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1. INTRODUCTION

The EUMETSAT Satellite Application Facilities (SABye dedicated centres of excellence for the
processing of satellite data, and form an integaat of the distributed EUMETSAT Application
Ground Segment. This documentation is providedhey $AF on support to Nowcasting and Very
short range forecasting (NWC SAF).

The main objective of the NWC SAF is to provideyelep and maintain software packages to be used
with operational meteorological satellite dataXmwcasting applications. More information about the
project can be found at the NWC SAF webpage, hitpw.nwcsaf.org

This document is applicable to the NWC/GEO softwaaekage for geostationary satellites.

1.1 SCOPE OF THE DOCUMENT

This document is the “Algorithm Theoretical Basiosdoment (ATBD) for the Wind Product
Processor of the NWC/GEO (version MTG-I day-1)"te@ire package (NWC/GEO-HRW-MTG,
High Resolution Winds), which calculates Atmospbédiotion Vectors and Trajectories considering:

» Seven channels from MSG/SEVIRI imager: six 3 km lasolution visible, water vapour and
infrared channels (VISO6 0.638m, VIS08 0.810um, WV62 6.250um, WV73 7.350um,
IR108 10.800um and IR120 12.00Qum), and the 1 km high resolution visible channel
(HRVIS 0.750um).

e Six channels from MTG-I/FCI imager: four 2 km lowsolution water vapour and infrared
channels (WV62 6.30am, WV73 7.350um, IR105 10.50(um and IR123 12.30im), and
two 1 km high resolution visible channels (VISO64Dum and VIS08 0.865m).

* Six channels from Himawari-8/9/AHI imager: four Znklow resolution water vapour and
infrared channels (WV62 6.250m, WV70 6.950um, WV73 7.350um and IR112 11.200
pm), one 1 km high resolution visible channel (VISR860um), and the 0.5 km very high
resolution visible channel (VIS06 0.648n).

e Three channels from GOES-N/IMAGER: two 4 km lowalesion water vapour and infrared
channels (WV65 6.55@um and IR107 10.70Qum), and the 1 km high resolution visible
channel (VISO7 0.650Qm).

NWC/GEO-HRW-MTG algorithm adaptation to MSG, GOESaNd Himawari-8/9 satellite series is
to be fully implemented and validated at the prasigersions of NWC/GEO up to NWC/GEO v2018.
NWC/GEO v2018 is not available at the moment oftimgi this ATBD document for NWC/GEO

version MTG-I day-1, which is prepared at least tyears before the actual launch of MTG-I1
satellite.

The principal task of NWC/GEO MTG-I day-1 versiduolly commited, is going to be the adaptation
and full validation of NWC/GEO-HRW-MTG algorithm tdTG-Imager satellite series.

There is also an option, not commited and neveayiled the release of NWC/GEO MTG-I day-1
version for use with MTG-I satellite series, thalVR/GEO-MTG might also be adapted to GOES-R
satellite series, considering six channels from G@G#ABI imager: four 2 km low resolution water
vapour and infrared channels (WV62 6.31508, WV70 7.00Qum, WV74 7.40Qum and IR112 11.200
pum), one 1 km high resolution visible channel (VISD860um), and the 0.5 km very high resolution
visible channel (VIS06 0.640m).

This Algorithm Theoretical Basis Document descriliedetail the objectives and physics of the
problem, together with the mathematical descriptiod the implementation of the NWC/GEO-HRW-
MTG algorithm. It also provides information on timput data and resulting output data.
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1.2 SOFTWARE VERSION | DENTIFICATION

This document describes the algorithm implementedhe NWC/GEO-HRW-MTG (Product Id
NWC-039) of the NWC/GEO (version MTG-I day-1) soétre package release.

1.3 |IMPROVEMENTS FROM PREVIOUS VERSIONS

The improvements related to NWC/GEO-HRW-MTG alduritare the following ones:

1. The extension of NWC/GEO-HRW algorithm processioghte MTG-I (MTG Imager) satellite
series (fully commited, fully validated).

2. The optional extension of NWC/GEO-HRW algorithm gessing to the GOES-R satellite series
(uncommited).
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1.4

1.4.1. Definitions

DEFINITIONS , ACRONYMS AND ABBREVIATIONS

4x4 big pixel matrix

4x4 big element matrix, in whi pixels of a tracer candidate
classified at reduced resolution, defining thre&edeént brightnes
classes (CLASS n)

e

Uy

Atmospheric Motion
Vector (AMV)

Horizontal wind calculated through the horizontalptacement betwed
two Earth positions in two different satellite inesg(defined as initid
image and later image), of a square segment af pixels called tracer

Basic dataset

Set of tracers or AMVs, calculateth the basic or wide tracer sc
(with a default value of 24 x 24 pixels). Two kindsBasic tracers af
possible: wide basic tracers (with bright big psxil the first and last b
pixel row or column) and narrow basic tracers (odng otherwise)

Bearing angle

Angle defined by the great circlenmmting two locations on the Earth

Best fit pressure level

Pressure level which minésithe vector difference between the A
and a NWP reference wind, considering as referevind the neares
NWP wind profile or nearest Radiosounding wind peofwith a lineat
variation of the wind components between profilele

MV

—

Big pixel

Each element of the 4x4 big pixel matri®, which pixels of a tracq
candidate are classified at reduced resolutioninidgf three differen
brightness classes (CLASS 0, CLASS 1, CLASS_2)

i
=

Bright big pixel

Big pixel inside a big pixel matriin which at least a 70% of its pixelS
brighter than a given frontier (also called CLAS®i@ pixel)

S

Brightness value

Value for a given pixel of the NilE matrices, characterized by
Normalized reflectance in the pixel for Visible cm&ls and th
Brightness temperature in the pixel in Infrared\Mater vapour channg
and defined as an integer value ranging from (bfo 2

the

— (D

Clear air AMV

AMV defined through the horizontalsgiacement between two Eafth

positions in two different satellite images, ofracer defined through
specific humidity feature in water vapour images

a

Closeness threshold

Minimum distance in lines aoldinens allowed between two trag
locations

er

Cloud type

Cloud type defined for each tracer or\AMlith NWC/GEO-CT outpu
data, used for example to define which of the twtcudated heigh

levels (cloud top, cloud base) is used in the “Bimgss temperatuf

interpolation height assignment process”

Cloudy AMV

AMV defined through the horizontal disfgement between two Eaf

positions in two different satellite images, ofracer defined through
specific cloudiness feature in visible, infrareda@ter vapour images

Consistency

Difference between an AMV and someratiipected wind, quantifie
in probabilistic terms for the Quality Index calatibn

Coverage hole

Location in the initial image in whitwo consecutive failures in t
definition of a tracer with Gradient method havewrced, so defining
location for the tracer search with the second owthTrace

characteristics method
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Algorithm Theoretical Basis Docume
for the Wind product processors of t
NWC/GEO (version MTG-I day-1)

Dark big pixel

Big pixel inside a big pixel matrixy which less than a 30% of its pix¢l
is brighter than a given frontier (also called CL\® big pixel)

Detailed dataset

Set of tracers or AMVs, calculatgith the detailed or narrow trager
scale (with a default value of 12 x 12 pixels). @dkinds of Detailefd
tracers are possible: unrelated to a basic traetted to a wide basjc
tracer, related to a narrow basic tracer

Distance factor

Formula used to define which AMMantcibute to the spatial and
temporal consistency tests for a given AMV, andrtkterrespondin$
contribution to the consistency test

=)

Frontier A significant minimum in the N_Value matrhistogram for a give
tracer candidate
Great circle Trajectory between two locations oa #arth surface, which relafes

them considering the smallest possible distance

Haversine formula

Formula used to compute the griecie distance between two locatid
on the Earth surface

IND_TOPO parameter

Value of the AMV Orographic flagrameter, calculated to detect land
influence for a given Atmospheric Motion Vector

Initial image Satellite image in which tracers defined with any of the two tracer
calculation methods (Gradient or Tracer charadies)s so defining the
initial position in the AMV displacements

LAT_C,LON_C Geographical coordinates of the tragkicentre in the later imagde,
considering a given AMV

LAT T,LON_T Geographical coordinates of the traaantre in the initial image
considering a given AMV

Later image Satellite image in which tracers defipeeviously are tracked with apy

of the two tracking methods (Euclidean distanceCarss correlation
defining the later positions in the AMV displacengen

Main tracking centre

Tracking centre for a givescar, which has the best possible Euclidean

distance/Cross correlation values

Maximum

brightness gradient

Location of the maximum brightness value gradiemide a tracqr
candidate, to be defined as a tracer location Grdient method

Maximum

optimisation distance

Maximum distance in lines or columns allowed betwaeoverage hole
used in the search of tracers with Tracer chanatits method, and the
corresponding tracer location

Neighbour AMV

AMV which is close enough to a givene in the current processipg
cycle, used in the Quality spatial correlation test

N_Value matrix Normalized reflectances for Visilsleannels, or Brightness temperaty
for Infrared or Water vapour channels, for a giviemage in thd
processing region, defined as integer values rgnigom 0O to 255.

Orographic flag (dynamic)| Flag to show possiblalarfluence in the previous positions of a gi

AMV. It is calculated after the static orographiadg procedure, and
indicated through IND_TOPO values: 1,2,3,4,5,6.

Orographic flag (static)

Flag to show possible lamiflience in the position of a given AM
Indicated through IND_TOPO values: 1,2,3,6.

~

ns

res

en
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Algorithm Theoretical Basis Docume
for the Wind product processors of t
NWC/GEO (version MTG-I day-1)

Overall Quality Index

Final Quality Index, weightsdm of individual forecast, temporal gnd

spatial consistency tests (not considering thesngde consistency test

Persistent tracer

Tracer related to AMVs calculatethe previous cycle, for which tie
tracer centre is the tracking centre of the AM\thia previous cycle

Pixel distance

Preliminary horizontal and vertisgparation in pixels between the
tracer locations, before the readjustments madéhéytracer selectign
methods

Pixel exclusion matrix

Ensemble of pixels inside throcessing region in which additiohal

tracers cannot be located

Predecessor AMV

AMV in the previous processing eyglhose tracking centre is useq
the tracer centre of a persistent tracer in theeotiprocessing cycle

Prior AMV

AMV in the previous processing cycle cboenough to a given AMV in
the current processing cycle, used in the Quadityporal correlation tes$t

Quality index (QI)

Quality parameter used to defihe quality of the generated AMVs and
Trajectories. It is based on spatial, temporal &ordcast consistengy
against reference AMVs or the NWP wind forecast.oTkinds of
Quality indices exist: with/without forecast (witithout the
contribution of the consistency against the NWPdiorecast)

as

Quality index threshold

Minimum value of the Qualihdex (with/without forecast) so that t
given AMV/Trajectory can be written in the outpile$

S (in CC computation)

Any pixel inside a trackirapdidate

Secondary tracking centrg

Tracking centre for aemjivtracer, which does not have the best

Euclidean distance or Cross correlation

Segment of the image

A set of contiguous pixels igatellite image, defined by its size and

location

Single scale procedure

Tracer selection procedime,which only one scale of tracers
calculated

is

Starting location

Each a priori location of tracmoughout the initial image, in princig

uniformly covering the whole processing region

le

Subpixel tracking

Tracking processing, through whibe tracking centres in the la
image are located in a non-integer location of titaeking area, an
which is calculated through second order interpatadf the Euclidea
distance minima/Cross correlation maxima locations

fer
d
L

T (in CC computation)

Any pixel inside a tracer

TESO parameter

Orographic test parameter, detaifitfpe orographic flag could 1
calculated for a given AMV, and the relative result AMVSs related t(
the same tracer, to be added to the Quality TE8Eator after Quality
Control

e

TEST parameter

Quality flag after the Quality cohfprocessing step, detailing whi
quality consistency tests were applied for a gisdf/, and the relative

14

results of each quality consistency test for all \Adrelated to the sanre

tracer
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Tracer

Square segment in the initial image witlixad size (nxn pixels, callg
tracer size), identified by the location of its trepnand considered val
candidate for the AMV calculation by any of the tivacer calculatio
methods

Tracer candidate

Square segment in the initial enagh a fixed size, where conditio
for tracer search using “Tracer characteristicchodt are evaluated

Tracer continuity

Processing option in which pafttiee set of tracers in the curré
processing cycle is defined through the trackingtres of AMVs in the
previous processing cycle

PNt

Tracer location

For a tracer, pixel coordinatedo€entre (line and column) in the init
image

al

Tracer selection procedurg

b Strategy to get a camlet of tracers throughout the desired regid
the image. It consists of 2 iterations (2 methdds)the single scale
procedure; 4 iterations (2 methods, 2 scalesh®itwo scale procedureg

n of

h

Tracer size

Line/column dimension of a tracer. INWGIGEO-HRW-MTG
algorithm, both dimensions are similar defining&gushaped tracers

Tracking

Determination of the best matching squsa@ment for a given tracer
the initial image, with the same horizontal andticat dimension, insid
the tracking area of a later image

n

D

Tracking area

Square segment in the later imagé&itong the search area of a gi
tracer in the initial image, in which all possilifacking candidates a
located

en
[e

Tracking candidate

Each square segment insidechinicparea of the later image, thaf i

evaluated for the tracking of a given tracer

Tracking centre

Best matching square segment §vem tracer in the initial image, wi
the same horizontal and vertical dimension, insigetracking area of
later image

Tracking centre location

For a tracking centregpboordinates of its centre (line and column
the later image

Trajectory

Path defining the displacement of acBjetracer throughout sever
satellite images

Two scale procedure

Tracer selection process cemsid tracers with two different trad
sizes (Basic dataset and Detailed dataset, beiaghtrizontal an
vertical dimension of the second dataset half tingedsion of the firg
dataset)

Weighted location

Location different that the cendf the tracer in the initial image or the

tracking centre in the later image, relating bést displacement of tH
AMVs and Trajectories to the displacement of the pathe tracer witl
a largest contribution to the cross correlation.

e
|

Wind guess

NWP wind horizontal and vertical compuasge through which th
location of a smaller tracking area in the lateadm is defined for

D

quicker processing, although with e dependent elNWP data

Table 1: List of Definitions
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Algorithm Theoretical Basis DocumenCode: NWC/CDOP2/MTG/AEMET/SCI/ATBD/Wind

1.4.2. Acronyms and Abbreviations

AMV Atmospheric Motion Vector

BUFR Binary Universal Form for the Representatibmeteorological data
CDOP NWC SAF Continuous Development and Operatiirese

CDOP2 NWC SAF Second Continuous Development anddfipas Phase
CIMSS NOAA/UW'’s Cooperative Institute for Meteorgioal Satellite Studies
ECMWF European Centre for Medium Range Weatherdasts

EUMETSAT European Organization for the ExploitatmfrMeteorological Satellites
GOES NOAA'’s Geostationary Operational Environme&aiellite

HRVIS, VIS06, VIS07,
VIS08

MSG 0.7 pm - MSG & MTG-I & Himawari-8/9 & GOES-R @um -
GOES-N 0.7um - MSG & MTG-l & Himawari-8/9 & GOES-B.8um
Visible channels

HRW NWC/GEO High Resolution Winds
IOP NWC SAF Initial Operations Phase
IR105, IR107, IR108| MTG-I 10.5um - GOES-N 10.7um - MSG 10.8um -

IR112, IR120, IR123

Himawari-8/9 & GOES-R 11.2um - MSG 12.0pm - MTG2.3um
Infrared channels

JMA Japan Meteorological Agency

MPEF EUMETSAT's Meteorological Product Extractioaddity

MSG EUMETSAT's Meteosat Second Generation Satellite

NOAA United States’ National Oceanic and Atmosphéaministration

NWC/GEO NWC SAF Software Package for Geostatiosatgllites

NWC/GEO-HRW-MTG | NWC SAF Product Generation Element for the HighdRéfon Winds

NWCLIB NWC/GEO-Common Software Library

NWC SAF EUMETSAT's Satellite Application Facilitynosupport to Nowcasting ar
Very short range forecasting

NWP Numerical Weather Prediction Model

SCI NWC SAF Scientific Report

SMR NWC SAF Software Modification Report

SPR NWC SAF Software Problem Report

SW Software

™ NWC/GEO Task Manager

uw United States’ University of Wisconsin/Madison

WMO World Meteorological Organization

WV62, WV65, WV70,
WV73

MSG & MTG-I & Himawari-8/9 & GOES-R 6.2um
GOES-N  6.5um Himawari-8/9 & GOES-R  7.0um
MSG & MTG-I & Himawari-8/9 & GOES-R 7.3um Water vayx channel

Table 2: List of Acronyms and Abbreviations

d
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1.5 REFERENCES

1.5.1 Acronyms and Abbreviations

The following documents, of the exact issue shdarm part of this document to the extent specified
herein. Applicable documents are those referenoethé Contract or approved by the Approval
Authority. They are referenced in this documerthieform [AD.X]

For versioned references, subsequent amendmeras reyisions of, any of these publications do not
apply. For unversioned references, the currentoeditf the document referred applies.

Current documentation can be found at the NWC SApétsk web: http://www.nwcsaf.org.

Ref. Title Code Version
Proposal for the Second Continuous

[AD.1] Development and Operations Phase (CDOHR ZI}IWC/CDOPZ/MGT/AEMET/PRO 1.0

[AD.2] NWC SAF CDOP-2 Project Plan NWC/CDOP2/SAF/AEMEIGT/PP 1.10

[AD.3] gzgf'gura“o” Management Plan for NWC | \\yc/cpop2/SAF/AEMET/MGTICMP 14

[AD.4] | NWC SAF Product Requirements Documen NWC/CDGPH/AEMET/MGT/PRD 1.10d
Interface Control Document for Internal and

[AD.5] External Interfaces of the NWC/GEO NWC/CDOP2/MTG/AEMET/SW/ICD/1 1.0d

[AD.6] | Data Output Format for the NWC/GEO NWC/CDOP2/G/REMET/SW/DOF 1.0d

[AD.7] | System Version Document for the NWC/GED  NWC/CEEIMTG/AEMET/SW/SCVD 1.0d

Estimation of computer environment needs fo

[AD.8] run NWC SAF products operatively in ‘Rapigl NWC/CDOP/INM/SW/RP/01 1.0
scan mode’
[AD.9] ﬁgg:}?ﬂg@@gg’é;@ggE)eso'““o“ NWC/CDOP/INM/SCIR/05 1.0
[AD.10] mi‘jzfi?ﬂF'ivevpf’rg,zgé;gigg_g)eso'““o“ NWC/CDOP/INM/SCIVR/O7 1.0
[AD.11] m}iggﬁ‘(’ggvipfr;g’éggigg_?)eso'”“o” NWC/CDOP/INM/SCIVR/09 1.0
[AD.12] m}iggﬁ‘(’ggvipfr;g’éggigg_E)eso'”“o” NWC/CDOP/INM/SCIVR/10 1.0
[AD.13] m}iggﬁ‘(’ggvipfr;g’éggigz_g)eso'”“o” NWC/CDOP2/INM/SCI/VR/13 1.0
[AD.14] gfsﬁlre“ﬁm‘éa;ggghgg’f\{wgrgrggr‘i‘:t PrOCESSOIS\\yc/cDOP2/GEO/AEMET/SCIUM/Wind 1.0
[AD.15] ﬁfﬂfﬁg dinc‘: ;’f()'gi%?joeﬁﬁg I\(I)\;\;?:?GE o | NWCICDOP2IGEOIAEMETISCIVRMind 1.0
[AD.16] | User Manual of the GOES2NC tool NWC/CDOP2/GEO/AEMET/SW/UM/GOES2NC 1.0

Table 3: List of Applicable Documents
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1.5.2 Reference Documents

The reference documents contain useful informatielated to the subject of the project. These
reference documents complement the applicable oaed, can be looked up to enhance the
information included in this document if it is dexi. They are referenced in this document in tihe fo
[RD.X]

For dated references, subsequent amendments teyisions of any of these publications do not
apply. For undated references, the current ed@fdhe document referred applies.

Ref. Title
[RD.1] J.Schmetz, K.Holmlund, J.Hoffman, B.StrauBdylason, V.Gartner, A.Koch, L. van de Berg, 19@herational Cloud
Motion Winds from Meteosat Infrared Images (Jouwfahpplied Meteorology, Num. 32, pp. 1206-1225).
[RD.2] S.Nieman, J.Schmetz, W.P.Menzel, 1993: A parison of several techniques to assign heighttotad tracers (Journal df
Applied Meteorology, Num. 32, pp. 1559-1568).
[RD.3] C.M.Hayden & R.J.Purser, 1995: Recursiveefilobjective analysis of meteorological fieldsdapplication to NESDIS
operational processing (Journal of Applied Metemggl Num. 34, pp. 3-15).
[RD.4] K.Holmlund, 1998: The utilisation of statisil properties of satellite derived Atmospherictdn Vectors to derive Quality
Indicators (Weather and Forecasting, Num. 13, pp311104).
[RD.5] J.M.Fernandez, 1998: A future product on H&Winds from the Meteosat Second Generation fevoasting and othe
applications. (Proceeding¥ Wternational Wind Workshop, EUMETSAT Pub.24, pd.ZEB8).
[RD.6] J.M.Fernandez, 2000: Developments for a HRgisolution Wind product from the HRVIS channetttd Meteosat Seconf
Generation. (Proceeding$ Biternational Wind Workshop, EUMETSAT Pub.28, pf22il4).
[RD.7] J.M.Fernandez, 2003: Enhancement of algoritfor satellite derived winds: the High Resolutmd Quality Control
aspects. (Proceedings 2003 Meteorological Satéltiteference, EUMETSAT Pub.39, pp.176-182).
[RD.8] J.Garcia-Pereda & J.M.Fernandez, 2006: D@son and validation results of High Resolutionndfs product from HRVIS
MSG channel at the EUMETSAT Nowcasting SAF (Proaegsl8” International Wind Workshop, EUMETSAT Pub.47).
[RD.9] J.Garcia-Pereda, 2008: Evolution of High éteson Winds Product (HRW), at the Satellite Agpaliion Facility on supporf
to Nowcasting and Very short range forecasting¢@edings 9International Wind Workshop, EUMETSAT Pub.51).
[RD.10] J.Garcia-Pereda, 2010: New developmentthénHigh Resolution Winds product (HRW), at theeBa&e Application
Facility on support to Nowcasting and Very shomga forecasting (Proceedings™1Miternational Wind Workshop|
EUMETSAT Pub.56).
[RD.11] C.M.Hayden & R.T.Merrill, 1988: Recent NEfDresearch in wind estimation from geostationaajelite images
(ECMWF Seminar Proceedings: Data assimilation a&dai satellite data, Vol. Il, pp.273-293).

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

(Proceedings'Sinternational Wind Workshop, EUMETSAT Pub.18, pp19).

[RD.13] J.Schmetz, K.Holmlund, A.Ottenbacher, 1986w level winds from high resolution visible image (Proceedings '8
international winds workshop, EUMETSAT Pub.18, {dp7R).

[RD.14] Xu J. & Zhang Q., 1996: Calculation of Ctbmotion wind with GMS-5 images in China. (Procegdi ¥ international
winds workshop, EUMETSAT Pub.18, pp.45-52).

[RD.15] K.Holmlund & C.S.Velden, 1998: Objectivetdamination of the reliability of satellite derivédmospheric Motion Vectorg
(Proceedings®international Wind Workshop, EUMETSAT Pub.24, pja224).

[RD.16] K.Holmlund, C.S.Velden & M.Rohn, 2000: Ingmed quality estimates of Atmospheric Motion Vestartilising the
EUMETSAT Quality Indicators and the UW/CIMSS Autdted (Proceedings 'S International Wind Workshop,
EUMETSAT Pub.28, pp.72-80).

[RD.17] R.Borde & R.Oyama, 2008: A direct link betsn feature tracking and height assignment of tipeed Atmospheric|
Motion Vectors (Proceedingdthternational Wind Workshop, EUMETSAT Pub.51).

[RD.18] J.Garcia-Pereda, R.Borde & R.Randriamanmp&n2012: Latest developments in “NWC SAF High éteson Winds”
product (Proceedings #international Wind Workshop, EUMETSAT Pub.60).

[RD.19] WMO Common Code Table C-1 (WMO Publicatianailable at
https://iwww.wmo.int/pages/prog/www/WMOCodes/WMO30B/LatestVERSION/WMO306_vI2_CommonTable_en)pdf

[RD.20] M.Dragosavac, 2007: BUFR Reference Manu@ilCNIWF Operations Department Publication, availakde
https://www.wmo.int/pages/prog/gcos/documents/gmemuals/ECMWF/bufr_reference_manual.pdf)

[RD.21] P.Lean, G.Kelly & S.Migliorini, 2014: Chargerizing AMV height assignment errors in a simiglatstudy (Proceedingg
12" International Wind Workshop, EUMETSAT Pub.63).
[RD.22] A.Hernandez-Carrascal & N.Bormann, 20140u@ top, Cloud centre, Cloud layer — Where to plabt/s? (Proceedingd
12" International Wind Workshop, EUMETSAT Pub.63).

[RD.23] K.Salonen & N.Bormann, 2014: Investigatiafsalternative interpretations of AMVs (Proceedirid” International Wind
Workshop, EUMETSAT Pub.63).

[RD.24] D.Santek, J.Garcia-Pereda, C.Velden, |.@eakS.Wanzong, D.Stettner & M.Mindock, 2014: 2@IMV Intercomparison
Study Report - Comparison of NWC SAF/HRW AMVs wiéiMVs from other producers (NWC SAF Visiting Sciesit
Report, available at http://www.nwcsaf.org/HD/filesadoc/CIMSS AMV_Comparison_FinalReport 04July2pd#)
[RD.25] D.J.Seidel, B.Sun, M.Pettey & A.Reale, 20Global radiosonde balloon drift statistics (Jairaf Geophysical Research,
Num. 116).

Table 4: List of Reference Documents
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2. DESCRIPTION OF HIGH RESOLUTION WINDS (NWC/GEO-HRW-M TG)

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

The NWC SAF High Resolution Winds (NWC/GEO-HRW-MT@hoduct aims to provide, for near
real time meteorological applications, detaileds sat “Atmospheric Motion Vectors” (AMVs) and

“Trajectories” from EUMETSAT's Meteosat Second Gextn and Meteosat Third Generation
Imager (MSG and MTG-I) satellite series, JMA’'s Hinai-8/9 satellite series, and NOAA's
Geostationary Operational Environmental Satel@®ES-N and optionally GOES-R) satellite series.

An “Atmospheric Motion Vector” (AMV) is a horizontavind calculated through the horizontal
displacement between two Earth positions in twelkt& images (“initial image” and_“later image”),
of a square “segment” of nxn pixels. The squarenssy is defined through a specific cloudiness
feature in visible, infrared or water vapour imag¢asd so called “cloudy AMV”) or through a specific
humidity feature in cloudless areas in water vapowges (and so called “clear air AMV"). The
square “segment” of nxn pixels inside an image deethe AMV calculation is called “tracer”, has a
fixed size (called “tracer size”), and is identifiby the pixel location of its centre (called “teac
location”). Tracers are identified in the “initimhage” and tracked in the “later image”, so definthe
AMV displacement between those images.

A “Trajectory” is the path defined by the displaaarhof a tracer throughout several satellite images

AMVs and Trajectories are calculated throughouhalirs of the day, considering the displacement of
tracers found in up to seven MSG/SEVIRI channelgesa

- The high resolution visible channel (HRVIS),

- Two low resolution 0.6m and 0.8m visible channels (VIS06, VIS08),

- Two low resolution 10,8m and 12.Qm infrared channels (IR108, IR120),

- Two low resolution 6.2m and 7.@m water vapour channels (WV62, WV73),
in up to six MTG-I/FCI channel images:

- Two high resolution 04m and 0.8m visible channels (VIS06, VIS08),

- Two low resolution 10,om and 12.@m infrared channels (IR105, IR123),

- Two low resolution 6.3m and 7.@m water vapour channel (WV62, WV73),
in up to six Himawari-8/9/AHI channel images:

- The very high resolution Quén visible channel (VIS06),

- One high resolution Own visible channel (VIS08),

- One low resolution 11} infrared channel (IR112),

- Three low resolution 6;@n, 6.um and 7.3m water vapour channel (WV62, WV70, WV73),
in up to three GOES-N/IMAGER channel images:

- The high resolution Ouim visible channel (VIS07),

- One low resolution 10uMm infrared channel (IR107),

- One low resolution 68m water vapour channel (WV65),
and optionally in up to six GOES-R/ABI channel ireag

- The very high resolution Quén visible channel (VIS06),

- One high resolution Own visible channel (VIS08),

- One low resolution 11, infrared channel (IR112),

- Three low resolution 6;@n, 7.Qum and 7.4m water vapour channel (WV62, WV70, WV73).
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The product includes pressure level informationictvhocates in the vertical dimension the calcuate
AMVs and Trajectories, and a quality control flaggi which gives an indication of its error in
probabilistic terms, with auxiliary indicators alhdwow the product was determined.

It has been developed by AEMET in the frameworkhef EUMETSAT Satellite Application Facility
on support to Nowcasting and Very short range fastiog (NWC SAF). This product is useful as a
dynamic information in Nowcasting applications, disa synergy with other data available to the
forecaster.

For example, in the watch and warning of dangewans situations, in the monitoring of the general
atmospheric flow, of low level convergence (whed amere cumulus start to develop), of divergence
at the top of developed systems, or other cassesall scale circulation or wind singularities.

It can also be used in form of objectively derivigelds, and assimilated in Numerical Weather
Prediction Models (together with many other dat&)as an input to Analysis, Nowcasting and Very
short range forecasting applications.

NWC/GEO-HRW-MTG output is similar to other produc@&lculating Atmospheric Motion Vectors:

winds, trajectories and related parameters arauleads with a level 2 of processing. No level 3 of
processing (as a grid interpolation or a meteoiodganalysis based on NWC/GEO-HRW-MTG
output) is included.
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2.2  THEORETICAL DESCRIPTION OF HIGH RESoLUTION WINDS (NWC/GEO-HRW-MTG)

This section discusses the physics of deriving ‘@dpheric Motion Vectors (AMVS)” and
“Trajectories” from satellite imagery. The theocali basis and practical implementation of the
corresponding algorithm is also described.

2.2.1 Physics of the problem

In order to forecast the weather, conventional olad®ns are sparse, whereas satellite based
observations provide near global coverage at redirtee intervals. The derivation of Atmospheric
Motion Vectors (AMVs) from satellite images, whiclorrespond to the displacement between two
satellite images of cloud or humidity features.ais important source of global wind information,
especially over the oceans and in remote contihargas.

Traditionally, AMVs are generated using imagerynfrgeostationary satellites, which monitor a
constant region of the Earth. More recently, sigelinds have also been produced using imagery
from polar orbiters, as they provide coverage efblar regions.

The Atmospheric Motion Vector general calculatioagess is composed of following main steps:
1. The reading and preprocessing of the satellite data

A data rectification is especially important comsidg satellite visible channels, for which
illumination conditions vary with the solar angle.

2. The location of suitable “tracers” in an “initi@hage”.

Suitable scenes (regions containing traceable ctwudumidity features) are selected in the
initial image.
3. The location of those tracers in a “later image”.

Each selected feature in the initial image is tHesmcked” in successive images in order to
determine the displacement of the feature. Cloudsumidity patterns can change shape or
even disappear, but enough of them survive to m®dusignificant number of AMVs. With
shorter time intervals up to 15 minutes, the pnobles smaller and more vectors are
calculated.

4. The "height assignment” of the tracers.

The pressure level of the feature must be detednindocate the AMVs in a tridimensional
position in the atmosphere. This is the step thnoutjthe AMV derivation in which errors can
be more important. Several methods of height assegi are available: the comparison of the
infrared brightness temperature of the tracer wthth forecast temperature of a NWP model,
radiance ratioing and H20/IRW intercept techniquies the height assignment of
semitransparent clouds, statistical assignmentsese..

5. The calculation of the AMV vectors and Trajectories

Considering the geographical displacement betwberttacers” in the “initial image” and
their corresponding “tracking centres” in the “lat@age”.

6. A quality control.

An internal quality control scheme performs a sidec so that only the AMVs with a better
quality are accepted.
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2.2.2 Mathematical Description of High Resolution Winds NWC/GEO-HRW-MTG)

2.2.2.10utline of the Algorithm

As a whole, NWC SAF/High Resolution Winds algoritlifWC/GEO-HRW-MTG) is designed in a
modular way, so that it can be easy to handle amdif;n The whole process includes the
corresponding following steps:

1.

Preprocessing:

* Includes the reading and geolocation of the H@tetlata (Brightness temperatures and
Normalized reflectances from MSG, MTG-I, Himawaf88 GOES-N and optionally GOES-R,
with their latitudes, longitudes, satellite andascdngles), and the reading of the NWP data and
NWC/GEO product outputs (CT, CTTH, CMIC) that alecagoing to be used in the NWC/GEO-
HRW-MTG processing.

Processing:

« First, “tracers” are calculated in an “initial age” with two consecutive methods: Gradient and
Tracer characteristics.

* Later, these “tracers” are “tracked” in a “laiemrage” through one of two different methods
(Euclidean distance or Cross correlation), with $bkection of up to three “tracking centres” for
each “tracer”.

* “Atmospheric Motion Vectors (AMVs)” and “Trajeaties” are then calculated, considering the
displacement between the position of each “tragethe “initial image” and the position of the
corresponding “tracking centres” in the “later ireag

» The pressure level of the AMVs and Trajectorgedafined through one of two different methods
(Brightness temperature interpolation method ors€1@orrelation Contribution method) for their
vertical location in the atmosphere.

Postprocessing:

* A Quality control with EUMETSAT “Quality Indicatd method is implemented, with the choice
of the “Best AMV” considering the up to three AM\&lculated for each tracer, and a Final
control check to eliminate wrong AMVs and Traje@srwhich are very different to those in their
vicinity.

» An “Orographic flag” can also be calculated, whincorporating topographic data detects those
AMVs and Trajectories affected by land influence.

The code was progressively developed with GOES, MIRG MSG satellite data. Examples with
MSG series and GOES-N series are presented thratighe description of the algorithm to illustrate
the process. The different options and coefficiamesalso presented. Many of them are configurable:
in such a case, this circumstance is specificaliycated.
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2.2.2.2Preprocessing

During the initialization process, following paratees are extracted for the selected processingmegi

1.

10.

Reflectances (which have been normalized by NWC/@R@ry taking into account the distance
to the Sun) for the images with which tracers alewated and tracked, for all MSG, MTG-I,
Himawari-8/9, GOES-N and optionally GOES-R Visildbannels to be used: MSG/HRVIS,
VIS06 and VIS08; MTG-I/VIS06 and VIS08; Himawarigg¥1S06 and VIS08; GOES-N/VISQ7;

GOES-R/VIS06 or VIS08.

Brightness temperatures for the images with whiabetrs are calculated and tracked, for all MSG,
MTG-I, Himawari-8/9, GOES-N and optionally GOEShRrared or Water vapour channels to be
used: MSG/IR108, IR120, WV62 and WV73; MTG-I/IR108R123, WV62 and WV73;
Himawari-8/9/IR112, WV62, WV70 and WV73; GOES-N/IRL and WV65; GOES-R/IR112,
WV62, WV70 and WV73.

Radiances for the images with which tracers areutated and tracked (for MSG/IR108 and
WV62; MTG-I/IR105 and WV62; Himawari-8/9/IR112 amMiV62; GOES-N/IR107 and WV65;
optionally GOES-R/IR112 and WV62), if the “Imageri@ation quality control test” defined in
chapter 2.2.2.10 is used (this is implementedéndigfault configuration but it is not mandatory).

Latitude and longitude matrices and solar and lgatetenith angle matrices for the image
locations in which tracers are calculated and &ddkvhich are calculated by NWC/GEO library).

NWP temperature profiles.

NWP wind component profiles, if the “Forecast cstency quality control test” defined in
chapter 2.2.2.10 is used, or if the NWP “wind glésssthe definition of the “tracking area” in the
“later image” such as defined in chapter 2.2.2.4198d, or if Validation statistics are to be
calculated by the NWC/GEO-HRW-MTG algorithm itsalfich as defined in chapter 2.3.1.3
(considering as reference winds the NWP analysigisvior the NWP forecast winds). The first
and third option are implemented in the defaultfigumation, but none of them are mandatory.

NWP geopotential profiles, if the “Orographic flagéfined in chapter 2.2.2.11 is used (this is
implemented in the default configuration but ihist mandatory).

NWC/GEO-CT Cloud Type output for the image in whichcers are calculated, in case the
“AMV Cloud type” is used for the “Brightness temp&ure interpolation method height
assignment”, such as defined in chapter 2.2.2i8 idnot mandatory).

NWC/GEO-CT Cloud Type and CTTH Cloud Top Tempermatand Pressure outputs for the
image in which tracers are tracked, in case theCQ@ethod height assignment” defined in
chapters 2.2.2.6 to 2.2.2.8 is used (this is impletied in the default configuration but it is not
mandatory).

NWC/GEO-CMIC Cloud Phase, Liquid Water Path andWater Path outputs for the image with
which tracers are tracked, in case the Microphysiosrection for “CCC Method height
assignment” defined in chapter 2.2.2.7 is used {ghimplemented in the default configuration but
it is not mandatory).

Only the satellite data for the requested chanaeld, NWP temperature data with a minimum number
of NWP levels (defined through configurable parandfiiN_NWP_FOR_CALCULATION, with a
default value of 4) are strictly needed for thecukdtion of AMVs and Trajectories. All other data
contribute to a higher number of AMVs and Trajeig®rand a better quality of the output data.
Detailed information on all configuration paramstesed throughout this document can be found in
chapter 2.3.3.

The satellite data (Normalized reflectances andiBniess temperatures) to be used in the calculation
of AMVs and Trajectories are stored in so calleddiithess value matrices” or “N_Value matrices”.

HN

Value matrix” data are integer values rangingnirO to 255 (with an 8 bit data range), being 0 a

predefined minimum value and 255 a predefined mamnaalue (different for each satellite channel).
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2.2.2.3Tracer search

The process of NWC/GEO-HRW-MTG starts with the akdtion of “tracers” (square “segments” of
nxn pixels, used as initial positions of an AMV aimdjectory sector, and identified by a specific
cloudiness feature or humidity feature) throughihé processing region in an “initial image”. The
calculated tracers are stored in temporal filéBSAFNWC/tmpdirectory.

If no “tracers” are available for the AMV calculati from a previous run of NWC/GEO-HRW-MTG
software (including the case in which the runnifighe software starts), the tracer calculatiorhis t
only process of NWC/GEO-HRW-MTG algorithm whichastivated, skipping all other processes in
the NWC/GEO-HRW-MTG algorithm for that image. Ortcacers from a previous run identified as
“initial image” are available and AMVs can be cd#ted, the following tracer calculation processes
activate as the final step of each NWC/GEO-HRW-MAIGorithm run.

The “initial image” related to the tracer calcutetiand the “later image” related to the AMV
calculation are not necessarily consecutive, angemig on the value of configurable parameter
SLOT_GAP.

This parameter has a default value of 1 in “Nomstan mode”, implying the use of images separated
by 10 minutes with Himawari-8/9 and MTG-I| satellgeries, by 15 minutes with MSG and optionally
GOES-R series, and by 15 or 30 minutes with GOESeNes (respectively when working in the
United States or North America region).

This parameter has a default value of 2 in “Rapahsnode”, implying the use of images separated by
5 minutes with Himawari-8/9 series, and by 10 mésutvith MSG and GOES-R series. No “Rapid
scan mode” option has been defined in the defautiguration for this version of NWC/GEO-HRW-
MTG algorithm for the use with MTG-I or GOES-N dlite series.

A mixed method considering both “Nominal scan modetl “Rapid scan mode” at the same time is
also available since NWC/GEO-HRW v6.0 for MSG arith&lvari-8/9 satellite series, through which
AMVs will be calculated considering “Nominal scaycte”, but with tracking process verified using
“Rapid scan cycles”. This way, an increase in tineoant and the quality of the AMVs and
Trajectories is expected respect to the ones etmliusing the “Nominal scan mode” only, due to the
smaller change in the tracers occurred in the@%minute interval between consecutive images, and
the triple (with MSG and GOES-R) to quadruple (witimawari-8/9) verification of the AMV quality
occurring inside each “Nominal scan cycle”. Thisxed method is implemented with configurable
parameter MIXED_SCANNING =1 (not used as defaptian).

Two “tracer” computation methods are applied: “Geatl' and “Tracer characteristics”. Both
calculate a tracer optimising the location of aafer candidate” around one of their “starting
locations”._Gradient method is by far more efficiencomputing terms. Tracer characteristics method
is more specific: it defines additional tracersstill empty areas, with a longer but still reasdeab
computing time.

These tracer computation methods are used one thfteother in two different_“tracer selection”
strategies throughout the region: the “single sqaecedure” (in which one scale of tracers is
calculated), and the “two scale procedure” (in whie/o different scales of tracers are calculated:
“basic scale” and “detailed scale”, being the hamial and vertical size of the detailed tracer$ tel
size the one for basic tracers).

A “single scale procedure” calculating only “basiacers” with a horizontal and vertical “traceresiz
of 24 pixels is proposed as default configuratibhis configuration is specified with configurable
parameter CDET = 0. The latitude and longitudetinidr calculation of AMVs and Trajectories can
also be specified with configurable parameters LIWAX, LAT_MIN, LON_MAX, LON_MIN.

A “tracer size” of 24 pixels for “basic tracers” &2 pixels for “detailed tracers” is proposed as
baseline for the “two scale procedure”. This isvatéd with configurable parameter CDET = 1. The
latitude and longitude limits for the calculatioh detailed AMVs and Trajectories can also be
specified with configurable parameters LAT_MAX_DETAT_MIN_DET, LON_MAX_DET,
LON_MIN_DET.
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These resolutions define tracer scales betweero 8% tkm at subsatellite point (in the “basic low
resolution images”) and 6 to 12 km at subsatefldggnt (in the “detailed highest resolution images”)
with lowest values related to Himawari-8/9 and GG Satellite series, and highest values related to
GOES-N satellite series. So, between ‘mesosca@® ' mesoscalg meteorological dimensions.

The nominal observation frequency of 10 to 30 nésus enough to track the majority of features
with these sizes, although in some cases like stoaliulus over land related to the “detailed highest
resolution channel scale”, their lifecycle might ®eit short for this image frequency. The use of
NWC/GEO-HRW product in the “Rapid scan mode” carbbter to track tracers of this small size.

In any case, the horizontal and vertical “tracee’siin pixels of the “single or basic scale” can be
defined through configurable parameters TRACERSMIERYHIGH for Himawari-8/9 and GOES-R
0.5 km very high resolution images, TRACERSIZE_HIG@bt the 1 km high resolution images
(available in all satellite series), and TRACERSIZBW for the 2 to 4 km low resolution images
(available in all satellite series). NWC/GEO-HRW-MTproduct is prepared to work with square
shaped tracers, so similar values for the horiz@mtd vertical “tracer size” are kept.

FIRST METHOD: GRADIENT

Starting from the upper left corner of the workiregion of the image,_“starting locations” for the
tracer search with Gradient method are definedil&irto the method defined by CIMSS/NOAA at
Hayden & Merrill, 1988 [RD.11], it has followingegts:

1. To look for a “brightness value” (identified as any the pixel values of the corresponding
“N_Value matrix”, inside a “tracer candidate” loedtin a “starting location”), greater than
configurable parameter MIN_BRIGHTNESS VIS (for bis cases, with default value 120) or
MIN_BRIGHTNESS_OTHER (for infrared and water vapaases, with default value 60).

2. To verify if a difference exists between the maxmand minimum “brightness value” in the
“tracer candidate”, greater than configurable pat@mm GVAL_VIS (for visible cases, with
default value 60) or GVAL_OTHER (for infrared an@ter vapour cases, with default value 48).

3. To compute inside the “tracer candidate” the vadune location of the “maximum brightness
gradient” AN_ValueAx) + AN_valuefly)|, whereA means a distance of 5 pixels in both line and
column directions. This “maximum brightness gratiie@annot be located on the edges of the
“tracer candidate”.

If all previous processes have been successfullid ttracer” is defined at the location of the
“maximum brightness gradient”. The “starting looati for the subsequent “tracer” is established by a
“pixel distance” between tracers, defined for Vhaigh, High and Low resolution images respectively
by configurable parameters TRACERDISTANCE_VERYHIGHRACERDISTANCE_HIGH and
TRACERDISTANCE_LOW.

All tracers related to very low and low cloud typemculated with this “pixel distance” are kept.
Considering tracers related to other cloud typds s defined by configurable parameter
HIGHERDENSITY_LOWTRACERS = 1, which is the defaolttion), only one of every two tracers
is kept. With this new procedure, the spatial dgrnsi AMV data related to very low and low clouds
is larger than the one obtained with the previcarsions of NWC/GEO-HRW-MTG algorithm, due to
the in general similar to smaller “pixel distand®stween tracers.

After one failure in the definition of a tracer &imn with “Gradient method”, the “pixel distances’
reduced to a half. Two consecutive failures defjrartracer location define a “coverage hole”.

SECOND METHOD: TRACER CHARACTERISTICS

The centres of “coverage holes” are the “startowations” for the tracer search in a second itemati
with the “Tracer characteristics method”. It is &d®n new development. It is useful especiallyhim t
visible cases, where many potential tracers caseptefainter edges than in the infrared image,
because of cloudiness at different levels withmailar brightness.
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It evaluates “tracer candidates” at increasingadists from the “starting locations” (every 3 lirzesl
columns), inside a_“maximum optimisation distan¢@hose horizontal and vertical size is half the
“tracer size”), until a valid “tracer” is found.

Two tests are applied in sequence for the tradamiten with this method:
1. “Frontier definition in the N_Value Histogransté

It includes two parts, both based on histogramsdiaation of the “N_Value matrix” pixels in a
“tracer candidate”.

In its first part, a “significant brightness corgfais to be found in the pixels of the “tracer
candidate”. Considering the values of the differesntiles of the “N_Value matrix histogram”
(CENT_nn%), it is necessary that:

1. CENT_90% > 0.95-MIN_BRIGHTNESS and CENT_10% > 0;
2a. CENT_97% - CENT_03% > LARGE_CONTRAST if CEN7% >1.25-MIN_BRIGHTNESS or
2b. CENT_97% - CENT_03% > SMALL_CONTRAST if CEN97% <1.25- MIN_BRIGHTNESS.

The last condition allows that “tracer candidatesiated to extended cloudiness can have less
contrast in their brightness. It is mandatory th&se conditions be met at the “starting location”
of the “tracer candidate”. If not, the “tracer catate” is skipped.

In the second part, one or more significant histogminima or “frontiers™ are to be found in the
“N_Value matrix histogram” for the “tracer candidat The default running of NWC/GEO-
HRW-MTG algorithm keeps only the most significaftohtier” in the processing, although the
option exists to calculate more than one “frontier”

The “frontier” defines for the “tracer candidate”gaoup of “bright pixels” (defined as those
pixels brighter than the given frontier) and a groef “dark pixels” (defined as those pixels
darker than the given frontier).

Frequency
NN

N_Value

Figure 1: Example of “N_Value matrix histogram” (&moothed in violet and smoothed in pink) for a
valid Low resolution visible “tracer candidate”. Bhminimum brightness threshold,
the algorithm centiles and the defined frontier atgo shown

2. “Big pixel brightness variability test”:

The “tracer candidate” is now considered as a eostrsicture of 4x4 pixels (called “big pixels”),
to be classified according to the brightness of thiel population. Three classes are possible:

CLASS_0: 'dark big pixel', < 30% of its pixels dbgight pixels”;
CLASS_2: 'bright big pixel', > 70% of its pixelsedibright pixels”;
CLASS_1: 'undefined big pixel', intermediate case.

It is requested to avoid ambiguous cases that BbhSS 0 and CLASS 2 appear at least once
in the “4x4 big pixel matrix”, while the incidencef CLASS 1 be less than twice the less
frequent of the other ones.

The “4x4 big pixel matrix” is also checked for egbubrightness variability in the different
directions. At least two CLASS 0 to CLASS_2 or CLAR to CLASS 0 transitions must exist
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along all four main directions in the “4x4 big pix®@atrix”: rows, columns and ascending and
descending diagonal directions. For this, all Inagrays are checked in the row and column
directions, while only linear arrays with at le@stlements are checked in the diagonal directions.

In the case the “Big pixel brightness variabiliggt’ is not successful but just along one diregtion
and no other frontiers can be selected, the froidieetained as an “almost good frontier” and a
tracer is still 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 ‘Big pixel bintpess variability test’ for a valid tracer candiga

TRACER CLOSENESS CONDITION

No tracer is retained if it is found too close tpraviously computed one_(“closeness thresholdd). S
each time a tracer is computed all pixels locategrer than the “closeness threshold” are added to a
“pixel exclusion matrix”, and excluded as potentraker locations.

Considering this, with “Gradient method” the “maxim brightness gradient” is not evaluated at
locations inside the “pixel exclusion matrix”. Witliracer characteristics method” no computations
are evaluated for a “starting location” with pixeiside the “pixel exclusion matrix”.

An additional condition is verified here, throughiah all pixels inside a “tracer” must have a duéel
zenith angle (and a solar zenith angle in the adseisible channels) smaller than a maximum
threshold (configurable parameters SAT_ZEN_THRES &WN_ZEN_THRES respectively, with
default values 80° and 87°). This guarantees figaillimination and satellite visualization conalits
are good enough for the definition of the tracers.

DETAILED TRACERS IN THE TWO SCALE PROCEDURE

The “Basic scale” in the “two scale procedure” work a similar way than the procedure here
described for the “single scale procedure”, whitklifionally defining “starting locations” for the
“Detailed scale”, when one of following conditioage met:

 No “Basic tracer” has been found, but at the “stgrtlocation” of a “tracer candidate”
following condition occurs: CENT_97% > 0.85*MIN_BBHTNESS. In this case a “Detailed
tracer unrelated to a Basic tracer” is definedhwitlightly lower maximum brightness.

* A "Wide basic tracer” has been found, in which CL3\& values appear in both first and last
row, or in both first and last column, of the “4k#y pixel matrix” used in the_“Big pixel
brightness variability test”. In this case fourrtay locations are defined for the “Detailed
scale”. Each of them is located at the corners‘@etailed tracer” whose centre is the centre
of the “Basic tracer”.

* A “Narrow basic tracer” has been found, in whichA3S_2 values do not appear in both first
and last row, nor in both first and last columnilod “4x4 big pixel matrix” used in the “Big
pixel brightness variability test”. In this casejly one starting location is defined for the
“Detailed scale”, whose centre is defined by théghied location of the “Big pixels” in the
“4x4 big pixel matrix”.
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TRAJECTORIES

With the default configuration, with configurablerameter CALCULATE_TRAJECTORIES = 1,
the definition of new ‘“tracer locations” starts amay at the integer line/column location of all
“tracking centres” related to valid AMVs in the pieus round, when they are available.

A set of “persistent tracers” can so successivelydefined and tracked in several images, and the

progressive locations of the tracer throughouttfme define “Trajectories”. For this, it is necessa
that the conditions implied by the "tracer methaded for the determination of the tracer in the
“initial image”, keep on being valid throughout #ike images.

Figure 3: “Basic scale AMVs” (in red and green, cgidering the Tracer calculation method
used for their extraction), in a NWC/GEO-HRW-MT@reple defined in European & Mediterranean
region with the defauBSAFNWC/config/safnwc_ HRW_MSG15MIN.cfm  model configuration

file (26 December 2009 1200Z, Nominal scan modés 2satellite)

Detalled Tra

Figure 4: “Basic scale AMVs” (in red), and “Detaitescale AMVs” (in yellow, green and blue,
considering their relationship with the Basic scARVs), in a Two scale NWC/GEO-HRW-MTG
example defined in the European and Mediterranegion with option CDET =1
in default3SAFNWC/config/safn wc_ HRW_MSG15MIN.cfm  model configuration file
(26 December 2009 1200Z, Nominal scan mode, MSteRiteg
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2.2.2.4Tracer tracking

The “tracking” process looks for the location ofteacer” computed in an_“initial image”, inside a
portion (“tracking area”) of a “later image”. Thaogess performs a pixel by pixel comparison
between the tracer “brightness values” and thosa sfjuare “segment” of the same size (“tracking
candidate”), repeatedly moving this “tracking catadé” throughout the “tracking area”.

For a “tracking candidate (i,j)” inside this “trdoly area”, the algorithm used for the “tracking”
process is one of the well known methods:

- Euclidean distance (configured through TRACKING B)Lin which the sum LP= ZX(T-S¥ is
calculated. T/S correspond to the “brightness \&lfmr the “tracer” and the “tracking candidate”
pixels at correlative locations.

The best “tracking locations” are defined throulgé minimum values of the sum LP

- Cross correlation (configured with TRACKING = CChieh is the default option), in which the
normalized correlation value GC= COVrd(or.0s) is calculated._T/S correspond to the
“brightness values” for the “tracer” and the “trauk candidate” pixels at correlative locations;
CQV is the covariance between their “brightnessuesl; g is the standard deviation or the
“tracer” and “tracking candidate” “brightness valile

The best tracking locations are defined through rtieximum values of the correlation £C
Operatively, the tracking GCis implemented through the derived expressionh(vat better
computing efficiency, in which NUM is the total nber of pixels inside the “tracer”):

[EXT2+ £XS? - ZX(T-SY)/2 - LET2-22S/NUM
CCij =

V[EZT? - (EXT)YNUM] - V[EES? - (EESP/NUM]

The centre of the “tracking area” can preliminably defined through a “wind guess” obtained from
the NWP forecast of the rectangular wind componenterpolated to the tracer location and level.
This permits to reduce the “tracking area” size &nel running time of NWC/GEO-HRW-MTG
algorithm, and is applied using configurable paremeé/IND_GUESS = 1.

Nevertheless, NWC/GEO-HRW-MTG algorithm is optindzeot to use the_“wind guess” as default
option, so reducing the dependence of the calailakdVs from any NWP model used. Although the
running time can be around two to three times lonas recommended to keep operationally the
configuration without use of “wind guess” with canfrable parameter WIND_GUESS = 0.

Figure 5: A low resolution tracer at 1145Z (O re@nk), its position defined by the NWP wind guess
at 1200Z (O yellow mark), and its true tracking ifios at 1200Z defined by NWC/GEO-HRW-MTG
algorithm (O blue mark), for an example case inurg22 (26 December 2009, Nominal scan mode,
MSG2 satellite). The “yellow tracking area” (wittsicentre at the position defined by the NWP wind
guess at 1200Z) corresponds to the option using wuess for the definition of the tracking areaeTh
“green tracking area” (with its centre at the pasib of the tracer at 1145Z) corresponds to the apti
not using wind guess for the definition of the kiag area. The larger size of the tracking areadezk
when the wind guess has not been used is to beedptvhich causes a longer time for the running of
NWC/GEO-HRW-MTG algorithm, but at the same timeiced the dependence from the NWP model
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The horizontal and vertical size in pixels of thatking area” is calculated so that it is at |edse to
detect displacements of the tracer of up to 27Zkmany direction (value of configurable parameter
MINSPEED_DETECTION), when the wind guess is notdusethe definition of the tracking area.
When the wind guess is used, this MINSPEED DETEQT léarameter is to be understood as the
minimum difference in speed with respect to thathef NWP wind guess that the NWC/GEO-HRW-
MTG algorithm is able to detect.

To avoid the computation of LRCG; in all (i,j) locations in the “tracking area”, aeglual approach is
performed in four iterations, based on the ided tha Euclidean distance and Correlation change
slowly (Xu and Zhang, 1996) [RD.14]:

* In a first iteration, a pixel computation GAP = 8 applied: LP/CE is evaluated only at
(1,1),(1,9),...(9,1),(9,9),... pixel locations insideet“tracking area”. The four locations with the
best LP/C§ values are retained for the following iteration.

* In the second, third and fourth iterations,jAGC; is only evaluated if possible at four locations
around each one of the four best locations retdiméte previous iteration, defined by:

(imaxGAP, jmaxGAP), ..., (inadGAP, jnatGAP),
for which GAP reduces to a half in each one ofitd@tions until having the value 1.

After all four iterations, the three “tracking cesgd” (MAX_NUM_WINDS) with the best Euclidean
distance/Cross Correlation values are retainedh \@itoss correlation, it is also requested that the
absolute maximum correlation value be greater ttafigurable parameter MIN_CORRELATION
(with a default value of 80% for all satellite s&j except GOES-N with 50%).

In the default configuration, the line/column aatitude/longitude location of the three best “tiagk
centres” is refined through second order interpaatwith “subpixel tracking” process (with
configurable parameter USE_SUBPIXELTRACKING = 1).orSidering for example “Cross
correlation tracking method”, being POS_REAL andSP@e line/column location of the “tracking
centre” after and before this interpolation, and.«CCC.;, CC the correlation values one position
up/left from, down/right from, and at the “trackingntre”:

POS_REAL = POS (CC; — CC.y) / [2-(CCy + CCi1 — 2-CC)].

SELECTION OF THE MAIN TRACKING CENTRE

The reason to preserve more than one “trackingre®rns that the one with best Euclidean
distance/Cross correlation values (the “main tmaglkientre”) could not be the right one.

The other “secondary tracking centres” are so ptethdo “main tracking centre” if following
conditions occur for them:

* ‘Brightness temperature mean difference and standaviation difference” between the “tracer”
and the “secondary tracking centre” smaller th#h 2

» ‘Big pixel class difference’, defined as the sunsqtiared differences in the amounts of each “big
pixel class” (CLASS_0, CLASS_1, CLASS_2) betweea fttracer” and the “secondary tracking
centre” smaller than 4.

» ‘Centile difference’, defined as the difference time location of the “frontier” inside the
‘brightness centiles’ between the “tracer” and‘exondary tracking centre” smaller than 20%.

If the ‘centile difference’ is larger than 20%, tteecondary tracking centre” can still be promated
“main tracking candidate” if, defining a new “froeit” value as the mean value of the frontiers i th
“tracer” and the “secondary tracking centre” ancbraputing the ‘Big pixel class difference’, its ual
is smaller than 6.

If no “secondary tracking centre” is complying withese conditions, the procedure is still tried
relaxing ‘Brightness temperature difference’ andy‘Bixel class difference’ limits to double values.
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Examples of AMVs calculated with MSG and GOES-NeHi¢ series are shown Figures 6 and 7
considering the satellite channel used for the ARRBlculation, and their consideration as Cloudy
AMVs or Clear air AMVs. AMVs calculated with HimawigB/9 satellite series will be shown for the
release of NWC/GEO v2018 software version in 2088Vs calculated with MTG-| satellite series
will be shown when the satellite MTG-I1 is launched

Figure 6: AMVs considering the satellite channatdifor the AMV calculation, for the MSG series
High Resolution Winds example defined in FiguréZ&December 2009, 1200Z, MSG2 satellite)

Figure 7: AMVs considering the satellite channaeddifor the AMV calculation, for the GOES-N
series High Resolution Winds example defined imfei@4 (1 July 2010 17457, GOES13 satellite)
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2.2.2.5"Brightness temperature interpolation method” height assignment

“Brightness temperature interpolation method” heigbsignment method is used with configurable
parameter DEFINEWITHCONTRIBUTIONS = 0, when the diguess is used to define the “tracking
area” in the later image with configurable param&dND_GUESS = 1, or when NWC/GEO-CT
Cloud Type or NWC/GEO-CTTH Cloud Top Temperature &nessure outputs are not available for
the processing region for the image in which “tratare tracked.

This height assignment method is only available INWP temperature forecast with a minimum
number of NWP levels is provided (configurable paeger MIN_NWP_FOR_CALCULATION, with

a default value of 4). If the number of NWP tempera levels is smaller, the processing of
NWC/GEO-HRW algorithm stops, without calculating/aaMVs or Trajectories.

The input for the height assignment is the corredpw brightness temperature for each one of the
infrared and water vapour channels. For the visilannels, IR108 brightness temperature is used
with MSG, IR105 brightness temperature is used MiG-I, IR107 brightness temperature is used
with GOES-N, and IR112 brightness temperature sdusith Himawari-8/9 and optionally with
GOES-R satellite series. With these data:

A “Base temperature” is computed withsade = TaveragestSIGMA_FACTOROcious, Where
TaveragelS the mean value amtiowd the standard deviation of the brightness temperdar the
tracer pixels. SIGMA_FACTOR is a statistically ditt factor, with a value of 1.2 for the
visible channels and 0.0 for the infrared and weadgrour channels.

* The “Top temperature” is computed through the csildgass in the brightness temperature
histogram for the tracer pixels, with at least 8efs after histogram smoothing. If no value is
found, the coldest class with at least 2 pixelissidered.

A conversion of these two temperature values tesune values (“Base pressure” and “Top pressure”)
is then done through interpolation inside the rgaM\WP temperature forecast profile. For this,
vertical interpolation inside the lowest pressuméerval containing the desired temperature, with
temporal interpolation inside the two nearest timkies for which NWP profiles have been provided,
are considered. 1000 or 50 hPa pressure limitsalae defined (MAX_PRESSURE_BOUNDARY
and MIN_PRESSURE_BOUNDARY) for this height assigmtnerocess.

With configurable parameter USE_CLOUDTYPE = 1, iME/GEO-CT Cloud Type output is
available for the processing region for the imagl which tracers were calculated, it is read thrae
which of the calculated pressure values (“BasespreS or “Top pressure”) relates best to the
displacement defined by the AMV.

For this, the “AMV cloud_type” parameter is definaslthe most common value of NWC/GEO-Cloud
Type output inside the tracer pixels, if its preseis at least/, times the one of the second most
common value. If this condition does not occur,ueal “AMV cloud type” = 21 (multiple cloudy
types), = 22 (multiple clear air types), or = 23X@d cloudy/clear air types) are defined, respedtyiv
when the two most common cloud types inside theetraixels are both cloudy types, both clear air
types, or any other case.

If NWC/GEO-CT Cloud Type output is not available W8E_CLOUDTYPE = 0, the “AMV_cloud
type” is defined as “not processed”. All possiblues for the “AMV _cloud type” parameter are in
Table 5

Considering the statistical study shown in the f¥alion Report for High Resolution Winds (HRW
v3.2), [AD.12]", some tracers are eliminated depegdon the “AMV cloud type” value and the
satellite channel with which they have been catedlaThese cases are identified in a blue cell in
Table 6 and are related to: cloud free tracers in visésid infrared channels (with less than a 5% of
cloudy pixels), and cloud types for which the vatidn statistics are significantly worse.
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In the rest of cases, the AMV pressure level isndef such as also shown Trable 6 If the “AMV
cloud type” has not been calculated, the “Basespres$ is considered for all AMVs because most
cloud types fit better with the “Base pressure”.

Operationally, this height assignment method rafere the “tracking” process. When the wind guess
option is used for the definition of the “trackiagea”, the “tracking area centre” is calculateatigh

the displacement of the “tracer centre” locatiaansidering the NWP rectangular wind components at
the pressure level defined by this height assignmmethod.

Possible values of the “Tracer cloud type” paramete

1 Cloud free land 11 High semitransparent thooids

2 Cloud free sea 12 High semitransparent mpetaidk clouds
3 Land contaminated by snow/ice 13 High san#parent thick clouds

4 Sea contaminated by ice 14 High semitramspabove other clouds
5 Very low cumulus/stratus 15 High semitrameptabove snow/ice

6 Low cumulus/stratus 21 Multiple cloudy types

7 Medium cumulus/stratus 22 Multiple cleartges

8 High opaque cumulus/stratus 23 Mixed clocigyar air types

9 Very high opaque cumulus/stratus 31 Unpreeeloud type (BUFR output)
10 Fractional clouds 255 Unprocessed cloud titeNCDF output)

Table 5: Possible values of the “AMV cloud type'rgmeter

MSG channels HRVIS  VIS06 VIS08 WV62 IR108

MTG-I channels VIS08 WV62 IR105

Himawari-8/9 channels VIS08 WV62 WV70 IR112
GOES-N channels VISO07 WV65 IR107

GOES-R channels (optionally) VIS08 WV62 WV70 IR112

Cloud free land

2 Cloud free sea

3 Land contaminated by snow/ice

4 Sea contaminated by ice

5 Very low cumulus/stratus

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 Top

12 High semitransp. meanly thick clouds Top Top Top Top Top

13 High semitransp. thick clouds Base Base Base| Basg Base

14 High semitransp. above other clouds Base Base Base Top Top

15 High semitransp. above snowl/ice Base Base Base Top Top

Base Base

21 Multiple cloud types Base Base Base| Basq Base

22 Multiple clear air types Top Top Top

23 Mixed cloudy/clear air types Base Base Base| Bas Ba
Table 6: AMV filtering related to the “AMV cloudgg” and the satellite channel,
and consideration of the “top pressure” or “basegssure” in the “Brightness temperature
interpolation height assignment method” for theidaases
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2.2.2.6’CCC method” height assignment (Cloudy cases)

“CCC method - Cross Correlation Contribution methbeight assignment is implemented with
configurable parameters TRACKING=CC and DEFINEWITBIKTRIBUTIONS=1. It is run after
the “tracking” process, and it is the default optfor all satellite series. The method was devealdpe
Régis Borde and Ryo Oyama in 2008, and is fullyudoented in the Paper “A direct link between
feature tracking and height assignment of operatiéiMVs” [RD.17].

It requires the use of “cross correlation” as “kiag” method, and the calculation of NWC/GEO-CT
Cloud Type and CTTH Cloud Top Temperature and Rressutputs for the processing region and the
image in which tracers are tracked, before the inghof NWC/GEO-HRW product. If these outputs
are not available, NWC/GEO-HRW product tries to thee“AMV pressure” and “AMV temperature”
values calculated by “Brightness temperature imtiatppn method”.

In case the “wind guess” has been used for thenitiefi of the “tracking area” (with configurable
parameter WIND_GUESS = 1), the “AMV pressure” adVV temperature” values calculated by
“CCC method” replace the values calculated befgreBoightness temperature interpolation method”.

“CCC method” has the advantage of including in ieéght assignment all procedures included in
NWC/GEO-CTTH product for the cloud top pressuregktion, which are common methods used by
other AMV producers, including:

» Opaque cloud top pressure retrieval consideringtatl Window channels, with simulation of
radiances with RTTOV, and possibility of thermalénsion processing.

* Semitransparent cloud top pressure retrieval with Radiance ratioing technique and the
H20/IRW intercept method, considering Water Vapaua Carbon Dioxide channels.

“CCC method” defines also the "AMV pressure” andMX temperature”, considering only the
pressure and temperature of the pixels contributitaggt to the “cross correlation” between the

“tracer” in the “initial image” and the “trackingeatre” in the “final image”.

For this, the “partial contribution to the corrébet’ (CC;) from each pixel inside the “tracer” and the
“tracking centre” is defined with the following fmula, in which respectively for the “tracer” aneth
“tracking centre”_T/S; are the “brightness values” for each pixels/Su are the mean values and
07/0s the standard deviations of the “brightness valuasti NUM is the total number of pixels inside
the “tracer” or “tracking centre”:

CGi = (Tj— Tm): (Si— Su) / NUM-0or.0s.

The graph ‘Normalized reflectance(Partial contridtto the correlation)’ for the visible channeds,
the graph ‘Brightness temperature(Partial contiitouto the correlation)’ for the infrared and water
vapour channels has in general the shape of tte 1€, as shown by the lower graphskigures 9
and 10(which correspond to a MSG/VIS08 and MSG/IR108¢alh these graphs with two branches,
the largest “partial contribution to the correlatios given by the brightest and darkest pixels {fe
visible channels), and by the warmest and cold&stgp(for the infrared and water vapour channels).

“AMV pressure” and “AMV temperature” are calculatednsidering only the pixels whose “partial
contribution to the correlation” is higher than @CC calculation threshold” inside the bright branch
of the ‘Normalized reflectance(Partial contributit@nthe correlation)’ graph in the visible casesthe
infrared and water vapour cloudy cases, only tlelpiwhose “partial contribution to the correlation
is higher than the “CCC calculation threshold” desithe cold branch of the ‘Brightness
temperature(Partial contribution to the correldtiograph are considered. The “CCC calculation
threshold” is defined as the mean “partial contiithuto correlation”, or zero if so no pixels arepk.

The original procedure defined in document [RD.ik730 kept, so that the pressure level corrections
implemented later in Chapter 2.2.2.7 can be unoedsas “cloud depth corrections” respect to the
“cloud top level”.

Considering this, the "AMV pressure valuecP and “AMV temperature value,ckc’ are calculated
considering the “partial contribution to the coaten” (CG), the CTTH Cloud Top Pressure (G)P
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and the Cloud Top Temperature (G Dutputs for the pixels defined before inside tiracking
centre”, having valid CTfCTT;/CT; values and related to cloudy non fractional cloypes, with the
formulae:

Pccc=Z(CG;- CTR)/ZCG; Tec=Z(CG- CTT;)/ZCG;.
The procedure is repeated for the up to threeKingccentres” defined for each tracer.

The “AMV cloud type” value is calculated as the améh the highest sum of “partial contributions to
the correlation”. The “AMV pressure error valueRccc’ is also calculated with the formula:

APccc=V(Z(CG;j- CTRA/ECC — Recd),

which is useful as a possible “Quality control” @aeter for the filtering of AMVs and Trajectories.
For this, a maximum “AMV pressure error” is definedith configurable parameter
MAXPRESSUREERROR (with a default value of 150 hPa).

Lau \'III"|H| efy hlgh cumulus/ztratus
Medlum cumu 3

Figure 8: “AMV cloud type value” (as defined byCIC: method helghta33|gnment’) fr the
High Resolution Winds example defined in FiguréZ&December 2009, 1200Z, MSG2 satellite)

Images inFigures 9 and 1&how two examples of the running of “CCC methaal already said, for
a MSG/VIS08 AMV on the left side, and a MSG/IR10BIX in the right side).

In the first row of the images, the “brightnessues” for the “tracer” pixels in the “initial imagetnd

for its “tracking centre” pixels in the “later imagare shown. In the second row, the NWC/GEO-CT
Cloud type and CTTH Cloud Top Pressure relatechéo“tracking centre” pixels are shown. In the
third row, the “partial contributions to the coagbn” for the “tracking centre” pixels are showm

the left considering all pixels and on the rightsidering only those pixels defined as valid by the
“CCC calculation threshold” (which in these casethe “mean contribution to the correlation”).

As already explained, the last row of the imagesashrespectively the ‘Normalized reflectance(Pixel
correlation contribution)’ graph and the ‘Brightsaemperature(Pixel correlation contribution)’ drap
for these cases, with the “CCC calculation thredhdéfined by the method as a vertical purple line.

Only those pixels having at the same time a vadildier in the blue boxes Figures 9 and 1@re used
in the calculations of ®c andAPccc. In the MSG/VIS08 example these pixels corresponthe very
low and low cloud in the right part of the “trackirtentre”, defining values ofcP=834 hPa and
APccc=27 hPa. In the MSG/IR108 case these pixels coorespo the high cloud in the upper right
corner of the “tracking centre”, defining valuesRat=286 hPa andPccc=24 hPa.
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Figures 9 and 10: Matrices and graphs used in thiewation of "CCC method height assignment”,
for a MSG/VIS08 case in the left side and a MS@&REse in the right side, as explained in the. text
The weighted location of the AMV in the “initialage” and “later image”,
as defined with configurable parameter DEFPOSWITHI®IBUTIONS =1,
is shown as a red cross in the images in the riinst

With configurable parameter DEFPOSWITHCONTRIBUTIONS, which is the default option, the
displacement by the AMV between the “tracer” angl ‘inacking centre” does not consider the centres
of the “tracer” and the "tracking centre”, but theeighted locations” defined with similar formulae
(where % and Y correspond to the line and column position of ggigkl inside the “tracer” and the
"tracking centre”):

Xcec=Z(CG- X;)/ZCC Y ccc=2(CGj- Y5)/ZCG;.

The “weighted locations” relate the displacementhef AMVs and Trajectories to the displacement of
the part of the tracer with the “largest contribatto the cross correlation”.

When trajectories are calculated with configurgmdeameter CALCULATE_TRAJECTORIES = 1,
tracking consecutively during several images thmesdracer, the calculation of these “weighted
locations” occurs only for the first AMV in the jemtory, and keeps the same value during all the ti
the Trajectory is alive, to avoid spatial discountiies in the Trajectory.
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2.2.2.7"CCC method” height assignment (Cloudy cases with Nerophysics correction)

“CCC method” height assignment offers a direct egpondence between the pressure levels defined
for NWC/GEO-HRW-MTG cloudy AMVs and Trajectoriesndthose given to the “cloud tops” by
NWC/GEO-CTTH product, eliminating any possible ingouence between both products. It also
defines a clear correspondence between the elenuamsidered for the AMV pressure level
calculations and the real features observed isdbalite images.

Taking this into account, several studies in 2@Adt¢r Lean et al. [RD.21], A.Hernandez-Carrascal &
N.Bormann [RD.22], K.Salonen & N.Bormann [RD.23jgve suggested that AMVs are better related
to a pressure level different than the “cloud top”.

An empirical relationship has been found in NWC/GHRW between the “difference between the
AMV pressure level calculated with CCC method amel Radiosounding best fit pressure level” on
one side, and the “cloud depth” represented by ANV Liquid/lce water path” values on the other
side. So, a correction of the “AMV pressure levedh be defined with these last parameters.

For this procedure, the output of the NWC/GEO-CMICCloud microphysics product is used, which
provides the “Cloud phase, GPlfior each cloud pixel, the “Liquid water path, L\l/Ror each liquid
cloud pixel and the “Ice water path, I\VRor each ice cloud pixel. The “AMV cloud phaseilue is
defined in a similar way to the one used for thé/MA cloud type” value in previous chapter, as the
phase with the highest sum of “partial contribusido the correlation”. It has four possible values:
Liguid phase, Ice phase, Mixed phase, Undefinedg@ha

The “AMV liquid water path LWRcc" value is then calculated for “Liquid phase AMVsind the

“AMV ice water path IWRcc value is calculated for “Ice phase AMVs”, congitg NWC/GEO-

CMIC output and similar formulae to the ones usegdrevious chapter for the “AMV pressure level”:
LWPcc=Z(CG;j- LWP)/ZCC; IWPcc=Z(CGC;- IWPy)/2CGC;,

In these formulae only the liquid cloud pixels gesithe “tracking centre” in the first formula, athe
ice cloud pixels inside the “tracking centre” iretbecond formula, are considered.

The empirical relationship between the “differefimdween the AMV pressure level calculated with
CCC method and the Radiosounding best fit predsued’ and the “AMV Ice/Liquid water path” has
been tuned at this moment for MSG satellite seftes. going to be implemented for Himawari-8/9
satellite series for the release of NWC/GEO v20dwsare package in 2018. It is also going to be
implemented for MTG-I (and optionally for GOES-Rtedlite series) for the release of NWC/GEO
MTG-I day-1 software package.

For MSG satellite series, it considers 1200Z CloAdi§Vs between July 2010 and June 2011 in the
European and Mediterranean region. Defining sepgyedcedures for Ice and Liquid Cloud Visible
AMVs, for Ice and Liquid Cloud Infrared AMVs andrfétce and Liquid Cloud Water vapour AMVs,
Figures 11 to 16n the following page are obtained. The referemoed data used for the calculation
of the "best fit pressure level” have been “Radimiog wind” data. The empirical relationship has
been fitted to a double linear/constant regressitws double linear/constant regression works bette
than a simple linear regression in all six possialses.

The “difference between the AMV pressure level giated with CCC method and the Radiosounding
best fit pressure level” is in general negativeanieg that the “Radiosounding best fit pressurellev
is in most cases at a lower level, i.e. nearehéoground, than the “AMV pressure level” calculated
with “CCC method”. The difference is more negatiwith larger “AMV Ice/Liquid water path
values”. The Normalized bias (NBIAS) has a simi@haviour. The Normalized root mean square
vector difference (NRMSVD) becomes larger with ErAMV Ice water path values”, although not
with larger “AMV Liquid water path values”.

Defining a “Microphysics correction of the AMV pmage level” with these regressions, it is
implemented such as shown Tiable 7 This correction locates the AMVs in a level neace the
ground, with the exception of AMVs with very sméade/Liquid water path values. A control is later
defined through the "Orographic flag" to avoid tttee AMVs are located below the ground.
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Verifying AMV statistics for a different period @hreference AMV Validation period July 2009-June
2010 in the European and Mediterranean region MiBG2 satellite), the “Microphysics correction”
causes a reduction in all validation parametersIf$8 NMVD, NRMSVD), which is largest for the
NBIAS. Detailed information about the effect in thélidation statistics of the “Microphysics
correction” is available in the Validation repoot NWC/GEO-HRW v5.0 (document [AD.15]).
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Figures 11 to 16: Graphs relating the “Differencettveen the AMV pressure level calculated with
CCC method and the Radiosounding best fit predsueg (in 16 hPa)” in red, the Normalized BIAS
in yellow, and the Normalized RMSVD in blue, witk tAMV Ice/Liquid Water Path (in kgAx,
for MSG Visible AMVs (left), MSG Infrared AMVs (Tehand MSG Water vapour AMVs (right).
1200Z Cloudy AMVs for MSG2 satellite during they2010-June 2011 period
in the European and Mediterranean region have hesad for the tuning

Correction for the “AMV pressure level [in hPa]”’d&d on the “AMV Ice/Liquid water path”

VISIBLE ICE PHASE CLOUDY AMVs VISIBLE LIQUID PHASE CLOUDY AMVs
MIC.CORR[hPa] = 29 without IWP MIC.CORR[hPa] = 12 without LWP
MIC.CORR[hPa] = -26+295*IWP[kg/m?] MIC.CORR[hPa] = -30+316*LWP[kg/m?]

if IWP < 0.2271 kg/m? if LWP < 0.2594 kg/m?
MIC.CORR[hPa] = 41 if IWP > 0.2271 kg/m? | MIC.CORR[hPa] = 52 if LWP > 0.2594 kg/m?
INFRARED ICE PHASE CLOUDY AMVs INFRARED LIQUID PHASE CLOUDY AMVs
MIC.CORR[hPa] = 16 without IWP MIC.CORR[hPa] = 17 without LWP
MIC.CORR[hPa] = -5+45*IWP[kg/m?] MIC.CORR[hPa] = -8+261*LWP[kg/m?]

if IWP < 3.0444 kg/m? if LWP < 0.1685 kg/m?
MIC.CORR[hPa] = 132 if IWP > 3.0444 kg/m? | MIC.CORR[hPa] = 36 if LWP > 0.1685 kg/m?
WATER VAPOUR ICE PHASE AMVs WATER VAPOUR LIQUID PHASE AMVs
MIC.CORR[hPa] = -6 without IWP MIC.CORR[hPa] = -31 without LWP
MIC.CORR[hPa] = -22+45*IWP[kg/m?] MIC.CORR[hPa] = -63+245*LWP[kg/m?]

if IWP < 2.7555 kg/m? if LWP < 0.2571 kg/m?
MIC.CORR[hPa] = 102 if IWP >2.7555 kg/m? MIC.CORR[hPa] = 0 if LWP > 0.2571 kg/m?

Table 7: Correction for AMV pressure level [in hRzdsed on the AMV Ice/Liquid water path
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“CCC method with Microphysics correction” heights@giment is implemented with configurable
parameter USE_MICROPHYSICS = 2. As already saitN\MiC/GEO MTG-I day-1 software release
it is going to be activated for MSG, MTG-I, Himaw&/9 and optionally GOES-R satellites series.
Option USE_MICROPHYSICS = 1 calculates the valughef Microphysics correction, but does not
correct the “AMV pressure value” with it. The “AMYressure correction” value is provided in the
AMV output files as the “Pressure correction” paeaen.

The user has necessarily to run all N\BEO-Cloud products (CMA, CT, CTTH, CMIC) so that al
this process can be activated. If NYABBEO-CMIC product output is not available but thbestones
are, NWC/GEO-HRW-MTG runs “CCC method without Miphysics correction” height assignment.

AETH WITHOU — HIGH THR - UND PH
1ETH WITHOU 'R — LOW THR - LNDO FPH
METH WITHOUT - HIGH THR-LIO FH
METH WITHOUT - LOW THR-LIO PH

Figure 17: AMV height assignment (“CCC height assngnt method with/without Microphysics
correction”, using “CCC method high/low calculatighreshold”), and

AMV Cloud phase (“Ice phase”, “Liquid phase”, “Mix#Undefined phase”, “Clear air”) for the

High Resolution Winds example defined in FiguréZ&December 2009, 1200Z, MSG2 satellite)

FCORRE O HFPA

FCORR 15 30 HPA

Figure 18: AMV pressure level corrections (for tases in which
“CCC height assignment method with Microphysicgection” has been used), for the
High Resolution Winds example defined in FiguréZ&December 2009, 1200Z, MSG2 satellite)



— Algorithm Theoretical Basis DocumefCoe: NWC/CDOP2IMTG/AEMET/SCI/ATBD/Wind
/l MJ for the Wind product processors of tdSsue:  1.0d Date: 12 January 2017
= NWC/GEO (version MTG-1 day-1) | File:  NWC-CDOP2-MTG-AEMET-SCI-ATBD-Wind_v1.0d
NWC SAF A Lt o et Page: 38/89

2.2.2.8*CCC method” height assignment (Water vapour clearair cases)

An adaptation of “CCC method” has been done fouds with the “Water vapour clear air AMVSs”,
because logically no pressure values can be esttdicim the NWC/GEO-CTTH Cloud Top Pressure

output for “Clear air pixels”.

A "Water vapour clear air AMV" is defined as a "Wavapour AMV" for which the sum of “partial
contributions to the correlation” is larger for theup of “clear air pixels” (Cloud type 1 to 4)pthfor
the group of “cloudy pixels” (Cloud type 5 to 9 add to 15), considering all pixels inside the
“tracking centre” for which the “partial contriboti to the correlation” is positive.

This process identifies that a "Water vapour AM¥"ai "clear air AMV" when its group of clear air
pixels has the largest contribution to correlatidind so, the feature that is actually being tracked
between the initial and later image is a cleafesture (in spite of any presence of cloudy pixels)

The “AMV cloud type” value and the “AMV temperattirealue are calculated in a way similar to the
one described in Chapter 2.2.2.6 for the cloudyewabpour AMVs, although now the Brightness
temperature for each pixel (BTfrom the corresponding satellite image is usestemd of the
NWC/GEO-CTTH Cloud Top Temperature.

An “AMV temperature erroATcccd” value is now also calculated considering a fomrsimilar to the
one used in the previous chapter for the “AMV puoesrror” value:

ATce=V(Z(CGy- BTi?)/ECC; — Teed),

Three different temperature values are definedbgwing formulae: EcctATcee, Tece, TecceATcce
For each one of these values, a temperature teyygesonversion is done through interpolation esid
the nearest NWP temperature forecast profile, drogithree pressure valuesicP (related to Eco),
Pccemax (related to Fec + ATeed), and Reemin (related to Eec - ATecd).

Pccc is defined as the “AMV _pressure” value for theeat air AMVS”. APccc= |Pecemax - Pecemin]/2
is defined as the "AMV _pressure error” value foegh “clear air AMVSs”, in the cases for which a
vertical reduction or increase of temperature isytbthroughout all three temperature values.

In the cases in which the “AMV pressure” value be t'‘AMV pressure error” value cannot be
calculated, the AMV is discarded.
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2.2.2.9 Wind calculation

Once the latitude and longitude are known for actr” in the “initial image” (the “tracer centref o
the “weighted location” defined by DEFPOSWITHCONBRITIONS configurable parameter), and
for its up to three *“tracking centres” in the “latenage” (defined by the “tracer centre” or the
“weighted location” defined by DEFPOSWITHCONTRIBUWINS configurable parameter, together
with the non-integer/integer displacements of theacer centre” inside the_ “tracking area”
with/without the “subpixel tracking”, as defined BYSE_SUBPIXELTRACKING configurable
parameter), the rectangular coordinates of the wWindn/s) related to the AMV displacement are
calculated.

Although the difference with the calculation progszl used in previous versions is completely
negligible, since NWC/GEO-HRW v5.0 the calculatioh the wind components considering the
displacement along the corresponding “great ciraligh the “haversine formula” is used.

The “haversine formula” uses the following procedltio calculate the angular distance in degrees
(ANG) and the corresponding wind speed (SPD) betviee “tracer location” and the “tracking centre
location”. The initial latitude and longitude vatiéLAT1, LON1), the final latitude and longitude
values (LAT2, LONZ2), the latitude and longitudefeiiences ALAT, ALON), and the time difference

in hours between the “tracer” in the “initial imdgend the “tracking centre” in the “later image”
(T_INT) are used for this calculation process. Thefficient CONVERSION_DEGH2MS converts
°/hour to m/s.

A = Sirf(ALAT/2) + cos(LAT1) - cos(LAT2) - sfifALON/2)
ANG = 2 - RAD2DEG - at&WA, V(1-A))
SPD = CONVERSION_DEGH2MS - ANG / T_INT
The “bearing angle” (DIR) for the related “greatcte” is calculated with the following formulae:
HOR = cos(LAT1) - sin(LAT2) - sin(LAT1) - cos(LAT2)cosALON)
VER = sinALON) - cos(LAT2)
DIR = ataf(HOR, VER)
The west-to-east and south-to-north wind components's (U, V) are then simply calculated as:
U =SPD - cos(DIR)
V = SPD - sin(DIR)

T_INT is the real time difference in hours, betwdlee scanning time of the lines defining the “trace
location” in the “initial image” and the “trackingentre location” in the “later image”. For MSG
satellite series, this procedure takes into accthwnteal time the image scanning began and the tim
needed to scan each image line. For the othelitasdries the procedure is easier, taking sinly
account the scanning time for each pixel providethé satellite input data files.

The location of the “tracking area centre” in tHatér image” when the “wind guess” is used with
WIND_GUESS = 1, calculated through the displacenwdrthe tracer location with the rectangular
NWP wind components, uses also an equivalent puveedvith a displacement along the
corresponding “great circle”.
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2.2.2.100uality control and Choice of the best wind

The “Quality Indicator” method developed by EUMETEAand implemented for its Atmospheric
Motion Vectors computed at the MPEF/Meteosat Prbéixtraction Facility (K.Holmlund, 1998), is
used here.

This method assigns a quantitative quality flagtocAMVs and Trajectories: “Quality Index or QI”
(ranging from 0% to 100%). It is based on normalifienctions, related to the expected change of the
AMVs considering: “temporal consistency” (compariso a “prior AMV” in the previous image at
the same location and level), “spatial consister{cgmparison to a_“neighbour AMV” in the current
image at the same location and level), and “comsist relative to a background” (NWP wind forecast
at the same location and level).

Five different tests are applied (direction, speew vector difference tests for the temporal
consistency; only vector difference for the othaes) giving five “Individual Quality Indices”. The
weighted sum of these consistency tests provide®Qkerall Quality Index”.

For the two scale procedure, an additional “in@esspatial consistency” is computed for detailed
AMVs derived from a basic scale tracer (comparimthe corresponding basic scale AMVS).

The different “Individual Quality Indices” are gineby the following formulae, in which SPD is the
average wind speed between the evaluated AMV aaddference wind, and DIF is the absolute
change in speed, direction or module of the vediféerence:

Ql1 =1 - [tanh[DIF/(20- exp(-SPD/10)+16]] (in the “temporal direction consistency” test)
Ql; = 1 - [tanh[DIF/(max(0.4-SPD, 0.01))+4]] (in the “forecast vector consistency” test)
Qli = 1 - [tanh[DIF/(max(0.2- SPD, 0.01))+1]]  (in the rest of consistency tests).

The procedure is repeated for up to 3 “neighbounN&iM(L CHECK_NUMBUDDIES) in the spatial
consistency and up to 3 “prior AMVs” (T_CHECK_NUMEREC) in the temporal consistency. The
contribution from each one of the reference AMVdhe value of the spatial or temporal consistency
depends (as defined by L_CHECK_DISTWEIGHT and T_CHEDISTWEIGHT) on a “distance
factor” to the evaluated AMV.

The “distance factor” is given by the following foulae, in which SPD/DIR/LAT are the
speed/direction/latitude of the evaluated AMV, LAHLONDIF are the latitude/longitude difference
respect to the reference AMV, and ER is the Eaatlius in kilometres:

alpha =200+ 3.5-SPD

beta =200+ 3.5-SPD

gamma = ER V(LATDIF2+LONDIF?) - cos(270-DIR-atan(cos(LAT)+LATDIF/LONDIF))
delta = ER ¥(LATDIF2+LONDIF?) - sin(270-DIR—atan(cos(LAT)+LATDIF/LONDIF))
distance factor = (gamma/alpha) (delta/beta)

Only reference AMVs with a “distance factor” smaltban 1, a pressure difference smaller than 25
hPa (L_CHECK_PRESS DIFF/T_CHECK_PRESS DIFF) aratitutle/longitude difference smaller
than 1.35° (L_CHECK_LAT_DIFF/T_CHECK_LAT_DIFF) akalid. The reference AMVs with the
smallest “distance factor” are considered for thality control.

The weight of the different quality consistencytsem the “Overall Quality Index” is defined as:
W_SPD = 0 (temporal speed consistency test weightDIR = 0 (temporal direction consistency test
weight), W_VEC = 3 (temporal vector consistency tesight), W_LC = 3 (spatial vector consistency
test weight), W_FC = 1 or 0 (forecast vector cdesisy test weight), W_TC = 0 (interscale spatial
vector consistency test).

The weighted sum of these consistency tests défi@e'Overall Quality Index” of the AMVs and
related Trajectories. Considering the weight W_HE& value 1 provides a_ “Quality index with
forecast” and the value 0 provides_a “Quality ingdthout forecast”.
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Only the temporal, spatial and forecast vector isbascy tests (this last one only in the “Qualitgdéx
with forecast”) are activated in the Quality cohte default option. This is the same situatiom tfoa
example the EUMETSAT/MPEF AMVs (for which howevéetweight of the spatial and temporal
vector consistency test is 2).

Two corrections are nevertheless applied in theet@V Quality Index” values before using them:

* One correction reduces the Quality of the AMVs vatepeed lower than 2.5 m/s, multiplying the
“Overall Quality Index” with factor SPD/SPEED_THRvitere SPD = speed of the evaluated
AMV, SPEED_THR = 2.5 m/s).

» The other correction has the name of “Image cdicglatest” and affects visible and infrared
AMVs with a pressure higher than C_CHECK_ PRESS_ EHBO0 hPa. It is a factor defined by
the following formula, in which CORR(IR,WV) is theorrelation of IR108/WV62 images for
MSG satellites, the correlation of IR105/WV62 imadger MTG-I satellites, the correlation of
IR112/WV62 images for Himawari-8/9 satellites, tberrelation of IR107/WV65 for GOES-N
satellites, or optionally the correlation of IRIM/62 images for GOES-R satellites, at the
location of the “tracking centre” defining the AMV:

1 - [tanh[(max(0, CORR(IR,WV))/0.21°.

The “Quality index with forecast” or “Quality Indexithout forecast” is used for the filtering of the
AMV and Trajectory data, before writing them in thatput files. The first one is used as default
option, through configurable parameter QI_THRESHOUSEFORECAST = 1. The “Quality Index
threshold” for the acceptance of an AMV or Trajegtas valid is defined by configurable parameter
QI_THRESHOLD (with a default value of 70%).

Some additional considerations on the “Quality @ait specific for NWC/GEO-HRW-MTG
algorithm, are shown here:

» Each one of the 3 AMVs calculated per tracer raswn “Quality index”.

* All calculated AMVs are considered valid for theaspl comparison test, disregarding their
“Quality Indices”.

» ltis frequent that a quality consistency test cdrire calculated, for example when no reference
AMV was found for the comparison. The “Overall Qtyalindex” will thus include only the
available tests.

* Only one AMV per tracer is selected for the AMV ahm@jectory outputs. The suggested option is
(through configurable parameter BEST_WIND_SELECTION): the best AMV for the tracer
for the most of following criteria: interscale sihtquality test, temporal quality test, spatial
guality test, forecast quality test and correlatjaith a triple contribution). If this is not deftive
the best AMV for the forecast quality test. If thésalso not definitive the AMV with the best
correlation.

e “TEST parameter” reflects, apart from the numbequdility consistency tests that each AMV has
passed, whether the AMV has been the best (vaR)e stightly worse (value = 2), or fairly worse
(value = 1) than other AMVs calculated for the sanaeer for each available criterion. If any of
the quality consistency tests could not be caledlgthis is identified with value = 0.

* For the temporal consistency of successive AMVateel to the same trajectory, some limits are
defined in the speed difference (MEANVEC_SPEED [HF10 m/s), direction difference
(MEANVEC_DIR_DIF = 20°) and pressure level diffecenNMEANVEC PRESSURE_DIF = 50
hPa). If configurable parameter USE_MEANWIND = hetmean value of speed, direction,
correlation, quality, temperature, pressure andgue error considering the two last AMVs
related to the same trajectory are used for theAl®/. Nevertheless, this option is not used as a
default one.
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GI 91-100

Figure 19: “Quality index with forecast” for the lgh Resolution Winds example
defined in Figure 22 (26 December 2009, 1200Z, Mahdcan mode, MSG2 satellite)

GI S1-100

Figure 20: “Quality index without forecast” for theigh Resolution Winds example
defined in Figure 22 (26 December 2009, 1200Z, Mahdcan mode, MSG2 satellite)




— Algorithm Theoretical Basis DocumefCoe: NWC/CDOP2IMTG/AEMET/SCI/ATBD/Wind
/l MJ for the Wind product processors of tdSsue:  1.0d Date: 12 January 2017
= NWC/GEO (version MTG-1 day-1) | File:  NWC-CDOP2-MTG-AEMET-SCI-ATBD-Wind_v1.0d
NWC SAF A Lt o et Page: 43/89

2.2.2.110roqgraphic flag

With configurable parameter USE_TOPO > 0, an “Capbic flag” is calculated for each AMV and
Trajectory. The “Orographic flag” incorporates tgpaphic information, which in combination with
NWP data, detects and rejects those AMVs and Tt@jes affected by land influence.

The reasons for this land influence may be: AMVsoagted to land features incorrectly detected as
cloud tracers; tracers blocked or whose flow ie@#d by mountain ranges; tracers associated to lee
wave clouds with atmospheric stability near mountanges.

These tracers present displacements which do rmoéspmnd with the general atmospheric flow.
Because of this, the corresponding AMVs are nosidared as valid.

The procedure to calculate the “Orographic flagplies the reading of NWP geopotential data and of
two topography matrices for the defined satellitad apositioning § NWC_SFCMIN*raw
S_NWC_SFCMAX*raly located in $SAFNWC/import/Aux_data/Common directory. These
matrices define the 3% and 97% centiles of thedoggahy histogram for each pixel, in which data up
to 1 degree away are considered. They are caletRbpresentative Minimum and Maximum height
matrices” in each pixel.

This matrices are then converted to “Representatlaximum and Minimum Surface pressure

matrices” with NWP geopotential data. The “Heighdtrites” are converted to geopotential values
(multiplying by a constant value of gravity), arftetgeopotentials are then inversely interpolated to
pressure to define the “Representative Maximum llindmum Surface pressure” values for each

pixel (P_sfcmin, P_sfcmax). These values repreffamthighest and lowest representative surface
pressure values in locations up to one degree afvegch pixel of the image.

After this, the “Static orographic flag” (IND_TOP@) calculated at the initial position of each AMV.

It is calculated considering P_sfcmin, P_sfcmaxueal and parameters TOPO_PR_DIFF = %
(Representative pressure level of the location) B@BO_PR_SUP = 25 hPa (Pressure layer needed to
avoid orographic influence). Possible values are:

= IND_TOPO = 0: Orographic flag could not be calcieat
= IND_TOPO =1: P_AMV > P_sfcmin

AMV wrongly located below the lowest representagivessure level (mainly due to
Microphysics corrections in the “AMV pressure vdlue

= IND_TOPO =2: P_AMV > P_sfcmax + TOPO_PR_DIFF*(Pcrsin-P_sfcmax)
Very important orographic influence found in theremt AMV position.

= IND _TOPO =3: P_AMV > P_sfcmax - TOPO_PR_SUP
Important orographic influence found in the currédV position.

= IND TOPO =6:P_AMV < P_sfcmax - TOPO_PR_SUP

No orographic influence found in the current AM\éjtion.

The “Dynamic orographic flag” is then calculate@lues of IND_TOPO are modified to verify the
possibility of a previous in time orographic infhee. This happens if IND_TOPO = 6 and the tracer is
related to a “predecessor AMV” in the previous imadhe value of IND_TOPO is so modified
considering the following conditions:

= [IND _TOPO = 4: Very important orographic influencesvfound at the previous position
of the AMV (for which IND_TOPO = 2 or 4).

= [IND_TOPO = 5: Important orographic influence wasifa at the previous position of the
AMV (for which IND_TOPO = 3 or 5)

= [IND_TOPO = 6: No orographic influence is found inyacurrent or previous position of
the AMV.
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Figure 21: Pressure values in Pa for AMVs affedigarography (i.e. with “Orographic flag” values
between 1 and 5) in a zoomed area around the ist@@yprus in the High Resolution Winds example
defined in Figure 22 (26 December 2009, 1200Z, Mahgcan mode, MSG2 satellite).
Orographic effects are caused by the mountainsyjor@ and Turkey,
reaching respectively 2000 m and more than 3000 m

“TESO parameter”, similar to_“TEST parameter” expé in previous chapter to compare the
different values a quality consistency test carehfav the different AMVs related to a same trader,
also calculated considering the “Orographic fldtg possible values are:

= TESO = 3: IND_TOPO for the AMV chosen as best wisidhe highest for all AMVs
related to the same tracer.

= TESO = 2: IND_TOPO for the AMV chosen as best wigmane unit smaller than the
best value for all AMVs related to the same tracer.

= TESO = 1: IND_TOPO for the AMV chosen as best wimat least two units smaller
than the best value for all AMVs related to the sdracer.

= TESO =0: IND_TOPO could not be calculated for &V chosen as best wind.

With configurable parameter USE_TOPO =1, IND_TO#&@ TESO parameters are calculated and
incorporated to the AMV and Trajectory output flaad AMVs with IND_TOPO = 1 are eliminated.

With configurable parameter USE_TOPO = 2 (whicthis default option), all AMVs and Trajectories
with any Orographic influence (i.e. with IND_TOPQL+o 5) are eliminated from the output files.

2.2.2.12Final Control Check and Output data filtering

After the “Quality control”, sometimes an AMV is téeted to have a direction or velocity completely
different to the ones in its immediate vicinity tiout clearly justifying the reason for such chanige
direction or velocity. They can be considered agrsr

To eliminate these errors, a function called “FiGaintrol Check” can be run after the “Quality
control” using configurable parameter FINALCONTROHECK = 1 (which is the default option).

This function calculates the velocity and directlistograms for all valid AMVs calculated with the
same satellite channel in small areas inside thi&imgpregion (square boxes of 5x5 degrees of ld¢itu
and longitude). When any of the columns of the eigyoor direction histograms has only one element,
the AMV is excluded. The procedure considers thatlack in the same area of another AMV with
relatively similar velocities or directions is emputo consider the AMV as an error.
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Several output data filterings are additionally gsidered in this step, which depend on the value of
several configurable parameters. These configuizdrl@meters are:

- AMV_BANDS (default value HRVIS,VIS06,WV62WV73,IRB0 for MSG satellite series;
VIS06,WV62,WV73,IR105 for MTG-I satellite series;|S06,WV62,WV70,WV73,IR112 for
Himawari-8/9 satellite series; VIS07,WV65,IR107 f@OES-N satellite series; optionally
VIS06,WV62,WV70,WV73,IR112 for GOES-R satellite igs), which defines the channels for
which AMVs and Trajectories are calculated.

- QIl_THRESHOLD: defines the_“Quality index thresholiit the AMVs and Trajectories in the
output files. Depending on configurable parametér TIRESHOLD_ USEFORECAST, the
“Quality index with forecast” (which is the defawlption) or the “Quality index without forecast”
are respectively used for the AMV filtering.

- CLEARAIRWINDS: defines if the “Clear air water vapo AMVSs” are to be included in the
output files (in the default option they are inchagl.

-  MAXPRESSUREERROR: defines the maximum “AMV _presserer” (in hPa) allowed in the
output AMVs and Trajectories, when “CCC height gssient method” has been used.

- MIN_CORRELATION: defines the minimum correlations(a percentage value) in the output
AMVs and Trajectories, when the “Cross Correlati@cking” has been used.

- FINALFILTERING: defines several filterings in thautput AMVs and Trajectories, depending
on its value:

- With FINALFILTERING > 0, the "AMV pressure level”iltering defined inTable 8is
implemented (in which the blue layers for the diffet channels are eliminated; light blue
layers are eliminated only for “Clear air AMVs aildajectories”; very dark blue layers are
only eliminated if configurable parameter VERYLOWARAREDAMVS = 1, which is not
implemented as default option).

- With FINALFILTERING > 1 (which is the default optig, the “AMV cloud type” filtering
defined inTable 6is additionally implemented.

- With FINALFILTERING > 2, AMVs with a “spatial qualy flag” = 1,2 are additionally
eliminated.

With FINALFILTERING = 4, AMVs with a “spatial qualy flag” = 0 are additionally
eliminated.

MSG sat. HRVIS VIS06 VIS08 IR108 IR120

MTG-I sat. VIS08 IR105 IR123

Himawari-8/9 sat. VIS08 IR112

GOES-N sat. VISO7 IR107

GOES-R sat. (optionally) VIS06 VIS08 IR112

100-199 hPa

200-299 hPa

300-399 hPa

400-499 hPa

500-599 hPa

600-699 hPa

700-799 hPa

800-899 hPa

900-999 hPa

Table 8: AMV filtering related to the Pressure leaed Satellite channel
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2.3 PRACTICAL CONSIDERATIONS ON HIGH REsoLuTION WINDS (NWC/GEO-HRW-MTG)

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

NWC/GEO-HRW-MTG is validated considering both Raionding winds and NWP analysis winds
as reference winds.

The main validation statistics against Radiosougainds for NWC/GEO-HRW-MTG Basic AMVs,
following the criteria defined at the Third Intetimmal Winds Workshop (Ascona, Switzerland, 1996)
for the comparison of satellite winds, are showrehe

At this moment, statistics are available for MS@ &0OES-N satellite series. Validation statistias fo
Himawari-8/9 satellite series against Radiosoundiitgls, and for MSG, GOES-N and Himawari-8/9
satellite series against NWP analysis winds, vellgoovided before the release of NWC/GEO v2018
software package in 2018.

Validation statistics for MTG-I and optionally GOBES satellite series against Radiosounding winds
and NWP analysis winds will be provided before thkease of NWC/GEO MTG-I day-1 software
package.

In all cases, cloudy AMVs in the layer 100-1000 td#pa clear air AMVs in the layer 100-425 hPa,
with a Quality index with forecast 70 for the High and Medium layer and a Qualityardvith
forecast> 75 for the Low layer, are considered.

The statistical parameters used in the procesalifation are:

1. NC: “Number of collocations” between NWC/GEO-HRW-BTAMVs and the reference
winds.

SPD: “Mean speed of the reference winds”.
NBIAS: “Normalized bias”.
NMVD: “Normalized mean vector difference”.

L

5. NRMSVD: “Normalized root mean square vector differe”.

Information about how these validation statistigafameters can be calculated can be obtained in the
“Validation report for GEO-HRW v5.0” (document [ALD]).
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2.3.1.1Validation of High Resolution Winds (NWC/GEO-HRW-MT G) for MSG satellites

For MSG satellite series, the Validation statistosrespond to the reference period used since some
years ago for NWC/GEO-HRW algorithm: July 2009-J@040 at 12:00 UTC, with MSG2 satellite
data, in an area covering Europe and the Mediteaai$ea, such as showrFigure 22

Two different configurations are shown in the vatidn: the first one considering the conditions
defined in the defausSAFNWC/config/safnwc_ HRW_MSG15MIN.cfm  “Model configuration
file”, in which “CCC height assignment with Micropsics correction” is considered, and for which
NWC/GEO-Cloud product outputs (CMA, CT, CTTH, CMI@ave to be available. The other one
considers the running of NWC/GEO-HRW with the samosfiguration file, but without the provision
of NWC/GEO-Cloud product outputs, so consideringigBtness temperature interpolation height
assignment without cloud products”.

The statistics for both height assignment methedssapplied, to show that when NWC/GEO-Cloud
product outputs are not available and “Brightnessperature interpolation height assignment without
Cloud products” has to be used, AMV quality is baly similar: NMVD and NRMSVD parameters
are less than a 10% larger, although with a redoaf about a 25% in the amount of AMV data.

Comparing the statistics for the different satellthannels, the MVD and NRMSVD seem very
different considering all layers together, with has larger than the 50% between the best case
(Cloudy WV62 AMVs) and the worst case (Cloudy VI$ORevertheless, this is only caused by the
different proportion of AMVs in the different layefor each channel. Inside each one of the layers,
differences of NMVD and NRMSVD for the differentaitmels are much smaller.

Considering the different layers, NWC/GEO-HRW Pratd®Requirement Table Optimal accuracy
(with a value of 0.35) is reached in the High layand the NWC/GEO-HRW-MTG Product
Requirement Table Target accuracy (with valueseesely of 0.50 and 0.56) is reached in the
Medium and Low layer, both using and not using N®ED Cloud products as input.

The results of the 2014 AMV Intercomparison Studgp&t (“Comparison of NWC SAF/HRW
AMVs with AMVs from other producers” [RD.24]) arésa important to be taken into account for the
validation of NWC/GEO-HRW algorithm. In this studgMVs calculated with NWC/GEO-HRW
algorithm were compared to AMVs calculated by dixen institutions (EUMETSAT/MPEF, NOAA,
Japan Meteorological Agency - JMA, China Meteorata Administration - CMA, Korea
Meteorological Administration - KMA and the Weathesrecast and Climatic Studies Centre from the
Brazilian National Spatial Research Institute - EETINPE) using the same MSG satellite and
ECMWF NWP model data. The report shows that NWC/GHON AMVs together with the
EUMETSAT/MPEF AMVs have the two best validationtstics in the AMV intercomparison, both
using “CCC method” for the AMV height assignment.
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NWC/GEO-HRW AMVs Cloudy Clear

(Jul 2009-Jun 2010) IR120 Air

NC 31630 97221 87177 | 256951 | 331831 | 313072 | 317120 48509 | 1483511
SPD [m/s] 16.64 10.51 10.48 22.78 20.80 18.53 18.67 16.64 18.70
NBIAS (ALL LAYERS) -0.04 -0.14 -0.15 -0.04 -0.07 -0.09 -0.08 -0.00 -0.08

NMVD (100-1000 hPa) 0.29 0.41 0.42 0.26 0.28 0.29 0.29 0.32 0.30
NRMSVD 0.35 0.49 0.49 0.32 0.35 0.35 0.35 0.39 0.36
NC 14748 235550 | 238459 | 186143 | 193173 41261 909334
SPD [m/s] 21.77 23.31 23.15 22.16 2211 17.19 22.48
NBIAS (HIGH LAYER) -0.03 -0.04 -0.08 -0.08 -0.07 -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 0.31 0.32 0.32 0.31 0.38 0.32
NC 8532 37419 34188 21401 84678 86936 86010 7248 366412
SPD [m/s] 14.64 12.08 11.94 16.90 15.10 14.61 14.69 13.51 14.35
NBIAS (MEDIUM LAYER) -0.05 -0.18 -0.18 +0.02 -0.05 -0.12 -0.11 +0.09 -0.10

NMVD (400-700 hPa) 0.31 0.38 0.38 0.37 0.37 0.35 0.35 0.40 0.36
NRMSVD 0.48 0.46 0.45 0.46 0.45 0.43 0.43 0.47 0.44
NC 8350 59802 52989 8694 39993 37937 207765
SPD [m/s] 9.64 9.52 9.54 12.09 10.14 10.18 9.88
NBIAS (LOW LAYER) -0.02 -0.12 -0.12 -0.09 -0.12 -0.12 -0.11

NMVD (700-1000 hPa) 0.44 0.44 0.44 0.38 0.41 0.40 0.43
NRMSVD 0.52 0.51 0.52 0.46 0.48 0.48 0.50

Table 9: Validation parameters for NWC/GEO-HRW-MTG
(Jul 2009-Jun 2010, MSG2 satellite, 12:00 UEDropean and Mediterranean area;
Basic AMVs; Cross correlation tracking;
CCC height assignment with Microphysics parameters)
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NWC/GEO-HRW AMVs All
(Jul 2009-Jun 2010) VIS08 |  WV62 WV73 IR108 IR120 AMVs
NC 23855 74554 | 69975 | 317904 | 321140 | 149190 | 162831 | 1119449
SPD [m/s] 16.08 11.59 11.63 22.11 18.04 16.84 16.78 17.98

NBIAS (ALL LAYERS) -0.01 -0.06 -0.06 -0.04 +0.02 +0.02 +0.02 -0.00

NMVD (100-1000 hPa) 0.31 0.38 0.38 0.27 0.34 0.31 0.32 0.32
NRMSVD 0.38 0.46 0.45 0.33 0.42 0.38 0.39 0.39
NC 8417 310650 | 132497 40419 | 45913 | 537896
SPD [m/s] 22.48 22.19 21.24 24.78 24.57 22.36
NBIAS (HIGH LAYER) -0.02 -0.03 +0.02 -0.00 -0.00 -0.01

NMVD (100-400 hPa) 0.24 0.27 0.29 0.25 0.25 0.27
NRMSVD 0.29 0.33 0.34 0.30 0.30 0.33
NC 9037 | 30312 29333 7254 | 191643 65549 70573 | 403701
SPD [m/s] 14.35 14.65 14.62 18.80 15.83 16.22 15.96 15.76
NBIAS (MEDIUM LAYER) -0.00 -0.07 -0.07 -0.19 +0.02 +0.06 +0.07 +0.02
NMVD (400-700 hPa) 0.35 0.34 0.34 0.43 0.40 0.34 0.35 0.37
NRMSVD 0.43 0.41 0.40 0.53 0.49 0.42 0.43 0.45
NC 6401 | 44242 | 40642 43222 | 46345 | 180852
SPD [m/s] 10.11 9.49 9.47 10.35 10.31 9.92
NBIAS (LOW LAYER) -0.00 -0.04 -0.05 -0.03 -0.04 -0.04

NMVD (700-1000 hPa) 0.43 0.42 0.42 0.38 0.38 0.40
NRMSVD 0.51 0.50 0.50 0.45 0.45 0.48

Table 10: Validation parameters for NWC/GEO-HRW-MTG
(Jul 2009-Jun 2010, MSG2 satellite, 12:00 UEDropean and Mediterranean area;
Basic AMVs; Cross correlation tracking;
Brightness temperature interpolation height assigntrwithout Cloud products;
No distinction between Cloudy and Clear air Watgpaur AMVs due to the lack of Cloud products)
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2.3.1.2Validation of High Resolution Winds (NWC/GEO-HRW-MT G) for GOES-N satellites

For GOES-N satellites, validation statistics cqomsl to the yearly period July 2010-June 2011, with
GOES-13 satellite data, in an area covering thdif@emtal Unites States such as showRigure 24

Two different configurations are shown in the vatidn: the first one considering the conditions
defined in the defauBSAFNWC/config/safnwc_ HRW.cfm.GOES15MIN  configuration file, in
which “CCC height assignment without Microphysicsrrection” is considered, and for which
NWC/GEO-CMA, CT and CTTH product outputs have todwailable. The other one considers the
running of NWC/GEO-HRW-MTG with the same configuoat file, but without the provision of
NWC/GEO-Cloud product outputs, so considering “Btigess temperature interpolation height
assignment without cloud products”.

Radiosounding data for all main synoptic hours @006:00, 12:00 and 18:00 UTC) are used for the
statistics to increase the amount of comparisenany case, dawn or dusk occurs at the main symopti
hours 00:00 and 12:00 with the largest number afié&unding observations, because of which the
number of visible AMVs is much smaller in the compans. AMVs at 23:45, 05:45, 11:45 and 17:45
are used for the comparisons, because no GOESddgesrexist exactly at the main synoptic hours.

Comparing with the equivalent statistics for MS@adien in Table 9 and 1)) statistics for GOES-N
AMVs (NBIAS, NMVD, NRMSVD) are very similar, and irsome cases even slightly better.
Considering the different GOES-N channels (VISO7V6d&, IR107) there are no remarkable
differences with the equivalent MSG channels.

These result mean that NWC/GEO-HRW algorithm carfiepdy be used operatively with GOES-N
satellite series, proving the validity of exporti@dEO-HRW algorithm to other geostationary satellite
series.

Considering the different layers, the NWC/GEO-HRYgdRict Requirement Table Optimal accuracies
(respectively 0.35, 0.40 and 0.45 for High, Mediand Low layer) are reached for all layers with
GOES-N satellite series when “Brightness tempeeaitaterpolation height assignment without Cloud
products” is used.

Very slightly higher values of the NRMSVD parametause that using “CCC height assignment
without Microphysics correction” the Product Reguient Table Optimal accuracy is not reached by
a small margin at the High and Low layer (showihg fact that the Cloud products had to be
calculated with only five channels for GOES-N détd instead of the twelve channels used for MSG
satellites). In spite of this, and considering Hpecific study done on which assignment method is
better for GOES-N satellite series in the “Validatreport for GEO-HRW v5.0” (document [AD.15]),
“CCC height assignment without Microphysics cori@tt is still preferred as default option for the
running of GEO-HRW algorithm with GOES-N satellgeries.

As a final comment, it is necessary to remark th&t Target accuracy is widely reached in all
conditions for both MSG and GOES-N satellite series
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NWC/GEO-HRW AMVs Cloudy | Cloudy Clear

(Jul 2009-Jun 2010) WV65 IR107 Air

NC 5849 | 205757 | 208726 47253 | 467585
SPD [m/s] 22.34 24.46 22.98 15.31 23.00

NBIAS (ALL LAYERS) +0.00 -0.03 -0.08 -0.00 -0.05

NMVD (100-1000 hPa) 0.25 0.27 0.29 0.35 0.28
NRMSVD 0.31 0.33 0.36 0.48 0.36
NC 4694 | 191878 | 173848 47253 | 417673
SPD [m/s] 2471 24.68 24.33 15.31 23.47
NBIAS (HIGH LAYER) +0.00 -0.03 -0.09 -0.00 -0.05

NMVD (100-400 hPa) 0.24 0.27 0.28 0.35 0.28
NRMSVD 0.29 0.33 0.35 0.47 0.36
NC 460 13879 25067 39406
SPD [m/s] 18.10 21.43 18.60 19.59
NBIAS (MEDIUM LAYER) -0.03 -0.00 -0.06 -0.04

NMVD (400-700 hPa) 0.28 0.29 0.32 0.31
NRMSVD 0.36 0.36 0.40 0.38
NC 695 9811 10506
SPD [m/s] 9.17 10.24 10.17
NBIAS (LOWLA YER)| -0.06 -0.10 -0.10

NMVD (700-1000 hPa) 0.35 0.39 0.38
NRMSVD 0.43 0.48 0.48

Table 11: Validation parameters for NWC/GEO-HRW-MTG

(Jul 2010-Jun 2011, GOES13 satellite, 00/06/12/a8)0 C, Continental United States area;
Basic AMVs; Cross correlation tracking;
CCC height assignment without Microphysics cortti
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NWC/GEO-HRW AMVs

(Jul 2009-Jun 2010)

NC 8176 | 281224 | 77701 | 367101
SPD [m/s] 18.61 2191 21.87 21.83
NBIAS (ALL LAYERS) +0.05 -0.00 +0.02 +0.00
NMVD (100-1000 hPa) 0.30 0.29 0.29 0.29
NRMSVD 0.38 0.36 0.35 0.36
NC 3834 | 252275 | 36889 | 292998
SPD [m/s] 23.37 22.05 26.92 22.68
NBIAS (HIGH LAYER) +0.06 +0.00 +0.00 +0.00
NMVD (100-400 hPa) 0.28 0.28 0.26 0.28
NRMSVD 0.35 0.35 0.32 0.35
NC 2530 28949 | 28624 60103
SPD [m/s] 17.94 20.65 19.91 20.18
NBIAS (MEDIUM LAYER) +0.07 -0.07 +0.06 -0.00

NMVD (400-700 hPa) 0.32 0.32 0.32 0.32
NRMSVD 0.40 0.41 0.39 0.40
NC 1812 12188 14000
SPD [m/s] 9.49 11.19 10.97
NBIAS (LOW LAYER) -0.02 -0.03 -0.03

NMVD (700-1000 hPa) 0.35 0.35 0.35
NRMSVD 0.44 0.42 0.42

Table 12: Validation parameters for NWC/GEO-HRW-MTG
(Jul 2010-Jun 2011, GOES13 satellite, 00/06/12/@8)0C, Continental United States area;
Basic AMVs; Cross correlation tracking;
Brightness temperature interpolation height assigntrwithout Cloud products;
No distinction between Cloudy and Clear air Watapoaur AMVs due to the lack of Cloud products)
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2.3.1.3Validation process of High Resolution Winds insiddNWC/GEO-HRW-MTG algorithm

Considering requests from NWC SAF users, NWC/GEOQAHRTG has the option to calculate the
Validation statistics with the NWC/GEO-HRW-MTG alighm itself (using NWP winds as reference
winds, interpolated to the tracer location and llevEhis is implemented with configurable parameter
NWPVAL_STATISTICS = 1 (which is the default option)

The statistics are calculated using NWP forecastlgvin real time processes, and can be calculated
using NWP analysis winds or NWP forecast windsejprocessing processes. In the last case, the use
of NWP analysis winds is implemented with confiqueaparameter NWPVAL_ANALYSIS = 1
(which is not the default option), and so, validatstatistics will only be provided for the specifuns

for which a NWP analysis with the same date ane tisnavailable. When NWP forecast winds are
used, the validation statistics are provided foruals of NWC/GEO-HRW-MTG algorithm.

The validation statistics are calculated at the efhdhe process of the NWC/GEO-HRW-MTG
algorithm, and the results are written in a spedife in $SAFNWC/export/HRW directory under
the nameS_NWC_HRW-STAT_<satid>_ <regionid>-BS_YYYYMMDD.txt (for the “Single or
Basic AMV scale”), or the name S_NWC_HRW-STAT_<satid>_<regionid>-
DS_YYYYMMDD.txt (for the “Detailed AMV scale”). Here, “satid” is ¢hidentifier of the satellite
used, “regionid” is the identifier of the regioneds and “YYYYMMDD?" is the year, month and date
of the data used for the AMV calculation (validatistatistics for all data from the same day are
included in the same output file).

The following content is added to this file eaghdithe validation statistics are run: several liwih

the following format, showing the validation paraare mentioned previously (NC, SPD, NBIAS,
NMVD, NRMSVD) for each layer (defined as ALL, HIGJED, LOW) and for each channel for
which AMVs have been calculated, with the speciitra of the date and time of the NWC/GEO-
HRW-MTG run, of the *.cfm model configuration filesed in the process (more info on this file later
in chapter 2.3.3), and if the validation statistizs/e been run against the NWP analysis or forecast
winds (defined as ANA, FOR):

yyyy-mm-ddThh:mm:ssZ GEO-HRW-MTG fffff.cfm [S] *** NWP:mmm CH:ccccc
LAYER:Il *** NC:rrrrrr SPD[M/S]:sss.ss  NBIAS:+t.tt t NMVD:u.uuu
NRMSVD:v.vvwv

The parameters shown here can be used by the NWKUS#r as an option for the quality monitoring
of the calculated NWC/GEO-HRW-MTG data.

The NWP analysis or forecast winds used for each/AMthis validation process (defined by their
speed and direction), are also added to the NWC/ER®W/-MTG output files (excepting the BUFR
bulletin with format equivalent to the one definfat the EUMETSAT's MPEF/Meteosat Product
Extraction Facility AMVs, inside which there is possible location for these parameters). This alow
NWC SAF users a quick recalculation of the NWC/GHRW-MTG validation parameters for
different sampling and filtering options of the aahcluding for example monthly/yearly totalizatso

Two additional elements are available in the vaiataprocess in NWC/GEO-HRW-MTG algorithm:

1. The first one, activated with configurable paramedWPVAL NWPDIFFERENCE = 1
(implemented as a default option) calculates fahe@MV the “Vector difference with the NWP
reference wind”, and adds this “Vector differenddéfined by its speed and direction) to the
NWC/GEO-HRW-MTG output files (excepting again theiER bulletin with format equivalent to
the one defined for the EUMETSAT's MPEF/Meteosaid@ict Extraction Facility AMVs, inside
which there is no possible location for these patans).

This “Vector difference” can be used for exampldimwcasting tasks, so that the NWC SAF user
is able to detect in which cases the AMV is vefffedent to the NWP forecast wind, and may be
aware for example if a warning is needed in soneeifp region or moment due to strong winds
unforeseen by the NWP forecast.
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2. The second one, activated with configurable paramstWPVAL NWPBESTFITLEVEL = 1
(implemented also as a default option) calculabesebch AMV the “NWP reference wind at the
best fit pressure level” and adds this “NWP modeidnat the best fit pressure level” (defined by
its speed, direction and pressure level) to the NBED-HRW-MTG output files (excepting again
the BUFR bulletin with format equivalent to the ordefined for the EUMETSAT's
MPEF/Meteosat Product Extraction Facility AMVs, ighes which there is no possible location for
these parameters).

This “NWP model wind at the best fit pressure léwan be used for example for verification
tasks of the “AMV height assignment method”, to wnon which cases there is more or less
agreement between the AMV pressure level definedhi® AMVs and Trajectories, and the one
suggested by the NWP model reference.

NWP analysis winds or NWP forecast winds can bel lexe for both procedures (calculation of the
“Vector difference with the NWP reference wind” acalculation of the “NWP reference wind at the
best fit pressure level”), depending on the valueomfigurable parameter NWPVAL_ANALYSIS. In
case of using NWP analysis winds, both parametersray provided for the specific runs for which a
NWP analysis with the same date and time is availab
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2.3.2 List of Inputs for High Resolution Winds (NWC/GEO-HRW-MTG)

The full list of inputs for the running of NWC/GEBRW-MTG product is as follows:

Considering MSG satellite series: full resolutioncampressed “HRIT original data” for the
processing region, for the images in which tracams calculated and tracked, for all MSG
channels to be used. These data are to be loca&SIANFNWC/import/Sat_data directory.
IR108 channel is additionally needed for the visibhannel processing when the old “Brightness
temperature interpolation height assignment” isb® used. IR108 and WV62 channels are
additionally needed if the default configuration thie Quality control is kept (including the
“Image correlation test”).

Considering MTG-I satellite series: full resolutioncompressed “netCDF original data” for the
processing region, for the images in which traames calculated and tracked, for all MTG-I
channels to be used. These data are to be loca&SIAFNWC/import/Sat_data directory.
IR105 channel is additionally needed for the visibhannel processing when the old “Brightness
temperature interpolation height assignment” isbt used. IR105 and WV62 channels are
additionally needed if the default configuration thie Quality control is kept (including the
“Image correlation test”).

Considering Himawari-8/9 satellite series: full alegion uncompressed “Himawari-8/9 Standard
Data” for the processing region, for the imageswinich tracers are calculated and tracked.
“Himawari-8/9 Standard Data” have first to be caed to “NWC/GEO netCDF satellite input
data format”, with the provided GOES2NC java taub(e information about this can be extracted
from the document "User Manual of the GOES2NC tpaD.16]), and after this process included
in $SAFNWC/import/Sat_data directory. IR112 channel is in any case needeth®wisible
channel processing when the old “Brightness tentperanterpolation height assignment” is to be
used. IR112 and WV62 channels are in any case dektlee default configuration of the Quality
control is kept (including the “Image correlati@st’).

Considering GOES-N satellite series: full resolmtioncompressed “GVAR data” for the
processing region, for the images in which tra@ees calculated and tracked. GOES-N GVAR
data have first to be converted to “NWC/GEO netCé&ellite input data format”, with the
provided GOES2NC java tool (more information abtiis can be extracted from the document
"User Manual of the GOES2NC tool" [AD.16]), and eaft this process included in
$SAFNWC/import/Sat_data directory. IR107 channel is in any case neededHervisible
channel processing when the old “Brightness tentperanterpolation height assignment” is to be
used. IR107 and WV65 channels are in any case dektlee default configuration of the Quality
control is kept (including the “Image correlatiast’).

Optionally, considering GOES-R satellite seriedl: fesolution uncompressed “GOES-R netCDF
original data” for the processing region, for th&pes in which tracers are calculated and tracked.
“GOES-R netCDF original data” have first to be certed to “NWC/GEO netCDF satellite input
data format”, with the provided GOES2NC java taub(e information about this can be extracted
from the document "User Manual of the GOES2NC tpaD.16]), and after this process included
in $SAFNWC/import/Sat_data directory. IR112 channel is in any case needeth®wisible
channel processing when the old “Brightness tentperanterpolation height assignment” is to be
used. IR112 and WV62 channels are in any case dektlee default configuration of the Quality
control is kept (including the “Image correlati@st”).

NWP data: Fields of temperatures covering at |&astprocessing region, with an horizontal
resolution of 0.5° and a NWP time step of at mdsors (preferably a NWP time step of 1 hour),
for a minimum of four (defined by configurable paweter MIN_NWP_FOR_CALCULATION)
and preferably for as many as possible of the foilg pressure levels: 1000, 925, 850, 700, 500,
400, 300, 250, 200, 150, 100, 70, 50, 30, 10 hiPESAFNWC/import/NWP_data directory.
The NWP fields of rectangular components of thedan,v) are also needed for the “Quality
control forecast test”, if the NWP wind guess labé used for the definition of the “tracking area
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centre”, or if Validation statistics are to be ed#ted by the NWC/GEO-HRW-MTG algorithm

itself (considering as reference winds the NWP yaisiwinds or the NWP forecast winds). In
case the “Orographic flag” should also be calcalatee NWP fields of geopotential heights are
also required.

NWC/GEO-CT and CTTH output files for the processiegion, for the image in which tracers
are tracked, iNSAFNWC/export/CT and $SAFNWC/export/CTTH directories, in case
“CCC height assignment method” is used.

NWC/GEO-CMIC output files for the processing regidor the image in which tracers are
tracked, iINn$SAFNWC/export/CMIC  directory, in case the Microphysics correction sed
inside “CCC height assignment method”.

NWC/GEO-CT output file for the processing regiamr, the image in which tracers are calculated,
in $SAFNWC/export/CT directory, in case the NWP wind guess has to led dsr the
definition of the “tracking area centre”, or the rightness temperature interpolation height
assignment with Cloud products” is used.

Of all these data, only full resolution uncompressatellite data (MSG/HRIT, MTG-I/netCDF,
Himawari-8/9/Standard Data, GOES-N/GVAR, optiona®DES-R/netCDF original data), and the
NWP temperature profiles are strictly needed ferrtimning of NWC/GEO-HRW-MTG algorithm.

It is important here to remember that NWC/GEO safewvill only be able to process MSG/HRIT and
MTG-I/netCDF original data as such. Satellite datan the other satellite series have to be conderte
to “NWC/GEO netCDF satellite input data format” withe provided GOES2NC java tool, to enable
the processing.
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2.3.3 List of Configurable parameters for High ResolutionWinds (NWC/GEO-HRW-MTG)

The High Resolution Winds Model configuration filelds the configurable parameters needed for the
running of NWC/GEO-HRW-MTG executable. It must bedted ifbsSAFNWC/config directory.

Up to eight different reference Model Configuratieites are included in the NWC/GEO package for
the operational use with the different satelliteese

MSG in “Nominal scan mode’safnwc_ HRW_MSG15MIN.cfm) every 15 minutes.

MSG in “Rapid scan modesafnwc_ HRW_MSGO5MIN.cfm) every 5 minutes.

MTG-I in “Nominal scan mode"dafnwc_ HRW_MTG10MIN.cfm) every 10 minutes.
Himawari-8/9 in “Nominal scan modesgfnwc_HRW_HIMA10OMIN.cfm ) every 10 minutes.
Himawari-8/9 in “Rapid scan modesdfnwc_ HRW_HIMAO2MIN.cfm ) every 2.5 minutes.
GOES-N in the Continental United Stateafiwc_HRW_GOES15MIN.cfm) every 15 minutes.
GOES-N in North Americas@fnwc_HRW_GOES30MIN.cfm) every 30 minutes.

Optionally, also GOES-R in “Nominal scan modsafphwc_HRW_GOESRS15MIN.cfm) every
15 minutes.

9. Optionally, also GOES-R in “Rapid scan modsaffiwc_HRW_GOESRSO5MIN.cfm) every 5
minutes.

© N o g > w0 D

A brief description of the configurable parameiaduded in the files is shown in the following tab

Description Default Value(s)

| dentification parameters

PGE identification. This keyword is optional, Chain of
PGE_ID but should not be changed by the user. characters CED:LIRWENI G
HRVIS,VIS06,VIS08,WV62,
WV73,IR108,IR120(MSG)
Satelllte_ bands that can be u_sed tc_> run _for the VIS06.VIS08,WV62,W\V73,
calculation of AMVs and Trajectories with IR105.IR123(MTG-I)
NWC/GEO-HRW-MTG algorithm. Chain of !
SAT_BANDS This keyword is optional, but should not be| characterg
” o VIS06,VIS08,WV62,WV70,
changed. It defines the maximum value of WV73.IR112
bands for which AMVs can be calculated. (Himawari/GOESR)
VIS07,WV65,IR107(GOESN)
HRVIS,VIS06,WV62,WV73,
IR108(MSG)
Satellite bands really used for the calculatign
of AMVs and Trajectories VIS06,WV62,WV73,IR105
with NWC/GEO-HRW-MTGalgorithm. Chain of | (MTG-I)
AMV_BANDS As possible values, it can include any of th¢ characters
bands shown by the previous parameter VIS06,WV62,WV70,WV73,
separated by commas (not by spaces). IR112(Himawari/GOESR)
VIS07,WV65,IR107(GOESN)
1 (MSG/MTG-I /Himawari/
Ordering number of the previous satellite GOESR Nominal mode)
SLOT_GAP image, for which tracers are to be considergd Integer | 2 (MSG/Himawari/GOESR
for the AMV processing. Rapid scan mode)
1 (GOESN 15/30min mode)
Flag to decide if a Mixed method is
implemented for the processing of
AMVs and Trajectories, through which
MIXED_SCANNING AMVs and Trajectories are calculated Integer | O
considering “Nominal scan cycles”,
but with verification of the tracking process
using “Rapid scan cycles”.
Flag to define if
CDET Detailed AMVs and Trajectories calculated Integer | 0
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Output parameters
Originating centre of the BUFR file, as
defined in WMO Common Code Table C-1
BUFR_CENTRE_OR ([RD.19]). It is to be modified with the code| Integer |214
related to the corresponding centre
(e.g. 214 is default value for Madrid).
Output file format. Possible values:
- NWC: AMV & Trajectories BUFR files,
with the specific NWC SAF format.
OUTPUT_FORMAT - EUM: AMV BUFR files, with
the EUMETSAT/MPEF BUFR format.
- NET: AMV netCDF files
- ALL: All previous files together

Chain of | NWC
characters

Output filtering parameters
QI THRESHOLD Quality Index threshold for the AMVs. Integer
Option to show if the Quality index threshold
QI_THRESHOLD_USEFORECAST | used in the wind output filtering includes th¢ Integer |1
Quality forecast test.

Criterion for Best wind selection (Values: 041,
QI_BEST_WIND_SELECTION as defined in the ATBD documen(t). Integer | 1
CLEARAIRWINDS Flag to decide if Clear air AMVs callated. Integer | 1
CALCULATE_TRAJECTORIES Flag to decide if Trajectsicalculated. Integer| 1

Flag for a final filtering of AMVs based on:

- Their Height level (when > 0),
FINALFILTERING - Their Cloud type (when > 1), Integer | 2

- Their Quality spatial test

(1,2 as invalid values when > 2;

0,1,2 as invalid values when > 3).
Flag for calculation of Orographic flag (whe
positive), and for its AMV filtering (when 2)
Flag showing if the mean value of the
latitude increment, longitude increment,
speed, direction, temperature, pressure,
pressure error and correlation related to an
AMV and its predecessor (in case it exists)
are used.
MAXPRESSUREERROR Maximum pressure error in the AMVs (hPa),
when ‘CCC height assignment method’ usgd

=}

USE_TOPO Integer |2

USE_MEANWIND Integer | O

Integer | 150

Flag showing if very low infrared AMVs
VERYLOWINFRAREDAMVS (at levels lower than 900 hPa) Integer |1
are admitted in the AMV output files.
FINALCONTROLCHECK Flag to decide the use of Finar@rol Check. Integer

Working area description parameters
LAT_MIN Real

LAT_MAX Latitude and longitude borders (in degrees Real 50

LON_MIN : . p Real -179.0
LON_MAX for the processing region (Basic AMVSs). Real 1790
LAT_MIN_DET Real -75.0
tgL—TA'K(—gEEI Latitude and longitude borders (in degrees 22:: _7578 0
LON:MAX__DET for the processing region (Detailed AMVSs). Real 179.0
Minimum fraction of area illuminated by the
FRAC_DAY_SCENE sun needed to calculate the visible AMVs Integer |8
(HRVIS, VIS06, VIS07, VIS08 channels).
SUN_ZEN_THRES Sun zenith angle threshold (degrees). Double [87.0

SAT _ZEN THRES Satellite zenith angle threshold (deg). Double

Tracer parameters
MAX_TRACERS Maximum number of tracers. Integef 120000

Minimum acceptable 1 byte

reflectance valge in the v)i,;ible tracers. Double | 120.0
Minimum acceptable 1 byte
MIN_BRIGHTNESS_OTHER brightness temperature value Double |60.0
in the infrared and water vapour tracers.
Minimum acceptable 1 byte reflectance
contrast in the visible tracers.

Minimum acceptable 1 byte
GVAL_OTHER brightness temperature contrast in Double |48.0
The infrared and water vapour tracers.

MIN_BRIGHTNESS_VIS

GVAL_VIS Double |60.0
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TRACERSIZE_VERYHIGH

Tracer size and density parameters

Tracer line and column dimension in pixels

TRACERSIZE_HIGH

Integer

24 (Himawari/GOESR)

when respectively using satellite images wi

TRACERSIZE_LOW

h Integer

24

very high, high and low resolution.

Integer

24

TRACERDISTANCE_VERYHIGH

Minimum separation in pixels between
tracers, when respectively using satellite

TRACERDISTANCE_HIGH

Integer

24 (Himawari/GOESR)

images with very high, high and low
resolution. Depending on value of

TRACERDISTANCE_LOW

Integer

12

HIGHERDENSITY_LOWAMVS, this
separation applies to all tracers (when = 0)
or only to tracers related to

very low and low clouds (when = 1).

Integer

3 (GOES-N)

4 (MSG)

6 (MTG-I/Himawari/
GOESR)

HIGHERDENSITY_LOWTRACERS

TRACKING

Option to decide if minimum separation
between tracers related to very low and lo
clouds is half the one between tracers relaf]

d Integer

to other cloud types.

Tracking parameters
Tracking method. Possible values:
LP: Euclidean difference
CC: Cross correlation.

Chain of
characters|

DEFINECONTRIBUTIONS

Flag to decide if “CCC height assignment”
is to be used (requires also TRACKING=C

Integer

")

DEFPOSCONTRIBUTIONS

Flag to decide if the position of the AMV

in the target is relocated to the position

of maximum correlation contribution define
by “CCC height assignment”

(requires also TRACKING=CC and
DEFINECONTRIBUTIONS=1).

i Integer

USE_CLOUDTYPE

Flag to decide if

- The Tracer cloud type is calculated by th
old “Brightness temperature interpolation
height assignment method” (when positive
- And if the Tracer cloud type is taken into
account for the calculation of the Tracer
temperature (when = 2).

, Integer

USE_MICROPHYSICS

Flag to decide if Microphysics correction is
to be calculated to “CCC height assignmen|
(when positive), and if

this Microphysics corrections is applied to
the final AMV pressure (when =2)
(requires also TRACKING=CC and
DEFINECONTRIBUTIONS=1).

b

Integer

2 (MSG/MTG-I/
Himawari/GOESR)
0 (GOESN)

MIN_CORRELATION

Minimum correlation acceptable
in the Tracking process
(if Cross correlation method used).

Double

80.0 (MSG/MTG-I/
Himawari/GOESR)
50.0 (GOESN)

WIND_GUESS

Flag to decide if the Wind guess is used
for the definition of the Tracking area.

Integer

0

MINSPEED_DETECTION

When the wind guess is not used in
definition of the Tracking area, displacem
in any direction (in km/h) which the process
at least able to detect for AMVs/Trajectori
When the wind guess is used in the defini
of the Tracking area, difference in speed
respect to the one of the NWP wind guess
km/h) which the process is at least ablg
detect for the AMVs/Trajectories.

the
bnt
s

pS
iorpouble
ith
(in
to

272.0

USE_SUBPIXELTRACKING

Flag to decide if Subpixel ¢tkang is used.

Flag to decide if Validation statistics againg

Integer

it

1

NWP validation parameters

written in the output files.

NWPVAL_STATISTICS NWP model winds are to be calculated. Integer | 1
Flag to decide if the Validation statistics arg
NWPVAL_ANALYSIS to bge computed against NWP analysis winds. Integer | 0
Flag to decide if Vector difference between
NWPVAL_NWPDIFFERENCE each AMV and the related NWP model wind Integer |1
is to be written in the output files.
Flag to decide if the NWP model wind at thg
NWPVAL_NWPBESTFITLEVEL best fit pressure level for each AMV is to be Integer |1
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NWP parameters

Minimum number of NWP levels needed

MIN_NWP_FOR_CALCULATION for NWC/GEO-HRW-MTG processing. Integer | 4
NWP parameters requested by Chainof | \\/p PT 1 NEIGHBOUR
NWP_PARAM NWC/GEO-HRW-MTG algorithm: charactery T~

* NWP_PT: Temperature at several levels (&}
* NWP_UW: Wind velocity at several leveld Chain of

NWP_PARAM U component (m/s) characterd NWP_UW.1NEIGHBOUR
* NWP_VW: Wind velocity at several levels;
NWP_PARAM v component (i/s) Chain of | \\vp \,1,NEIGHBOUR
— * NWP_GEOP: Geopotential height at characters| =T
several levels (m)
Sampling rate used: 1 Chain of | \\vp GEOP,1,NEIGHBOUR
NWP_PARAM Interpolation method used: NEIGHBOUR | characters _ L

Table 13: NWC/GEO-HRW-MTG Model Configuration Flescription

If the user has the need to reduce NWC/GEO-HRW-Miting time, especially when working with
a slow platform, it is recommended to reduce theowarh of channels for which AMVs and
Trajectories are calculated.

This issue applies specially with MSG satelliteadag¢cause of its larger amount of channels. Iltean
very useful to keep the calculation of AMVs and jécdories with seven different MSG channels
(AMV_BANDS = HRVIS,VIS06,VIS08,WV62,WV73,IR108,IR1D, as seen in théValidation
report for NWC/GEO-HRW v3.2” [AD.12]). Nevertheled®ecause of the general similarity on one
side between IR108 and IR120 AMVs, and on the o$iit between VIS06 and VISO8 AMVs, the
first recommendation to reduce NWC/GEO-HRW-MTG nmgntime is to keep the five MSG
channels in the default configuration (AMV_BANDS HRVIS,VIS08,WV62,WV73,IR120). If
further reductions in NWC/GEO-HRW-MTG running tiraee needed, it would be recommended at
least to keep four channels (with AMV_BANDS = HRW®%V62,WV73,IR120).

With MTG-I satellite data, it is also useful to ketlhe calculation of AMVs and Trajectories with six
channels (AMV_BANDS = VIS06,VIS08,WV62,WV73,IR10R123), in a similar way as seen for
MSG satellite series. But agaibecause of the general similarity that there is na side between
IR105 and IR123 AMVs, and on the other side betwad®06 and VIS08 AMVs, the
recommendation to reduce NWC/GEO-HRW-MTG runnimgetiis to keep the four MTG-I channels
in the default configuration (AMV_BANDS = VIS06,W\20//V73,IR105). No more reductions in the
amount of channels are recommended with MTG-| katederies, to keep the representation of the
calculated AMVs and Trajectories throughout all #tiospheric layers.

With Himawari-8/9 or GOES-R satellite data, it Isavery useful to keep the calculation of AMVs
and Trajectories with six channels (AMV_BANDS = 0RVIS08,WV62 WV70,WV73,IR112). This
way, AMVs and Trajectories related to visible imageith two different resolutions, and related to
three different water vapour images which look hoeé different layers in the atmosphere, are
obtained.Nevertheless, if there is the need to reduce theCN¥EO-HRW-MTG running timethe
first recommendation would be to remove the lowesotution visible channel, as in the default
configuration, with  AMV_BANDS = VIS06,WV62,WV70,W\VZ,IR112. The second
recommendation would be to keep at least two waggrour channels, with AMV_BANDS =
VIS06,WV62,WV73,IR112.

With GOES-N satellite data, it should always besius to keep the calculation of AMVs and
Trajectories for the three suggested channels: ABAMDS = VIS07,WV65,IR107.
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2.3.4 List of Errors for High Resolution Winds (NWC/GEO-H RW-MTG)

The following table shows the whole list of errarsd warnings that can appear during the running of
NWC/GEO-HRW-MTG product, the reasons causing thesers and warnings, and the way the
NWC SAF user can try to solve them. In any casehdf errors or warnings persist, NWC SAF
Helpdesk should be contacted.

Error (E) or
Message

Recovery action

Warning (W)
“Usage of HRW
E-151 aXReVC\;J t<ast|)(l)et> Input parameters are | Check instructions to start the run ¢
s ) incorrect NWC/GEO-HRW-MTG product
<region_conf_file>
<model_conf file>"
"Error allocating memory | Unable to allocate
E - 152 for tracers related to the | required memory for
previous slot" "tracer” struct
E-153 fgrr:?;cfjlelL(iﬁtr:ggs:?j(?gory gni?:gc;oma;ﬁg?tefor There are memory problems to run
relating tracers and "trgcer wind" str):Jct NWC/GEO-HRW-MTG product in
AMVs" - the defined region with the defined
"Error allocating memor Unable to allocate configuration and computer.
9 y required memory for | Use a larger computer or a smaller
E - 154 for structs related to a o AP ;
. . .+ "wind_channel_info" | region.
wind_channel_info struct - -
struct
"Error allocating memory | Unable to allocate
E - 155 for the NWP grids for required memory for
each variable" NWP grids
" . . Verify if there is any problem with
E -156 “Satellte data for current | Satelite data are not | 4. saelite data used by
NWC/GEO-HRW-MTG product
" ; d Verify that
E-161 fr%rr:? rsftiﬁiltr;g Parameters El:/{/?:rc?:flt?egadSat $SAFNWC/config/sat_conf_file file
) L - for running NWC/GEO-HRW-MTG
configuration file function .
product is correct
“Error in date format (%s)| Error after Verify that the date format used for
E-162 Required (YYYY-MM- NwcTimeSetStr running NWC/GEO-HRW-MTG
DDThh:mm:ssz)" function product is correct
Error after Verify that
E-163 “Error setting Processing | NwcRegionSet $SAFNWC/config/region_conf_file
region” function for running NWC/GEO-HRW-MTG
product is correct
"Error reading Pressure Error after Verify that ' )
E.164 levels from the Model NwcNwpReadPLevel| $SAFNWC/config/nwp_conf_file
) S, function for running NWC/GEO-HRW-MTG
configuration file .
product is correct
B - Verify that
Unable to initialize the Error after _ _ $SAENWC/config/wp,_conf_file &
NWP Temperature / NwcNwplnitProfile . .
E - 165 Wind / Geopotential NWP! function $SAFNWC/config/model_conf_file
€, >e0P for running NWC/GEO-HRW-MTG
profile
product are correct
There are memory problems to run
"Error allocating memory | Error after NWC/GEO-HRW-MTG product in
. g m y - the defined region with the defined
E - 166 for wind_channel_info NwcSatlnit . .
" - configuration and computer.
struct function
Use a larger computer or a smaller
region.
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Error (E) or

Recovery action

Warning (W)
"Error reading Parameterg Verify that ' )
E-171 from the HRW Error after $SAFNWC/config/model_conf_file
) S hrw_ReadData function for running NWC/GEO-HRW-MTG
configuration file .
product is correct
"Error getting latitude /
Iongitu?je / s?m angles for, Error after .
E-172 . - hrw_GetAncillaryData
the High resolution .
P function
region
"Error reading satellite Error after .
E-173 " hrw_ReadSatelliteData
data for current slot f .
unction
"Error reading tracers Error after
E-174 aing . hrw_ReadTracers
from previous slot funcii
unction
"Error reading Error after
E-175 Trajectories for the hrw_ReadTrajectories | All these errors are caused by the
previous slot" function running of NWC/GEO-HRW-MTG
E-176 "Error during the AMV Error after product, and cannot be solved by the
Tracking process" hrw_GetWinds function] NWCSAF user.
E-177 “Error during the AMV Error after
Quality Control" hrw_Qc function Nevertheless, as a whole, they shoyld
"Error writing Error after occur in less than a 0.5% of the cases.
E-178 Predecessor winds in hrw_WritePredWinds
SAFNWC/tmp directory” | function If the frequency is higher than that,
“Error writing Error after please contact NWC SAF Helpdesk
E-179 Trajectories in hrw_WriteTrajectories
SAFNWC/tmp directory" | function
"Error calculating tracers Error after
E-180 " hrw_GetTracers
for current slot f :
unction
"Error writing tracers in Error after
E-181 SAFNWC/tmp directory" Prw__\erteTracers
unction
"Error writing the AMVs | Error after
E -182 in the netCDF output file"| hrw_EncodeNetCDF
function
Verify that
NWP temperature data for at least
) AMVs cannot be MIN_NWP_FOR_CALCULATION
NWP temperature data | calculated because levels (with_a default value of 4) have
E-191 are not available; Winds | NWP data could not be been provided for the running of
cannot be calculated read NWC/GEO-HRW-MTG product in
$SAFNWC/import/NWP_data
directory

Table 14: List of errors for NWC/GEO-HRW-MTG
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2.3.5 Outputs of High Resolution Winds (NWC/GEO-HRW-MTG)

Three different types of outputs are possible fa?/IGEO High Resolution Winds, depending on the
value of configurable parameter OUTPUT_FORMAT:

1. OUTPUT_FORMAT = NWC (default option): NWC/GEO-HRWG output defined as two
different BUFR bulletins (for AMVs and Trajector)egelated to the ones used as default
option in all previous versions of NWC/GEO softwaeekage.

2. OUTPUT_FORMAT = EUM: NWC/GEO-HRW-MTG output defines one BUFR bulletin,
whose format is equivalent to the one defined lier EUMETSAT/MPEF (Meteosat Product
Extraction Facility) AMVs. This option permits NWEAF users to have a similar processing
for the NWC/GEO-HRW-MTG outputs than for the MPEMXs.

3. OUTPUT_FORMAT = NET: NWC/GEO-HRW-MTG output defined one netCDF bulletin.
This option is available since NWC/GEO v2016. Itswaquested during the “2010 Madrid
Users' Workshop” and the “Consolidated Report oh020ser Survey and Users’ Workshop”
document (SAF/NWC/IOP/INM/MGT/2010-US+WS).

All these outputs have exactly a similar formatte ones provided in the previous NWC/GEO-HRW
v2018 algorithm, so that the processing of AMVs dmdjectories for MTG-I satellite series with

NWC/GEO-HRW-MTG algorithm does not involve any ation process for the reading and
processing of its AMVs and Trajectories.

2.3.5.1HRW output as BUFR bulletins with NWC SAF specificformat (AMVS)

When OUTPUT_FORMAT = NWC a BUFR bulletin relatedthe ones used as default option in all
previous versions of NWC/GEO software package igtaw in $SSAFNWC/export/HRW directory
under the nam& NWC_HRW-WIND_<satid>_ <regionid>-BS_YYYYMMDDThhmmssZ.bufr

(for the *“Single or Basic AMV scale”) or wunder thename S_NWC_HRW-
WIND_<satid>_<regionid>-DS_YYYYMMDDThhmmssZ.bufr (for the “Detailed AMV
scale”), as AMV output file. Here, “satid” is theentifier of the satellite used, “regionid” is the
identifier of the region used, and “YYYYMMDDThhmn®sis the date and time of the image used
for the AMV calculation.

To correctly define the BUFR bulletins, the users ita define the Originating Centre of the
Information through configurable parameter BUFR_JRE_OR (with a default value of 214, which
is valid only for NWC SAF Headquarters in Madridinneric codes for other locations are available at
the WMO Common Code Table C-1 [RD.19]).

The BUFR table used for the writing of the AMVs eafering this format (identified as
$SAFNWC/import/Aux_data/HRW/B0000000000214012096.TX T) is the following one. It
is based on BUFR Master Table number 0, Versionbaurh2. For all parameters in the table:

= The first column shows the “Parameter identificatiode”.
= The second column shows the “Parameter description”

= The third column shows the “Unit used for the cdifion of the parameter” (in some cases
identified through a Code Table).

= The fourth column shows the “Number of decimalsduisethe codification of the parameter”
(where a value of 1 is used for a precision of d@emal place and a value of -1 is used for a
precision only up to the tens).

= The fifth column shows the “Default value of thegraeter”.

»= The sixth column shows the “Number of bits usedtifigr parameter codificatibnand sgthe
maximum value the parameter can have (for exanfpleparameter 060203/Number of
available wind guess levels, the maximum valuénefptarameter is’21 = 127).
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001007 SATELLITE IDENTIFIER

001031 IDENTIFICATION OF ORIGINATING/GENERATING CEN TRE

001032 GENERATING APPLICATION (CODE TABLE 001032)
002023 SATELLITE DERIVED WIND COMPUTATION METHOD
002057 ORIGIN OF FIRST GUESS INFORMATION

002152 SATELLITE INSTRUMENT USED IN DATA PROCESSING
002153 SATELLITE CHANNEL CENTRE FREQUENCY

002154 SATELLITE CHANNEL BAND WIDTH

004001 YEAR
004002 MONTH
004003 DAY
004004 HOUR
004005 MINUTE

004025 TIME PERIOD OR DISPLACEMENT
005044 SATELLITE CYCLE NUMBER
033035 MANUAL/AUTOMATIC QUALITY CONTROL

060000 SEGMENT SIZE AT NADIR
060001 SEGMENT SIZE AT NADIR

127000 REPLICATION OPERATOR

IN X DIRECTION (PIXELS )
IN'Y DIRECTION (PIXELS )

CODE TABLE 0010070 0

CODE TABLE

CODE TABLE 0010320 0
CODE TABLE 0020230 0
CODE TABLE 0020570 0
CODE TABLE 0021520 0

Hz

Hz

YEAR
MONTH
DAY
HOUR
MINUTE
MINUTE
NUMERIC

-80
-80
0

0

CODE TABLE 0330350 0

PIX
PIX

00
00
00

031002 EXTENDED DELAYED DESCRIPTOR REPLICATION FACTOR:WINDS NUMERIC
060100 WIND SEQUENCE NUMBER
060101 PRIOR WIND SEQUENCE NUMBER

002028 SEGMENT SIZE AT NADIR
002029 SEGMENT SIZE AT NADIR

IN X DIRECTION
IN'Y DIRECTION

002164 TRACER CORRELATION METHOD

005001 LATITUDE (HIGH ACCURACY)

006001 LONGITUDE (HIGH ACCURACY)

005011 LATITUDE INCREMENT (HIGH ACCURACY)
006011 LONGITUDE INCREMENT (HIGH ACCURACY)

007004 PRESSURE
011001 WIND DIRECTION
011002 WIND SPEED
012001 TEMPERATURE

033007 PER CENT CONFIDENCE (WITH FORECAST TEST)
033007 PER CENT CONFIDENCE (WITHOUT FORECAST TEST)
060102 TRACER TYPE (CODE TABLE 060102)

060103 HEIGHT ASSIGNMENT METHOD (CODE TABLE 060103)
060200 NUMBER OF WINDS COMPUTED FOR THE TRACER
060201 CORRELATION TEST (CODE TABLE 060201)

060202 APPLIED QUALITY TESTS (CODE TABLE 060202)
060203 NUMBER OF AVAILABLE NWP WIND GUESS LEVELS
060204 NUMBER OF PREDECESSOR WINDS

060205 OROGRAPHIC INDEX (CODE TABLE 060205)

060206 CLOUD TYPE (NWC/GEO) (CODE TABLE 060206)
060207 WIND CHANNEL (CHANNEL ID) (CODE TABLE 060207 )

060208 CORRELATION
060209 PRESSURE ERROR
060210 PRESSURE CORRECTION

060211 NWP WIND DIRECTION AT AMV LEVEL
060212 NWP WIND SPEED AT AMV LEVEL
060213 NWP WIND DIRECTION AT BEST FIT PRESSURE LEVE L
060214 NWP WIND SPEED AT BEST FIT PRESSURE LEVEL
060215 NWP WIND BEST FIT PRESSURE
060216 NWP WIND DIFFERENCE DIRECTION
060217 NWP WIND DIFFERENCE SPEED
060218 NWP WIND ANALYSIS OR FORECAST FLAG

Table 15: BUFR table for NWC/GEO-MTG AMV BUFR oufges
with NWC SAF specific BUFR format

NUMERIC
NUMERIC
M
M

-10
-10

CODE TABLE 0021640 0

DEGREE
DEGREE
DEGREE
DEGREE
PA -10
DEGREE TRUE
M/S 10
K 10
% 00
% 00

CODE TABLE 0601020 0
CODE TABLE 0601030 0

NUMERIC

CODE TABLE 0602010 0
CODE TABLE 060202 0 0

NUMERIC
NUMERIC

CODE TABLE 0602050 0
CODE TABLE 060206 0 0
CODE TABLE 060207 0 0

%

PA
PA
DEGREE TRUE

M/S 10
DEGREE TRUE
M/S 10
PA -10
DEGREE TRUE

M/S 10

00

CODE TABLE 0602180 0

00
00

00
0 -2048

-1-8000
-1-8000

10
16

8

4

4

31

0010310 O

26
26
12
4
6
5
6
12
11

0

0

00
4
7
7

0
00
00 24
00 24
18
18

16

3
5 -9000000 25
5 -18000000 26
5 -9000000 25
5 -18000000 26
14

00
12

12

7

7

9

AN

00 3

11
00
00

7
7
3

7
14
14

00

12
00
12
14
00
12

9

2
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The Code Tables used for all parameters in thie kcept those characterized as 060xxx (which are
specific for NWC/GEO-HRW-MTG bulletins) are desaibin the BUFR Reference Manual [RD.20].
The Code Tables for the NWC/GEO-HRW-MTG specificgmaeters are explained here:

e Code Table 060102, Tracer type:
0 for “Basic tracer”
1 for “Detailed tracer related to a Narrow basacar”
2 for "Detailed tracer related to a Wide basic é&rdc
3 for “Detailed tracer unrelated to a Basic tracer”
» Code Table 060103, Height assignment method:

Values 0 to 3 are related to “Brightness tempeeaitaterpolation height assignment method” and
values 4 to 15 are related to “CCC height assighmethod”. Due to the actual implementation
of NWC/GEO-HRW-MTG algorithm, value 2 is never used

0: “NWP interpolation using Top pressure in a ClaarAMV”

1: “NWP interpolation using Top pressure in a ClpédV”

3: “NWP interpolation using Base pressure in a @oaMV”

4: “CCC method using low correlation threshold aottl branch in a Clear air AMV”
5: “CCC method using high correlation threshold eoldi branch in a Clear air AMV”

6: “CCC method using low correlation threshold adid/bright branch, in a Cloudy AMV
with undefined phase”

7: “CCC method using high correlation threshold apttl/bright branch, in a Cloudy AMV
with undefined phase”

8: “CCC method using low correlation threshold aadd/bright branch, in a Cloudy AMV
with liquid phase”

9: “CCC method using high correlation threshold apttl/bright branch, in a Cloudy AMV
with liquid phase”

10: “CCC method with microphysics correction usihgy correlation threshold and
cold/bright branch, in a Cloudy AMV with liquid psa’

11: “CCC method with microphysics correction usihggh correlation threshold and
cold/bright branch, in a Cloudy AMV with liquid pse’

12: “CCC method with low correlation threshold arawld/bright branch, in a Cloudy AMV
with ice phase”

13: “CCC method with high correlation threshold amadd/bright branch, in aCloudy AMV
with ice phase”

14: “CCC method with microphysics correction usihgw correlation threshold and
cold/bright branch, in a Cloudy AMV with ice phase”

15: “CCC method with microphysics correction usihggh correlation threshold and
cold/bright branch, in a Cloudy AMV with ice phase”

e Code Table 060201, Correlation test:
0 for “AMV not selected as the Best AMV for a traceot having the Best correlation value”
1 for “AMV not selected as the Best AMV for a traceaving the Best correlation value”
2 for “AMV selected as the Best AMV for a traceot imaving the Best correlation value”

3 for “AMV selected as the Best AMV for a traceaving the Best correlation value”.
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Code Table 060202, Applied Quality tests:

For each one of the Quality flags: Orographic flegrecast quality flag, Spatial quality flag,
Temporal quality flag, Interscale quality flag:

0 for “AMV for which the corresponding quality tesbuld not be calculated”

1 for “AMV whose corresponding quality test is abst a 21% worse than for the AMV for
the same tracer with the best quality test (inditweyraphic test, the orographic flag value is at
least two units lower than for the AMV calculated the same tracer with the best orographic

flag)”

2 for “AMV whose corresponding quality test is upa 20% worse than for the AMV for the
same tracer with the best quality test (in the maplic test, the orographic flag value is one
unit lower than for the AMV calculated for the satreccer with the best orographic flag)”

3 for “AMV with the best corresponding quality teshong the AMVs for the same tracer”.
e Code Table 060205, Orographic flag:

The values of this parameter are between 0 andrfgsponding to those defined for “Ind_topo”
parameter in Chapter 2.2.2.11 of this document.

» Code Table 060206, Cloud type:

The values of this parameter are between 0 and@Bgsponding to those definedTiable 6of
this document.

* Code Table 060207, Wind channel (satellite chansetl for the AMV/Trajectory calculation):

MSG values: 5 for “HRVIS” 2 for “VIS06” 3 for “VI88”
10 for “WV62" 12 for “WV73" 16 for “IR108” 17 for 1R120".
MTG-| values: 2 for “VIS06” 3 for “VIS08” 10 forWV62"

12 for “WV73” 16 for “IR105” 17 for “IR123".
Himawari-8/9 values: 2 for “VIS06” 3 for “VIS08” 1fbr “WV62”

11 for “WV70” 12 for “WV73” 16 for “IR112".
GOES-N values: 2 for “VISO7” 10 for “WV65” 16 folR107".
GOES-R values: 2 for “VIS06” 3 for “VIS08” 10 foMfVve62”

11 for “WV70” 12 for “WV73” 16 for “IR112".

Code Table 060218, defining if the NWP model datedufor NWC/GEO-HRW-MTG validation
statistics corresponds to NWP model analysis (vABJyeNWP model forecast (value 1; default
value) or if the validation statistics were notatdéted (value 3).

Formally, several different BUFR messages with AMd&culated for an only satellite channel, in
each case with an only Subset of up to 1000 AM¥sjrecluded in this AMV BUFR output file.
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2.3.5.2HRW output as BUFR bulletins with NWC SAF specificformat (Trajectories)

When OUTPUT_FORMAT = NWC, if the calculation of jgatories is activated with configurable
parameter CALCULATE_TRAJECTORIES = 1 (which is tdefault option), a Trajectory BUFR
bulletin related to the ones used in previous vassof NWC/GEO software package, is written under
the name S_NWC_HRW-TRAJ-_<satid>_<regionid>-BS_YYYYMMDDThhmm ssZ.bufr

(for the “Single or Basic scale”), or the narie NWC_ HRW-TRAJ <satid>_<regionid>-
DS_YYYYMMDDThhmmssZ.bufr(for the “Detailed scale”) i$SAFNWC/export/HRW directory.
Again, “satid” is the identifier of the satellitesed, “regionid” is the identifier of the region dsend
“YYYYMMDDYhhmmssZ” is the date and time of the imagsed for the Trajectory calculation.

As previously also seen, to correctly define theFR bulletins, the user has to define the Origirtatin
Centre of the Information through configurable paeter BUFR_CENTRE_OR (with a default value
of 214, which is valid for NWC SAF HeadquartersMiadrid; the numeric codes for other locations
are available at the WMO Common Code Table C-1 [RD.

The BUFR specific table used for the writing of ffr@jectories in the BUFR output file (identified a
$SAFNWC/import/Aux_data/HRW/B0000000000214012099.TX T) is the following one.

It is very similar to the one used for the writiobthe AMVSs. It is also based on BUFR Master Table
number 0, Version number 12, with the same codkegadnd specific parameters for NWC/GEO-
HRW-MTG bulletins identified as 060xxx in previodlsapter.

Different BUFR messages with an only Subset witke @najectory each (with up to 24 Trajectory
sectors in the trajectory), are included in thigjéctory BUFR output file.



— Algorithm Theoretical Basis DocumefCode: NWC/CDOP2/MTG/AEMET/SCIATBD/Wind
/ll ],_MET. for the Wind product processors of t és_sge: 1.0d Date: 12 January 2017
f V= NWC/GEO (version MTG-I day-l) File: NWC-CDOP2-MTG-AEMET-SCI-ATBD-Wind_v1.0d
NWC SAF  farmcn sl e Metusis Page: 68/89
001007 SATELLITE IDENTIFIER CODE TABLE 0010070 0 10
001031 IDENTIFICATION OF ORIGINATING/GENERATING CEN TRE CODE TABLE 0010310 0 16
001032 GENERATING APPLICATION (CODE TABLE 001032) CODE TABLE 0010320 0 8
002023 SATELLITE DERIVED WIND COMPUTATION METHOD CODE TABLE 0020230 0 4
002057 ORIGIN OF FIRST GUESS INFORMATION CODE TABLE 0020570 0 4
002152 SATELLITE INSTRUMENT USED IN DATA PROCESSING CODE TABLE 0021520 0 31
002153 SATELLITE CHANNEL CENTRE FREQUENCY Hz -80 26
002154 SATELLITE CHANNEL BAND WIDTH Hz -80 26
004001 YEAR YEAR 00 12
004002 MONTH MONTH 00 4
004003 DAY DAY 00 6
004004 HOUR HOUR 00 5
004005 MINUTE MINUTE 00 6
004025 TIME PERIOD OR DISPLACEMENT MINUTE 0 -2048 12
005044 SATELLITE CYCLE NUMBER NUMERIC 00 11
033035 MANUAL/AUTOMATIC QUALITY CONTROL CODE TABLE 0330350 0 4
060000 SEGMENT SIZE AT NADIR IN X DIRECTION (PIXELS ) PIX 00 7
060001 SEGMENT SIZE AT NADIR IN Y DIRECTION (PIXELS ) PIX 00 7
060104 TRAJECTORY SEQUENCE NUMBER NUMERIC 00 24
117000 REPLICATION OPERATOR - 00 0
031002 EXTENDED DELAYED DESCRIPTOR REPLICATION FACTOR:TRAJS NUMERIC 00 16
002164 TRACER CORRELATION METHOD CODE TABLE 0021640 0 3
005001 LATITUDE (HIGH ACCURACY) DEGREE 5 -9000000 25
006001 LONGITUDE (HIGH ACCURACY) DEGREE 5 -18000000 26
005011 LATITUDE INCREMENT (HIGH ACCURACY) DEGREE 5 -9000000 25
006011 LONGITUDE INCREMENT (HIGH ACCURACY) DEGREE 5 -18000000 26
007004 PRESSURE PA -10 14
011001 WIND DIRECTION DEGREE TRUE 00 9
011002 WIND SPEED M/S 10 12
012001 TEMPERATURE K 10 12
033007 PER CENT CONFIDENCE (WITH FORECAST TEST) % 00 7
033007 PER CENT CONFIDENCE (WITHOUT FORECAST TEST) % 00 7
060103 HEIGHT ASSIGNMENT METHOD (CODE TABLE 060103) CODE TABLE 0601030 0 4
060205 OROGRAPHIC INDEX (CODE TABLE 060205) CODE TABLE 0602050 0 3
060206 CLOUD TYPE (CODE TABLE 060206) CODE TABLE 060206 0 0 5
060207 WIND CHANNEL (CODE TABLE 060207) CODE TABLE 0602070 0 5
060208 CORRELATION % 00 7
060209 PRESSURE ERROR PA -1-8000 14
060210 PRESSURE CORRECTION PA -1-8000 14
060211 NWP WIND DIRECTION AT AMV LEVEL DEGREE TRUE 00 9
060212 NWP WIND SPEED AT AMV LEVEL M/S 10 12
060213 NWP WIND DIRECTION AT BEST FIT PRESSURE LEVE L DEGREE TRUE 00 9
060214 NWP WIND SPEED AT BEST FIT PRESSURE LEVEL M/S 10 12
060215 NWP WIND BEST FIT PRESSURE PA -10 14
060216 NWP WIND DIFFERENCE DIRECTION DEGREE TRUE 00 9
060217 NWP WIND DIFFERENCE SPEED M/S 10 12
060218 NWP WIND ANALYSIS OR FORECAST FLAG CODE TABLE 0602180 0 2

Table 16: BUFR table for NWC/GEO-HRW-MTG TrajectBiyFR output files
with NWC SAF specific BUFR format
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2.3.5.3HRW output as BUFR bulletins with EUMETSAT/MPEF for mat

When OUTPUT_FORMAT = EUM, an AMV BUFR bulletin eguaient to those defined for the AMV
extraction at the Meteosat Product Extraction Rgcih EUMETSAT is written under the name
S NWC_HRW-WINDEUM_<satid>_ <regionid>-BS_YYYYMMDDThhmmssZ.bufr  (for the
“Single or Basic AMV scale”), or the nante NWC_HRW-WINDEUM_ <satid>_b<regionid>-

DS YYYYMMDDThhmmssZ.bufr (for the “Detailed AMV scale”) in$SAFNWC/export/HRW
directory. Again, “satid” is the identifier of s#itee used, “regionid” is the identifier of the rieg used
and “YYYMMDDThhmmssZ” is the date and time for whithe AMVs have been calculated.

To correctly define the BUFR bulletins, the users Ha define the Originating Centre of the
Information through configurable parameter BUFR_CJERE_OR (with a default value of 214, which
is valid for NWC SAF Headquarters in Madrid; thenmaric codes for other locations are available at
the WMO Common Code Table C-1 [RD.19]).

The BUFR template used for the writing of the NWEGHRW-MTG AMVs with this format
(which is similar to the ones described for the MPBEMVs at EUMETSAT website at
http://www.eumetsat.int/website/home/Data/Prodkectshats/index.htn)) is the following one, with
some explanation underlined and in italics of tbatent of the different parameters when used by
NWC/GEO-HRW-MTG algorithm.

This template is exactly BUFR Master Table number M&rsion number 12 (identified as
$SAFNWC/import/Aux_data/HRW/B0O000000000000012000.TX .

Formally, the EUMETSAT/MPEF AMV BUFR format is arkd a blend of the NWC SAF AMV and
Trajectory BUFR specific formats, because of ingigdat the same time information related to the
reference AMV to be used and the up to four |aA@4Vs in any NWC/GEO-HRW-MTG trajectory.

It is recommended to use this option to write thWWGIGEO-HRW-MTG output only when the main

interest is the assimilation of the AMVs in NWP matsdor other applications (possibly together with
the EUMETSAT/MPEF AMVs). The main reason for thésthat part of the information calculated
with the AMVs cannot be included using this fornffar example the “cloud type”, the “orographic

flag”, the “correlation value”, or all parametesated to the NWP model at the AMV level or thetbes
fit level), and so these parameters cannot be ogedhtionally. Moreover, the size of the AMV BUFR
bulletins with the EUMETSAT/MPEF format is muchdar, and can imply more important storage
problems.

Formally, several different BUFR messages with ad®0 subsets with an only AMV, all of them
related to the same satellite channel, are incliddéds AMV BUFR output file.
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001007 SATELLITE IDENTIFIER

001031 IDENTIFICATION OF ORIGINATING/GENERATING CEN TRE
002020 SATELLITE CLASSIFICATION

002028 SEGMENT SIZE AT NADIR IN X DIRECTION (Not used)
002029 SEGMENT SIZE AT NADIR IN Y DIRECTION (Not used)
004001 YEAR (For the reference AMV to be used)

004002 MONTH (For the reference AMV to be used)

004003 DAY (For the reference AMV to be used)

004004 HOUR (For the reference AMV to be used)

004005 MINUTE  (For the reference AMV to be used)

004006 SECOND (For the reference AMV to be used)

005001 LATITUDE/HIGH ACCURACY (For the reference AMV to be used)

006001 LONGITUDE/HIGH ACCURACY (For the reference AMV to be used)

002152 SATELLITE INSTRUMENT DATA USED IN PROCESSING

002023 SATELLITE DERIVED WIND COMPUTATION METHOD

007004 PRESSURE (For the reference AMV to be used)

011001 WIND DIRECTION (For the reference AMV to be used)

011002 WIND SPEED (For the reference AMV to be used)

002153 SATELLITE CHANNEL CENTRE FREQUENCY

002154 SATELLITE CHANNEL BAND WIDTH

012071 COLDEST CLUSTER TEMPERATURE(Not used)

002163 HEIGHT ASSIGNMENT METHOD (For the reference AMV to be used)

002164 TRACER CORRELATION METHOD(For the reference AMV to be used)

008012 LAND/SEA QUALIFIER  (Not used)
007024 SATELLITE ZENITH ANGLE  (For the reference AMV to be used)

002057 ORIGIN OF FIRST GUESS INFORMATION

008021 TIME SIGNIFICANCE  (Not used)

004001 YEAR (Not used)

004002 MONTH (Not used)

004003 DAY (Not used)

004004 HOUR (Not used)

008021 TIME SIGNIFICANCE  (Time series)

004024 TIME PERIOD OR DISPLACEMENT (Between images, in minutes)

008021 TIME SIGNIFICANCE  (Starting time for the latest AMV in the trajectory

004004 HOUR

004005 MINUTE

004006 SECOND

008021 TIME SIGNIFICANCE  (Ending time for the latest AMV in the trajectory)

004004 HOUR

004005 MINUTE

004006 SECOND

011001 WIND DIRECTION  (For the latest AMV in the trajectory)
011002 WIND SPEED (For the latest AMV in the trajectory)

004004 HOUR
004005 MINUTE
004006 SECOND

004004 HOUR
004005 MINUTE
004006 SECOND

004004 HOUR
004005 MINUTE
004006 SECOND

008021 TIME SIGNIFICANCE  (Starting time for the second latest AMV in the tra jectory)
008021 TIME SIGNIFICANCE  (Ending time for the second latest AMV in the traje ctory)
011001 WIND DIRECTION (For the second latest AMV in the trajectory, when available)
011002 WIND SPEED (For the second latest AMV in the trajectory, when available)
008021 TIME SIGNIFICANCE  (Starting time for the third latest AMV in the traj ectory)
008021 TIME SIGNIFICANCE  (Ending time for the third latest AMV in the trajec tory)

004004 HOUR
004005 MINUTE
004006 SECOND
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011001 WIND DIRECTION  (For the third latest AMV in the trajectory, when a

vailable)

011002 WIND SPEED (For the third latest AMV in the trajectory, when a

vailable)

008021 TIME SIGNIFICANCE  (Starting time for the fourth latest AMV in the tra

jectory)

004004 HOUR

004005 MINUTE

004006 SECOND

008021 TIME SIGNIFICANCE  (Ending time for the fourth latest AMV in the traje

ctory)

004004 HOUR

004005 MINUTE

004006 SECOND

011001 WIND DIRECTION  (For the fourth latest AMV in the trajectory, when

available)

011002 WIND SPEED (For the fourth latest AMV in the trajectory, when

available)

002163 HEIGHT ASSIGNMENT METHOD (Not used)

007004 PRESSURE (Not used)

012001 TEMPERATURE/DRY BULB TEMPERATURENOot used)
002163 HEIGHT ASSIGNMENT METHOD (Not used)

007004 PRESSURE (Not used)

012001 TEMPERATURE/DRY BULB TEMPERATURENOot used)
002163 HEIGHT ASSIGNMENT METHOD (Not used)

007004 PRESSURE (Not used)

012001 TEMPERATURE/DRY BULB TEMPERATURENOot used)
002163 HEIGHT ASSIGNMENT METHOD (Not used)

007004 PRESSURE (For the latest AMV in the trajectory)
012001 TEMPERATURE For the latest AMV in the trajectory)
002163 HEIGHT ASSIGNMENT METHOD (Not used)

007004 PRESSURE (Not used)

012001 TEMPERATURE/DRY BULB TEMPERATURENOot used)
002163 HEIGHT ASSIGNMENT METHOD (Not used)

007004 PRESSURE (For the second latest AMV in the trajectory, when

available)

012001 TEMPERATURE For the second latest AMV in the trajectory, when a

vailable)

002163 HEIGHT ASSIGNMENT METHOD (Not used)
007004 PRESSURE (Not used)

012001 TEMPERATURE/DRY BULB TEMPERATURENOot used)
002163 HEIGHT ASSIGNMENT METHOD (Not used)
007004 PRESSURE (For the third latest AMV in the trajectory, when a

vailable)

012001 TEMPERATURE For the third latest AMV in the trajectory, when av

ailable)

002163 HEIGHT ASSIGNMENT METHOD (Not used)

007004 PRESSURE (Not used)

012001 TEMPERATURE/DRY BULB TEMPERATURENOot used)
002163 HEIGHT ASSIGNMENT METHOD (Not used)

007004 PRESSURE (For the fourth latest AMV in the trajectory, when

available)

012001 TEMPERATURE For the fourth latest AMV in the trajectory, when a

vailable)

222000 QUALITY INFORMATION FOLLOWS
236000 DEFINE BIT-MAP
031031 DATA PRESENT INDICATOR (Descriptor repeated 103 times, not used)

001031 IDENTIFICATION OF ORIGINATING/GENERATING CEN TRE
001032 GENERATING APPLICATION (Quality Control using forecast)

033007 % CONFIDENCE (For the latest AMV in the trajectory)
033007 % CONFIDENCE (For the second latest AMV in the trajectory, when

available)

033007 % CONFIDENCE (For the third latest AMV in the trajectory, when a

vailable)

033007 % CONFIDENCE (For the fourth latest AMV in the trajectory, when

available)

222000 QUALITY INFORMATION FOLLOWS

237000 REUSE PREVIOUSLY DEFINED BIT-MAP

001031 IDENTIFICATION OF ORIGINATING/GENERATING CEN TRE
001032 GENERATING APPLICATION (Quality Control using forecast)

033035 MANUAL-AUTOMATIC QUALITY CONTROL (For the latest AMV in the trajectory)

033035 MANUAL-AUTOMATIC QUALITY CONTROL (For the second latest AMV in the trajectory)

033035 MANUAL-AUTOMATIC QUALITY CONTROL (For the third latest AMV in the trajectory)

033035 MANUAL-AUTOMATIC QUALITY CONTROL (For the fourth latest AMV in the trajectory)

222000 QUALITY INFORMATION FOLLOWS
237000 REUSE PREVIOUSLY DEFINED BIT-MAP
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001031 IDENTIFICATION OF ORIGINATING/GENERATING CEN TRE

001032 GENERATING APPLICATION (Quality Control using forecast)

033036 NOMINAL CONFIDENCE THRESHOLD (For the latest AMV in the trajectory)
033036 NOMINAL CONFIDENCE THRESHOLD (For the second latest AMV in the trajectory)
033036 NOMINAL CONFIDENCE THRESHOLD (For the third latest AMV in the trajectory)
033036 NOMINAL CONFIDENCE THRESHOLD (For the fourth latest AMV in the trajectory)
222000 QUALITY INFORMATION FOLLOWS

237000 REUSE PREVIOUSLY DEFINED BIT-MAP

001031 IDENTIFICATION OF ORIGINATING/GENERATING CEN TRE

001032 GENERATING APPLICATION (Quality Control not using forecast)

033007 % CONFIDENCE (For the latest AMV in the trajectory)

033007 % CONFIDENCE (For the second latest AMV in the trajectory, when available)
033007 % CONFIDENCE (For the third latest AMV in the trajectory, when a vailable)
033007 % CONFIDENCE (For the fourth latest AMV in the trajectory, when available)

222000 QUALITY INFORMATION FOLLOWS

237000 REUSE PREVIOUSLY DEFINED BIT-MAP

001031 IDENTIFICATION OF ORIGINATING/GENERATING CEN TRE

001032 GENERATING APPLICATION (Quality Control not using forecast)

033035 MANUAL-AUTOMATIC QUALITY CONTROL (For the latest AMV in the trajectory)
033035 MANUAL-AUTOMATIC QUALITY CONTROL (For the second latest AMV in the trajectory)

033035 MANUAL-AUTOMATIC QUALITY CONTROL (For the third latest AMV in the trajectory)

033035 MANUAL-AUTOMATIC QUALITY CONTROL (For the fourth latest AMV in the trajectory)

222000 QUALITY INFORMATION FOLLOWS

237000 REUSE PREVIOUSLY DEFINED BIT-MAP

001031 IDENTIFICATION OF ORIGINATING/GENERATING CEN TRE

001032 GENERATING APPLICATION (Quality Control not using forecast)

033036 NOMINAL CONFIDENCE THRESHOLD (For the latest AMV in the trajectory)
033036 NOMINAL CONFIDENCE THRESHOLD (For the second latest AMV in the trajectory)
033036 NOMINAL CONFIDENCE THRESHOLD (For the third latest AMV in the trajectory)
033036 NOMINAL CONFIDENCE THRESHOLD (For the fourth latest AMV in the trajectory)
222000 QUALITY INFORMATION FOLLOWS

237000 REUSE PREVIOUSLY DEFINED BIT-MAP

001031 IDENTIFICATION OF ORIGINATING/GENERATING CEN TRE

001032 GENERATING APPLICATION (Quality Control only using forecast)

033007 % CONFIDENCE (For the latest AMV in the trajectory)

033007 % CONFIDENCE (For the second latest AMV in the trajectory, when available)
033007 % CONFIDENCE (For the third latest AMV in the trajectory, when a vailable)
033007 % CONFIDENCE (For the fourth latest AMV in the trajectory, when available)

222000 QUALITY INFORMATION FOLLOWS

237000 REUSE PREVIOUSLY DEFINED BIT-MAP

001031 IDENTIFICATION OF ORIGINATING/GENERATING CEN TRE

001032 GENERATING APPLICATION (Quality Control only using forecast)

033035 MANUAL-AUTOMATIC QUALITY CONTROL (For the latest AMV in the trajectory)
033035 MANUAL-AUTOMATIC QUALITY CONTROL (For the second latest AMV in the trajectory)

033035 MANUAL-AUTOMATIC QUALITY CONTROL (For the third latest AMV in the trajectory)

033035 MANUAL-AUTOMATIC QUALITY CONTROL (For the fourth latest AMV in the trajectory)

222000 QUALITY INFORMATION FOLLOWS

237000 REUSE PREVIOUSLY DEFINED BIT-MAP

001031 IDENTIFICATION OF ORIGINATING/GENERATING CEN TRE

001032 GENERATING APPLICATION (Quality Control only using forecast)

033036 NOMINAL CONFIDENCE THRESHOLD (For the latest AMV in the trajectory)

033036 NOMINAL CONFIDENCE THRESHOLD (For the second latest AMV in the trajectory)

033036 NOMINAL CONFIDENCE THRESHOLD (For the third latest AMV in the trajectory)

033036 NOMINAL CONFIDENCE THRESHOLD (For the fourth latest AMV in the trajectory)

Table 17: BUFR table for NWC/GEO-HRW-MTG AMV BUFRRoat files

with EUMETSAT/MPEF BUFR format
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2.3.5.4HRW output as netCDF bulletins

When OUTPUT_FORMAT = NET, an AMV and Trajectory @& output bulletin is written under
the nameS_NWC_HRW-WIND_<satid>_<regionid>-BS_YYYYMMDDThhmmssZ.nc (for the
“Single or Basic scale”), or the name& NWC HRW-WIND_ <satid>_ <regionid>-
BS_YYYYMMDDThhmmssZ.ngfor the “Detailed scale”) itfSAFNWC/export/HRW directory.
Again, “satid” is the identifier of satellite usettegionid” is the identifier of the region useddan
“YYYMMDDThhmmssZ” is the date and time for whiche¢lAMVs have been calculated.

The High level structure of the netCDF output foe NWC/GEO High Resolution Winds is shown in
Table 18 It contains one series of data, containing al AMVs/Trajectories derived for all satellite
channels in the corresponding run of NWC/GEO-HRW®@/dlgorithm. The dimension of the series
of data is defined by “nb_winds” parameter, whidmtains the amount of AMVs calculated for the
given run of NWC/GEO-HRW-MTG algorithm.

If configurable parameter CALCULATE_TRAJECTORIESIthe trajectories related to the “Basic
scale” and the “Detailed scale” are also includedhis netCDF output file. Each trajectory contains
“nb_sect” groups, with the corresponding trajectegygtors.

Parameter types Content

Di mensi ons:
number_of_observations Total number of AMVs for the run of NWC/GEO-HRW
Types:
compound Segment //| Structure to contain 1 Traject ory Segment
Segment(*) Trajectory /I Trajectory defined as a v ariable-length

Array of Segments structures
Structure to contain 1 AMV

=~

compound Wind

Vari abl es:
Wind wind( number_of observations ) /l Wind data

Attributes
Table 18: High Level specification of the NWC/GEGW-MTG netCDF output

The detailed structure of the netCDF output for tH&/C/GEO High Resolution Winds and
Trajectories is shown ifTable 19 The “BUFR Code Tables” used are described in Bi#-R
Reference Manual [RD.20], except those charactrase 060xxx, which are explained in Chapter
2.3.5.1 of this document. The list of common atttés described in Chapter 4.3 of the “Data Output
Format for the NWC/GEQO” document [AD.6] is alsdd® taken here into account.
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Par aneter types Cont ent

Di nensi ons:

number_of_observations

Total number of AMVs for the run of NWC/GEO-HRW-MTG

Types:

conpound Segnent

// Structure to contain 1 Trajectory Segnent

float latitude

/I Latitude (degree_north)

float longitude

/I Longitude (degree_east)

float latitude_increment

/[ Latitude Increment (d

egree_north)

float longitude_increment

/I Longityde Increment

(degree_east)

float air_temperature

/I Air Temperature (K)

float air_pressure

/I Air Pressure (Pa)

float air_pressure_error

/I Air Pregsure Error (P

a)

float air_pressure_correction

/I Air Pressure Cor

rection (Pa)

float air_pressure_nwp_best_fit_level

/I Air Pres

sure NWP Model at Best Fit Level (Pa)

float wind_speed

/I Wind Speed (m/s)

float wind_from_direction

/I Wind Qjrection from

which the wind blows (degree)

unsigned byte quality_index_with_forecast /I Qual ity Index With Forecast Test (%, [0,100])

unsigned byte quality_index_without_forecast 11Q uality Index Without Forecast Test (%, [0,100])
unsigned byte tracer_correlation_method /I Tracer Correlation method (BUFR code table 002164)
unsigned byte tracer_type /] Trace Type (BUFR co de table 060102)

unsigned byte height_assignment_method /] Height Assignment Method (BUFR code table 060103)
unsigned byte orographic_index /] Orographic inde X (BUFR code table 060205)

unsigned byte cloud_type

/I NWC/GEO-Cloud Type (B

UFR code table 060206)

unsigned byte correlation

/| Correlgtion (%, [0,1

00])

Segnent (*) Trajectory

/'l Trajectory defined as a variable-length array
of Segments structures

conpound W nd

/1l Structure to contain 1 AW

unsigned int wind_id

/I Wind sequence Number

unsigned int previous_wind_id

/I Prior wind seque

nce number

unsigned byte number_of winds

// Number of winds

computed for the tracer

unsigned byte correlation_test

/I Correlatipn tes

t (BUFR code table 060201)

unsigned short quality_test

/] Applied |Quality te

sts (BUFR code table 060202)

unsigned int segment_x

/| Segment size at nadir i

n X direction (meters)

unsigned int segment_y

/] Segment size at nadir i

n Y direction (meters)

unsigned int segment_x_pix

/| Segment size at nad

ir in X direction (pixels)

unsigned int segment_y_pix

/| Segnlent size at nad

irin Y direction (pixels)

float latitude

/I Latitude (degree_north)

float longitude

/Il Longitude (degree_east)

float latitude_increment

/I Latitudg increment (d

egree_north)

float longitude_increment

/I Longityde increment

(degree_east)

float air_temperature

/I Air Temperature (K)

float air_pressure

/I Air Pressure (Pa)

float air_pressure_error

I Air Pregsure Error (P

a)

float air_pressure_correction

/I Air Presgure Cor

rection (Pa)

float air_pressure_nwp_best_fit_level

/I Air Pres

sure NWP Model at Best Fit Level (Pa)

float wind_speed

/I Wind Speed (m/s)

float wind_from_direction

/I Wind Qirection from

which the wind blows (degree)

float wind_speed_nwp_at_amv_level // Wind Bpeed o f NWP Model at AMV Level (m/s)
float wind_from_direction_nwp_at_amv_level / Win d Direction of NWP Model at AMV Level (degree)
float wind_speed_nwp_at_best_fit_level // Wind Sp eed of NWP Model at Best Fit Level (m/s)

float wind_from_direction_nwp_best_fit_level II'W ind Direction of NWP Model at Best Fit Level (degre e)
float wind_speed_nwp_difference // Wind $peed of Difference with NWP model (m/s)

float wind_from_direction_nwp_difference // Wind Direction of Difference with NWP model (degree)

unsigned byte quality_index_with_forecast I/l Per cent confidence with forecast test

unsigned byte quality_index_without_forecast /P er cent confidence without forecast test

unsigned byte tracer_correlation_method / Tracer Correlation method (BUFR code table 002164)

unsigned byte tracer_type /] Tracef Type (BUFR co de table 060102)

unsigned byte height_assignment_method /| Height Assignment Method (BUFR code table 060103)

unsigned byte orographic_index

/] Orographic inde

x (BUFR code table 060205)

unsigned byte cloud_type

TNWC/GEO-Cloud Type (B

UFR code table 060206)

unsigned byte correlation

/I Correlgtion (%, [0,1

00])

Vari abl es:

Wind wind(number_of_observations)

/ Wind |[(AMV+Tra

jectory) data

Attributes:
standard_name Atmospheric winds
long_name “NWC-GEO High Resolution Winds”

wind_computation_method

/I Satellite derived win
(BUFR code table 002023)

d computation method

first_guess

/I Origin of the first guess (BUFR code table 02520 2)

sensor_band_identifier

/I Satellite channel id

sensor_band_central_radiation_frequency

/I Satel

lite channel centre frequency (s-1)

sensor_band_central_radiation_width

/I Satellite

channel band width (s-1)

cycle

/I Satellite cycle number

manual_automatic_quality_control

/I Manual/putom

(BUFR code table 033035)

atic quality control

time_period

/| Time period or displacement (seconds)

number_of_nwp_wind_levels

/| Number of available

NWP wind guess levels

nwp_forecast_or_analysis

/I Flag $howing if NWP

is forecast or analysis (BUFR code table 060208)

model used in validation

Table 19: Detailed specification of the NWC/GEO-HRWG netCDF output



— Algorithm Theoretical Basis DocumefCoe: NWC/CDOP2IMTG/AEMET/SCI/ATBD/Wind
/\ Ma‘ for the Wind product processors of tdSsue:  1.0d Date: 12 January 2017
= NWC/GEO (version MTG-l day-1) | File:  NWC-CDOP2-MTG-AEMET-SCI-ATBD-Wind_v1.0d
NWC SAF A Lt o et Page: 75/89

2.3.6 Examples of High Resolution Winds (NWC/GEO-HRW-MTG)

Real time graphic displays of the High Resolutionn®$ product, generated by the NWC/GEO
Reference System, are available at the NWC SAF HBgk website http://www.nwcsaf.or)
Following figures show typical displays of NWC/GEERW for AMVs and Trajectories considering
the default configurations; a colour coding basedhe AMV and Trajectory pressure level is used.

First, with MSG2 satellite data in the European Mfetliterranean region used for NWC/GEO-HRW
validation Figures 22 and 28 Later, with GOES13 satellite data in the Comitaé United States
region also used for NWC/GEO-HRW validatidfigures 24 and 26 Visualization with Himawari-8
satellite data will be provided for the releas@&@¥C/GEO v2018 software version. Visualization with
MTG-I satellite data (and optionally with GOES-Redlite data) will be provided for the release of
NWC/GEO version MTG-I day-1.

IV

700-793 hPa
400-433 kPa

Figure 22: NWC/GEO-HRW-MTG AMYV output in the Eueapand Mediterranean region
(26 December 2009 1200Z, Nominal scan mode, MSteRitgg, considering conditions defined in
$SAFNWC/config/safnwc_ HRW_MSG15MIN.cfm file. Colour based on the AMV pressure level

T00-739 hPo

H400-43% hPo

Figure 23: NWC/GEO-HRW-MTG Trajectory output in teropean and Mediterranean region
(trajectories lasting one hour, for 26 December 20@00Z, Nominal scan mode, MSG2 satellite),
considering conditions defined 88AFNWC/config/safnwc_ HRW_MSG15MIN.cfm file.
Colour based on the AMV pressure level
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Figure 24: NWC/GEO-HRW-MTG AMV output in the Coattital United States region
(1 July 2010 1745Z, GOES13 satellite), considedomgditions
defined inBSAFNWC/config/safnwc_ HRW_GOES15MIN.cfm file.
Colour based on the AMV pressure level

MNHCSAF /HRK

400-439 hPa

Figure 25: NWC/GEO-HRW-MTG Trajectory output in Dentinental United States region
(trajectories lasting one hour, for 1 July 2010 574 GOES 13 satellite), considering conditions
defined insSAFNWC/config/safnwc_ HRW_GOES15MIN.cfm file.
Colour based on the AMV pressure level
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2.3.7 Use of High Resolution Winds (NWC/GEO-HRW-MTG)
Two main steps are identified. The user manualtgracts with the NWC/GEO software package

during the installation step, and the NWC/GEO-HRW-®lexecution step is automatically monitored
by the Task Manager (if real time environment ieced).

2.3.7.1Installation and preparation of NWC/GEO Software package

The right to use, copy or modify this software msaccordance with EUMETSAT policy for the
NWC/GEO software package.

Once the user has obtained the necessary pernigsi@ownload the software package, the software
installation procedure does not require any speegdurces. It is limited to decompress and ingtall
NWC/GEO distribution files (gzip compressed taed), which successfully build the executable
(GEO-HRW-MT@xecutable file), to be stored into tB8AFNWC/bin directory. The installation
steps for NWC/GEO must follow the document “Syst¥ersion Document for the NWC/GEO”
[AD.7].
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2.3.7.2Running of High Resolution Winds (NWC/GEO-HRW-MTG)

The execution step is the processing of sateftiteges with NWC/GEO-HRW-MTG algorithm, in the
region defined by the user. The running schedulgiigs on the Programmed Task Definition File.
This process consists in the running of the comng&BAFNWC/bin/NWC/GEO-HRW-MT&long
with the required parameters (required image tiRegion configuration file and Model configuration
file) by the Task manager, in the following way:

GEO-HRW-MTG YYYY-MM-DDTHH:MM:SSZ $SAFNWC/config/fil e.cfg $SAFNWC/config/file.cfm

1. Year (YYYY), month (MM), day (DD), hour (HH), minat(MM) and second (SS) parameters are
to be provided for the definition of the image titnebe processed.

2. $SAFNWC/config/file.cfg is the Region configuration file, to be definedlsas shown in
document [AD.5].
3. $SAFNWC/config/file.cfm is the Model configuration file, to be defined buas shown in

Chapter 2.3.3 of this document. Six different dé&f&dliodel configuration files are included in
NWC/GEO software package for the runningaEO-HRW-MT@xecutable:

- safnwc_ HRW_MSG15MIN.cfm and safnwc_ HRW_MSGO5MIN.cfm, to be used with
MSG satellite data in “Nominal scan mode” and “Rifican mode”, with calculation of
AMVs and Trajectories every 15 and 5 minutes resypay.

- safnwc HRW_MTG10MIN.cfm, to be used with MTG-I satellite data in “Nomirgdan
mode”, with calculation of AMVs and Trajectorieseey 10 minutes.

- safnwc_ HRW_HIMA1O0MIN.cfm andsafnwc_HRW_HIMAO2MIN.cfm , to be used with
Himawari-8/9 satellite data in “Nominal scan modahd “Rapid Scan mode”, with
calculation of AMVs and Trajectories every 10 anfl dinutes respectively.

- safnwc_ HRW_GOES15MIN.cfm and safnwc_ HRW_GOES30MIN.cfm, to be used
with GOES-N satellite data in the Continental Udi®tates region and the North America
region, with calculation of AMVs and Trajectoriegeey 15 and 30 minutes respectively.

- safnwc_ HRW_GOESRS15MIN.cfm andsafnwc_ HRW_GOESRSO05MIN.cfm, optionally
to be used with GOES-R satellite data in “Nomir@rsmode” and “Rapid Scan mode”, with
calculation of AMVs and Trajectories every 15 anaiifiutes respectively.

Each configuration file is an ASCII file, so furthenodifications can be easily performed with a text
editor. The implementation of the running mode delsealso on the satellite configuration and the
correspondingSAFNWC/config/sat_conf_file used.

To have NWC/GEO-Cloud Type, Cloud Top Temperatund &ressure and Cloud Microphysics
available for their use by NWC/GEO-HRW-MTG algorthit is also necessary to r@@EO-CMA-
MTG GEO-CT-MTG GEO-CTTH-MTGand GEO-CMIC-MTGexecutables befor&EO-HRW-MTG
executable for the same image and region.

The “Rapid Scan mode” with MSG, Himawari-8/9 or ioptlly GOES-R satellite series is only

recommended to be used in small areas (“Natioredsd), if all NWC/GEO products have to run

together and a relatively small environment wasldeethe installation of NWC/GEO software. With

the time running constraint imposed by the MSG, &irari-8/9 or GOES-R “Rapid scan modes” (5,
2.5 and 5 minutes respectively), these circumstampemit the repeating of the process with all
available satellite images. In a “Continental arga% generally not possible to run all NWC/GEO
products operatively in “Rapid scan mode” unlegmwaerful environment is used. [AD.8] document
could be verified for more information on this isstelated to MSG satellite series.

Figures 26 to 2&ummarise how the tasks to generate the High ResoWinds (NWC/GEO-HRW-
MTG) are performed by the EO-HRW-MT@&xecutable:
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Figure 26: NWC/GEO-HRW-MTG implementation: ParAMV computation
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Figure 27: NWC/GEO-HRW-MTG implementation: ParAR]V quality and selection
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Figure 28: NWC/GEO-HRW-MTG implementation: ParTBacer computation and writing of output
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2.3.7.3Documentation of High Resolution Winds (NWC/GEO-HRWMTG)

Since NWC/GEO v2016 software package, a detailedrg®ion of all algorithms, involved interfaces

and data types, is provided in html format with support of Doxygen tool, from comments included
within the code of the products. DocumentationNevYC/GEO-HRW-MTG product is to be provided

at the moment of the NWC/GEO v2018 DRR in the zipfie:

NWC-CDOP2-MTG-AEMET-SW-ACDD-Wind_html_v1.0d.zip.

Once this file is decompressed, next link is toopened with a web browser to navigate throughout
this documentation:

NWC-CDOP2-MTG-AEMET-SW-ACDD-Wind_html_v1.0d/HRW_html/index.html

Every single step throughout all functions of NWELEHRW-MTG algorithm has also been
commented in detail, so that any AMV developer kaow in detail all the process of the algorithm,
having a look to the corresponding C/Fortran fuorei

For a quicker reference, the main goal of all fiomg of NWC/GEO-HRW-MTG algorithm and their
relationships is also provided in a Diagram treevshin following pages. This Diagram tree allows
NWC/GEO users and developers to quickly know daaae how it works.
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Table 20: Diagram Tree of NWC/GEO-HRW functions
HRW. c => Main NWC/GEO-HRW function, for the generation of the High Resolution Winds AMVs and Trajectories
*** hrw_ReadData => Reads the values of variables defined in the NWC/GEO-HRW Model configuration file
*** hrw_ReadSatelliteData => Reads and initializes satellite data (VIS Reflectances, WV/IR Brightness temperatures)
*** hrw_GetAncillaryData => Gets latitude/longitude/satellite zenith angles/solar zenith angles for the pixels in the Region
*** hrw_ImageChecking => Checks and redefines satellite image values
*** hrw_NWPSearch => Reads the NWP data related to one NWP parameter
*** hrw_Meters2Press => Converts Orographic data to Surface pressure data
*** hrw_NWPInvInterpolation => Converts Geopotential to Surface pressure data using NWP data
*** hrw_ReadTracers => Reads the Tracer data from a file located in $SAFNWC/tmp directory
*** hrw_ReadPredWinds => Reads the Predecessor AMV data from a file located in $SAFNWC/tmp directory
*** hrw_ReadTrajectories => Reads the Trajectory data from a file located in $SAFNWC/tmp directory
*** hrw_GetWinds => Calculates the AMVs for the current image considering the tracers calculated previously
*** hrw_Alloc_Winds => Allocates memory for variables used in hrw_GetWinds module
*** hrw_TracerCharacteristics => Stores "tracer” variable information into the corresponding "tracer_wind" variable
*** hrw_CloudTypeCalculation => Calculates AMV Cloud type as defined in the "Brightness temperature height assignment"
*** hrw_SetModifTempGridValues => Fills “modiftempgrid” with IR/WV BT values for the "Brightness temperature height assignment"
*** hrw_GetCldhgt => Calculates Tracer Top temperature/pressure with "Brightness temperature height assignment”
*** hrw_NWPInvInterpolation => Converts the Tracer top Temperature to Pressure using NWP data
*** hrw_SetImageGridValues => Fills “imagegrid” with VIS Reflectances or IR/WV BT values in the tracer position
*** hrw_CalcTempCloudtype => Recalculates Tracer temperature mean/sigma with Cloud type info (for Tracer base temperature)
*** hrw_NWPInvInterpolation => Converts Tracer base Temperature to pressure using NWP data and modified mean/sigma values
*** hrw_TracerWindLevel => Defines the Tracer pressure level (with cloud top or cloud base) depending on its cloud type
*¥** hrw_WindGuess => Calculates the NWP wind guess at the tracer position
*** hrw_NWPDirInterpolation => Calculates the NWP wind at the tracer level considering the AMV pressure level calculated
*** hrw_WindModDir => Calculates the speed module and direction for the NWP wind guess at the tracer position
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*** hrw_WindDisplace => Calculates the
*¥** hrw_TrueTrackCentre => Calculates the
*¥** hrw_SetImageArrayValues => Fills an array
*** hrw_SetCTTHMicroArrayValues => Fills an array
*¥** hrw_SetCtypeArrayValues => Fills an array
*** hrw_Track => Calculates the
*** hrw_TrackCorrInitial =>
*** hrw_TrackCorrBetter =>
*** hrw_TrackCorrAround =>
*** hrw_TrackCorrCentres =>
*** hrw_TrackCorrCentresPosition =>
*** hrw_GetSegmentSize =>
*** hrw_TrackCentreCharacteristics =>
*** hrw_SetImageGridValues =>
*** hrw_Frontier_Centile =>
*** hrw_Centile_Frontier =>
*** hrw_TracerDiffSearch =>
*** hrw_TracerPixelCharacterization =>
*** hrw_TracerHorizontalDiff =>
*** hrw_TracerVerticalDiff =>
*¥** hrw_TracerDescDiff =>
*¥** hrw_TracerAscDiff =>
*** hrw_SetTempGridValues =>
*¥** hrw_CalcTemp =>
*** hrw_TrackCentreCorrection =>
*** hrw_TracerDiffSearch =>
*** hrw_TracerPixelCharacterization =>
*** hew_TracerHorizontalDiff =>
*** hrw_TracerVerticalDiff =>
*** hrw_TracerDescDiff =>
*** hrw_TracerAscDiff =>
*** hrw_WindCalculation =>
*** hrw_Ymvuv =>
*** hrw_WindModDir =>
*** hrw_NWPInvInterpolation =>

tracking centre position forecast in the later image with the NWP wind guess
true tracking centre position in the later image

with VIS Reflectances or IR/WV BTs in tracer/tracking position for the tracking
with CT Cloud type/CMIC Cloud phase for "CCC method" height assignment

Computes the tracking first step considering only pixels separated by a gap interval

Calculates the Euclidean distance minimums/Correlation maximums considering the previous positions

Calculates the Euclidean distance/Correlation values only around the prior minimums/maximums
Defines the Euclidean distance minimum centres/Correlation maximum centres

Defines a non integer position of the tracking centres through a quadratic interpolation
Computes the horizontal/vertical dimension of the tracer in m

Calculates the "tracer characteristics” in the tracking positions in the later image
Fills an array with VIS Reflectances or IR/WV BTs in the final tracking position

Defines the frontier in the BT/Reflectance histogram considering a given centile

Defines the centile in the BT/Reflectance histogram considering a given frontier

Runs the “Big pixel brightness variability test” in the tracking positions

Calculates the “Big pixel brightness values” in the tracking positions

Considers the Horizontal direction study in the “Big pixel brightness variability test”
Considers the Vertical direction study in the “Big pixel brightness variability test”
Considers the Descending direction study in the “Big pixel brightness variability test”
Considers the Ascending direction study in the “Big pixel brightness variability test”
Fills “tempgrid” with IR/WV BT values in the tracking positions

Calculates the temperature mean/sigma in the tracking positions

Evaluates if the reference tracking centre must be changed or not

Reruns the “Big pixel brightness variability test” in the tracking positions with new frontiers
Calculates the “Big pixel brightness values” in the tracking positions with new frontiers
Considers the Horizontal direction study in the “Big pixel brightness variability test”
Considers the Vertical direction study in the “Big pixel brightness variability test”
Considers the Descending direction study in the “Big pixel brightness variability test”
Considers the Ascending direction study in the “Big pixel brightness variability test”
Calculates parameters related to a tracking position, including "CCC method" parameters
Calculates the wind components considering the initial/final latitude/longitude positions
Calculates the wind module and direction for the calculated AMVs

Converts the Clear air tracking position temperatures to pressure values using NWP data

with CTTH Temperature/pressure, CMIC Water path for "CCC method" height assignment

true tracking positions in later image with "Euclidean distance/Cross correlation”
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*** hrw_WindGuess => Recalculates the wind guess at the tracer position considering the "CCC method" new pressure level
*** hrw_NWPDirInterpolation => Calculates the NWP wind at the tracer level considering the new pressure level calculated
*** hrw_WindModDir => Calculates the speed module and direction for the NWP wind guess at the tracer position
*** hrw_Free_Winds => Deallocates memory for variables used in hrw_GetWinds module
*** hrw_Qc => Calculates the Quality indices and the Orographic flag for the calculated AMVs/Trajectories

*** hrw_QcAlloc_Short, _Float, _Parameters

* %k k

* %k k

* %k k
* %k k
* %k %
%k %
%k %

hrw_QcSortLatitude
*¥** hrw_QcSort
hrw_QcPhasel
*** hrw_QcPhasel_Alloc
*¥** hrw_QcGetSpatialTest
*** hrw_QcGetTemporalTest
*** hrw_WindModDir
*** hrw_QcPhasel_Free
hrw_IndTopoAssign
hrw_IndTopoReassign
hrw_QcBestWindSelection
hrw_FinalControlCheck
hrw_QcFree_Short, _Float, _Parameters

*** hrw_WritePredWinds
*** hrw_WriteTrajectories
*** hrw_GetTracers

%k %

%k %

%k %

hrw_Alloc_Tracers
hrw_SetImageGridValues
hrw_SearchTracerGradient
*** hrw_GradientMax

*** hrw_SetImageGridValues
*** hrw_Hisfron

*** hrw_SetTempGridValues
*** hrw_CalcTemp

=> Three functions allocating memory for variables in hrw_Qc module

=> Sorts the current and predecessor AMV data considering their latitudes in their final positions
=> Sorts an array of data considering one of its variables

=> Calculates the individual (forecast/temporal/spatial) quality tests and total quality indices
=> Allocates memory for variables in hrw_QcPhasel module

=> Calculates the spatial quality test for a defined AMV

=> Calculates the temporal quality test for a defined AMV

=> Calculates the speed and direction for the predecessor AMV data

=> Deallocates memory for variables in hrw_QcPhasel module

=> Calculates the Static orographic flag at the initial position of a current AMV

=> Calculates the Dynamic orographic flag at the initial position of a current AMV

=> Selects the best AMV for each tracer and calculates the quality flags

=> Runs a Final speed and direction homogeneity check for the AMVs

=> Three functions deallocating memory for variables in hrw_Qc module

=> Writes the AMV data file for the current image in $SAFNWC/tmp directory

=> Writes the Trajectory data file for the current iamge in $SAFNWC/tmp directory

=> Calculates the tracers for the current image

=> Allocates memory for variables in hrw_GetTracers module

=> Fills “imagegrid” with VIS Reflectances or IR/WV BTs in a tracer position for the tracer search
=> Looks for tracers considering the “Gradient method”

=> Calculates the tracer position considering the gradient maximum

=> Fills “modifimagegrid” with VIS Reflectances or IR/WV BTs in the modified tracer position

=> Computes the VIS Reflectance or IR/WV BT histogram in the tracer area and its frontiers

=> Fills “tempgrid” with IR/WV BT values in the modified tracer position

=> Calculates the temperature mean/sigma in the modified tracer position
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*** hrw_SearchTracerCharacteristics => Looks for tracers considering the “Tracer characteristics method”
*** hrw_SetImageGridValues => Fills “imagegrid” with VIS Reflectances or IR/WV BTs in a tracer position for the tracer search
*** hrw_Hisfron => Computes the VIS Reflectance or IR/WV BT histogram in the tracer area and its frontiers
*** hrw_SetTempGridValues => Fills “tempgrid” with IR/WV BT values in the tracer position
*** hrw_CalcTemp => Calculates the temperature mean/sigma in the tracer position
*** hrw_TracerDiffSearch => “Big pixel brightness variability test”, run here for “Tracer characteristics method” tracers
*** hrw_TracerPixelCharacterization => Calculates the “Big pixel brightness values” in the tracer position
*** hrw_TracerHorizontalDiff => Considers the Horizontal direction study in the “Big pixel variability test”
*** hrw_TracerVerticalDiff => Considers the Vertical direction study in the “Big pixel variability test”
*** hrw_TracerDescDiff => Considers the Descending direction study in the “Big pixel variability test”
*** hrw_TracerAscDiff => Considers the Ascending direction study in the “Big pixel variability test”
*** hrw_SetImageGridValues => Refills “imagegrid” with VIS Reflectances or IR/WV BTs if the previous candidate was not good
*** hrw_TracerDiffSearch => “Big pixel brightness variability test”, run here for “Tracer characteristics method” tracers
*** hrw_TracerPixelCharacterization => Calculates the “Big pixel brightness values” in the modified tracer position
*** hrw_TracerHorizontalDiff => Considers the Horizontal direction study in the “Big pixel variability test”
*** hrw_TracerVerticalDiff => Considers the Vertical direction study in the “Big pixel variability test”
*** hrw_TracerDescDiff => Considers the Descending direction study in the “Big pixel variability test”
*** hrw_TracerAscDiff => Considers the Ascending direction study in the “Big pixel variability test”
*** hrw_TracerDiffSearch => “Big pixel brightness variability test”, run here for “Gradient method” tracers
*** hrw_TracerPixelCharacterization => Calculates the “Big pixel brightness values” in the tracer position
*** hrw_TracerHorizontalDiff => Considers the Horizontal direction study in the “Big pixel brightness variability test”
*** hrw_TracerVerticalDiff => Considers the Vertical direction study in the “Big pixel brightness variability test”
*** hrw_TracerDescDiff => Considers the Descending direction study in the “Big pixel brightness variability test”
*** hrw_TracerAscDiff => Considers the Ascending direction study in the “Big pixel brightness variability test”
*** hrw_TracersDetailedDiscrimination => Defines if a Basic tracer can also work as Detailed tracer
*** hrw_Centile_Frontier => Defines the centile in the BT/Reflectance histogram considering a given frontier
*** hrw_Free_Tracers => Deallocates memory for variables in hrw_GetTracers module
*** hrw_WriteTracers => Writes the Tracer data file for the current image in $SAFNWC/tmp directory
*** hrw_Free_Satellite => Deallocates memory for MSG/GOES-N satellite data
*** hrw_Free_TWind => Deallocates memory for "tracer wind" data
*** hrw_Free_Trajectories => Deallocates memory for "trajectory" data
*** hrw_Free_LevelsandGuesses => Deallocates memory for NWP data
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Writes the AMV and Trajectory BUFR output with NWCSAF template in $SAFNWC/export/HRW directory
Calls the different functions filling the sections that compose the BUFR bulletin

Codifies Section @ of the BUFR output file using NWCSAF template

Codifies Section 1 of the BUFR output file using NWCSAF template

Codifies Section 2 of the BUFR output file using NWCSAF template

Codifies Section 3 of the BUFR output file using NWCSAF template

Codifies AMV BUFR output for a defined satellite channel using NWCSAF template

Codifies specific information for each AMV, for the BUFR output writing using NWCSAF template
Calculates the speed module and direction of the mean AMV for its writing in the BUFR output
Codifies common information for all AMVs, for their BUFR output writing using NWCSAF template
Encodes the AMV BUFR output in $SAFNWC/export/HRW directory using NWCSAF template

Codifies Trajectory BUFR output for a defined satellite channel using NWCSAF template
Codifies specific information for each Trajectory, for the BUFR writing using NWCSAF template
Codifies common information for all Trajectories, for the BUFR writing using NWCSAF template
Encodes the Trajectory BUFR output in $SAFNWC/export/HRW directory using NWCSAF template
Writes the AMV BUFR output with EUMETSAT/MPEF template in $SAFNWC/export/HRW directory

Calls the different functions filling the sections that compose the BUFR bulletin

Codifies Section @ of the BUFR output file using EUMETSAT/MPEF template

Codifies Section 1 of the BUFR output file using EUMETSAT/MPEF template

Codifies Section 2 of the BUFR output file using EUMETSAT/MPEF template

Codifies AMV BUFR output for a defined satellite channel using EUMETSAT/MPEF template

Defines the information for one AMV for its BUFR output writing using EUMETSAT/MPEF template
Calculates the speed module and direction of the mean AMV for its writing in the BUFR output
Codifies Section 3 of the BUFR output file using EUMETSAT/MPEF template

Encodes the AMV BUFR output in $SAFNWC/export/HRW directory using EUMETSAT/MPEF template
Writes the AMV NetCDF output in $SAFNWC/export/HRW directory

Calls the different functions filling the sections that compose the NetCDF bulletin

Creates all defined NetCDF dimensions/types/variables/attributes

Checks that the status output of a NetCDF function is not an error

Writes the NWC/GEO-HRW Attributes in the NetCDF bulletin

Writes specific information for each AMV in the NetCDF bulletin
Calculates the speed module and direction of the mean AMV for its writing in the NetCDF output
Calculates the AMV statistics respect to the related NWP model analysis/forecast winds
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*** hrw_EncodeBufrNWC =>
*¥** hrw_WriteElementsNWC =>
*** hrw_SetBUFRSection@NWC =>
*** hrw_SetBUFRSection1NWC =>
*** hrw_SetBUFRSection2NWC =>
*** hrw_SetBUFRSection3NWC =>
*** hrw_WriteValuesNWC =>
*** hrw_SetReplicatedDescNWC =>
*** hrw_WindModDir =>
*¥** hrw_SetFixedDescNWC =>
*** hrw_WriteBufrNWC =>
*** hrw_WriteValuesTRAJ =>
*** hrw_SetReplicatedDescTRAJ =>
*¥** hrw_SetFixedDescNWC =>
*** hrw_WriteBufrTRAJ =>
*** hrw_EncodeBufrEUM =>
*** hrw_WriteElementsEUM =>
*** hrw_SetBUFRSection@EUM =>
*** hrw_SetBUFRSectionlEUM =>
*** hrw_SetBUFRSection2EUM =>
*¥** hrw_WriteValuesEUM =>
*¥** hrw_SetFixedDescEUM =>
*** hrw_WindModDir =>
*** hrw_SetBUFRSection3EUM =>
*¥** hrw_WriteBufrEUM =>
*** hrw_EncodeNetCDF =>
*** hrw_WriteNetCDF =>
*¥** hrw_InitialiseNetCDF =>
*** hrw_CheckNcErr =>
*** hrw_WriteNcVarAtt =>
*** hrw_WriteNcVar => Writes the AMV data in the NetCDF bulletin
*** hrw_SetWindNetCDF =>
*** hrw_WindModDir =>
*¥** hrw_Wind_Statistics =>
*** hrw_Free_WindData => Deallocates memory for "wind_channel_info" data
*** hrw_Free_TWind, hrw_Free_Trajectories =>

Deallocates memory for "tracer_wind" and “trajectory” data
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2.4  ASSUMPTIONS AND LIMITATIONS IN HIGH RESOLUTION WINDS (NWC/GEO-HRW-MTG)

The main circumstance that has to be taken intowtcwhen using NWC/GEO High Resolution
Winds product, is the variability with time of tla@nount of available AMV and Trajectory data. This
is related to the evolution with time of cloudy aseor cloudless areas with humidity patterns in the
working region.

Nevertheless, the situation has improved with thegmessive new versions of NWC/GEO-HRW
algorithm. Initially, the applicability of NWC/GE®HRW algorithm was limited to cloudy areas in
European, African and Atlantic areas with MSG dis¢etlata. Since NWC/GEO-HRW v2011, AMVs
related to humidity patterns in the MSG water vapchannels started to show wind vectors in clear
air areas. Since NWC/GEO-HRW v2012, the possibibtgalculate AMVs with up to seven different
MSG satellite channels increased significantly deasity of possible AMV data throughout all the
day.

Additionally, since NWC/GEO-HRW v2016 the optionigs to calculate AMVs and Trajectories in

the American and East Pacific areas (with GOES-Hl @ptionally GOES-R satellite series), and in
Asian and West Pacific areas (with Himawari-8/9eHité¢ series). So, the geographical range of
NWC/GEO-HRW AMVs and Trajectories has extendedugtmut all the globe.

Finally, with NWC/GEO-HRW version MTG-I day-1, itas been guaranteed that NWC/GEO-HRW
algorithm has time continuity for the AMVs and Teejories calculated in European, African and
Atlantic areas, with the new EUMETSAT's MTG-Imaggrostationary satellite series.

The option to calculate AMVs in “Rapid scan modethWMSG, Himawari-8/9 and optionally GOES-
R satellite data also permits to obtain new AMVereevery five or two and a half minutes, increasing
the amount of available AMVs lapse by a factor a6 & respect to the “Nominal scan mode”.

With all of this, the presence of geographical argeide the working region where NWC/GEO-
HRW-MTG algorithm does not find any AMV vector iow smaller. Nevertheless, because the
presence of humidity patters in the clear air avélasre tracers can adequately be defined and tlacke
is not guaranteed, and because in general cleAMfs have worse validation statistics (causing the
filtering of valid clear air AMVs to be more demang than the filtering of cloudy AMVS), the
presence of areas inside the working region wherAMVs are available and no information can be
extracted is still possible. The users should ataluwhich implications this might have when using
NWC/GEO-HRW-MTG algorithm.

About the calculated AMVs, the main source of esnigrrelated to inconsistencies between the NWP
model used and the true atmosphere. This is edlygniportant:

= In the definition of the “tracking area” and in tReiality control, related to inconsistencies in
the NWP wind data. On the one hand, tracers maybeotfound in areas where the
displacement is different to the one defined byftirecast. On the other hand, the errors in
the NWP forecast winds can cause the AMVs to hawerge forecast QI than the one they
should, and because of this some good AMVs mighefeeted.

The first problem is solved not using the NWP wiuess (with WIND_GUESS = 0), which
despite the increases in the running time of NW@GHRW-MTG algorithm it implies
(because of using larger “tracking areas”), thensigaitions included since NWC/GEO-HRW
v2013 make this configuration fully operative as thefault option for NWC/GEO-HRW-
MTG algorithm. Users should keep this configuratiso reducing the dependence of the
AMVs on the NWP model.

The second problem is solved using the “Qualityeindithout forecast” in the operation of
NWC/GEO-HRW-MTG algorithm (implemented with QI_THRHOLD USEFORECAST

= 0), which avoids the influence of the NWP model the Quality of the AMVs.
Nevertheless, this option has not been consideyd¢ddeadefault one because the impact of the
NWP model in the Quality of the AMVs is consideredbe generally more positive than
negative.
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= In the height assignment (in general the main reimgichallenge that scientists are currently
facing with AMV extraction). If the “HRW Brightnestemperature interpolation height
assignment” is used, small errors in the tempeggbuofile can cause important errors in the
heights assigned to the tracers. Besides, the asismmis taken that the temperature is
supposed to diminish constantly with higher lewbl®ughout the atmosphere. Due to this,
problems in the level assignment appear when admtpe inversion is present. This
problem is solved using the “CCC height assignmeethod”, in which the thermal inversion
problem is solved by NWC/GEO-CTTH product outpuiada

In any case, the use of the NWP model is consideréé mandatory for the AMV height assignment
(directly through the “Brightness temperature ipt¢ation height assignment”, or indirectly through
the NWC/GEO-CTTH Cloud top pressure output relatetCCC height assignment”).

The quality of the height assignment inferred ireious versions of NWC/GEO-HRW-MTG
algorithm without use of NWP data is consideredtodbe good enough to be used anymore, and so
the option to calculate AMVs without NWP data haet eliminated in NWC/GEO-HRW-MTG
algorithm.

With all these elements, the progressive improvésém NWC/GEO-HRW-MTG versions have
reduced the limitations this algorithm could prexsly have.

Considering the calculation of Trajectories throuble successive tracking of the same tracer in
consecutive images, the most important limitatisrthe persistence in time of the tracers for the
definition of the Trajectories. Because of the temap evolution of the tracers, after one hour only

between 30% and 50% of the tracers persist; dfteethours only between 5% and 15% of the tracers
persist. The persistence is also smaller due tertialer size of the tracers in the “Detailed stale

The persistence of the tracers is also differensicering different meteorological situations, ihigh
the temporal change of the atmospheric structgrgsicker or slower. Considering this, the density
trajectories can be very different in differenttgasf a same region. This is an issue that usenslagh
also have into account when using the traject@asulated by NWC/GEO-HRW-MTG algorithm.



