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1. INTRODUCTION

1.1 RURPOSE

The discrimination (see Glossary section 1.4) nethioPGE11 identifies convective objects in
the whole population of cloud cells.. This diagsos particularly useful over regions where
lightning detection data are not available or @&a Moreover, PGE11l aims to identify
convective systems before lightning occurs. Thatoksliscrimination scheme, PGE11 is more
than a cloud-tracker. The tuning of PGE11-RDT dimsgration scheme is necessary each time
new input data are taken into account (additionadnoels, NWP data, etc.). Thus, the
discrimination scheme is a key point of RDT aldantand each change in discrimination scheme
implies a new validation process, objective or satiye. If no modification is added to
discrimination scheme, the validation relies onsde new case study and verification of new
attributes of RDT.

Version 2009 of PGE11-RDT had been validated imlgjective way in the following conditions
(seerD2):

v" Domain France
v" Period June-August 2005
v Lightning Météorage data as verifying data (grotmth)

The validation over France only and over summes@eanly has been considered too restrictive.
For that reason RDT-PGE11 was not qualified ay folerational. The most recent PGE11-RDT
discrimination tuning has been undertaken for wer€011, the main improvement compared to
version 2009 is the use of NWP data. NWP data kelpliminate stable areas and provide
predictors to statistical scheme. This tuning heeduFrench lightning data of the 2008 and 2009
summer seasons.

The extended objective validation of RDT has beadeutaken for v2011, with following
characteristics:

v" Domain Europe
v" Period June-August 2008 and April-October 2009
v Lightning EUCLID data as verifying data (groundtiru

The validation period was not the same as the gupériod, which is a good point in a statistical
point of view.

Validation results of v2011 are fully applicablette following releases up t@013because the
discrimination scheme hasn't change.

Subjective validation of the latest versions alstrated by some case studies. The aim is focus
on additional characteristics of RDT.

1.2 REQUIREMENTS
Skill requirements had been expressed in PRD Tabl&®DT (seerpi). Target accuracy were
mainly fixed for precocity (see Glossary sectiof)l.

25% of convective cloud systems diagnosed befestlightning occurrence

50% % of convective cloud systems diagnosed 30fftém st lightning occurrence
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70% of thunderstorms diagnosed

Those objectives were initially expressed with aresponding POFD of 1%, in the initial
conditions of distribution of convective and nomeective populations of cloud cell trajectories
(see Glossary section 1.4, and section 2.2).

1.3 SCOPE OF THE DOCUMENT

The assessment of discriminating accuracy is vensifve to numerous parameters such as
statistical criteria chosen, ground truth, seasoea, etc. Therefore, the document is divided into

three parts.

The first chapter briefly describes the input dagaessary to this validation

The second one details the methodology of validagiod the different hypothesis made to draw

up the score tables

The third one presents the discrimination skillR®T version 2011 processed on the complete
validation database, compares validation skillgsh® previous one (v2009), and evaluates the
skills for different region and period.

1.4 GLOSSARY, ACRONYMS AND ABBREVIATIONS

1.4.1 Glossary

Cell
Convective mask

Detection
Detection Mask

Discrimination
Flash proximity
Overshooting Top

Precocity
Section
Time step
Tracking
Trajectory

PGEL11 “object” representation of a Cloud systera gatellite image
Identification of stable/ neutral/unstable/ aretasf NWP data. Used by PGE11
to ignore stable areas

PGE11 algorithm that identifies cloud cells in IRA@mage

Mask derived from EUCLID data detection in orded&dfine validation area and
ignore trajectories out of these area

PGE11 diagnosis process to distinguish convectigeems from the others
Distance to nearest electric flash for non convectiystems

Budding of a convective system rising above tropgpa level, generally
associated to a strong updraft activity

Capacity of PGE11 to diagnose the convection befadirst flash appears
Period of a cloud cell trajectory defined from tigitning activity.

Elementary time-element of a given satellite im@geminutes for FDSS).
PGE11 process that associates cloud cells in tacessive images

Ensemble of temporal-linked cloud cells representime whole life cycle of a
given cloud system

1.4.2 Acronyms and Abbreviations

BTD
EUCLID
FAR
GOES
MSG
OT(D)

Brightness Temperature Difference

European Cooperation for Lightning Detection
False alarm rate

Geostationary Operational Environmental Satellite
Meteosat Second Generation

Overshooting Top (Detection)
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POD Percentage of detection
POFD Percentage of false detection
RDT Rapid Development Thunderstorms
SEVIRI Spinning Enhanced Visible and InfraRed Imagery
TS Threat score
1.5 REFERENCES
1.5.1 Applicable Documents

Reference Title Code Version

[AD.1.] Algorithm Theorical Basis Document SAF/NWC/GBMFT/SCI/ATBD/11 3.0

[AD.2.] Product Use Manual SAF/INWC/CDOP/MFT/SCI/PUM/11| 3.0

[AD.3.] Interface Control document for the Exterraaid SAF/NWC/CDOP/INM/SW/ICD/1 2011

Internal Interfaces
[AD.4.] Interface Control Document for the input and SAF/NWC/CDOP/INM/SW/ICD/3 2011
output data formats
[AD.5.] Software User Manual for the SAFNWC/MSG SAF/NWC/CDOP/INM/SW/SUM/2 2011
Application, Software Part
Table 1: List of Applicable Documents
1.5.2 Reference Documents
Referenc Title Code Version Date
RD1 NWCSAF Product Requirements SAF/NWC/CDOP/INM/MGT/PRD | 1.2 17/11/2011
Document
RD2 Validation Report for “Rapid 29 31/01/2011
Development Thunderstorms”

Table 2: List of Referenced Documents
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2. VALIDATION DATA

2.1 ELECTRIC EUCLID DATA
Those data concern stroke returns of Cloud-to-Gdodlashes, collected from several
interconnected national lightning detection netvgasker Europe.

Available parameters are: time of the event, imgmht coordinates (Latitude and longitude),
Current intensity and polarity.

Database has been explored to assess the geogtaptdademporal coverage of the data.

The requested period is fully covered, with hightowuity, as illustrated for example in the figure
below for summer 2008.

EUCLID data 2008

temporal variation of lightning number
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Figure 1: June-August 2008 - Temporal series of lightnmpacts, cumulated over 15min (pink)
or daily (green)

On the other hand, monthly and total density cHaatge pointed the most active areas, as well as
the lack of coverage (following figure).

There are very few data over United Kingdom. Netwat the time of validation were sparser

than nowadays (cf EUCLID source). Consequentiyoalgh in the present nominal coverage area
(see Annex ), this area has to be consideredwdbrevhen lightning data is used as ground truth

(a lightning detection weakness should lead todzades for RDT).

The Iberic peninsula shows also a relatively webdctacal activity over the period, but no
additional element allows ignoring this region. Wave assumed that EUCLID data are
representative of a rather low convective actidilying 2008 and 2009 periods over this region.
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Figure 2: Total geographical density (nb / pixel) of EUCLIightnings over customized region
(summer 2008 + April-October 2009)

This exploration lead to define a new domain fog thalidation, as the intersection between
EUCLID coverage data and local MSG archived data.

Moreover, a mask of non-detection has also beemeattf merged from nominal detection area
(see Annex I) and the observed availability of datar the period. This mask allows ignoring
suspicious areas (from detection point of viewthie validation process.

)

Figure 3: Domain and detection mask defined and applied/éidation purpose
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2.2 RDT CLOUD TRAJECTORIES

Validation needs Cloud cell trajectories, proceseedr the period and the domain described
above. A trajectory aggregates all RDT objects dohkn time. PGE11-RDT Discrimination
diagnosis is activated for each cloud cell usinglbte information only, and a passive matching
with lightning data is undertaken at this stagefdéother evaluation.

Concerning the matching between cloud cells anurigg flashes, some limitations have to be
taken into account: on one side, the lightningtiocais limited to cloud to ground flashes strokes;
on the other side, the RDT object depicts cloudetoand not the whole cloud system. Thus, some
matching misses between lightning data and cloyelcolare possible. Thus, a spatial tolerance of
about 10 km has been taken into account, and anpitg>distance to the nearest flash evaluated.

An illustration of the process result is proposedoty, by comparing lightning and cloud cell
data. The figure describes:

» Total lightning number over the region for each,shamber of paired flashes (association
lightning — cloud cell), number of orphan flasheegpite a 10 km spatial tolerance),
number of flashes out of domain or temporal rars £ 8min)

» Total number of detected and tracked cloud celsylver of convective RDT-diagnosed
cells, and repartition of total cloud cell numbeyamst NWP convective environment
(result of NWP guidance)

RDT validation vs EUCLID

RDT cells , NWP environment and lightnings

15000
—— tlashes
| = pairad N
orphans
E 10000 — —— outdom | —]
[=] out time
5 B J
=
G
= 5000 — —
0
1500
K —— nbeells 1
- v—s diag conv |4
- | —==- nwpnocony H
B 1000 — nwpconv [
=1 B nwpneutral i
g | -
T 500 .
o [ . _N__/M‘ ]
1st Jul 2nd Jul 3rd Jul

Figure 4: Example 1-3rd July 2009. Total, paired and orpsdightning number for each slot
(top). Total and convective Cloud cell numberdach slot (bottom)
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3. VALIDATION METHODOLOGY

The validation process relies on a detailed amnalgkithe electrical activity of cloud trajectories.
This electrical activity analyzed over the lifetbé cloud systems constitutes the “ground truth”.

3.1 THE GROUND TRUTH

3.1.1 The Ground truth for trajectories

The definition retained to identify a trajectory“adserved” convective or non-convective is seen
globally as a first step, based on the total nunabdiashes strokes paired during the whole RDT
object life.

In order to ignore eventual less reliable casestdwaong matching, several level of intensity are
considered. Three levels of ground truth have loledined:

» Low: atrajectory is assumed convective if it is matglwith one flash stroke at least

* Moderate: a trajectory is assumed convective if it is matghwith 5 flashes strokes at
least

e Severe a trajectory is assumed convective if it is matghwith more than 20 flashes
strokes, and if it reveals a continuous activity

Considering a higher intensity for ground truth i@
» that the number of trajectories observed as cornwedecreases

» that the number of undetermined trajectories, wldohl not enough electrically active,

increases.
2008200¢ Trajectories % % % % % % >
MSG data Electric traiectorie

<

trajectories without enough electric activity (ufided zone)

A=

—— »
Non-electric trajectories

N
s R

2008-2009
EUCLID data

Figure 5: Full-trajectory approach. Population asplit considering ground truth and flashes
proximity

When the level is fixed at “low”, there is no unel@hined trajectory. When the level is fixed at
“severe”, the number of undetermined trajectoreemaximum. The trajectory without lightning
activity are assumed non convective. Indetermitrajectory are eliminated of the validation
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Here again the uncertainty of cloud-flash matchingy be taken into account, by the use of
distance to nearest flash (called hgreximity to flashes). Some cumuliform cloud systems are
in the nearest of active thunderstorms but do mgfederate themselves to thunderstorms. Do
these clouds have to be considered as convectinet@ Depending on the sense given to a False
Alarm (would in that case a RDT convective diagadse unacceptable?), it can be useful to
ignore ambiguous non-electric trajectories closdlashes. Several levels of filters (distance to
flashes) have been evaluated.

3.1.2 Detailed analysis of activity on sections artine steps

This full-trajectory ground truth does not takeoirdccount the variability of electric activity,
neither its time of occurrence. An assessment of RIi3crimination with this approach allows
providing only gross scores. Moreover, it neglebtssynchronicity between RDT discrimination
and lightning occurrence. A similar limitation appg at finest time scale if we consider each
single moment of a trajectory independently ofdtteers.

In order to focus on most active periods of cloystesms or on precocity characteristics prior to
first flashes, a more conceptual approach is nacgss

A ground truth is here defined closer to convecpeeiods. The cloud trajectories will be cut in
several homogeneous periods, depending on thereocey; intensity and continuity of electrical
activity.

3.1.2.1 Definition of sections and time steps

The lightning activity is not permanent on an afec{or undefined) trajectory. Six kinds of
homogeneous periods may be defined as sectionsnamdteps:

» Black first non-electricperiod of an electric trajectory, preceding fidstsh of more than
one hour

1 The precocity section. Non-electperiod of 1 hour, preceding an electric period.
The length of this period is empirically sized twlude the growing stage of convective
systems.

* Red The electric section. Electrically actigeriod including all time steps continuously
electric or surrounded by electric time steps spané of less than 45 minutes. The lapse
time of 45 minutes corresponds to the pre-suppeakdity of convective diagnosis in the
PGE11 code, beyond which a de-classification seghdertaken.

> The decaying section. Non-electperiod of 45 minutes following an electric
period (same remark as above concerning the vdlukb anin). Its duration could be
reduced in advantage to another following precaosstgtion.

* Violet: The intermediate section. Non electperiod between two electric sections
excepted precocity and decaying section.

» Gray. last_.non electriperiod following the last decaying section.

A non-electric trajectory can define only one kofdsection and time steps:
: unique_non electriperiod of a non electric trajectory
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$33 333

L T 1T
Electric trajectorie®r undefined trajectories> several section$) time steps

Non electric trajectorie=> 1 unique sectio\l time steps

Figure 6: Section and time step examples for actetetrajectory (top) and for a non electric
trajectory (bottom)

3.1.3 Conclusion on ground truth

The statistical elements evaluated in this repalit ve either the whole life cycle duration (so
called “trajectory”), a part of this life cycle (s@lled “section”), or a single moment of the cloud
cell life cycle (so called “time step”). Those elemts have to be examined against RDT diagnosis.

» Convective “observation” for Trajectory elementsfull-trajectory ground truth (total
electric activity)

* Convective “observation” for Section elements =léen” of the section

» Convective “observation” for Time step” elements“colour” of the corresponding
section

3.2 RDT DIAGNOSIS OF STATISTICAL ELEMENTS

The PGE11-RDT discrimination scheme allows a cotwvecadiagnosis for each detected and
tracked cloud cell, i.e. for each time step. Thegdosis is the result of a statistical model,sor i
inherited from previous diagnosis.

* RDT Diagnosis for Time step element = result stdmination scheme (type of cell)

Concerning sections of trajectories, all RDT disgia®f all time steps of a section have to be
taken into account. A convective diagnosis of @lsircell at any given time of this section will
apply the whole section that cell belongs to.

* RDT diagnosis for Section element = convectivatifeast one time step of section has
convective RDT diagnosis, non convective in otlesec

As for section elements, all RDT diagnosis of @l steps of a trajectory have to be taken into
account. A convective diagnosis of a single cellaay given time will apply to the entire
trajectory of that cell.

* RDT diagnosis for Trajectory element = convectifzatileast one time step of trajectory
has convective RDT diagnosis, non convective irotase
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3.3 BEVALUATION METHODOLOGY

3.3.1 Full trajectory approach

In this case, RDT diagnosis is directly assessathagYES or NO electric characteristics, while

these characteristics are modulated with the grawntid intensity or the flashes proximity.

This leads to contingency tables, from which POOFB, FAR or other skills can be derived.

Convective « Observed »

Non convective « Observed »

Convective diagnosis

Good DetectionGD

Trajectory. electric

False AlarmFA

Trajectory non electric

Non convective diagnosis

Miss: Ml

Trajectory. electric

Correct RejectionCR

Trajectory non electric

Probability of detection (hit rate): POD= GD/(GD+MI
Fraction of the observed "yes" events correctlgdast
Characteristics: Range: 0 to 1. Perfect scor8ehsitive to hits, but ignores false alarms.
Very sensitive to the climatological frequency loé event. Good for rare events. Can be
artificially improved by issuing more "yes" foretsi$o increase the number of hits. Should be
used in conjunction with the FAR Source : The Gefdr Australian Weather and Climate
Research, http://www.cawcr.gov.au/projects/vertiaa).

False alarm ratio : FAR= FA/(GD+FA)
Fraction of the predicted "yes" events which ditloaxur (i.e., were false alarms)
Characteristics: Range: 0 to 1. Perfect scor8e@sitive to false alarms, but ignores misses.
Very sensitive to the climatological frequency lné event. Should be used in conjunction
with POD.

Probability of false detection (false alarm rat®)AD= FA/(FA+CR)
Fraction of the observed "no" events incorrecthgbast as "yes"
Characteristics: Range: 0 to 1. Perfect scor8e@sitive to false alarms, but ignores misses.
Can be atrtificially improved by issuing fewer "ydetecasts to reduce the number of false
alarms.

Threat Score : TS= GD/(GD+FA+MI)
Combination of hits, false alarms and misses
Characteristics: Range: 0 to 1. Perfect scor8ehsitive to false alarms and misses.
Relatively frequently used because a more balascect. Somewhat sensitive to the
climatology of the event, tending to give pooresrss for rare events.

In order to increase the readability of the repibi¢, numbers associated to the scores will belliste
in percentage (%).

3.3.2 Section and time steps approach

In this case, diagnosis is assessed against tl@okog which represents the “observed”
characteristic. Here again, this can be modulajgohuground truth intensity (ignoring some
electric trajectories, and corresponding sectiomstame steps) and/or flashes proximity (ignoring
some non electric trajectories, and corresponddegans and time steps).

But precocityand sections, even if non electric, must not be syaterally considered as
non convective « observed »:
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» Example 1: a convective RDT diagnosis durimgcocity (greensection is an early alert
(goal of RDT product), and must not be seen assa tdarm. But a non-convective RDT
diagnosis may correspond to a further late or rdisk@gnosis depending on following
elements’ characteristics

» Example 2: a convective RDT diagnosis irica section may either be a
late diagnosis or a coherent continuous diagnosigr a false alarm. A non-convective
RDT diagnosis should be seen as a correct rejeciaept if none previous convective
diagnosis had been issued.

« Example 3black violet, or greysections can on the contrary be considered as non
convective, when coherent behaviour of RDT diaghbas to be assessed

Thus, following hypothesis have been considereddations and time steps contingency tables:

1. H1:onlyredor sections and time steps are taken into accouREar quality
assessment, thus focusing on electrical activity on
2. H2:greenand sections and time steps discriminated as coneeati® considered

as good detections. They are considered as cogjection if discriminated as non
convective. Thus, higher tolerance is given to eative diagnosis: green and orange are

always correct
Black, violet or greysections and time steps are considered as nomcive/

3. H3:greenand sections and time steps discriminated as conweati® considered
as good detections. They are considered as misgissriminated as non convective.
Thus, skills depend on precocity performance of RIEgnosis.

Black, violet or greysections and time steps are still considered aganvective
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H1 hypothesis Convective « Observed » | Non convective « Observed »
Convective diagnosis Good detectionGD False AlarmFA

Sections and time stepgd | Sections and time step
Non convective diagnosis | Miss: Ml Correct rejectionCR

Sections and time stepgd | Sections and time step
H2 hypothesis Convective « Observed » | Non convective « Observed »
Convective diagnosis Good detectionGD False AlarmFA

Sections and time step®d + | Sections and time steps +

(green ) )2, iblack violet, grey)
Non convective diagnosis | Miss: Ml 'I(%‘orrect rejectionCR

Sections and time steped | Sections and time steps +

(green ) + (black violet, grey)

H3 hypothesis

Convective « Observed »

Non convective « Observed »

Convective diagnosis

Good detectionGD

Sections and time gtepsd +
(green ) A

False AlarmFA

Sections and time steps +
(black violet, grey)

Non convective diagnosis

'l
Miss: Ml A
Sections and time step®d +
(green )

Correct rejectionCR

Sections and time steps +

(black violet, grey)

In order to illustrate those different approached aypothesis, a detailed example of electric

trajectory analysis for RDT diagnosis assessmegiven in Annex 1.
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4. DISCRIMINATION SKILLS
4.1 CONTINGENCY TABLES
4.1.1 Extended domain and period
Statistical element Trajectory Section Time step @l)
Hypothesis H1 - H3 H1l H3
Conv 40351 46400(red) 34841 249940(red)97368
(green) (orange) | (green) (orange)
, 11771 (black)l5958 | 77981 (black)L24054
Population (grey) and1350(violet) (grey) and3018
(violet)
_Low NoConv| 292544 (vellow) (yellow)
lightning
activity POD 61 52 57 42
POFD 3.5 3.5 1 1.5
Score
FAR 29 29 18 20
TS 49 43 50 38
Population| Conv 26079 30853(red)21566 220241(red)57789
(green) (orange) | (green) (orange)
6155 (blackP731(grey) | 38494 (black)’9466
1127(violet) (grey) 6860 (violet)
Moderate NoConv| 292544 (yellow) (yellow)
lightning
activity POD 74 66 77 49 60 65 50
POFD 3.5 3.5 4 4.5 1 15| 15
Score
FAR 34 33 28 28 19 20 20
TS 53 50 59 40 53 56 44
Population| Conv 17066 20146(red)13268 183681(red)35025
(green) (orange) | (green) (orange)
3481 (blackp413(grey) | 21408 (blackp4648
751 (violet) (grey)4778(violet)
Severe NoConv 292544 (vellow) (yellow)
lightning
activity POD 81 75 55 65 56
POFD 3.5 3.5 4.2 1 1.4
Score
FAR 42 40 33 21 21
TS 51 50 43 56 48

Tab 1: RDT v2011 Discrimination skill table overrBpe for full period (June-August 2008 +
April-October 2009)
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Results are firstly analysed on full validation domfor the complete period. There are presented
in the table above for the three levels of groumtdht and for the three hypothesis concerning
sections and time steps.

The sensitivity of score values depending on theua cases or approaches is discussed here.

The unbalance between “observed” convective andcoonective trajectory population is around
10%: from 9% and 6% for high intensities of groutndth to 14% for lower intensities. A
comparable ratio can be observed in section and staps approaches. This limited unbalance
gives more reliability to the results.

Considering the dependency of scores on grounkd imtgnsities, it can be noted that:

» POD increases with ground truth intensity, espBci&br trajectories and sections
elements

* FAR increases with ground truth intensity,
e TS is minimum for low lightning activity.

Considering the dependency of scores on hypottiesiassessing sections and time step RDT
discrimination, it can be noted that:

» H2 exhibits logically better scores, due to thestahce given to precocity and decaying
sections

» H3 POD differs from H2 ones: when the number ofcpoity sections diagnosed as
convective is not high, POD is low

* Variations between H1 and H2 scores are less sttesdth lower POD, POFD and TS
and higher FAR

Considering various statistical elements for a gigeound truth, moderate for example, it can be
noted that:

» POD and TS are both comparable between trajectaridssections, FAR are a little bit
lower with section approach

* FAR is much lower for time steps (cells). POD isocalower. TS does not vary between
sections and time step approaches. Despite a cabiparatio between convective and
non convective populations, POFD is much lowettlics approach

As a first analysis of these results, we can rfeae the section approach, which is close to thie rea
time use of RDT product, exhibits very good resulith a limited FAR and satisfying POD and
TS. The results remain correct at trajectory tiroales When comparing with time step scores,
better POD and TS has associated to higher FAR.

The moderate ground truth, represents a relialidsévation” point of view, ignoring less active
cloud systems.

We consider that RDT follow the requirements .
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4.1.2 Impact of the extension of the validation p&od on scores

The behaviour of RDT v2011 during intermediate saasan be evaluated by the comparison of
scores elaborated over the full validation periduhg-August 2008 + April-October 2009, see par
4.1.1) and the results obtained below on summetmsamly (summer 2008+2009).

Statistical Trajectory Section Time step (cell)
element
) Conv | 4035128753
Population
NoConv | 292544 171390
~ Low POD 61463 66168 63464
lightning
FAR 29027 2624 2018
TS 49351 54356 54456
) Conv | 26079 19127
Population
NoConv | 292544 171390
Moderate POD 74275 77278 65766
lightning
FAR 3431 28027 2018
TS 53256 5961 56457
_ Conv | 17066 12799
Population
NoConv | 292544 171390
_SeV(_are POD 81182 8383 69=>69
lightning
activity Score POFD 3.523 445 1.421.5
FAR 42%38 33031 21x19
TS 51354 58260 582159

Tab 2: RDT v2011 Discrimination skill Table ovell period (left green figuresyssummer
period (right red figures)H2 hypothesis for sections and time steps. Aribustrate the changes
(increasing, stable, decreasing) of the resultsvieen two periods.

On can note a light but very limited improvementfalse alarms scores: the gain is limited to a
maximum of 2 points when the assessment of PGEIL-&Bcrimination is limited to summer
period. TS takes benefit of the gain in FAR.

A consequence is thahe behaviour of RDT is quite good, relatively homogeneous and
comparable whatever the months selected for the validation even with an increase of unbalance
between convective/non convective population witreatended period of validation (about 50%
more non electric cases vs 30% more electric).

The explanation of this good resultdse to the use of NWP as guidance by PGE11, which
prevents diagnosis attempt on “uninteresting” atda&sfor example frontal zones. Those zones
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revealed in the past some false alarms cases, watbeen a limit to the use of RDT product
during intermediate seasons.

4.1.3 Impact of the extension of validation area oscores

In this part, we compare our result with the ressaftthe previous validation. The differences
between the two validations exercises are

» The version of RDT (v2009 / v2011)

* The domain (France / Europe)

» The period: always summer but 2008+2009 in one aade2005 in the other

Considering the results above and our experien&Ddf behaviour, we consider that the main
impacts we will have to analyse will come from difnces of version of RDT.

Statistical Trajectory Section Time step (cell)
element
_ Conv | 28753 4988
Population
NoConv | 171390% 62180
~ Low POD 63547 68555 64555
lightning
Score
FAR 2736 2430 1824
TS 51837 56~ 44 56547
) Conv | 1912°R 2496
Population
NoConv | 171390% 62180
Moderate POD 75566 78571 665559
lightning
core
FAR 3144 27236 18»25
TS 5643 61550 5749
_ Conv | 12799 1354
Population
NoConv | 1713905 62180
Severe POD 82/ 78 83381 69564
lightning
Score
FAR 38256 3145 19229
TS 54539 6047 59%50

Tab 3: RDT Discrimination skill Table for summeripdsv2011 over Europe (red figuregs
v2009 over France (grey figureenly. H2 hypothesis for sections and time stepaws
illustrate the changes (increasing, stable, decireg)sof the results between two domains
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The much better behaviour of PGE11-RDT v2011 tH2009 appears here in all cases: PODs are
strongly increased (about 10 points for light ord®@te activity, except for severe ground truth),
false alarms strongly reduced (sometimes more 108gpoints!), TS much largely increases.

Looking at observed population numbers, it apptasthe unbalance convective/non convective
was much marked with the previous validation: tagorwas [8%, 4%, 2%] for various ground
truth, the ratio are [16%, 11%, 7% for this vatida. We propose the following explanation: the
NWP convective mask (see ATBD) filters the non cmtiwe systems to consider. This filter
explains higher POFD when v2011 is compared t®928egarding the slight increase of POFD
with the strong decrease of FAR, skills exhibitregh improvement of RDT behaviour: there are
less false convective diagnosis, even if thoseessnt a larger proportion of non convective
observed trajectories.

RDT discrimination of v2011 shows a much better behaviour than discrimination of v2009,
with scoreslargely beyond the requested requirements.

4.1.4 Impact of changes in flashes proximity on soes

As referred into previous paragraph, the grounthtiioat we use may lead to some matching error
or ambiguous cases between cloud cells and lightfiashes. Once a detection mask has been
taken into account, the errors may come from:

» Lightning sensors measurements uncertainty: sensoirs some flashes outside the
tolerance area of 10km, leading to ignore electciivity of convective cells

* Real ambiguous cases of cumuliform cloud systenveldping in a thunderstorm zone
without evolution to a cumulonimbus

» Failure of matching algorithm of PGE11-RDT. Clowsllg are representative of the base
of cloud towers but some lightning flashes arelyike occur on the edge of large cloud
system, more than 10km away from top tower

Analysis of RDT trajectories allow to take into agoat the flashes in the surrounding: PGE11
computes for each cloud cell the minimum distaocesarest flash, called flashes proximity.

 Below the tolerance value, this proximity is set zero (matching cell-flash) for
“observed” convective population.

* Beyond, it may be used for filtering statisticarelents considered as non convective from
“ground truth” point-of-view.

Thus, it is possible to check the sensitivity o€ thcores to this filter, and evaluate RDT
performance despite the mentioned matching ermisndations. .

Trajector Section Time ste
Flashes
roximity NQ conv
P filter trajectory | POFD | FAR TS | POFD| FAR TS | POFD| FAR TS
number
(km)
0 292544 3.5 34 53 4 28 59 15 20 56
21 278426 2.5 27 58 3.4 23 62 1 16 58
35 266711 2 22 61 3 21 64 1 14 59
70 241178 14 15 65 2.5 17 66 <1 11 60
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105 218678 1 11 68 2 15 68 <1 9 61
140 198995 <1 8 70 2 13 69 <1 8 62
175 181162 <1 6 70 2 12 70 <1 7 62

Tab 4: dependency of scores on lightning proxirgin{gpothesis 2 and moderate ground truth)

The false alarm ratio rapidly drops when flashesxipnity filter is more permissive. FAR is

divided by two when one considers a 70km filteraareshich can be seen as a reasonable

exclusion zone. A large part of false alarms acatied beyond 70km of cloud-to-ground flashes.

When flashes exclusion area and intensity of thmumpl truth are considered together, it is
possible to get a realistic idea of RDT discrimimattrue skills. Intensity of ground truth has a
positive impact on POD. Flashes proximity filteivbaa positive impact on POFD and FAR, like

illustrated in the table below:

Flashes Trajectory Trajectory Trajectory
proximity ,
filter (km) Light GT Moderate GT Severe GT
POD 61 POD/4 POD 81
POFD FAR | TS|POFD| FAR | TS | POFD | FAR| TS
0 3.5 29 49 3.5 34 53 3.5 42 | 51
21 2.5 22 52 2.5 27 58 2.5 33 | 57
35 2 18 53 2 22 61 2 28 | 62
70 14 12 56 14 15 65 1.5 20 | 68
105 1 9 57 1 11 68 1 15 | 72
140 <1 6 58 <1 8 70 <1 11 | 74
175 <1 5 59 <1 6 70 <1 8 76

Tab 5: Dependency of Full-Trajectory scores ontighg proximity and on ground truth intensity

With a moderate ground truth (defined by 5 flash impacts at least during a trajectory) and non
convective trajectories defined by being away from flashes of more than about 35km, satisfying
skills are reached for full-trajectory approach: POD of 74% together with 2% POFD, FAR 22%
and a TS of 61%.




%El%geﬁm\!\vlacng Validation Report for “Rapi jCode: SAF/NWC/CDOP2/MFT/SCIIVR/11
Devel t Thunderst lssue:3.0  Date:15th July 2013
evelopmen unders OI’mSFiIe:SAF-NWC-CDOPZ-MFT-SCI-VR-

Page: 26/26

4.2 THE DISCRIMINATION PRECOCITY

One of the goals of RDT is to detect as early assipte convective systems evolving in
thunderstorms. The precocity (earliness) of thagdostic will be measured against the age of
first lightning flash paired with a cloud cell ofcanvective trajectory.

When cloud systems are first detected in the loxeleof the troposphere, one may expect that
the tracking capacity of PGE11-RDT correctly morstthe evolution of the cloud system, and
anticipates its thunderstorm state.

But among the detected and tracked cloud cellsrgelpart is first depicted in mid or high levels.
Moreover, because morphological evolution lotsrafectories are split by the algorithm at cold
temperatures. For those cloud systems, it will ifiecdlt to correctly anticipate a thunderstorm
state. Therefore, precocity results should be cEghagainst those limitations.

precocity of convective discrimination - MSG_valid_2011_decM660_dt450-V1
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discri age - 1st lightning age
26079 convectives +14272 undetermined

Figure 7: Precocity of RDT v2011 discrimination fooderate (black) and low (red marks)
ground truths.
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The figure above points out that more than 50% awidgdetection are already classified at the
time of the first lightning occurrence, 80 % thimyinutes after. Nevertheless, only 25% are
classified before the first flashes stroke (15 beffore).

No major improvement appears when we compare teeopity of v2011 with the precocity of
v2009. The precocity increases on the left parthef graph, but without modification of the
overall score.

One can deduce a “shift” of previously early-diaggd systems, taking all the benefit of
improvement. Other systems do not seem to havéujadvantage of this RDT version. This is
illustrated on the graph below, where precocityliked to the category of the first RDT
diagnosis.

Categories used in PGE11 code are detailed in Adi&ment (sectioB.1.2.3.3)
* Mature systems (value 0, here labeled “Mat”) beyet@itC

* Mature Transition systems (value 1) when cross#@jC : not used here because systems
are switched to mature category when convective

» Cold Transition system (value 2, here labeled “TColvhen crossing -35°C

* Warm Transition 2 system (value 3, here labeled &f2”) when crossing -25°C

* Warm Transition 1 system (value 4, here labeled afiw’) when crossing -15°C

* Warm systems (value 5, here labeled “Warm”) abd#8C preceding TWarm state

Warmest categories (“Warm” and “TWarm”) correspdadhe earliest diagnosis of RDT v2011.
Compared to v2009, the v2011 version has takenngaiga of a correct discrimination tuning in
these categories (thanks to NWP guidance), whergé D09 did not. Early diagnosed systems
of v2009 seem consequently to have been diagn@skerein warmer categories, with v2011.



METEO FRANCE

METEO FRANCE Validation Report for “Rapi 4Code:  SAF/NWC/CDOP2/MFT/SCI/VR/11
D lssue:3.0  Date15th July 2013
evelopment Thunderstorms”
File:SAF-NWC-CDOP2-MFT-SCI-VR-
Page: 28/28
MSG_valid_2011_decM660_d1450-V1
DiMat) 2(TCold) 3(MWarmz2) ATWarm) 5(Warm)
1A
| /\
f
.J’.f. A
T T

o

50
precocity vs 1st category RDT discrimination- Low GT

Figure 8: Precocity of discrimination for low grodnruth, displayed for each category of first
diagnosis. Left part of the graph corresponds tdyediagnosis, right part to late diagnosis.
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5. CASE STUDY EVALUATION

Main improvement of PGE11-RDT v2011, compared ®vgmus version, is the use of NWP data
as input. The goal of this change was to improveveotive discrimination. In order to elaborate a
synthesis convective mask, NWP data are used tgutenctonvective indexes. The use of the
convective mask has a positive impact on both amd real-time processing.

* Tuning: PGE11 Tuning has taken benefit from thevective mask, ignoring trajectories
in stable areas thus reducing the unbalance betweawective and non convective
populations when processing statistics, giving mmeli@ble and robust statistical models

* Real time processing: Convective diagnosis of PGEHitempted except in stable areas
of this “NWP convective mask”, thus avoiding notex@nt diagnosis

5.1 NWPCONVECTIVE MASK: L OWERING FALSE ALARMS

Since the RDT is tuned over France with summercgeaatellite data, it may sometimes reveal
false alarm cases when applied over winter ornm¢gliate seasons.

NWP data allow undertaking guidance before attemgpdi diagnosis. Thus, PGE11 discrimination
scheme may focus on convective regions, and awadteal false alarms.

Figure below illustrates the benefit of this apmimaby filtering occasional false alarms in a
winter. PGE11 v2011 focuses on the real conveereas in south-east and south-west corners of
the region.

. 24 Jonwary 2011 - RDT 10:26 UTC —  Imoge SAT 10,30 LTC
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. 24 Jonuary 2011 - RDT 10:26 UTC —  Imo

Figure 9 : 24 January 2011 - slot 10h15 - RDT v2Qtbp) VS v2011 (bottom)

PGE11 v2010 exhibits obvious false alarms over peiravhile it is not the case for v2011.
Convective diagnosis on real unstable areas an&asiwith v2010 and 2011.

5.2 IMPACT OF NWP MASK AND DATA ON DISCRIMINATION TUNING

In order to exclude from the learning data baseasaand cloud systems without interest from a
convective point of view, NWP mask approach hashbagplied during the tuning of PGE11
discrimination scheme..

Thus, this leads to an improvement thanks to angtrdecrease of the imbalance between
convective and non-convective populations, esggdialthe warm categories. The consequence
iS a better tuning in these categories, and comsglyua potential improvement concerning
precocity, which is illustrated below.

5.2.1 Locally earlier convective diagnosis

On 258" May 2009 (“Topical case” situation), convectivdleare growing and merging in the
south-west of Germany between 11h and 17h UTC. Hneyearly depicted and diagnosed as
convective by RDT v2011, even if those cells arealy well developed (minimum temperatures
of the cells are cold).

The precocity varies from 0 to 90 minutes for indual cells, but the value to retain is 45 minutes
between first diagnosed cell and first paired flasthe neighborhood. The first cell is diagnosed
at 11h15 UTC, 30 minutes after its first detectibnf 90 minutes before a lightning flash be
paired with this cell. But the first paired flasheslly appear at 12h UTC. All those cells finally
merge together, and dissipate around 16h45. Thardgyactivity ends at 15h15.
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11h15 1* convective cell diagnosed (Tmin -36°

11h45 2" cell diagnosed (future main cell) in
mature category
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Figure 10: 25th May 2009 RDT v2011, zoom over S\Wr@my. slots from 11h15 to 12h45.
Trajectories, cells and motion vectors, cell higtor

The figure below illustrates a detailed analysishid situation, compared with a similar analysis

done with RDT v2010 and Météorage data.

* When compared to previous RDT v2010, all cells Haaen diagnosed 15 min earlier with

v2011.

 EUCLID data seem to be more numerous and earligrnisncase than Meteorage data, but
RDT v2011 keeps advantage on convective diagndseshwompared to lightning data

Conclusions about precocity are kept unchangede tisean improvement of precocity thanks to

the use of NWP data.
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Figure 11: 25 May2009 11h15 to 16h45, zoom oWérGermany. RDT v2010 analysis vs
Météorage data (top) .RDT v2011 analysis vs EUCH4Ea (bottom).

5.2.2 Improvement of discrimination:

All categories have taken benefit from this apphoaath suitable statistical models even in warm
categories.

In the example below, v2011 obviously benefits frarbetter tuning in warmer categories, with
better precocity for un-embedded convective systé€Pedls over Italy are diagnosed 30 minutes
previously to v2010. Sometimes mature convectistesys are also depicted with v2011 earlier
than v2010.

Here again one can note a good precocity of indadiccell: 30 minutes for the southern cell,
about 60 minutes in central part of Italy. But hetlast case the effect of orography has to be
taken into account

It is to note that false alarms increase when maraerous systems are diagnosed in the warmest
categories. Among the three cells diagnosed ircéimre of Italy, only one will evaluate towards
an electric system. The two others will dissipateen if they have exhibited convective
characteristics in the growing stage. The questmud be raised to know what is really to be
considered as a false alarm, when looking at titedu convective evolution in the same zone.
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11h45: RDTv2011- First cells diagnosed (~ -20°C)

12h30: RDTv2011- new diagnosed cell in the soyth2h30: no cells with RDT v2010

(-20°C, strong cooling -14°C in 15min)

12h45: RDTv2011

12h45: RDT v2010 —®icells diagnosed
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13h00: RDTv2011— first lightings paired north and south cellsstbric parameters on the right)

Figure 12: 25th May 2009, slots 11h45-13h00 UTCTRR011 (central and left), v2010 (right).
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5.3 OVERSHOOTING TOP DETECTION

As detailed in AD.1., Overshooting Top DetectionT@ of PGE11 is undertaken in two steps.
First, morphological analysis of cloud cells allovwgentifying cell’s list of so-called “OT-
candidates”. Then, OT candidates are eliminatecbafirmed examinating gap to tropopause or
criteria more severe than those in first step.

Criteria are inspired from existing bibliographyoalb OTD, and have been adjusted on case
studies. With OTD, we have the first use of visitlh@nnel in RDT algorithm (VIS 0.6). Hereafter
are some examples of these subjective tuning ahdatians. The expert subjective validation
requires HRV images (that are not use in OTD).

5.3.1 Pre selection step

The static thresholds used for IR10.8 BT and BTD=8AIR10.8, and the morphological
analysis of cloud cell top lead to identify possilovershoots for convective systems. A balance
had to be found between restrictive or more tokevatues of thresholds. The first option lead to
missing some overshoots, the second one implieceaessary further confirmation through
additional criteria. The second option has beerseh@nd the step are called “pre-selection” and
“confirmation”

The figure below illustrates a case study over AastSlovenian border, on the 2®f May,
2009. Only PGE11 OT pre-detection are plotted, sogmwsed on an enhanced IR image. The
convective system containing several convectivedscekhibits some OT signatures. The
corresponding OT’s extensions vary from one torght®f pixels, all located on an extremum of
IR10.8 BT.

A comparable approach concerning overshoots was eedamined, for cross comparison. The
same case study has been analysed by Bedka dmer@lextracted from “Best Practice Guide” of
Convection Working Group - CWG), figure below extsbHRV channel with result of OT
detection. In this case, all four OTD appear atside the PGE11 OT pre-selection set. Some
more interesting points are proposed with PGEldsdhpoints need a confirmation, which is the
aim of next step of the algorithm.
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Figure 13: 25th May 2009, slot 16h00 UTC. Zoom Aestrian-Slovenian frontier. Top:
Enhanced IR10.8 image with plotted pre-selected PIGBT. Bottom: HRV image with
highlighted OTD from Bedka and al

5.3.2 Confirmation step

NWP input is used by PGE11 for guidance and foraenefficient discrimination step. With
OTD, NWP data have now a new role in RDT. Tropopagu®ssure and temperature are read or
re-processed (diagnosed) during the managing pba$WP data. This parameter is a key
attribute for confirming or filtering overshootingpp candidates, since a relevant gap over
tropopause is generally expected and observedowélshoots.
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Several attempts and case studies, based on ARREEE data over Europe, have lead to set a
first threshold to a value of 5°C to define whaaisignificant gap over tropopause. The value of
10°C, generally admitted, would filter almost all ©from this situation.

For pixels only slightly above tropopause leved.(gap between 0° and 5°), a complementary set
of criteria mixing high BTD, high reflectance andrde gap between average and minimum
temperature of cloud cell, allows to keep some shvaots with different marked signatures

The figure below illustrates the differences betwgme-selection and confirmation steps,
highlighting in particular how the OTD takes ad\aye of tropopause diagnosis.

Two confirmed OT plotted on zo

|
Pre-selgcted OT after 1st step plotted over \NWpopalise T°C Hlue>-
50,green[-50,-60],yellow-green[-60,-66lange[-65,-67 <-67)

Confirmed OT after 2nd step plotted over enhan&sdI8

Figure 14: 25th May 2009, slot 16h00 UTC.
Top left: NWP tropopause temperature superimposttdall PGE11 OT candidates.
Bottom: confirmed PGE11 OTD superimposed on enlthiR&0.8
Top right: HRV zoom confirming the 2 remaining PGEITD
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5.3.3 Subijective validation

We only consider in this chapter the OT confirmédrahe confirmation step. Only these OT are
available in PGE11 output. Mainly low resolutiosible, HRV and IR10.8 enhanced images have
been used to validate the OT.

On the following examples, OTD are plotted on rdwi0.8 enhanced images (left), on low
resolution VIS parallax-corrected images (middifgd on raw HRV image (right). For most
cases, overshooting top detection appears closmghoreflectance spot, and can be considered as
validated.

Two OT have a temperature of 3-4°C above tropopalisey are associated with high values of
reflectance, even if those “spots” are not exaotlpcated on paralax-corrected images. Detection
can be considered as validated when looking atihgddn HRV images

Reflectance values are not very high on LR and HR iwhages, and located rather southward of
the detected OT. This one is slightly above tropspalevel but largely colder than surrounding
pixels.
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OTD is confirmed by high VIS reflectance in theimity, even if the OT temperature is only
1.5°C above NWP tropopause

Theses “twin” OT, both with temperature extrema @&iD maximum, does not show high
colocated reflectances (except one pixel closeh& dastern one), even if the texture seem
obviously above an anvil. One can suspect a secpreddremum on the southern edge of the
cloud cell, where white spot in HR visible appears.

Moderate reflectances appear here slightly southeiR-detected OT, on the edge of the cloud
system. Visible channels hardly confirm this detect.
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OT is associated with high value of LR VIS reflexta. HRV signal appear more on the western
edge of the cloud cell. The cell is quite small tlearly above tropopause (gap of 5°), justifying

the OT detection.

To conclude, the Overshooting Top Detection impletee in PGE11 seems to fit its objective for
the cases studies which have been analyzed. Wiestiap allows selecting all kind of interesting
pixels and the confirmation step allow to focustio® most relevant ones.
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5.3.4 Applicability to tropical regions

Brightness temperature, but also size and disttmwesholds have been adapted when applying

PGE11 OT detection to tropical regions. Deep cotwecassociated with high and cold
tropopause has lead to consider rather at leadblelsirze OT for the morphology analysis.
indeed, the initial values of thresholds did nédwlto fulfil the conditions for most cases.

Thus temperature threshold of -70°C and typical S¥E of 100km have set for latitudes below
30°. Below is an illustration of the result, witingle pixel and extended OT which are compliant

with morphology and tropopause value.

A more detailed subjective validation is undertakeer those regions by Météo-France oversea
territories forecasters (in progress), which witemnd to OTD when the corresponding release

will be in operation.

Figure 15: 06/06/2012 12h00 UTC, south-west Afrie&E11 OTD on enhanced IR image.
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6. END-USERS FEEDBACKS

RDT, a very satisfying product widely used for Rest and Operations, by Météo-France and its
partners.

The use of RDT concerns for example

* Forecasters of Météo-France, in France and ovetsedwries (La Réunion, Antilles,
Polynésie, Wallis et Futuna). RDT provides a sigaifit help for regions not covered by
radars.

* AMMA experiments (http://aoc.amma-international/otgservation/mcstracking/)
* Hymex project (http://www.hymex.org/RDT/)
* Analysis of Rio-Paris AF447 crash (2009).
Collaboration concerns
* NOAA for a RDT GOES (Operation + Research)
 ACMAD for a RDT-Africa
» European FlySafe Project with RDT software adaptaddar data
RDT will be used in the framework of SESAR projaod HAIC project.

Survey distributed to SAF/NWC users early July 200BDT is mainly used for Research
activities (7 answers) and operations for foreogsissues (8). Results are quite the same for the
2010 survey. The judgment of overall quality of RPToduct is very satisfying: 6 High, 4
Medium, 1 Low.
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7. CONCLUSION

From a subjective point of view, the use of NWPadaith PGE11-RDT v2011 has allowed an
improving gap of the discrimination efficiency. Balalarms are lowered thanks to a “NWP
convective mask” used as a guidance for the diagnhasd precocity is increased with early
diagnosis in warmest categories, thanks to a naimguvith NWP data and mask.

The objective validation over a wide region that&ksEUCLID data detailed in this report has
confirmed this first analysis. It has been undestakhrough various approaches from time step
cell to the full life cycle of a cloud system, ataking into account the limitations of the ground
truth.

With a moderate ground truth (defined by 5 flaslpacts at least during a trajectory) and non
convective trajectories defined by being away friteshes of more than about 35km, satisfying
skills are reached for full-trajectory approach:0P0f 74% together with 2% POFD, FAR 22%

and a TS of 61%. Scores are even better when @igidsections of trajectories or cloud cells
individually.

RDT keeps good performances when taking into adcmiermediate season period Of course
RDT scores are better for summer.

Moreover, the skills obtained with EUCLID data, oeurope and for v2011 are better in all
configurations and for all approaches than forpgtevious validation.

This improvement does not appear so clearly comugrthe precocity of RDT discrimination. It
is limited to systems which are able to be eargdminated, i.e. with isolated convective system
depicted from low levels.

Finally, those results fulfil the target accuracy equirements (see 1.2) over a large domain
and for an extended period, i.e. 70% of detectionral 25% of convective systems diagnosed
before lightning activity.

We consider nevertheless that progress can stithdode to lower the false alarm and the number
of misses cases, and to still improve the precocity

RDT provides an accurate depiction of convectivenmmena, from triggering phase to mature
stage. The RDT object allows pointing out some sadanterest of a satellite image. It provides
relevant information on triggering and developmelouds and on mature systems. Even if the
precocity on the first lightning occurrence rematosbe improved, the subjective evaluation
confirmed the precocity usefulness on moderatenigly activity.

Thanks to these good results the status of RDTbbas set up to “operational” by EUMETSAT
in 2012.

The new part of the algorithm concerns OTD for \203ubjective validation exhibits very good
results. It is a major point to improve RDT by femg on the areas of more severe and intense
convection. Now, depending on cloud system morghgldRDT is able to present a kind of
multidimensional description of convective systertmnks to second level identification and
overshooting top detection. It completes the daséoh approach with other PGEs of SAFNWC.
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ANNEX I: EUCLID DATA
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Figure 17: Detection zone of EUCLID network for 8368009 period
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ANNEXE II: EXAMPLE OF ELECTRIC TRAJECTORY ANALYSIS

The figure below illustrates the validation methlodyy described in the present report. An
electric trajectory, considered as convective wiatéhe ground truth intensity (about hundred
flashes paired), is analyzed against its RDT diagno

Top figure points electric activity at each timest(black histogram), section and time step
« colours » ifnaroon cf correspondance), and discrimination result of RDTm@genta cf
correspondance).

Bottom figure illustrates the temporal evolutiont@mperatures (threshold and minimum)

trajectoire convective. couleur (1=avant,2=electrique,3=apres). discri (conv=1,4,5.6.7)
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Figure 18: Evolution of a convective / electricjaetory

« Trajectory »: good detection: convective observation, and camealiscrimination at forth
time step (not a good precocity here).

« Sections»: trajectory cut in 7 sections, among which 2 elecftode 2 rej)| with respective
precocity tode 1 greenand decayingc( )esections, and a transition secti@mode 4
violet).

Hypothesis 1:

2 «red» sections, each one with at least one convedis@imination: 2 good detections
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Hypothesis 2:
2 «green» sections with non-convective diagnosis: 2 cdmejections.
2 «red» sections, each one with at least one convecisegzithination: 2 good detections
2 « » sections, each one with at least one convedisaimination: 2 good detections
(persistence of diagnosis, late declassification)
1 «violet » section with some convective discriminationalsé alarm

4GD + 2CR + 1FA=> POD=100% FAR=20% POFD=33% TS=80%

Hypothesis 3:
2 «green» sections with non-convective diagnosis: 2 misses
2 «red» sections, each one with at least one convecisegzithination: 2 good detections
2 « » sections, each one with at least one convediseimination: 2 good detections
(persistence of diagnosis, late declassification)
1 «violet » section with some convective discriminationalsé alarm

4GD + 2MI + 1FA=> POD=67% FAR=20% POFD=100% TS=57%
« Time steps»: 36 time steps for 9h duration:

12 «red» time steps, among which 8 discriminated as cdiweeand 4 non convective (2
non convective, 1 undefined et 1 declassified)

6 «greem time steps, among which 4 discriminated as nowective and 2 non convective
(undefined)

6 « » time steps, among which 4 discriminated as cdiwge@nd 2 non convective (1
declassified and 1 undefined)

11 «violet » time steps, among which 5 discriminated as cciiwes and 6 non convective (1
declassified and 5 undefined)

Hypothesis 1: 8GD+4M+> POD=67%, FAR=0%, POFD=0%, TS=67%
Hypothesis 2: 12GD+4MI+14CR+5FA> POD=75%, FAR=29%, POFD=26%, TS=57%
Hypothesis 3: 12GD+12MI+6CR+5FA> POD=50%, FAR=29%, POFD=45%, TS=41%

« Color » classes of sections :

» 0 =black= non electric cell preceding first flash of moreh 1h
1 =greenr= non electric cell preceding first flash

2 =red= electric cell or cell in electric section

3= = non electric cell following electric section

4 =violet= non electric cell between 2 electric sections

5 =grey= non electric cell following last electric period

6= = no activity

RDT diagnosis classes :
1 = diagnosis convective from statistical model
4 = diagnosis convective inherited from main link
5 = diagnosis convective inherited ascending
6 = diagnosis convective split inherited
7 = diagnosis convective split inherited ascending
0 = diagnosis non convective from statistical model
3 = de-classification of previous convective system
8 = statistical model not applied, previously desdified
9 = statistical model not applied, previously namgective
10 = statistical model never applied

VVVVVVVVVYVY vVVVVYVYVyYy



