0445674
Paints: 1091?93/ 1048126
Slope: 0.60170252/ 0.56441832

Accuracy: -0.0001
Precision: 0.045

o
@
l

Imercept: 0.019369810/ 0.0207 33631
RMS: D.O816

=2
T

0.2 0.4 0.8
MIRS NZQ/ATMS

Density of Points

1 i A0 100 D000 1 000
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Requirement:
Accuracy: 0.03
Precision: 0.08
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NoAA NASA

JBKA GCOMW AMSRZ

JAXA GUOMW/AMSRZ

NPP CLW Validation Results: JAXA AMSR2 Comparison

0.8

0.6

0.4

0.8

0.6

01-08 (r4201)

Carrelation: D.86?954/ 0752525
Biags: 0.00807569/ 000216853

Std Dew: 0_0554455/ 0.0403806
Paints: 995343/ 347865

Slope: 0.65948415/ 0.59897872
Imtercept: 0.01 4985515/’ 0.0174718z248
RMS: 0.O570

CLW [mm) Combined 2019—
—_—

Accuracy: 0.002
Precision: 0.040

0.2 0.4
MIRS NPP/ATMS

Carrelation: D.82953G/ C.712268
Bias: D.CI‘ICISSEZ/ 0.005418B3

Std Dew: D_C|584'IEI3/ 0.0434037
Paints: 828039/ T930E1

Slope: 0.64515531/ 0.57278203
Imtercept: 0.01 4989202/ 0.018517716
RMS: 00533

CLW [mm) Combined 2019—
—_—

06—21 (r4201)

Accuracy: 0.005
Precision: 0.043

0.2 0.4 0.4
MIRS NPP/ATMS
Density of Points
I ;
1 i A0 100 D000 1 000

JBX A CCOMW/AMSRZ

JAX A CCOMW/AMSR2

0.8

DG

Carrelation: D.814419/ 0717163
Bias: D.CIDT-"QCID?'I/ 000235878

Std Dew: 0.059?986/ Q.0434201
Paints: 113?855/ 1092652

Slepe: 0.61186904,/ 0.59016880
Imtercept: 0.01 ?3?’9464/ 0.018114059
RMI: D.O803

CLW [mm) Combined 2019—-04—09 (r4201)
e

Accuracy: 0.002
Precision: 0.043

0.2 0.4

0.8

MIRS NPP/ATMS

0.8

[PNE o

Carrelation: D._.-".'_’S‘IZ‘IZ/ 0607769
Bias: D.GDSd—S?d—?/ 0O0327147

Std Dew: D.GGBSGDQ/ Q.0534868
Paints: 836523/ 5044772

Slepe: 0.60851315/ 0.58700379
Imtercept: 0.01 8991869/ 0.015813734
RMI: D080

CLW [mm) Combined 2018-09—09 (r4201)
T T T T T T T T T I T

Accuracy: 0.003
Precision: 0.053

0.2 0.4

. 0.4
MIRS NPP/ATMS
Censity of Points
I ;
1 IH 100 100 0000
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1 OD0

Requirement:
Accuracy: 0.03
Precision: 0.08
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NOAA-20 example for one day: 2019-01-09 Descending

NoAA NASA

Des (V4112)
T T

=l

75

80 %

RS N20/ATMS CLW () 2019—01-0%
T T T T T

3

r4201)
T

a0

t T T

60
—75
—30 i l i i \ l i i I
180  —150 —120 -80 —-80  —30 a 30 &0 90 150 180
Weato OC fol  Lond T 030 040 050 C6C 070
M) 2019—01-09 Des (
T T T T

T
-~

—180 —150 =120

C 1 ]

HoData QT fail Land

- 1e] —60 —30 il 30
—0.20 —0.12 —0.04

.04

180
012 0.20

?-:. T

bd N20/ATMS CLW (mm) 2013—01-00 Des (V4112)
L o T T T

Requirement:
Accuracy: 0.03
Precision: 0.08

MNoData  QC fail Land 0.00 oA

CLW (mm) Des 2019—01-09 (r4301)

0.8

0.6

ECMWF

o 0.20 0.30 0.40 0.50 080 070

All/Nen—Rainy(dlw<0.275)
Correlation: 0.655760/ 0.62
Bigs: —8.43728e—05/ —0.0
Std Dev: 00789810/ 0.083
Points: 820344/ 786102

Slepe: 043469911/ 0.5962]
Intercept: 0.039307574/ 0.

Accuracy: -0.009
Precision: 0.053

RMS: 0.0789810/ 0.0540196

[l

0.4 0.6 G4
RS MPP/ATMS

Density of Points

1 1k 100
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NOAA-20 example for one day: 2019-01-09 Ascending

NoAA NASA

ECMWF ed NZ0/ATMS CLW {mm) 2019-01-08 Ase (V4112)
T T T T ; T T

S —— g

Requirement:
Accuracy: 0.03
Precision: 0.08

—8a0 —a0
—-180  —180 —120 -8 —B0 =30 il 30 &0 @ 150 150 180 —180 —150  —120 —ac —60 =30 il 30 &0 ) 150 1580 180
Molata Q0 f0il  lond [0 L0 02 030 040 0.50 [eX-14] 070 HoData  QZ fail Land 0.00 SR 1s] 0.20 .30 D40 0.50 [sX:1s) 070

: CLW (mm) Asc Z019-01-0% (r4201
MIRS — ECMWF ) 2019-01-08 Ase (r4201) o8 A”/Nc'm—Réiny(fs‘lwﬂgi?fr))' Sl R )
T T T T T T T T ] T [ Cerrelation: C.651534/ 0.6]

90

| Bios: —0.00206748/ —0.01 Accuracy -0012 I

Std Dev: 0.0816354/ 0.050
- Points: 828665, 735452 r . . n: H
| Slope: 0.42112861/ 0.6348 P O 050 1
DB ntercept: 0.037266807/ 0. ecision: .
| RMS: 0.0818616, 0.05169%m 1

ECMWF

j : : d : ] ) | . L L . . . . . .
' : i : ; : 5 : f : : 0.2 0.4 0.6 0.8
—8a 1 1 i 1 1 1 E 1 1 |
=180 =130 =120 =80 —EB0 =30 a 30 &0 |0 120 150 180 MIRS NPP/ATMS
Density of Points
NoData QC fail  Land =020 —0.12 —0.04 .04 i 020 1 1k 100 100 0000 1000
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NoAA NASA

ECMWF

ECMWF

B

0.6

0.4

0.8

0.6

CLw (mm) Combmed 2019 01-0%9 [r4201)

All/Non—Rainy(dlw<0.275)
Correlation: 0.642315/ 0614735
Bing: 0.O0OB43877/ —0.00970811
Std Dev: 0.0841847/ 0.0529467
Points: 165588%/ 1583522

Accuracy: -0.0097
Precision: 0.053

Slepe: 0.40427192/ 0583903780
Intercept: 0.039352757/ 0030306356
RMS: 0.0841889/ 0.05382%3

LT
. .-\-l-
2 -
= ]

.$__

-'

- .-

0.2 0.4 0.8

WIDT KA SATHE

CLW (mm) Combmed 2019 06 21 (r4201)
: —

AL/ Nan—Rainy(clw<0.275)"
Correlation: 0.616284/ 0682010
Bins: 0.00349935/ —DODETFEITE
Std Dev: (L0BEE217/ (0543225
Paints: 1606214/ 1541363

Accuracy: -0.007
Precision: 0.054

Slepe: 0.36425698/ 052295083
Intereept: 0.042843422/ 0033921819
RMS: 0.0856831,/ 0.0547406

MRS NZO/ATMS
Censity of Points

1 IH 100 100 0000

1 OD0

ECMWF

ECMWF

0.8

0.6

0.8

0.6

N20 CLW Validation Results: ECMWF Comparison

CLW (mm) Combined 2019 04—-09 (r4201)

All/Non—Rainy(clw<0.275) ' Accuracy: -0.006
u y: -U.

Carrelation: C. 622/185/ 0615320

Bias: 0.00348983/ —0.00611498 . ]
Std Dev: 0.0837815/ 0.0538655 Precision: 0.054
Points: 1607971/ 1544785 .
Slope: 0.33764318, 0.58537388

Intercept; 0.038902284/ 0.028395272
RMS: 0.0828543,/ 0.0542115 1

WD RO S AThAD

Accuracy: -0.014
Precision: 0.053

CLW (mm) Comblned 2018 09 09 (r4201)
—

Al Nen—Rainy(clw<a 275)

Carrelation: 0.61749%/ 0601885
Bins: —0.QDGE2048, —0.0143595

Std Dev: (L0781116/ 0.0533959
Painta: 1522119/ 1565104

Slope: 040821017/ 058748958
Intercept: 0.043488140,/ 0.035057502
RMS: 00783282/ 0.0552930 -

0.2 0.4 0.6 [ER]
MIRS NZJ/ATMS

Density of Points

1 i 100 1002 D00 1 OO0
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Requirement:
Accuracy: 0.03
Precision: 0.08
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NoAA

NASA

NPP CLW Validation Results: ECMWF Comparison

0.8

0.6

ECMWF

0.8

0.6

ECMWF

CLW (mm) Combined 2019 01-089 (r4201)

Al Nan—Rainy(dw<0 275) ' Accuracy: -0.011

Correlation: 0.654200/ 0622925

Bias: —0.00106105, —0.0105964 L 1
Std Dev: 0.0803319,/ 0.0517927 Precision: 0.052
Puints: 1649208, 1581554 .
Slope: 0.42824337/ 0.61475344

Intercept: 0.038287296, 0.029410600
RMS: 0.0803391, 0.0528655 -

hAIR= I\IDD FATHS

CLW (mm) Combined 2019 06 21 (r4201)

AL/ Nan—Rainy(clw<0.275)" ' —
Correlation: 0.618523,/ 0.588591 Accuracy: -0.012 | 7

Bios: —0.00268097,/ —0.0118102
Std Dev: 0.0805650, 0.0532230 Precision: 0.053

Pointa: 1592008/ 1532544 b
Slepe: 039416872/ 0564958626

Intereept: 0.043173927/ 0.034555487
RMS: 0.0808096,/ 0.0545176 B

MIRS NPF’/ATMS
Censity of Points

1 IH 100 100 0000 1 OD0

EGMWF

ECMWF

0.8

0.6

0.8

0.6

cLw (mm) Combined 2019 04—0% (r4201)

All/Non—Rairy(dlw=0.275)" I | Accurac 0.010
u y: -U.

Carralation: C. 6391,2;]/ 0623021
Bios: —0.00182118/ —0.00592470 g
Precision: 0.052

Std Dev: 00756653/ 0.0520113

Points: 1632684,/ 1575720

Slope: 043429454/ 0.62315800%
Intercept: 0.037957757,/ 0.029202355
RMS: 0.0756873/ 0.0529457

Requirement:
Accuracy: 0.03
Precision: 0.08

kRS I\IDD FATHS

cLw (mm) Combined 2018 09 09 (r4201)

Al Non—Rainy(dw=alz75) —
Correlation: C.BDE743/ 0.H98123 Accuracy: -0.016

Bios: —0.00766286/ —0.0155285
Std Dev: 0.0763107/ 0.0533768 Precision: 0.053

Peoints: 1613017/ 1560446

Slepe: 042082172/ 0.60750233
Intercept: 0.043871707/ 0.035162031
RMS: 0.0766964,/ 0.0555896

0.2 0.4 0.8
MIRS NPR/ATMS

Density of Points

1 i A0 100 D000 1 000
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:) Error Budget: T, WV, TPW, LSE, LST, SIC, SWE, SCE, RR, CLW

Attribute L1RD Threshold Analysis/Validation Error Summary Support
Analyzed | Accuracy/Precision Result Artifacts

T Profile See Slides 17-46 Meets all requirements  See Slides 17-46
WV Profile  See Slides 47-66 Meets all requirements  See Slides 47-66
TPW See Slides 67-75 Meets all requirements  See Slides 67-75
LSE See Slides 76-82 Meets all requirements  See Slides 76-82
LST See Slides 83-87 Meets all requirements  See Slides 83-87
SIC See Slides 88-96 Meets all requirements  See Slides 88-96
SWE/SCE See Slides 97-104 Meets all requirements  See Slides 97-104
RR See Slides 105-115  Meets all requirements  See Slides 105-115
CLW See Slides 116-124  Meets all requirements  See Slides 116-124
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NOAA DNASA

MIRS

MiRS

MIRS

TPW

SFR

User Feedback:
RR, TPW, SFR (Bryan Caffrey, Juneau WFO)

Algorithm User Feedback

Rain Rate .

Provides great situational awareness with good spatial scale, esp with approaching
weather fronts over Pacific and radar void AK.

Used as assessment of model performance.

Many passes so good information on time evolution and how extreme rainfall is.

Provides much better high-res images of TPW for analysis of atmospheric rivers in
tandem with other TPW products. Frequent passes a big plus.

Very helpful for snow vs. rain discrimination.
Has been used to generate and/or cancel storm warnings.
Identifying/predicting melt/evaporative cooling snow events. (example slide).

Note: Original comments collected by Carl Dierking at U. Alaska/GINA
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J User Feedback: SFR, Case of changeover from rain to snow due to

falling snow melt/evaporative cooling on 11 Dec 2018

NASA

Rain to snow event
Snow liquid equivalent between
0.05 and 0.10 indicated by SFR
product.
PAJN (Juneau) recorded hourly
precip of 0.10” at 21537
For melt cooling effect, a few good
rules of thumb:
Light near-surface wind
(check!)
Surface warm layer 1000ft or
less (check!)
Precipitation rates between
0.05” and 0.1”/hr (check!)
SFR product seems to be a useful
tool in this case to help
anticipate/confirm that melt
cooling will/may be occurring and
could continue for a few hours

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS 127



:) User Feedback:
RR (Dave Streubel, Alaska Pacific RFC, Anchorage)

Algorithm User Feedback
MIRS Rain Rate =

Very useful especially where gauge measurements are sparse.

Better situational awareness on precipitation spatial extent in NW and interior AK.
Depiction of banded precipitation not seen in gauge analysis (Mountain Mapper

QPE).

Note: Original comments collected by Carl Dierking at U. Alaska/GINA
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Downstream Product Feedback:
:) Blended TPW, RR, Advected LPW (J. Forsythe, CSU/CIRA)

Algorithm Product Downstream Product Feedback
- Reports from downstream product teams on the dependencies and impacts

Operational Blended * NOAA-20 MiRS TPW retrieval performance comparable to S-NPP, results
TPW / Operational presented in May 2019 at N-20 ORR. N-20 included in operational products
Blended Rain Rate beginning June 2019

* N-20 reduces the overall latency of the product, and greatly reduces cases where
the newest data in the blend is > 4 hours old. (example slide)

Advected LPW (ALPW)* N-20 greatly helps fill missing data gaps which sometime occur over CONUS at 0
*Not operational, but and 12 UTC. The wide ATMS swath helps.

NWS (WPC) has Visual quality seems similar to the other spacecraft (N-19,SNPP, F17/18,Metop-
submitted the SPSRB A/B)

request to make it CIRA distributing hourly to WPC, NHC and 23 WFO’s in AWIPS-2. Frequently

operational. used in discussions, especially for heavy precip.
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Blended TPW

Downstream Product Feedback
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3 Risks, Actions, and Mitigations

Identified Description Impact Action/Mitigation and
Risk Schedule

None Identified
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3 Documentation

Science Maturity Check List Yes ?
Readme for Data Product Users Yes
Algorithm Theoretical Basis Document (ATBD) Yes
Algorithm Calibration/Validation Plan Yes
(External/Internal) Users Manual Yes
System Maintenance Manual (for ESPC products) Yes
Yes
Gitro et al. (2018)
Peer Reviewed Publications Liu et al. (2017)
(Demonstrates algorithm is independently reviewed) Ferrraro et al. (2017)
Boukabara et al. (2011, 2013)
lturbide-Sanchez et al. (2011)
Regular Validation Reports (at least annually) In brogress
(Demonstrates long-term performance of the algorithm) prog

ATBD, External/Internal Users Manual, System Maintenance Manual available
upon request, and as part of DAP
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3 Check List - Validated Maturity

Validated Maturity End State

Product performance has been demonstrated over a  YeS. See slides 16-124.
large and wide range of representative conditions
(i.e., global, seasonal).

Comprehensive documentation of product Yes. See slide 132
performance exists that includes all known product

anomalies and their recommended remediation

strategies for a full range of retrieval conditions and

severity level.

Product analyses are sufficient for full qualitative and ~ Y€S- See slides 16-130.

quantitative determination of product fithess-for-

purpose.

Yes. See User Feedback and
Product is ready for operational use based on Downstream Products
documented validation findings and user feedback. Feedback slides 126-130.

Product validation, quality assurance, and algorithm ~ Yes. See planned activities
stewardship continue through the lifetime of the slide 135.
instrument
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3 Conclusion

« Validation review results summary:

— Temperature, Water Vapor, TPW, LST, LSE, Sea Ice Concentration, Snow Cover, SWE,
Rain Rate, and CLW have been validated using in situ observations, independent
satellite products, and global forecast model analyses.

— Performance has been evaluated in STAR over more than one annual cycle, globally,
over land and ocean, and in clear, cloudy, and rainy conditions.

— EDRSs generally meet all requirements for accuracy, precision and categorical scores
(with a few exceptions).

— Performance highly consistent with SNPP validation results for same time periods.
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3 Path Forward

* Improvements implemented
— Snowfall rate integration for N20
— Hydrometeors (CLW over land for light rain detection)
— Snow cover/amount (vegetation correction)
— Updated sea ice climatology mask (finer temporal/spatial resolution) =» Great Lakes ice detection

* Planned further improvements
— Air mass-dependent bias corrections (machine learning)
— Rainy condition sounding (update a priori constraints)
— Experimenting with MiRS version adapted for tropical cyclones (MIRS-TC)
— Hydrometeors: precharacterization of precip type, improvements to CRTM i.e. scattering, particle
size/shape distribution in CRTM)
— Applications/user feedback

* Planned/ongoing validation activities

— N20/ATMS: Continued daily assessments (as posted to MIRS website)

— N20/ATMS: Continue to leverage NPROVS tool to characterize performance for specific surface,
seasonal, regional, and/or atmospheric conditions. E.g. rainy sounding and methods for improving

— Assessment of recalibrated SDRs: used 3 days to generate radiometric bias corrections, compared
performance on single independent day of global data, no significant differences.

— Reprocessing of NPP and N20 mission data (Spring/Summer 2020)

— Plan for JPSS-2 (2020-2021), and EPS-SG (2019-2022)
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D Science Improvement Examples: TC Warm Core Structure

Hurricane Dorian, 1 September 2019

MIRS N20/ATMS Rain Rate {mm/hr) 2019—08—01 Des (r4201)

~ -

MIRS M20/ATMS Rain Rate (mm/hr) 2019—-09-01 Aac (r4201)
T T -'-E';.- T T T T
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Science Improvement Examples: TC Warm Core Structure

Hurricane Dorian, 1 September 2019
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Science Improvement Examples:
3 Dynamic radiometric bias correction using Al

« Example of Temperature profile bias and standard deviation (difference with ECMWF)
* Blue and orange curves show potential for improvement when using an air mass bias-based bias
correction using a machine learning (neural network) approach compared with the operational static

bias correction (black curves)

AllCond. MiRS NPP/ATMS Temp. Mean Bias Vert. Ocean. 2018-10-20 AllCond. MiRS NPP/ATMS Temp. 5tdv Vert. Ocean. 2018-10-20
102 102 .
— static
— realTBbias(fwdCloudOn)
—— TBhias_NN NoCLW
----- TBhias_NN CLWinput
1 — static
1 —— realTBbias{fwdCloudOn)
1 —— TBbias_NN NoCLW
107 1 - TBbias_NN CLWinput 107 |
—=2.0 —1|.5 —ll.D —6.5 0.0 0.5 l.ICI l.|5 2.0 1.00 l.|25 l.:':-() l.lf'5 2.:{}0 2.|25 2.|50 2.IT-‘5 3.00
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3 Supplemental Slides
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NOAA QNASA

N20

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

NPP

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

Temperature Profile Validation based on ECMWF data

100 hPa
(0.5 K)

0.14/0.21
0.08/0.18

-0.18/-0.15

0.18/0.18

-0.81/-0.81
-0.21/-0.21

Accuracy (asc/des) Precision (asc/des)

100 hPa
(0.5 K)

0.34/0.38
0.26/0.36
0.01/0.02
0.37/0.32

-0.62/-0.57

0.05/-0.09

300 hPa
(0.5 K)

-0.12/-0.10

-0.02/0.04
0.16/0.18
0.13/0.03
0.59/0.63
0.59/0.60

300 hPa
(0.5 K)

0.35/0.37
0.46/0.49
0.63/0.71
0.53/0.46
1.06/1.07
0.62/0.65

Clear Sea Scenes

500 hPa
(0.5K)

-0.40/-0.40
-0.45/-0.39
-0.62/-0.57
-0.34/-0.25
-0.71/-0.68
-0.53/-0.51

500 hPa
(0.5K)

-0.25/-0.18
-0.34/-0.24
-0.42/-0.40
-0.13/-0.08
-0.59/-0.48
-0.30/-0.24

900 hPa
(1.5K)

0.38/0.41
0.59/0.46
0.45/0.32
0.52/0.46
0.75/0.64
0.69/0.62

900 hPa
(1.5K)

0.65/0.53
0.74/0.57
0.50/0.42
0.71/0.58
0.84/0.74
0.84/0.72

100 hPa
(2.0K)

1.57/1.57
1.55/1.57
1.36/1.37
1.50/1.41
1.71/1.70
1.64/1.59

100 hPa
(2.0K)

1.54/1.52
1.62/1.60
1.41/1.44
1.55/1.46
1.72/1.82
1.68/1.60

300 hPa
(2.0K)

1.71/1.63
1.64/1.57
1.40/1.49
1.47/1.47
1.61/1.58
1.39/1.47

300 hPa
(2.0K)

1.65/1.60
1.70/1.68
1.44/1.54
1.52/1.58
1.67/1.62
1.49/ 1.53

500 hPa
(2.0K)

1.33/1.24
1.21/1.17
1.35/1.36
1.25/1.24
1.35/1.35
1.27/1.28

500 hPa
(2.0K)

1.27/1.26
1.22/1.23
1.38/1.39
1.28/1.26
1.37/1.34
1.28/1.24

Accuracy (asc/des) Precision (asc/des)

900 hPa
(3.0 K)

1.84/1.84
1.88/1.80
1.99/1.84
1.85/1.75
1.85/1.85
1.85/1.80

900 hPa
(3.0 K)

1.86/1.81
1.89/1.81
2.01/1.93
1.85/1.80
1.92/1.91
1.91/1.86

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%

Note: results stratified by asc/des, but requirements are for combined passes

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS

140



NOAA QNASA

N20
Plreevseslugie 100 hPa 300 hPa 500 hPa 900 hPa 100 hPa 300 hPa 500 hPa 900 hPa
Requirement (0.8 K) (0.8 K) (0.8 K) (2.0 K) (2.0 K) (2.5 K) (2.0 K) (3.0K)
2018.01.15 -0.13/-0.08 -0.47/-0.38 -0.51/-0.50 0.48/0.67 156/154 1.96/1.91 1.60/1.50 2.21/2.30
2018.04.15 -0.20/-0.19 0.02/0.02 -0.71/-0.63 1.13/1.20 157/161 2.15/1.96 1.56/1.55 2.36/2.35
2018.07.15 0.06/-0.10 -0.02/0.10 -0.59/-0.64 1.07/1.01 156/1.55 1.61/156 1.48/1.49  2.38/2.40
2018.10.15 0.00/-0.01 0.13/0.24 -051/-0.47 0.79/0.81 159/1.45 1.77/166 153/1.43 2.33/2.20
2019.01.15 -0.27/-0.29 0.18/0.22 -0.94/-092 1.10/1.24 170/1.60 2.07/2.06 1.52/150 2.14/2.09
2019.04.15 -0.30/-0.43 0.26/0.38 -0.48/-051 1.20/1.23 154/1.48 1.86/1.86 1.46/1.43 2.18/2.14
NPP
F’Ire";f'eﬁ“g:e 100 hPa 300 hPa 500 hPa 900 hPa 100 hPa 300 hPa 500 hPa 900 hPa
Requirement (0.8 K) (0.8 K) (0.8 K) (2.0 K) (2.0 K) (2.5 K) (2.0 K) (3.0K)
2018.01.15 -0.04/0.06 -0.30/-0.15 -0.21/-023 0.72/0.88 1.63/153 1.95/1.96 1.54/156 2.22/2.27
2018.04.15 -0.02/-0.03 0.37/0.39 -050/-0.42 1.25/1.29 1.63/1.63 2.25/202 1.62/155 2.34/2.32
2018.07.15 0.30/0.10 0.36/0.46 -0.29/-039 1.11/1.05 167/1.65 1.65/162 154/1.49 2.38/2.36
2018.10.15 0.16/0.13  0.48/058 -0.27/-027 0.86/0.96 163/1.51 0.48/1.74 153/1.45 2.31/2.26
2019.01.15 -0.12/-0.11 0.46 / 0.56 -0.71/-0.70 1.17/1.36 1.76 /1.71 2.10/2.11 1.53/1.54 2.09/2.10
2019.04.15 -0.08/-0.21 0.26/0.43 -0.20/-023 1.26/1.26 1.60/1.54 1.95/1.95 151/1.43 2.20/2.16

Temperature Profile Validation based on ECMWF data

Cloudy Sea Scenes

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%

Note: results stratified by asc/des, but requirements are for combined passes
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NOAA QNASA

N20
F’Iressure 100 hPa 300 hPa 500 hPa 900 hPa 100 hPa 300 hPa 500 hPa 900 hPa
evel &
Requirement (1.5 K) (1.5 K) (2.0 K) (2.0 K) (2.5 K) (2.5 K) (2.5 K) (3.5 K)
2018.01.15 -0.33/-0.21 -0.36/-0.31 0.85/0.57 0.76/0.87 172/1.63 1.88/1.81 211/211 2.49/2.59
2018.04.15 -0.49/-0.43 -0.16/-0.11 056/0.40 1.33/1.17 1.68/1.78 1.70/156 2.10/2.13  2.88/2.85
2018.07.15 -0.50/-0.52 0.09/0.22 0.41/0.36 0.78/0.80 153/1.50 156/159 1.91/1.96  2.18/2.23
2018.10.15 -0.58/-0.65 0.08/0.09 0.48/0.38 1.10/0.80 1.48/1.47 156/156 2.05/2.01 2.85/2.62
2019.01.15 -1.19/-1.03 0.27/0.45 058/0.37 0.30/0.30 1.62/1.60 1.69/161 1.91/1.98  2.47/2.59
2019.04.15 -0.42/-0.36 0.24/0.48 0.60/0.47 121/099 158/152 1.72/178 2.09/2.01 2.81/2.50
NPP
F’Ig’feﬁ“g:e 100 hPa 300 hPa 500 hPa 900 hPa 100 hPa 300 hPa 500 hPa 900 hPa
Requirement (1.5 K) (1.5 K) (2.0 K) (2.0 K) (2.5 K) (2.5 K) (2.5 K) (3.5 K)
2018.01.15 -0.33/-0.13 -0.03/0.03 1.11/0.86 1.10/0.97 191/1.85 1.81/1.94 211/2.02 2.62/2.50
2018.04.15 -0.42/-0.21 0.13/0.24 060/0.60 1.63/1.40 1.72/168 1.74/1.60 2.01/2.12 2.79/2.80
2018.07.15 -0.32/-0.20 0.40/054 059/051 0.90/0.83 160/1.64 152/157 1.80/1.93 1.94/2.11
2018.10.15 -0.43/-0.61 0.36/0.40 0.69/0.58 1.21/1.08 1.49/1.49 157/162 1.98/2.00 2.63/2.55
2019.01.15 -0.94/-091 0.69/0.76 0.82/0.63 0.28/050 159/1.69 1.56/1.60 1.85/1.89 2.24/2.42
2019.04.15 -0.29/-0.14 0.34/054 0.75/0.69 1.23/1.03 162/157 1.75/1.78 2.07/1.98 2.70/2.37

Temperature Profile Validation based on ECMWF data

Rainy Sea Scenes

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%

Note: results stratified by asc/des, but requirements are for combined passes
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NOAA QNASA

N20
F’gf;“ée 100 hPa 300 hPa 500 hPa 900 hPa 100 hPa 300 hPa 500 hPa 900 hPa
Requirement (1.0K) (0.8 K) (0.5 K) (2.5 K) (2.0K) (2.0K) (2.5 K) (5.5 K)
2018.01.15 0.28/0.06  0.26/0.27 -0.42/-029 0.07/-031 1.81/1.76 1.78/172 1.41/1.36 2.75/2.49
2018.04.15 -0.07/-0.28 0.05/0.08 -0.38/-0.27 0.15/-0.25 2.10/2.04 1.90/1.76 156/158 3.25/2.68
2018.07.15 0.16/0.09 -0.15/0.09 -0.28/-0.27 -0.25/-0.80 1.25/1.24 1.38/1.32 1.51/1.52  2.50/2.40
2018.10.15 -0.07/0.05 -0.05/0.06 -0.21/-0.18 -0.48/-0.58 150/1.51 1.46/1.31 147/1.40 2.68/2.65
2019.01.15 -1.21/-1.31 059/0.68 -0.31/-020 -0.76/-1.22 1.71/1.65 1.72/1.77 1.66/1.66 3.05/3.13
2019.04.15 -0.47/-0.73 0.45/058 -0.39/-0.26 0.05/-0.40 1.80/1.72 151/153 154/1.44 3.28/3.15
NPP
F’Ire"fej“ée 100 hPa 300 hPa 500 hPa 900 hPa 100 hPa 300 hPa 500 hPa 900 hPa
Requirement (1.0K) (0.8 K) (0.5 K) (2.5 K) (2.0K) (2.0K) (2.5 K) (5.5 K)
2018.01.15 0.53/0.38 0.55/0.70 -0.03/-0.04 -0.21/-0.49 159/1.67 1.72/1.74 1.62/150 2.63/2.65
2018.04.15 0.09/-0.15 052/055 -0.15/-0.04 0.28/-0.17 2.14/2.09 1.89/1.79 155/156 3.32/2.70
2018.07.15 0.25/0.15 0.41/056 0.04/-0.15 -0.47/-0.69 1.29/1.30 1.45/1.38 154/1.46 2.65/2.42
2018.10.15 0.22/0.16 0.36/0.43 0.11/0.11 -050/-0.65 158/157 156/1.45 153/153 2.88/2.75
2019.01.15 -1.07/-1.09 1.03/1.09 -0.06/0.01 -0.67/-1.00 1.77/173 179/1.85 1.61/161 2.89/2.97
2019.04.15 -0.32/-0.46 055/0.68 -0.17/-0.12 0.12/-0.32 1.85/1.76 1.47/156 151/1.39  3.31/3.33

Temperature Profile Validation based on ECMWF data

Clear Land Scenes

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%

Note: results stratified by asc/des, but requirements are for combined passes
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NOAA QNASA

N20

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

NPP

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

Temperature Profile Validation based on ECMWF data

Accuracy (asc/des) Precision (asc/des)

100 hPa
(1.0 K)

0.61/0.51
-0.09/0.07

0.30/0.22
0.46/0.47
-0.60/-1.00
-0.36/-0.26

Accuracy (asc/des) Precision (asc/des)

100 hPa
(1.0 K)

0.93/0.86
-0.30/-0.33
0.48/0.37
0.62/0.62
-0.54 /-0.66
-0.40/-0.26

300 hPa
(0.8 K)

-0.20/0.01
0.06/0.18
-0.09/0.07

-0.15/-0.03

-0.53/0.54
0.61/0.81

300 hPa
(0.8 K)

0.23/0.59
0.51/0.67
0.44/0.48
0.49/0.40
0.98/1.22
0.75/0.92

Cloudy Land Scenes

500 hPa
(0.5K)

-0.09/0.07
-0.26/-0.23
-0.42/-0.48
-0.32/-0.23
-0.62/-0.20
-0.41/-0.44

500 hPa
(0.5K)

0.51/0.62

0.05/0.01
-0.10/-0.26
-0.10/0.03
-0.10/0.17
-0.16/-0.20

900 hPa
(2.5 K)

-0.20/-0.38
0.31/0.38

-0.18/-0.13
0.25/0.55

-0.47/-0.74
0.05/0.56

900 hPa
(2.5 K)

-1.10/-1.19
0.22/0.40
-0.24/-0.12
0.08/0.61
-0.66 /-0.96
0.20/0.64

100 hPa
(2.0K)

1.97/1.85
1.38/1.43
1.26/1.25
1.78/1.78
1.40/1.48
1.77/1.71

100 hPa
(2.0K)

1.67/1.63
2.26/2.24
1.27/1.32
1.84/1.91
1.46/1.51
1.77/1.84

300 hPa
(2.0K)

1.80/1.73
1.73/1.57
1.59/1.56
2.03/1.98
1.46/1.34
1.36/1.35

300 hPa
(2.0K)

1.58/1.78
1.82/1.63
1.64/1.69
1.99/2.02
1.40/1.50
1.32/1.41

500 hPa
(2.5K)

1.38/1.43
1.36/1.29
1.28/1.34
1.57/1.57
1.69/1.65
1.46/1.47

500 hPa
(2.5K)

1.52/1.38
1.42/1.40
1.32/1.36
1.56/1.62
1.69/1.70
1.50/1.51

900 hPa
(5.5 K)

2.7812.76
3.45/3.46
2.52/2.80
3.40/3.28
2.4312.99
3.10/3.26

900 hPa
(5.5 K)

3421271
3.21/3.24
2.60/2.80
3.52/3.63
2.40/2.88
3.25/3.47

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%

Note: results stratified by asc/des, but requirements are for combined passes
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NOAA QNASA

N20
Plf;ljugie 100 hPa 300 hPa 500 hPa 900 hPa 100 hPa 300 hPa 500 hPa 900 hPa
Requirement (1.5 K) (1.0 K) (1.0 K) (2.5 K) (2.5 K) (2.5 K) (3.0K) (5.5 K)
2018.01.15 0.07/-0.23 -0.42/-0.12 0.85/1.06 0.62/-004 2.15/166 1.81/1.61 1.68/1.93 4.34/2.74
2018.04.15 -1.14/-1.82 -0.12/-023 0.01/0.22 083/1.13 2.48/2.48 1.98/184 2.03/1.85 3.91/3.59
2018.07.15 -0.33/-0.75 0.06/0.04 0.43/0.61 -0.26/-020 1.26/1.31 1.87/1.90 1.70/1.70 2.71/2.86
2018.10.15 0.07/-0.26 0.43/0.17 059/0.38 0.38/0.96 1.87/1.98 2.12/190 2.06/2.11 3.54/4.01
2019.01.15 -154/-1.89 0.22/0.35 0.12/0.99 -0.72/-091 152/1.36 1.63/154 1.90/2.03 2.80/3.48
2019.04.15 -1.21/-1.72 0.19/0.01 -0.30/-033 0.72/1.42 1.82/1.80 1.96/1.97 1.99/1.80 3.36/3.54
NPP
Plreff;“g:e 100 hPa 300 hPa 500 hPa 900 hPa 100 hPa 300 hPa 500 hPa 900 hPa
Requirement (1.5 K) (1.0 K) (1.0 K) (2.5 K) (2.5 K) (2.5 K) (3.0K) (5.5 K)
2018.01.15 0.66/0.30 -0.42/0.40 1.16/1.06 0.39/0.30 1.99/1.87 2.02/187 1.76/1.91 525/4.36
2018.04.15 -1.16/-1.56 0.43/0.44 031/0.39 0.79/1.05 2.49/239 1.95/1.86 1.99/1.86 3.58/3.66
2018.07.15 -0.22/-0.53 0.43/0.40 0.64/0.73 -0.15/-0.10 1.29/1.34 1.89/1.92 1.71/1.70 2.66/2.77
2018.10.15 0.20/-0.13 0.91/0.69 0.84/0.79 0.08/058 1.80/2.04 1.97/1.89 1.97/2.06  3.09/3.67
2019.01.15 -1.29/-1.62 053/0.72 0.73/1.19 -051/-0.78 1.42/1.49 162/159 1.76/1.86 2.73/3.41
2019.04.15 -1.24/-1.32 0.44/0.39 005/-0.07 058/1.23 1.71/1.77 1.85/1.92 1.97/1.77 3.51/3.28

Temperature Profile Validation based on ECMWF data

Rainy Land Scenes

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%

Note: results stratified by asc/des, but requirements are for combined passes
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:) TPW (mm) comparison NOAA-20/(NPP) vs. radiosonde

N20 Accuracy (mm)

. Land clear Land cloudy Sea clear Sea cloudy Land clear Land cloudy Sea clear Sea cloudy
Requirement

(2.5 mm) (2.5 mm) (1.5 mm) (0.5 mm) (5.5 mm) (5.5 mm) (2.5 mm) (2.5 mm)
2018.01.15 -0.90 -2.50 -1.90 -2.10 3.80 4.30 3.80 4.60
2018.04.15 -0.10 -1.70 -1.50 -2.20 3.80 5.20 3.90 4.60
2018.07.15 -1.80 -2.40 -1.50 -2.10 4.20 5.80 3.40 3.90
2018.10.15 -1.50 -2.50 -1.20 -2.10 3.80 5.10 3.00 4.00
2019.01.15 0.60 -2.00 -1.40 -1.80 3.80 4.30 3.90 4.30

2019.04.15

NPP Accuracy (mm)

. Land clear Land cloudy Sea clear Sea cloudy Land clear Land cloudy Sea clear Sea cloudy
Requirement

(2.5 mm) (2.5 mm) (2.5 mm) (0.5 mm) (5.5 mm) (5.5 mm) (2.5 mm) (2.5 mm)
2018.01.15 -1.00 -3.10 -1.20 -2.10 4.10 4.90 4.20 4.60
2018.04.15 -1.00 -2.20 -1.50 -2.20 3.80 5.50 4.10 4.30
2018.07.15 -2.20 -2.60 -1.20 -2.10 4.80 6.10 3.40 4.00
2018.10.15 2.20 -3.20 -1.20 -2.10 3.90 5.20 3.00 4.10
2019.01.15 1.80 -2.20 -1.30 -1.90 4.00 4.20 3.90 4.20

2019.04.15

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%
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NOAA QNASA

N20

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

NPP

Pressure
level &
Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

Water Vapor Profile Validation based on ECMWF data

Accuracy (asc/des) Precision (asc/des)

400 hPa
(30 %)
1.0/1.0
4.0/2.0
3.0/5.0
7.0/8.0
1.0/2.0
6.0/4.0

Accuracy (asc/des) Precision (asc/des)

400 hPa
(30 %)
-2.0/0.0
-1.0/2.0
3.0/5.0
5.0/7.0
-1.0/4.0
7.0/7.0

500 hPa
(20 %)
7.0/6.0
9.0/9.0
8.0/6.0
6.0/7.0
6.0/6.0
6.0/5.0

500 hPa
(20 %)
3.0/3.0
2.0/6.0
2.0/3.0
3.0/3.0
3.0/7.0
6.0/4.0

Clear Sea Scenes

700 hPa
(20 %)
11.0/10.0
8.0/8.0
11.0/10.0
13.0/12.0
11.0/10.0
10.0/11.0

700 hPa
(20 %)
9.0/11.0
8.0/7.0
9.0/9.0
12.0/13.0
8.0/9.0
12.0/12.0

900 hPa
(20 %)
0.0/0.0
0.0/1.0
-1.0/-1.0
2.0/-1.0
-2.0/-1.0
-1.0/-1.0

900 hPa
(20 %)
0.0/0.0
0.0/1.0
0.0/0.0
-1.0/-1.0
-1.0/-1.0
0.0/-1.0

400 hPa
(60 %)
51.0/48.0
50.0 / 44.0
46.0/47.0
50.0/ 48.0
49.0/47.0
56.0/52.0

400 hPa
(60 %)
51.0/51.0
47.0/48.0
49.0/50.0
51.0/51.0
50.0/51.0
56.0/57.0

500 hPa
(60 %)
48.0/48.0
46.0/ 44.0
40.0/ 41.0
44.0/ 43.0
47.0/45.0
51.0/ 47.0

500 hPa
(60 %)
50.0/53.0
46.0/46.0
43.0/41.0
46.0/43.0
49.0/49.0
54.0/49.0

700 hPa
(50 %)
35.0/36.0
34.0/32.0
31.0/29.0
33.0/32.0
34.0/32.0
35.0/34.0

700 hPa
(50 %)
37.0/38.0
35.0/33.0
30.0/30.0
33.0/32.0
34.0/31.0
36.0/34.0

900 hPa
(30 %)
15.0/14.0
13.0/14.0
13.0/12.0
13.0/13.0
13.0/14.0
14.0/13.0

900 hPa
(30 %)
14.0/17.0
13.0/13.0
13.0/12.0
13.0/13.0
14.0/13.0
14.0/13.0

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%

Note: results stratified by asc/des, but requirements are for combined passes

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS

147



NOAA QNASA

N20
Plreevseslugie 400 hPa 500 hPa 700 hPa 900 hPa 400 hPa 500 hPa 700 hPa 900 hPa
Requirement (30 %) (20 %) (20 %) (20 %) (60 %) (60 %) (50 %) (50 %)
2018.01.15  6.0/8.0 13.0/9.0 2.0/6.0 3.0/-20 52.0/51.0 56.0/480 38.0/38.0 28.0/24.0
2018.04.15 0.0/110  16.0/17.0  -3.0/-7.0 3.0/-20 51.0/53.0 50.0/49.0 31.0/29.0 25.0/20.0
2018.07.15  10.0/7.0 11.0/9.0 -2.0/-2.0 1.0/-3.0  47.0/48.0  40.0/400 26.0/250 23.0/21.0
2018.10.15  10.0/9.0  11.0/150  -1.0/-2.0 1.0/-1.0  52.0/51.0 44.0/450 26.0/27.0 24.0/22.0
2019.01.15 12.0/13.0  10.0/9.0 -3.0/-9.0 2.0/-2.0  46.0/48.0 42.0/400 32.0/28.0 27.0/26.0
2019.04.15  1.0/10.0 9.0/12.0 -3.0/-8.0 40/-1.0  49.0/50.0 48.0/450 22.0/32.0 26.0/23.0
NPP
F’Ire";f'eﬁ“g:e 400 hPa 500 hPa 700 hPa 900 hPa 400 hPa 500 hPa 700 hPa 900 hPa
Requirement (30 %) (20 %) (20 %) (20 %) (60 %) (60 %) (50 %) (50 %)
2018.01.15  5.0/8.0 11.0/12.0  2.0/-1.0 1.0/0.0 55.0/52.0 54.0/53.0 37.0/37.0 27.0/27.0
2018.04.15  0.0/6.0 15.0/19.0  -2.0/-6.0 3.0/-20  52.0/51.0 53.0/49.0 31.0/28.0 26.0/21.0
2018.07.15  9.0/8.0 11.0/10.0 -20/-50  -1.0/-50  53.0/54.0 42.0/450 26.0/26.0 23.0/22.0
2018.10.15 9.0/120  10.0/11.0 -1.0/-5.0 1.0/-40  53.0/57.0 48.0/450 28.0/28.0 250/24.0
2019.01.15  13.0/18.0 8.0/6.0 50/-80  -1.0/-1.0  54.0/57.0 37.0/43.0 30.0/29.0 29.0/27.0
2019.04.15  6.0/7.0 13.0/12.0  -5.0/-9.0 3.0/-2.0  52.0/47.0 49.0/430 32.0/340 26.0/25.0

Water Vapor Profile Validation based on ECMWF data

Clear Land Scenes

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%

Note: results stratified by asc/des, but requirements are for combined passes
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NOAA QNASA

N20
F’gfesl“g:e 400 hPa 500 hPa 700 hPa 900 hPa 400 hPa 500 hPa 700 hPa 900 hPa
Requirement (30 %) (20 %) (10 %) (20 %) (70 %) (65 %) (60 %) (30 %)
2018.01.15  8.0/7.0 7.0/7.0 2.0/4.0 20/-20 61.0/580 57.0/56.0 35.0/36.0 16.0/17.0
2018.04.15  6.0/5.0 6.0/5.0 8.0/10.0  -3.0/-40 63.0/580 59.0/57.0 38.0/39.0 17.0/17.0
2018.07.15  5.0/8.0 4.0/6.0 7.0/8.0 40/-40  60.0/580 53.0/54.0 36.0/34.0 16.0/17.0
2018.10.15  11.0/10.0 5.0/6.0 8.0/11.0  -3.0/-40 70.0/640 60.0/550 39.0/38.0 17.0/17.0
2019.01.15  10.0/10.0 2.0/3.0 8.0/10.0  -20/-30 74.0/66.0 62.0/59.0 38.0/39.0 17.0/17.0
2019.04.15  8.0/6.0 1.0/1.0 7.0/9.0 30/-40 64.0/59.0 59.0/56.0 40.0/41.0 17.0/16.0
NPP
F’Ire";f'eﬁ“g:e 400 hPa 500 hPa 700 hPa 900 hPa 400 hPa 500 hPa 700 hPa 900 hPa
Requirement (30 %) (20 %) (10 %) (20 %) (70 %) (65 %) (60 %) (30 %)
2018.01.15  9.0/9.0 8.0/5.0 2.0/5.0 1.0/-20  61.0/57.0 58.0/56.0 34.0/34.0 16.0/16.0
2018.04.15  2.0/5.0 2.0/4.0 8.0/9.0 20/-3.0 60.0/59.0 59.0/58.0 38.0/38.0  16.0/17.0
2018.07.15  4.0/4.0 1.0/3.0 7.0/7.0 40/-3.0 61.0/580 55.0/54.0 34.0/340 16.0/16.0
2018.10.15  10.0/9.0 4.0/3.0 7.0/11.0  -20/-40 69.0/63.0 62.0/56.0 38.0/40.0 16.0/17.0
2019.01.15  9.0/10.0 0.0/2.0 8.0/100  -1.0/-3.0 70.0/680 63.0/62.0 36.0/380 16.0/17.0
2019.04.15  7.0/8.0 1.0/1.0 11.0/11.0 -20/-3.0 61.0/580 59.0/56.0 39.0/41.0 17.0/16.0

Cloudy Sea Scenes

Water Vapor Profile Validation based on ECMWF data

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%

Note: results stratified by asc/des, but requirements are for combined passes
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NOAA QNASA

N20
Plre‘ffesl“‘g:e 400 hPa 500 hPa 700 hPa 900 hPa 400 hPa 500 hPa 700 hPa 900 hPa
Requirement (30 %) (20 %) (20 %) (20 %) (60 %) (60 %) (50 %) (50 %)
2018.01.15 21.0/22.0 24.0/21.0 -1.0/-7.0 2.0/-20  50.0/450 41.0/39.0 27.0/320  20.0/22.0
2018.04.15 13.0/20.0 15.0/18.0 -9.0/-12.0 6.0/5.0 46.0/47.0 40.0/41.0 24.0/19.0 20.0/18.0
2018.07.15 12.0/11.0 15.0/13.0 -2.0/-7.0 2.0/1.0 41.0/40.0 35.0/33.0 220/19.0 18.0/20.0
2018.10.15 14.0/12.0 13.0/14.0 -8.0/-9.0 4.0/7.0 57.0/58.0 51.0/49.0 30.0/33.0 25.0/28.0
2019.01.15 15.0/12.0 19.0/17.0 -5.0/-11.0 1.0/-1.0  42.0/350 37.0/31.0 27.0/24.0 20.0/19.0
2019.04.15 11.0/12.0 12.0/11.0 -7.0/-6.0 3.0/4.0 47.0/52.0 42.0/42.0 25.0/29.0 21.0/22.0
NPP
F’Ire";f'eﬁ“g:e 400 hPa 500 hPa 700 hPa 900 hPa 400 hPa 500 hPa 700 hPa 900 hPa
Requirement (30 %) (20 %) (20 %) (20 %) (60 %) (60 %) (50 %) (50 %)
2018.01.15 20.0/21.0 28.0/220  1.0/-9.0 40/-1.0  450/40.0 43.0/360 250/24.0 21.0/18.0
2018.04.15 12.0/160 17.0/180 -3.0/-120  8.0/7.0 47.0/48.0 40.0/410 25.0/27.0 21.0/22.0
2018.07.15 13.0/140 16.0/12.0 -3.0/-80  -1.0/-1.0  48.0/46.0 40.0/39.0 24.0/26.0 19.0/23.0
2018.10.15 15.0/16.0 14.0/13.0  -7.0/-9.0 4.0/4.0 61.0/60.0 52.0/48.0 31.0/33.0 24.0/26.0
2019.01.15 18.0/20.0 22.0/20.0  -2.0/-9.0 1.0/-1.0  41.0/420 38.0/340 26.0/260 17.0/18.0
2019.04.15 13.0/17.0 20.0/150  -4.0/-9.0 6.0/3.0 46.0/55.0 42.0/41.0 26.0/29.0 21.0/21.0

Water Vapor Profile Validation based on ECMWF data

Cloudy Land Scenes

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%

Note: results stratified by asc/des, but requirements are for combined passes
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3 Requirements and Validation Results: Total Precipitable Water
Compared to ECMWF and radiosondes

ECMWF Radiosonde

Sfc | Condition (BAISCS u(rrgg/)) (S;Ee\:: |(sr?orrr]1)) (Iil? N u(gg)) (S;Ee\:: |(sr?orrr]1))
MiRS Req MiRS Req MiRS Req MIiRS Req
Clear 1.66 (1.65) 1.5 2.16 (2.14) 25 -1.5 (-1.28) 1.5 3.6 (3.7) 2.5
>ee Cloudy 1.13 (1.21) 0.5 2.06 (2.02) 25 -2.1(-2.1) 0.5 4.3 (4.2) 2.5
Clear 0.22 (0.23) 2.0 1.12 (1.16) 2.0 N/A 2.0 N/A 2.0
e Cloudy 1.17 (1.16) 2.0 1.87 (1.97) 2.0 N/A 2.0 N/A 2.0
Clear 1.06 (0.84) 25 3.89 (4.11) 5.5 -0.7 (0.0) 25 3.9 (4.1) 5.5
-and Cloudy 1.23 (1.51) 25 5.07 (5.74) 5.5 2.2 (-2.7) 25 4.9 (5.2) 5.5
Clear 0.28 (0.31) 0.5 0.91 (0.93) 2.0 N/A 0.5 N/A 2.0
Snow Cloudy 0.97 (1.13) 0.5 2.13(2.39) 2.0 N/A 0.5 N/A 2.0

Values in () indicates NPP

Meets requirement

Marginal
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Validation Results: Total Precipitable Water (TPW)
Compared to ECMWF

Clear Asc TPW (mm) Over Sea 2019—-04—15 (r4201)
—

Clear Asc TPW [mm) Over lce 2018—-04—15 (r4201)
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N20

Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

NPP

Requirement

2018.01.15
2018.04.15
2018.07.15
2018.10.15
2019.01.15
2019.04.15

TPW Validation based on ECMWF data: Ocean

Accuracy (asc/des) Precision (asc/des)

Clear Sea
(1.5 mm)

1.60/1.70
1.64/1.75
1.57/1.64
1.73/1.80
1.64/1.78
1.51/1.58

Accuracy (asc/des) Precision (asc/des)

Clear Sea
(1.5 mm)

1.55/1.64
158/1.71
1.50/1.68
1.74/1.76
1.60/1.73
1.64/1.62

Cloudy Sea
(0.5 mm)

1.12/1.16
1.25/1.27
0.87/0.92
1.14/1.22
1.29/1.31
1.03/1.04

Cloudy Sea
(0.5 mm)

1.22/1.25
1.29/1.31
0.92/0.92
1.21/1.20
1.39/1.37
1.25/1.20

Clear Ice
(2.0 mm)

0.24/0.32
-0.00/0.03
0.41/0.32
0.28/0.37
0.20/0.24
0.10/0.11

Clear Ice
(2.0 mm)

0.25/0.29
0.04/0.02
0.46/0.38
0.29/0.38
0.17/0.22
0.14/0.11

Cloudy Ice
(2.0 mm)

1.33/1.19
1.45/0.80
1.29/1.11
1.19/1.44
0.97/0.45
1.40/1.39

Cloudy Ice
(2.0 mm)

0.47/0.08
1.49/0.95
1.39/1.33
1.43/1.47
1.10/0.53
1.82/1.83

Clear Sea
(2.5 mm)

2.08/2.11
2.21/2.20
2.40/2.35
2.10/2.15
2.04/2.03
2.1712.14

Clear Sea
(2.5 mm)

2.07/2.10
2.16/2.23
2.31/2.37
2.08/2.08
1.99/2.05
2.14/2.10

Cloudy Sea
(2.5 mm)

2.16/2.15
2.05/2.05
2.20/2.21
2.05/2.04
1.88/1.84
2.05/2.03

Cloudy Sea
(2.5 mm)

2.14/2.03
1.99/2.03
2.11/2.23
2.07/2.05
1.83/1.87
1.99/1.95

Clear Ice
(2.0 mm)

1.11/1.14
1.31/1.17
1.39/1.35
1.26/1.17
0.89/0.88
0.90/0.88

Clear Ice
(2.0 mm)

1.18/1.14
1.32/1.20
1.33/1.41
1.36/1.26
0.94/0.90
0.94/0.91

Cloudy Ice
(2.0 mm)

2.13/1.76
1.83/2.62
1.76/1.76
1.45/1.27
1.96/2.20
1.91/1.78

Cloudy Ice
(2.0 mm)

2.48/2.31
1.96/2.74
1.75/1.95
1.45/1.31
2.03/2.01
1.81/1.80

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%

Note: results stratified by asc/des, but requirements are for combined passes
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N20

ST Clear Land Cloudy Land Clear Snow Cloudy Snow Clear Land Cloudy Land Clear Snow Cloudy Snow
(2.5 mm) (2.5 mm) (0.5 mm) (0.5 mm) (5.5 mm) (5.5 mm) (2.0 mm) (2.0 mm)
2018.01.15 1.32/0.93 2.02/1.04 0.36/0.33 1.73/2.06 3.50/3.44 5.29/4.85 0.88/0.88 1.71/1.87
2018.04.15 1.34/0.76 1.10/0.95 0.23/0.30 0.80/1.42 3.65/3.80 5.26/4.89 0.99/1.11 2.53/2.15
2018.07.15 1.58/1.00 1.81/1.14 0.38/0.37 0.23/0.30 4.37/4.31 5.00/4.65 0.90/0.93 3.43/3.45
2018.10.15 1.27/0.83 1.08/0.88 0.28/0.20 1.16/1.35 3.88/3.78 5.02/4.83 0.82/0.94 1.67/1.55
2019.01.15 1.15/0.41 1.48/0.39 0.29/0.26 0.84/0.56 3.78/3.90 5.67/5.38 0.89/0.85 1.63/1.24
2019.04.15 1.41/0.69 1.53/1.39 0.18/0.22 0.21/1.01 4.01/4.18 5.10/4.93 0.82/0.94 2.26/2.06

NPP

ST Clear Land Cloudy Land Clear Snow Cloudy Snow Clear Land Cloudy Land Clear Snow Cloudy Snow
(2.5 mm) (2.5 mm) (0.5 mm) (0.5 mm) (5.5 mm) (5.5 mm) (2.0 mm) (2.0 mm)
2018.01.15 1.27/0.84 2.94/1.04 0.38/0.31 1.83/1.68 3.84/3.83 6.27/5.04 0.89/0.94 2.34/2.32
2018.04.15 1.29/0.73 2.28/1.29 0.27/0.35 1.25/3.02 3.75/4.04 5.75/5.33 0.93/1.18 3.54/3.31
2018.07.15 1.25/0.58 1.38/0.73 0.38/0.38 0.24/0.28 4.3714.42 5.36/5.08 0.86/0.94 3.09/3.32
2018.10.15 1.03/0.25 1.33/0.83 0.29/0.22 1.14/1.38 3.85/4.01 5.62/5.03 0.81/1.01 1.7411.67
2019.01.15 0.80/0.36 1.99/0.81 0.29/0.31 0.74/0.61 3.98/3.89 6.11/5.53 0.91/0.82 1.61/1.17
2019.04.15 1.26/0.43 2.11/1.44 0.21/0.27 0.15/1.22 3.97/4.33 5.39/5.89 0.85/1.04 2.39/2.13

TPW Validation based on ECMWF data: Land

Accuracy (asc/des) Precision (asc/des)

Accuracy (asc/des) Precision (asc/des)

Green: meeting the requirement, Blue: within 20% from the req., Black: over 20%

Note: results stratified by asc/des, but requirements are for combined passes
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3 Sea Ice Concentration Performance:
Comparison with IMS 4-km Analysis

MIRS N20/ATMS N20 MIRS SIC 8—-01-15 Des  (¥4201) 2018_01_15 MIFS M20/ATMS M. H. IMS S NIC IMS SIC —01-15 Des (V42013
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Sea Ice Concentration Performance:
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Sea Ice Concentration Performance:
Comparison with IMS 4-km Analysis
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3 Sea Ice Concentration Performance:
Comparison with IMS 4-km Analysis

MIRS NPP/ATMS NPP MIRS SIC B-12-15 Des (V42013
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Sea Ice Concentration Performance:
Comparison with IMS 4-km Analysis
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3 Sea Ice Concentration Performance:
Comparison with IMS 4-km Analysis
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3 Validation Results Summary:
Snow Water Equivalent/Snow Cover
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Validation Results Summary:
Snow Water Equivalent/Snow Cover
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Validation Results Summary:
Snow Water Equivalent/Snow Cover
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3 Validation Results Summary:
Snow Water Equivalent/Snow Cover

(¥420
T

MIRS

22 NPPATHMS JAXA AMSR2
T T T T

2019-01-15 |

[19-01—15 Das (V4201)
T T T

90

JAXA AMSR2

Bl

]

il
—-15
—30
—45
P2 T8 === o v o 00 00 0 0 a S o0 0an a9 60 a0 a0 00 aaaa 00 10 G0 009 52 0aoGPRER 0n 020 56 16 o 015 0253 09 EE0 A 58 58 08 5 of a0 00 3000 50 TP
S S T g S-S - T S o v
_5531 B0 =150 —1|20 —a0 =11l —-30 a 30 &0 e1s] 120 150 180 —180 —150 —120 —ao —B0 =30 il 30 &0 Q0 120 150 1RO
L1 ] T T C 1 ] S T
NoData O fail Saq o1 3 45 6 7 B 8101112131415 1617 1B 19 20 NoData  QF fail Saa o1 2 3 45 6 7 8B & 101112131415 1617 1819 20
All Cond. A . 15 (r4201 All Cond. Des q r4201
.| MIRS ATMS (asc) vs. JAXA AMSR2 — .| MIiRS ATMS (des) vs. JAXA AMSR2 (7
— Car ] — Carrelat| ]
L o o atass 1 L o o e .; ™ . ]
[~ Palnts: 137102 T [~ Palnts: 14579% T
F o slope: 0774 | b I siope: 07832 5 b
20— Intereapt: 0.43255 - = 20— Intereapt: 027407 H - —
~ RMS: 3 4557 . - - RMS: 3 4264 -
o T C I Lk ]
é 15~ b - — é 15 'E - _
i g " ] i " | ]
g0 | 7 mgs B Sl ..r. "]
B . . . B . .
10 =l Precision: 3.19 cm (6.0) 10 gm F= Precision: 3.09 cm (6.0)
;:Iﬁ | Accuracy: 1.45 cm (3.0) B Accuracy: 1.48 cm (3.0)
C Prob. Detection: 0.88 (0.80) Prob. Detection: 0.94 (0.80)
5 s s False Alarm Ratio: 0.09 (0.10) 5 False Alarm Ratio: 0.10 (0.10)
B o | - Heidke Skill Score: 0.60 (0.55) Heidke Skill Score: 0.65 (0.55)
1 1 1 | h 1 1 I 1 1 1
5 10 15 20 25 5 10 15 20 25
NFF/ATMS MIRS NFF/ATMS MIRS
Dansity of Points Density of Points
I i ] _ I i ] _
i 10 100 100 i 10 100 A

JPSS Validated Maturity Science Review: MiRS NOAA-20/ATMS 165



3 Validation Results Summary:
Snow Water Equivalent/Snow Cover
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NOAA DNASA

Example from NPP Validated maturity review: Validation of Oceanic Cloud Liquid Water:

Collocation with ARM Ground-based Measurements
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D Snow cover and rain rate validation category

- Anna Ghelli, 2009: Verification of categorical predictands,

_ The 4t International Verification Methods Workshop,
MIRS Yes a b 8-10 June 2009, Helsinki, Finland.

MRS No c g (WMO/TD-No0.1540 WWRP 2010-1)

* Probability of Detection (POD)
POD = a/ (atc), range: 0~1, perfect score=1

« False Alarm Ratio
FARatio = b / (a+b), range: 0~1, perfect score=0, for snow cover

« False Alarm Rate (Probability of False Detection)
FARate = b / (b+d), range: 0~1, perfect score=0, for rain rate

» Heidke Skill Score (HSS)
HSS = 2(ad-bc) / [(a+c)(c+d)+(a+b)(b+d)], range: - ~ 1, perfect score=1
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