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» Higher Spectral Resolution All of these things contribute to one being

= P able to observe and retrieve phenomenon

phenomena not previously observed before
e Higher Spatial Resolution GOES-16 ABI
04 Jan 2018

— Higher fidelity imagery and L2
products; information at smaller
scales now observed

1542-1822 UTC

e Higher Temporal Resolution

— Physical and dynamical processes
are now captured; new information
to exploit and be used by user
community

e Improved Radiometrics
— Translate to more accurate products

e Improved Navigation and
Registration

— More accurate products and
improved utilization of them




Advanced Baseline Imager (ABI)

Current Operational ABI

/Full Disk . Scan Modes:
CONUS Mode 3:

Full disk images every 15 minutes
MESO CONUS images every 5 minutes
Mesoscale images (2) every 1 minute

Mode 4:
Full disk images every 5 mins

Future Potential Operational ABI

Scan Mode:

Mode 6:

¥ Full disk images every 10 minutes
CONUS images every 5 minutes
Mesoscale images (2) every 1 minute

‘ AMYV Product Refresh Rate:

Full Disk: Hourly
CONUS: 15 minutes
Meso: 5 minutes



Future GOES
imager (ABI)
band

Wavelength
range (pm)

Central
wavelength

(pm)

Mominal
subsatellite

IGFOV (km)

Sample use

0.45-0.49

0.60-0.68

0.847-0.882

047

Daytime aerosol
over land, coastal
water mapping

Daytime clouds fog, inso-
lation, winds

Daytime vegetation/burn
scar and aerosol
aver water, winds

1.366-1.380

Daytime cirrus cloud

1.59-1.63

Daytime cloud-top phase
and particle size, snow

2.225-2.175

Daytime land/cloud
properties, particle size,
vegetation, show




Future GOES
imager (ABI)
band

ABI IR Bands

Wavelength
range (um)

3.80-3.99

5.79-6.59

Central
wavelength

(um)

3.90

Mominal
subsatellite

IGFOV (km)

2

Sample use

surface and cloud, fog at
night, fire, winds

High-level atmospheric
water vapor, winds,
rainfall

6.72-7.14

Midlevel atmospheric
water vapor, winds,
rainfall

7.24-7.43

8.23-8.66

Lower-level water vapor,
winds, and 50,

Total water for stability,
cloud phase, dust, SO,
rainfall

9.42-9.8

Total ozone, turbulence,
and winds

10.18-10.48
10.8-11.6

11.8-12.8

Surface and cloud

Imagery, 55T, clouds,
rainfall

Total water, ash, and 55T

13.0-13.6

Air temperature, cloud
heights and amounts




GOES-16 ABI Frame-to-Frame
Registration

GOES-16 ABI Frame to Frame Registration

29 Nov 2017 - 1800 UTC wvs 29 Nov 2017 - 1815 UTC o '
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Percent in specs

GOES-16 ABI Frame-to-frame registration
is excellent!!!

Critical for accurate feature tracking.

7 11 i2
ABI Channel #
T omeras  Figure courtesy Vladimir Kondratovich (GOES-R CWG)



e GOES-16 Advanced Baseline ]mager VA:])

e Review of the GOES-16 ABI Winds Product
* Specifications and Algorithm

e GOES-16 ABI Wind P
~* GOES-16 Winc

* u G
. Summary//)_,-.;?(;y, utu

Outline




GOES-16 Winds Product Specifications

Wind Product Capabilities
Satellite Source GOES-16 ABI

Wind Product Types Band 2 (0.64 um): Visible AMVs
Band 7 (3.9 um):  SWIR AMVs
Band 8 (6.2 um): Cloud-top Water Vapor (CTWV) AMVs
Band 8 (6.2 um): Clear-sky Water Vapor (CSWV) AMVs
Band 9 (6.9 um): Clear-sky Water Vapor (CSWV) AMVs
Band 10 (7.3 um): Clear-sky Water Vapor (CSWV) AMVs

Band 14 (11.2 um): LWIR AMVs
Coverage Full Disk; CONUS, Meso sectors
Refresh Mode 3: Full Disk: 60 min; CONUS: 15 min; Meso: 5 min

Horizontal VIS AMVs: 7.5 km
Resolution SWIR, CTWV, CSWV AMVs: 30 km
LWIR AMVs: 38 km

Dictated by dimension
(NxN) of target scene used

Accuracy 7.5 m/s (Mean Vector Difference)
Precision 4.2 m/s (St. Deviation about MVD)

Other Attributes Output file formats: NetCDF4
BUFR (using heritage & new winds BUFR tables)




GOES-R Winds Algorithm
Precedence Chain

Cloud

Type/Phase

Cloud-top
lemperature &
Pressure

11



GOES-16 Winds Algorithm Overview
Nested Tracking Approach...

Correlation based approach used Single Target Scene Example
to compute local motions (nested)
within a larger target scene.

Motion of
entire box

A clustering algorithm is applied .. SPD: 22.3 m/s
to line and element displacements

te extract motion solution(s). . f
verage o

largest cluster
Cloud heights at pixels belonging SPD: 27.6 m/s
to the largest cluster are used to
assign a representative height
(Median) to the derived motion
wind

Potential for determination
motion at different IeveIs
different scales

Line Diszaéerrmt

ol oy | X - Average
Bresky, W., J. Daniels, A. Bailey, and S. Wanzong, 2012: E 1 . displacement of

New Methods Towards Minimizing the Slow Speed Bias I plointts in largest
Associated With Atmospheric Motion Vectors (AMVs). J. ) + cluster

Appl. Meteor. Climatol., 51, 2137-2151 - s
EBlement Displacement




" GOES-R Winds Product
Precedence Chain

13



Cloud Top Pressure Product

Cloud HEight Algorithm Highlights GOES-16 ABI C|Oud-TOp Pressure

0]

Algorithm uses the 11, 12 and 13.3mm channels to
retrieve cloud-top temperature. Cloud emissivity
and a cloud microphysics are retrieved as well.

O Algorithm (1-D VAR) uses an optimal estimation
approach (Rogers, 1976) that provides error
- estimates (Tc).
0 NWP forecast temperature profiles used to compute
cloud-top pressure and height.
O For pixels typed as containing multi-layer
multi-layer solution is performed.
O Special processing occurs in the g
temperature inversions.
References g ,'.'f%- | Clouatop
O Heidinger, A., 2010: GO -
Imager (ABI) Algorlthm’ ' r—
For Cloud Mask, GOES-R - " -
www.goes-r.gov.
O Rodgers, C.D., 1976: Retr/eva/ of atmospheric

temperature and composition from remote
measurements of thermal radiation. Rev. Geophys.
Space Phys., 60, 609-624.

Andy Heidinger (NESDIS/STAR) — AWG Cloud Team Lead 14
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GOES-16 Band 2 (0.64um) Visible Winds (Mode 3)
November 23 (00 UTC) — November 24 (237 UTC), 2017

o
GOES-16 VIS Winds .
23 Nov 2017 - 00:01 UTC *

‘Winds 100MEB - 400MB
‘Winds 401MB - 700MB
Winds 701MB - 950MB

20002 G-16 IMG 2 23 WOV 1F32F DUO0D1ZE 0000l 0o0ol 37 00

Full Disk

e

OES-16 VIS Winds

‘Winds 100MEB — 400MB
‘Winds 401MB - 700MB

- 23 Nov 2017 - 00:03 UTC o
Winds 701MB - [
LU0z G-18 IMG 2 23 NOV 17327 000318 0000l 0Ooel 1z 00 . i
X Mid-Level 400-700 mb Low-Level 700 mb
These GOES-16 data are preliminary, non-operational data and are undergoing testing. Users bear all 16

responsibility for inspecting the data prior to use and for the manner in which the data are utilized.
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GOES-16 Band 7 (3.9um) SWIR Winds (Mode 3)
November 23 (00 UTC) — November 24 (23. UTC), 2017

-

GOES-16 SW Winds
23 Nov 2017 - 00:01 UTC -‘

‘Winds 100ME - 400MB
‘Winds 401MB - 700MB
‘Winds 701MB - 950MB

20002 G-16 IMG F327 DUOLIZE UUOD1 DO0E1 36 . 00

Full Disk

T

ol MV e
GOES-16 SWWinds
23 Nov 2017 - 00:03 UTC

P E i

Winds 100ME —

Winds 401MB - 70MB,>,
Winds 701MB M
. T

20002 G-16 IMG 7 23 WOV 1FX3Z2F DUO0D31E 0000l OO0ol 1z, 00
e -2

e s

x Mid-Level 400-700 mb Low-Level 5700 mb

These GOES-16 data are preliminary, non-operational data and are undergoing testing. Users bear all

responsibility for inspecting the data prior to use and for the manner in which the data are utilized. 17



GOES 16 Band 8 (6.2um) Cloud-Top WV Winds

‘ (Mode 3)
November 23 (00 UTC) — November 24 (23 UTC), 2017

GOES-16 WV Winds
23 Nov 2017 - 00:01 UTC ]

CONUS

‘Winds 100MEB - 400MB
‘Winds 401MB - 700MB
‘Winds 701MB - 950MB

8 23 WOV 1rX32r DUU1ZE U000l Do0ol 35, 00

Full Disk

20002 G-16 IMG

GOES-16 WV Winds
23 Nov 2017 - 00:03 UTC

Winds 401ME - 70MB,1>,
Winds 701MB M
W T

8 23 WOV 1FX32F DUD31E U001l Do0ol 1z, 00

EDDE G-16 IMG

._/

X Mid-Level 4oo 700 mb Low-Level 5700 mb

These GOES-16 data are preliminary, non-operational data and are undergoing testing. Users bear all 18
responsibility for inspecting the data prior to use and for the manner in which the data are utilized.



GOES-16 Band 8 (6.2um) Clear-Sky WV Winds (Mode 3) ¥as»
November 23 (00 UTC) — November 24 (23 UTC), 2017

GOES-16 WV Winds
23 Nov 2017 - 00:31 UTC ]
Clear-Sky Ch. 8

‘Winds 100MEB - 400MB
‘Winds 401MB - 700MB
‘Winds 701MB - 950MB

8 23 WOV 1732y BDUZ13Z8 U000l Do0ol 35 . 00

Full Disk

20002 G-16 IMG

SR o & M-
GOES-16 WV Winds

23 Nov 2017 - 00:08 UTC
Clear-Sky Ch. 8

Winds 10UMB — 4UUVE

Winds 401ME - 70MB,1>,
Winds 701MB M
R

Y

e
a | 20002 G-16 IMG & 23 NOV 17327 Q00614 DUOOL QEEOL 12 00
=% ’;‘_,._ s

e - /;,‘r_,

* Mid-Level 400-700 mb Low-Level 5700 mb

These GOES-16 data are preliminary, non-operational data and are undergoing testing. Users bear all 19
responsibility for inspecting the data prior to use and for the manner in which the data are utilized.
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GOES-16 Band 14 (11.2um) LWIR Winds (Mode 3)
November 23 (00 UTC) — November 24 (23. UTC), 2017

o
GOES-16 IR Winds
23 Nov 2017 - 00:01 UTC ’

Winds 100MB - 400MB
Winds 401MB - 700MB
Winds 701MB - 950MB

14 23 MOV 17327 QOO138 D0oal 00oai 36,00

Full Disk

20002 G-16 IMG

GOES-16 IR Winds
23 Now 2017 - 0003 UTC

Winds 401MB - 70MB,,
Winds 701MB fmﬁ%
W T

20002 G-16 IMG 14 23 WOV 17327 QOO318 00001 QOOo0l 12,00

* Mid-Level 400-700 mb Low-Level >700 mb
LT
/ &
e ;
These GOES-16 data are preliminary, non-operational data and are undergoing testing. Users bear all 20

responsibility for inspecting the data prior to use and for the manner in which the data are utilized.



: GOES-16 Winds | e
Hurricane Irma 9/6/17 (1507-2202 Z)

e GOES-16 Winds derived every 5
minutes from mesoscale sector
imagery and plotted over top of the
ABI Band 2 (0.64um) visible imagery.

e Baseline algorithms and associated
gﬁonfigurations used

e ABI bands used to generate the
winds shown in this loop:
— Band 2 (0.64um; 0.5km): Winds
generated from cloud tracers at low

levels of the atmosphere (below
700hPa) from this band

— Band 8 (6.2um; 2km): Winds
generated from cloud trace
upper levels (at and abov
of the atmosphere from thi

¢
»
‘! & (]
b
4 .

o

# o . 7T e L il W, s W ? - )
- o e - Mt i 13 &
— Band 14 (11.2um; 2km):" Winds " : Mid-Level 400-700 mb Low-Level 700 mb j*«

- T oW R gre, 2
generated from CIOUd tracers at a” 10001 G-16 InA 2 6 SEP 17249 150724 Teiss ‘0z.00 o = eIoes
levels (100-950 hPa) of the : _ .

Note: For clarity, not all AMVs are plotted GOES-R AWG Winds Application Team

atmosphere from this band



GOES-16 AMV Counts by Type
Over a Typical FD

10000 20000 30000 40000

Count

130,619
17,535

20811
4957
5701

P

i

G ,\%-_hr fﬁ

L
I

5
%
4l

223,813

26-Jan-2018 Full Disk

0600 UTC Band 7
1800 UTC Bands 2, 8 (WVCT), 14
1830 UTC Bands 8,9,10 (all CSWV)
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§tatus of the GOES-16 Wind.
Product Validation Effort

*

* GOES-16 wind product achieved a beta level of maturity on June 8, 2017
— Product has been minimally validated and may still contain significant errors.
— Product is not ready for operational use.

. T
 Numerous updates/fixes made to the wind product.g re between
June and October 2017 to improve the stabili ality of th 2 GOES-16 wind

product

e GOES-16 wind product achieveg f maturity on February 9, 2018
— Product performance has wroughtanalysis of a small number of
independent measuren { ee'c'f 16c"agfions, periods, and associated

ground truth or fiéld €aMmpai 5=

— Product analysis isStfficie Y murﬁate product performance to users relative to

expectatlons o '

— Issues W|th prbduc;'y‘" ﬁgﬁ' exist, but are documented and being worked

— Product is ready for olp arational use and for use in comprehensive cal/val activities and

product optimization.

24



GOES-16 ABI Winds vs. Rawinsonde Winds

Period : November 1-30, 2017 Results as of
Full Disk ° . Feb 9, 2018

Speed Bias (AMV-Raob) Mean Vector Difference AMV Type

Band 2 (0.64um) VIS

Band 8 (6.2um) Clear-Sky WV

Band 14 (11.2um) LWIR

—~
@©
(o
e
~
(D)
—
=
(9]
0
(D)
—
ol

N
MVD = lmz:(vm,
i=l

VD, = (s, ~ 1) + (v, -v,)*

1y = u-component of satellite wind

¥ = v-component of satellite wind

11y = u-component of the reference wind
¥ = v-component of the reference winds
N = size of collocated sample

Speed bias profile characteristics (band 14 and Band 8 AMVSs) indicative of
sub-optimal height assignments (coordinating closely with GOES-R cloud team)

» Sub-optimal internal AMV Quality Control (ie., gross error checking)




Updated GOES-16 AMYV Internal QC

Current Results

We recently tested an updated Band 14 AMVs vs Radiosondes
~ AMV gross error checking

scheme (checks against GFS (Ql: 60-100) November 1-30, 2017

forecast wind) 0

100 Speed Bias (AMV — Raob) Mean Vector Difference

New band dependent AMV/GFS 200 Baseline Cloud height

wind vector difference 200 --L“--.‘l‘- er?cc))rri(t:r;]rgci?nd AMV gross

S o --;‘-l!l.‘- ’

L ) I 500 --’)-.‘,')- Baseline Cloud height
Band 7: 7m/s P .

~ s ors (RS & SRR (R

—  Band 14:10 m/s - --‘t‘--’,ﬂ--

_ Bands 810 (clear sky): 12 m/s SO ---_.;---
N R . 2R (R
s A
6 -4 -2 0 2 4 6 8 1

?ﬁi—xé:{ :
Al 4

g2 New gross error checking has the intended effect

Estimated implementation dates
into operations:  June 2018 * R

Implemented this in our offlineg,
experimental, nearreal-time G5
GOES-16 AMV data stream 7! ~10-15% of the AMVs fail gross error checks
starting at ~00Z Friday (4/6).

(Available via anonymous ftp)

Speed biases at mid levels improve

Slow speed bias above 300mb still indicative of height
assignment issues

26



=== Updated GOES-16 Cloud Height Algorithm "

Current Results

:’r\:\i;iiir;tgg;tig ETC?U d-top Band 14 AMVs vs Radiosondes
height products from an (QI: 60-100) November 1-30, 2017
updated cloud heights ° Soeed Bins (AMV — Raob) Mean Vector

) eed Bias ~Raod)__ Difference (MVD) Baseline Cloud height
alg‘orlthm on GOES-16 AMV R algorithm and AMV gross
pefformance N | error checking

. . . Baseline Cloud height
Estimated implementation algorithm and Updated

dates into operations . AMV gross error checking

— Cloud Height Algorithm
Updates: Oct 2018

Implemented this in our
offline, experimental, near
real-time GOES-16 AMYV data )
stream starting at ~00Z last Rer—
Friday (4/6). i
(Available via anonymous ftp) @ Updated cloud height algorithm

> Reduction in the slow wind speed bias at upper levels

> Slow wind speed bias in the 400-600 mb layer

27



Current Results N%sj <

Histogram of GOES-16 AMV Height Assignments

T I
- Nov 1-30, 2017 _ : :
- Baseline Cloud Height Algorithm

Updated Cloud Height Algorithm

Note the change in the distribution of AMV height
assignments associated with updated cloud height algorithm,
especially at upper levels.




dﬂ‘*wm %"l

@ s H|stograms GOES 16 AMV/Rawinsonde Departures ** s @

@Nu.u

@“““‘“**

Band 14 (11um) AMVs:

November 1-30, 2017 - 100-300 mb

- QI: 60-100

Speed Departures (AMV-Raob) Direction Departures (AMV-Raob)

CTPs from Baseline Cloud Height Algorithm and Baseline AMV gross error checks are used

™ CTPs from Updated Cloud Height Algorithm and Updated AMV gross error checks are used

Much improved speed departure histogram (shape and position) with
updated CTPs and AMV gross error checking

Current Results 29



Case Study Assessment of a GOES-16 AMV
(Band 14, 11um) Outlier

=

Belize (17°15'N 88°46'W)

23 MNow 2017327 MZBZ 78382 Belize / Phillip Goldston T BZ
-70 -&0 -50 -40 KTS
\ -30
\ €7/
X %
-20 w/
Sat
Wind
203 mb

10
L Level of

20 g‘/ (BL%s't:)Fit
‘/

363 mb

: H H H H soor EL}\ / \\ X—"";f/ Lg% O %
 Satellite winds withi el S A Y. oy
. % . - G AN B g
minutes of Belize r soof——te ). 4 v NNV N
SO0 Loy P o ! Lol SN /R
1000 F & v/ Y & [ A L
KT LI Sul T L¥] FMAX  ThE EL MIX FU CAPE HELI
23.4 1.6 220.3 42,7 Z6.9 23,8 332.0 38/LE 134 401 27 -84
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**’fi% Case Study Assessment of a GOES-16 AMV N,
Y (Band 14, 11um) Outlier

Largest Cluster Cloud Top Pressure Histogram

CTPs from entire target scene

Target Sc
Satellite

2 LCTPs from pixels in largest cluster

Belize Radiosonde

&583

(210 mb)

IS

—— Cloud Type : Cloud Top Pressure

Cloud Top Pressurs

Sat Uinds ]*
A=zl ne OMW Helght [mb
LEUE? of Best Fl? (mb15Sl
RACE

RAOE 1O

MATCHED RACE IO

=/

» Target scene is composed primarily of a single layer
cloud. Some pixels with low cloud, but these pixels
are not part of the largest tracking cluster.

* Retrieved cloud top pressures are around 200 mb
which are too low (cloud heights too high) and
not supported by the collocated Belize radiosonde
observations.

S



Case Study Assessment of a GOES-16 AMV Q)
(Band 14, 11um) Outlier

Largest Cluster Cloud Top Pressure Histogram

CTPs from entire target scene

Target 'Jn’ & g | CTPs from pixels in largest cluster

Belize Radiosonde

&583 Cloud Top Pressure {mb)
(210 mb)

—— Cloud Type : Cloud Top Pressure

H Hel h‘f m
st F19 0

RAOE ID B

m
GOES-16 DMW CHI4 - NOV 23 17 - 12:01
3 4,

]

L

Latest version of cloud helght algorlthm produces a
much improved cloud top pressures (near 375mb)

which are now consistent and supported by the
Belize radiosonde observation.

Working on plans to implement latest version
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Summary and Future Plans

 Overall quality of the GOES-16 AMVs is good

. We ve identified issues impacting the quality of theGOES 16

AMV height assignment issues trc -op i ;; d;top pressure
retrieval product, especially fa per | s of the atmosphere

NWP user feedback sived 1 }ﬁg GOES 16 AMVs is
consistent with oup dings

4 ,.',.-ua'

¥

e We will be invblved with Intensive calibration/validation of
GOES-17 AMV products through August 2018

34



" Questions

. Jaime Daniels: jaime.daniels@noaa.gov

35



	Slide Number 1
	Outline
	Outline
	GOES-16 ABI Enhanced Capabilities
	Slide Number 5
	ABI Visible/Near-IR Bands
	ABI IR Bands
	GOES-16 ABI Frame-to-Frame Registration
	Outline
	GOES-16 Winds Product Specifications
	GOES-R Winds Algorithm �Precedence Chain
	GOES-16 Winds Algorithm Overview�Nested Tracking Approach…
	GOES-R Winds Product �Precedence Chain
	Cloud Top Pressure Product
	Outline
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	GOES-16 AMV Counts by Type� Over a Typical FD
	Outline
	Slide Number 24
	GOES-16 ABI Winds vs. Rawinsonde Winds
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Case Study Assessment of a GOES-16 AMV� (Band 14, 11um) Outlier 
	Case Study Assessment of a GOES-16 AMV� (Band 14, 11um) Outlier 
	Case Study Assessment of a GOES-16 AMV� (Band 14, 11um) Outlier 
	Outline
	Slide Number 34
	Questions

