Long Term Global Assessments
Comparing NOAA, NASA and
EUMETSAT Operational Soundings

Tony Reale (STAR)
Bomin Sun, Michael Pettey and Ryan Smith
(IMSG)

AIRS Science Team
October 2018



il
o D oo @ ey |
s and Research

Applicat

|
ce of Research and Applications

Outline

NPROVS Enterprise Validation

Impact of Spatial temporal windows

LTM for NUCAPS (v1.5) , AIRS (v6.1) and EUMETSAT (v6.2) products
Temp (+gess)
H20 vapor fraction (weighting?)
IR+MW vyield

LTM for NUCAPS FSR

S-NPP: v1.5vsv2.1.2vsv2.1.4vsv2.1.12c
NOAA-20: v2.1.4 vs v2.1.12c; Beta, Provisional

AWIPS-2 HWTB May 2018

Summary



Center for Satellite

Applications and Research
formerly ORA — Office of Research and Applications

INPUTS - : MIRS:
: S— NOAA-20 AIRS v.6 -
NPP Aqua-EOS Special
Conv NOAA-18,19 (IR-only) - Radiosondes
Radiosondes = MetOp-A,B - GRUAN
DMSP F16,18 NASA JPSS

GFS 6-hr pest DOE/ARM
etc
COSMIC

SR GOES 17 S COSMIC-2

NOAA-18,19 MetOp-C

MetOp-A,B GOES 18
UCAR

EUMETSAT

COLLOCATIO Visualization Tools:
PROCESSING OoDS

PDISP

3 day delay
OUTPUTS e P
»
FTP<—| —

Conventional
Collocation
NetCDF Archive

Special
Collocation
Archive

NPROVS Enterprise Sounding
Validation



Center for Satellite
Applications and Research

form;rly ORA — Office of Research and Applications

\/ NOAA Products Validation System (NPROVS) \/ NOAA Products Validation System (NPROVS)
Coast  Land Island (Coast) Island {Inland) ~ Ship  Dropsonde]  |Coast Land Island (Coast) Istand {Inland) Ship Dropsonde

NPROVS
Special

Number of callocations: 20456 (831 unique locations) 19,2016 to January §, 2016 Nurnber of callocations: 75460 (44 unique Iocations) 201210 2018

Maintain global datasets of collocated RAOB and Satellite Observations
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PDISP

collocation statistics for multiple product suites
using “common” samples

Single closest SAT to given Raob ...

Why believe Stats at +/- 6hr?
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NOAA Products Validation System (NPROVS)
Land Island {Coast) Island {Inland) Ship Dropsonde

Outside
-2, 3 hr

Number of collocations: 4818 (625 unigue locations) september 12, 2016 (9z) to September 22, 2016 (20z)

10-day, September 2016; IR+MW pass QC
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NOAA Products Validation System (NPROVS)
Land

Island {Coast)

Island {Inland)

Ship

Inside
-2, 3 hr

Number of collocations: 2157 (337 unigue locations)

September 12, 2016 (9z) to September 22, 2016 (20z)

8
10-day, September 2016; IR+MW pass QC




Pressure (hPa)

Temperature (sat - baseline) deg K
september 12, 2016 to September 22, 2016
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10-day, September 2016; IR+MW pass QC
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Temperature (sat - baseline) deg K
september 12, 2016 to September 22, 2016
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NUCAPS NPP
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Water Vapor Fraction
(AIRS Science Team Method)

o W**2 weight for SD, RMS
« W**1 weight for bias

11



Pressure (hPa)

Water Vapor (sat - baseline) % error

September 12, 2016 to September 22, 2016
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Water Vapor (sat - baseline) % error
September 12, 2016 to September 22, 2016
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Water Vapor (sat - baseline) % error
September 12, 2016 to September 22, 2016
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10-day, September 2016; IR+MW pass QC
14



Center for Satellite
Applications amé¢ esearch
formerly ORA — Office of Research and Applications

24
(

Water Vapor (sat - baseline) % error
September 12, 2016 to September 22, 2016
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10-day, September 2016; IR+MW pass QC
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Water Vapor (sat - baseline) % error
September 12, 2016 to September 22, 2016
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Temperature (sat - baseling) deg K Temperature (sat - baseline) deg K
January 1, 2018 to January 11, 2018 January 1, 2018 to January 11, 2018
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NARCS

Vertical time series of SAT-minus-RAOB statistics
for each product suite
 Dalily, Weekly, Monthly

August 2014 to August 2018

Pre-computed, samples “optimal” per suite
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GFS 6-hour forecast
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Pressure (hPa)

AIRS Aqua IR + MW All Terrain{Passed) - Sonde All Terrain

Temperature Bias {deg K
1M I i il I_ deg K

—

—

—

—

O~ OIN LA QWWNIN =
a ahmmommmwgmmmmmmhm—x-\

Y

'8}
[

-
-

9/06/15]

i |

D

8/03/14
12/14/14
41261505
1/17/16]
5/29/16]
10/09/16
2119/17
7/02/1
11/12/17
8/05/18_

AIRS v6.1; IR*MW (or IR-only) Pass QC 23




Center for Satellite

Applications and Research
formerly ORA — Office of Research and Applications

NUCAPS NPP IR + MW All Terrain{Passed) - Sonde All Terrain
Temperature Blas (deg K)
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Pressure (hPa)
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NUCAPS (Top) vs AIRS (bottom) First Guess
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NUCAPS (Top) vs AIRS (bottom) Retrieval



ST AR Center for Satellite
Applications and Research

Pressure (hPa)

Pressure (hPa)

formerly ORA — Office of Research and Applications

NUCAPS NPP IR + MWW All Terrain{Passed) - Sonde All Terrain
Temperature Std Dev {deg K)
SN B L = |'*'
i

0) Q0= (W=t 1N = {0 O () =

D= ()

y SAOAONONOMONONNAN=S=

Y

D WNOQODRENN=S=

- e
1
<<
oy
=
~—
oy
=
-~

8103/14p
1214114
4126115
910615
8129116
1010916
2197
7T
112NT
3129118
8109118,

AIRS Aqua IR + MWW All Terrain{Passed) - Sonde All Terrain

Temperature Std Dev (deg K)
=] B ] II'I II ll - _I-'- B

deg K

y SROAONONOMONORNNAN=S=

0 WNDOONBRENN=S==

11716}
72T

- -t e > <> <> r~ ~ oC o
- - - - - - - - -~ -
S— —— ——— — — — —— —— —— —
o> - <> <> <> <> <> < > >
f— - o f— ) = - - o [ —
— — —— ——— —— ——— —— — — ——
o L -r <> w> p— Lo | -~ o> o
- - -~

29
NUCAPS (Top) vs AIRS (bottom) Standard Deviation
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NUCAPS: ALL-Terrain (Top) vs Maritime (Bottom)
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Water Vapor Fraction
AIRS Science Team Method
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Sonde GFS Fcst All Terrain{Passed) - Sonde All Terrain
Water Vapor Mixing Ratio Bias {g/kg)
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ECMWF Analysis All Terrain{Passed) - Sonde All Terrain
Water Vapor Mixing Ratio Bias {g/kg)
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AIRS Aqua IR + MW All Terrain(Passed) - Sonde All Terrain
Water Vapor Mixing Ratio Bias (g/kg)
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AIRS v6.1; IR+MW (or IR-only) Pass QC
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NUCAPS NPP IR + MW All Terrain{Passed) - Sonde All Terrain
Water Vapor Mixing Ratio Bias {g/kg)

g'kg

25
g 12.5
.
L
| .
- | | BEL 0
7 il
¢ 3 LM
a Updra i

125

23

=
{ —

8/03/14]
1214114
4/26/15
9/06/15
1M7/16
5129116
10/09/16
2119117
7102117
1112117
3/25/18
8/05/18

NUCAPS SNPP v1.5 NSR FSRv2.1.4 37



Y n
tesearchn

S22 S

Applications

*
2
o
7
o
1
IS
0
>
o
3
Q

NUCAPS MetOp-B IR + MW All Terrain{Passed) - Sonde All Terrain

Water Vapor Mixing Ratio Bias {g/kg)
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EUMETSAT MetOp-B IR + MW All Terrain(Passed) - Sonde All Terrain

Water Vapor Mixing Ratio Bias {g/kg)
9'kg
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NUCAPS Parallel Test/Operation

v1.9.3 up to March 3, 2017
March 8 ATMS Block 1 to 2
v2.0.1 March 3-13 all-sky for MIT
v2.0.2 March 13-17 all-sky for MIT
v2.0.4 March 17-30 IR+MW
v2.0.4.1 March 30 IR-only
v2.0.4 April 21 IR+MW
v2.0.5 May 18 IR+MW new RTA tuning !!
v2.0.5.4 June 22 16Z IR+WW Block 2 tuning
v2.0.5.4 July 14 197 IR-only
July 28 Offline
v2.1.1DB Aug 3 IR+MW (7FOV)
v2.1.1 Aug 11 IR+MW (previously 2.0.5.4)
v2.1.1DB Aug 21 IR+MW (7FOV)
v2.1.2 Aug 22 IR+MW + new CCR; Operation
v2.1.2 Sep 18 (192) IR-only (new CCR)
v2.1.2 Oct 3 (152) IR+MW + new CCR); Operation ?

2017 “
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NUCAPS Parallel Test/Operation

v2.1.2 Jan 5; 2018

v2.1.4 March 14 (202)

v2.1.4 March 14

v2.1.4 April 30

0.5

v2.1.2 May 3 (92)

v2.1.12c June 25

v2.1.12c July 9

v2.1.12c July 16 (102)
2018

NOAA-20 Beta (w/S-NPP tune) (2)
S-NPP (1)

NOAA-20 Beta (tuned w NPP) (2)

NOAA-20 Prov (tune w N20); GFS

S-NPP; Operation

S-NPP (1) and NOAA-20 Prov (2)
IR-only (1 and 2)

IR+MW (1 and 2)

42



NARCS

Vertical time series of SAT-minus-RAOB statistics
for each product suite

 Daily, Weekly, Monthly
January 2018 to August 2018

Pre-computed, samples “optimal’ per suite
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Center for Satellite
Applications and Research
formerly ORA — Office of Research and Applications

NUCAPS NPP IR + MW All Terrain(Passed) - Sonde All Terrain
Temperature Bias (deg K)
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NUCAPS NPP Test IR + MW All Terrain{Passed) - Sonde All Terrain
Temperature Bias (deg K)

T Wl

p—,
o
2= 0.5
= X
B [
A
@ 2.1.14c
-
(2 05
IR-onl
| -1
| , | I
00 00 00 00 00 00 00 00 00 00
- - - - - - - - - -
e ] ., e e o o o " e
N 00 [ {o) - M~ N 00 P (o))
o (= N N N - — (=] o N
" ) ] ) o o ) . o e
-— N N [ op) -J (T'e) [ Lo M~ 00 00

NUCAPS Test SNPP; IR+MW Pass QC 46



Pressure (hPa)
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NUCAPS NOAA-20 Test IR + MW All Terrain{Passed) - Sonde All Terrain
Temperature Bias (deg K)

i deg K

g

6/12/18
7/08/18
8/03/18
8/29/18

NUCAPS Test NOAA-20; IR+MW Pass QC AT
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Water Vapor Fraction
AIRS Science Team Method
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Pressure (hPa)
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Center for Satellite

Applications and Research
formerly ORA — Office of Research and Applications

NUCAPS NPP IR + MW All Terrain{Passed) - Sonde All Terrain
Water Vapor Mixing Ratio Bias {g/kg)
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NUCAPS Oper SNPP; IR+MW Pass QC
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NUCAPS NPP Test IR + MW All Terrain{Passed) - Sonde All Terrain
Water Vapor Mixing Ratio Bias {g/kg)
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NUCAPS NOAA-20 Test IR + MW All Terrain{Passed) - Sonde All Terrain
Water Vapor Mixing Ratio Bias (g/kg)
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SNF’F’ NUCAF’S F'arallel Converted QC Flag

NPP v1.5 NPP v2.1.2
IR Only
SNF’P NUCAF’ 4 Converted QC Fla . Auust 20 2017 SNPP NUCAF’S F'arallel onverted O Flag
NPP v1.5 NPP 2.1.2
IR Only
NUCAPS NSR (left) and FSR (right) 53

IR+MW pass QC (blue) expands 60% to 85%
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Max Retrieved Relative Humidity September 30, 2018
£ ¥ w e ‘- " &
2558 L

NPP v2.1.2 NPP v2.1.2
MNone e & irss c < 100
NPP v2.1.12c NPP 2.1.12c
None etrievs First Gu Both
54

... but supersaturated retrievals (and guess) increase up to 20%



NUCAPS FSR
and
NWS AWIPS-2 Users

In the Field

95



» Overpass well timed for East Coasts
5/3/2018 Al b chlFE * Modification was not necessary for this case

Failed

Texas panhandle up to NUCAPS CAPE closer to high resolution
Sz Kansas City G guidance than AllSky CAPE

NUCAPS lapse rates missed an EML (elevated
5/24/2018 North East USA Lapse Rates Failed mixed layer) moving from SD up into SW MN
Models suggest higher lapse rates

Spring 2018 HWTB Case Studies ... convective
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Research

NOAA Products Validation System {(NPROVS)

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

[120]

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

|

[115] [110]

Number of collocations: 22 {1 unigue locations) May 8, 2018 (92) to May 18, 2018 (232)

Collocations including at Amarillo on May 17 Case Study day

Y
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t\\

NOAA Products Validation System (NPROWVS)
Dewpoint / Temperature (deg K)

200
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400 1T

3
- .
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== AR
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Pressure (hPa)

500

600

700
800 =

SONDE 72363 (182) SONDE 51772018 11:06:00Z 35.2 N7f101.7 W
SONDE 72363 (182) GFS 6 Hour 517752018 11:06:00Z 35.2 Nf101.7 W
NUCAPS NPP 5i1752018 8:09:08Z (-2.9 hours) 35 N/f101.6 W (30.8 km)
NUCAPS NPP TEST 5i1772018 8:09:08Z (-2.9 hours) 35 N/101.6 W (30.8 km)

NUCAPS IR+MW pass QC 58
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NOAA Products Validation System (NPROWVS)
Dewpoint ' Temperature (deg K)

200

300

400

Pressure (hPa)

500

600

700
800

SONDE 72363 (182) SONDE 51772018 18:13:00Z 35.2 N7f101.7 W
SONDE 72363 (182) GFS 6 Hour 51752018 18:13:00Z 35.2 Nf101.7 W
NUCAPS NPP 51772018 19:28:57Z (1.2 hours) 3855 N/101.7 W (27.3 km)
NUCAPS NPP TEST 51772018 19:28:57Z (1.2 hours) S5 5 N/101.7 W (27.3 km)

NUCAPS IR+MW pass QC 59



NUCAPS NPP v2.1.4 (Test)

Retrievquel Temp (695.0 &nib;)it Ma 1?‘,’2018 0:0
PRt e {-irt {
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deg K = 270

NUCAPS Test NOAA20 Retrieved Level T@%&D mhb)

B o g 155 4\

deg K = 270

NUCAPS NOAA-20 v2.1.4 Provisional
NUCAPS IR+MW pass QC




Retrieved Level WiAhiR (650.0 mb 17, 2012 NUCAPS Test SNPP ) hia 1;' 2213 0:02 Z-21:00 Z
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NUCAPS MetOp-B NUCAPS NOAA-20 v2.1.4 Provisional o
NUCAPS IR+MW pass QC
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Summary / Path Forward

NPROVS provides Enterprise Validation for Soundings ....

Spatial temporal windows mainly impact Sdev (20% per 3 hr); +/- 6hr
appropriate for “global” assessments using “conventional” radiosondes

Bias as performance discriminator

LTM for NUCAPS (v1.5) , AIRS (v6.1) and EUMETSAT (v6.2) products
indicate “significant” (1K) vertical bias shifts

LTM for NUCAPS FSR indicate improvements with staged upgrades
v2.1.2 10 2.1.12c for S-NPP; NOAA-20 remains provisional
« too many IR+MW pass QC...

NWS forecaster use of NUCAPS via AWIPS-2 promising ...

More exploitation of NPROVS internationally (ITSC 21 action) and
internally (small (cube) Sats, COSMIC-2 , AIRS v7? ...)

62



