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Introduction

The EUMETSAT Satellite Application Facilities (SARye dedicated centres of excellence for the
processing of satellite data, and form an integeat of the distributed EUMETSAT Application
Ground Segment.

This documentation is provided by the SAF on supgor Nowcasting and Very short range
forecasting (NWC SAF). The main objective of the RVBAF is to provide, develop and maintain
software packages to be used with operational matepcal satellite data for Nowcasting
applications. More information about the projectnche found at the NWC SAF webpage,
http:/Mwww.nwcsaf.org

This document is applicable to the NWC SAF procespiackage for the geostationary meteorological
satellites, NWC/GEO.

1.1 SCOPE OF THE DOCUMENT

This document is the “Algorithm Theoretical Basissgdoment (ATBD) for the Wind Product
Processor of the NWC/GEO” software package (GEO-HRMigh Resolution Winds), which
calculates Atmospheric Motion Vectors and Trajaeconsidering:

* Up to seven channels from MSG series SEVIRI imafjer:3 km Low Resolution Visible
channels (VIS06 0.¢um and VIS08 0.8um), Water Vapour channels (WV062 Guh and
WV073 7.3um), Infrared channels (IR108 10u8n and IR120 12.¢um), and the 1 km High
Resolution Visible channel (HRVIS Opfn).

* Up to three channels from GOES-N series Imager4then Low Resolution Water Vapour
channel (WV065, 6.5um) and Infrared channel (IR107, 10um), and the 1 km High
Resolution Visible channel (VIS07, Qum).

This Algorithm Theoretical Basis Document descriliesdetail the objectives and physics of the
problem, together with the mathematical descriptiod the implementation of the algorithm. It also
provides information on the needed input data Aedésulting output data.

1.2 SOFTWARE VERSION | DENTIFICATION

This document describes the algorithm implememnmeatie GEO-HRW-v5.0 (Product Id NWC-037) of
the NWC/GEO v2016 software package release.

1.3 |IMPROVEMENTS FROM PREVIOUS VERSIONS

The main improvements related to GEO-HRW-v5.0 atgor are the next ones:

1. The redefinition of the whole GEO-HRW algorithm satering the new NWCLIB library inside
NWC/GEO software, which simplifies the way of presieg additional geostationary satellites,
and provides a series of common tools to be usedl INWC/GEO products.

2. The provision for the first time of a detailed downtation of all GEO-HRW code, through a
specific file in html format with the support of Rygen tool, and through comments inside the
C/Fortran code explaining every single step ofatgerithm.

3. The inclusion in “CCC height assignment methodagiressure level correction physically based
on the cloud depth, considering new parametersigeedvby NWC/GEO Cloud Microphysics
(CMIC) product (the liquid water path for liquidoelds and the ice water path for ice clouds).

4. The extension of GEO-HRW algorithm processing te @OES-N satellite series (GOES-13,
GOES-14 and GOES-15), considering the calculatfoAMVs with up to three channels from
the corresponding GOES Imager: the 4 km Low ResolutVater Vapour channel (65n) and
Infrared channel (10.dm), and the 1 km High Resolution Visible channe¥ {@m).
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1.4 DEFINITIONS , ACRONYMS AND ABBREVIATIONS

1.4.1. Definitions

4x4 array

Big array used in the “Big pixel brighésevariability test”, defining
coarse structure in the tracer candidates

Adjustment centre

Local or absolute CC maximum Bmhinimum in the tracking area

Basic dataset

Winds for the algorithm wide tracales

Big pixel

Each element of the 4x4 array classifyihg tracer candidate at redu
resolution in the “Big pixel brightness variabilitgst”, defining thre
different brightness classes (CLASS n)

red

1%

Big pixel class difference

Difference in the sunsqgtiared differences of “Big pixel” class valy
between the initial tracer location and a lateuatinent centre

es,

Bright big pixel

When its N_Value is equal or higliean a given frontier

CC Cross correlation coefficient
CENT_N% Brightness centile in the N_Value histogram
CLASS n “Big pixel class”, according to its popiudet of bright pixels (thre

different classes with n values = 0,1,2)

D

Closeness threshold

Minimum distance (line, elejreitwed between tracer locations

Cloud type

Cloud type defined for each tracer witWC/GEO CT Cloud typ
output data, used for example to define which & two calculate
height levels (cloud top, cloud base) is used ie t#Brightness
temperature interpolation height assignment prdcess

11%

L

Coarse/basic scale

Tracer size for the basic dataee two scale tracer selection optior

Consistency

Wind difference compared to some egpeaiind, quantified i
probabilistic terms for the Quality Index calcudati

=4

CoVv

Covariance

Deepest frontier

The frontier more largely excegdhee DEPTH THRESHOLD

DEPTH_THRESHOLD

Threshold for histogram minima imet“Frontier definition” in the
“N_Value histogram test”

Detailed dataset

Winds for the algorithm narrowérascale

DIF

Parameter difference or module of vector ddfare, in the Qualit
Index computation

Exclusion array

Places of the image which cannotrheer locations because of
failing closeness threshold

he

Fine/detailed scale

Tracer size for the detaileths#d in the two scale detailed tracer

selection option (half the size of the coarse/bsside)

First (tracking) candidate

Preferred tracking cdaté for a tracer after the definition of
correlation centres, before the Quality Index clalton

he

FREQ( )

Frequency in the histogram for summedseag-1 to j+1

Frontier

A significant minimum in the N_Value higram
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GAP Line and element distance separating trackemgdiclates in the

gradual approach calculation process

Gradient method

First tracer computation method

Gradual approach

Iterative approach to reduce timebar of tracking candidates
be evaluated in the tracking area in the later anfay a giver
tracer

Ind_topo

Value of the Algorithm Orographic flag pareter, calculated
detect land influence on the Atmospheric Motion tdex

Interscale test (in the QI test)

Consistency ofdbiled winds respect to the basic scale re
winds

ated

LAT C,LON_C Coordinates at correlation centre
LAT T,LON_ T Coordinates at tracer centre
LP Euclidean distance

Marked starting locations Starting locations delfire the basic scale part for the detalled
scale part, in the two scale procedure

Maximum optimisation distance Maximum distanceglior element) allowed between the starfing
location and the final tracer location

Narrow basic tracer A basic tracer where CLASS I@amare not found in the left ahd
right column neither in the upper and lower rowthe Big pixel
structure in the “Big pixel brightness variabiligst”

Neighbour wind Close enough wind to a given one

New tracers Tracers unrelated to AMVs calculatethe previous cycle, in the
tracer continuity option

Not closed adjustment centre Adjustment centrbénborder of the tracking area

NUM Total of pixels in the tracer or in the tracginandidate

N_Value Matrix used for the calculation of the #ex; defined as 1 byte

and 1 byte Normalized Reflectance values in vistalges

Brightness temperature values in infrared and wedpour cases

p

Optimisation gap

evaluated in the Tracer characteristics method

Maximum line and element distamtayhich tracer candidates qre

Orographic flag (dynamic)

Flag to show possibledlanfluence in the previous positions

and indicated through parameter Ind_topo (Valugs3}4,5,6)

the tracer. It is calculated after the static capdpic flag procedure

of

174

Orographic flag (static)

Indicated through parameter Ind_topo (Values 1,2,6)

Flag to show possible laimfluence in the tracer position.

=]

Overall QI

Final Quality Index, weighted sum of Qflindividual tests excej
the two scale test

Dt

Persistent tracers

Tracers related to AMVs caledlat the previous cycle, speci
to the tracer continuity option

.

c

POS

Integer location (integer line and elementa @orrelation centrg

T

more specifically in the centre of a pixel
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POS REAL Non integer location (non integer line gnd

element) of a correlation centre, at @ny

position inside a pixel

Predecessor wind

The one for which the final tréoeation is
the starting location of a new tracer in
tracer continuity option

the

Prior wind

Close enough AMVs from the previo

LIS

image to the current tracer location and

level, used in the Quality tempo
correlation test

al

Quality indicator (or QI)

Consistency method tayfthe quality of the

generated Atmospheric motion vectors

174

S (in CC computation)

Any pixel in a given trackicagndidate

Secondary centre

Secondary adjustment centre foraer
after the selection of the correlation cent
that can be promoted to first candid
before the Quality Index

€S,
ate

Segment of the image

A set of contiguous pixelindédfby its size

and location

174

Single scale procedure

Tracer selection procedite only wide
(basic) scale tracers

SPD

Time averaged wind speed

Starting location (in the initial image)

Each aapritracer location throughout t
search region. In principle uniform
covering the defined region of the image.

e
ly

TAverage Tgase

Mean Brightness temperature for a tra

cer,

and corrected value used for the calculation

of the cloud base pressure, with
“Brightness temperature interpolation hei
assignment method”

the
ght

T (in CC computation)

Any pixel in the tracer

TESO indicator

Orographic test parameter, detaiiinghe
orographic flag was calculated and
relative results in winds for the same tra
to be added to the Quality TEST indicaton

the
Cer,

TEST indicator

Values of flags after the qualityntol
processing steps, detailing which tests v
applied and the relative results for winds
the same tracer

ere
of

Test on Frontier definition in the N_Value histogrg

The first test included in the “Trad
characteristics method”

er

Test on Big pixel brightness variability

The secotebt included in the “Trac

characteristics method”
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Tracer Square segment of the image of fixed siaedt size), identifiefd
by the location of its centre, and considered vehddidate fof
the AMV calculation by any of the two tracer cabtibn
methods

Tracer candidate Square segment in the image ed fsize, where conditions for
tracer search using “Tracer characteristics metlape'evaluated

Tracer continuity Processing option where part lef set of tracers is defingd
through the final position of the AMVs in the preus cycle

Tracer characteristics method Second tracer cortiputaethod

Tracer location Tracer image coordinates (line @echent of its centre).

Tracer selection procedure Strategy to get a cam@et of tracers throughout the des|red
region of the image. It consists of 2 iterationsr(@hods) for the
single scale procedure; 4 iterations (2 methods;a?es) for the
two scale procedure

Tracer side/size Line or element dimension of thedr

Tracking Determination of the best adjustment emside the tracking
area of a later image, to a given tracer in a pn@ge

Tracking area Square segment in the final imageéaoaing the search area fof a
given tracer, and where all tracking candidatedarated

Tracking candidate Each square segment in the ifinafje that has to be evaluated
for the tracking of a given tracer, and its centre

Two scale procedure Tracer selection for tracetsvofdifferent tracer sizes (basic gnd
detailed), being the size of the second one hatiefirst

Variability (of a tracer candidate) Variation crite in the “Big pixel brightness variability tegt”
(based on 0 to 2 or 2 to 0 changes in CLASS nalbe linea
arrays of Big pixels inside the tracer)

Wide basic tracer A basic tracer where simultanlgoG8ASS_2 values are found
in the left and right column and/or in the upped &wer row, in
the Big pixel structure in the “Big pixel brightrseyariability
test”

Z SUN Sun zenith angle

o Standard deviation

Ocloud Brightness temperature standard deviation for tiwel$ of the
tracer

Table 1: List of Definitions
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1.4.2. Acronyms and Abbreviations

AMV Atmospheric Motion Vector

BUFR Binary Universal Form for the Representatibmeteorological data

CDOP NWC SAF Continuous Development and Operatiivese

CDOP2 NWC SAF Second Continuous Development anddfipas Phase

CIMSS NOAA & UW’s Cooperative Institute for Metedogical Satellite Studie$

EBBT Equivalent Black Body Temperature

ECMWF European Centre for Medium Range Weatherdasts

EUMETSAT European Organization for the ExploitatmfriVeteorological Satellites

GEO-HRW NWC SAF Product Generation Element forkingh Resolution Winds

GOES NOAA'’s Geostationary Operational Environme&aiellite

HRVIS/VISO7 MSG HRVIS/GOES-N 0.7um High Resolutigisible channel

HRW NWC/GEO High Resolution Winds

IOP NWC SAF Initial Operations Phase

IR108/IR107, IR120 MSG 10.8um/GOES-N 10.7um and M2®um Infrared channels

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

NWCLIB NWC/GEO Common Software Library

NWC SAF EUMETSAT’s Satellite Application Facilitynosupport to Nowcastin
and Very short range forecasting

NWP Numerical Weather Prediction Model

PGE NWC SAF Product Generation Element

RID Review Item Discrepancy

SCI NWC SAF Scientific Report

SMR NWC SAF Software Maodification Report

SPR NWC SAF Software Problem Report

SW Software

™ NWC/GEO Task Manager

uw University of Wisconsin/Madison

VISO06, VIS08 MSG 0.6pum and 0.8um Low Resolutionibes channels

WMO World Meteorological Organization

WV62/WV65, WV73

MSG 6.2um/GOES-N 6.5um and MSG TiBWater vapour channels

Table 2: List of Acronyms and Abbreviations
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[RD.6] J.M.Fernandez, 2000: Developments for a HRglsolution Wind product from the HRVIS channeliué Meteosat Second Generatign.

(Proceedings %International Wind Workshop, EUMETSAT Pub.28, p@20L4).
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2. HIGH RESOLUTION WINDS (GEO-HRW) DESCRIPTION

2.1 HiGH REsoLUTION WINDS (GEO-HRW) OVERVIEW

The High Resolution Winds product aims to provifie, near real time meteorological applications,
detailed sets of Atmospheric Motion Vectors (AM\&)d Trajectories from EUMETSAT’s Meteosat
Second Generation (MSG series) and NOAA’s Geostatio Operational Environmental Satellite
(GOES-N series) geostationary satellites, considenp to seven MSG/SEVIRI channel data (High
resolution visible and Low resolution @u6/0.8um visible, 10.8m/12.Qum Infrared and 62m/7.3um
Water vapour channels: HRVIS, VIS06, VIS08, IR1H820, WV62, WV73) and up to three GOES-
N channel data (High resolution @i visible and Low resolution 1Quih Infrared and 64m Water
vapour channels: VIS07, IR107, WV65) throughouthallirs of the day, as a dynamic information in
the NWC/GEO package.

The product includes pressure level informatiom amjuality control flagging giving some indication
of its error in probabilistic terms, with auxiliaipdicators about how the product was determined.
GEO-HRW also provides trajectories considering #suecessive tracking of the same tracers in
consecutive images.

It has been developed by AEMET in the frameworkhef EUMETSAT Satellite Application Facility
on support to Nowcasting and Very short range fsgog (NWC SAF). This product is useful in
Nowcasting applications, used in synergy with otih&ta available to the forecaster. For example, in
the watch and warning of dangerous wind situatiomghe monitoring of the general flow, of low
level convergence (when and where cumulus statetelop), of divergence at the top of developed
systems, or other cases of small scale circulaironind singularities. It can also be used in farn
objectively derived fields, and assimilated in Nuitedl Weather Prediction Models (together with
many other data), as an input to Analysis, Nowngséind Very short range forecasting applications.
The quality flags should be very useful for theases.

High Resolution Winds output is similar to otheogcts calculating Atmospheric Motion Vectors:
the winds, trajectories and all parameters reltdetiem are calculated at a level 2 of processiftg.
level 3 of processing (as a grid interpolation eneteorological analysis based in GEO-HRW output)
is included.
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2.2 HIGH REsoOLUTION WINDS (GEO-HRW) THEORETICAL DESCRIPTION

This section discusses the physics of deriving Ajpheric Motion Vectors (AMVSs) from satellite
imagery, and identifies some sources of error.his section the theoretical basis and practical
implementation of the corresponding algorithmsadse described.

2.2.1 Physics of the problem

In order to forecast the weather, conventional olad®mns are sparse, whereas satellite based
observations provide near global coverage at redirtee intervals. The derivation of Atmospheric
Motion Vectors (AMVs) from satellite images, whete winds correspond to the displacement of
cloud features or water vapour gradient featureoimsecutive satellite images, is an importantcmur
of global wind information, especially over the ane and remote continental areas.

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

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

A data rectification is especially important comsidg satellite visible channels, where
illumination conditions vary with time.

2. The location of suitable tracers in an initial ireag
Suitable scenes (regions containing traceableresitare selected in the initial image.
3. The correlation between images to locate the sawaterfes in a later image.

Each selected feature in the initial image is thecked in successive images in order to
determine the displacement vector for the featleuds can change shape or even disappear,
but enough tracers survive to produce AMVs. Withrtdr time intervals up to 15 minutes, the
problem is smaller and more vectors are produced.

4. The height assignment of the tracers.

The height of the feature must be determined tatothe AMVs in a tridimensional position.
This is the step where errors can be more impottantighout the AMV derivation. Several
methods of height assignment are available: thepeoison of the infrared brightness
temperature of the tracer to a forecast tempergitoéle, radiance ratioing and H20/IRW
intercept techniques for the height assignmenepfigsansparent clouds, statistical assignment
schemes,...

5. The calculation of the vectors.
Considering the geographical displacement of theetis between both images.
6. A quality control.

An internal quality control scheme performs a s@dec so that only the AMVs with a better
quality are accepted.
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2.2.2 Mathematical Description of the algorithm

2.2.2.1Algorithm outline

As a whole, High Resolution Winds algorithm (GEORis designed in a modular way, so that it
can be easy to handle and modify. The whole prdoeigles the next steps:

1. Preprocessing:

» The initialization of data: calculation of lattte/longitude/solar zenith angle/satellite zenith
angle matrices; reading of NWP data; Brightnesptrature data for the MSG or GOES-N
infrared and water vapour channels to be used; Blized reflectance data for the MSG or
GOES-N visible channels to be used. Outputs fromrs¢ NWC/GEO products are also to be
read if so configured: CT (Cloud Type), CTTH (Clotidp Temperature and Pressure), and
CMIC (Cloud phase, Liquid water path and Ice waizth).

2. Processing:

 First, tracers are calculated in an initial imaggh two consecutive methods: Gradient,
Tracer characteristics.

 Later, these tracers are tracked in a later inthgeugh one of two different methods
(Euclidean distance, Cross correlation), with talecion of up to three possible correlation
centres per tracer.

« Atmospheric Motion Vectors (AMVs, winds) and Teefories are calculated, considering the
displacement between the position of each tracértlasm corresponding correlation centres in
consecutive images.

e The pressure level of the AMVs and Trajectoregléfined through one of two different
methods:

- “Brightness temperature interpolation method”, whaalculates the “Top pressure’ and
‘Base pressure’ related to the AMV, interpolatirtte tBrightness temperature of the
corresponding channel (using infrared 1@20in the MSG case and 1@/ in the GOES-
N case for the visible channels) to the NWP veltiemperature profile, and defining the
pressure level with one of these two possible EVWC/GEO CT Cloud type output
related to the AMV can be used in the proceduri i§ available and it has so been
configured, to define which of these two levelssgd.

- “Cross Correlation Contribution method (CCC methidit)r Cross correlation tracking if
NWC/GEO CT Cloud type and CTTH Cloud top tempemtand pressure outputs are
available), which defines the AMV pressure congiteonly the pressure of the pixels
contributing most to the image correlation. A pteescorrection related to the cloud depth
can also be considered for Cloudy AMVs, if NWC/GEMIC Cloud phase, Liquid water
path and Ice water path have also been calculated.

3. Postprocessing:

* A Quality control with “EUMETSAT Quality Indicatd method is implemented, with the
choice of the “Best AMV” considering the several XMl calculated for each tracer, and a
Final control check to eliminate wrong winds veiffedent to those in their vicinity.

* An “orographic flag” can also be calculated if sonfigured, which incorporating
topographic data detects those AMVs affected bg lafluence.

The code was progressively developed with GOES, MRG MSG data. Examples with MSG and

GOES-N data are presented throughout the descripfiche algorithm to illustrate the process. The
different options and coefficients are also presgnMany of them are configurable: in such a case,
this circumstance is specifically indicated. Thamels for which AMVs are to be extracted are for
example defined by configurable parameter ‘WIND_OMMEL’  (with  value
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‘HRVIS,VIS06,VIS08,IR108,IR120,WV62WV73 when AMVdrom all possible MSG/SEVIRI
channels are extracted; value ‘VIS07,IR107,WV65ewAMVs from all possible GOES-N channels
are extracted).

The AMVs can be calculated considering differenagm repetition cycles (defined by configurable
parameter SLOT_GAP). For example, when MSG sasll#tre considered, consecutive images (15
minutes apart, defined by SLOT_GAP=1) are recommadnd be considered for the initial tracer
calculation and their later tracking under ‘Nomirsmlan mode’ configuration. Under ‘Rapid scan
mode’ configuration, alternate images (10 minufeeria defined by SLOT_GAP=2) are recommended
to be considered for the initial tracer calculateomd their later tracking to maximize the amount of
calculated winds with the best possible validagtatistics.

When GOES-N satellites are considered, two detauifigurations are provided for the calculation of
AMVs: every 15 minutes (for example, for the “Caomtintal United States region” with GOES-East
satellite) and every 30 minutes (for example, foe tNorth America region” with GOES-East
satellite). In this cases, SLOT_GAP=L1 is also dafin
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2.2.2.2Preprocessing

During the initialization process, next parametesextracted for the selected processing region:

» Reflectances (which have been normalized takiing &ccount the distance to the Sun) for
any MSG/SEVIRI or GOES-N visible channel to be used

« Brightness temperatures for any MSG/SEVIRI or G2NE Infrared or Water vapour channel
to be used.

* MSG/SEVIRI IR108 and WV062 or GOES-N/IR107 and @63 radiances if the “Image
correlation quality control test” is used (not matady).

« NWP temperature profiles.

* NWP wind component profiles (not mandatory, ldammended for the calculation of the
“Forecast consistency quality control test”, aneded if the NWP wind guess is to be used
for the definition of the tracking area in the lateage).

* NWP geopotential profiles, if the “Orographicdlds to be calculated (not mandatory).

* NWC/GEO CT Cloud Type for previous slot and regiahen tracers were calculated), in
case the “AMV Cloud type” is used for the “Brightsetemperature interpolation method
height assignment” (not mandatory).

* NWC/GEO CT Cloud Type and CTTH Cloud Top Tempematand Pressure outputs for
current slot and region, in case “CCC method heggisignment” is used (not mandatory but
recommended).

* NWC/GEO CMIC Cloud Phase, Liquid Water Path acel Water Path outputs for current
slot, in case the Microphysics correction is useide “CCC Method height assignment” (not
mandatory).

« Latitude, longitude, solar and satellite zenitigla matrices (calculated by NWC/GEO
library with the provided data).

NWC/GEO software is able to calculate AMV and Tctgey data providing only mandatory data
(i.e., satellite data for the requested channetk MWP temperature profiles). In any case, the more
additional data used contribute to a higher nundet better quality of the AMV and Trajectory
outputs.

The option to calculate AMVs and Trajectories witimatological profiles (instead of NWP data) has
been eliminated in GEO-HRW-v50, since the amoundt@unality of data provided in previous releases
with the Climatological profiles was significantiyorse.

Once all previous data are read or calculated, ‘du¥ matrix contains the image data used for the
calculation of tracers. As mentioned, for the sithannels (MSG/SEVIRI HRVIS, VIS06 or VIS08;
GOES-N VIS07) the matrix contains Reflectances Wwhave been normalized due to the variable
illumination with the solar zenith angle and theiable distance to the Sun, considering NWC/GEO
library tools. In the infrared and water vapour mels (MSG/SEVIRI IR108, IR120, WV62 or
WV73; GOES-N IR107 or WV65), ‘N_Value’ matrix coma Brightness temperatures.

In both cases, ‘N_Value’ matrix data are considexg@n integer variable with values ranging from 0
to 255 (8 bit data range), being 0 a predefinedmim value and 255 a predefined maximum value
(different for each channel). When ‘N_Value’ matvialue does not exist for a pixel, it is considered
non valid.
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2.2.2.3Tracer calculation

Two tracer computation methods are applied: Gradieacer characteristics. They are used one after
the other in two different tracer selection stréegthe “single scale procedure” (one set of iace
calculated), and the “two scale procedure” (twdedént sets of tracers are calculated: “Basic” and
“Detailed”, being the line and element dimensiorthe “Detailed tracers” half the size the one & th
“Basic tracers”).

Both methods calculate a tracer optimising its iocaaround one of the 'starting locations'. The
starting locations are at fixed uniform distancé$ines and elements throughout the image. The firs
method is by far more efficient in computing terrm$ie second is more specific: it gets additional
tracers in still empty areas (with a longer bull sitasonable computing time), adding some
information about the tracers.

The target scale defined as first option for thghHResolution Winds product is 24 pixels for the
“Single scale procedure” for all types of traceksesolution of 24 pixels for the “Basic tracersica
12 pixels for the “Detailed tracers” is proposedbaseline for the “Two scale procedure”. These
resolutions define different tracer scales at stefita point between 72 km for MSG satellites/96 k
for GOES-N satellites (“Basic low resolution chahseale™) and 12 km (“Detailed high resolution
channel scale”), so between the ‘mesoscale [}’ aed‘mesoscaley’ dimensions. The nominal
observation frequency of 15 minutes is enough &tkirthe majority of objects with these sizes,
although in some few cases like small cumulus daad related to the smallest size (“detailed
MSG/HRVIS or GOES-N/VISO07 scale”), their lifecyctaight be a bit short if a 15 minute image
frequency is used. The use for example of GEO-HRu®dyrct with MSG satellites in the ‘Rapid scan
mode’ configuration can be better to track tracérhis small size.

In any case, different values can be defined fertthcer size for the High resolution visible chalinn

(MSG/HRVIS or GOES-N/VIS07) through configurablegaeters LSIZ_HRV and ESIZ_HRV, and
for the Low resolution channels (all other channéisough configurable parameters LSIZ_OTHER
and ESIZ_OTHER.

FIRST METHOD: GRADIENT
Similar to the method defined by CIMSS/NOAA at Hagd& Merrill, 1988 [RD.11], it has next steps:

1. To look for an ‘N_Value’ inside a square segmemtiad in a starting location, greater than
configurable parameter MIN_BRIGHTNESS_VIS (for bigi channels, with default value 120)
or MIN_BRIGHTNESS_OTHER (for infrared and water eap cases, with default value 60).

2. To define if a difference exists between the maximand minimum ‘N_Value' in the square
segment greater than configurable parameter GVAB_({r visible cases, with default value 60)
and GVAL_OTHER (for infrared and water vapour casath default value 48).

3. To compute throughout the segment the gradiéNt Yalue@Ax) + AN_valuefy)|, whereA
means differences at a 5 pixel distance in elerardtline directions, and define the position of
its maximum as the tracer location, when it isindhe boundary of the square segment.

SECOND METHOD: TRACER CHARACTERISTICS

It is based on new development. It is useful egtlgcin the visible cases, where many potential
tracers could present less sharp edges than imfitaged image, because of cloudiness at different
levels presenting a similar brightness. It evalsidtacer candidates' located at increasing distant
the starting locations until a 'good tracer’ is riduinside a_'maximum optimisation distance'. Two
series of tests: the “Frontier definition in the\ilue histogram test” and the “Big pixel brightness
variability test” are then applied in sequence:
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1. “Frontier definition in the N_Value Histogransté

It includes two parts, both based on histogramsdiaation of the ‘N_Value pixels’ in the tracer
candidate. In its first part, a ‘sufficient N_Valaentrast’ is to be found in the candidate. Cornside
the values of the different centiles of the ‘N_Mahistogram’ (CENT_n%), it is necessary:

1. CENT_90% > 0.95-MIN_BRIGHTNESS and CENT_10% > O;
2a. CENT_97% - CENT_3% > LARGE_CONTRAST if CENJI7% >1.25-MIN_BRIGHTNESS or
2b. CENT_97% - CENT_3% > SMALL_CONTRAST if CEN97% <1.25-MIN_BRIGHTNESS;

The SMALL_CONTRAST (value of 20 for visible chanseind 30 for infrared and water vapour
channels) permits less contrasted ‘tracer canditlatith extended cloudiness. It is mandatory that
these conditions be met for the candidate centrélteastarting location: if not, the evaluatiomist
pursued around it.

In the second part, one or more significant histogminima or_‘frontiers' are to be found in the
‘N_Value histogram’ for the tracer candidate. Theadlt running of GEO-HRW algorithm keeps
only the most significant frontier in the procesgialthough the option exists to calculate more tha
one frontier. Each frontier defines then in theresponding tracer a group of 'bright pixels' (dedin
as those pixels brighter than the given frontield a group of ‘dark pixels’ (defined as those xel
darker than the given frontier).

Frequency

Figure 1: Example of ‘N_Value histogram’ (unsmoatiie violet and smoothed in pink) for a valid
Low resolution visible tracer candidate. The minimbrightness threshold, the algorithm centiles and
the defined frontier is also shown
2. “Big pixel brightness variability test”:

The ‘tracer candidate’ is then considered as aseostructure of 4x4 pixel arrays (‘big pixels') bt
classified according to the brightness of its pp@bulation. Three classes are possible:

CLASS_0: 'dark big pixel', < 30% of its pixels apeight pixels’;
CLASS_2: 'bright big pixel', > 70% of its pixelsedbright pixels’;
CLASS_1:'undefined big pixel', intermediate case.

It is requested (to avoid ambiguous cases) thdat 60ASS 0 and CLASS_2 appear at least once in
the 4x4 array, while occurrences of CLASS_1 betleas twice the less frequent of the others.

The 4x4 array is then checked for enough brightvasibility in different directions: at least 2
transitions (CLASS 0 to CLASS_2 or CLASS_ 2 to CLABFmust exist along any linear array of
the 4x4 array, considering each of the 4 main toes: rows, columns, ascending and descending
diagonal directions (with all linear arrays checkkedthe row and column directions, and only the
linear arrays with at least three elements fordibgonal directions).

In the case the “Big pixel brightness variabiligst’ is not successful but just along one diregtion
and no other frontiers can be selected, the froigieetained as an ‘almost good frontier’ andaaer
is defined at this location.
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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 thresholdijs T
condition is checked a priori, i.e. each time adrais computed all pixels located nearer than the
‘closeness threshold’ to its centre are added ttexariusion array’, and excluded as potential trace
locations. Considering this:

* In the ‘Gradient method’, thA differences are not evaluated at pixels inside‘dRelusion
array’. In case of a failure in the Gradient tekg procedure is restarted excluding the last
proposed location and pixels around, and so on antiefinitive gradient test failure or a
tracer is finally accepted after all tests.

* In the ‘Tracer characteristics method’ it is evasier. There is no need to enter computations
for a starting location inside the ‘exclusion afray

An additional condition is verified here, throughiah all pixels inside the tracer must have a htgel
zenith angle (and a solar zenith angle in the o&sesing visible channels) smaller than a maximum
threshold (configurable parameters MSG_ZEN_THRE® ABN_THRES respectively, with default
values 87° and 80°).

SINGLE SCALE PROCEDURE

This option is selected if configurable parametBET is empty (default value). The ‘tracer side® ar
here in all cases defined by configurable paramdt&iZ HRV/ESIZ HRV for the High resolution

channel and LSIZ_OTHER/ESIZ_OTHER for the Low regsioin channels; with a default value of 24
pixels in all cases.

Starting from the upper left corner of the chosagion of the image, starting locations for the tmra

of tracers are defined, separated by a distancmedefrespectively by configurable parameter
TRACER_SEARCH_STEP_HRV/TRACER_SEARCH_STEP_OTHERH@gh and Low resolution
channels. In the first of two iterations the ‘Geauti method’ is applied. After one failure in the
definition of a tracer the distance is reduced tmal. Two consecutive failures (left to right) the
first iteration, define a 'hole'.

The centres of holes are the starting locationthénsecond iteration with the ‘Tracer characteristi
method’, where ‘tracer candidates’ are evaluateghye® lines and elements (defined by parameter
T_CHAR_SEARCH_GAP), in an area around the statticgtion whose side is half the ‘tracer side’.

TWO SCALE PROCEDURE

This option is selected if configurable paramet®ET is set to ‘ALL’ or ‘RANGE’. The procedure
defines a ‘Basic scale tracer size’ defined as se#me previous section with LSIZ_HRV/ESIZ_HRV
and LSIZ OTHER/ESIZ _OTHER configurable parametenstn( a default value of 24)and a
‘Detailed scale tracer size’ (automatically seldcte be the half of the ‘Basic scale’, with a ddfau
value of 12), for which the procedure is similahaligh with some different thresholds.
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The 'Basic scale’ works similarly to the procedutescribed for the single scale, and additionally
defines 'marked starting locations' for the ‘Detdiscale’, when one of next three conditions are me

* No ‘Basic tracer’ has been found, but at the stgrocation of the tracer candidate:
1. CENT_97% > 0.85*MIN_BRIGHTNESS
2. CENT_97% < MAX_BRIGHTNESS

In this case a ‘Detailed tracer unrelated to a®tsicer’ is defined, characterized by a slightly
lower maximum brightness.

* A ‘Wide basic tracer’ has been found, in which CI3\& values appear in both first and last
row, or in both first and last column, of the 4x#ag used in the “Big pixel brightness
variability test”.

In this case up to 4 starting locations are defifoedhe ‘Detailed scale’, each of them located
in the corners of a ‘Detailed tracer’ whose cemgréhe centre of the ‘Basic tracer’ (having so
under the default configuration a 12 pixel line aheiment separation between them).

» A ‘Narrow basic tracer’ has been found, in whichASS_2 values do not appear in both first
and last row, nor both first and last column, oé thx4 element “Big pixel brightness
variability test array”.

In this case, only one starting location is defified the ‘Detailed scale’, whose centre is
defined by the weighted location of the ‘Big pixels the 4x4 element “Big pixel brightness
variability test array”.

A smaller processing region (‘subregion’) can b&oduced as option in the GEO-HRW model
configuration file for the ‘Detailed scale’ (the @Bic winds’ will always be computed in the whole
region). This is done by specifying CDET as ‘RANGEhd defining the starting position and size of
the detailed region with LIN_D, ELE_D, NUML_D andUNWIE_D configurable parameters.

CALCULATION OF TRAJECTORIES

With configurable parameter CALCULATE_TRAJECTORIESL (which is the default option), the
definition of new tracer centres starts at the dgatefinal line/column position of all ‘adjustment
centres’ calculated for valid AMVs in the previawsind for the same slot, when they are available. A
set of ‘persistent tracers’ is so successivelykgdcin consecutive images, and the progressive
positions of the tracer throughout the time arerlapecifically written defining trajectories in a
specific output file.

In these cases, tracer locations are only definadidering final locations of good quality 'predesar
winds' (i.e. AMVs included in the output file fdng same slot, with a QI value over the QI threshold
and all additional criteria for the valid AMV filteng). It is additionally necessary for these trace
locations to be considered as valid that they Ifulfie conditions defined by the specific "tracer
determination method" used for the correspondireggcessor wind'.

However, the ‘starting locations’ defined now fbese ‘persistent tracers’ are kept as such wittiaut
modifications in position which both ‘Gradient meth and ‘Tracer Characteristics method’ could
define in other cases, to keep the continuity i ititeger line/column positions of the ‘persistent
tracers’ in each slot.

Only slight differences in the latitude/longitude @ossible comparing for a same trajectory thi@ini
position of the “tracer centre for the later AMMullich must always be located in the centre of a
pixel) and the “adjustment centre for the previABIV". In the case configurable parameter
USE_SUBPIXELTRACKING = 1 is used, the “adjustmemntre for the previous AMV” can be
located in any position of the same pixel, so cayushese small differences in latitude/longitude. |
any case, it is always confirmed that the integer/¢tolumn position of both “tracer centre for tiext
AMV” and the “adjustment centre for the previous XMare always the same ones.



- Algorithm Theoretical Basis | Code:  NWC/CDOP2/GEO/AEMET/SCUATBD/Wind
/\ Ma‘ Document for the Wind produc{ ~ !ssue: 1.1 Date: 15 October 2016
] l— processors of the NWC/GEO File: NWC-CDOP2-GEO-AEMET-SCI-ATBD-Wind_v1.1.doc
NWC SAF  Aincia Eitatal dé Meteoriiogis Page: 25/81

Figure 3: ‘Basic scale AMVSs’ (in red and green, smiering the Tracer calculation method used for

their extraction), in a One scale GEO-HRW-v50 exendefined in the European and Mediterranean

region with the default $SAFNWC/config/safnwc_HRWMSG15MIN model configuration file (26
December 2009 1200Z, Nominal scan mode, MSG2issjtell

O=tolled Tra eloted to Wide

Detalled Tra unreloted 1o Bosle troc

Figure 4: ‘Basic scale AMVS’ (in red), and ‘Detailscale AMVs’ (in yellow, green and blue,
considering their relationship with the Basic scallVs), in a Two scale GEO-HRW-v50 example
defined in the European and Mediterranean regiotwption CDET ALL in the default
$SAFNWC/config/safnwc_HRW.cfm.MSG15MIN model amnafiipn file (26
December 2009 1200Z, Nominal scan mode, MSG2issjtell
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2.2.2.4Tracer tracking

The tracking method looks for the best adjustmaesitipn of a tracer computed at the initial image,
over a larger portion of the following image (‘tkéieg area’), performing a pixel by pixel comparison
to a segment of the same size at same relativégus(‘tracking candidate’), repeatedly movingsthi

segment over the tracking area. For a given cénfyenside this_tracking area, the algorithms dise

are the well known:

- Euclidean distance (configured through TRACKING B)Lwhere the sum LP= I3(T-SY is
calculated, where T, S correspond to the ‘N_Valwelp' for the tracer and the tracking candidate
of the same size, at correlative locations. Sunesimarthe range of the tracer size. The best
locations are defined through the minimum valuethefsum LR

- Cross correlation (configured with TRACKING = CCefdult value), where the normalized
correlation value CL£= COVrd(or.05) is calculated. T,S refer to the ‘tracer’ and ckimg
candidate’ segments; COV is the covariance betvileese onesg is the standard deviation or
root of the variance. The best locations are ddftheough the maximum values of the correlation
CG;. Operatively, the tracking Gds implemented through the derived expressionr{dekto
have a better computing efficiency, with NUM as tb&l number of pixels in each array):

[ZXT2+ XX - XX(T-SP)/2 - X T?XXS/NUM
CCij =

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

The ‘tracking area centre’ position can be prelimily be defined through a wind guess obtained with
the NWP forecast of the rectangular wind componenterpolated to the tracer location and level.
This reduces the ‘tracking area size’ and the moptime, and is applied using configurable paramete
WIND_GUESS = 1.

Nevertheless, GEO-HRW algorithm has been optimizg#do use the wind guess as default option, so
reducing the dependence of the calculated AMVs ftbeaNWP model used. Although the running
time can be around two to three times longer theinguthe wind guess it is recommended for the
users to keep operationally the configuration withase of the wind guess (with configurable
parameter WIND_GUESS = 0).

Figure 5: A low resolution visible tracer case dt4bZ (O red mark), its position defined by the NWP
wind guess at 1200Z (O yellow mark), and its traeking position at 1200Z defined by GEO-HRW
algorithm (O blue mark), for the High Resolutionndé example defined in Figure 22 (26 December
2009, Nominal scan mode, MSG2 satellite). The tyeliracking area” (with its centre at the position
defined by the NWP wind guess at 1200Z) correspantiie option using the wind guess for the
definition of the tracking area. The “green traciiarea” (with its centre at the position of the ¢ex
at 1145Z7) corresponds to the option not using tmelwguess for the definition of the tracking area.
The larger size of the tracking area needed whemitimd guess has not been used is to be noticed,
which causes a longer time for the running of GERWAalgorithm, but at the same time reducing its
dependence from the NWP model



- Algorithm Theoretical Basis | Code:  NWC/CDOP2/GEO/AEMET/SCIATBD/Wind
/ll LME'-(— Document for the Wind produc{ ISsue: 1.1 Date: 15 October 2016
(LT processors of the NWC/GEO | File:  NWC-CDOP2-GEO-AEMET-SCI-ATBD-Wind_v1.1.doc

NWCSAF e Page: 27/81

The ‘tracking area size’ is defined through confaple parameters LLAG_HRV/ELAG_HRYV for the
High resolution visible channel and LLAG_OTHER/ELAGTHER for the Low resolution channels.
Considering tracer and tracking images 15 minupsstaand the default configuration not using the
wind guess, the recommended values of these paesmate LLAG_HRV=ELAG_HRV=136,
LLAG_OTHER=ELAG_OTHER=46 (MSG/SEVIRI cases) and LGAOTHER=ELAG_OTHER=34
(GOES-N cases), which permit to detect displacesanitat least 272 km/h in any direction,
completely independently of the direction of the RWind guess.

To avoid additionally computing LRCC; for all (i,j) locations in the ‘tracking area’, gradual
approach of 3 iterations with the idea that theredation changes slowly (Xu and Zhang, 1996)
[RD.14], is performed:

» In afirst iteration, a GAP = 8 is applied: only(afl), (1,9),... (9,1), (9,9),... LP/GGs evaluated.
The 4 locations (value of CORR_ITERATIONS parametsith the best LP/CCvalues are
retained for the next iteration.

* In the second, third and fourth iterations,;AGC; is only computed if possible at 4 locations
around each best position retained in the previteuation, defined by:

(imaxGAP, jmaxGAP), ..., (hatGAP, jnatGAP),
with GAP reduced to a half in each one of the tters until having the value 1.

After all 4 iterations, up to 3_‘adjustment centrésmlue of MAX_NUM_WINDS parameter) are
retained: the absolute ‘best value’ and 2 ‘locatbelues’. The line/column and latitude/longitude
location of the 3 ‘adjustment centres’ in the latmage are additionally refined by second order
interpolation if configurable parameter USE_SUBPIXIRACKING = 1 is used (which is the default
option). Considering for example ‘Cross correlatibacking method’, with POS_REAL and POS
being the line and element location of the cori@hatentres after and before interpolation, anciCC
CC.1, CC the correlation values one position up/lefiyd/right and at the centre:

POS_REAL = POS (CC1— CCy) / [2-(CCy + CCiy — 2:CC)]

For ‘Cross correlation method’ it is also requesteat the correlation in the absolute maximum be
greater than configurable parameter MIN_CORRELATI@With a default value of 80% in
MSG/SEVIRI cases and 50% in GOES-N cases).

TEST AND SELECTION OF THE CORRELATION CENTRE

The reason to preserve more than one ‘adjustmeiitetés that the first choice could not be thentig
one. With the procedure implemented, a 'first cdaidi' is defined. The conditions for a ‘secondary
centre’ to be promoted to ‘first candidate’ are:

» Brightness temperature mean difference and standewdition difference, between the initial
tracer and the ‘secondary centre’, smaller thafQ&RR_CENTRE_TEMP_LIMIT).

» ‘Big pixel class difference’, defined as the sunsqbtiared differences of big pixel classes between
the initial tracer location and the ‘secondary oentocation (being CLASS n values=0,1,2),
smaller than 4 (CORR_CENTRE_ARRAY_LIMIT).

* ‘Centile difference’, defined as the centile diface between the frontier position in the initial
tracer location and the ‘secondary centre’, noeedig 20% (CORR_CENTRE_CORR_LIMIT).

* In the case the ‘Centile difference’ is greaterntt0%, the ‘secondary centre’ can still be
promoted to ‘first candidate’ recomputing the ‘Biixel class difference’. The ‘Big pixel class
difference’ must be smaller than 6 (CORR_CENTRE_ARRLIMIT+2), considering a
CLASS_n ‘frontier’ defined by the mean value of thentiers considered in the ‘initial tracer’ and
the ‘secondary centre’.

If no secondary centre is complying, the procedsisdill tried with ‘Temperature difference’ anditB
pixel class difference’ limits relaxed to the daubl
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Figure 6: AMVs considering the satellite channeddifor the AMV calculation, for the MSG series
High Resolution Winds example defined in FigurédZB®2December 2009, 1200Z, MSG2 satellite)

Figure 7: AMVs considering the satellite channeddifor the AMV calculation, for the GOES-N
series High Resolution Winds example defined imféi@4 (1 July 2010 1745Z, GOES13 satellite)
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2.2.2.5'Brightness temperature interpolation method’ heigh assignment

This method is used when configurable parameterINEWITHCONTRIBUTIONS = 0, when the
wind guess is used to define the tracking positiorthe later image with configurable parameter
WIND_GUESS = 1, or when NWC/GEO CT Cloud Type or RYEO CTTH Cloud Top
Temperature and Pressure outputs are not avaftaiiee current slot. It is additionally only a\atile

if a NWP temperature forecast is provided, with imimum number of NWP levels defined by the
user through configurable parameter MIN_NWP_FOR_CRALATION, with a default value of 4 (if
the number of provided NWP temperature levels iallenthan this, the processing of GEO-HRW
algorithm stops, without calculating any AMVs omajectories).

The input for the height assignment is the corredpw brightness temperature for each one of the
infrared and water vapour channels (MSG/IR108,IRAA62,WV73 or GOES-N/IR107,WV65);
IR120 brightness temperature is used in the MSGIRE¥ase and IR107 brightness temperature in
the GOES-N case for the visible channels. Witheldega:

* The ‘Base temperature’ is computed witBast= Taveraget SIGMA_FACTOR Ocioud, Where
Taverage IS the mean value andciouwd the standard deviation of the brightness tempezatu
SIGMA_FACTOR has been statistically adjusted toehthe best possible validation statistics,
with SIGMA_FACTOR=1.2 for the Visible channels ab@ in the rest of cases.

» The ‘Top temperature’ is computed through the Brighs temperature of the coldest class in
the tracer temperature histogram, representedsit by 3 pixels after histogram smoothing. If
no value is found, the coldest class representkhst by 2 pixels is considered.

A temperature to pressure conversion is then oddainrough the interpolation of these two values to
the NWP forecast model. For this procedure, thera vertical interpolation inside the first pressur
interval containing the desired temperature (stgrirom the lowest level); temporal interpolatien i
considered inside the two nearest time values faclhwNWP data have been provided; horizontally
the value of the nearest grid point is taken. & tamperature is too high or too low, 1000 or 5@ hP
values are assigned (MAX_PRESSURE_BOUNDARY and MMRESSURE_BOUNDARY).

After this, with configurable parameter USE_CLOUDAY = 1 and if NWC/GEO CT Cloud Type
output is available for the selected region andrsiot (when the tracers were calculated), ieedrto
define which of the calculated pressure valuess@bpressure’, ‘top pressure’) represents best the
displacement defined by the AMV.

The tracer cloud_type is defined for each tracethasmost common value of the NWC/GEO Cloud
Type output inside the tracer, if its presence Isast®/» times that of the second most common. If this
condition does not occur, values Tracer cloud ty@ (multiple cloudy types), = 22 (multiple clear
air types), or = 23 (mixed cloudy/clear air typas} defined, when respectively the two most common
cloud types inside the tracer are both cloudy typeth clear air types, or none of these two cases.
tracer is additionally only considered as validhia visible and infrared cases when at least a 5% o
pixels are defined as cloudy. If NWC/GEO CT Cloud/p& output is not available or
USE_CLOUDTYPE = 0, the value “not processed” isrted for the ‘Tracer cloud type’. All possible
values are those shownTiable 5

Considering the statistical study shown in the f¥alion Report for High Resolution Winds (HRW
v3.2), [AD.12]", some tracers are eliminated depegan the tracer cloud type and the channel they
have been calculated with. These cases are idhiiiside a blue cell imable § and are related to:
cloud free tracers in the visible and infrared ctes, fractional clouds in all cases (which in gahe
show worse validation statistics), and cloud tyfa¥swhich the Root mean square vector difference
(RMSVD) is at least a 25% worse than for the chhwité the best statistics for that Cloud type.

Considering the rest of cases, the height assighimatefined through: the ‘top pressure’ in Water
vapour clear air tracers, in tracers related togtfHisemitransparent thin clouds” and “High
semitransparent meanly thick clouds”, and in tracefated to “High semitransparent clouds above
other clouds or above snow/ice” in the infraredretes (identified with ‘“Top’ inTable §. In all other
cases, the height assignment is defined througtb#tse pressure’ (identified with ‘Base’ Trable §.
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If USE_CLOUDTYPE = 0 or NWC/GEO CT Cloud Type outpsl not available, because most cloud
types fit better with the ‘base pressure’, the éopgessure’ is considered for all tracers.

Possible values of the Tracer cloud type parameter

1 Cloud free land 11 High semitransparent thouds

2 Cloud free sea 12 High semitransparent meaidy tlouds
3 Land contaminated by snowl/ice 13 High semiparent thick clouds

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

6 Low cumulus/stratus 21 Multiple cloudy types

7 Medium cumulus/stratus 22 Multiple clear ajppdag

8 High opaque cumulus/stratus 23 Mixed cloudwlcher types

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

Table 5: Possible values of the Tracer cloud typeameter

MSG channels HRVIS  VIS06 VIS08 @ WV062 | WV073 IR108
GOES-N channels VISO7 WV065 IR107
1 Cloud free land

2 Cloud free sea

Land contaminated by snow/ice

Sea contaminated by ice

Very low cumulus/stratus

Medium cumulus/stratus

High opaque cumulus/stratus

3
4
5
6 Low cumulus/stratus
7
8
9

Very high opaqgue cumulus/stratus

10 Fractional clouds

11 High semitransp. thin clouds Top Top Top
12 High semitransp. meanly thick clouds Top Top Top Top
13 High semitransp. thick clouds Base Base Base Base
14 High semitransp. above other clouds Base Base Top Top
15 High semitransp. above snow/ice Base Base Top Top
21 Multiple cloud types Base Base Base Base

22 Multiple clear air types

Top Top
23 Mixed cloudy/clear air types Base Base Base Base

Table 6: AMV filtering related to the ‘AMV cloudp’ and each channel, and consideration of the
‘top pressure’ or ‘base pressure’ in the “Brightrsefemperature interpolation height assignment
method” for the valid cases

Operationally, this Height assignment method isbiafore the ‘tracer tracking’. When the wind guess
option is considered for the calculation of thecking area centre’, this ‘tracking area centreilgo
calculated through the extrapolation of the NWRaegular wind components at the given location, at
the pressure level defined for the AMV by this Itigssignment method (even in the case the AMV
pressure level is later recalculated with the otheight assignment method, “CCC method”).
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2.2.2.6'CCC method’ height assignment (Cloudy cases)

This method (‘Cross Correlation Contribution methodas developed by Régis Borde and Ryo
Oyama and is documented in the 2008 Paper “A diiekt between feature tracking and height
assignment of operational AMVs” [RD.17]. It requir¢he use of “Cross correlation” as Tracking
method, and the calculation of NWC/GEO CT Cloud &ygnd CTTH Cloud Top Temperature and
Pressure outputs for the selected region and sfatrd the running of GEO-HRW product (if their
outputs are not available, GEO-HRW product skigs thethod using the AMV pressure values
provided by the ‘Brightness temperature interpolatinethod’).

The method defines the AMV pressure level considethe pressure of the pixels contributing most
to the image correlation. It has the advantagenofuding in the height assignment all procedures
defined in CTTH product for the Cloud pressure wlation:

- Opaque cloud top pressure retrieval from WindowO&and IR120 brightness temperatures, with
simulation of radiances with RTTOV, and ability thiermal inversion processing,

- Semitransparent cloud top pressure retrieval with Radiance ratioing technique and the
H.0/IRW intercept method, considering WV62, WV73 aRd33 channels,

which are common methods used by other AMV prodsicer

The implementation of ‘CCC method’ is defined ttghuconfigurable parameters TRACKING=CC
and DEFINEWITHCONTRIBUTIONS=1, and it is run aftédre tracer tracking. In case the wind
guess is also used for the definition of the tnaglarea (with WIND_GUESS = 1), the AMV pressure
and temperature values calculated by ‘CCC metheglace the values calculated previously by
‘Brightness temperature interpolation method’. lase DEFINEWITHCONTRIBUTIONS=0, or
NWC/GEO CT Cloud Type or NWC/GEO CTTH Cloud Topnierature and Pressure outputs are
not available, ‘CCC method’ is skipped by GEO-HRWjoaithm and the other pressure and
temperature values are kept.

A 'CCC pressure value’ and ‘CCC temperature vakue calculated for each ‘tracking adjustment
centre’ considering the partial contribution to dwerelation (C¢), CTTH Cloud Top Pressure (Cf)P
and Cloud Top Temperature (Cjj For pixels inside the tracking ‘adjustment cehineage, with:

Pccc=Z(CG;- CTR)/ZCG; Tec=Z(CG;- CTTy)/ZCG;.

A ‘CCC Cloud type’ is also calculated as the on¢hwhe highest sum of partial contributions to
correlation. A ‘CCC pressure error value’ is alsdcalated with the formula:

APccc=V(Z(CCj- CTRA/ECC — Recd),

useful as a possible Quality control parametettferoutput AMVs. A maximum pressure error can be
defined with the configurable parameter MAXPRESSHERROR (default value 150 hPa). For these
calculations, ‘C¢ partial contributions to correlation’ from eactxgliare calculated with the formula:

CGi = (Tij— Tm)- (S — Su) / NUM-0r.0s,

where T;/S; are the ‘N_Value matrix’ values for each pixel dgesithe tracer and the adjustment centre
respectively, NUM is the total number of pixels,/$v are the mean values aoe/os the standard
deviations of the corresponding ‘N_Value matric&3hly pixels with valid CTRCTT;/CT; values,
corresponding to cloudy non fractional cloud typasd with CG over a threshold (the mean
correlation contribution or zero if so no pixelse aept) are considered in all these sums. The
procedure has to be repeated for the up to thogesament centres’ defined for each tracer.

Considering the calculations defined by ‘CCC methdlde pixels are distributed inside a graph
Reflectance(Pixel correlation contribution) or Brigess temperature(Pixel correlation contribution),
used respectively for the visible channels andHerinfrared/water vapour channels. This graphitas
general the shape of the letter ‘C’ with two braashas shown by the lower graphdg-igures 9 and
10 (corresponding to a MSG/VIS08 and MSG/IR108 case)this graph with two branches, the
largest partial contributions to correlation areegi by the brightest and darkest pixels (for thebilé
channels), and by the warmest and coldest pixetgt{e infrared/water vapour channels).
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Low cumu Yery hlgh cumul tratus High =
Medlum cumu 43
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Figure 8: AMV cloud type values (as defined by “Clight assignment method”) for the High
Resolution Winds example defined in Figure 22 (6dinber 2009, 1200Z, MSG2 satellite)
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Figures 9 and 10: Matrices and graphs used in thiewation of "CCC height assignment method”,
for a MSG/VIS08 case in the left side and a MS@&REse in the right side, as explained in the. text
The weighted position of the tracer and the traglaantre as defined with
DEFPOSWITHCONTRIBUTIONS = 1, are shown as a red<io the images in the first row
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In GEO-HRW-v50, the original calculations defineat fCCC method’ in [RD.17] document are
considered, so that the pressure level correctiatscan be implemented later in Chapter 2.2.2n7 ca
be understood as ‘cloud depth corrections’ resgzethe ‘cloud top level’. This way, ‘CCC method’
considers only the pixels whose reflectance isdrighan the threshold in the visible cases (i.gdm
the “bright branch of the Reflectance(Pixel cotiela contribution) graph”), or whose brightness
temperature is colder than the threshold in thearetl and water vapour cloudy cases (i.e. inside th
“cold branch of the Brightness temperature(Pixetelation contribution) graph”). This last procedur
changes respect to the one used in the previospuaesf GEO-HRW algorithm.

Some more elements useful to understand ‘CCC metlredshown inFigures 9 and 10In the first
row, the ‘N_Value’ matrices for the 'tracer’ in th@tial image and for the corresponding ‘adjustinen
centre’ in the second image are shown. In the skoow, the NWC/GEO CT Cloud type and CTTH
Cloud Top Pressure corresponding to the ‘adjustroentre’ are shown. In the third row, the ‘CCij
matrix’ values (partial contributions to correlatitor each pixel) are shown; in the left considgratl
pixels and in the right considering only those otrex threshold (which in these cases is the mean
contribution to the correlation).

Only those pixels contributing most to the imagerelation, and having both a value in the right
middle and lower matrices dfigures 9 and 1Care used in the sumsd?, Tcce, APcce In the
MSG/VIS08 example, these pixels correspond onlghéocloudy bright pixels in the right part of the
tracer, whose cloud types are “very low and low clus/stratus”, defining values ot£=834 hPa
andAPccc=27 hPa. In the MSG/IR108 case, these pixels qooresonly to the high level cloud in the
upper right corner of the tracer, defining valuéP&=286 hPa andPcc=24 hPa.

Since GEO-HRW-v40, and with configurable option BEFSWITHCONTRIBUTIONS = 1 (which is
the default option), the location of the AMV insitle tracer in both initial and final images isidetl
not as the tracer/tracking centre but as the wedylposition displacement defined with the similar
formulae (where Xand Y; correspond to the line and column position of gaighl):

Xce=Z(CGy- Xij)/2CG; Y ccc=2(CGj- Yj)/ZCG;.

With this relocation of the AMV, its position isladed to the part of the tracer with a largest
correlation contribution. When trajectories areirted (as already told with configurable parameter
CALCULATE_TRAJECTORIES = 1), tracking consecutivalyiring several slots the same tracer,
this relocation of the AMV position is only calctea for the first AMV in the trajectory and keepet
same value during all the time the trajectory igeglto avoid discontinuities in its positioning.

This height assignment method is defined as thauttebption for GOES-N satellite series (for which
NWC/GEO Cloud Mask, Cloud Type and Cloud Top Terapee and Height can be calculated, but
not NWC/GEO Cloud Microphysics).
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2.2.2.7'CCC method’ height assignment (Cloudy cases with Mrophysics correction)

In the examples shown in the previous chaptersitlear that ‘CCC method’ offers a direct
correspondence between the pressure levels givébE®-HRW Cloudy AMVs and Trajectories, and
those given to the Cloud tops by NWC/GEO CTTH patdeliminating any possible incongruence
between both products. It also defines a clearespondence between the elements considered for the
pressure level calculations, and the real clouditityrfeatures observed in the satellite 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 would better be
related to a pressure level different than the Clap. A study has been done for the development of
GEO-HRW-v50, suggesting that the “difference betwélge AMV pressure level calculated with
CCC method and the AMV best fit pressure level” bamrelated to the Cloud depth.

For this study, GEO-HRW-v50 makes use of a new yebihcluded in NWC/GEO v2016 software
package: CMIC or Cloud microphysics, which providasiong other parameters) the “Cloud phase”
for each cloudy pixel, the “Liquid water path” feach liquid cloud pixel and the “Ice water pathf’ fo
each ice cloud pixel (these two last parametensgoelated to the cloud depth).

The ‘CCC Cloud phase’ is then defined in a way kintio the one used for the ‘CCC Cloud type’ in

the previous chapter (as the phase with the highest of partial contributions to correlation), with

four possible values: Liquid phase, Ice phase, Mipkase, Undefined phase. The ‘CCC Liquid water
path value’ is then calculated for Liquid phase A8/\and the ‘CCC Ice water path value’ is then
calculated for Ice phase AMVs, considering the peters provided by CMIC output and the

formulae used in the previous chapter for exammleiie AMV pressure:

LWPcc=2(CG- LWR)/ZCCj  IWPcc=Z(CGC;- IWP;)/2CGC;,
considering only Liquid pixels in the first formutand Ice pixels in the second formula.

An empirical relationship has been found to ekettiveen the “difference between the AMV pressure
level calculated with CCC method and the AMV bestipfessure level”, and the “CCC Liquid/lce
water path value” for the AMV, so that a correctilmn the “AMV pressure level” can be defined.
Using for the tuning of this experimental relatibipsthe 1200Z Cloudy AMVs for MSG2 satellite
between July 2010 and June 2011 in the EuropearManliterranean region, and defining different
procedures for Liquid/lce Cloud Visible AMVs, foridquid/lce Cloud Infrared AMVs and for
Liguid/Ice Cloud Water vapour AMVs, Figures 11 #®ih next page are obtained. The reference used
for the definition of the best fit level have bdgadiosouding wind data.

The “difference between the AMV pressure level glted with CCC method and the AMV best fit
pressure level” is in general negative, meaning tthe“AMV best fit pressure level” is in most case
at a lower level, i.e. nearer to the ground, tham tAMV pressure level” calculated with “CCC
method”. The difference is more negative with largdMV Ice/Liquid water path values”.
The Normalized bias (NBIAS) has a similar behavioline Normalized root mean square vector
difference (NRMSVD) becomes larger with larger “AMWe water path values”, although not with
larger “AMV Liquid water path values”.

The empirical relationship between the “differefimdween the AMV pressure level calculated with
CCC method and the AMV best fit pressure level” #mel “AMV liquid/ice water path” values has
been fitted through a double linear/constant resyoes considering separately liquid/ice phase AMVs,
calculated with visible/infrared/water vapour chelsn This double linear/constant regression has
shown to work better than a simple linear regressiall the cases.

Defining a “Microphysics correction of the AMV pisge level” based on the “AMV liquid/ice water
path” with these regressions, it is implementechsas shown irmable 7 As already mentioned, this
correction is in general positive (excepting only¥s with very small liquid/ice water path values),
so locating in general the AMVs in a level neaethte ground. A control is later defined througé th
"Orographic flag" to avoid that this correction &bes the AMVs at a level below the ground.
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Verifying AMV statistics for a different period Ké the Reference AMV Validation period of July
2009-June 2010 in the European and Mediterranagornrevith MSG2 satellite used in several GEO-
HRW versions up to now), it can be seen that therdfihysics corrections cause a reduction in all
validation parameters (NBIAS, NMVD, NRMSVD), whichre largest for the NBIAS. More
information about the effect in the Validation &tts of the Microphysics correction can be foumd
the Validation report for GEO-HRW v5.0 (documenfAb]).
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Figures 11 to 16: Graphs relating the “differencetlveen the AMV pressure level calculated with
CCC method and the AMV best fit pressure levelLghhPa) in red, the Normalized BIAS in yellow,
and the Normalized RMSVD in blue, with the ‘CCQLmpiid Water Path value’ (in kgh for
Visible AMVs (left), Infrared AMVs (centre) and Watapour AMVs (right). 1200Z Cloudy AMVs for
MSG2 satellite during the July 2010-June 2011 mknothe European and Mediterranean region
have been used for this study

Correction for the AMV pressure level [in hPa] bdiea the Cloud microphysics

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

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

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

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

Table 7: Correction for the AMV pressure level fiRa], based on the Cloud microphysics
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“CCC height assignment method with microphysiaseaxdion” is implemented as default option with
MSG satellites, with configurable parameter USE_R@PHYSICS = 2. The option
USE_MICROPHYSICS = 1 calculates the value of therbphysics correction, but does not correct
the AMV pressure value with it. In both cases, Kierophysics correction values is provided in the
output files as the “Pressure error or correctipg’ameter.

The user has necessarily to run all NWC-GEO Cloudipcts (CMA, CT, CTTH, CMIC) so that all
this process can be activated. If NWC-GEO CMIC piacbutput is not available but the other ones
are, GEO-HRW tries to run “CCC method height agssignt without Microphysics correction”.

:0RR — HIGH THR - UWNDO PH
— LOW THR - LNO FPH
CCC METH WITHOUT CORR - HIGH THR - LIO PH
CCC METH WITHOUT - LOW THR-LIO PH

Figure 17: AMV height assignment (“CCC height assngnt method with Microphysics correction”,
using “CCC method high/low calculation threshold&nd AMV microphysics characterization (as
“Ice cloud”, “Liquid cloud”, “Undefined phase clout “Clear air”) for the High Resolution Winds
example defined in Figure 22 (26 December 20090Z2MSG2 satellite)

FCORR O HPA

PCORR 15 30 HPA

Figure 18: AMV pressure corrections (for the casewhich “CCC height assignment method with
Microphysics correction” has been used), for thgiiResolution Winds example defined in Figure 22
(26 December 2009, 1200Z, MSG2 satellite)
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2.2.2.8'CCC method’ height assignment (Water vapour clearir cases)

An adaptation of ‘CCC method’ has been definedtibuse with the “Water vapour clear air AMVs”
because logically no pressure values can be esttdicam 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 correlatiéind 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)

After this, the ‘CCC Cloud type’ and the ‘CCC Temg@ire, Tcc are calculated in a way similar to
the one described in Chapter 2.2.2.6 for the cloaes, although now the Brightness temperature
from the corresponding channel for each pixel {)BiE used instead of the CTTH Cloud Top
Temperature, and only the pixels whose brightnesspérature is colder than the threshold are
considered (i.e., only the pixels located inside tbold branch of the Brightness temperature(Pixel
correlation contribution) graph”). A ‘CCC temperegguvalue errorATccec is now also calculated
considering a formula similar to the one used englrevious chapter for the pressure error:

ATee=V(Z(CG- BTiA)/ZCC — Teed),

Considering these data, three different temperafairees are defined by next formulagcd + ATccc,
Tcee, Teee - ATece For each one of these values, a temperature éssypre conversion is then
obtained through the interpolation to the NWP terapge forecast, giving three pressure values:
Pccemax (related to Fcc + Achc), Pccc (related to _Ecc) and Rccemin (related to Fcc- Achc).

Pccc is defined as the ‘CCC Pressure value’ for tharcter AMVs. APccc= |Pecemax - Pecomnl|/2 is
also defined as the ‘CCC Pressure error value'tfer clear air AMVs (only in cases for which a
vertical reduction or increase of temperature isntb between all three temperature values). In the
cases where the ‘CCC Pressure value’ or the ‘CG&3dRre error value’ cannot be calculated, the
AMVs are discarded.
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2.2.2.9 Wind calculation

Once the latitude and longitude corresponding ¢ointitial tracer location (defined as the tracentoe
with/without the weighted position displacementidedl by ‘CCC method’, depending of the value of
DEFPOSWITHCONTRIBUTIONS configurable parameter)d ahe up to three ‘adjustment centres’
are defined (defined as the non-integer/integeritipasof the tracer centre in the later image
with/without the position displacement defined yCC method’, and with/without the subpixel
tracking process implemented, depending on theevaluDEFPOSWITHCONTRIBUTIONS and
USE_SUBPIXELTRACKING configurable parameters), thectangular coordinates of the
corresponding winds (in m/s) are calculated.

Although the difference with the calculation progszl used in previous versions is completely
negligible, since GEO-HRW-v50 the calculation oksg components considering the displacement
along the corresponding ‘great circle’ with thevlesine formula’ is used.

The ‘haversine formula’ uses next procedure towate the Angular distance in degrees between the
tracer and the adjustment centre positions (ANDJ e Wind speed (SPD), considering the Initial
latitude and longitude values (LAT1, LONL1), thedinatitude and longitude values (LAT2, LON2),
the latitude and longitude differencesLAT, ALON) and the time difference in hours between the
tracer in the initial image and the adjustment emh the later image (T_INT). The coefficient
CONVERSION_DEGH2MS converts °/hour to m/s.

A = sir? (ALAT/2) + cos(LAT1) - cos(LAT2) - stn(ALON/2)
AND = 2 - RAD2DEG - at&WA, V(1-A))
SPD = CONVERSION_DEGH2MS - AND / T_INT
The bearing angle (DIR) corresponding to the gigeeat circle’ is calculated with next formulas:
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)

Since GEO-HRW-v50, T_INT is the real time differena hours, between the scanning time for the
lines defining the tracer location in the initiahdage and the adjustment centre location in the late
tracking image. For MSG satellite series, this pthoe takes into account the real time the image
scanning began for the given slot and the time edé¢d scan the image lines. For GOES-N satellite
series the procedure is easier, taking simply attwount the scanning time for each pixel provided i
the satellite input data files.

The definition of the position of the tracking acsmtre in the later image when the wind guessesiu
with WIND_GUESS = 1, through displacement of thacer position in the initial image with the
rectangular NWP wind components, uses also sinc®-BBW-v50 an equivalent procedure with a
displacement along the corresponding ‘great circle’
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2.2.2.100uality control and Choice of the best wind

Basically, the _Quality Indicator method developed BUMETSAT and implemented for the
Atmospheric Motion Vectors computed at the Meteo$abduct Extraction Facility/ MPEF
(K.Holmlund, 1998), is used here. An update hambeeluded since GEO-HRW-v40, with some
additional elements included in the MPEF/AMV algiom, which were previously unused.

This method assigns a quantitative flag to any Afpheric Motion Vector: Quality Index (QI, ranging
from 0% to 100%). It is based on normalized funwicanalytically fit to statistical properties imet
behaviour of the winds. These properties relatéh&o expected change of the AMVs considering:
temporal consistency (comparison to AMVs in thevjes slot in the same location and level), spatial
consistency (comparison to neighbour AMVs in thmeaslot in the same location and level), and
consistency relative to a background (NWP forewast interpolated to the same slot, in the same
location and level). In the two scale procedure, GEO-HRW Quality Control is split in two different
steps, representative of the ‘Basic scale’ andDkéailed scale’.

5 tests are applied (direction, speed and vectierence tests for the temporal consistency; only
vector difference for the others) giving 5 indivadl; its weighted sum provides the overall QlIr Fo
the two scale procedure, an additional ‘interscadatial test’ is defined for the ‘Detailed AMVS’
derived from a ‘Basic scale tracer’ (comparinglte torresponding ‘Basic scale AMVS’).

* The QI (0% to 100%) for the temporal direction astency is given by:
QI =1 - [tanh[ DIF/(A-exp(-SPD/B)+C- SPD+DB]]

where SPD, DIF are the time-averaged wind speedalisolute change in the parameter (in this
case in direction, 0 to 180°); and the coefficight8, C, D, E are respectively 20, 10, 0, 10 and 4

* The 4 Qi (0% to 100%) for the 4 other parameters (tempgpakd consistency, temporal vector
consistency, spatial vector consistency, forecastor consistency) are:

Qli = 1 - [tanh[DIF/(max(A-SPD,B))+]

where DIF is the absolute speed difference or biselate module of the vector difference, and the
coefficients A, B, C, D are respectively 0.2 (Oo4 the forecast consistency test), 0.01, 1 and 3 (2
for the forecast consistency test).

This procedure is repeated in the spatial and teahgonsistency for up to 3 reference AMVs in the
current and previous slot (defined respectivelyhwpiarameters L_CHECK_NUMBUDDIES and
T_CHECK_NUMPREDEC). The weight of the contributidnem each one of these reference AMVs
to the final value of the spatial or temporal cstesicy can depend (as currently defined by
L CHECK DISTWEIGHT and T_CHECK_DISTWEIGHT parameteor not from a distance factor
to the evaluated AMV. The distance factor to thaleated AMV (which also defines which other
AMVs in the current and previous slot are usedraference ones) is defined with formulae:

alpha =Al+ A2-SPD
beta =B1+B2-SPD
gamma = ER ¥(LATDIF2+LONDIF?)- cos(270-DIR—atan(cos(LAT)+LATDIF/LONDIF))
delta = ER */(LATDIF%+LONDIF?)-sin(270-DIR—atan(cos(LAT)+LATDIF/LONDIF))
Distance factor = (gamma/alpRa) (delta/bet&)

with A1,B1 = 200; A2,B2 = 3.5; SPD,DIR,LAT = speatirection, latitude of the evaluated AMV;
LATDIF, LONDIF = latitude and longitude &fence with respect to the reference AMVS;
ER = Earth radius in kilometres.

Only reference AMVs with a distance factor smatlean 1, a pressure difference smaller than 25 hPa
(defined by parameters L CHECK_PRESS_ DIFF/T_CHEGQRE®S DIFF) and a latitude/longitude
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difference smaller than 1.35° (defined by paramsdtelCHECK _LAT_DIFF/T_CHECK_LAT_DIFF)
are valid. The reference AMVs with the smallestatise factor are considered for the Quality control

The value of all these parameters is definedinolude/HRW/hrw_QualitySchema.h file.
Additionally, a weight on the different quality tes is defined through parameters
W_SPD/W_SPD_HRVIS (temporal speed consistency tesight, with default value 0),
W_DIR/W_DIR_HRVIS (temporal direction consistencest weight, with default value O0),
W_VEC/W_VEC_HRVIS (temporal vector consistency teatight, with default value 3), W_LC
(spatial vector consistency test weight, with diéfaalue 3), W_FC (forecast vector consistency test
weight, with default value 1) and W_TC (interscaatial vector consistency test, with default value
0). With all of this, only the temporal, spatialdaforecast vector consistency tests are activatele
Quality control as default option, which is the sasituation than for the EUMETSAT/MPEF AMVs
(although with different weights for the differequality tests; in the EUMETSAT/MPEF case the
weight of the spatial and temporal vector consistdast is 2).

The user can nevertheless evaluate the impactl dhede parameters in the GEO-HRW outputs,
changing their corresponding values and recompilaggpin $SAFNWC/bin/GEO-HRW-v50
executable file witmake clean andmake all at$SAFNWC/src/HRW directory. The weighted
sum of the mentioned Quality tests defines the lQuindex (QI)’ of the different AMVs, which is
used for their filtering for their writing in the MV and Trajectory output files. Two corrections are
nevertheless included in this QI value before detat valid:

» One correction reduces the Quality of the AMVs wigery low speed, and multiplies the QI with
factor SPD/SPEED_THR (where SPD = speed of thauated wind, SPEED_THR = 2.5 m/s), so
affecting only AMVs with a speed lower than 2.5 m/s

» The other correction affects visible and infrare\As with a pressure higher than parameter
C_CHECK_PRESS_THR =500 hPa only, and is a fagtned by formula:

1 - [tanh[(max(A,CORR(IR108,WV62))/BY]]

where CORR(IR108,WV62) is the correlation of IR1B307 and WV62/WV65 channels at the
location of the ‘adjustment centre’ related to gwaluated wind, and the coefficients A, B, C are
respectively 0, 0.2 and 200. This correction hasidime of “Image correlation test”.

Two different Quality Indices are defined for easlV and written in the BUFR or netCDF output
files: one with contribution of the forecast comsiey test (Quality index with forecast) and anothe
one without contribution of the forecast consistetest (Quality index without forecast). The Qualit

Index threshold for the acceptance of an AMV asdvad defined by configurable parameter
QI_THRESHOLD (with a default value of 70%). The usan also decide if the Quality index with
forecast or else without forecast is used for tiM/Aoutput filtering (through configurable parameter
QI_THRESHOLD_ USEFORECAST, with a default value ff 1

Some additional considerations on the Quality Gongpecific for GEO-HRW algorithm, are shown
next:

» Each ‘adjustment centre’ will be flagged at thiagst (with up to 3 AMVs per tracer), and all
AMVs available are considered valid for the spat@hparison disregarding their Quality Index.

» ltis frequent that a quality test cannot be calted (i.e. no wind was found for the comparison).
The overall QI will thus include only the availatésts.

* Only one wind per tracer is selected for the AM\ drajectory outputs. The suggested option
(selected with configurable parameter BEST_WIND_BEEILION = 1) is: the best AMV for the
tracer for the most of next criteria: interscalatsg quality test, temporal quality test, spatial
quality test, forecast quality test and correlatjaith a triple contribution). If this is not deftive
the best AMV for the forecast quality test (sigeefintly, with a difference larger than 20%). If this
is also not definitive the AMV with the best coatibn. In this case TEST output parameter will
reflect, apart from the number of quality testst thach AMV has passed, whether the wind has
been the best (value = 3), slightly worse (valug, with a percentage difference larger than the
1%), or fairly worse (value = 1, with a percentalijéerence larger than 20%) than other AMVs
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calculated for the same tracer for each availafiterion. If any of the quality tests could not be
calculated, this is identified with the value 0.

» A different option for the best AMV selection, degd with BEST_WIND_SELECTION =0, is:
the best AMV for the tracer for interscale QI.Hfg is not definitive the best for the temporalsplu
spatial Qls if larger than 85%. If this is also definitive, the AMV with the best overall QI.

» 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 the pressure level éifince (MEANVEC_PRESSURE_DIF =
50 hPa), for two consecutive AMVs related to thmedrajectory. These limits must be obeyed so
that additional sectors can be added to the tiajgct

* With winds related to a ‘predecessor wind’, if dgofable parameter USE_MEANWIND =1 is
used, a correction of the AMV outputs for the cotrelot is done with the corresponding
‘predecessor wind’ for the same trajectory (wheexists), in which the mean value of speed,
direction, correlation, quality, temperature, ptessand pressure error considering both AMVs is
used. Nevertheless, this option is not used addfault one.

GI 91-100

Figure 19: Quality index including forecast for thligh Resolution Winds case defined in Figure 22
(26 December 2009, 1200Z, Nominal scan mode, M&teRi®)

GI 91-100

Figure 20: Quality index not including forecast fitve High Resolution Winds example defined in
Figure 22 (26 December 2009, 1200Z, Nominal scadendSG2 satellite)
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2.2.2.110rographic flag

The main objective of this part of the algorithmtaesincorporate topographic information, which in
combination with NWP data can detect and rejectehdtmospheric Motion Vectors affected by land
influence. The reasons for this land influence ey

- AMVs associated to land features, incorrectly deas cloud tracers.
- Tracers which are blocked or whose flow is affediganountain ranges.
- Tracers associated to lee wave clouds in the wcafimountain ranges.

The effect on these tracers is to present AMVs whdisplacement does not correspond with the
general atmospheric flow. Because of this, theyikhoot be considered. In this part of the algonith
with configurable parameter USE_TOPO > 0, an ‘aapbic flag’ is calculated for each AMV with
the intention of detecting this land influence.

The procedure to calculate the ‘Orographic flag baen simplified since GEO-HRW-v50, and needs
the reading of NWP geopotential data to be avaglaltl starts with the reading of two topography
matrices for the defined satellite and positionfilBaNWC_SFCMIN*raw S_NWC_SFCMAX*rayy to

be located iBSAFNWC/import/Aux_data/Common  directory. These matrices define the 3% and
97% centiles of the topography histogram for eaitelpin which data up to 1 degree away are
considered. These matrices define the Represemtitisimum and Maximum heights around each
location.

After this, the “Representative Minimum and Maximuheight matrices” are converted to
“Representative Maximum and Minimum Surface pressnatrices” with NWP geopotential data. So,
the “Height matrices” are converted to geopoter{tialltiplying by a constant value of gravity), and
the provided geopotentials are inversely intergolato pressure to define the “Representative
Maximum and Minimum Surface pressure” in each p{ielsfcmin, P_sfcmax).

A verification is done to control that the neede@R geopotential data are available and that the
Height matrices are not located below the lowestmMiel. These “Representative Maximum and
Minimum Surface pressure” matrices represent thenddwest and highest surface pressure values in
locations up to one degree away of each locatidgheofmage.

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

It is calculated considering P_sfcmin, P_sfcmax jpaicimeters TOPO_PR_DIFF = %2 (Representative
pressure level of the location) and TOPO_PR_SUB kA (Pressure margin over P_sfcmax 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).

= IND_TOPO =2: P_traz > P_sfcmax + TOPO_PR_DIFF*(Fcmin-P_sfcmax)
Very important orographic influence found.

= IND _TOPO = 3: P_traz > P_sfcmax - TOPO_PR_SUP
Important orographic influence found.

= [IND _TOPO =6: P_traz < P_sfcmax - TOPO_PR_SUP

No orographic influence found in the current AMVspion: the AMV is over the level
without orographic influence.

The “Dynamic orographic flag” is then calculate@dlues of IND_TOPO are modified to verify the
possibility of a previous in time orographic influge. This part only happens if IND_TOPO = 6 and
the tracer is related to predecessor AMVs in thevipus slots. The value of IND_TOPO = 6 is so
modified considering the next conditions:
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= [IND_TOPO = 0: Orographic flag was not calculatedthe previous position of the AMV.

= [IND_TOPO = 4: Very important static or dynamic oraghic influence was found at the
previous position of the AMV (IND_TOPO = 2 or 4).

= [IND_TOPO = 5: Important static or dynamic orographinfluence was found at the
previous position of the AMV (IND_TOPO = 3 or 5)

= [IND_TOPO = 6: No orographic influence is found inyacurrent or previous position of
the AMV.

SE OF THE OROGRAPHIC FLAG

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 isté@@yprus in the High Resolution Winds example
defined in Figure 22 (26 December 2009, 1200Z, Mahdcan mode, MSG2 satellite). Orographic
effects are caused by the mountains in Cyprus amnkey, reaching respectively 2000 m and more

than 3000 m

Because the different ‘adjustment centres’ related same AMV can have different initial positions
in the initial image (because of different valuestlie weighted position displacement defined by
‘CCC method’ with DEFPOSWITHCONTRIBUTIONS = 1 cogtirable parameter), the up to three
AMVs calculated for the same tracer can have eewddfit ‘Orographic flag’. On the contrary, if
DEFPOSWITHCONTRIBUTIONS = 0, all AMVs calculatedrfthe same tracer have similar values
in the ‘Orographic flag'.

Taking this into account, a comparison test simitathe ones in section 2.2.2.10 is calculated to
compare the different AMVs for the same tracertegldo orography. Possible values are:

= TESO = 3: IND_TOPO for the AMV chosen as best wthe highest for all winds for
the same tracer.

= TESO =2:IND_TOPO for the AMV chosen as best wisidne unit smaller than for the
wind for the same tracer with the best IND_TOPO.

= TESO = 1: IND_TOPO for the AMV chosen as best wimat least two units smaller
than for the wind for the same tracer with the b2 TOPO.

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

With configurable parameter USE_TOPO = 1, IND_TO®&@ TESO variables are calculated and
incorporated to the netCDF or BUFR output filesdaidnally, all AMVs related to IND_TOPO =1
are eliminated from the output files because ohgpddcated below the lowest representative pressure
level. With configurable parameter USE_TOPO = 2i¢htis the default option), all AMVs with any
Orographic influence (i.e. all AMVs with IND_TOPQOZto 5) are eliminated from the output files.
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2.2.2.12Final Control Check and Output data filtering

After the Quality control, sometimes it has beemeded that an Atmospheric Motion Vector has
a direction or velocity completely different to thaes in its immediate vicinity. It has been sdwat t
these AMVs make statistical results worse, withjoastifying clearly the reason for such big changes
in direction or velocity. Because of this, they d@nconsidered as errors. To eliminate these emors
function called “Final Control Check” can be runteafthe Quality Control if using configurable
parameter FINALCONTROLCHECK =1 (which is the ddfaption).

It calculates the velocity and direction histograwish all valid AMVs calculated with the same
channel in relatively small areas inside the wagkiagion (square boxes of 5x5 degrees of latitude
and longitude). When any of the columns of the eigyoor direction histograms has only one element,
it is excluded (the amplitude of the columns isimed by parameters SPEED AMPLITUDE,
DIRECTION_AMPLITUDE).

This process might eliminate some good AMVs, butdiamentally these errors defined before. The
procedure considers that the lack in the samedraaother AMV with relatively similar velocities o
directions is enough to consider a wind as an gam to take it out from the output file.

Additionally, several output data filterings areluded during GEO-HRW algorithm running, which
sometimes depend on the value of several confifirparameters in the GEO-HRW model
configuration file. These parameters are:

- WIND_CHANNEL (default value HRVIS,VIS08,IR120,WV62/V73 for MSG/SEVIRI satellite
series; VIS07,IR107,WV62 for GOES-N satellite sgkievhich defines the channels for which
AMVs (and trajectories) are generated.

-  QIL_THRESHOLD: defines the Quality index thresholor fthe AMVs in the output files.
Depending on the value of QI_THRESHOLD_USEFORECAS8#&fault value 1), the “Quality
index with forecast” or the “Quality index withotdrecast” are respectively used for the AMV
filtering.

- CLEARAIRWINDS: defines if the Clear air water vapoMVs are to be included in the output
files (default value 1, meaning yes).

-  MAXPRESSUREERROR: defines the maximum pressure €imohPa) permitted in the output
AMVs, when “CCC height assignment method” has hesed.

- MIN_CORRELATION: defines the minimum correlatiors(a %) in the output AMVs, when the
“Cross Correlation tracking” has been used.

FINALFILTERING: defines several filterings in theiput AMVs, depending on its value.

- With FINALFILTERING > 0, the AMV pressure level fdring defined inTable 8is
implemented (where blue layers for the differerdroiels are eliminated,; light blue layers are
eliminated only for ‘Clear air AMVs' and very dailue layers are only eliminated if
configurable parameter VERYLOWINFRAREDAMVS = 0). 8de cases with elimination of
data correspond to AMVs with NRMSVD values at lemst sixth higher than for the satellite
channel with a minimum NRMSVD.

- With FINALFILTERING > 1 (which is the default opti), the Cloud type filtering defined in
Table 6is implemented for the different satellite chasnel

- With FINALFILTERING > 2, AMVs with a “Spatial quatly flag” = 1,2 are also eliminated.

- Finally, with FINALFILTERING = 4, AMVs with a “Spaal quality flag” = 0 are also
eliminated.
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MSG sat. HRVIS  VIS06 VIS08 IR108 IR120 WV62 WV73

GOES-N sat. | VISO07 IR107 WVE5

100-100 hea [N
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 learad Satellite channel
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2.3 HIGH RESOLUTION WINDS (GEO-HRW) PRACTICAL CONSIDERATIONS

2.3.1 High Resolution Winds Validation for MSG satelliteseries

The main GEO-HRW-v50 Validation statistics agaifadiosounding winds for GEO-HRW-v50
Basic AMVs, following the criteria defined at thehifd International Winds Workshop (Ascona,
Switzerland, 1996) for the comparison of satelligends, are shown next. Additional Validation
statistics can be obtained in the “Validation réfpor GEO-HRW v5.0” (document [AD.15]).

For MSG satellites, Validation statistics corregbom the reference period used since some years ago
for GEO-HRW algorithm: July 2009—June 2010 at 12.00C, with MSG2 satellite data, in an area
covering Europe and the Mediterranean Sea, sushaen inFigure 22

Two different configurations are shown in the vatidn: the first one considering the conditions
defined in the defaul$SAFNWC/config/safnwc_HRW.cfm.MSG15MIN  configuration file, in
which “CCC height assignment with Microphysics eation” is considered, and for which
NWC/GEO Cloud product outputs (CMA, CT, CTTH, CMI@xave to be available. The other one
considers the running of GEO-HRW-v50 with the samefiguration file, but without the provision of
NWC/GEO Cloud product outputs, so considering “Btigess temperature interpolation height
assignment without cloud products”.

In both cases, cloudy AMVs in the layer 100-100@ lalAd 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 validation parameters shown are: NC (Numbetcatibcations between GEO-HRW AMVs and
Radiosounding data), SPD (Mean speed of Radiosngrdhata), NBIAS (Normalized bias), NMVD
(Normalized mean vector difference), and NRMSVD f(Nalized root mean square vector
difference”).

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, the AMV qualitynist much worse: NMVD and NRMSVD
parameters are less than a 10% larger, althoudh avieduction of about a 25% in the amount of
AMYV data.

Comparing the statistics for the different satellthannels, the MVD and NRMSVD seems very

different considering all layers together, with bas larger than the 50% between the best case
(Cloudy WV062 AMVs) and the worst case (Cloudy V8ONevertheless, this is only caused by the

different proportion of AMVs in the different layerfor each channel. Inside each one of them,

differences of NMVD and NRMSVD for the differentaimels are much smaller.

Doing the comparison with GEO-HRW-v40 AMV Validatigavailable for example in the Validation
report for GEO-HRW v5.0, document [AD.15]), it cha seen that with the default circumstances for
both algorithms (Basic AMVs; Cross correlation kiag; CCC height assignment; Microphysics
correction implemented in GEO-HRW-v50 procedurée Walidation results for GEO-HRW-v50
algorithm improves for all Validation parametersthw

* Anincrease in the amount of compared AMVs of alzoliv% (from 1239492 to 1483511),
* Areduction in the NBIAS of about a 20% (from -01b0-0.08),
* Smaller reductions in the NMVD (from 0.31 to 0.3®d NRMSVD (from 0.38 to 0.36).

So, the evolution of GEO-HRW-V50 respect to presiamarsions of the algorithm is positive, with

more AMV data with a better quality. Consideringe thifferent layers, the GEO-HRW Product

Requirement Table Optimal accuracy (with a valu8.8b) is reached in the High layer, and the GEO-
HRW Product Requirement Table Target accuracy (walues respectively of 0.50 and 0.56) is
reached in the Medium and Low layer, both usingotdusing NWC/GEO Cloud products as input.
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The results of the 2014 AMV Intercomparison Studyp&t (Comparison of NWC SAF/HRW AMVs
with AMVs from other producers [RD.24]) are alsopiontant to be taken into account for the
validation of NWC/GEO-HRW algorithm. In this studjpe AMVs calculated with NWC/GEO-HRW
were compared to the AMVs calculated by six othstiiutions (EUMETSAT/MPEF, NOAA, Japan
Meteorological Agency - JMA, China Meteorologicatifinistration - CMA, Korea Meteorological
Administration - KMA and the Weather Forecast anin@tic Studies Centre from the Brazilian
National Spatial Research Institute — CPTEC/INP&)@g the same MSG satellite and ECMWF NWP
model data.

The report shows that NWC/GEO-HRW AMVs togetherimtite EUMETSAT/MPEF AMVs have
the two best validation statistics in the AMV irdemparison, using “CCC method” for the AMV
height assignment.

GEO-HRW-v50 AMVs Cloudy Cloudy | Cloudy Cloudy Cloudy Clear

(Jul 2009-Jun 2010) VIS08 WV62 WV73 IR108 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 GEO-HRW-v50
(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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GEO-HRW-v50 AMVs All
(Jul 2009-Jun 2010) VISO08  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 GEO-HRW-v50
(Jul 2009-Jun 2010, MSG2 satellite, 12:00 UTC, pe@n and Medéerranean 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 prodiicts
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2.3.2 High Resolution Winds Validation for GOES-N satellte series

For GOES-N satellites, Validation statistics copa@®d to a 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 todvailable. The other one considers the
running of GEO-HRW-v50 with the same configuratfde, but without the provision of NWC/GEO
Cloud product outputs, so considering “Brightneemerature interpolation height assignment
without cloud products”.

Radiosoundings for all main synoptic hours (00:06.00, 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 a largest number of &smlinding 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 GOESdfesrare available at the main synoptic hours.

Comparing with the equivalent statistics for MS@Gadin in Table 9and Table 10, statistics for
GOES-N AMVs (NBIAS, NMVD, NRMSVD) are very similagnd in some cases even slightly better.
Considering the different channels (VISO7, WV0d@8107) there are no remarkable differences with
the equivalent MSG channels.

GEO-HRW-v50 AMVs Cloudy Cloudy | Cloudy Clear

(Jul 2009-Jun 2010) VISO7 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] 24.71 24.68 24.33 15.31 2347
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 (LOW LAYER) -0.06 -0.10 -0.10

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

Table 11: Validation parameters for GEO-HRX&0
(Jul 2010-Jun 2011, GOES13 satellite, 00/06/12/a&J0C, ContinentaUnited States area;
Basic AMVs; Cross correlation tracking; CCC heigissignment without Microphysics correction)
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GEO-HRW-v50 AMVs

(Jul 2009-Jun 2010)

NC 8176 | 281224 77701 | 367101
SPD [m/s] 18.61 21.91 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 GEO-HRW-v50
(Jul 2010-Jun 2011, GOES13 satellite, 00/06/12/a83)0 C, Continental United States area;
Basic AMVs; Cross correlation traitig;
Brightness temperature interpolation height assigntrwithout Cloud products;
No distinction between Cloudy and Clear air Watgpaur AMVs due to the lack of Cloud products)

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

Considering the different layers, the GEO-HRW PuaidRequirement 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 tempeeaituterpolation 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 d#ts 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 preferred as default option for the
running of GEO-HRW algorithm with GOES-N satell#eries.

As a final comment, it is necessary to remark tih&t Target accuracy is widely reached in all
conditions for both MSG and GOES-N satellite series
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2.3.3 List of High Resolution Winds configurable parametes

A region configuration file f{le.cfg ), and a GEO-HRW model configuration filgl€.cfm ),
with the parameters and options defined by the faseralculation, are needed 838 AFNWC/config
directory for the running of GEO-HRW-v50 executable

Two model configuration files are suggested for MS@fnwc_HRW.cfm.MSG15MIN and
safnwc_HRW.cfm.MSGO5MIN (respectively for ‘Nominal scan mode’ and ‘Raptdus mode’,
with calculation of AMVs respectively every 15 amdninutes).

Two model configuration files are suggested for GENE safnwc_ HRW.cfm.GOES15MIN
andsafnwc_HRW.cfm.GOES30MIN.  The first one can be used for example for calcutati

of AMVs every 15 minutes in the “Continental UnitBthtes” region. The second one can be used
for example for calculation of AMVs every 30 minsii@ the “North America” region.

The complete list of configurable parameters inetlish these files, with their description and their
corresponding default values, is available in $&c#.3.4 of this document. Some output examples of
the running of GEO-HRW-v50 with these Model Configion Files are shown in Section 2.3.6.

Besides, for every running slot, next input datatarbe supplied. Of all these data, only MSG HRIT
or GOES-N GVAR satellite data for the running slatt NWP temperature data for the running region
are strictly needed for the running of GEO-HRW ailidpon:

Considering MSG satellite series: full resolutiarcampressed HRIT data for the selected region,
for the running slot and the previous slot, forMBG/SEVIRI channels to be used for the AMV

calculation in$SAFNWC/import/Sat_data directory. IR120 channel is additionally needed
for the visible channel processing when “Brightnesaperature interpolation height assignment”
is to be used. IR108 and WV62 channels are additipneeded if the default configuration of the

Quality control is kept (including the “Image cdetkon test”).

Considering GOES-N satellite series: full resolatimcompressed GVAR data for the selected
region, for the running slot and the previous SBOES-N GVAR data have first to be converted
to NWC/GEO netCDF satellite input data format wilie provided GOES2NC java tool (more
information about this can be extracted from theusioent "User Manual of the GOES2NC tool"
[AD.16]), and after this process included $8AFNWC/import/Sat_data directory. IR107
channel is in any case needed for the visible aklaprocessing when “Brightness temperature
interpolation height assignment” is to be used.0lRand WV65 channels are in any case needed
if the default configuration of the Quality contislkept (including the “Image correlation test”).

List of tracers, predecessor winds and trajecta@sulated at the previous slot, if existing.

NWP data: Fields of temperatures covering at le¢hst selected region, with an horizontal
resolution of 0.5° and a NWP time step of at mostoGrs, for a minimum of four and as a
recommendation as many as possible of the followamgls: 1000, 925, 850, 700, 500, 400, 300,
250, 200, 150, 100, 70, 50, 30, 10 hPe&SAFNWC/import/NWP_data directory. The NWP
fields of rectangular components of the wind (&g also needed for the ‘Quality control forecast
test’ or if the NWP wind guess has to be used lierdefinition of the ‘tracking area centre’. In
case the “Orographic flag” is also calculated, Nte¢RIs of geopotential heights are also required.

NWC/GEO CT and CTTH output for the running regiom &lot in$SAFNWC/export/CT and
$SAFNWC/export/CTTH directories, if “CCC height assignment method” sed.

NWC/GEO CMIC output for the running region and slot $SAFNWC/export/CMIC
directory, if the Microphysics correction is usegdide “CCC height assignment method”.

NWC/GEO CT output for the running region and thevjwus slot inSSAFNWC/export/CT
directory, if the NWP wind guess has to be usedHerdefinition of the ‘tracking area centre’, or
the “Brightness temperature interpolation heigsigrenent with Cloud products” is used.
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2.3.4 List of High Resolution Winds configurable parametes

The High Resolution Winds model configuration filelds the configurable parameters needed for the
running of GEO-HRW-v50 executable. It must be ledatithin$SAFNWC/config directory. Four
different reference Model Configuration Files haween included for the running of NWC/GEO-
HRW-v5.0: two for their operational use with MSGMRI data every 15 minutes
(safnwc_ HRW.cfm.MSG15MIN ) and every 5 minutessgfnwc_ HRW.cfm.MESGO5MIN ); two

for their operational use with GOES-N data everyniifutes $§afnwc_HRW.cfm.GOES15MIN )

and every 30 minutesd&fnwc_ HRW.cfm.GOES30MIN ). A brief description of the configurable
parameters included in these files is shown imih table.

Keyword Description Type Default Value(s)

I dentification parameters
PGE identification. This keyword is optional, = Chain of

PGE_ID but should not be changed by the user. characters GEO-HRW
Satellite bands that can be used to run the PGE. HRVIS,VIS06,VIS08,WV62,
SAT BANDS This keyword is optional, but should not be Chain of WV73,IR108,IR120(MSG)
- changed. It defines the maximum value of bandbaracters
for which AMVs can be calculated. VIS07,WV65,IR107(GOESN)
Satellite bands really used for AMV calculation. HRVIS,VIS08,WV62,WV73,
As possible values, it can include any of the  Chain of [IR120(MSG)
WIND_CHANNEL bands shown by the previous parameter characters
separated by commas (not by spaces). VIS07,WV65,IR107(GOESN)

Ordering number of the previous satellite slot,
for which tracers are to be considered for the

AMV processing. Possible values: 1 (MSG 15 min. mode)
SLOT_GAP 1: Nominal mode for MSG and GOES-N Integer 2 (MSG 05 min. mode)
(15 min., previous slot) 1 (GOESN)

2: Rapid scan mode for MSG
(10 min, second previous slot)
Output parameters

Originating/generating centre of the BUFR file,
as defined in WMO Common Code Table C-1.

BUFR_CENTRE_OR It is to be modified with the code related to the Integer 214
corresponding centre (e.g. 214 for Madrid).
Output file format. Possible values:
- NWC: AMV & Trajectories BUFR files, with
the specific NWC SAF format. .
OUTPUT_FORMAT - EUM:pAMV BUFR files, with Chain of "NWC
= characters

the EUMETSAT/MPEF BUFR format.

- NET: AMV netCDF files

- ALL: All previous files together
QI_THRESHOLD Quality Index threshold for the AMVs ntéger 70

Option to show if the Quality index threshold
QI_THRESHOLD_USEFORECAST used in the wind output filtering includes the Integer 1
Quality forecast test
Criterion for Best wind selection (Values: 0/1),
QI_BEST_WIND_SELECTION as defined in the ATBD document. Integer 1
CLEARAIRWINDS Flag to decide if Clear air AMVs callated Integer
CALCULATE_TRAJECTORIES Flag to decide if Trajectesicalculated Integer
Flag for a final filtering of the AMVs based on:
- Their Height level (when > 0),
- Their Cloud type (when > 1),
- Their Quality spatial test

(1,2 as invalid values when > 2;
0,1,2 as invalid values when > 3).

Flag for calculation of the Orographic flag
(when > 0), 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 (when positive).
MAXPRESSUREERROR Maximum pressure error in the AMVs (hPa),
when ‘CCC height assignment method’ used.
Flag showing if very low infrared AMVs (below
VERYLOWINFRAREDAMVS 900 hPa) are admitted in the AMV output file Integer 0

FINALCONTROLCHECK Flag to indicate if “Final Contr€heck” is used Integer 1

R

FINALFILTERING Integer 2

USE_TOPO Integer 2
USE_MEANWIND

Integer O

Integer 150
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Keyword Description Type Default Value(s)
Working area description parameters
LAT_MIN Real -75.0
LAT_MAX Latitude and longitude borders (in degrees) Real 75.0
LON_MIN for the processing region (Basic AMVs) Real -179.0
LON_MAX Real 179.0
LAT_MIN_DET Real -75.0
LAT_MAX_DET Latitude and longitude borders (in degrees) Real 75.0
LON_MIN_DET for the processing region (Detailed AMVs) Real -179.0
LON_MAX_DET Real 179.0
Minimum fraction of area illuminated by the
FRAC_DAY_SCENE sun needed to calculate the visible AMVs Integer 8
(HRVIS, VIS06, VIS08 channels)
ZEN_THRES Sun zenith angle threshold (degrees) [Boub87.0
MSG_ZEN_THRES Satellite zenith angle threshold (deg) Double 80.0
Tracer parameters
MAX_TRACERS Maximum number of tracers Integer 120000
LSIZ_HRV Basic tracer line/column dimension Integer 24
ESIZ_HRV (with MSG/HRVIS or GOES-N/VIS07 AMVs)  Integer 24
LSIZ_OTHER Basic tracer line/column dimension Integer 24
ESIZ_OTHER (with all other AMVSs) Integer 24
Minimum acceptable 1 byte reflectance value
MIN_BRIGHTNESS_VIS in the search for targets (with visible AMVs) Double  120.0
Minimum acceptable 1 byte brightness
MIN_BRIGHTNESS_OTHER temperature value in the search for targets Double 60.0
(with infrared and water vapour AMVSs).
Minimum acceptable 1 byte reflectance contras
GVAL_VIS in the pixels of a tracer (with visible AMVSs) tDoubIe 60.0
Minimum acceptable 1 byte brightness
GVAL_OTHER temperature contrast in the pixels of a tracer  Double 48.0
(with infrared and water vapour AMVs)
Minimum separation (in pixels) between tracers
TRACER_SEARCH_STEP_HRV  , ‘MSG/HRVIS or GOES-N/VISO7 AMVs)  Nteger 24
Minimum separation (in pixels) between tracers
TRACER_SEARCH_STEP_OTHER (for all other AMVs) Integer 6
Tracking parameters
Tracking method. Possible values: Chain of
TRACKING LP: Euclidean difference CcC
) ; characters
CC: Cross correlation
Flag to decide if “CCC height assignment”
DEFINECONTRIBUTIONS is to be used (requires also TRACKING=CC) Integer 1
Flag to decide if the position of the AMV
in the target is relocated to the position
of maximum correlation contribution defined
DEFPOSCONTRIBUTIONS by “CCC height assignment” Integer 1
(requires also TRACKING=CC and
DEFINECONTRIBUTIONS=1)
Flag to decide if the Tracer cloud type is used
USE_CLOUDTYPE by the old “Brightness temperature interpolationinteger 2
height assignment method” (when positive)
Flag to decide if the Microphysics correction is
to be calculated to “CCC height assignment”
(when > 0), and if this Microphysics corrections 2 (MSG)
USE_MICROPHYSICS is applied to the final AMV pressure (when > 1) Integer 0 (GOESN)
(requires also TRACKING=CC and
DEFINECONTRIBUTIONS=1)
Flag to decide if the Wind guess is used
WIND_GUESS for the definition of the Tracking area Integer 0
Minimum correlation acceptable
MIN_CORRELATION in the Tracking process Double 388 (MSG)
) - .0 (GOESN)
(if Cross correlation method used)
Tracking line/column increment 272(30 min. mode)
LLAG_HRV (with MSG/HRVIS or GOES-N/VIS07 AMVs)  Integer  136(15 min. mode)
(this value is dependent of the time distance 92 (05 min. mode)
between satellite slots) 272(30 min. mode)
ELAG_HRV Integer  136(15 min. mode)
92 (05 min. mode)
68 (30 min. mode)
46 (MSG 15 min. mode)
LLAG_OTHER Tracking line/column increment Integer 34 (GOESN 15 min. mode)
(with all other AMVS) 32 (05 min. mode)
(this value is dependent of the time distance 68 (30 min. mode)
between satellite slots 46 (MSG 15 min. mode)
ELAG_OTHER ) Integer 34 (GOESN 15 min. mode)
32 (05 min. mode)
USE_SUBPIXELTRACKING Flag to decide if Subpixeltking is to be used Integer 1
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Keyword Description Type Default Value(s)

Detailed tracer parameters

It defines if a detailed set of tracers is required
The range can be equal to the initial scale or
only a subset of the initial region.
When the range is smaller, the keywords
LIN_D, NUML_D, ELE_D and NUME_D
CDET cannot be empty.
Possible values:
ALL: The range for the search of detailed
tracers is the same as the basic scale.
RANGE: Processes only a regional subset.
<empty>: Detailed tracer search is not required.
Initial line/column of the region subset
LIN_D considered for detailed tracers. Possible values:Integer  <empty>
- <empty> when CDET = ALL / empty
- <A line/column number included in
processing region> when CDET = RANGE
Number of lines/columns of the region subset
NUML_D considered for detailed tracers. Possible values:Integer  <empty>
- <empty> when CDET = ALL / empty
- <A number of lines/columns included in
processing region> when CDET = RANGE

NWP parameters

Minimum number of NWP levels needed to
calculate AMVs Integer 4
NWP parameters requested by GEO-HRW Chain of

Chain of <empty>
characters

ELE_D Integer  <empty>

NUME_D Integer  <empty>

MIN_NWP_FOR_CALCULATION

NWP_PARAM algorithm: characters NWP_PT,1,NEIGHBOUR
* NWP_PT: Temperature at several levels (K) )
NWP PARAM *NWP_UW: Wind velocity at several levels, ~ Chain of \\vo w1 NEIGHBOUR
- u component (m/s) characters -
* NWP_VW: Wind velocity at several levels,  chain of
NWP_PARAM v component (m/s) characters NWP_VW,1,NEIGHBOUR
* NWP_GEOP: Geopotential height at
several levels (m) Chain of
NWP_PARAM Samphng rate used: 1 characters NWP_GEOP,l,NElGHBOUR

Interpolation method used: NEIGHBOUR
Table 13: GEO-HRW Model Configuration File Descidpt

If the user has the need to reduce GEO-HRW runiimeg, especially when working with a different
slower platform, it is recommended to reduce thewrh of channels for which AMVs should be
calculated.

This issue applies specially when processing MS Bacause of the larger amount of channels.
Although it can be very useful to keep the calcatatof AMV data with the seven different
MSG/SEVIRI channels that are available (HRVIS,VISO608,WV62,WV73,IR108,IR120, as seen
in some examples in tH#&alidation report for GEO-HRW v3.2" [AD.12]), dxause of the general
similarity that exists between AMVs extracted frtdiR108 and IR120 channel on one side, and VIS06
and VIS08 channel on the other side, the first meoendation to reduce GEO-HRW running time
would be to keep five MSG/SEVIRI channels for thigl¥A calculation through WIND_CHANNEL =
HRVIS,VIS08,WV62,WV73,IR120 (which is the defaulbrdfiguration for GEO-HRW product). If
further reductions in the amount of processed chlarere needed, it would be recommended at least
to keep next four channels: WIND_CHANNEL = HRVIS,W¥WV73,IR120 (as also seen in the
“Validation report for HRW v3.2” [AD.12]).

In general, when using GOES-N satellite data itusthaalways be possible to keep the AMV
calculation for the three suggested channels: WIBIBANNEL = VIS07,WV65,IR107.
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2.3.5 Description of High Resolution Winds output

Two different types of AMV outputs are possible WC/GEO High Resolution Winds.

On the one hand, BUFR output format, already use8AFNWC/MSG v2013 software package and
the previous ones, has been requested by the wseking since long with this format, especially
those related to the assimilation of the GEO-HRWh@d¢pheric Motion Vectors in NWP models.

On the other hand, netCDF output format has alsa bequested as an improvement during the “2010
Madrid Users' Workshop” and the “Consolidated Repor2010 User Survey and Users’ Workshop”
document (SAF/NWC/IOP/INM/MGT/2010-US+WS) for theANC/GEO software package, and has
been approved by the EUM Format Advisory Group (&¢M/STG-OPSWG/30/11/VWG/15
presentation) for products delivered by the EUMET32ata Centre.

2.3.5.1AMV BUER bulletins

One file for the single AMV scale, or two differefiles for two different AMV scales (related each

one of them to ‘Basic winds’ and ‘Detailed windahen so configured with configurable parameter
CDET = ALL or RANGE), in form of BUFR bulletins angroduced for each processed region for
every running slot. If AMVs have been calculated $everal channels, they are all included in the
same BUFR bulletin. The BUFR bulletin can have thfberent formats, depending on the value of
configurable parameter OUTPUT_FORMAT.

23511 AMV BUFR bulletins with NWC SAF specific format

When OUTPUT_FORMAT = NWC, an AMV BUFR bulletin with specific NWC SAF format is
written in $SAFNWC/export/HRW directory for the single or basic scale under the@me

S NWC_HRW-WIND_<satid> <regionid>-BS_YYYYMMDDThhmmssZ.bufr . For the
detailed scaleS_NWC_HRW-WIND_<satid> <regionid>-DS_YYYYMMDDThhmmssZ.bufr

is the name used, where “satid” is the identifiethe satellite used, “regionid” is the identifiefr the
region used, and “YYYYMMDDThhmmssZ” is the date dirde of the processed slot for which the
AMVs have been calculated.

To correctly define the BUFR bulletins, the uses additionally to define the Originating Centre of
the Information through configurable parameter BUEENTRE_OR (with a default value of 214,

which is valid only for NWC SAF Headquarters in Miagl the numeric 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 AMVsthe BUFR output file considering this format
(identified as$SAFNWC/import/Aux_data/HRW/B0000000000214012095.TX T) is shown
in Table 13 It is based on BUFR Master Table number 0, Varsiomber 12, although with some
specific parameters for the NWC SAF BUFR outputdiinls identified as 060xxx.

For all parameters in the table, the first colurhoves the “Parameter identification code”, the selcon
column shows the “Parameter description”, the tholdlimn shows the “Unit used for the codification
of the parameter (in some cases identified throagBode Table)”, the fourth column shows the
“Number of decimals used in the codification of th@rameter (where a value of 1 is used for a
precision of one decimal place and a value of dsesd for a precision only up to the tens)”, tffi fi
column shows the “Default value of the parameterd &he sixth column shows the “Number of bits
used for the parameter codification and so the maxi value the parameter can have (for example,
for parameter 060203/Number of available wind guessls the maximum value i$-2 = 127).

Several different BUFR messages with AMVs calculdi® only one channel, in each case with an
only Subset of up to 1000 AMVs (winds), are incldde this AMV BUFR output file.
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001007 SATELLITE IDENTIFIER CODE TABLE 001007 0 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

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

127000 REPLICATION OPERATOR - 00 0

031002 EXTENDED DELAYED DESCRIPTOR REPLICATION FACTOR:WINDS NUMERIC 00 16
060100 WIND SEQUENCE NUMBER NUMERIC 00 24
060101 PRIOR WIND SEQUENCE NUMBER NUMERIC 00 24
002028 SEGMENT SIZE AT NADIR IN X DIRECTION M -10 18

002029 SEGMENT SIZE AT NADIR IN Y DIRECTION M -10 18

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

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

060102 TRACER TYPE (CODE TABLE 060102) CODE TABLE 0601020 0 2
060103 HEIGHT ASSIGNMENT METHOD (CODE TABLE 060103) CODE TABLE 0601030 0 4
060200 NUMBER OF WINDS COMPUTED FOR THE TRACER NUMERIC 00 3
060201 CORRELATION TEST (CODE TABLE 060201) CODE TABLE 0602010 0 3
060202 APPLIED QUALITY TESTS (CODE TABLE 060202) CODE TABLE 0602020 0 11
060203 NUMBER OF AVAILABLE NWP WIND GUESS LEVELS NUMERIC 00 7
060204 NUMBER OF PREDECESSOR WINDS NUMERIC 00 7

CODE TABLE 0602050 0 3
CODE TABLE 060206 0 0
) CODE TABLE 060207 0 0 5

060205 OROGRAPHIC INDEX (CODE TABLE 060205)
060206 CLOUD TYPE (NWC/GEO) (CODE TABLE 060206)
060207 WIND CHANNEL (CHANNEL ID) (CODE TABLE 060207
060208 CORRELATION % 00 7
060209 PRESSURE ERROR OR CORRECTION PA -1-8000 14

Table 14: BUFR table for AMV BUFR output files withivC SAF specific BUFR format

(&)

The Code Tables used for all parameters in thig tkcept those characterized as 060xxx (which are
specific parameters for NWC SAF BUFR output butig}i are described in the BUFR Reference
Manual [RD.20]. The Code Tables for the NWC SAFc#Hieparameters are explained next:

* 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 &rac

3 for ‘Detailed tracer unrelated to a Basic tracer’
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Code Table 060103, Height assignment method:

Values 0 to 3 are related to ‘Brightness tempeeatuterpolation height assignment method’ and
values 4 to 15 are related to ‘CCC height assignhmmethod’. Due to the actual implementation of
GEO-HRW algorithm, value 2 is never used.

0: NWP interpolation using Top pressure in ClearailVv/
1: NWP interpolation using Top pressure in CloudyM
3: NWP interpolation using Base pressure in CloAMyV
4: CCC method using low threshold and cold brand@lear air AMV
5: CCC method using high threshold and cold brame@iear air AMV

6: CCC method using low threshold and cold/brigtanich in Cloudy AMV with undefined
phase

7: CCC method using high threshold and cold/brigiainch in Cloudy AMV with undefined
phase

8: CCC method using low threshold and cold/brighinich in Cloudy AMV with liquid phase
9: CCC method using high threshold and cold/briganhch in Cloudy AMV with liquid phase

10: CCC method with microphysics correction usiog threshold and cold/bright branch in
Cloudy AMV with liquid phase

11: CCC method with microphysics correction usiighithreshold and cold/bright branch in
Cloudy AMV with liquid phase

12: CCC method with low threshold and cold/brigtarzh in Cloudy AMV with ice phase
13: CCC method with high threshold and cold/brigtainch in Cloudy AMV with ice phase

14: CCC method with microphysics correction usiog threshold and cold/bright branch in
Cloudy AMV with ice phase

15: CCC method with microphysics correction usimghtthreshold and cold/bright branch in
Cloudy AMV with ice phase.

Code Table 060201, Correlation test:

0 for ‘Wind not selected as the Best wind for @éranot having the Best correlation value’
1 for ‘Wind not selected as the Best wind for &érahaving the Best correlation value’
2 for ‘Wind selected as the Best wind for a traw&rhaving the Best correlation value’

3 for ‘Wind selected as the Best wind for a trawaving the Best correlation value’.

Code Table 060202, Applied Quality tests:

For each one the next Quality flags: Orographig,flaorecast quality flag, Spatial quality flag,
Temporal quality flag, Interscale quality flag:

0 for ‘Wind for which the corresponding quality tesuld not be calculated’

1 for ‘Wind whose corresponding quality test isleast a 21% worse than for the wind
calculated for the same tracer with the best qusdt (in the orographic test, the orographic
flag value is at least two units lower than for thi@d calculated for the same tracer with the
best orographic flag)’

2 for ‘Wind whose corresponding quality test is tpa 20% worse than for the wind
calculated for the same tracer with the best quadist (in the orographic test, the orographic
flag value is one unit lower than for the wind edéted for the same tracer with the best
orographic flag)’

3 for ‘Wind with the best corresponding qualityttasiong the winds calculated for a tracer’.
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e Code Table 060205, Orographic flag:
Values between 0 and 6, corresponding to thoseetikfn Chapter 2.2.2.11 of this document.
» Code Table 060205, Cloud type:
Values between 0 and 23, corresponding to thoseatkin Table 5of this document.
* Code Table 060207, Wind channel (Satellite chansetl for the AMV/Trajectory calculation):
MSG series values: 5 for ‘HRVIS’ 2 for ‘VIS06' ®1f‘'VIS08' 10 for ‘WV62’
12 for ‘WV73’ 161f'IR108" 17 for ‘IR120'.
GOES-N series values: 2 for ‘VISO7’ 10 for ‘WV6456 for ‘IR107’.

235.1.2 AMV BUFR bulletins with EUMETSAT/MPEF format

When OUTPUT_FORMAT = EUM, an AMV BUFR bulletin egaient to those defined for the AMV
extraction at the EUMETSAT Meteosat Product ExtoactFacility is written under the name
S NWC_HRW-WINDEUM_<satid>_<regionid>-BS_YYYYMMDDThhmmssZ.bufr for the
single or basic scale I$SAFNWC/export/HRW directory. For the detailed scale, the name
S NWC_HRW-WINDEUM_<satid>_<regionid>-DS_YYYYMMDDThhmmssZ.bufr  is used.
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.

To correctly define the BUFR bulletins, the uses leso to define the Originating Centre of the
Information through configurable parameter BUFR_CJRE_OR (with a default value of 214, which
is valid for NWC SAF Headquarters in Madrid; themaric 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 AMvighe BUFR output file considering this format
(which is similar to the ones described for the MPEBMVs at EUMETSAT website at
http://www.eumetsat.int/website/home/Data/Prod&cshats/index.htm)) and which is based on
BUFR Master Table number 0, Version number 12, ®ws in Table 15 (identified as

$SAFNWC/import/Aux_data/HRW/B0O000000000000012000.TX T), with some explanation
about the content of the different parameters wised by GEO-HRW algorithm underlined in italics.

Formally, the EUMETSAT/MPEF AMV BUFR format is and a blend of the NWC SAF AMV and
Trajectory BUFR specific formats, because of ingtgdat the same time information related to the
reference AMV to be used (which depending on thkievaof USE_MEANWIND configurable
parameter, can be related to the latest AMV in GED-HRW trajectory, or to the mean value of the
latest two AMVs in the GEO-HRW trajectory), andanhation related to the up to four latest AMVs
in any GEO-HRW trajectory (which is the informatiprovided in the Trajectory BUFR files with the
NWC SAF specific BUFR format, later explained laberChapter 2.3.5.2). Considering this, when
configurable parameter OUTPUT_FORMAT = EUM is defin only the AMV BUFR bulletin with
the EUMETSAT/MPEF format is provided, and no Trépeg BUFR bulletins are provided.

In any case, it is only recommended to use theoopto write GEO-HRW output with the
EUMETSAT/MPEF format, when the main interest of t8&0O-HRW AMV calculation is the
assimilation of the AMVs in NWP models or other Bggtions (possibly together with the
EUMETSAT/MPEF AMVs). The main reason for this istlpart of the information calculated with
the AMVs cannot be included using this format beeathere is no place for it (like the “cloud type”,
the “orographic flag” or the “correlation value’gnd because of this, this additional information
cannot be used operationally when this kind of ABMFR output is used. Moreover, the size of the
AMV BUFR bulletins with the EUMETSAT/MPEF format iswuch larger, and can cause more
important storage problems.

Several different BUFR messages with up to 100 &sbsith one AMV each, all of them related to
the same channel, are included in this AMV BUFRoatfile.
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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 AW to be used)

004002 MONTH (For the reference AW to be used)

004003 DAY (For the reference AW to be used)

004004 HOUR (For the reference AW to be used)

004005 MINUTE (For the reference AW to be used)

004006 SECOND (For the reference AW to be used)

005001 LATITUDE/HIGH ACCURACY (For the reference AW to be used)
006001 LONGITUDE/HIGH ACCURACY (For the reference AW to be used)
002152 SATELLITE INSTRUMENT DATA USED IN PROCESSING

002023 SATELLITE DERIVED WIND COMPUTATION METHOD

007004 PRESSURE (For the reference AW to be used)

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

011002 WIND SPEED (For the reference AW 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 AW to be used)
002164 TRACER CORRELATION METHOD( For the reference AW to be used)
008012 LAND/SEA QUALIFIER  (Not used)

007024 SATELLITE ZENITH ANGLE (For the reference AW 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  (Ti nme series)

004024 TIME PERIOD OR DISPLACEMENT (Between slots, in mnutes)
008021 TIME SIGNIFICANCE (Starting tinme for the latest AW in the trajectory)
004004 HOUR

004005 MINUTE

004006 SECOND

008021 TIME SIGNIFICANCE (Ending tine for the latest AW in the trajectory)
004004 HOUR

004005 MINUTE

004006 SECOND

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

008021 TIME SIGNIFICANCE (Starting tinme for the second latest AW in the trajectory)

004004 HOUR

004005 MINUTE

004006 SECOND

008021 TIME SIGNIFICANCE (Ending tine for the second |latest AW in the trajectory)
004004 HOUR

004005 MINUTE

004006 SECOND

011001 WIND DIRECTION (For the second latest AMV in the trajectory, when avail able)
011002 WIND SPEED (For the second latest AW in the trajectory, when avail able)
008021 TIME SIGNIFICANCE (Starting tinme for the third latest AW in the trajectory)
004004 HOUR

004005 MINUTE

004006 SECOND

008021 TIME SIGNIFICANCE (Ending tine for the third latest AW in the trajectory)
004004 HOUR

004005 MINUTE

004006 SECOND
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011001 WIND DIRECTION (For the third latest AW in the trajectory, when avail able)
011002 WIND SPEED (For the third latest AW in the trajectory, when avail able)
008021 TIME SIGNIFICANCE (Starting tinme for the fourth latest AW in the trajectory)
004004 HOUR

004005 MINUTE

004006 SECOND

008021 TIME SIGNIFICANCE (Ending tine for the fourth latest AW in the trajectory)
004004 HOUR

004005 MINUTE

004006 SECOND

011001 WIND DIRECTION (For the fourth latest AW in the trajectory, when avail able)
011002 WIND SPEED (For the fourth latest AW in the trajectory, when avail able)
002163 HEIGHT ASSIGNMENT METHOD ( Not used)

007004 PRESSURE (Not used)

012001 TEMPERATURE/DRY BULB TEMPERATURKE Not used)

002163 HEIGHT ASSIGNMENT METHOD ( Not used)

007004 PRESSURE (Not used)

012001 TEMPERATURE/DRY BULB TEMPERATURKE Not used)

002163 HEIGHT ASSIGNMENT METHOD ( Not used)

007004 PRESSURE (Not used)

012001 TEMPERATURE/DRY BULB TEMPERATURE Not used)

002163 HEIGHT ASSIGNMENT METHOD ( Not used)

007004 PRESSURE (For the latest AW in the trajectory)

012001 TEMPERATURE For the latest AW in the trajectory)

002163 HEIGHT ASSIGNMENT METHOD ( Not used)

007004 PRESSURE (Not used)

012001 TEMPERATURE/DRY BULB TEMPERATURKE Not used)

002163 HEIGHT ASSIGNMENT METHOD ( Not used)

007004 PRESSURE (For the second latest AW in the trajectory, when avail abl e)
012001 TEMPERATURE For the second latest AW in the trajectory, when avail able)
002163 HEIGHT ASSIGNMENT METHOD ( Not used)

007004 PRESSURE (Not used)

012001 TEMPERATURE/DRY BULB TEMPERATURKE Not used)

002163 HEIGHT ASSIGNMENT METHOD ( Not used)

007004 PRESSURE (For the third latest AW in the trajectory, when avail able)
012001 TEMPERATURE For the third latest AW in the trajectory, when avail abl e)
002163 HEIGHT ASSIGNMENT METHOD ( Not used)

007004 PRESSURE (Not used)

012001 TEMPERATURE/DRY BULB TEMPERATURK Not used)

002163 HEIGHT ASSIGNMENT METHOD ( Not used)

007004 PRESSURE (For the fourth latest AW in the trajectory, when avail able)
012001 TEMPERATURE For the fourth latest AW in the trajectory, when avail able)
222000 QUALITY INFORMATION FOLLOWS

236000 DEFINE BIT-MAP

031031 DATA PRESENT INDICATOR (Descriptor repeated 103 tinmes, not used)

001031 IDENTIFICATION OF ORIGINATING/GENERATING CEN TRE

001032 GENERATING APPLICATION (Quality Control using forecast)

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

033007 % CONFIDENCE (For the second latest AW in the trajectory, when avail able)
033007 % CONFIDENCE (For the third latest AW in the trajectory, when avail able)
033007 % CONFIDENCE (For the fourth latest AW in the trajectory, when avail able)
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 AW in the trajectory)
033035 MANUAL-AUTOMATIC QUALITY CONTROL (For the second latest AW in the trajectory)

033035 MANUAL-AUTOMATIC QUALITY CONTROL (For the third latest AW in the trajectory)
033035 MANUAL-AUTOMATIC QUALITY CONTROL (For the fourth latest AW 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 AMW in the trajectory)

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

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

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

033007 % CONFIDENCE (For the second |latest AW in the trajectory, when avail able)

033007 % CONFIDENCE (For the third latest AW in the trajectory, when avail able)

033007 % CONFIDENCE (For the fourth latest AW in the trajectory, when avail able)

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 AW in the trajectory)

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

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

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

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

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

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

033007 % CONFIDENCE (For the second latest AW in the trajectory, when avail able)

033007 % CONFIDENCE (For the third latest AW in the trajectory, when avail able)

033007 % CONFIDENCE (For the fourth latest AW in the trajectory, when avail able)

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 AW in the trajectory)

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

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

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

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

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

033036 NOMINAL CONFIDENCE THRESHOLD(For the fourth latest AW in the trajectory)
Table 15: BUFR table for AMV BUFR output files wEOMETSAT/MPEF BUFR format
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2.3.5.2Trajectory BUFR bulletins

If the calculation and writing of trajectories istimated for GEO-HRW algorithm with configurable
parameters CALCULATE_TRAJECTORIES = 1 and OUTPUTRMAT = NWC (which is the
default option), one file for the trajectories telh to the single AMV scale, or two different BUFR
files for the trajectories related to the two diffiet AMV scales (‘Basic winds’ and ‘Detailed winds’
when so configured with configurable parameter CDETALL or RANGE), are produced. If
trajectories have been calculated for several adlanthey are all included in the same BUFR builleti
It is important here to remember that no TrajecBUYFR output file is produced if the EUMETSAT
BUFR format is selected with configurable param&@efTPUT_FORMAT = EUM.

The Trajectory BUFR bulletin is written i6SAFNWC/export/HRW directory under the name
S _NWC_HRW-TRAJ-_<satid>_<regionid>-BS_YYYYMMDDThhmm ssZ.bufr for the basic
scale. S NWC_HRW-TRAJ_ <satid>_<regionid>-DS_YYYYMMDDThhmmssZ.bufr  is used
for the detailed scale. Again, “satid” is the id&et of the satellite used, “regionid” is the iddier of
the region used, and “YYYYMMDDYhhmmssZ” is the daaed time of the slot for which the
trajectories have been calculated.

As previously also seen, to correctly define theFBUbulletins, the user has to define the Origirgatin
Centre of the Information through configurable paeter BUFR_CENTRE_OR (with a default value
of 214, which is valid for NWC SAF HeadquartersMadrid; 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 fh@jectories in the BUFR output file (identified a
$SAFNWC/import/Aux_data/HRW/B0000000000214012098.TX T), and which is rather
similar to the one used for the writing of the AMVsshown a3 able 16 It is based on BUFR Master
Table number 0, Version number 12, although witmeapecific parameters for the NWC SAF
BUFR output bulletins identified as 060xxx. It bgka similarly as explained in Chapter 2.3.5.1.1 for
the AMV BUFR bulletins using the NWC SAF specifarinat. The Code Tables used for the NWC
SAF specific BUFR output parameters (also charaetéras 060xxx), are exactly the same ones used
in Chapter 2.3.5.1.1. All other Code Tables areilaity described in the BUFR Reference Manual
[RD.20].

Different BUFR messages with an only Subset wite ®rajectory each (with up to 24 AMVs in the
trajectory), are included in this Trajectory BUFRut file.
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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

CODE TABLE 0010070 0 10
CODE TABLE 0010310 0 16
CODE TABLE 0010320 0 8
CODE TABLE 0020230 0 4
CODE TABLE 0020570 0 4
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:WINDS NUMERIC 00 16

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)
060103 HEIGHT ASSIGNMENT METHOD (CODE TABLE 060103)
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 OR CORRECTION
Table 16: BUFR table for the Trajectory output file

CODE TABLE 002164 0 0 3

DEGREE 5 -9000000 25
DEGREE 5 -18000000 26
DEGREE 5 -9000000 25
DEGREE 5 -18000000 26
PA -10 14
DEGREE TRUE 00 9
M/S 10 12

K 10 12

% 00 7

% 00 7

CODE TABLE 0601030 0 4
CODE TABLE 0602050 0 3
CODE TABLE 060206 0 0 5
CODE TABLE 0602070 0 5
% 00 7

PA -1-8000 14




- Algorithm Theoretical Basis | Code:  NWC/CDOP2/GEO/AEMET/SCUATBD/Wind
/l Ma‘ Document for the Wind produc{ ~ !ssue: 1.1 Date: 15 October 2016
] 1— processors of the NWC/GEO File: NWC-CDOP2-GEO-AEMET-SCI-ATBD-Wind_v1.1.doc
NWC SAF  #ermcis Litsial ¢ Meteorigs Page: 64/81

2.3.5.3netCDF output files

One file for the single AMV scale, or two differefiles for two different AMV scales (related each
one of them to ‘Basic winds’ and ‘Detailed wind@hen so configured with configurable parameter
CDET = ALL or RANGE), in form of netCDF output fée are produced for each processed region for
every running slot if configurable parameter OUTPBRRAMETER = NET. If the AMVs have
been calculated for several satellite channely, dne all included in the same file.

The netCDF file is written for the basic scalesi®BAFNWC/export/HRW directory under the name
S NWC_HRW-WIND_<satid> <regionid>-BS_YYYYMMDDThhmmssZ.nc.  For the detailed
scale the nam&_ NWC_HRW-WIND_<satid>_ <regionid>-DS_YYYYMMDDThhmmssZ.nc is
used. “satid” is the identifier of the satelliteeds “regionid” is the identifier of the region usethd
“YYYYMMDDThhmmssZ” is the date and time of the pexsed slot for which the AMVs have been
calculated.

The High level structure of the netCDF output toe NWC/GEO High Resolution Winds is shown in
Table 17 It will contain ‘n’ groups; each one containinget AMVs/Trajectories derived using a
specific satellite channel (HRVIS, VIS06, VIS08, \6%, WV73, IR108, IR120 for MSG series and
VIS07, WV65, IR107 for GOES-N series). Each on¢haflse groups will contain ‘nb_winds’ groups,
each one containing the information related toexiic Atmospheric Motion Vector/Trajectory.

If additionally configurable parameter CALCULATE_RRECTORIES = 1, the trajectories related to
the ‘Basic winds scale’ and the ‘Detailed windslgcare also included in the corresponding netCDF
output file. If trajectories have been calculated $everal satellite channels, they are includethen
same file. Each trajectory will finally contain ‘nkect’ groups, containing the corresponding number
of Trajectory sectors.

Content
Dimensions:
n Number of Satellite channels used for AMV calc ulation
nb_winds Nymber of AMVs for each Satellite chann el
Types:
compound Segment //| Structure to contain 1 Segment data
Segment(*) Trajectory /I Structure to contain nb_sect Segment data (1 Trajectory)
compound Wind /] Structure to contain 1 Wind Data (including Trajectory)
Variables
Wind wind(nb_winds) / Wind data
Attributes

Table 17: High Level specification of the GEO-HR&WADF output

The detailed structure of the netCDF output forRWEC/GEO High Resolution Winds Trajectories is
shown inTable 18 The “BUFR Code Tables” defined ihable 18are described in the BUFR
Reference Manual [RD.20], except those tables chenized as 060xxx, which are explained in
Chapter 2.3.5.1.1 of this document. The list of mwmn attributes described in Section 4.3 of the &Dat
Output Format for the NWC/GEO” document [AD.6] Isato be taken here into account.
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Content
Dimensions:
n Number of Satellite channels used for AMV calculati on
nb_winds Number of AMVs for each Satellite channel
Types:
conpound Segnent /] Structure to contain 1 Trajectory Segnent
int tracer_corr /l Tracer Correlation method (BUF R code table 002164)
float lat /I Lat|tude (degrees)
float lon // Lopgitude (degrees)
float lat_inc /I Latitpde increment (degrees)
float lon_inc /I Longitude increment (degrees)
float pressure /| Pressure (Pa)
float pressure_err /l Pressgure Error or Correctio n (Pa)
float wind_speed / Wind Speed (m/s)
float wind_direction // Wind Direction (degree)
float temperature /| Temperature (K)
unsigned byte confidence_fore /] Per cept confide nce with forecast test
unsigned byte /I Per cent confidence without forecast test
confidence_no_fore
unsigned byte height_method // Height Assignment Method (BUFR code table 060103)
unsigned byte orography /I Orographic index (BUFR code table 06205)
unsigned byte cloud_type /I NWCJGEO Cloud Type (B UFR code table 06206)
unsigned byte correlation /I Correlgtion (%, [0,1 00])
Segnent (*) Trajectory /1 Trajectory defined as a variable-length array
of Segment structures
conpound W nd // Structure to contain Wnd Data
(1 data, including trajectory)
unsigned int wind_id /I Wind sequence Number
unsigned int wind_prev_id /I Prior Wind sequence number
unsigned int segment_x /I Segnent size at nadir i n X direction (meters)
unsigned int segment_y /I Seginent 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 /| Segment size at nad ir in Y direction (pixels)
int tracer_corr /l Tracer Correlation method (BUF R code table 002164)
float lat /I Lat|tude (degrees)
float lon /I Lopgitude (degrees)
float lat_inc /I Latitpde increment (degrees)
float lon_inc /I Longitude increment (degrees)
float pressure /| Pregsure (Pa)
float pressure_err // Pressgure Error or Correctio n (Pa)
float wind_speed // Wind Speed (m/s)
float wind_direction // Wind Direction (degree)
float temperature /| Temperature (K)
unsigned byte confidence_fore /] Per cept confide nce with forecast test
unsigned byte /I Per cent confidence without forecast test
confidence_no_fore
unsigned byte tracer_type /] Tracel Type (BUFR co de table 060102)
unsigned byte height_method // Height Assignment Method (BUFR code table 060103)
unsigned byte n_winds /I Number of winds computed for the tracer
unsigned byte correlation_test // Correlatipn tes t (BUFR code table 06201)
unsigned short quality_test /| Applied Quality te sts (BUFR code table 06202)
unsigned byte nwp_wind_levels /I Numbger of availa ble NWP wind guess levels
unsigned byte n_pred_winds /| Numbper of predecess or winds
unsigned byte orography /| Orographic index (BUFR code table 06205)
unsigned byte cloud_type /I NWCJGEO Cloud Type (B UFR code table 06206)
unsigned byte correlation /I Correlgtion (%, [0,1 00])
Trajectory trajectory /I Wind Tlrajectory (with va riable number of Points)
Variables:
W nd wi nd(nb_w nds) /1 Wnd data
Attributes
standard_name holiizontal_wind_vector
long_name “NWC GEO High Resolution Winds”
wind_computation_method /I Satellite derived win d computation method
(BUFR code table 002023)
first_guess // Origin of the first guess (BUFR ¢ ode table 025202)
channel_id /I Satellite channel id
channel_centre_frequency /I Satellite channel ce ntre frequency (Hz)
channel_centre_width /I Satgllite channel band w idth (Hz)
cycle /] $atellite cycle number
gi_control /I Mgnual/automatic quality control
1 (BUFR code table 033035)
time_period /I Tifne period or displacement (minu tes)

Table 18: Detailed specification of the GEO-HRWQ1f output
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2.3.6 Visualisation examples of High Resolution Winds

Real time graphic displays of the NWC/GEO High Reson Winds product, generated at the
NWC/GEO Reference System, are to be available withay restriction in the website of the NWC
SAF Help Deskffttp://www.nwcsaf.orjy

Next figures show typical displays of GEO-HRW protitor AMVs and Trajectories considering the
default configuration. First, with MSG2 satellitatd in the European and Mediterranean region used
for GEO-HRW-v50 validation Rigures 22 and 28 Later, with GOES13 satellite data in the
Continental United States region also used for GHEQY-v50 validation Figures 24 and 26 A
colour coding based on the pressure level has issh

J00-799 hFa
400-433 hPa

Figure 22: NWC/GEO-HRW v2016 AMV output in the paen and Mediterranean region
(26 December 2009 1200Z, Nominal scan mode, MStBRit&), considering the default conditions

defined in $3SAFNWC/config/safnwc_HRW.cfm.MSG15Mitletrconfiguration file.
Colour coding based on the AMV pressure level

T00-739 hPo

H400-43% hPo

Figure 23: NWC/GEO-HRW v2016 Trajectory outputha European and Mediterranean region
(trajectories lasting at least one hour, 26 Decenf@9 1200Z, Nominal scan mode, MSG2 satellite)
considering the default conditions defined in $SAFNconfig/safnwc_HRW.cfm.MSG15MIN
model configuration file. Colour coding based oa &MV pressure level
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Figure 24: NWC/GEO-HRW v2016 AMV output in the @uamital United States region
(1 July 2010 17457, GOES13 satellite), considetiregdefault conditions defined in
$SAFNWC/config/safnwc_HRW.cfm.GOES15MIN modelguaation file.
Colour coding based on the AMV pressure level

NHCSAF /HRH E - 1 HOUR TRAJECTORIES - -EDLDIBEL

Figure 25: NWC/GEO-HRW v2016s Trajectory outpuhie Continental United States region
(trajectories lasting at least one hour, 1 July QQI745Z, GOES 13 satellite), considering the defaul
conditions defined in $SAFNWC/config/safnwc_ HRWE@MES15MIN model configuration file.
Colour coding based on the AMV pressure level
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2.3.7 Implementation of High Resolution Winds
Two main steps are identified. The user manualtgracts with the NWC/GEO software package

during the installation step, and the GEO-HRW ekieaustep is automatically monitored by the Task
Manager (if real time environment is selected).

2.3.7.1NWC/GEQO software package installation and preparatbn step

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 spemgburces. It is limited to decompress the
distribution file (a gzip compressed tar file) wihisuccessfully builds the executabHO-HRW-v50
executable file), to be stored into tA8AFNWC/bin directory. The installation steps for NWC/GEO
must follow the document “System Version Documenttie NWC/GEO” [AD.7].

2.3.7.2GEO-HRW execution step

The execution step is the processing of images @#®-HRW-v50algorithm in the region defined
by the user. The running time scheduling relieshenProgrammed Task Definition File. This process
consists in the running of the comma®8AFNWC/bin/GEO-HRW-v50 along with the required
parameters (slot, region file and model configaratile) by the Task managédfigures 26 to 28n
next pages summarise how the tasks to gen&&®-HRW-v50 output are performed by this
executable.

The operational use @EO-HRW-v50executable requires the definition of the Regiamfigjuration
File $SAFNWC/config/safnwc_region.cfg (document [AD.5] must be verified about how
the region can be defined).

The user has also to define the Model Configurafiibe to be used. Four different files are provided
as default options with the softwar8SAFNWC/config/safnwc_HRW.cfm.MSG15MIN and
$SAFNWC/config/safnwc_HRW.cfm.MSGO5MIN , for use every 15 minutes in ‘Nominal scan
mode' and every 5 minutes in ‘Rapid Scan mode’ WMthG series data, and for use with GOES-N
series data every 15 and 30 minug&AFNWC/config/safnwc_ HRW.cfm.GOES15MIN  and
$SAFNWC/config/safnwc_ HRW_cfm.GOES30MIN

The implementation of the running mode dependsersatellite configuration and the corresponding
$SAFNWC/config/sat_conf_file used. Each configuration file is an ASCII file, &ather
modifications can be easily performed with a teditad. The GEO-HRW model configuration file
manages all variables in the executable file thataeful for the user.

To have NWC/GEO Cloud Type, Cloud Top Temperaturé Bressure and/or Cloud Microphysics
available for their use by GEO-HRW algorithm, itnieeded to russEO-CMA-v40, GEO-CT-v30,
GEO-CTTH-v30 and GEO-CMIC-v10 executables befor6EO-HRW-v50 for the same slot and
region.

The ‘Rapid Scan mode’ in MSG data processing iy otommended to be used in relatively small
areas (“National areas”), if all NWC/GEO productavé to run together and a relatively small
environment has been used for the installation WNGEO software. With the five minute running
constraint imposed by the MSG/SEVIRI ‘Rapid scardeipthese circumstances permit the repeating
of the process with all available satellite sldtsa “Continental area” it is generally not possibd run

all NWC/GEO products operatively in ‘Rapid scan modnless a powerful environment is used.
[AD.8] document should be verified for more infortioa on this.



— Algorithm Theoretical Basis | Code:  NWC/CDOP2/GEO/AEMET/SCI/ATBD/Wind
/ll LME'-(— Document for the Wind produc{ ISsue: 1.1 Date: 15 October 2016
L processors of the NWC/GEO | File:  NWC-CDOP2-GEO-AEMET-SCI-ATBD-Wind_v1.1.doc

NWC SAF e it e Mooy Page: 69/81

More Wind channels? yes Wind channel: MSG/SEVIRL: HRVIS, VIS0, VIS0S, WV62, WVT3, IR108, IR120

GOES-N: VIS0T, WVa3, IR107

MSG/GOES-N image(t, t-dt): High/Low Resolution
Brightness temperature(t, t-dt) Sun angles(t, t-dt)
& Normalized reflectance(t, t-dt) Lat(t, t-dt), Loni}t, t-dt

no

Tracers(t-dt)? Tracers(t-df)

Next tracer

Height assignment with
"Brightness temperature interpolation method” or
usz of "wind gess"?

no

Eef/Br. Temp(t-dt)
SAFNWC/CT(t-dt)
Temperature(INWE)

Height assignment with
"Brightness temp. interpolation method"

Use of wind guess?

Tracking area(t) definition

h 4

Tracer tracking(t-dt to t)

Tracking centres?

SAFNWC/CT ()
SAFNWC/CTTH(t)
SAFNWC/CMIC()

Height assignment with
"CCC method"

v

Up to 3 Winds(t-dt to t)
per tracer

Y Next tracer Alltracers | processed

to Tracers(t) computation)

(to Winds(t) quality and selection)
* (from end of algorithm)

Figure 26: GEO-HRW implementation: Part 1, Preprssiag and AMV computation
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no .
o Winds(t)?
MNext tracer

Temporal, spatial, forecast, interscale, image correlation
Quality tests and Quality Indices for Winds(t)

Orographic flag?

Orographic flag and test for Wind(t)

Ves

More Winds(t) for
the same Tracen(t-dt)?

= 1 Wind(t) for
the Tracer(t-dt)?

Topozraphy
Gaop(INWE)

Selection of the Best Wind(t)
for the Tracer(t-dt)

P

MNext tracer

Winds(t) quality and selection
completed for all Tracers(t-dt)

L.
k4
(To Tracers(t) computation)

Figure 27: GEO-HRW implementation: Part 2, AMV dtyadnd selection
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ito start af algorithm)

(from start of algorithm
¥

without Tracers(t-dt))

Winds(t-dt to t) and
Calculation of trajectories?

no

MBG/GOES-N umage:
Eefl Br.Temp. (t)

v
"

New Gradient tracers(t) +
Holes for Tracer characteristics method

L

New Tracer characteristics tracers(t) +
Starting locations for New detailed scale tracers(t)

no

Detailed scale tracers(t)?

New detailed scale Gradient tracers(f) +
Holes for Tracer characteristics method

F

New detailed scale Tracer characteristics tracers(t)

r
Location & characteristics
of Tracers(t) completed

More Wind channels?

VES

Any Winds(t) calculated?

Basic and detailed Trajectories(t) output files

[
i

r

End of HEW
algorithm

Figure 28: GEO-HRW implementation: Part 3, Tracengputation and writing of outputs
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2.3.7.3GEO-HRW documentation

Since NWC/GEO v2016 software package, a detailetrggion of all algorithms, of the involved
interfaces and data types, is provided in html ftrmith the support of Doxygen tool, from comments
included within the code of the products. Documgotafor GEO-HRW-v50 algorithm is in the file:

NWC-CDOP2-GEO-AEMET-SW-ACDD-Wind_html_v1.0.zip
To navigate throughout this documentation, decosgiteand open following file in a web browser:
NWC-CDOP2-GEO-AEMET-SW-ACDD-Wind_html_v1.1/HRW_html /index.html

Additionally, every single step in the algorithmshaeen commented in detail throughout all functions
of GEO-HRW-v50 code, so that all any AMV develogan very easily know all the process of the
algorithm having a look to the corresponding C/faortfunctions.

For a quicker reference, the main goal of all fiord of GEO-HRW-v5.0 algorithm and their
relationships is also provided in a Diagram treewshin following pages. This Diagram tree allows
NWC/GEO users and developers to quickly know daaag how it works.
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File:

NWC/CDOP2/GEO/AEMET/SCI/ATBD/Wind
1.1 Date: 15 October 2016
NWC-CDOP2-GEO-AEMET-SCI-ATBD-Wind_v1.1.doc

Main GEO-HRW function, for the generation of the High Resolution Winds AMVs and Trajectories
Reads the values of variables defined in the GEO-HRW Model configuration file

Reads and initializes the MSG/GOES-N data (VIS Reflectances, WV/IR Brightness temperatures)

Gets latitude/longitude/satellite zenith angles/solar zenith angles for the pixels in the Region

Converts Geopotential to Surface pressure data using NWP data

Reads the Tracer data for the previous slot from a file located in $SAFNWC/tmp directory

Reads the Predecessor AMV data for the previous slot from a file located in $SAFNWC/tmp directory
Reads the Trajectory data for the previous slot from a file located in $SAFNWC/tmp directory
Calculates the AMVs for the current slot considering the tracers from the previous slot
Allocates memory for variables used in hrw_GetWinds module

Stores "tracer” variable information into the corresponding "tracer_wind" variable
Calculates AMV Cloud type as defined in the "Brightness temperature height assignment"

Fills “modiftempgrid” with IR/WV BT values for the "Brightness temperature height assignment
Calculates Tracer Top temperature/pressure with "Brightness temperature height assignment"
Converts the Tracer top Temperature to Pressure using NWP data

Fills “imagegrid” with VIS Reflectances or IR/WV BT values in the tracer position
Recalculates Tracer temperature mean/sigma with Cloud type info (for Tracer base temperature)
Converts Tracer base Temperature to pressure using NWP data and modified mean/sigma values
Defines the Tracer pressure level (with cloud top or cloud base) depending on its cloud type

Calculates the NWP wind at the tracer level considering the AMV pressure level calculated
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Table 19: Diagram Tree of GEO-HRW-v50 functions
HRW. c =>
*** hrw_ReadData =>
*** hrw_ReadSeviriData =>
*** hrw_GetAncillaryData =>
*** hrw_ImageChecking => Checks and redefines the MSG/GOES-N image values
*** hrw_NWPSearch => Reads the NWP data related to one NWP parameter
*** hrw_Meters2Press => Converts Orographic data to Surface pressure data
*** hrw_NWPInvInterpolation =>
*** hrw_ReadTracers =>
*** hrw_ReadPredWinds =>
*** hrw_ReadTrajectories =>
*** hrw_GetWinds =>
*** hrw_Alloc_Winds =>
*** hrw_TracerCharacteristics =>
*** hrw_CloudTypeCalculation =>
*** hrw_SetModifTempGridValues =>
*¥** hrw_GetCldhgt =>
*** hrw_NWPInvInterpolation =>
*** hrw_SetImageGridValues =>
*** hrw_CalcTempCloudtype =>
*** hrw_NWPInvInterpolation =>
*** hrw_TracerWindLevel =>
*¥** hrw_WindGuess => Calculates the NWP wind guess at the tracer position
*** hrw_NWPDirInterpolation =>
*** hrw_WindModDir =>

Calculates the speed module and direction for the NWP wind guess at the tracer position
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*** hrw_WindDisplace
hrw_TrueTrackCentre

* %k %k

*** hrw_TrackCentreCharacteristics

*** hrw_WindCalculation

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

* %k

* 3k k
* 3k k
* 3k k
* 3k k

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

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

=>
hrw_SetImageArrayValues =>
hrw_SetCTTHMicroArrayValues =>
hrw_SetCtypeArrayValues =>
hrw_Track =>
*** hrw_TrackCorrInitial =>
*** hrw_TrackCorrBetter =>
*** hrw_TrackCorrAround =>
*** hrw_TrackCorrCentres =>

*** hrw_TrackCorrCentresPosition
hrw_GetSegmentSize

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 =>

* %k %k

hrw_TracerHorizontalDiff =>
*** hrw_TracerVerticalDiff =>
*** hrw_TracerDescDiff =>
*** hrw_TracerAscDiff =>

hrw_Ymvuv
hrw_WindModDir
hrw_NWPInvInterpolation

Calculates the
Calculates the
Fills an array
Fills an array
Fills an array
Calculates the
Computes the tracking first step considering only pixels separated by a gap interval

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

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

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
*** hrw_NWPDirInterpolation
*** hrw_WindModDir
*** hrw_Free_Winds
*** hrw_Qc
*** hrw_QcAlloc_Short, _Float, _Parameters
*** 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
*** hrw_Alloc_Tracers
*** hrw_SetImageGridValues
*** hrw_SearchTracerGradient
*** hrw_GradientMax
hrw_SetImageGridvValues
hrw_Hisfron
hrw_SetTempGridValues
hrw_CalcTemp

* %k k

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

* 3k k
* 3k k
* 3k k
* 3k k

Recalculates the wind guess at the tracer position considering the "CCC method" new pressure level
Calculates the NWP wind at the tracer level considering the new pressure level calculated
Calculates the speed module and direction for the NWP wind guess at the tracer position
Deallocates memory for variables used in hrw_GetWinds module

Calculates the Quality indices and the Orographic flag for the calculated winds

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 wind for each tracer and calculates the quality flags

Runs a Final speed and direction homogeneity check for the winds

Three functions deallocating memory for variables in hrw_Qc module

Writes the AMV data file for the current slot in $SAFNWC/tmp directory

Writes the Trajectory data file for the current slot in $SAFNWC/tmp directory

Calculates the tracers for the current slot

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
*** hrw_SetImageGridValues
*** hrw_Hisfron
*** hrw_SetTempGridValues
*¥** hrw_CalcTemp
*** hrw_TracerDiffSearch

*** hrw_TracerPixelCharacterization

*** hrw_TracerHorizontalDiff
*** hrw_TracerVerticalDiff
*** hrw_TracerDescDiff
*** hrw_TracerAscDiff

*** hrw_SetImageGridValues
*** hrw_TracerDiffSearch

*** hrw_TracerPixelCharacterization =>

*** hrw_TracerHorizontalDiff

*** hrw_TracerVerticalDiff
*** hrw_TracerDescDiff
*** hrw_TracerAscDiff

*** hrw_TracerDiffSearch

*** hrw_TracerPixelCharacterization

*** hrw_TracerHorizontalDiff

*** hrw_TracerVerticalDiff
*** hrw_TracerDescDiff
*** hrw_TracerAscDiff
*** hrw_TracersDetailedDiscrimination
*** hrw_Centile_Frontier
*** hrw_Free_Tracers
*** hrw_WriteTracers
*** hrw_Free_Satellite
*** hrw_Free_TWind
*** hrw_Free_Trajectories
*** hrw_Free_LevelsandGuesses

Looks for tracers considering the “Tracer characteristics method”

Fills “imagegrid” with VIS Reflectances or IR/WV BTs in a tracer position for the tracer search
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 tracer position

Calculates the temperature mean/sigma in the tracer position

“Big pixel brightness variability test”, run here for “Tracer characteristics method” tracers
Calculates the “Big pixel brightness values” in the tracer position

Considers the Horizontal direction study in the “Big pixel variability test”

Considers the Vertical direction study in the “Big pixel variability test”

Considers the Descending direction study in the “Big pixel variability test”

Considers the Ascending direction study in the “Big pixel variability test”

Refills “imagegrid” with VIS Reflectances or IR/WV BTs if the previous candidate was not good
“Big pixel brightness variability test”, run here for “Tracer characteristics method” tracers
Calculates the “Big pixel brightness values” in the modified tracer position

Considers the Horizontal direction study in the “Big pixel variability test”

Considers the Vertical direction study in the “Big pixel variability test”

Considers the Descending direction study in the “Big pixel variability test”

Considers the Ascending direction study in the “Big pixel variability test”

“Big pixel brightness variability test”, run here for “Gradient method” tracers

Calculates the “Big pixel brightness values” in the tracer position

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”
Defines if a Basic tracer can also work as Detailed tracer

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

Deallocates memory for variables in hrw_GetTracers module

Writes the Tracer data file for the current slot in $SAFNWC/tmp directory

Deallocates memory for MSG/GOES-N satellite data

Deallocates memory for "tracer wind" data

Deallocates memory for "trajectory" data

Deallocates memory for NWP data
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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
*** hrw_SetWindNetCDF
*** hrw_WindModDir
*** hrw_Free_WindData
*** hrw_Free_TWind
*** hrw_Free_Trajectories

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

* %k k

%k %
%k %k
%k %k

Codifies
Codifies
Codifies
Codifies
Codifies
Codifies

Section @ of the BUFR output file
Section 1 of the BUFR output file
Section 2 of the BUFR output file
Section 3 of the BUFR output file
the AMV BUFR output for a defined

Codifies Section @ of the BUFR output file
Codifies Section 1 of the BUFR output file
Codifies Section 2 of the BUFR output file

Codifies Section 3 of the BUFR output file

Writes the AMV data in the NetCDF bulletin

Deallocates memory for "wind_channel_info"
Deallocates memory for "tracer_wind" data
Deallocates memory for "trajectory" data

specific information for each AMv,
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 Wind BUFR output in $SAFNWC/export/HRW directory using NWCSAF template

Codifies the Trajectory BUFR output for a defined MSG/SEVIRI 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

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

using NWCSAF template

using NWCSAF template

using NWCSAF template

using NWCSAF template

MSG/GOES-N channel using NWCSAF template

for the BUFR output writing using NWCSAF template

using EUMETSAT/MPEF template
using EUMETSAT/MPEF template
using EUMETSAT/MPEF template

Codifies the Wind BUFR output for a defined MSG/GOES-N channel using EUMETSAT/MPEF template
Defines the information for one wind 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

using EUMETSAT/MPEF template

Encodes the Wind 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 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

data
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2.3.7.4GEO-HRW running errors

The following table shows the whole list of errarsd warnings that can appear during the running of
GEO-HRW product, the reasons causing these ermatsvarnings, and the way the NWC SAF user
can try to solve them. In any case, if the errarsvarnings persist, NWC SAF Helpdesk should be

contacted.

Error (E) or Message Reason Recovery action

Warning (W)

Code

E-151 “Usage of HRW Input parameters are | Check instructions to start the run of

executable: incorrect NWC/GEO-HRW product
GEO-HRW-v50 <slot>

<region_conf_file>

<model_conf _file>"

E - 152 "Error allocating memory Unable to allocate There are memory problems to run
for tracers related to the | required memory for | NWC/GEO-HRW product in the
previous slot" "tracer" struct defined region with the defined

E - 153 "Error allocating memory Unable to allocate configuration and computer.
for tracer_wind struct, required memory for | Use a larger computer or a smaller
relating tracers and “"tracer_wind" struct | region.

AMVs"

E - 154 "Error allocating memory Unable to allocate
for structs related to a required memory for
wind_channel_info struct] "wind_channel_info"

struct

E - 155 "Error allocating memory Unable to allocate
for the NWP grids for required memory for
each variable” NWP grids

E -156 "Satellite data for curren{ Satellite data are not | Verify if there is any problem with the
slot are not valid" valid satellite data used by

NWC/GEO-HRW product

E-161 "Error reading Paramete(sError after Verify that the
from Satellite NwcCFReadSat $SAFNWC/config/sat_conf_file used
configuration file" function for running NWC/GEO-HRW product

is correct

E-162 “Error in date format Error after Verify that the date format used for
(%s). Required (YYYY- | NwcTimeSetStr running NWC/GEO-HRW product is
MM-DDThh:mm:ssZ)" function correct

E - 163 “Error setting Processing Error after Verify that the
region” NwcRegionSet $SAFNWC/config/region_conf_file

function used for running NWC/GEO-HRW
product is correct

E-164 "Error reading Pressure | Error after Verify that the
levels from the Model NwcNwpReadPLevel| $SAFNWC/config/inwp_conf_file used
configuration file" function for running NWC/GEO-HRW product

is correct

E - 165 “Unable to initialize the | Error after Verify that the
NWP Temperature / NwcNwplnitProfile $SAFNWC/config/nwp_conf_file &
Wind / Geopotential function $SAFNWC/config/model_conf_file
NWP profile" used for running NWC/GEO-HRW

product are correct

E - 166 "Error allocating memory Error after There are memory problems to run
for wind_channel_info NwcSatlnit NWC/GEO-HRW product in the
struct" function defined region with the defined

configuration and computer.
Use a larger computer or a smaller
region.
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Table 20: List of errors for GEO-HRW-v50 algorithm

Error (E) or Message Reason Recovery action
Warning (W)
Code
E-171 "Error reading Paramete(sError after Verify that the
from the HRW hrw_ReadData function $SAFNWC/config/model_conf_file
configuration file" used for running NWC/GEO-HRW
product is correct
E-172 "Error getting latitude / | Error after All these errors are caused by the
longitude / sun angles for| hrw_GetAncillaryData | running of NWC/GEO-HRW
the High resolution function product, and cannot be solved by the
region” NWCSAF user.
E-173 "Error reading satellite | Error after
data for current slot" hrw_ReadSatelliteData| Nevertheless, as a whole, they should
function occur in less than a 0.5% of the
E-174 "Error reading tracers Error after cases.
from previous slot" hrw_ReadTracers
function If the frequency is higher than that,
E-175 "Error reading Error after please contact NWCSAF Helpdesk.
Trajectories for the hrw_ReadTrajectories
previous slot" function
E-176 "Error during the AMV | Error after
Tracking process" hrw_GetWinds function
E-177 “Error during the AMV Error after
Quality Control" hrw_Qc function
E-178 "Error writing Error after
Predecessor winds in hrw_WritePredWinds
SAFNWC/tmp directory" | function
E-179 “Error writing Error after
Trajectories in hrw_WriteTrajectories
SAFNWC/tmp directory” | function
E-180 "Error calculating tracers Error after
for current slot" hrw_GetTracers
function
E-181 "Error writing tracers in | Error after
SAFNWC/tmp directory" | hrw_WriteTracers
function
E-182 "Error writing the AMVs | Error after
in the netCDF output file"| hrw_EncodeNetCDF
function
E-191 "NWP temperature data| AMVs cannot be Verify that
are not available; Winds | calculated because NWP temperature data for at least
cannot be calculated" NWP data could not be| MIN_NWP_FOR_CALCULATION
read levels (with a default value of 4) have
been provided for the running of
NWC/GEO-HRW product in
$SAFNWC/import/NWP_data
directory
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2.4 HIGH RESOLUTION WINDS PRODUCT ASSUMPTIONS AND LIMITATIONS

The main circumstance that has to be taken intouadcwhen 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 in the worginegion of cloudy areas (or cloudless areas with
humidity patterns in the water vapour images, éatlair Water vapour Atmospheric Motion Vectors
are considered).

Nevertheless, the situation has improved sinceaeISEO-HRW-v3.2. Previously, the applicability

of GEO-HRW algorithm was limited to cloudy areascdngse of considering HRVIS and IR108

channels only. The new AMVs at GEO-HRW-v3.2 relatechumidity patterns in the water vapour
channels (WV62, WV73) show for the first time wingctors in clear air areas. Besides, the
possibility to calculate AMVs with up to seven @ifént channels with MSG/SEVIRI satellite (or up to
three different visible, infrared and water vapathhannels with GOES-N satellite), increases
significantly the density of AMV data.

With all of this, the presence of geographical arewside the working region where GEO-HRW
algorithm does not find any wind vector is now deral Nevertheless, because the presence of
humidity patters in the clear air areas where tsacan adequately be defined and tracked is not
guaranteed, and because in general clear air AMA{® lworse 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 wher&MVs are available and no information can be
extracted is still possible. The users should ataluwhich implications this might have when using
GEO-HRW algorithm.

About the calculated Atmospheric Motion Vectorse timain source of errors is related to
inconsistencies between the NWP model used anaudatmosphere. This is especially important:

» In the definition of the ‘tracking area’ and in tReiality control, related to inconsistencies in
the vertical wind profile. On the one hand, traceray not be found in areas where the
displacement is different to the one defined byftrecast. On the other hand, the errors in
the forecast winds can cause the AMVs to have aavimrecast QI than the one they should,
and because of this some good winds might be egject

The first problem is solved not using the wind guéwith WIND_GUESS = 0), which

despite the increases in the running time of GEQAH&Rgorithm it implies (because of using
larger ‘tracking areas’), the optimizations inclddesince GEO-HRW-v4.0 make this
configuration fully operative as the default optiftot GEO-HRW algorithm. Users should
keep this configuration, so reducing the dependehtdee AMVs on the NWP model.

The second problem is solved using the “Qualityeindithout forecast” in the operation of
GEO-HRW algorithm (implemented with QI_THRESHOLD ERORECAST = 0 since
GEO-HRW-v4.0), which avoids the influence of the Rwiodel in the Quality of the AMVs.
Nevertheless, this option has not been consideyd¢ldeadefault one because the impact of the
NWP model in the Quality of the AMVs is consideredbe generally more positive than
negative.

= In the height assignment (in general the main reimgichallenge that scientists are currently
facing with AMV extraction), if the ‘HRW Brightnesgemperature interpolation height
assignment’ is used, small errors in the tempeggbuofile can cause important errors in the
heights assigned to the tracers. Besides, in thge dhe assumption is taken that the
temperature is supposed to diminish constantly higher levels throughout the atmosphere.
Due to this, problems in the level assignment appé@n a temperature inversion is present.
(This problem is solved since GEO-HRW-v3.1 using f8CC height assignment method’,
where the ‘thermal inversion problem’ is solvedngsiGEO-CTTH product output data).

= Considering all this, the use of the NWP modeldsarntheless considered to be mandatory
for the AMV height assignment (directly through tiightness temperature interpolation
height assignment, or indirectly through the NWCG@ETTH Cloud top pressure output
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related to ‘CCC height assignment method’). Theityuaf the height assignment inferred in
previous versions of GEO-HRW algorithm without udeNWP data is considered not to be
good enough to be used anymore, and so the optical¢ulate AMV's without NWP data has
been skipped in GEO-HRW-v50 algorithm.

With all of this, the important improvements in tladest GEO-HRW versions (since v2.2 to v5.0)
have reduced the limitations this algorithm presibad.

First of all, the use of NWC/GEO CT output helpsefloninate wrong ground tracers identified as
clouds in the visible and infrared channels (relate “cloud free land or sea” or “land or sea
contaminated with ice or snow”), and to verify thi&éerent behaviours of the AMVs considering the
Cloud type they are related to. Secondly, the G¢VdC/GEO CTTH output with ‘CCC method’ in
the height assignment includes several new proesdlike the Radiance ratioing technique and the
H20/IRW intercept method for the definition of tAéV height related to semitransparent clouds),
which have improved the statistics of the AMVs tethto the semitransparent cloud types respect to
the previous versions of the algorithm. Finallye thclusion of Microphysics data in GEO-HRW-v50
permit to take into account the Cloud depth formaproved AMV height assignment.

The adaptation of GEO-HRW algorithm to infrared avater vapour channels also helped to extend
the AMV calculation to all hours of the day, andioth cloudy and clear air areas, following the
necessities and suggestions of NWC SAF users. dilmgnates the temporal limitation to daytime
which GEO-HRW algorithm previously had. The extensio calculate winds in the ‘Rapid scan
mode’ with MSG/SEVIRI satellite permits also to aiot new winds even every five minutes with
every new slot, increasing the amount of availakidVs in a 15 minute time lapse by a factor of
around 3 respect to the ‘Nominal scan mode’.

The default configuration not using the ‘wind guessthe definition of the ‘tracking area’ and the
introduction of the ‘Quality index without forecagteducing the influence of the NWP model in the
calculation and definition of the quality of the AMd) also contribute to improve the general quadity
GEO-HRW AMVs.

Considering finally the calculation of trajectorigsough the successive tracking of the same tiacer
consecutive slots, the most important limitationthie persistence in time of the tracers for the
definition of the trajectories. To keep the qualtifythe corresponding AMVs, it has been considered
necessary that the tracers should keep their dieaisics (such as defined by ‘Gradient method’ or
‘Tracer characteristics method’) throughout thererttajectory.

Because of the temporal evolution of the tracaerdeuthese requirements after one hour only between
30% and 50% of the tracers persist; after thregshonly between the 5% and 15% of the tracers

persist. Additionally, the persistence is smallee dhe smaller size of the tracers in the ‘Detailed

scale’. Considering this, users of GEO-HRW prodimiuld be aware about the utility the trajectories

provided to them under these conditions.

Additionally, the persistence of the tracers ided#nt considering different meteorological sitaas,

in which the temporal change of the atmospheriactitires is quicker or slower. Considering this, the
density of trajectories can be very different iffedient parts of a same region. This is an issaé th
users should also have into account when usingafextories calculated by GEO-HRW algorithm.



