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1. INTRODUCTION

1.1 SCOPE OF THE DOCUMENT

The ATBD document provides the scientific descaptiof the PGE11 algorithm. It points out
assumptions done on algorithms and limitations d@TRproducts. Lastly, this document
summarizes RDT validation result and describes RD{puts.

1.2 SCOPE OF OTHER DOCUMENTS

The PUM (Product User Manual) provides all usefifbimation to user (forecaster or research).

The VR (Validation report) depicts the accuracyR®DT to classify the convective cloud object.
The discrimination skills are based on on lightnimgurrences.

The Interface Control Documents ICD/1 (Interfacenttal Document n°1) describes the External
and Internal Interfaces of the SAFNWC/MSG software.

The Interface Control Documents ICD/3 (Interfacenttal Document n°3) describes the input and
output data formats of the SAFNWC/MSG software.

1.3 SOFTWARE VERSION | DENTIFICATION

This document is compliant with versior2041of the SAFNWC software package.

1.4 |MPROVEMENT FROM PREVIOUS VERSION

* PGE1l can now take advantage of NWP data as irfput,improving convective
discrimination :

o NWP data are used to compute convective indexessyathesizing a “NWP
convective mask”.

o NWP data are used to compute (CEP NWP) or identkiRPEGE NWP)
Tropopause characteristics, affected as extrdatérito cloud cells.

o Gap to Tropopause and value of convective indesctdtl to each cell are used as
additional predictors for statistic models issuexhf PGE11 tuning.

o PGEL11 Tuning has benefit from the convective magiqring trajectories in stable
areas thus reducing the unbalance between conge@nd non convective
populations, and taking into account new parametetise logistic regressions
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0 Real time processing : Convective diagnostic of PGEs attempted except in
stable areas of this convective mask, thus avoidog relevant diagnostic. It also
benefits from a better tuning, especially in walmtegories.

It is to note that PGE11 can still be processetiaut NWP data. The result will in this case
be comparable to V2010, but it must be kept in ntivat V2011 has benefit from a better
tuning (see ATBD), even if NWP data are not avddah real time. In any case, NWP
data are strongly recommended.

* Minor improvement concern displacement estimation :

o validity tests have been introduced, to invalidoagous values. In this case
persistence will be applied

o displacement is estimate from the move of gravéyter of Cloud tops

* A production number can be encoded in BUFR filejdentify RDT productions over
various areas and/or satellites

1.5 DEFINITIONS , ACRONYMS AND ABBREVIATIONS

BUFR Binary Universal Form for the RepresentatmnMeteorological data
CMa Cloud Mask (also PGEO1)

ECMWF European Centre for Medium-Range Weatherdasts

EUMETSAT European Meteorological Satellite Agency

GOES Geostationary Operational Environmental $atel
ICD Interface Control Document

INM Instituto Nacional de Meteorologia

MSG Meteosat Second Generation

MTR Mid Term Review

NMS National Meteorological Service

PGE Product Generation Element

POD PrObability of good Detection

POFD PrObability of False Detection

RDT Rapid Development Thunderstorms

SAF Satellite Application Facility

SAF NWC  SAF to support NowCasting and VSRF
SEVIRI Spinning Enhanced Visible & Infrared Imager
CDOP Continuous Development and Operation Phase

IOP Initial Operation Phase
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1.6 REFERENCES
1.6.1 Applicable documents
Reference Title Code Vers
[AD.1.] Product User Manual SAF/NWC/CDOP/MFT/SCI/PUNI/1 2.1
[AD.2.] Validation report SAF/NWC/CDOP/MFT/SCI/VR/11 .
[AD.3.] Interface Control document for the Exteraald SAF/NWC/CDOP/INM/SW/ICD/1 2010
Internal Interfaces
[AD.4] Interface Control Document for the input and SAF/NWC/CDOP/INM/SW/ICD/3 2010
output data formats
[AD.5.] Software User Manual for the SAFNWC/MSG SAF/NWC/CDOP/INM/SW/SUM/2 2010
Application, Software Part
1.6.2 Reference documents
Reference Title Code Vers
[RD 1] Ruiz Gazen, A. Villa, N., (June 2007), RDT Visiting scientist activities of the SAF NWC2007
discrimination refining, intermediate report — http://nwcsaf.inm.es/VSA.html
[RD 2] Ruiz Gazen, A. Villa, N., (June 2008), RDT Visiting scientist activities of the SAF NWC2008
discrimination refining, final report — http://nwcsaf.inm.es/VSA.html

1.7 GOALOF THE RDT PRODUCT

The RDT, Rapid Development Thunderstorm, produstiieen developed by Meteo-France in the
framework of the EUMETSAT SAF in support to Nowgagt Using mainly geostationnary
satellite data, it provides information on clouddated to significant convective systems, from
meso scale (200 to 2000 km) down to smaller sqédsgh of km). It is provided to users in the
form of numerical data stored in a BUFR format.fil&e objectives of RDT are twofold:

- The identification, monitoring and tracking of int& convective system clouds
« The detection of rapidly developing convective £elthere IR sensor allows for

The object-oriented approach underlying the RDTdpod allows to add value to the satellite image
by characterizing convective, spatially consistentjties through various parameters of interest to
the forecaster : motion vector, cooling and expamsiate, cloud top height,..., and their time

series. It supports easy and meaningful downstidestan fusion (surface observations, NWP fields,
radar data...).

Thereby, RDT is a tool for forecaster but can beduly research teams too, and end-users like
aeronautical users.

Finally, a Meteosat-based real-time demonstrasoavailable for registered NMS on the Internet,
at this addressttp://www.meteorologie.eu.org/RDT/index.htrAl training material is available on
EUMETrain Websiténttp://www.zamg.ac.at/eumetrain/

2. ALGORITHM OVERVIEW



METEO FRANCE

ouours imtemps davarce. | Algorithm — Theoretical ~— Basis
oo D(?cument for “Rapid 'Ssue: 22 pate 22 Octobe
NWC SAF Development Thunderstorms2010

(RDT-PGE11 v2.2)

Code: SAF/NWC/CDOP/MFT/SCI/ATBD/11

File: SAF-NWC-CDOP-MFT-SCI-ATBD-11_v2.

11/65

Page:

2.1 OUTLINE OF THE ALGORITHM

The RDT algorithm could be divided into three parts
« The detection of cloud systems
« The tracking of cloud systems

« The discrimination of convective cloud objects

2.1.1 The detection of cloud systems

The detection algorithm allows to define “cells” iaim represent the cloud systems. In the RDT
algorithm, “cells” are defined on infrared imagebkgnnel IR10.8) by applying a threshold which is
specific to each cloud system, and which choseadas local brightness temperature pattern. A

good understanding of this process is essentialtice the best use of RDT.

The basic idea is to adapt the threshold use ttoghegraphy of the cloud tops:

Teok = Towern*1

v BT - [ESN RN NN

=5l Towern 1

Tehaw

Tead —

e o

Detection at time T:
2 Cells

Detection at time T+dt:
4 Cells

A secondary cloud tower apparition
Split and threshold temperature cooling

Detection at time T+2dt:
4 Cells

g{— A secondary cloud tower apparition
z Split and threshold temperature coaling

A sECOndary cloud tower disappearance
Merge and threshold temperature warming

» In the case of simple topography
(like the simple, isolated, cloud
associated to a single convective
cell in clear air, at development
stage), the threshold chosen
corresponds to the outer limits
of the cloudy zone

* |In more complex cases, the
principle is to use the warmest
temperature threshold which
allows to get one cell for each
cloud "tower". A cloud tower is
here formally defined as a local
brightness temperature minima
which is separated from the
other, nearby, minima by a
sufficiently warmer zone (6°C
warmer)

Hence, the threshold use for a given cloud towpedds on the temperature pattern in the vicinity,
and may evolve just because nearby towers do ev@haemer zone or Deltat_tower=6°C for
defining significant cloud towers, which contoue airawn in red).

Thus, the RDT cells linked in time to form a tragy do not necessarily really depict the same
phenomena along time. But the advantage of theodaibed (adaptative threshold) is to focus on
convective parts of cloud systems, in order togrerfthe discrimination process.
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Even if the cloud tracker is able to detect andkireloud object on pixel resolution, it is advided
limit at 60 squared kilometers (more or less 5 Igix@th IR resolution over Europe) the minimum
area of an object in order to improve quality iscdminating parameters processed. The minimum
size of an object is defined into configuratiorefilOn the other hand, a limitation to 200000
squared kilometers of the systems is enough to mheebbjectives of RDT, and allow to avoid
tracking huge non convective cloud systems.

2.1.2 The tracking of cloud systems

The adaptative threshold use makes complex thecoetiparability due to various phenomena
depicted. This method induces numerous merge didesp

The tracking algorithm is mainly built on the owaping between cells in two successive images.
Before the cells overlap processing, the previoeits are moved according to their (formerly
analyzed) move and speed. Nevertheless, correlatiareighborhood methods are applied when
overlapping method doesn't succeed. The tempoia Are processed as follow:

= No matchthe current cell is a new one and begins a najgdiory

= Merge more than one former cell match with one curreell. The trajectory of the
"largest" former cell is kept; the other ones alesed. Due to adaptative threshold
temperature use, the largest former cell is na&atly defined on its area attribute but on a
area defined at a common threshold.

= Split One former cell match with several current céllse "largest" current cell carries out
the time series. The other ones are processedéikecells.

= Merge and split Several former cells match witch several curgits: In this case (less
than 3% of trajectories), all trajectories are etbeind the current cells are processed like
new cells.

The temporal link allows to compute move, speedtasnd of all cloud objects. The time series of
cloud's characteristics (peripheral gradient, va@untooling rate...) are key input for the
discrimination algorithm.

2.1.3 The discrimination of convective objects

As was mentioned previously, the RDT detection @tligo is able to detect cloud structure
from meso-alpha scale (200 to 2000 km) down tolpmgale. The goal of the discrimination
method is to identify the convective RDT objectsoaigp all cloud cells, adding a strong
constraint which is that the discrimination shob&leffective as soon as possible after the first
detection by RDT software.
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Figre 2: RDT objects before convective discrimiomat

The picture above displays all RDT detected c&liss picture points out the detection and
tracking efficiency of RDT. We can notice the pherema and scale diversity of RDT objects.

The next image displays convective objects onlye Tdtio between no convective and convective

objects is about 100.

' Figure 3: RDT objects after convective discrimipati

The discrimination method makes use of discrimoraparameters calculated from three MSG
channels: IR 1048m, IR 8.4um, IR 12um, WV 6.2um and WV 7.3um. Two kinds of such
discrimination parameters are computed:
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= spatial characteristics (peripheral gradient, sufa)
= temporal characteristics (rate, extremes on varpaiss period )

The discrimination scheme is a mix between emginiodes and statistical models tuned on a
learning database.

The current learning data base is made over widereace. The ground truth used for building the
data base is cloud to ground lightning occurrence.

3. ALGORITHM DESCRIPTION

3.1 THEORETICAL DESCRIPTION

3.1.1 Physics of the Problem

The thunderstorm detection by PGE1l is a mix ofsmal and statistical approach. The
methodology is first to identify and track cloudsesm, then to define satellite characteristics of
these cloud systems during different phases (triggedevelopment and mature). Learning data
bases are then built on the most significant pzfrtee trajectories of the cloud systems, for a pre
conditional tuning.

3.1.2 Description of the Algorithm

3.1.2.1The detection of cloud systems

The goal of the detection algorithm is to definell'€” which represent the cloud systems as seen in
the infrared 10.8um channel. Once the “cells” are detected, a nunobenorphological (area,
aspect ratio...) and radiative features (average ramimum brightness temperature,...) of the
“cells” are computed in order to characterize toeresponding cloud systems. More precisely,
“cells” are connected zones (8-connectivity) ofghéxi) having a brightness temperature lower than
a given temperature threshofg}, (which is not the same for all the “cells” detetia a given

image) and ii) being larger than a given area tiolesA ,,;, (which is the same for all the detected
“cells”).

The use of a detection algorithm based on a firegperature thresholding is problematic. Indeed,
the choice of a rather low temperature threshaddeo a late first detection of convective systems
and the use of rather high temperature threshaldsléo a merging of different convective systems
into one single “cell” when these systems are eméddn a warm layer of clouds.

The RDT detection method is based upon an adapta@imperature thresholding of infrared
images. Thus, each cloud system is representechéyop several cells defined by its own, cell-

specific, temperature threshold, ranged betweearanwthresholdT, and a cold threshold

warm cold *

More precisely, possible temperature thresholdsS Bf&, , Twarm = AT » Twam — 24T ,... ,Teoq Where
AT is the temperature step of possible temperatuesitiolds.
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RDT Cells point out the bottom of cloud towers ud#d inside cloud system. The temperature
threshold used to define the bottom of an RDT dbjecthe warmest one which allows to

distinguish it from others nearby temperature ewge. As described in Figure 4, only strong
enough temperature extremes are taken into ac¢ognt
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Figure 4: Diagram illustrating the principle of thaetection algorithm
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3.1.2.2The tracking of cloud systems

Once the detection of cloud systems is performied,ttacking module of the RDT software is
applied on the detected “cells” and allows to btifgectories of cloud systems from a sequence of
infrared images. The tracking algorithm is basedtlo®a geographical overlapping of “cells”
between two successive infrared images. It alsdlrarsplits and merges of cloud systems.

The main difficulty is the tracking of small closgstems (typically less than 5 pixels). In order to
improve the tracking of such small cloud systerns, RDT tracking algorithm takes into account
an estimated velocity of “cells” to compute the iapping between “cells”.

ACNCY
A

ol(C.C) = ZrTA0), AC))

where:

-C is a cell in the image at time ¢
and A(C) its area.

-C"is a cell in the following image at time t + At
and A(C') its area.

-V(C) is the velocity of C.

-C is the translated cell of C by V(C) % At.

Figure 5: Definition of the overlapping between teells

Briefly, the search for an overlapping betweenaaudlsystem C’ detected in the image at tim# t+
and cloud systems detected in the previous imagmatt is made as follows:

1.

First, “cells” in the image at timeare advected using their estimated velocity. Ikeast
one of these advected cells overlaps sufficienttir wloud system C’ then a link is created
between C’ and this (these) cell(s).

If no overlapping is found, then the velocity oétbloud system C’ is evaluated from cross-
correlation technique.

The cloud system C’ is then backward-advected filosiestimated velocity. If at least one
of the cells detected at time t overlaps suffitienvith the backward-advected cloud
system C’ then a link is created between C’ ansl (thiese) cell(s).

If no overlapping is found, then the backward-adedcloud system C’ is enlarged and a
last search for overlapping between this enlargezkward-advected cloud system C’ and
cells detected at time t is done. If at least ohehe cells detected at time t overlaps
sufficiently with the enlarged backward-advectedud system C’ then a link is created
between C’ and this (these) cell(s).

If no overlapping is found then cloud system Cidentified as the beginning of a new
trajectory.
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Figure 7 illustrates how the steps 2 and 3 of taeking algorithm could improve the tracking
of small cloud systems. In the diagrams of thisifeg the “cells” of a given cloud system in two
consecutive imagesre showedC is its “cell” in the image at timeand C' is its “cell” in the

image at time+ At.

Cloud System C’
at t+At

Evaluation of
overlapping from

No

Estimation of the

velocity of C' pmax

advection of
cells at date t

|

Link found

link

Evaluation of
overlapping from

from
cross-correlation

pmaxl< 0.5

No link

Estimation of the velocity — Estimation of the velocity

S=05"

backward
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——» Link found
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Nollink
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of C’ from the positions
of the centre of gravity
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|
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of C’ from cross-correlation

of C’ from the positions
of the centre of gravity
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cloud system

of C’ from the positions
of the centre of gravity

Figure 6: Main steps of the tracking algorithm
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Figure 7: Principle of the tracking algorithm (ste@ and 3)

In Figure 7 A, C is the translated cell of by V(C)xAtwhereV(C)is the estimated velocity of
C, as computed in the previous tracking stage. Indage, the quality of the velocity was too low
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and lead to no overlapping betwe€and C'. So, after step 1 of the tracking method, no Igk
created between “cellsC and C' and so, if steps 2 and 3 were not in the trackiggrithm, the
tracking of this cloud system would have failed.

With the implemented RDT tracking algorithm, thédwing analysis is done:

o C'is a “cell’ in the image at timeét+ At which overlaps with no “cell” of the previous
image, consequently its velocity(C') is evaluated using a cross-correlation technique.

o Figure 7 B displays the celC' which is the translated cell oF' by -V(C)xAt, an

overlapping is now existing betwe&h and C' and so, the tracking algorithm creates a link
between “cells"C and C': the tracking is successful.

Step 4 of the tracking algorithm is an improvemfemtthe tracking of very small cloud systems
(less than 5 pixels). The enlargement of a clowdesy consists of adding “pseudo-cloudy pixels”
(see Figure 8) to the detected cells all alongdlge in order to increase, artificially, the sizehe

cell and then to ease the occurrence of overlappétgeen consecutive cells corresponding to the
same cloud system.

Detected Enlargement
cloud system basic element

Figure 8: Principle of the enlargement of cloudtsyss (step 4)

3.1.2.3The discrimination scheme

3.1.2.3.1 The major principles

The methodology and the statistical model choiceelieen defined with the support of Statistical
Laboratory of Toulouse ([RD 1], [RD 2])

On statistical approach, the two populations, cotive and no convective, are unbalanced. We can
notice a ratio of one convective for more than bbnedred convective over Europe.

Moreover, a convective object has not homogenebasacteristics during its life time. Thus, it is
necessary to define several statistical bodiegderoto take care of various stages of convective
phenomena: triggering, development, mature andyitteg@hases.
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At last, the ground truth used, cloud to grounduo@nce, doesn't allow to diagnose the time of
convection triggering or to depict the decayingqur

Therefore, the discrimination scheme is a mix betwstatistical decisions and empirical rules. The
statistical decisions are only processed for atgiemiod centred on several times of interest. They
are only applied on no convective object to chéwhrtconvective status. The empirical rules are
defined to declassify convective object (convectilmtaying or false alarm diagnosis). They are
based on cooling parameters for triggering and ldpmeent phase and based on cooling and global
convection index for mature phase.

No convective initialisatic

A 4

The tracking rules |——»- Yes

3.1.2.3.

Convective ?

A 4

The declassification rules
3.1.2.35

Mature or
temperature crossing

Figure 1

Statistical Decision
3.1.2.3.3

v

No Convective

Figure 9: The discrimination schedule
3.1.2.3.2 NWP convective mask

The major improvement of PGE1A011 is to benefit from a NWP guidance before attengptin
diagnostic.

NWP data are used to produce a convective maskighreomputation of several convective
indexes : K index, Showalter index and Lifted ind&ke union of these indexes allow to identify
stable areas where probability of convection wel very low. Values of this mask are 0 if all
indexes are stable, 2at least one index is unstable, 1 in other casegioRs with null (0) values
are ignored by discrimination step.

Thus, PGE11 discrimination scheme focuses on caneecegions, and avoid eventual false
alarms, especially in winter or intermediate season
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Figure 10: 25 May 2009, 12h15. Convective maskdottight), as a union of K index (top Ieft)
Showalter index (top right) and Lifted index (battteft), from NWP data. Regions 1 and 2 are
region of interest for PGE11 discrimination

Moreover, this approach has been applied duringuhsg of PGE11 discrimination scheme, to
exclude from the tuning areas and cloud systenfsowitinterest from a convective point of view.

Thus, this lead to a major improvement thanks tstrang decrease of the imbalance between
convective and non convective populations, esgdgcie the in warmest categories. The

consequence is a better tuning in these categdeiading to a strong improvement concerning
precocity.
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Figure 11 : 25 May 2009, 12h30 UTC. PGE11 v2010)(&nd v2011 (bottom). V2011 obviously

benefits from a better tuning in warmer categoresh higher precocity (cells over Italy

diagnosed 30 min previously)
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3.1.2.3.3 The statistical decision

The discriminating parameters associated to a ctdject are processed on three MSG channels
(IR 10.8m, IR8.um, IR1Zum, WV 6.2um and WV 7.8m). The cloud tracker allows to estimate
rates and extremes on various past period. Theofligliscriminating parameters is provided in
annex.

The statistical decision operates like a sieve w#heral level of accuracy. It combines several
times of interest defined on temperature thresbaddsing , a final step focused on mature stage ,
and a beginning step for initial developing stage

= Mature: top temperature < -40°C since at least ASmi

= Mature transition: crossing top temperature —40°C

= Cold transition: crossing top temperature —36fMase of cloud tower —25°C

=  Warmz2 transition: crossing top temperature —26f®ase of cloud tower —15°C

=  Warml transition: crossing top temperature —16f®ase of cloud tower -5°C

=  Warm : top temperature > -18hd base of cloud tower > -5°C, preceding Warm1 cngssi

The statistical models defined on temperature kiwlelscrossing are named transition models. The
models defined on mature population are named matuwrdels, and those defined on warm
population warm models

The warm and transition models are defined for fdepth, depending on available past historic:
15, 30, 45 and 60 minutes. The mature ones aneediedbn period of at least 45 minutes, i.e. for 45
and 60 minutes depth.

In order to provide a classification for severahfguration, the statistical models are defined on
six available data hypothesis:

* IR10.8um, IR8.um, IR1Zum, WV6.2um, WV7.3um + NWP data
* IR10.8um, WV6.2um + NWP data (designed for GOES-12)

* |R10.8um + NWP data (designed for METEOSAT-7)

* |R10.8um, IR8.7um, IR12um, WV6.2um, WV7.3um

* IR10.8um, WV6.2um (designed for GOES-12)

* IR10.8um (designed for METEOSAT-7)

It is to note that even if the user’s configuratfd@ does not correspond to the real time avditgbi
of data, PGE11 is able to adapt and detect autoatigtithe best usable configuration among the
ones listed above. For that reason, each modedmedibfrom a specific tuning



METEO FRANCE Code: SAF/NWC/CDOP/MFT/SCI/ATBD/11

ouours un temps davance | Algorithm — Theoretical ~ Basis
o P D(?cument for “Rapid 'SSUe: 22 pate 22 Octobe
NWCSAF Development Thunderstorms2010
(RDT-PGE11 v2.2) File: SAF-NWC-CDOP-MFT-SCI-ATBD-11_v2.
Page: 24/65

Tmin

Tseuil

Warm?2

Twarm
—AvarH

Figure 12: Vertical view : Categories of discrimiion scheme and corresponding discrimination
models
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During the discrimination tuning for transition egbries, 60min sections centred on transition time
are extracted from cloud system trajectories, andeis are defined on various depth, respecting
the way those models are planned to be used irtineal: the choice of a model correspond to a
choice of depth, based on age in the categoryphfiest detection, and past historic in the warmer

category.

Transiticn Time

First detectio NN D15 ... D30 .
»\/ DT15 DT:30 D45
‘ ........................................
W)
DI 30 DTE45 D160
-------------- . ° o

Figure 13: Temporal view : Transition model appldéy depending on available historic. 3 cases
depending on time of first detection. Transitiandimay be Tmin or Tseuil crossing their
respective thresholds.

Warm category benefits from a specific approackintainto account that the 60min section are
extracted from cloud trajectories ahead a timee®érence which is the Warm2 transition time,

respecting the figure below.

+30min after
Em
Warm2 crossing time 15min afte
e 4
60 min-max -15min before

-30min before

-75min before
Figure 14: Spatial and temporal view for Warm caisg
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To summarize, the statistical scheme is basedwndigcriminations defined on crossing times and
one discrimination for each mature and warm caaehkHliscrimination is defined on various time
depth, depending on available historic data (15430and 60min) , except mature case defined for
45 and 60min only. Thus, the discrimination scheests on (5 categories x 4 depth + 1 category x
2 depth ) x 6 configurations = 132 models. For teason, the description of discrimination tuning
in this document will give only a quick overview thie results obtained.

Preliminary studies had been led to assess coreediscriminating skill of linear and no linear
models (see [RD 1]) to be incorporate into the riisimation scheme. The best results were
obtained with random forest method (with 600 tres¥) simple Logistic Regression method. The
logistic regression had been implemented into djperal version from v2009 release. This model
is simple and fast, and provide some informatioa discriminating parameters.

3.1.2.34 The statistical model tuning

The data used for discrimination were June-Augu¥82and June-September 2009, for both
MSGO02 and MSGO01-RapidScan, and corresponding NWR ftam Meteo-France ARPEGE
model, for 12h and 18h ranges (as for real tim¢.use

The domain used for the tuning has been a littlevidiened, to take into account last 2008 stasistic
of lightning data (provided by Météo-France ObstoraDepartment and concerning Météorage
and partners network). An accuracy of 2-4km of ciiade@ has been taken into account.

LE RESEAU FOUDRE MARITIME
MEDIANE DU 1/2 GRAND AXE DE L'ELLIPSE DE LOCALISATION

DjMeTee

DENSITE D'ARCS EN RETOUR AU SOL - Année 2008
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Figure 15: Extension and quality (precision lefengdity right) of Meteorage+partners
network.Meteorage network coverage appears in redght image

Figure 16:Domain used for RDT v2011 discriminattaning
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Thanks to the availability of more numerous 2008 2009 data, the discrimination tuning method
has been modified for v2011 release in order toedse the dependency to learning data set, and
increase the stability (robustness) of statisticatiels.

1. The use of NWP data to exclude cloud systems bies@reas has allowed to reduce in the
database the imbalance between electric and natrielsystems. For that reason, the
method has evolved in respect to “data mining” méghes : a large learning data set
without modifications of the initial proportion pbpulation.

2. The ground truth used rests on a moderate lightdetg activity, even for mature and
transition mature categories (based on strong igctier v2009 and v2010). But the
proximity to lightnings has been taken into accawnbuilt a non polluted non-convective
population , still decreasing the imbalance (nonveative when 50 pixels far from flashes,
i.e. about 150-200 km).

3. Cross validation method has been implemented toceethe dependency to the learning
data set. For each statistical model, the whola dase has been taken into account for a
first tuning (except 4 weeks for a further indepemtdvalidation) in order to obtain a
selection of relevant parameters (predictors). ddedficients of these parameters have been
then “adjusted” through the processing of fiftyrldag-validation steps, where learning and
validation dataset where randomly choosen (witpeesto a proportion 80%-20%). Thus,
linear model will be less dependent on learning dat.

4. Finally, a validation step is undertaken on a iredefent data set : 4 weeks distributed
among 2008 and 20020080713-20, 20080901-08, 20090617-24 and 20092821-



METEO FRANCE

Toujours un temps d’avance

NWC SAF

Algorithm  Theoretical  Basi
Document for “Rapia
Development Thunderstorm

(RDT-PGE11 v2.2)

Code: SAF/NWC/CDOP/MFT/SCI/ATBD/11
Issue: 22 pate 22 Octobe
2010
File:
Page:

Y

SAF-NWC-CDOP-MFT-SCI-ATBD-11_v2.
28/65

2008 and 2009 summers, except non electric days

4 distributed weeks

Learning dataset

Validation dataset

N
N

2008+2009
summer
(7 months - 4
weeks)

D

Tests and tuning o
various linear regression
(selection of parameters)

>

[ 50 randomly built dataset}

TN
N

N

Learning

N

\j>[ scoresda |

— | prediction — | Score
T Identification best
— | coefficients adjustmen model  (parameters

of various regressions

and coefficients)

4

distributed

weeks

predictior

Validation score:

Figure 17: Discrimination tuning

Learninc-

score

methodology.



METEO FRANCE Code: SAF/NWC/CDOP/MFT/SCI/ATBD/11

Toujours un temps davance | Algorithm Theoretical Basi

Y

Document for “Rapid 'Ssue: 22 Dpate 22 Octobe

NWCSAF Development Thunderstorms2010
(RDT-PGE11 v2.2) File: SAF-NWC-CDOP-MFT-SCI-ATBD-11_v2.
Page: 29/65

The discrimination skill is depicted from threatose -false alarm distributions. This depicting

allows to point out the inflexion point where thalse alarm increase more than no detection
decreasing, with respect to a maximum acceptalie falarm rate (varying from 5% to 15%

depending on distributions).

The threat score /false alarm distributions arpldigd in graphs like figure below, where learning
data set appears in black (80% of learning da)arsetdom test data set in green (remaining 20%),
and validation data set in red. Minimum value 08{FAR) is marked as a cross. The automatic
choice of decision threshold is made from red itistion, taking into account this marked point

and a maximum value of FAR.

It has to be noted that a strict comparison ofes@nd graph with previous PGE11 release will be
made difficult for several reasons :

= The constitution of database is quite differenthvei NWP convective mask as a priori
filter to cloud trajectories

= The methodology is quite different too, with a creslidation process and a different
manner to consider learning dataset, test datasetvalidation dataset. Validation
dataset in particular is quite restricted in congmar with learning one.

4

The period of tuning is much larger, consequeti#ytuning more reliable

= The ground truth is slightly different, moderate fdl categories but taking flashes
proximity into account to constitute non convectpggpulation

= The area of tuning is a little bit wider

The comparison with previous version has been takien on a subjective basis, with topical case
situations and real time situations, on a largenaia than for the tuning.
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Figure 18: MSG V2011 tuning. TS/FAR curves for meatliscrimination (DM), full configuration
6.2um+7.3um +8.7um +10.8um +12.0um +NWP, 45 mirtlddpr a moderate ground truth with

proximity to flashes taken into account
Learning database (black), random test databasegg), Validation database(red)

The results issued from discrimination tuning (ggaphs in next sections) allow to rank the
configurations of PGE11 upon scores, whatever détegories :

1.

o o bk~ w

“Full” configuration IR10.8um+all additional charleg6.2um+7.3um +8.7um +12.0um)
+NWP data

“All channels” configuration IR10.8um+all additidnzhannels (6.2um+7.3um +8.7um
+12.0um)

“Limited with NWP” configuration IR10.8um+WV6.2um MWP data
“Limited” configuration IR10.8um+WV6.2um

“Mono channel with NWP” configuration IR10.8pum+ NVdata
“Mono channel with NWP” configuration IR10.8um

The automatic choice of configuration mode by PGHiihe discrimination step, depending on
available data (additional channels or not, NWR daitnot), will respect this ranking.
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Considering categories, the ranking upon scorssrigar to the vertical ranking, as expected : cold
categories offer better tuning and scores than wsirones.

Considering past historic depth, larger depth nofistn get better scores than shorter ones, except
for warmest categories, where significant signdbisnd and exploited even in shorter depth (15
and 30min), with systems is ascending phase rentafaiv time in these categories.

Synthesizing all the results leads to invalidatesanodels, when they present higher false alarms.

All invalidated models are listed in a specific efil  in
$SAFNWC/import/Aux_data/PGE11/files_for_discri/C@oeffRegr_mask
(ConvCoeffRegr_5_mask for rapidscan tuning) , sbg configuration/category/depth. This file is
read as a guidance in real time at the discrinonagtep of PGE11.

This is for example the case for warm category, ddher configurations than the “full”
configuration 2WV2IR+NWP : The use of NWP configtiwa allow to lower the false alarms,
making those models usable for 15 and 30min degstbrdially (Threat scores approaching 60% for
False alarms less than 10%).
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3.1.2.35 The declassification rules

The declassification is only applied on convecigect in order to diagnose the false alarms or
decaying phase. The declassification rules hava bewirically defined on some case studies due
to lack of ground truth to tune statistical modeisthese problematics.

To manage change of RDT objects into discriminatsmmeme (Figure 12), the objects are
characterized by temperature classes:

* Category 1: Top Temperature < -40°C

» Category 3: Top Temperature < -35°C or Base tempera -25°C
» Category 4: Top Temperature < -25°C or Base tenperz -15°C
» Category 5: Top temperature < -15°C or Base tempera -5°C

» Category 6: Top temperature > -15°C and Base teatyoer> -5°C

The Category 2 is associated to discrimination afure transition. Nevertheless, these object are
assumed mature (categoryl) for declassificatiossrul

The convective classification is supposed to bedvatl least 45min for cloud systems, from the
moment they do not present a strong warming. Duehigher probability of false rate, this validity
is only 30 min for the warmest category for coolgygtems only.

Beyond this validity time, except category 1, a@msiive object is declassified if it stays into the
same category. This schedule allows to improvesthdility of diagnosis, and focus on cloud
systems in ascending phase.

The category 1 is associated to mature phase. €bgsification rules can not be defined on
development criteria or cooling rate. As previoaseas, the convective classification is assumed 45
minutes at least. After this period, The convectigect is declassified if it changes of tempemtur
category (Top temperature > -40 °C) or if the glalmnvection index (WV6.2 — IR 10.8) verify the
following conditions: GCD < -1 and trend on 45'<dJ, if another criteria based on the sum of all
BTDs is satisfied.

3.1.2.3.6 The tracking rules

The previous paragraphs depict convective and novemtive decision depending on object
attributes. This paragraph depicts empirical raesned on convective management associated to
tracking algorithm.

At first, a new detection is always classified lik@ convective.

The tracking algorithm allows to link an objectdiojects defined on the previous image. The object
matching are named “father”. The main father isfdtber which the higher surface (defined at a
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common temperature). The convective father is thidec convective father. In some cases, the
main father and the convective father could bestmae.

The discriminating parameters are processed on tregéctory. The convective trajectory allows to
manage the convective time and temperature catearyge used into the declassification rules.

If an object has a convective father, the objectlassified like convective before to check
declassification conditions on convective trajegtor

In the case of decreasing temperature categorygehaime convective time is initialised to zero for
the new class. In the other cases, the convedtheis raised.

3.1.2.3.7 The discrimination skill option

The statistical available by default are depictedEosreur ! Source du renvoi introuvable..
Nevertheless, the user could reduce the false alatim with option “precocite” of configuration
file.

This option set to 0 deactivates the warmest dignation of transition and all statistical models
defined on a past historic shorter than 30 minutes.

3.1.2.3.8 The lightning discrimination

The object approach allows the data fusion withil@uy data. The option “-lightning” of
configuration file defines the lightning used. &eiN>0, the lightning is used to force convective
characteristic of an object at the bufr writtirigs Thus, an object not classified as convective b
the discrimination scheme remains no convectiveeralgorithm of discrimination even if some
flashes strokes are diagnosed.

3.1.2.3.9 The convective stage diagnosis

The diagnosis of convective phase is simply basedhe temperature category depicted. The
decaying stage is associated to a de-classificdtiong a short period.

3.1.3 Error Budget Estimates

The improvement of cell definition, tracking andcliminating parameters computation lead to
process a complete validation on convective didoation accuracy. These validations have not
been taken care into CDOP proposal.
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3.2 PRrRACTICAL CONSIDERATIONS

3.2.1 Calibration and Validation

3.2.1.10bjective validation

The objective validation has been done on summ®&8 afver France (June to August). The
lightning activity is used as ground truth.

The RDT V2011has not been validated on a large validation @deglbut only on several cases
study, and in real time configuration. Thus, thgotive score defined on the previous version
remains valid.

At first, the probability of detection of conveatiyeriod is equal to 71%. The start of a convective
period is defined on the first lightning occurremmethe convective section. Due to some delays on
this reference, the probability of detection on \@mtive single moment is smaller (59%).
Nevertheless, more than 80% of good detection atected before 30 minutes after the first
occurrence.

More than objective score, the new version provalesnvective classification stable in time. The

discrimination algorithm is focused on convectiwipd. The convective systems are de-classified
in time during decaying phase, avoided the trackingn-interest objects. The false alarms are well
diagnosed after a small track (45 minutes). Thus,RDT provides a right depicting of convective

phenomena, from triggering phase to mature stalge.RDT object allows to point out the interest

area of a satellite image. It provides interesbrimiation on triggering and development clouds and
on mature systems. Even if the precocity on thst fightning occurrence remains weak, the

subjective evaluation confirms the precocity usefsk on moderate lightning activity.

3.2.1.2Subjective validation

The subjective evaluation of the RDR¥11points out some improvements:
- False alarm reduced by the use of NWP data asdamee (convective mask)

- Detection improvement by the use of NWP data fer tilming, improving the scores of
statistical models in all categories.

- Early detection improvement due to score increasingWarml and Warm statistical
models.

V2011 tuning focuses on precocity of detection iarmvest categories, by the use of a NWP
convective mask to decrease the imbalance betwaevective and non convective systems, but
also by the use of a convective index as additipaedmeter.
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Flgure 19: Comparlson aRDT v2011 (with NWP data) vs V2010 (W|thout NWI%):IatSeptember
2010, 07h30

On the figure above , numerous small and warm adiweesystems are diagnosed by v2011 in the cold
convective air mass behind cold front. All thesstegns are cooling convective clouds, even if not

always leading to an electrical activity. On thistpre, the only electric system is embedded in the
cloud mass of the perturbation.
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Figure 20:Comparison dRDT V2010 (top).vs v2011 9 September 2010, 13hd8Igi13h30
(bottom). Yellow contours for Warm and Warm1 catiego red for Warm2 and Cold, violet for mature
and transition mature.

The situation above not only displays the improvemeith warm categories discrimination, but
also higher detection of mature one.

Small systems on the eastern french frontier darealvective cooling systems, most of them assediat
with lightning flashes, and diagnosed by v2011 or@®ther warm systems (yellow contours) are
relevant (good precocity east of Corsica at 13hdd)je others are not confirmed (French Alps).

Finally, v2011 allows to decrease false alarms iandease precocity of detection, thanks to a better
tuning in all categories. Probability of detecti@n higher than previous version, especially in the
warmest categories. Convective systems are thugs mamerous , but it must kept in mind that the
attempt to classify cloud systems in the warmestgmies may lead to an increase of false alarms
compensate the gain in the colder categories.

Thus, the activation of warm discrimination remaéms(default) option of users (-precocite argunuént
PGE11 model configuration file), and can be evdhtugesactivated .
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3.2.2 Quality Control and Diagnostics

The RDT doesn’t process real time quality controtracking or discrimination result.

3.2.3 Exception Handling

The RDT doesn’t manage a quality of satellite dafaut due to lack of it. Nevertheless, RDT
manages the flag quality of CTTH products.

Moreover, the RDT software produces some code errexception cases.

%

[N

Type Code Code Message Comment Recovery Action
(E/W) | Number
E 11000 PGE11_SETREGION_ERROR ERROR: BAD ALLOCATION | The region structure of the | Write a SPR
OF THE REGION HRIT processed image has
STRUCTURE (OUTPUT OF b?tf]”ﬂ?ac{!y ﬁt"'oc_ate,? (Pft?b'e n
wi e “setregion” routine
SETREGION SUBROUTINE) of the NWCLIB?.
E 11001 PGE11_SEVINIT_ERROR ERROR: BAD ALLOCATION | The image structure of the | Write a SPR
OF THE IMAGE STRUCTURE| HRIT processed image has
(OUTPUT OF SEVINIT b?tf]”ﬂ?ac{!y a'_'o,‘;?tedépff’bf'e n
wi e “sevinit” routine o
SUBROUTINE) the NWCLIB).
E 11002 PGE11_SEVREAD_ERROR |ERROR: PROBLEM WHEN An error occurs when reading Write a SPR
READING THE INPUT the HRIT processed image
SATELLITE IMAGE (OUTPUT | (Problem with the “sevread”
OF SEVREAD SUBROUTINE)| foutine of the NWCLIB).
E 11003 PGE11_READ_IMAGE_CANA| ERROR: WRONG CHANNEL [ An error occurs when reading\Write a SPR
L_NULL NAME (PGE11_READ the HRIT processed image
SUBROUT|NE)_ (bad channel name).
E 11004 PGE11_READ_IMAGE_DONN ERROR: WRONG DATE OF | An error occurs when reading \Write a SPR
EES_NULL SATELLITE IMAGE the HRIT processed image
(PGE11 READ SUBROUTINE)(wrong date of the image).
E 11005 PGE11_DUP_IMAGE_NULL_ | ERROR: WRONG IMAGE TO | The image structure to Write a SPR
ENTRY DUPLICATE duplicate was corrupted.
(PGE11_DUP_IMAGE
SUBROUTINE)
w 11006 PGE11_SUPPRIME_DESCEN PB. WITH THE RELEASE OF | The release of a trajectory ha\/rite a SPR
DANCE_COHERENCE_PROH CELL STRUCTURES failed.
LEM (SUPPRIME_DESCENDANCE
SUBROUTINE)
E 11007 PGE11_BUFR_NO_TABLES | ERROR: THE A problem has occurred with| 1. Ensure that the fil
CONFIGURATION FILE the PGE11_BUFR_table PGE11_BUFR_tableg
PGE11l_BUFR_table IS is located at the
CORRUPTED OR NOT directory
ACCESSIBLE. THE RDT $SAFNWC/ i nport/ A
PRODUCT IS NOT ux_dat a/ PGE11.
PROCESSED 2. Ensure that this
file has been adapte
in accordance with
the “Interface
Control Document
for the External and
Internal Interfaces
for the SAF
NWC/MSG”
E 11008 PGE11_BUFR_CREATE_TEM ERROR: CREATION OF A The BUFR writing of the RDT Write a SPR
P_FILE_ERROR TEMP. FILE USED TO WRITE| product has failed (unable to
THE BUFR OUTPUT FILE create an internal file used tqg
FAILED. THE RDT PRODUCT] Wite the RDT product in
IS NOT PROCESSED BUFR format).




METEO FRANCE

Code: SAF/NWC/CDOP/MFT/SCI/ATBD/11

PREATEISS | Agorttm - Theoretical | BaSE, e 22 pae 22 Octobe
NWCSAF Development Thunderstorms2010
(RDT-PGE11 v2.2) File: SAF-NWC-CDOP-MFT-SCI-ATBD-11_v2.
Page: 38/65
Type Code Code Message Comment Recovery Action
(E/W) | Number
E 11009 PGE11_BUFR_READ_TEMP_| ERROR: ACCESS TO A TEMR.The BUFR writing of the RDT Write a SPR
FILE_ERROR FILE USED TO WRITE THE product has failed (unable to
BUFR OUTPUT FILE FAILED. read an internal file used to
THE RDT PRODUCT IS NOT write the RDT product in
BUFR format).
PROCESSED
w 11010 PGE11_CALCUL_POIDS_AV | PB. WITH THE The computation of an internal\/rite a SPR
AL_PROBLEM COMPUTATION THE characteristic of a cloud
INTERNAL PARAMETER system (“poids aval) has
POIDS_AVAL failed.
w 11011 PGE11_COOLING_RATE_CA| PB. WITH THE The computation of the Write a SPR
LCULATION_PROBLEM COMPUTATION THE cooling rate of a cloud system
COOLING RATE OF A CELL | has failed.
w 11012 PGE11_CONTOURS_NO_GR| PB. WITH THE The computation of the Write a SPR
OUP COMPUTATION OF contour of a cloud system has
CONTOURS (NO GRoup) | failed.
w 11013 PGE11_CONTOURS_NO_CELPB. WITH THE The computation of the Write a SPR
LS COMPUTATION OF contour of a cloud system has
CONTOURS (NO CELL) failed.
E 11014 PGE11_DICRIMINATION_WR| ERROR: UNKNOWN The satellite-based method dfEnsure that the
ONG_PARAM DISCRIMINATION the discrimination method hascontent of the files
PARAMETER failed (an unknown located in the
discrimination parameter hag directory
been found) $SAFNWC/ i npor t / Aux
_data/ PGE11/files_
for_discri and its
subdirectories is the
same as originally
delivered with the
SAFNWC/MSG
software.
E 11015 PGE11_FOUDRE_WRONG_L| ERROR: LINE WITH WRONG | The corresponding line is not Ensure that the
NE FORMAT IN THE INPUT in the correct format content of the file
LIGHTNING DATA FILE $SAFNWC/ i npor t/ Cbs
_data/ PGE11_l i ghtn
i ng_dat a is filled
according to the
format given in the
“Interface Control
Document for the
External and Internal
Interfaces for the
SAF NWC/MSG”
w 11016 PGE11_FOUDRE_INCORREG PB. WHEN OPENING THE The content of the input Ensure that the
T_FILE INPUT LIGHTNING DATA lightning data file is corrupted.content of the file
FILE $SAFNWC/ i npor t / Obs
_data/ PGE11_l i ghtn
i ng_dat a is filled
according to the
format given in the
“Interface Control
Document for the
External and Internal
Interfaces for the
SAF NWC/MSG”
E 11017 PGE11_FOUDRE_FILE_NOT | ERROR: INPUT LIGHTNING | The file Ensure that this file
FOUND DATA FILE NOT FOUND “PGE11_lightning_data” was| js located at the
not found. directory
$SAFNWC/ i nport/ O
bs_dat a/
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Type Code Code Message Comment Recovery Action
(E/W) | Number
E 11018 PGE11_UNKNOWN_PROGRA ERROR: PGE11 SOFTWARE | An unknown input argument | 1. Ensure that the
M_ARGUMENT UNKNOWN ARGUMENT. has been detected by the | corresponding mode|l
THE RDT PRODUCT IS NOT | PGE11 software configuration file is
PROCESSED filled in accordance
to the Software User
Manual.
2. Ensure that the file
$SAFNWC/ bi n/ PGEL
1 is the same as the
file
$SAFNWC/ st c/ PGEL
1/ PGE11 delivered
within the
SAFNWC/MSG
software
E 11019 PGE11_INVALID_DISCRIMIN | ERROR: INVALID The directory Install this directory
ATION_DIRECTORY DISCRIMINATION $SAFNWC/import/Aux_data/| and its subdirectories
DIRECTORY PGELl/illes_for_discriwas | gelivered within the
not found. SAFNWC/MSG
software
E 11020 PGE11_CONFIGURATION_FI| ERROR: MODEL The model configuration file | 1. Ensure that this
LE_NOT_FOUND CONFIGURATION FILE NOT | specified by the user was not file s located at the
FOUND. THE RDT PRODUCT] found. directory
IS PROCESSED WITH $SAFNWC/config
DEFAULT PARAMETER 2. Ensure that there |s
VALUES no typo-mistake in
the corresponding
run configuration
file.
w 11021 PGE11_TOO_MANY_IMAGE | TOO MANY CONSECUTIVE | The PGE11 software has 1. No specific action
S_MISSING SATELLITE IMAGES ARE analysed that the time gap | when the time gap
MISSING: THE TRACKING IS | between the satelite image tbpetyyeen the satellite
REINITIALIZED process and the previously | jna 46 to process anf
processed one was greater the previously
than 2h30. .
processed one is
greater than 2h30.
2. Write a SPR if thig
warming message
occurs in other
circumstances.
w 11022 PGE11_COLD_START INITIALIZATION OF THE The tracking is initialzed. 1. No specific action
TRACKING (FIRST IMAGE) when running the
PGE11 software for
the first time on a
given region and
with a given PGE11
model configuration
file.
2. Write a SPR if this
warming message
occurs in other
circumstances.
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Type Code Code Message Comment Recovery Action
(E/W) | Number
E 11023 PGE11_NO_IMAGE_TO_PRO| PB. WHEN READING THE An error has occurred when | 1. Ensure that the
CESS INPUT SATELLITE IMAGE. | readingthe input satellite | corresponding HRIT
THE RDT PRODUCT IS NOT | HRIT image. file is correctly
PROCESSED located at the
directory
$SAFNWC/ i nport/ S
EVI Rl _dat a.
2. Write a SPR if thig
error message occul
in other
circumstances.
W 11024 PGE11_RESTORE_PROBLEMPB. WHEN READING THE The back-up of the speed of aWrite a SPR
BACK-UP FILE OF CURRENT] given cloud system has failed.
TRACKED TRAJECTORIES
w 11025 PGE11_NO_SAVES_FILE NO HISTORICAL FILE OF The back-up file of tracked | 1. No specific action
TRACKED TRAJECTORIES | trajectories was not found. | when running the
PGE11 software for
the first time on a
given region and
with a given PGE11
model configuration
file.
2. Write a SPR if this
warming message
occurs in other
circumstances.
w 11026 PGE11_NO_SAVED_IMAGE | FILE OF THE PREVIOUS The previous satellite image | Ensure that the
SATELLITE IMAGE NOT processed by the PGE11 | corresponding HRIT
FOUND software was not found file is located at the
directory
$SAFNWC/ i nport/ S
EVI Rl _dat a
w 11027 PGE11_WRONG_DATAS_SA| PB. WITH THE HISTORICAL | The back-up file of tracked | Write a SPR
VE_FILE FILE OF TRACKED trajectories was corrupted.
TRAJECTORIES
w 11028 PGE11_SCANNING_PROBLE| PB. WITH THE The detection algorithm of | Write a SPR
M TEMPERATURE cloud systems has failed on &
THRESHOLDING OF THE given satellite image pixel.
SATELLITE IMAGE
w 11029 PGE11_SAT_INI_CARTE_ER| PB. WITH THE DETECTION | Incoherence caused by the | Write a SPR
ROR OF CLOUD SYSTEMS detection algorithm of cloud
(SAT_INI_CARTE systems.
SUBROUTINE)
E 11030 PGE11_MAX_NUM_CELL T |PB. WITH THE DETECTION | The detection algorithm of | Write a SPR.
00_Low OF CLOUD SYSTEMS: TOO | cloud systems has led an
MANY CELLS ARE incoherence.
DETECTED
E 11031 PGE11_NUM_CELL_TOO_HI| ERROR: CORRUPTED CELLS The detection algorithm of | Write a SPR.
GH AFTER THE DETECTION OF | cloud systems has led an
CLOUD SYSTEMS incoherence.
E 11032 PGE11_MAP_NUM_TOO_HIG ERROR: CORRUPTED MAP | The detection algorithm of | Write a SPR.
H AFTER THE DETECTION OEF | cloud systems has led an
CLOUD SYSTEMS incoherence.
w 11033 PGE11_COHERENCE_PROBLPB. OF COHERENCE WITH | Incoherence caused by the | Write a SPR
EM THE OVERLAPPING OF tracking algorithm for the
CELLS corresponding cloud systems.
E 11034 PGE11_TAB_ERROR ERROR: BAD COHERENCE | The tracking algorithm of Write a SPR
BETWEEN MAP AND TEMP. | cloud systems has led to an
TAB incoherence
E 11035 PGE11_NULL_CELL ERROR: BAD COHERENCE | The tracking algorithm of Write a SPR
BETWEEN DETECTED cloud systems has led to an
CELLS AND TEMP. TAB incoherence
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Type Code Code Message Comment Recovery Action
(E/W) | Number
E 11036 PGE11_WRONG_DETECTIONERROR: UNKNOWN Unknown name of the Ensure that the file
_METHOD DETECTION METHOD detection method used by the $SAFNWC bi n/ PGEL
PGEL1 software. 1 is the same as the
file
$SAFNWC/ st ¢/ PGEL
1/ PGE11 delivered
within the
SAFNWC/MSG
software
w 11037 PGE11_DISCRIMINATION_P | PB OF COHERENCE IN THE | The discrimination algorithm | Write a SPR
ROBLEM DISCRIMINATION has failed for a given cloud
ALGORITHM system.
E 11038 PGE11_DISCRIMINATION_FI| ERROR: DISCRIMINATION | The file Ensure that this file
LE_NOT_FOUND FILES NOT FOUND “qualities_disponibles” was | js |ocated at the
not found. directory
$SAFNWC/ i npor t / Aux
_data_PGE11l/files_
for_discri.
E 11039 PGE11_CTTH_FILE_ERROR | ERROR: INPUT CTTH FILE The input CTTH file was not | Ensure that the
NOT FOUND found CTTH product is
processed on the
same region than the
RDT product before
running the PGE11
software
E 11040 PGE11_READ_CTTH_ERROR ERROR: PROBLEM WHEN An error occurs when reading Write a SPR
READING THE CTTH FILE | the CTTH file.
(OUTPUT OF READUS
SUBROUTINE)
W 11041 PGE11_COHERENCE_DATE | PB OF COHERENCE WITH Write a SPR
THE DATE OF THE IMAGE
TO PROCESS: THE
TRACKING IS
REINITIALIZED
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Type Code Code Message Comment Recovery Action
(E/W) | Number
W 11042 PGE11_LINE_DATATION PB OF DATATION: LINE The HRIT data has no 0Mrite a SPR
DATE SET TO IMAGE DATE | Wrong line datation
The scanning date of RDT
objects is set to the slot
E 11043 PGE11_CT_FILE_ERROR ERROR:INPUT CTTH FILE| PGE 02 is not available Ensure that PGEOQ
NOT FOUND processed
E 11044 PGE11_READ_CT_ERROHERROR: PROBLEM WHEN An error occurs when Write a SPR
READING THE CTTH FILE reading the PGEO2
(OUTPUT OF READUS
SUBROUTINE)
E 11045 PGE11 MASK_FILE_ERR ERROR: PROBLEM OPEN An error occurs when Write a SPR
OR MASK FILE opening the mask file (if
available)
E 11046 PGE11_READ_MASK_ER ERROR: PROBLEM WHEN An error occurs when Write a SPR
ROR READING THE MASK FILE reading the mask file (if
available)
E 11047 PGE11_INITPARAMNWP | ERROR: PROBLEM WHITH | An error occurs Write a SPR
INITIALIZATING NWP
PARAMETERS
W 11048 PGE11_NWP_PB WARNING: PROBLEMS Not all NWP parameters gqiVerify alimentation
WHEN ACCESSING NWP file are available. May be | of NWP data.
DATA non relevant when Eventually
concerns Meteo-France | suppressing non
ARPEGE parameters, nofavailable parameter
available with ECMWF with ECMWEF from
*.cfm
E 11049 PGE11_NWP_KO ERROR: NWP DATA Configuration file is not | Correct *.cfm file or
MISSING compliant with data provide full
providing, or NWP data | requested NWP dat4
are incomplete

Table 1:

3.2.4 Outputs

PGE11 Error / Warning messages

The final product is numerical data which depidrared characteristics (spatial and time) and
move information associated to RDT cells. Numerézth are provided under BUFR format. Thus,

operating the RDT needs development of a visualizan tool.

RDT software is able to take in input flashes lmoat This additional data allows to improve
discrimination skill (3.1.2.3.8). Moreover, the ebj approach of RDT allows to characterize the
lightning activity associated to a convective clalgjlect and to build its time serie.

The BUFR format is described in the Interface Canbocument n°3(# 1.6.1) of SAFNWC. The
RDT offers two BUFR versions (1 and 2 configurabi¢h -bufr argument in configuration file).
The first version holds the full description of RR&Ills without time series. The full RDT operating
needs to build time series with previous outputge $econd version allows to limit on request the
BUFR description to RDT objects discriminated aswextive. This limitation leads to strongly
reduce BUFR size. This version provides three tsedes (gravity center location, minimum

temperature and

lightning activity),

allowing

development.Implementation of the product.

to kea simpler

the visualization

tool



METEO FRANCE

METEO FRANCE | Alqorithm Theoretical Basi Code: SAF/NWC/CDOP/MFT/SCI/ATBD/11

Y

Document for “Rapid 'Ssue: 22 Dpate 22 Octobe

NWCSAF Development Thunderstorms2010
(RDT-PGE11 v2.2) File: SAF-NWC-CDOP-MFT-SCI-ATBD-11_v2.
Page: 43/65

4. ASSUMPTIONS AND LIMITATIONS

4.1.1 Constraints and Limitations

The tuning has been carried out on summer periogekr @ domain centred over France. The
discrimination score during winter period couldvibeak.
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Code: SAF/NWC/CDOP/MFT/SCI/ATBD/11

ANNEX A — The Discriminating parameters

The acronym “ST” characterizes a cell defined AT sower (6°C) warmer than top temperature

Values are extremes over the section (15, 30, #®min depth)

N° Parameter Meaning
1. [Min_Tmin minimum of top temperature
2 [Max TxTmin MaX|mum of top temperature rate processed on twimviing
- images
3. [Min_TxTmin minimum of top temperature rate processed on twimviing
images
4. Max TxTmin2 Secoqdar_y maximum of top temperature rate processetivg
— following images
5 [Max TxTminio Maximum of top temperature rate processed on tenute
— (Rapid Scan mode)
) Maximum of top temperature rate processed on 15biteén
6. [Max_TXTminl5 ]
(equal to parameter n°2 for image frequency = 15’)
7. [Max_TxTmin30 maximum of top temperature rate processed on 30’
8. [Max_TxTmin45 maximum of top temperature rate processed on 45’
9. [Max_TxXTmin60 maximum of top temperature rate processed on 60’
10|MinMaxPos continuous cooling Boolean
Maximum of mean temperature, defined on ST, pragkss tw
11{Max_TXTmoyST consecutives images. ST is a cell defined a&Taower (6°C
warmer than top temperature
12|Max_DTmoyTmin maximum mean temperature — top temperature
13|Max_DTseuilTmoy Maximum temperature of base — mean temperature
14|Max_DTseuilTmoyST Maximum temperature of base — mean temperatureetkedn ST
15|Max_Gpm Maximum of the mean peripheral gradientpssed on IR10.8
16|Max_Qgp95 Maximum of quantile 95% of peripheraldieat
Maximum of system volume
17|Max_Volume The volume is calculated on IR10.8 data. The baselame is |
25°C for mature object and +5°C for transition abje
18|Max_RapportAspect Maximum of long axe / small akeltipse enclosing
19|Max_SurfaceST Maximum of the ST surface
20[Max_DSurfaceBTST Maximum of cell surface — ST scefa
21|Min_ Mini of
22|Min_ Mini of
23|Min_ Mini of
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24|Min_IR120 Mini of IR120
25[Max_Tx Maximum WV6.2 rate processed on two following ireag
26|Max_Tx/W\/10 anggig;um WV6.2 rate processed on 10 minutes (Rapidr
27(Max_TxW\V15 Maximum WV6.2 rate processed on 15 minutes
28[Max_TxW\30 Maximum WV6.2 rate processed on 30 minutes
29[Max_TxW\45 Maximum WV6.2 rate processed on 45 minutes
30[Max_TxW\60 Maximum WV6.2 rate processed on 60 minutes
31{Max_Tx Maximum WV7.3 rate processed on two following ireag
32|Max_Tx 10 miggum WV7.3 rate processed on 10 minutes (Rapidr
33[Max_Tx 15 Maximum WV7.3 rate processed on 15 minutes
34[Max_Tx 30 Maximum WV7.3 rate processed on 30 minutes
35[Max_Tx 45 Maximum WV7.3 rate processed on 45 minutes
36[Max_Tx 60 Maximum WV7.3 rate processed on 60 minutes
37[Max_Tx Maximum IR8.7 rate processed on two following imag
38[Max_Tx 10 Maximum IR8.7 rate processed on 10 minutes @R8pan mode
39[Max_Tx 15 Maximum IR8.7 rate processed on 15 minutes
40|Max_Tx 30 Maximum IR8.7 rate processed on 30 minutes
41|Max_Tx 45 Maximum IR8.7 rate processed on 45 minutes
42|Max_Tx 60 Maximum IR8.7 rate processed on 60 minutes
43|Max_TxIR120 Maximum IR120 rate processed on two following i@sg
44lMax_TxIR12010 miggum IR120 rate processed on 10 minutes (Rapidr
45|Max_TxIR12015 Maximum IR120 rate processed on 15 minutes
46|Max_TxIR12030 Maximum IR120 rate processed on 30 minutes
47\Max_TxIR12045 Maximum IR120 rate processed on 45 minutes
48|Max_TxIR12060 Maximum IR120 rate processed on 60 minutes
49|Max_| max Maximum of WV6.2-IR10.8
50[Max_| maximum of quantile 75% of WV6.2-IR10.8
51{Max | 90 maximum of quantile 90% of WV6.2- IR10.8
maximum of BTD structure BTD=WV6.2 — IR10.8
52|Max_BTDRatio structure is the ratio between contiguous BTD pix& and BT
pixel > -2
53[Max_ max maximum of WV6.2- WV7.3
54{Max_\ maximum of quantile 75% of WV6.2- WV7.3
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55(Max_ 90 maximum of quantile 90% of WV6.2- WV7.3
Maximum of WBTD structure WBTD= WV6.2- WV7.3
S6|Max_! Ratio structure is the ratio between contiguous WBTD pixel an(
\WBTD pixel > -1
57|Max_| max Maximum of -IR108
58[Max_| Q1 maximum of quantile 75% 0£27-IR108
59(Max_| Q2 maximum of quantile 90% 65 7-IR108
maximum of BTD structure BTD= IR8.7-IR10.8
60|Max_ Ratio structure is the ratio between contiguous BTD pix@ ard BTD
pixel > -2
61(Max_BTD5max maximum ofR120G-IR108
62|Max_BTD5Q1 maximum of quantile 75%120-IR108
63|Max_BTD5Q2 maximum of quantile 90%R120-IR108
maximum of BTD structure BTD= WV12-IR10.8
64|Max_BTD5Ratio

structure is the ratio between contiguous Bfikel >0 and BTI
pixel > 0

maximum of WV6.2lR10.8 rate processed on two follow

65|Max_Tx images

66|Max_Tx 10 gj;(riml\xggjeo)f WV6.2iR10.8rate processed on 10 minutes (R
67[Max_Tx 15 maximum of WV6.2-1R10.8 rate processed on 15uteis
68[Max_Tx 30 maximum of WV6.2-1R10.8 rate processed on 3Quiris
69[Max_Tx 45 maximum of WV6.2-1R10.8 rate processed on 45uiris
70[Max_Tx 60 maximum of WV6.2-1R10.8 rate processed on 6Quiris
71|Max_Tx inr:fvz;xgir'ensum of WV6.2- WV7.3 rate processed two following
72|Max_Tx 10 maximum of WV6.2- WV7.3 rate processed on 10utgs
73[Max_Tx 15 maximum of WV6.2- WV7.3 rate processed on 15utgs
74[Max_Tx 30 maximum of WV6.2- WV7.3 rate processed on 30uteis
75[Max_Tx 45 maximum of WV6.2- WV7.3 processed on 45 minutes
76[Max_Tx 60 maximum of WV6.2- WV7.3 processed on 60 minutes
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ANNEX B — The statistical model scores for MSG

1. MATURE DISCRIMINATION (DM)

V1proxis0-mature-0WY_NWP 45min V1proxis0-mature-1WY_NWP 45min
= =
—— appr: 4693 conv 4950 nocony —— appr: 4693 conv 4950 nocony
test 968 conv 961 nocony test 930 conv 999 nocony
2 2
— valid : 430 conv 970 noconv — valid : 430 conv 970 noconv
o e
= =
o o
< <
w w
=+ _] =
= =
o | o
L= L=
= =
< T T T T < T
0.0 0z 04 06 08 10 0.0 0z 04 06 08 10
TS TS
V1proxi50-mature-2WV2IR_NWP 45min V1proxi50-mature-2WV2IR 45min
= =
—— appr: 4692 conv 4950 nocony —— appr: 4692 conv 4950 nocony
test 914 conv 1015 nocony test 945 conv 984 nocony
2 2
— valid : 430 conv 970 noconv — valid : 430 conv 970 noconv
@ |
=
o
<L
w
=+ |
=
o
L=
=)
2
0.0 10

TS TS

Figure 21:MSG V2011 tuning for mature category, 45 min dejoth4 configurations :
With NWP (top) with IR10.8 only (top left), IR10a&hd WV6.2 (top right), with 2 WV et 2 IR
(bottom left) and with 2 WV et 2 IR without NWP (b@m right)
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2. DISCRIMINATION ON MATURE TRANSITION (DTM)

V1proxi50-transition_1-0WV_NWP 30min V1proxi50-transition_1-1WV_NWP 30min
< <
—— appr: 3920 conv 3411 nocony —— appr: 3920 conv 3411 nocony
test 766 conv 701 nocony test 786 conv 631 nocony
o | o _|
L) L)
— valid : 367 conv 844 noconv — valid : 367 conv 844 noconv
o e
= =
o« o«
<L <L
w w
< _| =
= =
o | o |
L= L=
o o
=1 T T T T (=T
0.0 0z 04 06 08 10 0.0 0z 04 06 08 10
TS TS
V1proxi50-transition_1-2WV2IR_NWP 30min V1proxi50-transition_1-2WV2IR 30min
= =
— appr: 3918 conv 3411 nocony — appr: 3918 conv 3411 nocony
test 786 conv B30 nocony test | 759 conv 707 nocony
o | o _|
L) L)
— valid : 367 conv 844 noconv — valid : 367 conv 844 noconv

FAR

TS TS

Figure 22: MSG V2011 tuning for transition matwategory, 45 min depth, for 4
configurations : With NWP (top) with IR10.8 onlggtleft), IR10.8 and WV6.2 (top right), with
2 WV et 2 IR (bottom left) and with 2 WV et 2 IRheut NWP (bottom right)
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V1proxi50-transition_1-2WV2IR 15min V1proxi50-transition_1-2WV2IR_NWP 30min
< <
— appr: 1026 conv 1072 nocony — appr: 3918 conv 3411 nocony
test 207 conv 213 nocony test 786 conv B30 nocony
. — wvalid : 102 conv 238 noconv . — valid : 367 conv 844 noconv
© |
o«
<L
w
<+
=
o
L=
g -
0.0 10
TS TS
V1proxi50-transition_1-2WV2IR_NWP 45min V1proxi50-transition_1-2WV2IR_NWP 60min
< <
—— appr: 8718 conv 3074 nocony —— appr: 2462 conv 1746 nocony
test 763 conv 596 nocony test 487 conv 355 nocony
. — valid : 344 conv 556 noconv . — valid : 222 conv 298 noconv
< | © |
o« o«
<L <L
w w
< _| =
= =
o | o]
(=} ™ (=} .
2 4 — " o g
I T T T T =1 T T T T
0.0 0z 04 06 08 10 0.0 0z 04 06 08 10
TS TS

depth

Figure 23: MSG V2011 tuning for transition matuegegory, full configuration, 4 available
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3. DISCRIMINATION ON COLD TRANSITION (DTC)

V1proxi50-transition_2-0WV_NWP 30min V1proxi50-transition_2-1WV_NWP 30min
< <
appr : 3855 conv 4677 nocony —— appr: 3855 conv 4677 nocony
test 776 conv 931 nocony test | 778 conv 929 nocony
o | o _|
L) L)
valid : 349 conv 851 noconv — valid : 349 conv 51 noconv

FAR

TS TS
V1proxi50-transition_2-2WV2IR_NWP 30min V1proxi50-transition_2-2WV2IR 30min
< <
—— appr: 3854 conv 4677 nocony —— appr: 3854 conv 4677 nocony
test : 788 conv 919 nocony test 786 conv 921 nocony
o | o _|
L) L)

— valid : 349 conv 51 noconv — valid : 349 conv 51 noconv

FAR
FAR

TS TS

Figure 24: MSG V2011 tuning for cold transitiortegory, 45 min depth, for 4 configurations :
With NWP (top) with IR10.8 only (top left), IR1@&& WV6.2 (top right), with 2 WV et 2 IR
(bottom left) and with 2 WV et 2 IR without NWPt{tam right)
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V1proxi50-transition_2-2WV2IR_NWP 15min V1proxi50-transition_2-2WV2IR_NWP 30min
< <
— appr: 1271 conv 4188 nocony —— appr: 3854 conv 4677 nocony
test : 259 conv 33 nocony test : 788 conv 919 nocony
<] — valid : 124 conv 10 noconv <] — valid : 349 conv 51 noconv
© |
o« o«
<L <L
w w
<+
=
A
o | A
L=
= T T T T
0.0 0z 04 06 08 10 10
TS TS
V1proxi50-transition_2-2WV2IR_NWP 45min V1proxi50-transition_2-2WV2IR_NWP 60min
< <
—— appr: 3658 conv 4215 nocony —— appr: 2435 conv 2326 nocony
test 713 conv 862 nocony test : 484 conv 469 nocony
<] — valid : 334 conv 755 noconv <] — wvalid : 221 conv 372 noconv
< | © |
o« o«
<L <L
w w
< _| =
= =
o | o]
L= L=
(=] (=] = /}a
=2 < Tl T T T T
0.0 10 0.0 0z 04 06 08 10
TS TS

Figure 25 MSG V2011 tuning for cold transition agey, full configuration, 4 available depth
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4. DISCRIMINATION ON WARMZ2 TRANSITION (DTW2)

V1proxi50-transition_3-0WV_NWP 30min

1.0

—— appr: 3183 conv 6245 nocony

test 610 conv 1276 nocony

0.8

—— wvalid : 277 conv 1075 noconv

@ | %,
= .
o
il \
= _| ™
= \
ht
o
=
= T T T T
0.0 02 04 0B 08 1.0
TS
V1proxi50-transition_3-2WV2IR_NWP 30min
=
— appr: 3179 conv 6244 nocony
test | 638 conv 1247 nocony
o _|
L)
—— wvalid : 277 conv 1075 noconv
o
<L
w

0.0

0z

TS

Figure 26: MSG V2011 tuning for Warm2 transitiategory, 45 min depth, for 4 configurations :

FAR

FAR

1.0

0.8

1.0

0.8

08

04

02

0.0

V1proxi50-transition_3-1WV_NWP 30min

—— appr: 31383 conv 6245 nocony
test 596 conv 1290 nocony

—— wvalid : 277 conv 1075 noconv

0.0

TS

V1proxi50-transition_3-2WV2IR 30min

— appr: 3179 conv 6244 nocony
test | 637 conv 1248 nocony

—— wvalid : 277 conv 1075 noconv

0.0 0z

TS

With NWP (top) with IR10.8 only (top left), IR1@&& WV6.2 (top right), with 2 WV et 2 IR
(bottom left) and with 2 WV et 2 IR without NWPt{tam right)
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V1proxi50-transition_3-2WV2IR_NWP 15min V1proxi50-transition_3-2WV2IR_NWP 30min
< <
— appr: 1418 conv 8320 nocony — appr: 3179 conv 6244 nocony
test 271 conw 1677 nocony test | 638 conv 1247 nocony
<] — valid : 129 conv 1519 noconv <] —— wvalid : 277 conv 1075 noconv
© |
o« o«
<L <L
w w
<+
=
o /»
L=
2 T T T T
0.0 0z 04 06 08 10 0.0 0z 04 06 08 10
TS TS
V1proxi50-transition_3-2WV2IR_NWP 45min V1proxi50-transition_3-2WV2IR_NWP 60min
< <
—— appr: 3081 conv 5526 nocony —— appr: 19639 conv 2834 nocony
test | 627 conw 1095 nocony test 406 conv 555 nocony
<] — valid : 267 conv 958 noconv <] — wvalid : 177 conv 451 noconv
< | © |
o« o«
<L <L
w w
< _| =
= =
o | o]
L= L=
= =
0.0 0z 04 06 08 10 0.0 10
TS TS

Figure 27 MSG V2011 tuning for Warm2 transitionegadry, full configuration, 4 available
depth
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5. DISCRIMINATION ON WARM1 TRANSITION (DTW1)

FAR

FAR
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V1proxi50-transition_4-0WV_NWP 30min

— appr: 1914 conv 5811 nocony

test 858 conv 1187 nocony

— wvalid : 184 conv 974 noconv

TS

V1proxi50-transition_4-2WV2IR_NWP 30min

— appr: 1912 conv 5811 nocony

test : 887 conw 1158 nocony

— wvalid : 184 conv 974 noconv

0.0 0z 04 06 08 10

TS
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V1proxi50-transition_4-1WV_NWP 30min

— appr: 1914 conv 5811 nocony

test 390 conv 1155 nocony

— wvalid : 184 conv 974 noconv

0.0 0z 04 06 08

TS

V1proxi50-transition_4-2WV2IR 30min

— appr: 1912 conv 5811 nocony

test 584 conv 1161 nocony

— wvalid : 184 conv 974 noconv

0.0 0z 04 06 08

TS

Figure 28: : MSG V2011 tuning for Warm1 transiticategory, 45 min depth, for 4
configurations : With NWP (top) with IR10.8 onlggtleft), IR10.8 and WV6.2 (top right), with 2

WV et 2 IR (bottom left) and with 2 WV et 2 IR authNWP (bottom right)
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V1proxi50-transition_4-2WV2IR_NWP 15min V1proxi50-transition_4-2WV2IR_NWP 30min
< <
— appr: 1207 conv 9813 nocony — appr: 1912 conv 5811 nocony
test 229 conv 1975 nocony test 887 conw 1158 nocony
. —— wvalid : 106 conv 1537 noconv . — wvalid : 184 conv 974 noconv
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V1proxi50-transition_4-2WV2IR_NWP 45min V1proxi50-transition_4-2WV2IR_NWP 60min
< <
—— appr: 1868 conv 4974 nocony — appr: 1128 conv 2165 nocony
test 564 conv 1004 nocony test 197 conv 462 nocony
. — wvalid : 180 conv 846 noconv . —— valid : 108 conv 354 noconv
© |
o« o«
<L <L
w w
<+
=
o
L=
= T T T T
0.0 0z 04 06 08 10 0.0 0z 04 06 08 10

TS

TS

Figure 29 MSG V2011 tuning for Warm1 transitionegadry, full configuration, 4 available depth
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6. DISCRIMINATION ON WARM CATEGORY (DW)
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Figure 30: : MSG V2011 tuning for Warm category,min depth, for 4 configurations : With
NWP (top) with IR10.8 only (top left), IR10.8 an®¥&\2 (top right), with 2 WV et 2 IR (bottom left)
and with 2 WV et 2 IR without NWP (bottom right)
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Figure 31 MSG V2011 tuning for Warm category, ¢olhfiguration, 4 available depth
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ANNEX C — The statistical model score for Rapid Saa

7. MATURE DISCRIMINATION (DM)
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Figure 32:RSS V2011 tuning for mature category, 45 min deépthl configurations :
With NWP (top) with IR10.8 only (top left), IR10a&hd WV6.2 (top right), with 2 WV et 2 IR
(bottom left) and with 2 WV et 2 IR without NWP (b@m right)
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8. DISCRIMINATION ON MATURE TRANSITION (DTM)
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Figure 33: RSS V2011 tuning for transition matuagéegory, full configuration, 4 available depths
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9. DISCRIMINATION ON COLD TRANSITION (DTC)
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Figure 34: RSS V2011 tuning for cold transitioneggdry, full configuration, 4 available depths
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10. DISCRIMINATION ON WARM2 TRANSITION (DTW?2)
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Figure 35: RSS V2011 tuning for Warm2 transitiotegary, full configuration, 4 available depths
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11. DISCRIMINATION ON WARM1 TRANSITION (DTW1)
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Figure 36: RSS V2011 tuning for Warm1 transitiotegary, full configuration, 4 available depths
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12. DISCRIMINATION ON WARM CATEGORY (DW)
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Figure 37: RSS V2011 tuning for Warm category,dafifiguration, 4 available depths



