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Continental United States regiohl(June2019 1200 UTC, GOESL6 satellite), considering
conditions defined in $SAFNWC/config/safnwc_HRW_GOESR.cfm model
configuration file with configurable parameter CDET=1.I&w coding based on the AMV
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Figure 40: NWC/GEEGHRW implementation: Part 1, Preprocessing and AMV computatio®?
Figure 41: NWC/GEEGHRW implementation: Part 2, AMV quality and sgien.................... 98

Figure 42: NWC/GEEGHRW implementation: Part 3, Tracer computation and writing of o@@ut
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1. INTRODUCTION

The AEUMETSAT Satellite Application Facilities (SAg0 are dedicated centres etcellence for the
processing of satellite data, and form an integral part of the distriliE@eMETSAT Application

Ground Segment This documentation is provided by the SAF on support to Nowcasting and Very
short range forecasting\WC SAF) The main ofective of theNWC SAFis to provide, develop and
maintain software packages to be used with operational meteorological satellite data for Nowcasting
applications. More information about the project can be found atNW& SAF webpage,
http:/Mww.nwcsaf.org

This document is applicable to th&WC/GEO software pakage forgeostationargatellites.

1.1 SCOPE OF THE DOCUMENT

This document is thdiAlgorithm Theoretical Basis DocumerfATBD) for the Wind Product
Processor ofite NWC/GEQD software packag€NWC/GEO-HRW, High Resolution Winds which
calculates Atmospheric Motion Vectaaad Trajectoriesonsidering:

1 Up to ven channels from MSG/SEVIRI imager: six 3 kaw resolutionvisible, water
vapour andnfrared channels\{S06 0.635mm, VIS08 0.810mm, WV62 6.250nm, WV73
7.350mMm, IR108 10.800m and IR120 12.00@m), and the 1 knhigh resolutionvisible
channel (HRVIS 0.75@m).

1 Up to tree channels from GOB¥IMAGER: two 4 kmlow resolutionwater vapour and
infrared clannels (WV65 6.550m and IR107 10.700m), and the 1 kmhigh resolution
visible channel (VISO07 0.650m).

1 Up to sx channels from Himawai®/9/AHI imager: four 2 knmlow resolutionwater vapour
andinfrared channels (WV62 6.2%0n, WV69 6.950mm, WV73 7.%0mm and IR112 11.200
nmm), one 1 kmhigh resolutionvisible channel (VIS08 0.866m), and the 0.5 kmrery high
resolutionvisible channel (VIS06 0.64%m).

1 Up to s$x channels fromGOESR/ABI imager: four 2 kmlow resolutionwater vapour and
infrared chanels (WV62 6150 nm, WV70 7.000 nm, WV74 7.400 nm and IR112 11.200
nm), one 1 km Igh resolutionvisible channel (VISO8 0.860m), and the 0.5 kmery high
resolutionvisible channel (VIS06 0.@®mm).

The adaptation for GOER satellite series is limited fahe moment to GOE$6 satellite onlywhich
covessthe whole American continent except Alaska and the adjacent Canadiarsrddgieradaptation

to GOESL17 has been delayed due to the problems obsentheé icooling system dfs ABI imager,
which affecs all itsinfrared anchearinfraredchannelsand has caused up to now variable instabilities
in its image output.

Due to this, NWC/GEEHRW v6.1is able to cover with four diérent simultaneous geostationary
satellites the whole Earth except the Eastern Pacific regions, related in this moment tel GOES
satellite. The adaptation to GOHS will be released once its imagery issues are better understood and
can besolved.

Thereis a commitment so that the adaptation of NWC/GHRWN algorithm toall thesegeostationary
satellite series (MSG, GOHS$, Himawari8/9 and GOESR) is fully validated The corresponding
validation results are shown in the correspondi®gentific andvalidationR e p o r t186], afdAsk.
summaryalsoin this document

This Algorithm Theoretical Basis Documedescribesin detail the objectives and physics of the
problem, together with the mathematical descriptiod themplementation of thé\WC/GEOHRW
algorithm. It also provides information @he input data and resulting outplata
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1.2 SOFTWARE VERSION IDENTIFICATION

This document describes the algorithm implemented ilN¥WE/GEOGHRW v6.1 (Product Id NWC
038) of the NWC/GEO v2018 software package rehse

1.3 IMPROVEMENTS FROM PRE VIOUS VERSIONS

The main improvements relatedM@VC/GEO-HRW v6.1 algorithm are théollowing ones:
1. The extension of NWC/GE®IRW algorithmfor the processingof GOESR satellite series
(GOES16 satellite for the moment), with tleerresponding validation

2. Theinclusion of the new 2018 International Winds Working Group (IWWG) BUFR AMV output

(sequence 310077).
3. The updat e

v2018)

of ABUFR Tableso, from versi
4. The correction of SPR74 (Bug in the processing éiTwo scaleé by NWC/GEG-HRW v2018
and SPR677 (Cloud type histogram over limits, and other smaller issudsVWC/GEOHRW

on

29

t
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Algorithm Theoretical Basis Document
for the Wind product processor
of the NWC/GEO

1.4 DEFINITIONS , ACRONYMS AND ABBREVI ATIONS

1.4.1. Definitions

4x4 big pixel matrix

4x4 big element matrix, in which pixels of a tracer candidate
clasified at reduced resolution, defining three different bright
classes (CLASS n)

Atmospheric Motion
Vector (AMV)

Horizontal wind calculated through the horizontal displacerbetweer
two Earth positions in twdifferent satellite images (defined asitial
imageandlater imagg, of asquare segment of nxn pixels called tracg

Basic dataset

Set of tracers or AMVs, calculated with the basic or wide tracer
(with a default value of 24 x 24 pixelsjwo kinds of Basic tracers g
possible: wide bsic tracers (with bright big pixels in the first and last
pixel row or column) and narrow basic tracers (occurring otherwise

Bearing angle

Angle defined by the great circle connecting two locations on the E:

Best fit pressure level

Pressure levalhich minimizesthe vector difference betwedine AMV
and a NWP reference wind, considering as reference wind the r
NWP wind profile or nearest Radiosounding wind profilith alinear
variation ofthewind componentbetweerprofile levels

Big pixel

Each element of #4x4 big pixel matrix, in which pixels of @&acer
candidateare classifiedat reduced resolutiondefining three differer|
brightness classes (CLASG CLASS 1, CLASS P

Bright big pixel

Big pixel inside a big pixel matrix, in whicat least a 70% of its pixels
brighterthan a given frontiefalso called CLASS 2 big pixel)

Brightness value

Value for a given pixel of the N_Value matrices, characterized b
Normalized reflectance in the pixel for Visible channels and
Brightness temperature in the pixel in Infrared or Water vapour chg
and defined as an integer value ranging from 0 to 255

Clear air AMV

AMV defined through the horizontal displacement between two
positions in two different satellite images, of a éadefined through
specific humidity feature in water vapour images

Closeness threshold

Minimum distancein lines and columrs allowed betweertwo tracer
locations

Cloud type

Cloud type defined for each tracer or AMV with NWEEO-CT output
data, used foexample to define which of the two calculated he
|l evels (cloud top, cloud base
i nterpol ation height assignmen

Cloudy AMV

AMV defined through the horizontal displacement between two §
positions intwo different satellite images, of a tracer defined throu
specific cloudiness feature in visible, infrared or water vapour image

Common Quality Index

Quality parameter, calculated with a setintained Fortran modu
defined by EUMETSAT and NOAA/NH3S, to be included as su
without modifications by all AMV algorithms, and useful for a comr
homogeneous use of AMVs calculated with different AMV algorith

Consistency

Difference between an AMV and some other expected wind, quar
in probabiligic terms for the Quality Index calculation
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Coverage hole

Location in the initial image in which two consecutive failures in
definition of a tracer with Gradient method have occurred, so defin
location for the tracer search with the second hod@t Trace
characteristics method

Darkbig pixel

Big pixel inside a big pixel matrix, in whidless than a 30%f its pixels|
is brighter than a given frontiéalso called CLASS 0 big pixel)

Detailed dataset

Set of tracers or AMVs, calculated with thetailed or narrow trace
scale (with a default value of 12 x 12 pixel$hree kinds of Detaile
tracers are possible: unrelated to a basic tracer, related to a wid
tracer, related to a narrow basic tracer

Distance factor

Formula used to define wtti AMVs contribute to the spatial a
temporal consistency tests for a given AMV, and their correspo
contribution to the consistency test

Frontier A significant minimum in the N_Valuenatrix histogramfor a given
tracer candidate
Great circle Trajedory between two locations on the Earth surface, which re

them considering the smallest possible distance

Haversine formula

Formula used to compute the great circle distance between two l0¢
on the Earth surface

IND_TOPO parameter

Value of theAMV Orographic flag parameter, calculated to detect
influence for a given Atmospheric Motion Vector

Initial image Satellite image in which tracers are defined with any of the two {
calculation methods (Gradient or Tracer characteristics), soirtgthe
initial position in the AMV displacements

LAT C,LON_C Geographical coordinates of the tracking centre in the later ir
considering a given AMV

LAT _T,LON_T Geographical coordinates of the tracer centre in the initial in
considering aigen AMV

Later image Satellite image in which tracers defined previously are tracked wit

of the two tracking methods (Euclidean distance or Cross correlg
defining the later positions in the AMV displacements

Main tracking centre

Tracking cente for a given tracer, which has the best possible Eucl
distance/Cross correlation values

Maximum

brightness gradient

Location of the maximum brightness value gradient inside a t
candidate, to be defined as a tracer location with Gradient method

Maximum

optimisation distance

Maximum distanceén lines or columrs allowedbetweera coverage hol
used in the search of tracers with Tracer characteristics methbdhe
correspondindracer location

Mixed calculationmethod

Alternative method avaitde for the calculation of AMVs ar
Trajectories with NWC/GEEGHRW algorithm, through which the trac
tracking is evaluated considering shorter time intervals, andg
displacement is evaluated considering longer time intervals.

Neighbour AMV

AMV which is close enough to a given one in the current proce]
cycle, used in the Quality spatial correlation test
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N_Value matrix

Normalized reflectances for Visible channels, or Brightness temper
for Infrared or Water vapour channels, for a given imagethe
processing region, defined as integer values ranging from 0 to 255.

Orographic flagdynamic) | Flag to show possible land influence in the previous positions of a
AMV. It is calculated after the static orographic flag procedure,
indicatedthrough IND_TOPO values: 1,2,3,4,5,6.

Orographic flagstatic) Flag to show possible land influence in the position of a given A

Indicated through IND_TOPO values: 1,2,3,6.

Overall Quality Index

Final QualityIndex weighted sum of individual forecagemporal an
spatial consistency tests (not considering the interscale consistency

Parallax correction

Correction of the apparent horizontal displacement of a feature
satellite image, dut its height over the Earth surface

Persistent trace

Tracer related to AMVs calculated in the previous cycle, for whict
tracer centre is the tracking centre of the AMV in the previous cycle

Pixel distance

Preliminary line and column separation in pixéstween the tracq
locations, before the readjusents made by the tracer selection meth

Pixel exclusion matrix

Ensemble of pixels inside the processing region in which addil
tracers cannot be located

Predecessor AMV AMV in the previous processing cycle, whose tracking centre is ug
the tiacer centre of a persistent tracer in the current processing cycl
Prior AMV AMV in the previous processing cycle close enough to a given AM

the current processing cycle, used in the Quality temporal correlatid

Quiality index QI)

Quality paramter used to define the quality of the generated AMVS
Trajectories. It is based on spatial, temporal and forecast consi
against reference AMVs or the NWP wind forecast. Two kind
Quality indicesare definedwith andwithout forecast (wittandwithout
the contribution of the consistency against the NWP wind forecast)

Quiality index threshold

Minimum value of the Quality index (with/without forecast) so that|
given AMV/Trajectory can be written in the output files

S (in CC computation)

Any pixel insidea tracking candidate

Secondary trackingentre

Tracking centre for agiven tracetr which doesnot hawe the bes
Euclidean distance or Cross correlation

Segment of the image

A set of contiguous pixels in a satellite image, defined by its agiizk
location

Single scale procedure

Tracer selection procedure, for which only one scale of trace
calculated

Starting location

Each a priori location of tracetisroughout thenitial image, inprinciple
uniformly covering thevhole processing regn

Subpixel tracking

Tracking processing, through which the tracking centres in the
image are located in a nameger location of the tracking area, &
which is calculated through second order interpolation of the Eucl
distance minima/Cros=rrelation maxima

T (in CC computation)

Any pixel inside a tracer
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TESO parameter

Orographic test parameter, detailing if the orographic flag coul
calculated for a given AMV, and the relative results in AMVs relate
the same tracer, added todlity TEST indicator after Quality Control

TEST parameter

Quality flag after the Quality control processing, detailing which qu
consistency tests were applied for a given AMV, and the relative r
of each quality consistency test for all AMVsateld to the same tracer,

Tracer

Square segment in the initial image with a fixed size (nxn pixels, d
tracer size), identified by the location of its centre, and considered
candidate for AMV calculation by any of the tracer calculation meth

Tracer candidate

Square segment in the initial image with a fixed size, where cond
for tracer search using ATrace

Tracer continuity

Processing option in which part of the set of tracers in the cl
processig cycle is defined through the tracking centres of AMVs in
previous processing cycle

Tracer location

Pixel coordinates oé tracer(line and column) in the initial image

Tracer selection procedurg

Strategy to get a complete set of tracers througtigudesired region
the image. It consists of 2 iterations (2 methods) for the single
procedure; 4 iterations (2 methods, 2 scales) for the two scale proc

Tracer size Line/column dimension of a tracer. In NWC/GHERW algorithm, botH
dimengons are similar defining squasbaped tracers
Tracking Determination of the best matching square segment for a given tra

the initial image, with the sanlae and columrdimension, inside th
tracking area of a later image

Tracking area

Square sgment in the later image containing the search area of a
tracer, in which alpossible tracking candidates are located

Tracking candidate

Each square segment inside a tracking area of the later image,
evaluated for the tracking of a givaader

Tracking centre

Best matching square segment for a given tracer, with the lgzrmend
columndimension, inside the tracking area of a later image

Tracking centre location

Pixel coordinates of a tracking centféne and column) inthe later
image

Trajectory

Path defining the displacement of a trat@oughoutseveralsatellite)
images

Two scale procedure

Tracer selection process considering tracers with two different
sizes (Basic dataset and Detailed dataset, beindirtbeand columi
dimension of the second dataset half the dimension of the first datal

Weighted location

Location different that the centre of the tracer in the initial image d
tracking centre in the later image, relating best the displacement
AMVs and Trgectories to the displacement of the part of the tracer
a largest contribution to the cross correlation.

Wind guess

NWP wind longitudinal and latitudinal components, through which
location of a smaller tracking area in the later image is defioe@
quicker processing, although widtdependeay on the NWPRwind

Tablel: List of Definitions
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1.4.2. Acronyms and Abbreviations

AMV Atmospheric Motion Vector

BUFR Binary Universal Form for the Representation of meteorological data

CDOP NWC SAF Continuous Development and Operations Phase

CDOP2 NWC SAF Second Continuous Development and Operations Phase

CDOP3 NWC SAF Third Continuous Development and Operations Phase

CIMSS UW6s Cooperative Instituties f or

ECMWF European Centre for Medium Range Weather Forecasts

EUMETSAT European Organization for the Exploitation of Meteorological Satellites

GOES NOAAGs Geostationary Operationa

HRVIS MSGHRVIS High Resolution Visible channel

I0OP NWC SAF Initial Operations Phase

IR107, IR108 IR112,| GOESN 10.7um- MSG 10.8um Himawari8/9 & GOESR 11.2um

IR120 MSG 12.0uminfrared channsl

IWWG International Winds Working Group

JMA Japan Meteorological Ageync

MSG EUMETSATGO6s Meteosat Second Gene

NOAA United StateSNational Oceanic and Atmospheric Administration

NWC/GEO NWC SAF Software Package for Geostatiorsaiellites

NWC/GEO-HRW NWC/GEOProduct Generation Element for the High ResohutiVinds

NWCLIB NWC/GEO Common Software Library

NWC SAF EUMETSATO6s Satellite Applicatio
Very short range forecasting

NWP Numerical Weather Prediction Model

SCI NWC SAF Scientific Report

SMR NWC SAF Software Modication Report

SPR NWC SAF Software Problem Report

SW Software

™ NWC/GEO Task Manager

uw Uni t e d Undersity of Wigconsin/Madison

VIS06,VIS07,VIS08

MSG & Himawari-8/9 & GOESR 0.6um- GOESN 0.7pum-
MSG & Himawari8/9 & GOESR 0.8umVisible channed

WMO

World Meteorological Organization

WV62, WV65, WVE9,
WV70, WV73, WV74

MSG & Himawari-8/9 & GOESR 6.2um- GOESN 6.5um-
Himawari8/9 6.9um- GOESR 7.0um- MSG & Himawari8/9 7.3um-
GOES-R 7.4umWater vapour channel

Table 2: List of Acronyms and Abbreviations
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1.5 REFERENCES

1.5.1 Acronyms and Abbreviations

The following documents, of the exact issue shown, form part of this document to the extent specified
herein. Applicable documents are thasferenced in the Contract or approved by the Approval

Authority. They are referenced in this document in the form [AD.X]

For versionedreferences, subsequent amendments to, or revisions of, any of these publications do not

apply. For umersionedeferencs, the current edition of the document referred applies.

Current documentation can be found at the NWC SAF Helpdeskhitpbiiwww.nwcsaf.org

Ref. Title Code Verdon

Proposal for th@hird Contiruous

[AD.1] Development and Operations Phase (CBDF NWC/CDOR/SAHAEMET/MGT/PRO 1.0

[AD.2] Project Plan for the NWC SAF CDOP3 Phay NWC/CDOP3/SAF/AEMET/MGT/PP 13

[AD.3] gzgf'g“ra“o” Management Plan ireNWC | \\yc/cpop3/SAF/AEMET/MGTICMP | 1.0

[AD.4] | NWC SAF Product Requirements Documen| NWC/CDOP3/SAF/AEMET/MGT/PRD 11
Interface Control Document for Internal and

[AD.5] External Interfaces of the NWC/GEO NWC/CDOP3/GEO/AEMET/SW/ICD/1 11

[AD.6] Data Output Format for the NWC/GEO NWC/CDOP3/GEO/AEMET/SW/DOF 1.1
SystemandComponenRequirements

[AD.7] Document for th\WC/GEO NWC/CDOP3/GEO/AEMET/SW/SRD 22
Estimation of computer environment needs |

[AD.8] |run NWC SAF product g NWC/CDOP/INM/SW/RP/01 1.0
scan modeo
ValidatonR@ or t for fAHi gh

[AD.9] Wi nds o i PGERIN2.2) NWC/CDOP/INM/SCI/VR/05 1.0
Validation Report fd

[AD.10] Wi nds 0 i PGERINZ.0) NWC/CDOP/INM/SCI/VR/07 1.0
Val i dati on RRegolotiot f ¢

[AD.11] Wi nds o i PGERIN3.1) NWC/CDOP/INM/SCI/VR/09 1.0
Val idation Report fd

[AD.12] Wi nds o i PGERINE.2) NWC/CDOP/INM/SCI/VR/10 1.0
Val idation Report fd

[AD.13] Wi nds o i PGERINA.O) NWC/CDOP2/INM/SCI/VR/13 1.0
User Manual for th&Vind product processor )

[AD.14] of the NWC/GEO: Software part NWC/CDOP3/GEO/AEMET/SCI/UM/Wind 11
Scientific and Validation Report for the i

[AD.15] Wind product processor of the NWC/GEO NWC/CDOP3/GEO/AEMET/SCI/VR/Wind 11

Table3: List of Applicable Documents
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1.5.2 Reference Documents

The reference documents contain useful information related to the subject of the project. These
reference documents complement the applicable ones, and can be looked up to enhance the
information included in this document if it issleed. They are referenced in this document in the form
[RD.X]. For dated references, subsequent amendments to, or revisions of any of these publications do
not apply. For undated references, the current edition of the document referred applies

Ref. Title
[RD.1] J.Schmetz, K.Holmlund, J.Hoffman, B.Strauss, B.Mason, V.Gértner, A.Koch, L. van de Berg, 1993: Operationg
Motion Winds from Meteosat Infrared Images (Journal of Applied Meteorology, Num. 32, pp1228§%
[RD.2] S.Nieman, J.Schmetz, WN?enzel, 1993: A comparison of several techniques to assign heights to cloud tracers (JO
Applied Meteorology, Num. 32, pp. 1589%68).

[RD.3] C.M.Hayden & R.J.Purser, 1995: Recursive filter objective analysis of meteorological fields, and iappiic®ESDIS
operational processing (Journal of Applied Meteorology, Num. 34,-fp).3

[RD.4] K.Holmlund, 1998: The utilisation of statistical properties of satellite derived Atmospheric Motion Vectors to derive
Indicators (Weather and Foredasgt Num. 13, pp. 1093104).

[RD.5] J.M.Fernandez, 1998: A future product on HRVIS Winds from the Meteosat Second Generation for nowcasting &
applications. (Proceeding ternational Wind Workshop, EUMETSAT Pub.24).
[RD.6] J.M.Fernandez, 2@ Developments for a High Resolution Wind product from the HRVIS channel of the Meteosat §
Generation. (Proceeding$ Biternational Wind Workshop, EUMETSAT Pub.28).

[RD.7] J.M.Fernandez, 2003: Enhancement of algorithms for satellite derived wiredsligh Resolution and Quality Contr
aspects. (Proceedings 2003 Meteorological Satellite Conference, EUMETSAT Pub.39).

[RD.8] J.GarciaPereda & J.M.Fernandez, 2006: Description and validation results of High Resolution Winds product from
MSG chanel at the EUMETSAT Nowcasting SAF (Proceedinfnrnational Wind Workshop, EUMETSAT Pub.47).
[RD.9] J.GarciaPereda, 2008: Evolution of High Resolution Winds Product (HRW), at the Satellite Application Facility on s
to Nowcasting and Very shiorange forecasting (Proceedindsi@ternational Wind Workshop, EUMETSAT Pub.51).
[RD.10] J.GarciaPereda, 2010: New developments in the High Resolution Winds product (HRW), at the Satellite App
Facility on support to Nowcasting and Very shoahge forecasting (Proceedings"l@iternational Wind Workshop,
EUMETSAT Pub.56).

[RD.11] C.M.Hayden & R.T.Merrill, 1988: Recent NESDIS research in wind estimation from geostationary satellite
(ECMWEF Seminar Proceedings: Data assimilation andfisatellite data, Vol. Il, pp.27393).

[RD.12] W.P.Menzel, 1996: Report on the Working Group on verification statistics.

(Proceedings'3International Wind Workshop, EUMETSAT Pub.18).

[RD.13] J.Schmetz, K.Holmlund, A.Ottenbacher, 1996: Low level wifrdsn high resolution visible imagery. (Proceeding
international winds workshop, EUMETSAT Pub.18).

[RD.14] Xu J. & Zhang Q., 1996: Calculation of Cloud motion wind with GB8nages in China. (Proceeding® iBternational
winds workshop, EUMETSAT Rul8).

[RD.15] K.Holmlund & C.S.Velden, 1998: Objective determination of the reliability of satellite derived Atmospheric Motion
(Proceedings#international Wind Workshop, EUMETSAT Pub.24).

[RD.16] K.Holmlund, C.S.Velden & M.Rohn, 2000: Impre¢ quality estimates of Atmospheric Motion Vectors utilising
EUMETSAT Quality Indicators and the UW/CIMSS Autoeditor (Proceedings Irfiernational Wind Workshop,
EUMETSAT Pub.28).

[RD.17] R.Borde & R.Oyama, 2008: A direct link between feature tragckind height assignment of operational Atmosph
Motion Vectors (Proceedings'tternational Wind Workshop, EUMETSAT Pub.51).

[RD.18] J.GarciaPer ed a, R. Borde & R. Randriamampi ani na, 2012: L
product(Proceedings Flinternational Wind Workshop, EUMETSAT Pub.60).

[RD.19] WMO Common Code Table-C (WMO Publication, available at
https://www.wmo.int/pages/prog/www/WMOCodes/WMO306_vI2/LatestVERSION/WMO306_vI2_CommonTable)en.pdf
[RD.20] WMO Code Tableand Flag Tables associated with BUFR/CREX table B, veBl¢iVMO Publication, available at
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2. DESCRIPTION OF HIGH RESOLUTION WINDS (NWC/GEO-HRW)

2.1 GOAL OF HIGH REsoLuTION WINDS (NWC/GEO-HRW)

The NWC SAF High Resolution WindgNWC/GEO-HRW) product aims to provig for near real

time meteorological applications, detailed setsfi®tmospheric Motion Vectors (AMVs) and
fiTrajectorie® from EUMETSATO dMeteosat Second Generation (MS®)OAAds Geostatio
Operational Environmental Satelliteeries (GOESN and GOESR) a n d JMAOGs -8HIi mawar
geostationargatelliteseries

An AAt mospheric Motion Vectoro (AMV) is the hori
i n two sat éitd image iatwEgEage )(,A of sagmemjuafr enXin pi xel s
square segment is defined through a specific cloudiness feature in visible, infrared or water vapour

i mages (andoudg AMVe pl bedt Ahrough a specific humidit
water vapour i madearaisAMVMa)n.d so call ed A

flAtmospheric Motion Vector8 are associated with the horizontal wind in the atmosphere. Specific
exceptions exist to this, generally related to clouds which are blocked or whose flow is affected by
orography or to lee wave clouds with atmospheric stability ne@untain ranges. These exceptions

are identified and discarded, such as laigalain inchapter 2.2.2.11 of thidocument.

The squardisegmerdo f nxn pixels inside an i magetraceBed f or
has a fi xetlacessivaa p, (@antdl ed fAdentified by tabee pi xel
locatiod ) . Tr acer st & migahinale and trackedend h kten fimage, so defining the
AMV displacement between those imagAs.Tiajectoryd i s t hireed hy the displatement of

the same tracer throughout several satellite images.

AMVs and Trajectories are calculated throughout all hours of the day, as a dynamic information in the
NWC/GEO package, considerirtbe displacement ofracers found in up toesen MSGSEVIRI
channel images:

- The hgh resolution visible channel (HRVIS),
- Twolow resolution O.6egm and 0.8em visible chan
- Twolow resolution 10.8&em and 12.0em infrared c
- Twolow resol uti on 6 .vapounchannets (WNV623WWMiA3)wat er
in up to three GOESI/IMAGER channel images:
- Theh gh resolution 0.7em visible channel (VI SO
- Onebw resolution 10.7em infrared channel (1 R1
- Onebw resolution 6.5&em water vapour <channel (°
in up to six HimawarB/9/AHI channel images:
- Thewery high resolution6Q.6em visible channel
- Oneh gh resolution 0.8&egm visible channel (VI SO
- Onebwresoluton1.22 m i nfrared?,channel (I R1
- Threebw resol uti on 6g.n? ewmat ebr. 9veanp oanVdVvVeSrhVeE3Bn e | ( WV
orin up to sixGOESR/ABI channel images:
- Thewry high resolution6Q.6em visible channel
- Oneh gh resolution 0.8&¢m visible channel (vl Sso
- Onebwresolutionl.22 m i nfrared2,channel (1 R1
Threebw r es ol ul.Ce ommn a Gednv@emyapour channel (W\26 WV70, WV74).
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The product includes pressure level informatighich locates in the vertical dimension the calculated
AMVs and Trajectoriesand a quality control flaggingwhich gives anindication of its error in
probabilisticterms, with auxiliary indicators about how the product was determined.

It has been developed by AEMET in the framework of TB&/METSATO $Satellite Application
Facility on support to Nowcasting and Very short range forecasting (NWCOSAR)s product is
useful in Nowcasting applications, used in synergy with other data available to the forecaster.

For example, in the watch and warning of dangerous wind situations, in the monitoring of the general
atmospheridlow, of low level convergence (when and whetgnulus start to develop), of divergence
at the top of developed systems, or other cases of small scale circulation or wind singularities.

It can also be used in form of objectively derived fields, and assimilated in Numerical Weather
Prediction Models (tgether with many other datar as an input to Analysis, Nowcasting and Very
short range forecasting applications.

NWC/GEO-HRW output is similar to other products calculating Atmospheric Motion Veciorsls
trajectories andelatedparameters are callatedwith a level 2 of processing. No level 3 of processing
(as a grid interpolation or a meteorological analysis bas’Bit@/GEC-HRW output) is included.
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2.2 THEORETICAL DESCRIPTION OF HIGH RESOLUTION WINDS (NWC/GEO-HRW)

This section discusses the physiof deriving fiAtmospheric Motion Vectors (AMVS$) and
fiTrajectorie® from satellite imagery. The theoretical basis and practical implementation of the
corresponding algorithm is also described.

2.2.1 Physics of the problem

In order to forecast the weather, conv@mal observations are sparse, whereas satellite based
observations provide near global coverage at regular time intervals. The derivation of Atmospheric
Motion Vectors (AMVs) from satellite images, wh correspond to the displacemdrgtweentwo

satellte imagesof cloud orhumidity featuresis an important source of global wind information,
especially over the oceans andemote continental areas.

Traditionally, AMVs are generated using imagery from geostationary satellites, which monitor a
constantregion of the Earth. More recently, satellite winds have also been produced using imagery
from polar orbiters, as they provide coverage in the polar regions.

The Atmospheric Motion Vectagenerakalculation process is composedtud following mainsteps:

1. The reading and preprocessing of the satellite data.

A data rectification is especially important considering satellite visible charfoelshich

illumination conditions vary witlthe solar angle.

2. The location of suitablétracergin anfinitial imageo.

Suitable scenes (regions containing tracealdad or humidityfeatures) are selected the

initial image.

3. Thelocation of those

tracerm aflater image.

Each selected feature in the initial image is thigackea in successive images in order

determine the displacemeat the featureClouds or humidity patternsan change shape or
even disappear, but enoughthemsurvive to produce significant number cAMVs. With
shorter time intervals up to 15 minutes, the problem is smaller and weoters are

calculated

4. Thefheight assignmeabf the tracers.

The pressure levedf the feature must be determined to locate the AMVs in a tridimensional
positionin the atmospheré his is the stethroughout the AMV derivation in whicérrors can

be nmore important. Several methods of height assignment are available: the comparison of the
infrared brightness temperature of the traséh the forecast temperaturef a NWP model
radiance ratioing andvater vapouinfrared window intercept techniques fothe height

of semitransparent cl

assignment

5. The calculation of th&AMV vectorsand Trajectories.

ouds,

stati

Considering the geographical displacemeetweenthe fitracer® in the finitial imaged and

their correspondingtrackingcentres in the later image.

6. A quality control.

An internal quality control scheme performs a selection, so that only the AMVs with a better

quality are accepted.

st
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2.2.2 Mathematical Description of High Resolution Winds (NWC/GEO-HRW)

2.2.2.10utline of the Algorithm

As a whole,NWC SAFRHigh Resolution Windsalgorithm (NWC/GEO-HRW) is designed in a
modular way, so that it can be easy to handle and modify. The whole process includes the
correspondindollowing steps:

1. Preprocessing:

A lncludes t he ioned dhe Satellitea dada (Brighmds® teraperatures and
Normalized reflectances from MS&GOESN, Himawari8/9 or GOESR images, with their
latitudes, longitudes, satellite and solar angles), and the reading of the NWP data and NWC/GEO
product outputs (CTCTTH, CMIC) that arealso going to be used in the NWC/GERW
processing.

2. Processing:

AFirst, fitraceso are calculaed in anfiinitial imaged with two consecutive method&radientand
Tracer characteristics.

AlLater, theseitracer® are fitracked in a flater imagé through one of two different methods
(Euclidean distancer Cross correlation), with the selection of up to thiizacking centres for
eachfiracen.

ArAtmospheric Motion Vectors (AMV$)and fiTrajectoiesd arethen calculaed, considering th
displacement between the positioneafchftracen in the finitial imaged and theposition of the
correspondingitracking centresin theflaterimaged.

A The pressure |l evel of the AMVs and Trajector
(ABrightness temperature interpolation method iCross Correlation Contribution mett@dor
their vertical location in the atmosphere.

3. Postprocessing:

A A Quality con tiQumlty IndicatolmethddiMibdiesnantedwith the choice
of the i B e MYV @onsidering theup to threeAMVs calculated for each tracer, and a Final
control check to eliminate wromyMVs and Trajectoriesvhich arevery different to those in their
vicinity.

AA n Oréigraphicflag can al s o, which incorpdrating focyriaphid data detects those
AMVs and Trajectorieaffected by land influence.

The code was progressively developed WBOES, MG and MSGsatellite data. Examples with
MSG, GOESN, Himawari8/9 and GOESR satelliteseriesare presented throughout the dégstion

of the algorithm to illustrateéhe processThe different options and coefficients are also presented.
Many of them are configurable: guch acase, this circumstance is specifically indicated.
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2.2.2.2Preprocessing

During the initialization proces&llowing parameters are extracted for the seleptedessingegion:

1. Reflectancegnormalizedby NWC/GEO librarytaking into account the distance to the Siar)
theimages with which tracers are calculated and trackedll MSG, GOESN or Himawari-8/9
visible channal to be used MSG/HRVIS, VIS06 or VIS08; GOESI/VISO07; Himawark
8/9/VIS06 or VISO8 GOESR/VIS06 or VIS08

2. Brightness temperatures fihreimages with which tracers are calculated and tradioecll MSG,
GOESN or Himawari8/9 Infrared @ Water vapour chanreto be usedMSG/IR108, IR120,
WV62 or WV73; GOESN/IR107 or WV65 Himawart8/9/IR112, WV62, WV69 or WV73
GOESR/IR112, WV62WV69, WV70 or WV74

3. Radiances for thenages with which tracers are calculated and tracktSIG/IR108 andWV62,
GOESN/IR107 and WV65 Himawari8/9/IR112 and WV62 or GOESR/IR112 and WV62if
the Al mage cor r el @adlefinend m chapieaa.2i2ti§usedimpieamentet in thee s t
default configuration but nahandatory).

4. Latitude and longitude mates and solar and satellite zenith angle matricesthe image
locations in which tracers are calculated and tra¢kénich are calculated by NWC/GEQO library).

NWP temperaturerofilesfor the wholeprocessingegion in which NWC/GEEHRW is run

NWP wind componenprofilesfor the wholeprocessingegion in which NWC/GEEGHRW is run

if the AForecast consistency qualitpntroltesb defined in chapter 2.2.2.18 used, or ithe NWP
fiwind guesé for the definition of thefitracking area in the flater imayed suchas defined in
chapter 2.2.2.4s used or if Validation statistics are to be calculated by the NWC/GEOW
algorithm itself such as defined in chapter 28(tonsidering as reference winds NWP analysis
winds or NWP forecast winds). The first anlkiird option areimplemented in the default
configuration butnone ofthemaremandatory

7. NWP geopotentiaprofiles for the wholeprocessingegion in which NWC/GEEHRW is run if
thedm Paral |l ax correct i 0.8 orthdi®rbgraphicdag deafinedt ih ehapter r
2.2.2.11areused (implemented in the default configuration but not mandatory

8. NWC/GEOCT Cloud Typeoutput for the image in which tracersare calculated in case the
AiAM Cl oud t y doe 0 h éBrighiness tewmhperature intedption method height
a s s i g nsoch askefined in chapter 2.2.2(Bot mandatory).

9. NWC/GEO-CT Cloud Type and CTTH Cloud Top Temperature and Pressure ottputse
image in which tracers are trackeéh casethe i C C fBethod height assignmeatdefinedin
chapters 2.2.2.6 to 2.2.288usedimplemented in the default configuration but not mandatory

10. NWC/GEO-CMIC Cloud Phase, Liquid Water Path and Ice Water Path oufiputise image with
which tracers are trackedn case the Microphysics correctiocior A CCC  Meheidghob d
assignmerit defined in chapter 2.2.2.7 is us@ohplemented in the default configuration but not
mandatory.

Only the satellite data for the requested channels, and NWP temperature data with a minimum number

of NWP levels (defined tlough configurable parameter MIN_NWP_FOR_CALCULATION, with a
default value of 4)All other data contribute to a higher number of AMVs and Trajectories and a better
quality of the output datdetailed information on all configuration parameters used cdow in
chapter 2.3. The option to calculate AMVs and Trajectories wdlimatologicaldatainstead of NWP

datg possible with previous NWGEO-HRW versions, is not available anymossnce the amount

and quality of data providdd previous releasesith theclimatologicaldatawas significantly worse.

The satellite data (Normalized reflectances and Brightness temperatures) to be used in the calculation

of AMVs and Trajetories are stored in stalled brightnessiN_Value matriced . N_\falue matrix
data are considered as integer values ranging from O toi@Sikl€ an 8bit data range), being 0 a
predefined minimum value and 255 a predefined maximum value (different for each satellite channel).
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2.2.2.3Tracer search

The process of NWGEO-HRW startswith the @lculation offitracer® (squarefisegments of nxn
pixels used as initial positions of an AMV and trajectasgctor and identified by a specific
cloudinessfeatureor humidity featur® throughout theprocessingegionin an finitial imaged. The
calculatedracers arstored in temporal files ISSAFNWC/tmpdirectory,

If no fitracer® are availablefor the AMV calculationfrom a previousrun of NWC/GEO-HRW
software(including the case in which the running of #@ftware starts)the tracer calculatiois the

only processof NWC/GEO-HRW algorithm which is activatedfor that image skipping all other

processes itthe NWC/GEO-HRW algorithm. Once tracers frompreviousrun dent i fi ed as i
i mageo are avail abl e ,thafalowiAgMrscsr caicalatiorppoeesssaxtivateu | at e d
as thdfinal step ofeachNWC/GEO-HRW algorithmrun.

Two fitraced computation methods are appliefiGradiend and fTracer characteristiés Both
calculate a tracer optimising h e | o c a tracey mandadte araundfioe of thér fistarting
location® Gradientmethod is by far more efficient in computing terMeacer characteristianethod

is more specific: it defines additional tracers in still empty areas, with a longer but still f@asona
computing time.

These traer computation methodare used one after the other in two differémmacer selection
strategies t hr ou gihgteutale prbcedwiea ¢ g inonwhitchhe ofme scal e
cal cul at e o) scaleapmodeduéeh ¢ i A whi c h tswob trackis fart eatcidatet: s c a |
fibasicscal® a dethiledscal® , b e line gnd ¢olurarsize of the detailed tracers half the size

the one foibasic tracers).

A Asingle scale procedur e 0 Inadndcolinaftracargedomlfy 2@b a
pixels is proposed atefault configurationThis configuration is specified witbonfigurable parameter

CDET = 0. The latitude and longitude limits for calculation of AMVs and Trajectories can also be
specifiedwith configurable parameters LAT _AK, LAT_MIN, LON_MAX, LON_MIN.

A fitracer sizé of 24 pixels forftbasi ¢ t racer s 0 datnali 11e2d ptirxaecl esr sfoori s
basel i nevof src atl ke e This Bactivatadwitle donfigurable parameter CDET = 1. The

latitude and longitudeirhits for the calculation of detailed AMVs and Trajectories can also be
specified with configurable parameters LAT_MAX_DET, LAT_MIN_DET, LON_MAX_ DET,
LON_MIN_DET.

Theseresolutions define different tracer scales betw&#to 96 kmat subsatellite poir(in thefbasic

low resolutionimages ¢ a | e 6tp 12&mmat subsatellite poinfin the fidetailed higlestresolution

images c a | wéthbhighest values related to GOBSsatellite seriesnd lowest values related to
Himawart8/9 or GOESR satellite seriesSo,b et ween O mes os c al meteQdlogieahd 6 me
dimensions.

The nominal observation frequency Hd to 30minutes is enough to track the majority fehtures

with these sizes, althoughs ome cases | i ke smal/l c u mledhighest over |
resolution channet ¢ a | e@rdifecycke might be a bit shoffor this image frequency. The use of
NWC/GEO-HRW product in théiRapid scan modewith MSG satellitesan be better to track tracers

of this small size.

In any casethe line andcolumnfiracer sizé in pixelsof t he fisi n g kam bedefinedbasi c
through configurable parametefRACERSIZE VERYHIGH for the Himawari8/9 or GOESR 0.5

km veryhigh resolutionmages, TRACERSIZE_HIGH for the 1 km high resolution images (availab

in the three satellite series), and TRACERSIZE_LOW for the 2 to 4 km low resolution images
(available in the three satellite serieB)WC/GEO-HRW is definedto work with square shaped

tracers, so similar values for thiee and columrii t r a ¢ enekemfor the processing.
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FIRST METHOD: GRADIENT

Starting from the upper l eft c startingelocationd ft dvre twloe k
tracer searchwith Gradient methodire definedSimilar to the method defined by CIMSS/NOAA at
Hayden & Merrill, 1988 [RD.11] it hasfollowing steps

1. To look for afbrightness value (i dent i fi ed as oathecorrespondindie pi X
AN_Value matrixo, inside afiracer candidate | o ¢ aatfistading location), greater than
configurable parametdBRIGHTNESS THR_VIS (for visible @ases with default value 120) or
smaller tharBRIGHTNESS THR_OTHER (forothercases, with defaultalue240).

2. To verify if a difference exists between the maximum and mininfiuimr i ght nmshe val ue
Atracer greaterdthad @dnfegdrgble parameter GVAL_VIS (for visibkses with
default value 60pr GVAL_OTHER (for infrared and water vapocaseswith default value 48).

3. Tocomputei nsi de the HAtracer c andi dimaxiemum btighteessv al u e
gradien®d [DN_ValueDx) + DN_valueDy)|, whereD meansa distance 05 pixekin bothline and
columndirections Thisfima x i mum b r i g h tannetde locgtedaon thee adde® of the
itracer candidateo.

If all previous processes have been successfulalid fitraceo is definal at thelocation of the
fimaximum brightness gradi). Th e A st ar t i thesubsequenitrademisesdtablistoedy a
fipixel distanc® between tracerslefinedfor Very high,High and Low resolutioimagesrespectively
by configurable parameterTRACERDISTANCE VERYHIGH, TRACERDISTANCE_HIGH and
TRACERDISTANCE_LOW.

All tracers related to very low and low cloud types calculated with tpixelfdistancé are kept.
Considering tracers related to other cloud tygds so defined by configurable parameter
HIGHERDENSITY_LOWTRACERS = 1, which is the default optiorjnly one of every two tracers

is kept.With this new procedure, the spatial density of AMV data related to very low and low clouds
is larger than the one obtained withe previous vesions of NWC/GEGHRW algorithm, due to the
generdly s ma | dixel distaficé b e tthasel@eveltracers.

After one failure in the definition of racerlocationwi t h f Gr a d ithe fipikel distancéi d 0 ,
reduced to a half. Two osecutive failureslefininga tracer locationlefine aficoverageholeo.

SECOND METHOD: TRACER CHARACTERISTICS

The c e ncbvwerage hotws afr etartindplecatibnd f or t he tracer search
wi t h Tracereharficteristics methindt is based on new development. It is usepeciallyin the

visible cases, where many potential tracean jgresentfainter edges than in the infrared image

because of cloudiness at different leweith a similar brightness.

It evaluatediracer cadidate® atincreasing distancdsr om t he A ssb avery3limeggandoc at i c
columns),inside afimaximum optimisation distanodwhoseline and columrsize is halfthéit r ac e r
si zeo)valdfitraced li sa. f ound

Two testsare applied in sequenéar the tracer definition with this method
1. AiFrontier definition in the N_Value Histograme s t 0

It includes two parts, both based on histogram classification diNh&alue matrixo pixels ina
fitracer candidate

In its first part, ail s i g n i fghtnessooritrastbis to be found inthep i x el s of t he i
candidaté. Considering the values of the different centiles of fiNeValue matrix histogran®
(CENT_m%), it is necessarthat

1. CENT_90%> 0.95MIN_BRIGHTNESS THRand CENT_10%>0;
2a. CENT_9%CENT 03%>LARGE_CONTRAST if CENT_97%>1.2BIIN_BRIGHTNESS THR or
2b. CENT_97%CENT 03%>SMALL_CONTRAST if CENT_97%<1.281IN_BRIGHTNESS THR.




. . . Code: NWC/CDOP2/GEO/AEMET/SCI/ATBD/Wind
| AIg?(r;:r:tr:le'l\'/r\}«ienodret:gzluE?stgeZithent Issue: 22 Date: 18 December 2019
] ‘ M P p File: NWC-CDOP2GEO-AEMET-SCI-ATBD-Wind_v2.2.doc
of the NWC/GEO .
NWC SAF  Aameis Dol e Mteoroiogi Pagce: 26/108

The last conditiorallowst h aracer ftandidatésrelated toextended cloudinessan have less
contrastin thar brightnesslt is mandatory that these conditions be met afistegrting locatiod o f
the Atracefnotcthedidadaeédr ¢t¢andi dateodo is skipped.

In the second part, one or more significant histogram mininffr@ntiersd' are to be found in the
fiN_Value matrix histogran® for the fitracer candidatie The default running dlWC/GEO-HRW
algorithm keeps only the most significdiftontiero in the processing.

Thefffrontierd definesf or t he At ragouw offibkght pixkid (dafinee as thaspixels
brighter than the givefrontier) and a group ofidark pixel® (defined as thospixels darker than
the givenfrontier).

Frequency
[

N_Value

Figure 1: Example ofiN_Valuematrix histogrand (unsmoothed in violet and smoothed in piiok)a
valid Low resolution vidile fitracer candidateé. The minimunbrightnesshreshodl,
thealgorithm centiles and théefinedfrontier are also shown

2. MBig pixel brightness variability e st 0

Thefitracer candidateis now considered as a coarsgucture of 4x4 pixal(c a | big mixels),
to be classified according to the brightnesthefr pixel population. Three classes are possible:

CLASS_0: 'dark big pixel', < 30% of its pixels dt@right pixel;
CLASS_2: 'bright big pixel', > 70% ofsi pixels aréibright pixel®;
CLASS_1: 'undefined big pixel', intermediate case.

It is requested to avoid ambiguous cases that both CLASS 0 and CLASS_2 appear at least once
in the fdx4 big pixel matrixd, while the incidenceof CLASS 1 béng less than tice the less
frequent of the othesnes.

The x4 big pixel matrixo is also checked for enough brightnesariability in the different

directions At leasttwo CLASS 0 to CLASS 2 or CLASS 2 to CLASStransitionsmust exist
alongall four main directionsn thefdx4b i g p i x erbws,maumnsindagcending and
descending diagonal directianBor this, # linear arraysare checkedin the row and column
directionswhile only linear arrays with at leaStelementsare checketh the diagonal directions

In the case théBig pixel brightness variability e $ hab successful but just along one direction,
and no other frontiers can be selected, the frontier is retainedfasnaost good frontiérand a
tracer isstill defined at this location.

Example of tracer with its corresponding structure of 'Big pixels":
- Class 2 pixels in dark blue (bright pixels).
- Class 1 pixels in violet.
- Class 0 pixels in light blue (dark pixels).

The results of the 'Big pixel Brightness variability test' is also shown.
- 'Good transitions' shown in red.

A minimum of two 'Good transitions' in all four directions
(rows, columns, ascending and descending diagonals)
is necessary to pass the test.

Figure 2: Example of running of the 0Big pixel brigh
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TRACER CLOSENESS CONDITION

No tracer is retained if it is found too close to a previously computedioluséness threshaid So,
each time a tracer is cguted all pixels located nearer than fisboseness threshaldire added to a
fipixel exclusionmatrixo, and excluded agotential tracer locations.

Considering this, w t Gradiént methodl the imaximum brightness gradiént mosevaluated at
locationsinside thefi p i ex@usionmatrixo. Wi t Tracdi characteristics methmdo computations
are evaluatetbr afistarting location with pixelsinsidethefi p i exaukionmatrixo.

An additional condition is verifietiere throughwhich all pixels insidea trdceb must have a satellite
zenith angle(and a solar zenith angle in the case of visible channels) smalleratimagximum
threshold (onfigurable parameterSAT_ZEN_THRES andSUN_ZEN_THRES respectivelywith
default values & and 8°). This guarantees & the illumination and satellite visualization conditions
aregoodenough for the definition of the tracers.

DETAILED TRACERS IN THE TWO SCALE PROCEDURE

The fiBasic scalé in the fitwo scde proceduré works in a similar way than theprocedurehere
descriled for thefisingle scaleprocedure, while additionally defiring fistarting locations for the
fiDetailed scaleé .when one ofollowing conditions are met:

1 No fBasic tracad has been foundbut at thefistarting locatiod of a fitracer candida e 0
following condition occursCENT_9®6>0.85*MIN_BRIGHTNESS THR. A fiDetailed tracer
unrelated to a Basic tra@gs sodefined,with a slightly lower brightnesthreshold

1 A fWide basic tracérhas been found, in which CLASS_2 values appear in both first and last
row, orin both first and last column, of th@x4 big pixel matrixd used in thefiBig pixel
brightness variabilittesb. In this casefour starting locations are defined for tfiBetailed
scal® . acheof thermis locatedat the corners of @Detailed tracaywhose centre is the centre
of thefiBasic traceb.

1 A ANarrowbasic tracarhas been found, in which CLASS_2 values do not appear in both first
and last row, nom both first and last column, of tH@x4 big pixel matrixd0 u s e diBig n t he
pixel brightnessvariability tesb. In this case, only one starting location is defined for the
fiDetailed scal@ whose centre is defined by the weighted location ofiBig pixel in the
fdx4 big pixel matrio .

TRAJECTORIES

With the default configuration, th configurableparameter CALCULATE_TRAJECTORIES = 1
the definition of newfiracerlocation® stars at the integer line/columiocation of all fitracking
centreg related tovalid AMVs in the previous roundvhen they are available

A set of fipersistent tracetscan so successivelbe defined andrracked inseveralimages and the
progressivdocationsof the tracer throughout the time definTrajectorie®. For this it is necessary
that theconditionsimplied by the "tracer methodlsed for the determination of theader in the
Ainitial i mageo, keep on being valid throughout
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EXAMPLES OFAMVs RELATED TO DIFFERENT TYPES OF TRACERS

Examples of AMVs related to different types of tracers for MSG satedities considering the tracer
method and the tcar type, are shown nexh Figure 3 fiBasic tracemsconsidering the tracer method

(AGradient tracerso and AFigura 4 @Basic anld Detalad ttracérs st i ¢
considering the tracer type tdBasdocBasiacetsace
tracers related to Wide basic tracerso, and ADe

Figure 3: AiBasic scale AM\&(in red andgreen considering thélracer calculation method
usedfor their extraction), in the SinglescaleNWCGEO-HRWexample
defined inthe Europeamand Mediterranean regiowith the default
$SAFNWC/config/safnwc_ HRW_  MSCGcfm  model configuration file
(14 May2010 1200 UTC, Nominal scan mod&ISG2 satellite)

Detolled Tracers reloted to Wide Basle Tracers
stalled Tracers unrelated Tracers

Figure 4:fBasic scaleAMVD (in red), andfiDetailed scaleAMVS (in yellow, green and blye
consideringheir relationship with the Basic scale AMVis)a Two scaleNWCGEO-HRWexample
definedin the European and Mediterranean regiith the default
$SAFNWC/config/safnwc_HRW_  MSGcfm  model configuration filevith parameterCDET = 1

(14 May 201200 UTC Naminal scan modeviSG2 satellite)

e ]
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2.2.2.4Tracer tracking

The fitrackingd procesdooks for the location of a fitraceb computedi n  iaitial infiaged, inside a
portion ( tiacking area )of a lafér image . T h e peformscaepxed by pixel comparison
bet ween thigethedssmae® e raniil t h o s fisegroem ofahe sagne siz€igacking
candidate), repeatedly moving thi8 t r a ¢ k i n gthraughouthe fittaeking area

For afit r ac ki n g &iaside thigfisatkang areq, the algorithm usedort he At r ac ki

procesds one of thavell knownmethods

- Euclidean distancéconfigured through TRACKING: LP), in whichthesum LR = E E ¢(SF is
calculatedT/S correspond to thébrightness valuésfor thefitraced andthe fitracking candidate
pixelsat correlative locations

The besfirackinglocation® are defined through the minimum values of the sum LP

- Cross correlatiorfconfigured with TRACKING = CCwhich is thedefaultoption), in which the
normalized correlation value GC= COVrd(st.Ss) is calculated T/S correspond to the
Abright ness ftvaeeb and theftradkingr cantlidate pixels at correlative locations
CQV is the covariance between the Abr i ghtasmie thes standardl deeiatidn dhe
itracer o and Aftbrraicgh tnnge scsa nvda | duaet sed.

The besttracking locations are defined through the maximum values of the correlatign CC
Operatively, thetracking CG is implemented through the derived expressiafith( a better
computing efficiencyin whichNUM is the total number of pixelssite h etraden):

[F B2+ F B - F BT-SY)/2 - E B2-F BYINUM

CCi=08880000088806008880808
A¥ #2- (F B)INUM] - JF B2 - (E BYNUM]

Thec e nt r e traoking areh @n gieliminarily be defined throughfivind guesé obtainedfrom

the NWP forecast of the rectangular wind components, interpolated to the tracer location and level.

This permits toreduce thefitracking area size andhe running timeof NWC/GEO-HRW algorithm
and is applied usingonfigurableparameter WND_GUESS= 1.

NeverthelessSNWC/GEO-HRW algorithm has been optimized not to usefivend guessé as default
option, so reducing the dependence ofdaleulated AMVsrom any NWP modelused Although the
running time can be around two to three times loniges recommended to keep operationally the
configuration without use dgiwind guess with configurable parameter WIND_GUESS = 0.

Figure 5: Alow resolutiontracerat 11:45UTC (O redmark), its position defined by NWP wind guess
at 1200 UTC (O yellow mark)and itstrue tracking positiorat 1200 UTC defined by HRVdlgorithm
(O bluemarK), for anexamplecase(BasicAMVs inNominal scan mod&/SG2 satellite)

Thefiy e ltrhckivgare® (wi th its centre at the position

12.00UTC) corresponds to the option using wind guess for the definition of the tracking area.
The fAigreen tracking areao (wit h45UTCscorespontsrtoe
the option not using wind guess for the definition of the tracking atealarger size of the tracking

area when the wind guess hast been usets to be noticedwhich causes a longer time for the

running of HRW algorithm, but at the same time regutiedependence from the NWP model

at

n

t

f
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The line and columrsize in pixels o f trdclkdng drea is calculated sahat it is able to detect
displacements of the tracer af least272 km/h in any direction (value of configurable parameter
MINSPEED_DETECTION), when the wind guess is not used in the definition of the tracking area.
When the wind guess is useatis MINSPEED _DETECTION parametes to be understood as the
minimum difference in speed with respect to that of the NWP wind guess tHdWWliéGEOHRW
algorithmis able to detect.

To avoidthe computation of P;/CGC; in all (i,j) locations in thditracking area, agradual approacts
performed in fouriterations based orthe idea that th&uclidean distance and @elation change
slowly (Xu and Zhang, 1996) [RD.14]:

1 In a first iteration, apixel computationGAP = 8 is applied: LP/CCis evaluatedonly at
(1,1), (1, 9) pixel(logatiahgi ,n(s9 ,d®) ,téh e . The four locktions gvith dhe e a 0
bestLP/CG; values are retained for tli@lowing iteration.

1 In the second, third and fourth iterations,;AGC; is only evaluatedf possible atfour locations
around eaclone of thdour bestlocationsretained in the previous iteratiotefined by:

(imaxGAP, jnaxGAP),  @maxtGAP, jnaxtGAP),
for which GAP reduceto a half in each one of the iterations until having the value 1.

After all four iterations,the threefitracking cented (MAX_NUM_WINDS) with the bestEuclidean
distance/Correlationaluesare retainedWith Cross correlationit is alsorequested that the absolute
maximum correlation value be greater than configurable parameter MIN_CORRELATION (with a
default value of80% for MSG, Himawari8/9 and GOESR satellite series, and 50% for GORS
satellite series

In the default configurationhe line/column and latitude/longitude location of theeebestfitracking

centres is refined through second order interpolatiomvith fisubpixel tracking pr dvitle s s
configurable parameter USE_SUBPIXELTRACKING 9. 1Considering for examplefiCross
correlationtracking methoa, being POS_REALand POSthe line/columnlocation of thefit r ac ki ng
centr® after and beforehis interpolation and CG, CC.;, CC the correlation values one position
up/leftfrom, down/rightfrom, and at théi t r a cehkti@n g

POS_REAL = POS (CC1i CCuy) / [2/(CC1+ CCiai 2-CC)].

SELECTION OF THEMAIN TRACKING CENTRE

The reason to preserve more than dimcking centré is that theone with best Euclidean
distance/Cross correlation values hmain tfacking centie fould not be the right one.

Th e o tsdeandary fracking centtesresopr omot ed t o fAmain tracking
conditions occufor them

1 @rightness temperature mean difference and standard deviation diffetmteeen thétracen
and thefisecondaryrackingcentre smaller than X.

1 @Big pixel class differendgdefined as the sum of squared differeringte amourt of eachfibig
pixel clas® (CLASS 0, CLASS 1, CLASS_ 2etween thdiracen and thefisecondarytracking
centré smaller than 4.

1 &Centile differencg defined as thedifference in the locationof the ffrontierd inside the
drightness centiléb e t w e etraced h ahefi@econdaryrackingcentré® smaller thar20%.

If the 6 entile differencéis largerthan 20%, thdisecondarytrackingcentre can still be promoted to

Amain tracking candidateo i f, defining ahenew Af 1
Atracero and the As e ceompuingithedBig pxel klass djfferenegnits r e 0 an
value issmaller than 6.

If no fisecondaryt r a ¢ ki n ¢ camplyingwite these conditionsthe procedure is still tried
relaxingfiBrightnesseémperatte differencé andfiBig pixel class differenagimits to doublevalues
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MIXED CALCULATION METHOD

T hanitidimaged r el ated to t he ftateramnagdr rceall actiumtkimg teodrent haen d
calculation are not necessarily consecutive, argpehd on the value of configurable parameter
SLOT_GAP.

In NWC/GEGHRW v6.1, the default configuration impliehi¢ use of consecutiienages(separated

by 10 minutes with Himawai8/9 seriesby 10 or 15 minutes with GOER seriespy 15 minutes with

MSG seies, andby 15 or 30 minutes with GOEN series)i n A No mi n a | andtleeause ofmo d e 0
alternate images (one out of every tweparated by 10 minules n A Rapi d wkhcMB@& mode 0
satelitesNo fA Rapi d s c &as beeodbfenéd fooysd witie othersatelliteseries.

In NWC/GEOHRW v6.1, afimixed calculationmethod consideringshort andong time intervalsat
the same time is available for the first tinvéh configurable parameter MIXED_SCANNING =21
(not used as default optigrthrough whch tracers areéo betracked consideringhe minimum time
interval possible but the corresponding AMV&nd Trajectoriesare calculated considering the
displacementm longer time intervalg¢defined by paramet&LOT_GAP= 2,3,4.

MIXED_SCANNING = 1 opion writes AMVs and Trajectories for every slot since the first long time
interval is reached. MIXED_SCANNING = 2 writes AMVs and Trajectooal/ every SLOT_GAP
slots instead.

T h i nsixedftalculationmethoda is usefulfor the calculation of AMVs with hilg resolution images,

and for the improvement of the quality of the calculated AMNMss is caused by the smaller changes

in the features evaluating the tracking in shorter time intervals (and so the smaller possibilities for a
wrong tracking), and the sither problems with the spatial resolution evaluating the displacements in
longer timeintervals.

Intermediate AMVs,
whose calculation is
needed so that
the process is
considered as valid

Position
of tracer

ion
f tracer

osition

of tracer at41:55Z at 12002
Position t 11:50Z .
of tracer Valid AMV,
at 11:45Z considered with
positions of

the tracer at
11:457 and 12:00Z
Figure6:Ex ampl e of processing with the fimixed
MSGsatelliteseriesfi R a p i dnod®cjrawhich the tracers are tracked every 5 minutes
(so providing hreeintermediate AMVSs) but thealid AMVs are calculated evedb minutes
(considering the initialnd finalposition of thdracer only)

For the AMVsr e | at e dmixédocalculfitionsmethad the latitude and longitude are calculated
considering the first location of the tracer only. The latitude and longitude increiimergpeed and
direction are calculated considering the first and final locaifdhe tracer only. Other parameters are
calculated considering the mean value @ hrameter for all corresponding intermediate AMVs (the
tracer size in metrethe satellite zenith angléhe correlation, the temperature draght,the pressure
values the liquid/ice water pajh All other parameters are calculated considering the value of that
parameter for the last corresponding intermediate AMV only (the quality pararaateedl absolute
categoriedike the cloud type).

This fimixed calculation miodd i mpl i es an AMV cal cul atdefinedin pr oc e ¢
generalby other AMV calculation centres, in which all AM\arerelated to the calculation of several
intermediate AMVs( w h e n mikel ealcufiation methad i s not a ciGEO/HRWe d i n

algorithm, not all AMVs are related to the calculation of several intermediate AMVS).
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EXAMPLES OF AMV TRACKING FOR THE DIFFERENT SATELLITES

Examples ofAMVs for MSG, GOESN, Himawari8/9 and GOESR satellites are shownnext in
Figures 7 to 10 consdering the satellite channalsed for the AMV calculation, and their
consideration as Cloudy AMVs or Clear air AMVSs.

Figure 7: AMVs considering the satellite channel used for the AMV calculation,
for theMSG serietigh Resolution Windexample defined iRigure 32
(14 May 20101200UTC, MSG2 satellite)

NWCSAF H

Figure 8: AMVs considering the satellite chagl used for the AMV calculation,
for the GOESN series High Resolution Winds example defindelgare 34
(1 July 2010 1/45UTC, GOES13 satellite)
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“lear Al AMY:

Figure 9: AMVs considering the satellite amael used for the AMcalculation,
for the Himawari8/9 series High Resolution Winds example definédgare 36
(2 April 201800:00 UTC, Himawari-8 satellite)

AHRH GOESRIOMIN - Z01

Clear Alr AMYs

Figure 10: AMVs considering the sat&dlichannel used for the AMV calculation,
for the GOESR series High Resolution Winds example defined in Fig8re
(11 June 2019 10 UTC,GOES16 satellite)
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2.2.2.5nBrightness tempeature interpolation methodo height assignment

ABrightness temperature i nt eethpdd usadivitb configueablen o d 06 h
parameter DEFINEWITHCONTRIBUTIONS = 0, when the wind guess is used to defifigabking

ared in the later inage with configurable parameter WIND_GUESS ,~ofl whenNWC/GEO-CT

Cloud Type or NWGEEO-CTTH Cloud Top Temperature amfessureutpus are not availabléor

the processingegion for thamagein whichfitracers arefitrackea.

This height assignment meith is only available if a NWP temperature forecagth a minimum
number of NWP levels provided(configurable parameter MIN_NWP_FOR_CALCULATIOWNith

a default value of ¥ If the number of NWP temperature levels is smaller, the processing of
NWC/GEO-HRW algorithm stops, without calculating any AMVs or Trajectories.

The input for the height assignment is the corresponding brightness temperature for each one of the
infrared and water vapour channelR108 brightness temperaturis usedfor the MSG visible
channels IR107 brightness temperatures used for theGOESN visible channels and IR12
brightness temperature is used for the Hima8&iand GOESR visible channelswith these data:

1 A fBase temperatuteis computed WithTgase = TaveragstSIGMA_FACTOR Scious, Where
TaveragelS the mean value argtiowd the standard deviation of the brightness temperéburée
tracer pixels SIGMA_FACTORis a statistically fitted factor, with a value of1.2 for the
visible channels and 0for theinfrared and watevapour channels

1 TheATop temperatuieis computed through theoldest class in thbrightnesstemperature
histogramfor the tracer pixelswith at least 3 pixels after histogram smoothing. If no value is
found, the coldest clasgth at least 2 pixelssiconsidered.

A conversion of these twemperaturezaluesto pressurealues( Base pressute a Tod préssure )
is then done through interpolatiorinside the nearesNWP temperatureforecastprofile. For this
vertical interpolation inside the lowestegsure intervatontaining the desired temperatureith
temporalinterpolationinsidethe two nearest time values for which N\Wi@fileshave been provided
are considered1000 or100 hPapressurdimits are also defined(MAX_PRESSURE_BOUNDARY
and MIN_PRESSURE_BOUNDARY or this height assignmergrocess

With configurable parameter USE_CLOUDTYPE = it NWC/GEO-CT Cloud Type output is
availablefor theprocessingegion for the image with whictnacers were calculateid is readto define
which of the alculated pressure valueBB@se pressuré  oTop pfessur® reates bestto the
displacement defined by the AMV.

For this, he FAMV cloud_typ® parameteris defined as the most common valué\a¥C/GEO-Cloud

Type outputinside the tracepixels if its presence is at leak times tle oneof the second most
commonvalue. If this conditiondoes not occurvaluesfAMV cloud typ® = 21 (multiple cloudy
types), = 22 (multiple clear air types), or = 23 (mixed cloudy/clear air types) are defined, respectively
whenthe two most common cloud types inside the trgpbegls are both cloudy typedoth clear air

types, orany other case

If NWC/GEO-CT Cloud Type output is not available or USE_CLOUDTYPE = 0,ABIV cloud
typed i s d énotiproeeskanl Als possible valuedor the FAMV cloud typ® parameteiare in
Table5.

Considering thestatistical studg hown i n the #fAValidation Report fo
v3. 2), [ AD. 12] o, some tr ac eiAMV clouddaypéevhliearidrthet e d d e
saellite channelwith which they have been calculated. These cases are identified in a blue cell in

Table 6 and are related to: cloud free tracers in visible and infrared chgwntbldess than 2 5% of

cloudy pixels) fractional cloudsand cloud typegor which thevalidation statistics are significantly

worse.
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In the rest of cases, tHeMV pressure levels definedsuch as also shown ifable 6 | f AM\Ve

n

cloudtyp® has not b e e Basepredsurais Icansiderdd, for allhPAMVdcause et

cloud types fit better with th@Base pressute

Operationally, this hei gh trackngpprocgss. Mbeenthe wirelguessd r un
option isusedfor thedefinitiono f  tratkengdrea, t he At r a disicaicgatedthreagh cent r

thedi spl acement of

t he

the pressure level defined by this height assignmmextthod

Possible values of th@racer cloud typeparameter

Cloud free land

11

High semiransparent thin clouds

Cloud free sea

12

High semitransparent meanly thick clouds

Land contaminated by snow/ice

13

High semitransparent thick clouds

Sea contaminated by ice

14

High semitransparent above other clouds

Very low cumulus/stratus

15

High semitransparent abosaow/ice

Low cumulus/stratus

21

Multiple cloudy types

Medium cumulus/stratus

22

Multiple clear air types

High opaque cumulus/stratus

23

Mixed cloudy/clear air types

OO N| O] O B W[N] -

Very high omque cumulus/stratus

31

Unprocessedloud type(BUFR output)

10 Fractional clouds

255Unprocessedloud type(netCDF output)

Table5: Possible values of tH@gAMV cloud typ@ parameter

MSG channels

GOESN channels

Himawari-8/9
GOESR channels

Cloud free land

2 Cloud free sea

3 Land contaminated by snow/ice

4 Sea contaminated by ice

5 Very low cumulus/stratus

VIS08

IR108

WV69
WV70

WV73
WV74

6 Low cumulus/stratus

7 Medium cumulus/stratus

8 High opaque cumulus/stratus

9 Very high opaque cumulus/stratus

10 Fractional clouds

11 High semitransp. thin clouds

12 High semitransp. mealy thick clouds

13 High semitransp. thick clouds

14 High semitransp. above other clouds

15 High semitransp. above snowl/ice

21 Multiple cloud types

22 Multiple clear air types

23 Mixed cloudy/clear air types

Base Base

Top

Top Top Top Top Top

Base Base Base Base Base
Base Base Base Top Top
Base Base Base Top Top
Base | Base | Base | Base | Base
Top Top Top

Base | Base | Base | Base | Base

Table6: AMV filtering related to théiAMV cloud typ® andthe satellitechannel,
and consideration of thtop pressureé or fibase pressurein thefiBrightness temperature
interpolation height assignment metliddr the valid cases

At r thheNWP rectangutarwend comnporertd at o n
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2.2.2.60CCC methodd height assignmeniCloudy cases)

ACCC method- Cross Correlation Cdrnibution method height assignmenis implemented with
configurable parameters TRACKINGECand DEFINEWITHCONTRIBUTIONS=1It is run after

the Atrackingo pr oc e s sallsawlitedsedis.The methodvds devedopelbyu | t 0 p
Régis Boré and Ryo Oyaman 2008,and is fully documented intheaper A A direct [
feature tracking and height assignment of operat

|t requi r ergss dorfeltion sfrackingd mdéthod,and the calculation diWC/GEO-CT
Cloud Type andCTTH Cloud Top Temperature aftessureutputs for thgrocessingegion andhe
imagein which tracers are tracketlefore the running dNWC/GEO-HRW product If these outputs
are not availableNWC/GEO-HRW product skips this methodnd useghe fAMV pressuré and
i A M¥emperaturévaluesprovidedby fBrightness temperature interpolation method

In case thdwind guesé has been used for the definition of tfiteacking area (with configurable

parameter WIND_GUESS = 1), tfi&AMV pressur® andii A M Y¥emperature values calculated by

ACCC methodo repl ac previbubleb yv afilBureisg hd amles sl atteemdp er a't
met hodo.

i CCC mehashtikedadvantage of including in the height assignment all procedures included in
NWC/GEO-CTTH praduct for the cloud top pressure calculation, and which are common methods
used by other AMV producers, including:

1 Opaque cloud top pressure retriegahsideringnfraredWindow channelsyith simulation of
radiances with RTTOV, and possibility of thernralersion processing.

1 Semitransparent cloud top pressure retrieval with the Radiance ratioing technique and the
Water vapouinfrared window intercept method, considering/ater Vapour andCarbon
Dioxide channels.

i C Cr@ethod defines thelAMV pressuré and i A M Yemperature, considering only th@ressure

and temperaturef the pixels contributing most to tliierosscorrelatio® b e t widracap intthe e

finitial imaged a n fitracking eentréin thefffinal image.

For this, h eparfial contribution tdhe correlation (CG;) from each pixel insidethdt r acer 0 and
Atr acki msglefiredwith thie doBowing formula, in which respectivef or t he #Atr acer 0
At racki nfgS aree thrightéessivalues f or e &vSh arethemeah values and

st/sst he standard devi at i pandNUMi$ thettdiaenumibbrrofipigdistineides s v a
he Atracero or fAtracking centrebod

CCj=(TjT Tm)-(SjT Su)/ NUM-st.s5

Thegr aph O6Normalized reflteltd anacrer( Plaattii@an) & ofnam i tbh
thegr a@hi ght ness temperature(Partial contributio
vapour channels has in general the shFRgpresllof t he

and 12 (which correspond to MSG/VIS08 and MSG/IR108 caséi. thesegrapts with two branches

the largesfipartial contribution tdhe correlatior is given by the brightest and darkest pixels (for the

visible channels), and by the warmest and coldest pixaishé infrared/water vapour channels).

—

AAMV pressur@® andfi A M Y¥emperaturé are calculated ansidering only the pixeleshosefipar t i al
contri buti on isbighearth@aicCoCrCr eclaa ttresblahdnside thebright branch

of t he dhftectamaHartiat eontributiontothe or r e | at in thewjsible cgseda fhé

infrared and water vapour cloudy casessideringonly the pixelswhosefi par t i al contri bu
cor r e lsaigherahartheil CCC c a ltlweshol@ insidetime coldbrancho f t he O0Br i ght
temperaturdfartial contributiontothe or r el at i oM CGCgc alpbhul Jihdetined t hr e s
as the mean dpartial contribution to correlation

The original proceduredefinedin document [RD.17is so keptso that the pressure level corrections
implemented later ithapter 2.2.2.7 can be understaad clodd depth correctiodsrespectto the

ficloud top leved .
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Considering thisthe FAMV_pressurevalue PcccO andfAMV temperaturevalue TeccO arecalculated
consideringhe fipartial contrbution to the correlatian(CG;), the CTTH Cloud Top Pressure (CTH

and the Cloud Top Temperature (CT;) outpus for the pixels defined before nsi de t he At r
c e n fwithethlie fomulae:

Pcc= B ({@TPR) / BCC Tec= B ( &3TT;) / BCC

Theprocedure is repeated for the wup t 0fpardlaxee At r
correctior is consideredater in chapter 2.2.2.9 for the positioh the tracers/tracking centres, a

similar calculation is done for the AMV hei ghctd ,vad ares i Cdaid TopHgight h e
(CTH;) and the equivalent formulacd= E ( {@TH;) / B CC

The FAMV cloud typé value is calculated as the one with the highest sufipartial contributions to
the correlation. TheFAMV pressure errovalue o® i s al so cal cul ated with

PRc= a (| BifCTRP) | B CRecd),

useful as a possibf@Quality controb parametefor the filtering of AMVs and Trajectories.oF this, a
maximumi A M¥Yressue errob is defined with configurable parameter MAXPRESSUREERROR
(default value 150 hPa).

Images irFigureslland 2Zshowt wo ex ampl es &€C nethed(as alreadyisaidpr o f A
a MSG/VISO8AMV on the left side, and a MSG/IR1884V in the rightside).

In the first rowof the imagesthefi b r i g ht n éostlsefiraced u @ isvdle fingtial imaged and

forits Atracking cent r eaye spoivxCerhparing the intadeg, it i8 Visudllye r 1 me
clear that the same object is being eved in both casedn the second row, the NWGEO-CT

Cloud type and CTTH Cloud Top Pressure | at ed t o t he farerslioarkinthg cent
third row, thefipartial contributions tahe correlatiom f or t h e A pixelaacekshowrpn cent r e
the left considering all pixels armh the right considering only thogexels defined as valid by the

ACCC cal cul a(whichinmthésd casesiitimeath ootribution to the correlatiaj).

As already explainedhelast row of the imageshows respectively thé N o r madflectaneeqfPixel
correlation contributiord g aral th&Brightness temperature(Pixel correlation contribution)g r a p h
for these cases, with tlieC C C ¢ a Ithceshibolé t d e hyithe method as\zertical purpldine.

Only those pixels havingalid value inthe blue boxes in botlyraphsof Figures11 and 12 are used

in the calculations ofPccc andg Ree. In the MSG/VIS08 example these pixels correspond teehe

low and lowcloud in the right part of thé t r ac ki ng ¢ ealubsroéRc=834Pa andi n g
P Rc=27 hPa. In the MSG/IR108 case these pixels correspond to the high cloud in theghper
cornerofthdit r a ¢ k i ndgfinilgeatuesrobRe= 2 8 6 h Peac=24mka. P

With configurable parameter DEFPOSWITHCONTRIBUTIONS = 1, which is the default option, the

di spl acement by the AMV bet ween ddoesiddietd beaveenr 6 an
the centres of Atheackihngeodr, 0 ba wealghidd Hosatogdn dteHfd nie d
with similar formulae (where Xand Y correspond to the line and column position of each pixel
inside the Atrgceenta@d) t he otrackin

Xeece B (i) | BCC  Yeec= B (1©¥¢) | BCC

T h eveidhted locations r el at e t he di splacement of the AMVs
the part of the tracer with t heThésé weighyes totatioesont r i |
areidentified inFigures 1l and 12 as red crosses.

When trajectories arealculated with configurable parameter CALCULATE_TRAJECTORIES, = 1

tracking consecutively during several images same tracer,¢h c al cul at weghnted o f t he
location® o coolyfor the first AMV in the trajectoryand keeps the same value during all the time
theTrajectory is alive, to avoid spatial discontinuities in the Trajectory.
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Figureslland 22: Matricesand gr aphs used i nmdthodaeightadsignodioat i on o
for a MSG/VIS08 case in the left side and a MSG/IR108 case in the right side, as explained in the text.
The weightedbcationof the AMV in thdiinitial i ma qrmddlater imag®,
as defined witltonfigurable parameteDEFPOSWITHCONTRIBUTIONS =1,
is shown as a red cross in the images in the first row
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2.2.2.7ACCC methodo height assignmeni{Cloudy caseswith Microphysicscorrection)

AACCC method height assignent offers a direct correspondence betweenpttessure leveldefined

for NWC/GEOHRW cloudy AMVs and Trajectoriesand those given to thécloud topso by
NWC/GEO-CTTH product, eliminating any possible incongruence between both products. It also
defines a clear correspondence between the elements considiredhe AMV pressure level
calculatiors andthereal featuresbserved in the satellite images.

Taking this into accoungeveral studies 2014 (Peter Lean et al. [RD.21], A.Hernan@=rascal &
N.Bormann [RD.22], K.Salonen & N.Bormann [RD.23favesuggestdthat AMVs arebetter related
to a pressure levéifferentthan theficloud top.

An empiricalrelationship has been found MWC/GEOHRW betweenthéidi f f er ence bet w
AMV pressure level daulated with CCC method and tfiadiosounihg best fit pressure lev@lon

one sideand theficloud deptlor e pr esent ed by t he MmMAdW&onthegther d/ | c e

sideSo, a correction of the AwkhMNésemsparametars.e | evel 0 cC

For thisprocedurethe output othe NWC/GEG-CMIC or Cloud microphysicgroduct is usedvhich
providest he @A Cl pQPlgofopdachsleud pixel t he ALi g, uUWRjofoweadhlmuid pat h
cloudpixeland t he #fl, BP0 faredckice clopdpikeh Theii A M¥Youd phase valueis

defined in a similaway to the one used for thie A M Youd type valuein previous chapteias the
phasewith the highest sum diipartial contributions tdhe correlatiord . | four possible valug

Liguid phase, Ice phase, Mixg@thase, Undefined phase.

The i A MVMiquid water path WPccc0 valueis then calculated forfiLiquid phase AMVs, and tle

i A Mite water pathWPccc0 valueis calculated fofilce phase AMVS, considering the parameters
providedby NWC/GEO-CMIC output andsimilar formulaeto the onesised in previous chapter for
the AFAMV pressurdeveld:

LWPcc= B ( @ @/P;) / BCC IWPcc= E ( @W8P;) / BCC

In these formulaonly the iquid cloud pixelsi n s i dteackihghcentréfin the first formulaandthe
icecloudpixelsi n s i dtmackihghcentréfin the secod formula are considered

The empirical relationshipp et ween the Adifference between the
CCC method and theadiosoundingpest fit pressurelev®l and t he AAMV | das/ Li qui
been tuneih NWC/GEOHRW v6.1 for MSG and Himawar8/9 satellite series.

For GOESR series, due to the similarities with Himawat®, the same empirical relationship has
been used.

It considers12:00 UTC Cloudy AMVs for MSG-2 satellite between July 2010 and June 20 the
European and Mediterranean m@gfor MSG series, ath 0000 UTC Cloudy AMVs for Himawari8
satellite between November 2017 and February 2018 in the China/Korea/Japan region for Himawari
8/9 series.

Defining separateprocedures force/Liquid Cloud Visible AMVs, for Ice/Liquid Cloud Infrared

AMVs andfor Ice/Liquid Cloud Water vapour AMV<rigures13to 18 for MSG andFigures B to 24

for Himawart8/9 in thefollowing page are obtaine@he referencevind dataused for thecalculation

of the fbest fit pressurdevelo have beenfiRadiosonding wind data.The empirical relationship has

been fitted to a double linear/constant regression. This double linear/constant regression works better
than a simple linear regression in all possible cases.

The dAdiffer enAV pressureweved palculatece with CCC thed and thefibest fit

pressure levelis in general negativeneaning that thébest fit pressure levéls in most caseat a

lower level, i.e. nearer to the grourntthan thei A MV  p r levsioscalaulated witlfiCCC method.

The differences more negate with larger FAMV IcelLiquid water path valu€s The Normalized

bias (NBIAS) has a similar behaviourThe Normalized root mean square vector difference
(NRMSVD) becomes largevi t h | arilgeevat B AMY a althoughadiva ¢ 10| ar ger AA
Liquidwat er path valueso.
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De f i n Miorgphyaics fiorrection of the AMV pressure levbhased onthd AMV | i qui d/ i ce

pat ho with these r egr assBowniimable7adnd § résgectively fof MS@e nt e d
and Himawar8/9. This correctionlocates the AMVs in a level nearer to the ground, with the
exception only of AMVs withvery smalllce/Liquid water path valuesA control is later defined

through theiOrographic flag to avoid thawith the correction AMVsare locatedt a levelbelow the

ground.

Verifying AMV statistics for a different periotbr the same satellitgshe reference AMV Validation
period July 20099une 2010n the European and Mediterranean regionM@G-2 satellite, and the
reference AMV Validation period March 20¥igug 2018 in the China/Korea/Japan regifom

Himawari8 satellitg |, the AMicrophysics correctionodo causes
(NBIAS, NMVD, NRMSVD), which & largest for the NBIAS.
The fAMicrophysi cs c or definedfoi NWCHGEGHRW vod & Giffescat toe | | i t e

the onefor the previous version of NWC/GEBRW, due to thénigher values of Liquid Water Path
and Ice Water Path shown by the n&WWC/GEOGCMIC product In any case, differences in
fiPressurecorrection values wi fpdtt tor tikose the previous version of NWC/GHRW, are
smaller tharB0 hPa forthe 8% of Wate Path values and smaller thad BPa for thet00% of Water
Path values.

The AMicrophysics cor r e-8/9 satelliies forff NWIC/GREER® valnask Hi ma w
moredifferent, due to the differences in the NWC/GE®ud product algorithms fahesesatellites.

I n general, APr es s u-B/@satellites is te lower levelsdfor Eiquid clodds ema tea r |
higher levels for Ice clouds. Consideridiffer e nces i n APressure correcti
thosefor MSG satellites, they are largiran30 hPa for the62% of Water Path values atargerthan

60 hPa for thel% of Water Path values.

fi C Cf@ethod withMi cr ophysi cs ¢ or r etcid imgpeméntechveth gohfiguralsles s i g n n
parameter USE_MICROPHYSICS = 2. As already said, in NWC/GIRW v6.1 thisis activatedas

default optionfor all satellite series except GOBS Option USE_MICROPHYSICS = 1 calculates

the value of the Microphysics corrent, but does not correct titkAMV pr essur e heal ueo
AAMV pressurec or r e ct i o thé defawdt AMVe outputs format a s APressure <cor
parameter.

The user has necessarily to run all N\SEO-Cloud products (CMA, CT, CTTHCMIC) so that &
this process can be activated. If NVEO-CMIC product output is not available but the other ones
are N\WC/GEOHRW runs ACCC met hod without Microphysics
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Figures13to 18: Graphs relatingor MSG satelliteseries
thei [Ofference between the AMV pressure level calculated with CCC method dradiesounding
best fit pressure levgin 10° hPa) in red, the Normalized BIAS in yellow,
and the Normalized RMSVD in blweith thefi A MNe/Liquid Water Pattfin kg/nt)o,
for Visible AMVs (left), Infrared AMVs (centre) and Water vapdMiVs (right).
12.00 UTC Cloudy AMVs foMSG 2 satellitefor July 2016June 201
in the European and Mediterranean region have been fagdtie tuning

Correcti on feosrs urhee

IAeAVMEVI  p[ri n

for MSG satellite series

VISIBLE ICE PHASE CLOUDY AMVs
MIC.CORR[hPa} without IWP
MIC.CORR[hPa} £4+48*WP[kg/n7]

if IWP <1.3542kg/m?
MIC.CORR[hPap# if IWP >1.3542kg/m?

VISIBLE LIQUID PHASE CLOUDY AMVs
MIC.CORR[hPa] € Without LWP
MIC.CORR[hPa}42+226*LWP[kg/nf]

if LWP < ®540kg/m?
MIC.CORR[hPaB8if LWP > B540kg/m?

INFRARED ICE PHASE CLOUDY AMVs
MIC.CORR[hPa] 8 Without IWP
MIC.CORR[hPa}£6+37*IWP[kg/m?]

if IWP < 3514kg/m?
MIC.CORR[hPa] 84if IWP > 3514kg/m?

INFRARED LIQUID PHASE CLOUDY AMVs
MIC.CORR[hPaBwithout LWP
MIC.CORR[hPa}26+251*LWP[kg/n?]

if LWP < @271kg/m?
MIC.CORR[hPapk if LWP > @271kg/m?

WATER VAR(R ICE PHASE AMVs
MIC.CORR[hPa}Zwithout IWP
MIC.CORR[hPa}29+34*\WP[kg/n?]

if IWP <3.3824kg/m?
MIC.CORR[hPaBs if IWP >3.3824kg/m?

WATR VAPOUR LIQUID PHASE AMVs
MIC.CORR[hPa}56 without LWP
MIC.CORR[hPa} £09+202*L WP[kg/n?]

if LWP < ®149kg/m?
MIC.CORR[hPa}5if LWP > B149kg/m?

Table 7: Correction for AMV pressure level [in hRzgsed on th&MV IcelLiquid water path
for MSG satelliteseries
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Figures B to 24: Graphs elatingfor Himawari-8/9 sdellites

AiDi fference betw
best fit pressure level (in 18 P a
and the Normalized RMSD i n b |

t he

C
B

een the AMV pressure | evel
)O in red, t he Normali zed
ue, with the AAMVNO)ce/ Liqui

for Visible AMVs (left), Infrared AMVs (centre) and Water vapour AMVs (right).

00:00 UTC Cloudy AMVs foHimawari-8
in theChina/Korea/Japameqgi

Correction for |telve |

satellitefor November 20X-February 2018
on have been used for the tuning

AANMW rPeag Surbeased on

for Himawari8/9 satellite series

VISIBLE ICE PHASE CLOUDY AMVs
MIC.CORR[hPa]l2 without IWP
MIC.CORR[hPa}23+66*WP[Kg/n?]

if IWP < B667kg/m?
MIC.CORR[hPa]l4 if IWP > ®667kg/m?

VISIBLE LIQUID PHASE CLOUDY AMVs
MIC.CORR[hPaJB8 without LWP
MIC.CORR[hPa]l2+480*LWP[kg/nd]

if LWP < .583kg/m?
MIC.CORR[hPaB8if LWP > A583kg/m?

INFRARED ICE PHASE CLOUDY AMVs
MIC.CORR[hPa}5 without IWP
MIC.CORR[hPa}2+38*\WP[kg/n7]

if IWP <2.1316kg/m?
MIC.CORR[hPaJ9 if IWP >2.1316kg/m?

INFRARED LIQUID PHASE CLOUDY AMVs
MIC.CORR[hPaJ78 without LWP
MIC.CORR[hPa}85L WP[Kg/n?]

if LWP < 0.167 kg/m?
MIC.CORR[hPaJ78if LWP > 0.157 kg/m?

WATER VAPOUWBE PHASE AMVs
MIC.CORR[hPa2&without WP
MIC.CORR[hPa}£1+29*I\WP[kg/n?]

if IWP <2.5517kg/m?
MIC.CORR[hPaJp3if IWP >2.5517kg/m?

WATR VAPOUR LIQUID PHASE AMVs
MIC.CORR[hPa}8 without LWP
MIC.CORR[hPa}&+161*LWP[kg/nf]

if LWP < 03602kg/m?
MIC.CORR[hPaF8 if LWP > B602kg/m?

Table8: Correction for AMV pressure level [in hPa] based on the AMV Ice/Liquid water path
for Himawari-8/9 satelliteseries
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2.2.2.81CCC methodd h ei g ht (8ater vagourmlean dir cases)

An adaptation of ACCC methodod has been done for
because logically no pressure values can be extracted from the NW&@GHBO Cloud Top Pressure

o ut p uGlearfaio pixel§i.

A "Water vapour clear air AMV" iglefined as a "Water vapour AMV" for whithh e sum of fipa
contributions to thegrcoourpr eolfatfiicolnedari sailra rpg exre |fsoor
the grouppbokelicd og@youd type 5 to 9 issidedthell t o
Atracking centreo for which t hepoditpeaThis wag,the cont r i
feature that is actually being tracked between the initiallaied image is a clear air feature (in spite

of any presence of cloudy pixels).

The ndoMMyp® val ue aranperatu® & AMMV e amawaysimilartwolthet ed i
one described ichapter 2.2.2.6or the cloudywater vapour AMVs, although now the Brightness
temperature for each pixel (BT from the corresponding sai&dl image is used instead of the
NWC/GEOCTTH Cloud Top Temperature.

An A Adiperature erraipccd0 val ue i s now also calculated co
one used in the pr epressue®rroc hvaapltueer: f or t he AAMV

PEec= a ( BifBTi® / BT TCcd),

Three different temperature values are defined by following formulag:Topdece, Tece, Tece® Ece

For each one of these values, a temperature to pressure conversion is done through interpolation inside
the nearest NWP temperature foast profile, providing three pressure valuesicHrelated to Eco),

Pccemax (related to Ecc + g0 Teo), and Rcevn (related to Ecc - oo Eco).

Pecci' s defi nedpessurédt val AMY or t h e ccdrdPbc@a FPeccavini2 AMV s 0
is defineda s t h epreSsrdistrar val ue f or t hwith &werticalaeductmn ar A MV s
increase of temperature throughout all three temperature values. t he cases i n whic
pressureo value or the AAMV prhe AMVUsdiscardedr or 0 val u

EXAMPLE OF AMV CLOUD TYPE DEFINED BY CCC HEIGHT ASSIGNMENT

An example of AMVs for MSG satellite is shown kigure 25, considering the #AAM
defined by ACCC method height assignmento.

VeRy hlgh cumulus/stratus H
H

Figure 5: nAMV cI o wd (taysp ed evfa Inweal ACCC met hod h
for the High Resolution Winds examgiefined inFigure 2
(14 May 2010 1DOUTC, Nominal scan mod®&ISG2 satellite)
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EXAMPLE OF AMVSRELATED TO DIFFERENT OPTIONS OF CCC HEIGHT ASSIGNMENT

An example of AMVs for MSG satellite is shown kilgure 25, considering the different options for
ACCC met hod hei g hwithow Nlisroplgysian eorrdactigrusingy high/lbw calculation
threshold), and the corresponding cloud phies l{quid, mixed/undefined, clear air).

Figure26: AMV hei ght anethidgighiessignmefti CC C
with/without Micusphgsf€€Ccmetbodi hngh/ | ow
andAMV Cloud phasd€ fi Ipbas® , i Lphagé ,iMid@dUndef i ned phaseo,

for theHigh Resolution Winds example defined in Figske

(14 May 201200 UTC, Nominal scan mod@&/SG2 satellite)

>t O
O

EXAMPLE OFAMV PRESSURE CORRECTION DEFINED BY MICROPHYSICS CORRECTION

An example of AMVs for MSG satellite is shown Kigure 27, considering thei AMV  pr essur e
correcti omdCde fmienn daad db \h ewithgMictophgsgsscorigeatiame n t

PCORR 100 150 HPA

-150 -1 HPA

Figure 27: AMV pressureorrection (for the cases in which
ACCC height assiMinmeonpth ynseitchso dc owirtehct i ono has
for theHigh Resolution Winds example definedrigure 2
(14 May20101200UTC, Nominal scan mod@&1SG2 satellite)
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2.2.2.9 Wind calculation
Once the latitude and longitudee known for dtraced i ninitiallineagéfi(the fitracercentra or

t h weightedlocatiord definedby DEFPOSWITHCONTRIBUTIONS configurable paraméteand

for its up to threditracking cente location® i nlatdr imagé (@efined bythefi racer centre or the
fiweighted locatioda def i ned by DEFPOSWI THCONTRI Btédethéd NS
with thenonintegefintegerdisplacemenof thefi t era e n insidetd h gacking area with/without

the fisubpixel tracking, as defined by USE_SUBPIXELTRACKING configurable parametgrthe
rectangular coordinates of the wi(id m/s) related to the displacemgatecalculated.

Although the difference with the calculation procedure used avigus versions is completely
negligible, sinceNWC/GEOHRW v5.0 the calculation ofthe wind componentsconsidering the
displacementalong the correspondin@great circl® with the fihaversine formula is used.The
fihaversine formulausesthe following procedure to calculate thangular distance in degre€ANG)

and the wind speed (SPbgtween thétracerlocatiord and thefitracking centre locatian Theinitial
latitude and longitude values (LAT1, LON1), the final latitude and longitude values (LAT2, ,ON2
the latitude and longitude differencésee L A TON), amd the timeadifference in hours between the
fitracel in thefinitial imaged and thefi t r a cektidingheflateri ma @TeINT) are used for this
calculation procesd he coefficient CONVEBION_DBEGH2MS converts °/hour to m/s.

A=sir( &L AT/ 2) + cos(LAT®)LON/RQdPs(LAT2) L sin
ANG =2 - RAD2DEG - ataff & A ,-A)a ( 1
SPD =CONVERSION_DEGH2MS ANG/ T_INT
Thefbearing anglé (DIR) for therelatedfigreat circl® is calculated withhe followingformulae:
HOR = cos(LAT1) - sin(LAT2} sin(LAT1) - cos(LAT2) -co§ e&L ON)
VER = sin(e@LON) L cos(LAT2)
DIR = atai(HOR, VER)
The westto-east and soutto-north wind components in m/s (U, V) are then simply calculated as:
U =SPD -cogDIR) V =SPD -sin(DIR)

T_INT is therealtime difference in hourdbetween thescanningtime of theline defining thefitracer
locatiord in the finitial imaged and thefit r ac ki ng c i he filager irhagé ot MSGn 0
satellite serieshis procedure takes into accoung tieal time thémagescanning begaand the time
needed to scagachimage line. Fothe othersatellite series the procedureessier takingsimply into
account the scanning time for each pixel provided in the satellite input data files.

The location of the fitracking area centéein the flater imagé when thefiwind guesé is used with
WIND_GUESS = 1calculatedthroughthe displacement of the tracéscationwith the rectangular
NWP wind components, uses also sild&/C/GEOHRW v5.0 an equivalent procede with a
displacement along the correspondiiggeat circlé.

PARALLAX CORRECTION OF THE TRACER AND TRACKING CENTRE LOCATION

Since NWC/GEGHRW v6.1, afiparallax correctionof the latitude and longitude values of the tracer
and tracking centre (LAT1, LR, LAT2, LON2) is used as default option through configurable
parameter USE_PARALLAXCORRECTION = 1. This parallax correction corrects the horizontal

deviation in the apparent position of the tracer/tracking centre due to its height over the Earth surface.
This parallax correction is considered through NWC/GEO library functions, taking into account the

AAMV hei gkt cal calldt ed fovCloudy ARIZsQr theepbpotental for the
AAMV pressureo defined by théreases Wk ganeral effect af this i a |
Aparall ax correctiono is a very slight reducti

higher levels of the atmosphere and when nearer to the edge of the Earth disk.

on

on
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2.2.2.10Quality control and Choice of thebest wind

The AQuality Indicatormethoa developed by EUMETSATand implemented foits Atmospheric
Motion Vectors computed at tHdPEFMeteosat Product Extraction Faciliig.Holmlund, 1998) is
used here.

This method assigns quantitativequality flag to dl AMVs and TrajectoriesiiQuality Indexor QIo
(ranging from @6 to 100%). It is based on normalized functiomslated to the expected change of the
AMVs considering fitemporal consistengy(comparison ta prior AMV0 in the previousmageat
the samdocation and levg] fispatial consisten@y(comparison ta ndighbourAMV 0 in the current
imageat the same location and leyedndficonsistency relative to a backgroar{®lWP wind forecast
atthe same location and leyel

Up to five different tests ae applied direction, speed and vector difference tests for émeporal
consistencyandonly vector difference for the othenes, sogiving five filndividual Quality Indice® .
The weighted sunof these consistency tegtsovides wo overall values: e fiQuality Index with

forecasb a n dQudlithiedexfithout forecadt

For the two scale procedure, an additiofiaterscalespatial consistency is computed for detailed
AMVs derived from a basic scale tracer (conipato the corresponding basic scalklV).

Thed i f f endiwdoa Quality Indiceds ar e the fellewingfbrsnulae, in whibh SPD is the
average wind speed between the evaluated AMV thadeferencewind, and DIF is tle absolute
change in speed, direction or module of the vector difteren

Ql1 = 1- [tanh[DIF/(20-exp(SPDA0)+10]] 4 (in thefitemporal direction consistengiest)
Qlz = 1- [tanh[DIF/(max(0.4-SPD, 0.01))+#]] (in thefiforecastvectorconsistencytest)
Qli = 1- [tanh[DIF/(max(0.2-SPD, 0.01))+%]]  (in the rest of consistey tests).

Theprocedurea s r e p e at engighboorrAMY®p (tlo CHEIC K _ N U NhBhe BpatialE S )
consistencyand up to3 fiprior AMVsd0 ( T _ CHE CK _ N UiNMReRténipaat qonsistencyhe
contribution from each one of tleferenceAMV s to the value ofhe spatial or temporal consistency
depend (asdefined ty L CHECK _DISTWEIGHT andl _CHECK_DISTWEIGHT)on a fdistance
factoro to the evaluatedMV .

The fdistance facto® is given by the following formulae, in which SPD/DIR/LAT are the
speeddirectiorilatitude of the evaluated AMV, LATDIF/LONDIF are the latitdidagitude difference
with respect to the reference AMYNAER is the Earth radius in kilometres:

alpha =200+ 3.5SPD

beta =200+ 3.5SPD

gamma= ER - LATDIF2+LONDIF?) - cos(270 DIRT atar{cos(LAT)+LATDIF/LONDIF))
delta =ER QLATDIF2+LONDIF?) - sin(270 DIRi atan(cos(LAT)+LATDIF/LONDIF)
distance factor (gamma/alphd)+ (delta/bet)

Only referenceAMVs with a fAdistance factar smaller than la pressure difference smaller than 25
hPa (L_CHECK_PRESS_DIFF/T_CHECK_PRESS DIFF) and a latitude/longitude difference smaller
than 1.35° (L_CHECK_LAT_DIFF/T_CHECK_LAT_DIFF) are vali@he referenc@MVs with the
smallestidistanceactor are consideretbr the quality control.

The weight d the different quality consistencytestsin the overall AQuality Indced s defined as
follows: W_SPD = 0 (temporal speed consistenciest weighf), W_DIR = 0 (temporal direction
consistencytestweigh)), W_VEC = 3 (temporalvector consistencyestweight) W_LC = 3 (spatial
vector consistency test weightV_FC = 1 or 0 (forecastvector consistencytestweight) W_TC = 0
(interscale spatial vector consistency test). Considering the weight W_FC, the vaioeidesa
fiQuality index with forecaét a n d tO previdesa Quéaliy index without forecast .
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This way, mly the temporalspatial and forecast vector consistency téstis last one only in the
fiQuality index with forecasét jre activated in th@uality controlas default optionThisis the same
situation than forexamplethe EUMETSAT/MPEF AMVs(for which however theweight of the

spatial and temporal vector consistency tes}.is 2

Two corrections araeverthelesappliedin the overall iQuality Indexd values beforeusingthem

1 One correction redas the Quality of thMVs with a speed lower than 2.5 mraultiplying the
fiOverall Quality Indexd with factor SPD/SPEED_THR (where SPD = speed of the evaluated
AMV, SPEED_THR = 2.5 m/s).

9 The othercorrectionhas t he name of fi | mafferts visible armd enframetd i on  t
AMVs with a pressure higher than C_CHECK _PRESS_THR = 500IhRaa factor defined by
the following formula in which CORR(IR,WV) is the correlation of IRIM8V62 imagesfor
MSG satellites,the correlation oflR107WV65 for GCESN satellites,or the correlation of
IR112/WV62 images for Himawa8/9 and GOESR satellites,a t the |l ocation of
centreo defi:ining the AMV

1 - [tanh[(max0, CORR(IRWV))/0.2)]] 2.

T h ualfity index with forecast dualityiIndex withait forecash is used for the filtering of the
AMV and Trajectorydata before writingthemin the output filesThe first one is used as default
option, throughcorfigurable parameter QI_ THRESHOLD_USEFORECAST. T h eQualfity Index
threshold f o r ptarce of ancAMME or Trajectory as valid is defined by configurable parameter
QI_THRESHOLD (with a default value of 7Q%nd a minimum value of 1%

Some additional considerations on fiqguality Controb, specific forNWC/GEO-HRW algorithm, are
shownhere

1 Eachone of the 3 AMVs calculated per tracer hasits@wQu al exb y i nd

1 All calculatedAMVs are considered valid for thgpatial comparisontest, disregarding their
fiQualityInd c e s 0

1 Itis frequent that @uality consistencyeist @nnotbe calculatedfor example when no reference
AMV was found forthe comparison. Thdi @erall Qu a | i t y willi thusl iackude only the
availabletests.

1 Only oneAMV per tracer is selected for théV and Trajectoryoutpus. The suggested optias
(throughconfigurable prameter BEST_WIND_SELECTION = 1): the bégddlV for the tracer
for the most of following criteria interscale spatial quality test, temporal quality test, spatial
quality test, forecast quality tegshdcorrelation(with a triple contribution)If this isnot ddinitive
the bestAMV for the forecasguality test If this is also not definitivehe AMV with the best
correlation.

1 ATEST parametad reflects, apart from the number of qualitpnsistencyests that eacAMV has
passed, whether t#eMV has beenhe best (value = 3), slightly worse (valu@):or fairly worse
(value = ) than otherAMV s calculated for the same tracer for each available criterion. If any of
the qualityconsistencyests could not be calculated, this is identified with valle

1 For the temporal consistency successiveAMVs related tothe same trajectory, some limits are
besidedlefined in the speed difference (MEANVEC_SPEED_DIF = 10 m/s), direction difference
(MEANVEC_DIR_DIF = 20°) angressure level difference (MEANVEC_PRESSURHF = 50
hPa).
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EXAMPLE OF AMV QUALITY INDICES WITH/WITHOUT FORECAST

An example of AMVs for MSG satellite is shown figures 28 and @, considering respectively the
fiQuality index with forecast a n dQudlityiedexfvithout forecast.

GI 91-100

Figure 28: fiQuality indexwith forecasb for the High Resolution Windsxample
defined in Figure32 (14 May 201012:00 UTC, Nominal scan mod&1SG2 satellite).
Only values ofi tmQud @lrietcyasitmdex 70% are pr e
because of the use of this parameter for the AMV filtering.

NF a i QINF 31-100

Figure 29: iQuality indexwithoutforecasb for the High Resolution Winds example
defined inFigure 2 (14 May 20101200 UTC, Nominal scan mod&1SG2 satellite).
All valuesare formally possible forthd Qual i ty i ndex without f
but because of itsconnectioni t h t he AQual idy i ndex wit
only values ofouti@QualOiatsy bfeatypresent.wi t h

or
h
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COMMON QUALITY INDEX WITHOUT FORECAST

Through the experience inthiel nt er nat i o n a k), itWiandkearlycaouddd shiatahe
conf i gur atQudity Inded® tihse viery di f f er elgotithm$ and soa i f f er e
common homogeneous use for AM\&aulated with different algorithmsas not possible up to now.

A self-contained Fortraimodule, defined by EUMETSAT and NOAA/NESDIS andiculating a

fiCommon Qality Index without forecaét, was so di stri buted by the 0
Gr o uqgxhais $teve Wanzong and Régis BorideMay 2017, so that #vould be includedas such

without modifications by all AMValgorithms.The experience of use of tHi€ommon Quality Index
without ifnortereasit200 18 AMV | nt e rsicowedpane skdl m filterBg udy o
collocated AMVs from different AMV algorithms, improving their statistical agreement.

Thi €ofmon Qual ity | ndaedue hasbhderimplementedin MVECGIGEBRWN
algorithmv6l,andt he parameter i s provided faralldiVsaadd di t i or
TrajectoriesThe main di f fComenmane Duafl i tlyi 4 nidvehxespségttohout f
the previous orgeare summarized next:

1 Itis only calculated for AMVs/Trajectories with at least two trajectory sectors.

T For the fAspatial C 0 n s neghbeun AMMO ties t © 0o il de rt ehce.
itemporal consi priocAMYYy rt eelsHetdanb trejecfontis lsamsidéred

1 Four different tests are applied: the direction, speed and vector difference tests for the
temporal consistency, and the vector difference for the spatial consistency with a double
contribution. Some parameters in the fartnae f or c a | lodivitualt Quadity o f t |
Indice® are also slightly different

1 Itis not used for the filtering of AMVand Trajectories by NWC/GEBRW algorithm, so all
values letween % and 100% are possible in the AMV/Trajectory outgtdr AMVs and
Trajectories for which it could not be cal cul

EXAMPLE OF AMV COMMON QUALITY INDEX WITHOUT FORECAST

An example of AMVs for MSG satellite is shown igure 30, consi d@mmonQuality he #
Index without foecasb .

40 0 GIHG 91-100

Figure 30: ACommon Quality index without forecasto

defined in Figure 3 (14 May 20101200 UTC, Nominal scan mod&)SG2 satellite)
Allvaluesarepossi bl e for the ACommon Quality ind

The difference with Figure8and29, and the fact that not all AMVs have a valid value
for the A Qpimexaithoud v a le arats Ibedmoticed.
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2.2.2.110rographic flag

With configurable par @ogempheflagUSE_ TQ@QRQ@uU* ad edarh ofi
Trajectory.The A Or o g r anudrporats tbpbgeaghic information, which in combination with
NWP datadetecs and rejecithose AMVs and Trajectorieaffected by land influence.

The reasons for this land influence may B&1Vs associated to land features incorrectly detected as
cloud tracers; tracers blocked or whose flow is affected by mourgages; tracers associated to lee
wave clouds with atmospheric stability near mountain ranglesse tacers present displacement
which do not correspond with the general atmospheric flow. Because of theerteeponding AMVs
arenot considereds vald.

The procedure to calculate tA@rographic flag impliesthe reading of NWP geopotential datied of
two topography matrices for the defined satellite and positioning S NWC_SFCMIiNraw ,

S _NWC_SFCMAX*rayy located in $SAFNWC/import/Aux_data/Common diredory. These
matrices define the 3% and 97% centiles of the topography histogram for each pixel, iclathicp
to 1 degree away are considerétiey are calledhe fiRepresentative Minimum and Maximuneight
matrice® in eachpixel.

This matrices are timeconverted tofiRepreserdtive Maximum and Minimumsurface pressure

matrice® with NWP geopotential datdo do this,he A Hei ght matriceso are co
values (multiplying by a constant value of gravity), and the geopotentialstlaa inversely
interpolaedt o pressure to define the MANRpfasentpateiswal
values for each pixel (P_sfcmin, P_sfcmaxJhese values represent thieghest andlowest
representativeurface pressure values in locatiopsto one degee away of eachixel of the image.

Af t er tStatic srographit #ayy AND_TOPO is calculated at thimitial position of eactAMV .
It is calculatedconsidering P_sfcmin, P_sfcmawalues and parameter§OPO_PR_DIFF = %
(Representative pressure leeéthe location) and TOPO_PR_SUP = 25 hPa (Presayee needetb
avoid orographic influence). Possible values are:

A IND_TOPO = 0 Orographic flag could not be calculated.
A IND_TOPO =1P_AMV > P_sfcmin

AMV wrongly located below the lowest representatpressure leve(mainly due to
Microphysics corrections in thi@gAMV pressurevalued).

A IND_TOPO =2: P_ AMV> P_sfcmaxt TOPO_PR_DIFF*(P_sfcin-P_sfcnax)
Very important orographic influence foumdthe current AMV position.

A IND_TOPO =3: P AMV> P_sfcnax- TOPO_PR_SUP
Important orographic influence fodrin the current AMV position

A IND_TOPO =6: P_AMV < P_sfcnax- TOPO_PR_SUP
No orographic influence founid the currentAMYV position

T h eDynémic orographicflay i s t hen c¢ alINDuTOR® aeeanodifiad dol veriéy she o f
possibility of a previous in time orographic influengéis happens iIND_TOPO= 6 and the tracer is
related toa prBdecessoAMV 0 in the previousmage The value of IND_TOPO iso modified
considering théollowing conditions:

A IND_TOPO = 4 Very important orographic influencerasfoundat a previousposition of
the AMV (or whichIND_TOPO = 2 or 4).

A IND_TOPO = 5 Important orographic influence/asfound ata previous position of the
AMV (for whichIND_TOPO = 3 or 5)

A IND_TOPO = 8 No orographic influence is found in aoyrrent orprevious position of
the AMV.
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FRESSURE IN PA OF AMY= REMOWVED BECAUSE OF THE EIF.!IZIE‘E!HF'HIIZZ FE}
Figure 31: Pressure values in Pa for AMVs affectedhygraphy
(i.e. withiilOrographic flag values betwen 1 and) in a zoomed area around tisand of Cyprus
for an example case (Basic AMVNobminal scan mod@&/SG2 satellite)
Orographic effects are caused by the mountains in Cyprus and Turkey,
reaching respectively 2000 m and more than 3000 m

ATESO parametad, similar to ATEST parametad explained in previous chapter to compare the
different valus a quality consistency tesan have for theifferent AMVs related to a same tracer, is
al so cal cul at Ordgraphictiagiltslpessiblenvglues dree

A TESO = 3: IND_TOPO for the AMV chosen as best wind, is the highest féx\lf's
related to thesame tracer.

A TES = 2: IND_TOPO for the AN chosen as best wind, is one unit smaller ttran
best value for all AMVs related to the same tracer.

A TES =1: IND_TOPO for the AMV chosen as best wind, is at least two units smaller
than the best value for all AMVs related to the same tracer.

A TESDO=0: IND_TOPO could not be calculated for the AMV chosen as best wind.

With configurableparametetJSE_TOPO = 1IND_TOPOand TESO parametersre calculated and
incorporated tahe AMV and Trajectoryoutput files. AMVs with IND_TOPO = 1 are eliminated

With configurable parametddSE_ TOPO = Zwhich is the default optionall AMVs and Trajectories
with any Orographic influence (i.e. with IND_TOPO = 1 t@b® eliminated from the output fde

2.2.2.12Final Control Check and Output data filtering

After the fiQuality @ntrolo, sometimesan AMV is detectedo haveadirection orvelocity completely
different tothe onesn its immediate vicinity, withoutlearlyjustifying the reason for suadhangesn
direction or velocityThey carbe considered as errors.

To eliminae t hese er r or s FinalaContral Ghedl ican merun aflerl teeQuality
controlo using configurable parameter FINALCONTROLCHECK = 1 (which is the default option).

This functioncalculates the velocity and direction histograorsall valid AMVs calculated with the
samesatellitechannel in small areas inside the working region (square boxes of 5x5 degrees of latitude
and longitude). When any of the columns of the velocity or direction histograms has only one element,
the AMV is excluded The procedure considers that the lack in the same area of another AMV with
relatively similar velocities or directions is enough to consiberAMV as an error.
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Severaloutput data filteringsre additionally considered in this stewhich depend on the valum
several configurable parametefhieseconfigurableparameters are:

- AMV_BANDS (default valueHRVIS,VIS06,WV062WV073,IR108 for MSG satelliteseries
VISO07WV065,IR107 for GOESN satellite series VIS06,WV062,WV069,WV073,IR112 for
Himawari8/9 satellite series VIS06,WV062,WV070,WV074,IR112 for GOESR satellite
serie$, which defines the channels for which AMVs afichjectories arealculded.

- QI_THRESHOLD: defines théQuality index thresholdlfor the AMVs and Trajectoriesn the
output files. Dependingn configurable paramete@Ql THRESHOLD USEFORECAST, the
fiQuality index with forecast(which is the default optior r  Qumldy inilex without forecast
arerespectivelyused for the AMV filtering.

-  CLEARAIRWINDS: defines if thefiClear air water vapour MVso are to be included in the
output files {hcludedin the default option

- MAXPRESSUREERROR: defines thearimumfAMV pressure errar(in hPa)allowed in the
output AMVsand Trajectories w HCE@ height assignment metiopd has been used

- MIN_CORRELATION: defines the minimum correlation (asparcentage val)en the output
AMVs and Trajectories when t he fACross Correlation tracki:t

- FINALFILTERING: defines several filterings in theutput AMVs and Trajectoriesdepending
on its value

- With FINALFILTERING > 0, thefAMV_pressurelevelo filtering defined inTable 9 is
implemented i( which theblue layers for the different channels are eliminated; light blue
layers are eliminatednly for AiClear air AMVsa nd T r a jverg daik bliedaged gre
only eliminated if configurable parameter VERYLOWINFRAREDAMVSl=which isnot
implemented adefault optio.

- With FINALFILTERING > 1 (which is the default option), tfAMV cloud type filtering
defined inTable 6is additionallyimplemented.

- With FI NALFI LTERI NG spatiaRgualitAfM@’ s = w il additiorally &
eliminated.

- With FI NALFI LTERI NG gpatiad qualih Mg s =w i Gddittonally A
eliminated.

MSG sat. HRVIS  VIS06 VISOS‘ IR108 IR120 WV62

GOESN sat. VISO07

Himawari-8/9 sat. WV69  WV73
GOESR sat. wlie s WV70 WV74

100199 hPa

200299 hPa
300-399 hPa
400499 hPa

500599 hPa

600699 hPa

700-799 hPa

800-899 HPa

900-999 hPa
Table9: AMV filtering related to théPressure level and Satellihannel
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2.3 PRACTICAL CONSIDERATI ONSON HIGH REsoLUTION WINDS (NWC/GEO-HRW)

2.3.1 Validation of High Resolution Winds (NWC/GEO-HRW)

NWC/GEOHRW is validated forthe first time considering both Radiosounding winds and NWP

analysis winds as reference windsthis version vé..

The default validation statistics against Radiosounding winds and NWP analysis winds for
NWC/GEOHRW Basic AMVs, are shown hees a sumiary for MSG, GOESN, Himawari8/9 and

GOESR satellite series. fie criteria defined at the Third International Winds Workshop (Ascona,

Switzerland, 1996) for the comparison of satellite wivdgh Radiosounding windave been
followed here, as in previousersions of the algorithmAdditional Validation statistics can be
obtained in thé@Scientific andvalidationReport for GEOHRW v6.1, document [AD.1h

Thestatisticalparameters used the procesf validationare:
NC:ANumber of c¢ olnINWWC/@EOHRW AMYV/s dndthe veference winds

1
1
1
1
1

Information about how these validation shtal parameters can be calculated can be obtained in the

SPD i Me an stipeeetetbnce Winds

NBIAS:Ai Nor mal i.zed bi asbo
NMVD: A Nor mal i zed mean
NRMSVD:Ai Nor mal i zed r oot

vector

me an

di ffe

squar e

i Sci en tValidatiooReporbthbr GEOHRW v6.1 (document [AD.5]).

The same dataset of AMVs is validated for all satellite series against both reference winds, to detect
differences in the \Vaation against these references.

renceo

vector

di f f
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2.3.1.1Validation of High Resolution Windsfor MSG satellites

For MSG satellite series, the Validation statistics correspond to the reference yearly period used since
several years ago for NWC/GEERW algorithm: July 200@June 2010 at 12:00 UTC, witMSG-2

satellite data, in a region covering Europe and the Mediterranean Sea, such as Shigurei®.

Cloudy AMVs in the layer 100000 hPa and clear air AMVs in the layer 41D hPa with a Quality

i ndex with #frecomssidaes as vald far hi¥validation.

The configuration considers the conditiodgfined in the defaultii mo d e | configurat:i
$SAFNWC/config/safnwc_ HRW_MSG.cfm , i n whi ch AiCCC met hod Wi
correctiono for thdahhaghght dessiigrymdrotr, tamdcea s r
c | o u d ssed Fer tthis, all NWC/GEGCloud product outputs (CMA, CT, CTTH, CMIC) have to

be produced before the running of NWC/GHBW algorithm All possible satellite channels are
considered fothe AMV calculation

Comparing the statisticagainst Radiosounding windand ECMWF NWP analysiin Table 10
(considering all layers together) aimdTable 11(considering the three layers separatelyfan be

seen thatthe NWP analysis windmean speeds slightly smaller, and the NBIAS, NMVD and
NRMSVD parameters are significantly small@rounda 30% smaller). A conclusion can be taken
here, that the general scale and behaviour of the AMV winds is more similar to that of NWP analysis
winds than to thieof Radiosounding winds.

Considering the different satellite channels,as for the previous version of NWC/GE{RW
algorithm,the MVD and NRMSVD seem very different considering all layers together, with changes
larger than the 50% betwer the best case I@lidy WV62 AMVs) and the worst case (Cloudy VIS0
AMVSs). Neverthelesshis is only caused by the different proportion of AMVs in the different layers
for each channel. Inside each one oflltheers differences of NMVD and NRMSVD for the different
channe$ are much smaller.

Considering the different layers, thalidation parameters are progressively higher for the high layer,
medium layer and low layeAs for the previous version of NWC/GHEERW algorithm, NWC/GEG

HRW Product Requirement Tabf®©ptimal acuracy (with a value of 0.3%gainst Radiosounding

winds) is reached in the High layer, and tN&WC/GEO-HRW Pr oduc't Re gqTargaet e me n t
accuracy (with values respectivge of 0.50 and 0.5@&gainst Radiosounding winds reached in the

Medium and Lav layer.

A quick comparison of thetatisticsagainstRadiosounding winds with those for the previous version
of NWC/GEGHRW algorithm(shown in white colours iffables D and 11), the main element to be
taken into account is that the distribution of AMWMsthe different layers has changed significantly,
going from a value of 61%/25%/14% for the High/Medium/Low layer in the previous version, to a
more homogeneous valile the new versiorof 52%/25%/23%(considering validated AMVs) and
45%/23%/32% (considimg calculated AMVSs). Thiselps to better characterize the behaviour of the
wind in the different levels of the troposphere. The change is caused higltiee densityof tracers
related to low and very low cloudwith both an absolute and relative isase in the low level AMVSs,
such as requested by tN®/C SAFusers.

Considering the high and medium layer there is however a reduction in the number of AMVs, caused
by the need to keep the running time of NWC/GHRW algorithm in similar values, while
increasing the densityf the low level AMVs.This reduction is also seen in the total number of AMVs

(a 26% smaller).

Comparing the validation parameters for the new and previous version of NWEABRD and
considering all layers together ifable D, thereis a small increase of the NMVD and NRMSVD
values (up to a 10%), which is only caused by the larger proportion now of low layer AMVs, with
worse validation parameters. Considering each layer separateRalile 11, the NMVD and
NRMSVD keep similar valuesiiall of them, while the NBIAS reduces around a 20% with the new
version in all layers.
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NWC/GEO-HRWv6.1 AMVs Cloudy Cloudy| Cloudy Cloudy Cloudy | Cloudy Clear

(Jul 2009-Jun 2010,MSG-2) VIS06  VIS08 IR108 IR120 WV62 | WV73 Air

NC 67288 98861 | 90082 | p26Sixh | 22866 | HSO042) | PRUR2NSI | 208681 | LOSKOOW
SPD [m/s] 12.87 10.28 10.25 17.50 17.72 22.78 20.14 17.42 17.23

NBIAS (ALL LAYERS) -0.03 -0.13 -0.13 -0.08 -0.07 -0.02 -0.05 +0.01 -0.07

NMVD (100 - 1000 hPa) 0.35] 0.41 0.42 0.30 0.30 0.26 0.29 0.30 0.32

NRMSVD 0.42 0.49 0.49 0.37 0.37 0.32 0.36 0.37 0.39

NC 67288 | 98861 | 90082 | 226314 | 228664 | 139042 | 227273 | 20383 | 1097907
SPD [m/s] 12.72 9.99 9.98 17.19 17.41 22.37 19.76 17.23 16.91

NBIAS (ALL LAYERS) -0.02 -0.10 -0.11 -0.07 - 0.06 -0.01 -0.03 +0.02 -0.05

NMVD (100 - 1000 hPa) 0.22 0.28 0.29 0.20 0.20 0.17 0.19 0.22 0.22

NRMSVD 0.28 0.35 0.35 0.25 0.25 0.21 0.24 0.28 0.27

NC 31630 | 97221 | 87177 | 313072 | 317120 | 256951 | 331831 | 48509 | 1483511
SPD [m/s] 16.64 10.51 10.48 18.53 18.67 22.78 20.80 16.64 18.70

NBIAS (ALL LAYERS) -0.04 -0.14 -0.15 -0.09 -0.08 -0.04 -0.07 -0.00 -0.08

NMVD (100 - 1000 hPa) 0.29 0.41 0.42 0.29 0.29 0.26 0.28 0.32 0.30

NRMSVD 0.35 0.49 0.49 0.35 0.35 0.32 0.35 0.39 0.36

Table10: Validation paramé&rsfor NWC/GEGHRWvV6.1 AMVs (considering all layers together
against Radiosounding winds light green; against ECMWF NWP analysis winds in light blue)
and NWC/GEGHRW v5.0 AMVg¢againstRadiosounding windis white)
(Jul 2009Jun 2010MSG2 satellite,12:00 UTC European and Mediterraneargior
BasicAMVs Cross correlation trackingHigher density of traers related to low and very low clouds;
CCC height assignmenmtith Microphysicsorrection).
Green figures show improvements of at least 10%, and red figures show worsenings of at least 10%,

with respect to NWC/GEBIRW v5.0 Basic AMVs
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NWC/GEO-HRWvV6.1 AMVs  Cloudy Cloudy Cloudy

Jul 2009-Jun 2010,MSG-2 HRVIS | VIS06 ~IR108 IR120 WV62 ~_Air |  AMVs_
NC 15919 1190911 | 124905] | 1287311 | 1576891 | 203831| 566718]
SPD [m/s] 21.13 21.85 21.81 23.23 22.63 17.42 22.19
NBIAS (HIGH LAYER) -0.03 -0.07 -006| -0.03 - 0.06 +0.01 -0.05
NMVD (100 - 400 hPa) 0.25 0.26 0.26 0.26 0.26 0.30 0.26
NRMSVD 0.30 0.32 0.32 0.32 0.32 0.37 0.32
NC 15447 | Bi3461| 29700 | 65541 | 644791 1031 | 60482 276959]
SPD [m/s] 12.88 11.72 11.49 14.29 14.44 17.13 14.95 13.91
NBIAS (MEDIUM LAYER) -0.05 -0.15 -0.16 -0.09 -0.08 04w | -0.02 -0.08
NMVD (400 - 700 hPa) 0.35° 0.38 0.38 0.35 0.35 0.36 0.37 0.36
NRMSVD 0.42 0.45 0.46 0.43 0.43 0.44 0.46 0.44
NC 85922i | 675151 | 60882 41679 | 39580 9152 254230
SPD [m/s] 9.21 9.61 9.63 10.11 10.14 11.51 9.79
NBIAS (LOW LAYER) -0.02 -0.11 -0.11 -0.11 -0.10 -0.02 -0.09
NMVD (700 - 1000 hPa) 0.45 0.43 0.44 0.40 0.40 0.41 0.42
NRMSVD 0.53 0.51 0.51 0.48 0.47 0.48 0.50
NC 15919 119091 | 124905 | 128731 | 157689 | 20383 | 566718
SPD [m/s] 20.87 21.54 21.50 22.81 22.22 17.23 21.83
NBIAS (HIGH LAYER) -0.01 - 0.06 -0.05 -0.01 -0.04 +0.02 -004
NMVD (100 - 400 hPa) 0.16 0.17 0.17 0.16 0.17 0.22 0.17
NRMSVD 0.19 0.22 0.21 0.20 0.21 0.28 0.21
NC 15447 | 31346 | 29700 | 65544 | 64179 | 10311 | 60432 276959
SPD [m/s] 12. 58| 11.33| 11.11| 13.95 14. 09| 16.83 14. 65 13. 56
NBIAS (MEDIUM LAYER) -003| -0.12| -0.13( -007| -0.06| +0.06| -0.00 -0.05
NMVD (400 - 700 hPa) 0.25 0. 28 0. 28 0.25 0.25 0.26 0.28 0.26
NRMSD 0.31 0.34 0.34 0.31 0.31 0.32 0.35 0.33
NC 35922 | 67515 | 60382 [ 41679 | 39580 9152 254230
SPD [m/s] 9. 17 9. 37 9. 42 9.86 9.91 1121 9. 58
NBIAS (L OW LAYER) [ -0.01( -0.09 -010| -0.09| -0.08 +0.0 0 -0.07
NMVD (700 - 1000 hPa) 0. 28 0.28 0.29 0.27 0.27 0. 31 0.28
NRMSVD 0.34 0.35 0.35 0. 33 0. 33 0. 38 0.34
NC 14748 186143 | 193173 | 235550 | 238459 | 41261 | 909334
SPD [m/s] 21.77 22.16 22.11 23.31 23.15 17.19 22.48
NBIAS (HIGH LAYER) -0.03 -0.08 -0.07 -0.04 -0.08 -0.01 -0.07
NMVD (100 - 400 hPa) 0.24 0.26 0.26 0.26 0.26 0.31 0.26
NRMSVD 0.29 0.32 0.31 0.31 0.32 0.38 0.32
NC 8532 | 37419 | 34188 | 86936 | 86010 | 21401 | 84678 7248 | 366412
SPD [mi/s] 14.64 12.08 11.94 14.61 14.69 16.90 15.10 13.51 14.35
NBIAS (MEDIUM LAYER) -0.05 -0.18 -0.18 -0.12 -0.11 +0.02 -0.05 +0.09 -0.10
NMVD (400 - 700 hPa) 0.31 0.38 0.38 0.35 0.35 0.37 0.37 0.40 0.36
NRMSVD 0.48 0.46 0.45 0.43 0.43 0.46 0.45 0.47 0.44
NC 8350 | 59802 | 52989 | 39993 | 37937 8694 207765
SPD [m/s] 9.64 9.52 9.54 10.14 10.18 12.09 9.88
NBIAS (LOW LAYER) -0.02 -0.12 -0.12 -0.12 -0.12 -0.09 -0.11
NMVD (700 - 1000 hPa) 0.44 0.44 0.44 0.41 0.40 0.38 0.43
NRMSVD 0.52 0.51 0.52 0.48 0.48 0.46 0.50

Table 11 Validation parameterfor NWC/GEGHRWv6.1 AMVs(considering three separate layers
against Radiosounding winds light green; against ECMWF NWP analysis winds in light blue)
and NWC/GEGHRW v5.0 AMVgagainst Radiosounding winds white)
(Jul 2009Jun 2010MSG2 satellite, 12:00 UTC, European and Mediterrangagion
Basic AMVsCross correlgion tracking;Higher density of tracers related to low and very low clouds;
CCC height assignment with Microphysazsrectior).
Green figures show improvements of at least 10%, and red figures show worsenings of at least 10%,

with respect to NWC/GEBIRW v5.0 Basic AMVs
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2.3.1.2Validation of High Resolution Windsfor GOES-N satellites

For GOESN satellites, the Validation statistics correspond to the reference yearly periadedfor

the previous version of NWC/GEBRW algorithm:July 2010 June 2011, witlGOES13 satellite

data, in an area covering the Contite¢ Unites States such as showrFigure 3. Cloudy AMVs in

the layer 1060000 hPa and clear air AMVs in the layer 4D hPa with a Quality index with
forecast O 70% are considered as valid for this

The configuration considers the condigodefined in the defaultii mo d e | configurat:i
$SAFNWC/config/safnwc_ HRW_ GOESNfm |, i n which A @aaicropbysidsod wi t
correctiono for the height assignment, and a fAh
c | oud ssed Farrtis, NWC/GEQGCMA, CT and CTTH product outputs have to be produced

before the running of NWC/GEBRW algorithm All possible satellite channels are considered for

the AMV calcul ation. As a reminder, t he Amicr o]
GOESN satellite series because NWC/GEMIC product cannot be calculated with it.

With GOES13 satellite, dawn or dusk occurs at the main synoptic hours (00:00 and 12:00 UTC), with
the largest number of Radiosounding observations. Because of this, ther minsbenparisons for
visible AMVs is small. To improve this, validation statistics for all synoptic hours are considered here
for the validationHowever,AMVs at 23:45, 05:45, 11:45 and 17:45 UT@ve to beused for these
comparisons, because GOES13images existxactlyat the main synoptic hours.

Validation statistics against Radiosounding winds are considerédhle 12(considering all layers
together) and inTable 13 (considering the three layers separatelMp validation statistics are
providedagainst ECMWF NWP analysis windsis time becauseno GOES13 images exist exactly
at theNWP analysisours.

Comparing with the equivalent statistics for MSG (showmable 10 and 1), validationstatistics for
GOESN AMVs are similar (with differences up to a 15% in general)p many cases better.
Considering the different GOBES channels (VIS07, WV65, IR107) there are no remarkable
differences with the equivalent MSG channels.

Considering the different layergs in MSG caseNWC/GEOHRW Product Regjirement Table
AiOopti mal accuracyo (with a valwue of 0.35 against
and the NWC/GEEHRW Pr oduct Requirement Table ATarget a
0.50 and 0.56 against Radiosounding winds) éhied in the Medium and Low layérhese result
mean that NWC/GE®RW algorithm can perfectly be used operatively with GEESatellite series.

A quick comparison of the statistics against Radiosounding winds with those for the previous version

of NWC/GEOGHRW algorithm (showrin white colours inTables 2 and 13), themain elemergto be

taken into accourdre: on one side the larger population of AMVs, with increments between 20% and

25% in the High and Medium layer, and more significantly u8@% in the Low layer (which is
directly related to the Ahigher den)sOnttheotieor tr a
side, because of these changes in the population of AMVdighéution of AMVs in the different

layers hasalsochanged, goingrbm a value 08%%4/9%/2% for the High/Medium/Low layer in the

previous version, to a more homogeneous vatuéhe new versiorof 86%/7%/7% (considering

validated AMVs) and 69%/12%/19% (considering calculated AMVR)e distribution between

different layes has so improved, althoudhs less significant thaim the MSG case.

Comparing validation parameters for the new and previous version of NWCGHERAD, considering
all layers together iTable 2, thevalidation statistics are exactly equivalent. Se, t#ct that more
AMVs are calculated with similar statistics is a positive evolution of the GREBries AMVs with
this version.Considering each layer separatelyTiable 1B, the variationsin NMVD and NRMSVD

parameters are smaller than a 10%, wifieNBIAS reducesip toa 5%.
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NWC/GEO-HRWvV6.1 AMVs  Cloudy| Cloudy Cloudy Clear

Jul 2010-Jun 2011, GOES13 VISO7 IR107 WV 65 Air

NC 9282 | 287572 | 2473501 | 644861 608690
SPD [m/s] 21.33 21.82 25.22 14.64 22.43
NBIAS (ALL LAYERS) -0.01 -0.08 -0.04 #0.04 | -0.05
NMVD (100 - 1000 hPa) 0.24 0.29 0.26 0.37 0.28
NRMSVD 0.31 0.37 0.33 0.49 0.36
NC 5849 | 208726 | 205757 47253 | 467585
SPD [m/s] 22.34 22.98 24.46 15.31 23.00
NBIAS (ALL LAYERS) +0.00 -0.08 -0.03 -0.00 -0.05
NMVD (100 - 1000 hPa) 0.25 0.29 0.27 0.35 0.28
NRMSVD 0.31 0.36 0.33 0.48 0.36

Table 2: Validation parameters for NWC/GEBRW v61 AMVs (considering all layers together against
Radiosounding winds in light green) and NWC/GHRW v5.0 AMVs (against Radiosounding windwlite)
(Jul 2010Jun 2011, GOES13 satellite5:4511:4517:45/23:45UTC, Continental United Statesgion, Basic AMVS;
Cross correlationHigher density relad to low and very low cloud§CC height assignment without Microphysics
Green figures show improvements of at least 10%, and red figures show worsenings of at least 10%,
with respect to NWC/GEBIRW v5.0 Basic AMVs

NWC/GEO-HRWV6.1 AMVs Cloudy Cloudy | Cloudy

(Jul 2010-Jun 2011, GOES13)| VIS07 IR107| WV65

NC 6828 | 215848 | 235439 | 64486 | 522601
SPD [m/s] 2528 | 2474 | 2544 | 1464 23.82
NBIAS (HIGH LAYER) -001 | -009 | -004 | momomm| -0.05
NMVD (100 - 400 hPa) 0.23 0.28 0.26 0.37 0.28
NRMSVD 0.28 0.35 0.33 0.49 0.35
NC 248 | 33933 | mmesm 46087
SPD [m/s] 18.29 | 17.04 | 20.84 18.03
NBIAS (MEDIUM LAYER) momtm | -005 | +0.00 -0.03
NMVD (400 - 700 hPa) psam| 035 0.29 0.33
NRMSVD omsy| 043 0.37 0.41
NC 2211 | 37791 40002
SPD [mis] 9.46 9.44 9.44
NBIAS (LOW LAYER) 20:021 | -0.09 -0.09
NMVD (700 - 1000 hPa) 0.35 0.40 0.39
NRMSVD 0.43 0.49 0.4 9
NC 4694 | 173848 | 191878 | 47253 | 417673
SPD [mis] 2471 | 2433 | 2468 | 1531 23.47
NBIAS (HIGH LAYER) +0.00 | -009| -003 | -0.00 -0.05
NMVD (100 - 400 hPa) 0.24 0.28 0.27 0.35 0.28
NRMSVD 0.29 0.35 0.33 0.47 0.36
NC 460 | 25067 | 13879 39406
SPD [m/s] 18.10 | 18.60 | 21.43 19.59
NBIAS (MEDIUM LAYER) -003 | -0.06 | -0.00 -0.04
NMVD (400 - 700 hPa) 0.28 0.32 0.29 0.31
NRMSVD 0.36 0.40 0.36 0.38
NC 695 | 9811 10506
SPD [m/s] 917 | 10.24 10.17
NBIAS (LOW LAYER) -0.06 | -0.10 -0.10
NMVD (700 - 1000 hPa) 0.35 0.39 0.38
NRMSVD 0.43 0.48 0.48

Table B: Validation parameters for NWC/GEBRW v61 AMVs(considering three sepate layers against
Radiosounding winds in light green) and NWC/GHRW v5.0 AMVs (against Radiosounding winds in white)
(Jul 2016Jun 2011, GOES13 satellit®5:45/11:45/17:45/23:45 UTQContinentdUnited Statesegion, Basic AMVSs;
Cross correlation; Higher density related to low and very low clo@i3C height assignment without Microphysics)
Green figures show improvements of at least 10%, and red figures show worsenings of at least 10%,
with respect to NWC/GEBGIRW v5.0 Basic AMVs
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2.3.1.3Validation of High Resolution Windsfor Himawari -8/9 satellites

The validation of NWC/GEEHRW-v6.1 algorithm for Himawari8/9 satellite series is based on the

validation of AMVs calculated during 166 days of the haarly period Marchi August 2018 at

0000 UTC, with Himawar8 satellite images, in a region coveyiChina, Korea, Japan and the

adjacent parts of the Pacific Ocean. This region is showkigiare 3. Infrared and visible cloudy

AMVs in the layer 101000 hPa, water vapour cloudy AMVs in the layer-Y00 hPa, and water

vapour clear air AMVs in the layel00400 hPa, with a Qualiy i ndex wi th foreca:
considered for this validation.

The configuration consider s t he conditions def

$SAFNWC/config/safnwc_HRW_  HIMA.cfm , i n whi ch AiCCC met hod Wi
correctionghtf oasdih@enrment , and a Ahigher density
cloudso are used. NWC/ GEO Cl oud product output s

region have to be available so that NWC/GHRW can fully process the conditions defd n the
model configuration file.

Comparing the statistics against Radiosounding winds and ECMWF NWP analyEabla 14
(considering all layers together) andTiable 15 (considering the three layers separately), the NBIAS,
NMVD and NRMSVD parameterare once again around a 25% smaller against NWP analysis winds.

Considering the different layers, as in previous casesvdfidation parameters are progressively

higher for the high layer, medium layer and low layer. The NWC/GHERW Product Requirement

Tabl e AOpti mal accuracyo i s reache-HRW Produtth e Hi ¢
Requirement Table ATarget accuracyo is reached i
NWC/GEOHRW algorithm can perfectly be used operatively with Himas8édisatellites.

Comparing the statistics of NWC/GHERW v6.1 default configuration for Himawa8/9 satellites
with those for MSG satellites, an equivalent number of AMVs is calculated for both satellites for
regions of similar sizes. So the density of AMMales similar for both satellites.

Considering the distribution of AMVs in the different layers, it has a Vviauthe High/Medium/Low
layer of 82%/14%/4% (considering validated AMVs) and 78%Pu8% (considering calculated
AMVSs). The concentrdabn of AMVs in the Hgh layeris caused by the China/Korea/Japan region used
for the validation (with large high altitude and desert areasl so less frequent low clojds
Considering for example AMVs calculated in the Himav&lFull Disk for IR112 channel in theame
validation period, the distribution in théigh/Medium/Low layeris 52%/15%/33%, which is similar

to that obtained by other AMV algorithms

Comparing the validation parameters for both satellites, considering all layers together Hi@t@wari
satelltes shows better NMVD and NRMSVD values (up to a 10% smaller), which is only caused by
its larger proportion of High layer AMVs, with better validation parameters. It is remarkable to see
that NBIAS parameter shows similar values but with an opposite €ignsidering each layer
separately, validation parameters are more or less similar for MSG and Hind#satiellites in the

High layer. NMVD and NRMSVD parameters are however up to a 15% worse for the Medium and
Low layer for Himawari8/9. In spite of tke differences of NWC/GE®IRW algorithm for MSG and
Himawari8/9, the operability of NWC/GE@RW algorithm for both satellites is equivalent.
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NWC/GEO-HRWV6.1 AMVs
Mar -Aug 2018, Himawari-8

Cloudy | Cloudy Cloudy| Cloudy Cloudy Cloudy Clear

VIS06 VIS08 IR112 WV62 WV69  WV73 Air

NC

SPD [m/s]

NBIAS (ALL LAYERS)
NMVD (100 - 1000 hPa)
NRMSVD

36841 71618 | 287147 | 189457 | 246356 | 280899 85148 | 1197466
21.70 19.95 19.58 23.60 22.58 21.94 19.32 21.46
+0.00 -0.00 +0.04 +0.06 +0.06 +0.04 +0.06 +0.05
0.24 0.26 0.27 0.26 0.27 0.26 0.30 0.28
0.29 0.31 0.35 0.32 0.33 0.33 0.38 0.35

NC 36841 71618 | 287147 | 189457 | 246356 | 280899 85148 | 1197466
SPD [m/s] 21.72 19.97 19.60 23.65 22.62 21.96 19.56 21.50
NBIAS (ALL LAYERS) -0.00 -0.00 +0.04 +0.06 +0.06 +0.04 +0.05 +0.05
NMVD (100 - 1000 hPa) 0.17 0.18 0.20 0.19 0.21 0.20 0.23 0.21
NRMSVD 021 0.23 0.25 0.24 0.25 0.25 0.30 0.26

Table 14: Validation parameters for NWC/GEIRW v61 Basic AMVs considering all layers
against Radiosounding winds (in light green) and ECMWF NWP analysis winds (in light blue)
(Mar-Aug 2018 00:00 UTC, Himawa8 satellite, China/Korea/Japan region;
Basic AMVs; Cross correlation tracking; Higher density of tracers related to low and very low clouds;
CCC height assignment with Microphysics correction)

NWC/GEO-HRWvV6.1 AMVs

Cloudy Cloudy | Cloudy Cloudy Cloudy

(Mar -Aug 2018, Himawari-8)

VIS06 IR112| WV62 WVE9  WV73

26769 | 48276 | 196718 | 183124 | 214714 | 229291 85148 | 984040

NC

SPD [m/s] 25.83 24.52 22.61 23.73 23.44 2331 19.32 23.06
NBIAS (HIGH LAYER) -0.01 -0.01 +0.04 +0.06 +0.05 +0.03 +0.06 +0.04
NMVD (100 -400 hPa) 0.22 0.23 025 0.26 0.26 0.25 0.30 0.25
NRMSVD 0.26 0.27 0.31 031 0.31 0.30 0.38 0.31
NC 4200 9507 | 65466 6333 | 31642 | 51608 168756
SPD [m/s] 14.67 14.18 14.68 20.08 16.72 15.85 15.60
NBIAS (MEDIUM LAYER) +0.10 +0.09 +0.05 +0.17 +0.21 +0.11 +0.11
NMVD ( 400- 700 hPa) 0.32 0.33 0.35 0.36 0.43 0.38 0.37
NRMSVD 0.40 0.42 0.49 0.47 0.54 0.50 0.50
NC 5872 | 13835 | 24963 44670
SPD [m/s] 7.90 7.97 8.53 8.27
NBIAS (LOW LAYER) -0.03 +0.03 -0.01 +0.00
NMVD (700 - 1000 hPa) 0.44 0.47 0.43 0.45
NRMSVD 0.54 0.58 0.53 0.55

NC
SPD [m/s]
NBIAS (HIGH LAYER)

26769 | 48276 | 196718 | 183124 | 214714 | 229291 85148 | 984040
25.81 2451 22.73 23.77 23.51 23.39 19.56 23.14
-0.01 -0.01 +0.04 +0.06 +0.05 +0.03 +0.05 +0.04

NMVD (100 - 400 hPa) 0.16 0.16 0.18 0.19 0.19 0.18 0.23 0.19
NRMSVD 0.19 0.20 0.23 0.24 0.23 0.22 0.30 0.23
NC 4200 9507 | 65466 6333 | 31642 [ 51608 168756
SPD [m/s] 14.75 14.15 14.44 20.11 16.57 15.60 15.40
NBIAS (MEDIUM LAYER) +0.09 +0.09 +0.07 +0.17 +0.22 +0.13 +0.12
NMVD (400 - 700 hPa) 0.23 0.24 0.26 0.29 0.36 0.30 0.29
NRMSVD 0.30 0.31 0.33 0.36 0.44 0.38 0.38
NC 5872 | 13835 | 24963 44670
SPD [m/s] 8.08 8.13 8.48 8.32
NBIAS (LOW LAYER) +0.01 +0.01 -0.00 +0.00
NMVD (700 - 1000 hPa) 0.25 0.29 0.30 0.29
NRMSD 0.33 0.36 0.39 0.37

Table 15: Validation parameters for NWC/GEIRW v61 Basic AMVs considering three layers
against Radiosounding winds (in light green) and ECMWF NWP analysis winds (in light blue)
(Mar-Aug 2018 00:00 UTC, Himawa8 satellite, China/Korea/Japan region;
Basic AMVs; Cros correlation tracking; Higher density of tracers related to low and very low clouds;
CCC height assignment with Microphysics correction)
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2.3.1.4Validation of High Resolution Windsfor GOES-R satellites

The validation of NWC/GEGHRW-v6.1 algorithm for GOESR satellite series is based on the
validation of AMVs calculatedvith GOES16 satellite imageduring 90 days of the quarterly period
May 1 July 2019, at 0@0 UTCand 1200 UTC, in the region covering the Continental United States
shown inFigure 38

GOESR fiMode & scanning with Full disk imagesvery 10 minutes, operationédr GOESR
satellitessince April 2019js considered for this validation. This configueat is equivalent to the one
for Himawari8/9 satellite series, and permits very easily a comparison in the results for both satellites.

Validation for GOESR A Mode 30 suldisknmageseveny L5t ntinutés, operational for
GOESR satelltes up téAp r i | 20109, is also available in the
GEOHRW v6.1, document [AD.15

The configuration considers t he conditions def
$SAFNWC/config/safnwc_ HRW_GOESR.cfm i n wh i ¢ thod withCr@icrophysics
correctiono for the height assignmemndveryalowd a fh
cloudso are used.

NWC/GEO Cloud product outputs (CMA, CT, CTTH and CMIC) in the processing region have to be
available so that NWC/BO-HRW can fully process the conditions defined in the model configuration

file. Infrared and visible cloudy AMVs in the layer 22000 hPa, water vapour cloudy AMVs in the

layer 100700 hPa, and water vapour clear air AMVs in the layer4@D hPa, with &uality index

with forecast O 70 %, are considered for this val

Comparing the statistics against Radiosounding winds and ECMWF NWP analysis in Tébled
17, considering respectively all layers together and the three layers separately, the NEM3 aNd
NRMSVD are once again at least a 25% smaller agaiadWP analysis wind

Consideringthe different layers, as in previous cases, the validation parameters are progressively
larger for the high layer, medium layer and low layEne NWC/GEGHRW Ofpt i ma | accur a
(NRMSVD O 0.35 agai nst al$dsached in the high layeghilew ihred si)T airgg e t
accuracyo (NRMSVD O 0.50 and O0.56 rasogachedtin vel y
the Medium and Low layer. These results mean that NWCMERW can perfectly be used
operatively with GOESR satellites

Consideringhe distribution of AMVs in the different layers, it has a value for the High/Medium/Low
layer of 86%/11%/3% (considering validated AMVs) and 80%/11%/9% (considering calculated
AMVs). Although not specifically verified with a validation in a larger region as in the case of
Himawari8/9, the concentration of AMVs in the High layer is also thought to be caused by the region
used for the validation (with large high altitude and desert are&e iWestern United States, and so
less frequent low clouds).

Comparing the statistics of NWC/GHARW v6.1 default configuration for GOER satellite with
those for Himawari satellites, @imilar number of AMVs is obtained considering regions of similar
sizes and an equivalent number of satellite slots. Féigcal distribution of AMVs is also equivalent
for both satellites in general, due to the similarities between ABI and AHI imagers.

Comparing the validation parameters, considering all layers tog&#tS16 satellite shows slightly
better values of NBIAS, NMVD and NRMSVD than all other satellite series, which is caused by its
larger proportion of High layer AMVs with better validatiomrpmeters. Considering each layer
separately, validation parameet are more or less similar to those found for MSG or GNES all
layers, and better than those found for Himay@#9iin the Medium and Low layer.

With all this, the operability of NWC/GE®IRW algorithm is equivalent for the four satellite series.
As dready said, in all of themhte A Opt i mal accuracyo is reached i
accuracyo is reached in the Medium and Low | ayer
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NWC/GEO-HRWv6.1 AMVs  Cloudy | Cloudy Cloudy| Cloudy Cloudy Cloudy Clear

May-Jul 2019 GOES-16) VIS06 VIS08 IR112 WV62 WV70 WV74 Air

NC 18100 | 46595 | 309601 | 224150 | 269282 | 302135 | 113820 | 1283683
SPD [m/s] 21.12 19.46 18.70 22.29 21.72 21.20 17.44 20.49

NBIAS (ALL LAYERS) +0.02 +0.02 +0.05 +0.06 +0.0 6| +0.04 +0.07 +0.05

NMVD (100 - 1000 hPa) 0.24 0.26 0.29 0.27 0.28 0.27 0.32 0.28

NRMSVD 0.30 0.33 0.36 0.33 0.34 0.33 0.40 0.34

NC 18100 | 46595 | 309601 | 224150 | 269282 | 302135 | 113820 | 1283683
SPD [m/s] 21.07 19.33 18.66 22.06 21.53 21.03 17.57 20.37

NBIAS (ALL LAYERS) +0.02 +0.03 +0.05 +0.07 +0.07 +0.05 +0.07 +0.0 5
NMVD (100 - 1000 hPa) 0.15 0.17 0.20 0.19 0.19 0.19 0.25 0.19

NRMSVD 0.19 0.22 0.26 0.24 0.25 0.24 0.32 025

Table 16: Validation parameters for NWC/GERW v6.1 Basic AMVs considering all layers
against Radiosounding winds (in light green) and ECMWF NWP analysis winds (in light blue)
(May-Jul 2019, 00:00& 12:00 UTC, GOES16 satellite, Wntinental United Stataggion;
Basic AMVs; Cross correlation tracking; Higher density of tracers related to low and very low clouds;
CCC height assignment with Microysics correction)

NWC/GEO-HRWv6.1 AMVs  Cloudy | Cloudy Cloudy| Cloudy Cloudy Cloudy Clear

(May-Jul 2019, GOES16)  VISO6  VIS08  IR112| WV62  WV70  WV74 Air____ AMVs_
NC 14118 | 33407 | 218923 | 218055 | 243720 | 259050 | 113820 | 1101093
SPD [m/s] 23.92 22.61 20.94 22.40 22.21 22.02 17.44 21.49
NBIAS (HIGH LAYER) +0.01 +0.01 +0.05 +0.06 +0.05 +0.03 +0.07 +0.04
NMVD (100 - 400 hPa) 0.22 0.24 0.27 0.27 0.27 0.26 0.32 0.27
NRMSVD 0.27 0.30 0.34 0.33 0.33 0.32 0.40 0.33
NC 1564 6160 | 57312 6095 | 25562 | 43085 139778
SPD [m/s] 16.32 14.85 15.50 18.30 17.09 16.29 16.14
NBIAS (MEDIUM L AYER) +0.09 +0.07 +0.04 +0.20 +0.20 +0.11 +0.10
NMVD (400 - 700 hPa) 0.29 0.30 0.32 0.40 0.42 0.37 0.36
NRMSVD 0.37 0.38 0.40 0.49 0.51 0.46 0.45
NC 2418 7028 | 33366 42812
SPD [m/s] 7.88 8.57 9.50 9.26
NBIAS (LOW LAYER) +0.11 +0.10 +0.02 +0.04
NMVD (700 - 1000 hPa) 0.50 0.44 0.39 0.40
NRMSVD 0.63 0.58 0.50 0.52
NC 14118 | 33407 | 218923 | 218055 | 243720 | 259050 | 113820 | 1101093
SPD [m/s] 23.73 22.32| 20.86 22.16 21.99 21.81 17.57 21.33
NBIAS (HIGH LAYER) +0.02 +0.02 +0.06 +0.07 +0.06 +0.0 4| +0.07 +0.0 5
NMVD (100 - 400 hPa) 0.14 0.16 0.19 0.19 0.18 017 0.25 0.18
NRMSVD 0.18 0.20 0.24 0.24 0.23 022 0.32 023
NC 1564 6160 | 57312 6095 | 25562 | 43085 139778
SPD [m/s] 16.37 14.87 15.52 18.37 17.1 8| 16.35 16.18
NBIAS (MEDIUM LAYER) +0.0 8| +0.06 +0.04 +0.20 +0.1 9| +0.11 +0. 10
NMVD (400 -700 hPa) 0. 20 0.21 0.24 0. 34 035 029 0.2 8
NRMSVD 0.27 0.27 0.31 0.41 0. 43 037 0.3 6
NC 2418 7028 | 33366 42812
SPD [m/s] 8. 63 9.01 9.60 9.45
NBIAS (LOW LAYER) +0.01| +0.04| +0.01 +0.0 2
NMVD (7 00- 1000 hPa) 025 0.27 027 027
NRMSVD 0.31 0.34 0.34 034

Table 17: Validation parameters for NWC/GERW v6.1 Basic AMVs considering three layers
against Radiosounding winds (in light green) and ECMWF NWP analysis winds (in light blue)
(May-Jul 2019, 00:00 & 12:00 UTC, GOER; satellite, Continental United States region;
Basic AMVs; Cross correlation tracking; Higher density of tracers related to low and very low clouds;
CCC height assignment with Microphysics cotit)
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2.3.1.5Autovalidation process oNWC/GEO-HRW algorithm

Considering requests from NWC SAF users, NWC/GERWN v6.1 offers for the first time the option
to calculate the validation statistics for the AMVs with the NWC/GHERW algorithm itself (using as
refeence NWP analysis or forecastctangular components of the wind (u,slich as defined in
chapter 2.3.2f this document, interpolated to the AMV final location and level).

This is implemented with configurable parameter NWPVAL_STATISTICS = 1,2,3,4. Dapeon
the values of this parameter, statistics for the differeyg¢rtaand satellite channels are provided
separately or not. Please chedkapter 2.3.3For more information on this parameter. Tdefault
option (NWPVAL_STATISTICS =2) provides statists for all layers together and the different
satellite channels separately.

The validationstatisticscan becalculated using NWP forecast winds in real time processes, and using
NWP forecast olanalysis winds in reprocessing processes. In the lasttbhasese of NWP analysis is
implemented with configurable parameter NWPVAL_ANALYSIS = 1 (which is not the default
option), and so, validation statistics will only be provided for the specific runs for which a NWP
analysis with the same date and time is labé. When NWP forecast winds are used, the validation
statistics are provided for all runs of NWC/GHERW algorithm.

The validation statistics are calculated at the end of the processlifiWC/GEOHRW run, and the

results are written ithe running lg of NWC/GEQHRW, and also ira specific fileunder the name

S NWC_HRVBTAT_<satid>_<regionid>_ YYYYMMDD  T.txt in $SAFNWC/export/HRW

directory. Her e, isatido is the identifier of the sat
used, a n dvViDDOY YiYsdatdt for evhich statistics are providé@ehlidation statistics for all

outputsfrom the sameayare included in the same file).

The following content is added to this file each time the validation statistics are run: several lines with

the following format, showing the validation parameters mentioned previously (NC, SPD, NBIAS,
NMVD, NRMSVD) fort he consi dered AMV scalDeT),ABB®pe (def i
ATTTTTO (def i @LOUD, @QlsE ARD)T,A LI, adefned asiALLHIG, MED, LOW)

and satellite channel for which AMVs have been calculated CCCCCOo (defined
TOTAL,HRVIS,VIS06,VIS07,VIS08,IR107,IR108,IR112,WV062, WVOB8Y070 WV073 WV074).

The date and time of the NWC/GEERW run, of thefimodel configurationfildé used in the p
andif the validation statistics have been run against the NWP analysis oadbreimds parameter
i G G Gefinedas ANA, FOR)arealso specified:

yyyy - mmddThh:mm:ssZ GEO - HRW 6.1 XXXXX [S] HRWDATE:YYYYMMDDTHHMMSSZ
HRWCONF:FFFFF.CFM NWREONE GGG *** AMV:BBBT TTTT CH:CCCCC LAYER:LLL
*** NC: RRRRRRSPD[M/S]: SSS SS NBIAS: = T. TTT NMVDU. UUU NRMSVDV. VVV

The parameters shown here can be used by the NWC SAF user as an option for the quality monitoring
of the calculated NWC/GE®IRW data.

The NWP analysis or forecasing with validateseach AMV (defined byts speed and directionis

also added to the NWC/GEBRW output files (excepting the BUFR bulletin withe previous

il nternati onal Wiormat, OUTRWWTr HORMAYJ =ERM pinsigedvhich there is no
possibk location for these parameters). This allows NWC SAF users a quick recalculation of the
NWC/GEOHRW validation parameters for different sampling and filtering options of the data,
including for example monthly or yearly totalizations.

Two additional elerants are available in the validation process in NWC/GHEW-MTG algorithm:

1 The first one, activated with configurable parameter NWPVAL_NWPDIFFERENCE = 1
(implemented as a default option) calculetésof or each AMV the WAVector
the NWP refe enc e wi ndo, and adds t his AfVvector di
direction) to the NWC/GE@HRW output files (excepting agathe BUFR bulletin withthe
previous #Alnternat i ofarmdt, OWPUTJFORMKS wHUM, nngideGr ou p 0
which there is10 possible location for these parameters).
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This AVector differenced can be used for exa
user is able to detect in which cases the AMV is very different to the NWP fovgoastand

may be aware for example af warning is needed in some specific region or moment due to

strong winds unforeseety the NWP forecast.

1 The second one, activated with configurable parameter NWPVAL_NWPBESTFITLEVEL =1
(implemented also as a default option) calculatiss for each AMVt he A NWP r ef er e
wind at thebest fit pressurelevl and adds t hi s i NNeBtfitpressweer e nc e
leveb (defined by its speed, dir edRWootputflesnd pr e:

(excepting agaithe BUFR bulletin withthe prevo us fl nt ernati onal Wi nds
format, OUTPUT_FORMAT =EUM, inside which there is no possible location for these
parameters).

Thi s ANWP mo dbestfit weissurd levelt cahebe used for examp
tasks of t hesifigAnMiVe nhte i ngehtth oadso , to know in whi
agreement between the AMV pressure level defined for the AMVs and Trajectories, and the

one suggested by the NWP model reference.

The calculation of théNWP reference wind at the best fit pgase leved consists of two

steps: first, the model level with the smallest vector difference between the observation and
the model background wind is to be found. Then, the minimum is calculated by using a
parabolic fit to the vector difference for thiodel level and the two neighbouring levels.

The calculation is based on the procedure defined by K.Salonen, J. Cotton, N.Bormann &
M.Forsythe at [RD.26], and is only defined at some specific circumstances, to avoid broad
best fit pressure values which anet very meaningful:The minimum vector difference
between the observed and the NWP reference wind at best fit pressure level has to be less than
4 m/s, and the vector difference has to be greater than the minimum difference plus 2
m/soutside a band tha&ncompasses the best fit pressure + 100 TiFia way, only around a
40%50 % of the AMVs have NWP feréncerwénd at the bestdit f or
pressure level .

NWP analysis winds or NWP forecast winds can be used here for both procedureat{gcalofiithe
Avector difference with the NWP reference windo
best fit pressure |l evel 0), depdWRVALDANALYSIStinhe val u
case of using NWP analysis winds, both parameter®nly provided for the specific runs for which a

NWP analysis with the same date and time is available.
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2.3.2 List of Inputs for High Resolution Winds (NWC/GEO-HRW)

The full list of inputs for the running of NWGEO-HRW product isas follows

T

ConsideringMSG satellite series: full resolution uncompres$¢RIT data for theprocessing

region, for theimages in which tracerare calculated and trackefbr all MSG channels to be

used. These data are to be locate@#SAFNWC/import/Sat_data directory. IR108channel

is additionally needed for the visible channe|
interpolation height assignmento is to be used
if the default configuration of the Quality controlisképt ncl udi ng t he Al mage c«

Considering GOES satellite series: full resolution uncompressed GVAR data foptiheessing
region, for themages in which tracers are calculated and tradk&ESN GVAR data have first
to be converted to NWIGEO netCDF satellite input data fornfaftith the providedSAT2NC java
tool), and after this processncluded in $SAFNWC/import/Sat_data directory. IR107

channel is in any case needed for the visibl
temperaturé nt er pol ati on height assignmento is to be
caseneeded i f the default configuration of t he

correlation testo).

Considering Himawari8/9 satellite series: full resolutioruncompressedHSD data for the
processing regionfor the images in which tracers are calculated and trackied.data to be
processed have to lrecluded inN$SAFNWC/import/Sat_data  directory. IR1L2 channel is in
any case needed for the visible channel erecsi ng when the ol d ABrig
interpolation height assigme nt 6 i s tldandbVéVRehamndls arelinRidy caseeded
if the default configuration of the Quality <co

ConsideringGOES-R satellite series: full resolution uncompressedCDFdatafor the processing

region,for the images in which tracers are calculated and tradkeddata to be processed have to

be included in$SAFNWC/import/Sat_data directory. IR112channel is in angase needed

for the visible channel processing when the ¢
assimment 0 i s t 12 and&VVa& shendels ark Rlany caseeded if the default
configuration of the Quallmage comrtrreoll atiisork etpas t(¢

NWP data for the whole processing region in which NWC/GHBW product is runwith an
horizontal resolution of 8° and a NWP time step of at most 6 hours (preferably a NWP time step
of 1 hour), for a minimum of four (defined byconfigurable parameter
MIN_NWP_FOR_CALCULATION) and preferably for as many as possible of the following
pressure levels: 1000, 925, 85007600, 400, 300, 250, 200, 150, 100, 70, 50, 30, 10 hPa, in
$SAFNWC/import/NWP_data directory:

- NWP Forecast Fieldsf temperatures.

- NWP Forecast Fields of rectangul ar component
control forecast testo, if the NWP wind gues
ar ea oefiValidagon statistics are to balculated by the NWC/GE®IRW algorithm
itself considering as reference winds the NWP forecast winds.

- NWP Analysis Fields of rectangular components of the wind (u,v), needed if Validation
statistics are to be calculated by the NWC/GHRW algorithm itself considering as
reference winds the NWP analysis winds.

- NWP Forecast Fields of geopotenti al height s,

ECMWF NWP model is used as default option for NWC/GEO software package, although many
other NWP models haveebn used by NWC SAF users for its processing.

NWC/GEO-CT and CTTH output files for thprocessingegion for the imagdan which tracers
are tracked,in $SAFNWC/export/CT and $SAFNWC/export/CTTH directories, in case
ACCC height assignment methodo is used.
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T NWC/GEOCMIC output files for theprocessingregion for the image in which tracers are
tracked, in $SAFNWC/export/CMIC directory, in case tlienecrophysics correctianis used
inside ACCC height assignment methodo.

1 NWC/GEO-CT output file for theprocessig region for the image in which tracers are calculated,
in $SAFNWC/export/CT di rectory, in case the ABrightness:s
assignment with Cloud productso is used.

Of all these data, only MSBRIT, GOESN/GVAR, Himawari8/9%HSD or GCES-R/netCDF satellite
data and the NWP temperatureprofiles are strictly needed for the running of NWEEO-HRW
algorithm.
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2.3.3 List of Configurable parameters for High Resolution Winds (NWC/GEO-HRW)

The High Resolution Winds Model configuration file holds thefigurable parameters needed for the
running of GEG HRWv61 executable. It must be located $88AFNWC/config directory. Four

different reference Model Configuration Filaseincluded for the operational ussth:
1. MSG satellite seriegsafnwc_ HRW_MSGcfm ).

2. GOESN satellite seriegsafnwc. HRW_GOESI.cfm ).

3. Himawari8/9 satellite serie¢gsafnwc_ HRW_HIMA.cfm ).
4. GOESR satellite seriessafnwc. HRW_GOER.cfm ).

A brief description of the configurable parameters included in the files is shown in the followang tab
The configurable parameters have been simplified with respect to those defined for previous versions

of NWC/GEGHRW algorithm.

Keyword Description Type Default Value(s)

Identification parameters

PGE identification. This keyword is optiona| Chain of
PGE_ID but should not be changed by the user. characters GEGHRW
HRVIS,VIS06,VIS08,
IR108,IR120,WV062,WV073
A list of satellite bands that can be used to (MSG)
for the calculation of AMVs and Trajectorie VIS07, IR107, W\D65
with NWC/GEOHRW algorithm. Chain of (GOESN)
SAT_BANDS This keyword is optional, but should not be characters VIS06, VIS08,IR112,
changed. Itefines the maximum value of W\062,WV069, W\O73
bands for which AMVs can be calculated. (HMAWARE 8/9 )
Values defined in a list separated by comm VIS06, VIS08,IR114,
W\62,WV070, W\D74
(GOESR)
HRVIS,VIS06, IR108,
WV062,WV073
A list of satellite bands really used for the Vlsél;ﬂslGR)lm W\D65
calculation of AMVs and Trajectories with ( éOES N)Y
AMV_BANDS NWC/GEOHRW algorithm. Chain of | /506, 1R112, W\D62,
- As possible values, it can include any of thd characters| W\069. W73
bands shownbthe previous parameter, (HIMAWARF 8/9 )
separated by commas. VIS06, IR114, W\D62,
W\D70, W\D74
(GOESR)
Ordering numbeof the previous satellite
image, for which tracers are to be consider
SLOT_GAP for the AMV processing. Integer |1
The value for fARapi
more than the value defined by the paramel
MIXED_SCANNING Flag to decide if ti .0 Ig
implementedn the processing
CDET Flag to dgfipe ifiDetailed AMVs and Integer |0
Trajectories arecalculated.
Output parameters
Originating centre of the BUFR file, as
defined in WMO Common Code Table1lC
BUFR_CENTRE_OR ([RD.19])). It is to bemodified with the code Integer | 214
related to the corresponding centre
(e.g. the default value 214 means Madrid).
A list of output file formats, with several
options possible. Elements in the list are to|
separated by ecomas:
- NWC: AMV & Trajectories BUFR files,
using the specific NWC SAF format. Chain of | NWC
OUTPUT_FORMAT - EUM: AMV BUFR files, characters
using thepreviousWWG BUFR format.
- IWWG: AMV BUFR files,
using thenewIWWG BUFR format.
- NET: AMV netCDF files




























































































































