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1 INTRODUCTION

The Eumetsat “Satellite Application Facilities” (BA are dedicated centres of excellence for
processing satellite data, and form an integrat pérthe distributed EUMETSAT Application
Ground Segmentiftp://www.eumetsat.ijit This documentation is provided by the SAF on&up

to Nowcasting and Very Short Range Forecasting, NSYE. The main objective of NWC SAF is
to provide, further develop and maintain softwaagkages to be used for Nowcasting applications
of operational meteorological satellite data byidlzl Meteorological Services. More information
can be found at the NWC SAF webpaltp://www.nwcsaf.orgThis document is applicable to the
NWC SAF processing package for geostationary metegical satellites, NWC/GEO.

1.1 SCOPE OF THE DOCUMENT

This document is the convection product validati@port applicable to NWC/GEO software
package v2016. The accuracies of the Convectiorduets components PGE18 (GEO-CI,
Convection Initiation) and PGE19 (GEO-RDT-CW, Rapedvelopment Thunderstorm Convection
Warning) are discussed.

1.2 SOFTWARE VERSION IDENTIFICATION

This document describes the products obtained ftenPGE18 GEO-CI v1.0 (Product Id NWC-
052) from the PGE19 GEO-RDT-CW v4.0 (Product Id N\®%&5) implemented in the release 2016
of the NWC/GEO software package.

1.3 REQUIREMENTS
Skill requirements had been expressed in PRD TiablRDT and CI (segrp.2)).

e ClI
0 accuracy : FAR<0.6 POD>0.4

o target FAR<0.5 POD>0.5
o optimal: FAR<0.4 POD>0.6 "

0 Accuracy
= 1) early detection (before first lightning occurceh 10%
= 2) 30 minutes after first lightning occurrence 30%
= 3) overall thunderstorm detection skill 50%"
0 Target
= 1) early detection (before first lightning occurceh 25%

= 2) 30 minutes after first lightning occurrence 50%
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= 3) overall thunderstorm detection skill 70%"

o Optimal
= 1) early detection (before first lightning occurcehp 50%
= 2) 30 minutes after first lightning occurrence 75%

= 3) overall thunderstorm detection skill 90%"

1.4 DEFINITIONS, ACRONYMS AND ABBREVIATIONS

Seefrp.1] for a complete list of acronym for the NWC SAF jpwd.

1.5 REFERENCES

1.5.1 Applicable documents

The following documents, of the exact issue shofenm part of this document to the extent
specified herein. Applicable documents are thodereaced in the Contract or approved by the
Approval Authority. They are referenced in this doent in the form [AD.X]

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

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

Ref Title Code Vers Date |
[AD.1.] Proposal for the Second Continuous Develepmand| NWC/SCDOP2/MGT/AEMET/PRO 1.0 15/3/20[L
operation Phase (CDOP) march 2012 — February 2017 6
[AD.2.] NWCSAF Project Plan NWC/CDOP2/SAGF/AEMET/MGP 1.9 15/10/20
16
[AD.3.] Configuration Management Plan for the NWGSA NWC/CDOP2/SAF/AEMET/MGT/CMP 1.4 15/10/2D
16
[AD.4.] NWCSAF Product Requirement Document NWC/CERISAF/AEMET/MGT/PRD 1.9 Aug
2016
[AD.5.] System and Components Requirements Document NWC/CDOP2/GEO/AEMET/SW/SCRD 1.2 15/10/20
16
[AD.6.] Interface Control Document for Internal ariekternal| NWC/CDOP2/GEO/AEMET/SW/ICD/1 1.1 15/10/2p
Interfaces of the NWC/GEO 16
[AD.7.] Interface Control Document for the NWCLIBf ahe | NWC/CDOP2/GEO/AEMET/SW/ICD/2 1.1 15/10/2p
NWC/GEO 16
[AD.8.] Data Output Format for the NWC/GEO NWC/CDZIBEO/AEMET/SW/DOF 11 15/10/2
16
[AD.9.] Architectural Design Document for the NW®EG NWC/CDOP2/GEO/AEMET/SW/ACDD 1.1 15/10/20
16
[AD.10.] Component Design Document for the ConwattProduct| NWC/CDOP2/GEO/MFT/SW/ACDD/Co 1.1 15/10/20
Processors of the NWC/GEO nvection 16
[AD.11] Algorithm  Theoretical Basis Document for het| NWC/CDOP2/GEO/MFT/SCI/ATBD/Co 1.1 15/10/20
Convection Product Processors of the NWC/GEO nvection 16

Table 1: List of Applicable Documents

1.5.2 Reference documents

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

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

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

Ref Title Code Vers Date
[RD.1.] The Nowcasting SAF glossary gWC/CDOPZ/SAF/AEMET/MGT/GL 1.2 18/2/2014
[RD.2.] NWCSAF Product Requirements Document SAF/INWC/CDOP/INM/MGT/PRD 1.9 | aug 2016 |

Table 2: List of Referenced Documents
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2 CONVECTION INITIATION (GEO-CI) VALIDATION
2.1 OVERVIEW

2.1.1 General objectives of the validation

The main objective of this section is to documehction Initiation product accuracy. The
method used has to compare POD and FAR scores taréshold accuracies listed in the NWCSAF
product requirements documesib.2.: FAR<0.6, POD>0.4

2.1.2 Methodology outline
The following validation of the CI product has te performed:

» The CI probabilities over identified pixels will bassessed regarding the evolution of
convection during the following corresponding pdriover those pixels: 30 minutes for
parameter ci_prob30, 60min for ci_prob60, etc.

» Presence of convective cloud cell from RDT-CW piiamill first be used as ground truth to
assess the product. Smoothed path tracks of comeetbud cells over the corresponding
period will allow to define areas of pixels wheamngection has been observed from a
satellite point of view.

Using radar data above 30dBZ or lightning datakstsavill complement this ground truth,
but only inside specific coverage areas (Frenchrradlightning network areas). In order to
take into account representativity issues, those @l be cumulated over the corresponding
periods, smoothed and enlarged.

* Once convective masks have been elaborated for #atlver the corresponding periods,
each Cl parameter (ci_prob30 only for this firsD4{8 release) is regarded vs the ground
truth of the corresponding period.

2.2 CI VERIFICATION

RDT cloud cells are not always defined by the stangperature threshold from one slot to another.
The most realistic approach to identify “convectivareas during a given period is to gather

successive contours of a given convective cloutlared process a convex hull of those elements,
producing a whole path track over the period. Sarclapproach provides a “convective mask” valid

for a given period, with pixels sets to O or 1 deieg on their position relative to the convective

path track (se€igure 1).

Similar approach is undertaken with radar imagebichv are thresholded over 30 dBZ, then
smoothed (median filter over 3 km) and enlargeth(idin operation over 3 km) to take into account
uncertainty and tolerance. Corresponding pixelsigeoa radar convective mask over the period.

Finally, lightning data network allow to completeig approach, with enlarged strokes (10 km)
during a given period providing a convective lighthmask.
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NWCV SAF

mask from accumulated convective
Convective RODT cells for 3 slots included in a 30
Smoothed Path tracks from successive minutes period

convective cells

Figure 1: Elaboration of RDT ground truth for CI . A convieull for accumulated contours over a
given period identifies path tracks and thus arefisonvective pixels
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Tl

LA

3
(T

Convective radar data

Smoothed path tracks from successive (5mn) significative pixels (>30dBZ)
for a given period

Figure 2: Elaboration of radar ground truth for Cl over cerage area . Accumulated pixels with
reflectivity over 30 dBZ during a given period itiéas path tracks and thus areas of active pixels
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strokes for a given period

09

Figure 3: Elaboration of lightning ground truth for Cl ovapecific coverage area. Accumulated
and enlarged strokes over a given period ideriBas of active pixels
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2.3 CASES STUDY

The methodology described above should be apphiesitdations where Cl may be produced in full
configuration mode, i.e. with CT product and aninegtion of pixel movement as precise as
possible, using NWP and HRW data to manage a maveguess field. Thus, 2010 situations with
corresponding reprocessed products have beenfiddn25/05/2010, 15/06/2010, 28/06/2010, 02-
03/07/2010, 06-07/09/2010.

Other pre-selected dates (25/05/2009, 1-6/06/20648¢ been identified, even if less complete with
optional input data.

Cl and RDT product will have to be processed oveos¢ dates to undertake widest
verification/validation data sets.

2.4 CONCLUSION

Cl v2016 is the first delivery of the product. Adirecasting aspects of the product are not avaijabl
since diagnosis is limited to [0-30min] period. Theesent validation is still fragmentary and
remains based on subjective elements. Neverthedisstrst release provides promising output.
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3 RAPID DEVELOPMENT THUNDERSTORM — CONVECTION

WARNING (GEO-RDT-CW) VALIDATION

3.1 OVERVIEW

The main objective of this section is to documebtTRconvective discrimination accuracies and
compare them to the threshold accuracies listethenNWCSAF product requirements document
RD.2.]. As the RDT discrimination scheme has remainechanged between v2013 and v2016, we
only remind the existing validation over Europeasas.

Concerning the forecast capabilities (forecast pctg) included in RDT-CW code (CW part) it is to
note that thunderstorm conceptual models often shoapid morphological evolution and intensity
variability, for which satellite data bring not argh information. A subjective evaluation based on
cases study will be undertaken for an analysishef lbcalization of extrapolated cloud cells,
depending on moving speed estimate accuracy anpgholagical evolution of the cloud systems.

3.2 VALIDATION DATA FOR DISCRIMINATION DIAGNOSIS

3.2.1 Lightning EUCLID data

Those data concern stroke returns of Cloud-to-Gidlashes, collected from several interconnected
national lightning detection networks over Europe.

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

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

The requested period is fully covered, with higmtawity, as illustrated for example in the figure
below for summer 2008.
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Figure 4: June-August 2008 - Temporal series of lightnmgacts, cumulated over 15min (pink) or
daily (green)

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

There are very few data over United Kingdom. Netair the time of validation were sparser than
nowadays (cf EUCLID source). Consequently, althougkhe present nominal coverage area (see
Annex 1), this area has to be considered carefutign lightning data is used as ground truth (a
lightning detection weakness should lead to badescior RDT).

The Iberian peninsula shows also a relatively weddctrical activity over the period, but no
additional element allows ignoring this region. Weve assumed that EUCLID data are
representative of a rather low convective actiditying 2008 and 2009 periods over this region.
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Figure5: Total geographical density (nb / pixel) of EUCLlightnings over customized region
(summer 2008 + April-October 2009)

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

Moreover, a mask of non-detection has also beenattfmerged from nominal detection area (see
Annex I) and the observed availability of data othex period. This mask allows ignoring suspicious
areas (from detection point of view) in the validatprocess.

B
E

Figure 6: Domain and detection mask defined and applied/édidation purpose
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3.2.2 RDT Cloud trajectories

Validation needs cloud-cell trajectories, processeer the period and the domain described above.
A trajectory aggregates all RDT objects linkediméd. RDT Discrimination diagnosis is activated
for each cloud cell using satellite information yyrnd a passive matching with lightning data is
undertaken at this stage for further evaluation.

Concerning the matching between cloud cells ankitrligg flashes, some limitations have to be

taken into account: on one side, the lightning tiocais 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 cloydcolare possible. Thus, a spatial tolerance of
about 10 km has been taken into account, and anpitgxdistance to the nearest flash evaluated.

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

» Total lightning number over the region for eacht,sitamber of paired flashes (association
lightning — cloud cell), number of orphan flashdegpite a 10 km spatial tolerance), number
of flashes out of domain or temporal range (sl8min)

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

RDT validation vs EUCLID

RDT cells , NWP environment and lightnings

15000
—— flashes
N = paired ]
orphans
E 10000 — outdom | —|
=1 out time
5 R i
=
o
= 5000 — —
0
1500
B —— nbeealls 1
- +—e diag conv |4
- | == NWpnoconv H
B 1000 — nwpconv [
E I nwpneutral i
= i 1
T 500 .
o R S ),C—\h.‘ ]
1st Jul 2nd Jul 3rd Jul

Figure 7: Example 1-3rd July 2009. Total, paired and orpsdightning number for each slot (top).
Total and convective Cloud cell number for each @ottom)
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3.3 VALIDATION METHODOLOGY FOR DISCRIMINATION DIAGNOSIS

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

3.3.1 The Ground truth

3.3.1.1 The Ground truth for trajectories

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

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

» Low: atrajectory is assumed convective if it is matgtwith one flash stroke at least
» Moderate: a trajectory is assumed convective if it is matglwith 5 flashes strokes at least

» 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 iiap

» that the number of trajectories observed as conwedecreases

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

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

=

trajectories without enough electric activity (ufided zone)

—

S
_ R

Nonr-electric trajectorigs

2008-2009
EUCLID data

Figure 8: Full-trajectory approach. Population asplit considering ground truth and flashes
proximity

When the level is fixed at “low”, there is no unelehined trajectory. When the level is fixed at
“severe”, the number of undetermined trajectoresnaximum. 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 matchiray be taken into account, by the use of distance
to nearest flash (called heproximity to flashes). Some cumuliform cloud systems are in the

nearest of active thunderstorms but do not degenéramselves to thunderstorms. Do these clouds
have to be considered as convective or not ? Depgmeh the sense given to a False Alarm (would

in that case a RDT convective diagnosis be unaabégR), it can be useful to ignore ambiguous

non-electric trajectories close to flashes. Severatls of filters (distance to flashes) have been
evaluated.

3.3.1.2 Detailed analysis of activity on sections and time steps

This full-trajectory ground truth does not takeoirsiccount the variability of electric activity, tiegr

its time of occurrence. An assessment of RDT disication with this approach allows providing
only gross scores. Moreover, it neglects the syahity between RDT discrimination and lightning
occurrence. A similar limitation appears at finiste scale if we consider each single moment of a
trajectory independently of the others.

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

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

3.3.1.2.1 Definition of sections and time steps

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

» Black first non-electrigoeriod of an electric trajectory, preceding filsish of more than one
hour.

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

* Red The electric section. Electrically actiyeeriod including all time steps continuously
electric or surrounded by electric time steps spamé of less than 45 minutes. The lapse
time of 45 minutes corresponds to the pre-suppweadédity of convective diagnosis in the
RDT-CW code, beyond which a de-classification iesindertaken.

> The decaying section. Non-electgeriod of 45 minutes following an electric period
(same remark as above concerning the value of 4%. it duration could be reduced in
advantage to another following precocity section.

* Violet: The intermediate section. Non elecfpieriod 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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333 333

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

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

Figure 9: Section and time step examples for aotetetrajectory (top) and for a non electric
trajectory (bottom)

3.3.1.3 Conclusion on ground truth

The statistical elements evaluated in this repdttbe either the whole life cycle duration (soledl
“trajectory”), a part of this life cycle (so callédection”), or a single moment of the cloud cét |
cycle (so called “time step”). Those elements havee examined against RDT diagnosis.

» Convective “observation” for Trajectory elementful-trajectory ground truth (total electric
activity)
» Convective “observation” for Section elements =ltew” of the section

» Convective “observation” for Time step” element&slour” of the corresponding section

3.3.2 RDT diagnosis of statistical elements

The RDT-CW discrimination scheme allows a convecifagnosis for each detected and tracked
cloud cell, i.e. for each time step. This diagnasithe result of a statistical model, or is intexti
from previous diagnosis.

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

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

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

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

» RDT diagnosis for Trajectory element = convectivatileast one time step of trajectory has
convective RDT diagnosis, non convective in otheesec
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3.3.3 Evaluation methodology

3.3.3.1 Full trajectory approach

In this case, RDT diagnosis is directly assessaihag YES or NO electric characteristics, while
these characteristics are modulated with the grownd intensity or the flashes proximity.

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

Convective « Observed » | Non convective « Observed »
Convective diagnosis Good DetectionGD False AlarmFA
Trajectory. electric Trajectory. non electric
Non convective diagnosis | Miss: MI Correct RejectionCR
Trajectory. electric 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 of themv Good for rare events. Can be artificially
improved by issuing more "yes" forecasts to inceghe number of hits. Should be used in
conjunction with the FAR Source : The Centre fostkalian Weather and Climate Research,
http://www.cawcr.gov.au/projects/verification/).

False alarm ratio : FAR= FA/(GD+FA)
Fraction of the predicted "yes" events which ditlaexur (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 tevent. Should be used in conjunction with
POD.
Probability of false detection (false alarm rat®)HD= FA/(FA+CR)
Fraction of the observed "no" events incorrecthgéast as "yes"
Characteristics: Range: 0 to 1. Perfect score@sitive to false alarms, but ignores misses. Can
be artificially improved by issuing fewer "yes" &masts 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 balasce. Somewhat sensitive to the climatology
of the event, tending to give poorer scores fog Bwents.

In order to increase the readability of the repitie, numbers associated to the scores will belliste
percentage (%).
3.3.3.2 Section and time steps approach

In this case, diagnosis is assessed against thaokeg which represents the “observed”
characteristic. Here again, this can be modulapesh ground truth intensity (ignoring some electric
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trajectories, and corresponding sections and tieygs}y and/or flashes proximity (ignoring some non
electric trajectories, and corresponding sectiagmstame steps).

But precocityand sections, even if non electric, must not be syaterally considered as
non convective « observed »:

Example 1: a convective RDT diagnosis dunimgcocity (greengection is an early alert
(goal of RDT product), and must not be seen assa fdarm. But a non-convective RDT
diagnosis may correspond to a further late or diss@gnosis depending on following
elements’ characteristics

Example 2: a convective RDT diagnosis i section may either be a late
diagnosis or a coherent continuous diagnosis, reV@se alarm. A non-convective RDT
diagnosis should be seen as a correct rejecti@epex 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 diagsbas to be assessed

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

1. H1:onlyredor sections and time steps are taken into accouREar quality

assessment, thus focusing on electrical activity on

H2:greenand sections and time steps discriminated as conweatie considered as
good detections. They are considered as corresttre if discriminated as non convective.
Thus, higher tolerance is given to convective disig1 green and orange are always correct
Black, violet or greysections and time steps are considered as norecive/

H3:greenand sections and time steps discriminated as conweatie considered as
good detections. They are considered as missexiiminated as non convective. Thus,
skills depend on precocity performance of RDT dasis.

Black, violet or greysections and time steps are still considered asanvective
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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 steps
H2 hypothesis Convective « Observed » | Non convective « Observed »
Convective diagnosis Good detectionGD False AlarmFA
Sections and time stepgd+ | Sections and time steps +
(green ) ‘l|!=iiblack violet, grey)
E1 IR
Non convective diagnosis | Miss: Ml Correct rejectionCR
Sections and time stepgd |Sections and time steps +

(green ) + (black violet, grey)

H3 hypothesis

Convective « Observed »

Non convective « Observed »

Convective diagnosis

Good detectionGD

False AlarmFA

Sections and time stepgd+ | Sections and time steps +
(green Yy A (black violet, grey)
1]
Non convective diagnosis | Miss: Ml 4 Correct rejectionCR
Sections and time stepgd+ | Sections and time steps +

(green )

(black violet, grey)

In order to illustrate those different approaches &ypothesis, a detailed example of electric

trajectory analysis for RDT diagnosis assessmegiven in Annex Il
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3.4 DISCRIMINATION DIAGNOSIS SKILLS
3.4.1 Contingency tables
3.4.1.1 Extended domain and period
Statistical element Trajectory Section Time step (cell)
Conv 40351 4640(red)34841(green) 249940(red)97368(green)
(orange) 11771 (black)5958 (orange) 77981 (black)
Population (grey) and1350(violet) 124054(grey) and3018 (violet)
NoConv 292544 (yellow) (yellow)
_Low POD 61 52 40 | 57 42
lightning
activity POFD 35 35 45 1 1.5
Score
FAR 29 29 26 18 20
TS 49 43 34 50 38
Population Conv 26079 30853red)21566(green) 220241(red)57789(green)
(orange) 6155 (black)731(grey) (orange) 38494 (black)
1127 (violet) 79466(grey)6860(violet)
NoConv 292544 (yellow) (yellow)
Moderate POD 74 66 | 77 | 49 | 60 | 65 | 50
lightning
activity 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 2014Qred)13268(green) 183681(red)35025(green)
(orange) 3481 (blaclg413(grey) (orange) 21408 (black)
751 (violet) 54648(grey)4778(violet)
NoConv 292544 (yellow) (yellow)
Severe POD 81 75 55 | 65 56
lightning
activity POFD 3.5 3.5 4.2 1 14
Score
FAR 42 40 33 21 21
TS 51 50 43 56 48

Tab 1: RDT v2011 Discrimination skill table overrgpe for full period (June-August 2008 + April-
October 2009)

Results are firstly analysed on full validation domfor the complete period. There are presented in
the table above for the three levels of grounchirand for the three hypothesis concerning sections
and time steps.

The sensitivity of score values depending on th@ua 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 groutrdth to 14% for lower intensities. A
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comparable ratio can be observed in section anel $teps approaches. This limited unbalance gives
more reliability to the results.

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

* POD increases with ground truth intensity, espgcfat trajectories and sections elements
* FAR increases with ground truth intensity,

* TS is minimum for low lightning activity.

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

» H2 exhibits logically better scores, due to theetahce 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

e Variations between H1 and H2 scores are less sttessth lower POD, POFD and TS and
higher FAR

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

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

* FAR is much lower for time steps (cells). POD isoalower. TS does not vary between
sections and time step approaches. Despite a cabipamtio between convective and non
convective populations, POFD is much lower for #pgroach

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

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

We consider that RDT follow the requirements.

3.4.1.2 Impact of the extension of the validation period on scores

The behaviour of RDT v2011 during intermediate saascan be evaluated by the comparison of
scores elaborated over the full validation periddne-August 2008 + April-October 2009, see par
3.4.1.1) and the results obtained below on sumnoeting only (summer 2008+2009).
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ge:
Statistical Trajectory Section Time step (cell)
element
Conv | 40351¢ 28753
Population
NoConv | 292544¢ 171390
Low POD 61463 6668 63164
lightning
activity POFD 3.5235 4=4.5 1.5»1.5
Score
FAR 29227 2624 2018
TS 49451 543456 54456
Conv | 26079% 19127
Population
NoConv | 292544¢ 171390
Moderate POD 74475 77478 65466
lightning
activity POFD 3.5»3.5 445 1.5=15
Score
FAR 34%31 28%27 2018
TS 53456 59¢161 56457
Conv | 17066% 12799
Population
NoConv | 292544¢ 171390
Severe POD 81182 8383 69=>69
lightning
activity POFD 3.523 4=4.5 1.4~1.5
Score
FAR 4238 33%31 21x19
TS 51454 58460 584159

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

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

A consequence is thathe 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 witheatended period of validation (about 50%
more non electric cases vs 30% more electric).

The explanation of this good resultdge to the use of NWP as guidance by RDT-CW code, which
prevents diagnosis attempt on “uninteresting” aréees for example frontal zones. Those zones
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revealed in the past some false alarms cases, wiashbeen a limit to the use of RDT product
during intermediate seasons.

3.4.1.3 Impact of the extension of validation area on scores

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

» The version of RDT (v2009 / v2011)
e The domain (France / Europe)

* The period: always summer but 2008+2009 in one ande2005 in the other

Considering the results above and our experien&df behaviour, we consider that the main
impacts we will have to analyse will come from difnces of version of RDT.
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ge:
Statistical Trajectory Section Time step (cell)
element
Conv | 28753 4988
Population
NoConv | 171390% 62180
Low POD 63047 68555 64555
lightning
activity POFD 3.582 4.552 1581
Score
FAR 27236 24230 18»24
TS 51837 5644 56547
Conv | 1912°R 2496
Population
NoConv | 171390% 62180
Moderate POD 75566 78571 6659
lightning
activity POFD 3.5%2 4552 1581
Score
FAR 31r44 2736 18225
TS 56543 61550 57549
Conv | 12799 1354
Population
NoConv | 171390% 62180
Severe POD 82578 83781 69°64
lightning
activity POFD 382 4.552 1.5%1
Score
FAR 38256 31w 45 19229
TS 54539 60547 59850

Tab 3: RDT Discrimination skill Table for summeripdsv2011 over Europe (red figureg3v2009
over France (grey figurenly. H2 hypothesis for sections and time stepaws illustrate the
changes (increasing, stable, decreasing) of thaltebetween two domains

The much better behaviour of RDT v2011 than v208%ears here in all cases: PODs are strongly
increased (about 10 points for light or moderatevitg, except for severe ground truth), false alar
strongly reduced (sometimes more than 10 poinf8)much largely increases.

Looking at observed population numbers, it appéaas the unbalance convective/non convective
was much marked with the previous validation: #@rwas [8%, 4%, 2%] for various ground truth,

the ratio are [16%, 11%, 7%)] for this validationeWropose the following explanation: the NWP

convective mask (see ATBD) filters the non conwertsystems to consider. This filter explains
higher POFD when v2011 is compared to v2009. Reggrithe slight increase of POFD with the

strong decrease of FAR, skills exhibit an high ioygment of RDT behaviour: there are less false
convective diagnosis, even if those represent gefaproportion of non convective observed

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

3.4.1.4 Impact of changes in flashes proximity on scores

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

* Lightning sensors measurements uncertainty: senpomst some flashes outside the
tolerance area of 10km, leading to ignore eleétciivity of convective cells

* Real ambiguous cases of cumuliform cloud system&ldping in a thunderstorm zone
without evolution to a cumulonimbus

* Failure of matching algorithm of RDT. Cloud celle aepresentative of the base of cloud
towers but some lightning flashes are likely towscon the edge of large cloud system, more
than 10km away from top tower

Analysis of Cloud cell trajectories allow to tak@a account the flashes in the surrounding: RDT-
CW code computes for each cloud cell the minimurstagice to nearest flash, called flashes
proximity.

» Below the tolerance value, this proximity is sez&yo (matching cell-flash) for “observed”
convective population.

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

Thus, it is possible to check the sensitivity & 8tores to this filter, and evaluate RDT perforoean
despite the mentioned matching errors or limitagion
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ge:
Trajectory Section Time step
Flashes N
roximit o conv
P filter trajectory | POFD | FAR TS | POFD| FAR TS | POFD | FAR TS
y 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
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 proxirfigypothesis 2 and moderate ground truth)

The false alarm ratio rapidly drops when flashexipnity filter is more permissive. FAR is divided
by two when one considers a 70km filter area, witigh be seen as a reasonable exclusion zone. A
large part of false alarms are located beyond 76katoud-to-ground flashes.

When flashes exclusion area and intensity of tloeirgl truth are considered together, it is possible
to get a realistic idea of RDT discrimination trekills. Intensity of ground truth has a positive
impact on POD. Flashes proximity filter have a pesiimpact on POFD and FAR, like illustrated in
the table below:
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'r:(lji‘ic'r?]is Trajectory Trajectory Trajectory
b y Light GT Moderate GT Severe GT
filter (km)
POD 61 POD74 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 o7
35 2 18 53 2 22 61 2 28 62
70 1.4 12 56 1.4 15 65 15 20 68
105 1 9 o7 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 ontinging 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%.

3.4.2 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 of a contige trajectory.

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

But among the detected and tracked cloud cellargelpart is first depicted in mid or high levels.
Moreover, because morphological evolution lots rajeictories are split by the algorithm at cold
temperatures. For those cloud systems, it williffecdlt to correctly anticipate a thunderstormtsta
Therefore, precocity results should be regardechagthose limitations.
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Figure 10: Precocity of RDT v2011 discriminatiom fooderate (black) and low (red marks) ground
truths.

The figure above points out that more than 50%oafdgdetection are already classified at the time
of the first lightning occurrence, 80 % thirty mtea after. Nevertheless, only 25% are classified
before the first flashes stroke (15 min before).

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

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

Categories used in RDT-CW code are detailed in ATBDument (sectiof.1.2.3.3)

* Mature systems (value 0, here labeled “Mat”) beyatifC
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Mature Transition systems (value 1) when cross#@ifC : not used here because systems
are switched to mature category when convective

Cold Transition system (value 2, here labeled “Tolvhen crossing -35°C
Warm Transition 2 system (value 3, here labeled &f2”) when crossing -25°C
Warm Transition 1 system (value 4, here labeled &fWW) when crossing -15°C

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

Warmest categories (“Warm” and “TWarm”) correspdndthe earliest diagnosis of RDT v2011.

Compared to v2009, the v2011 version has takenrdgagea of a correct discrimination tuning in

these categories (thanks to NWP guidance), wheré ®ID09 did not. Early diagnosed systems of
v2009 seem consequently to have been diagnoseeresriwarmer categories, with v2011.
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Figure 11: Precocity of discrimination for low grod truth, displayed for each category of first
diagnosis. Left part of the graph corresponds tdyediagnosis, right part to late diagnosis.

3.5 CASE STUDY EVALUATION

Main improvement of RDT v2011, compared to previgassion, is the use of NWP data as input.
The goal of this change was to improve convectigeranination. In order to elaborate a synthesis

convective mask, NWP data are used to compute ctimgeindexes. The use of the convective
mask has a positive impact on both tuning and tied-processing.

Tuning of discrimination scheme has taken benebtf the convective mask, ignoring
trajectories in stable areas thus reducing the lanba between convective and non
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convective populations when processing statistjtsng more reliable and robust statistical
models

* Real time processing: Convective diagnosis of RDV-iS attempted except in stable areas
of this “NWP convective mask”, thus avoiding notexant diagnosis
3.5.1 NWP convective MASK: Lowering false alarms

Since the RDT is tuned over France with summercgesaatellite data, it may sometimes reveal false
alarm cases when applied over winter or intermediatsons.

NWP data allow undertaking guidance before attemgpé diagnosis. Thus, discrimination scheme
may focus on convective regions, and avoid everitlsg alarms.

Figure below illustrates the benefit of this apmtoaby filtering occasional false alarms in a winte
RDT v2011 focuses on the real convective areasuthseast and south-west corners of the region.

. 24 January 2011 — R
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i fa_‘.'.' -
Figure 12 : 24 January 2011 - slot 10h15 - RDT22Qop) VS v2011 (bottom)

RDT v2010 exhibits obvious false alarms over Eurogdgle it is not the case for v2011. Convective
diagnosis on real unstable areas are similar vid@10 and 2011.

3.5.2 Impact of NWP mask and data on discrimination Tuning

In order to exclude from the learning data baseasand cloud systems without interest from a
convective point of view, NWP mask approach has\l@mlied during the tuning of discrimination
scheme.

Thus, this leads to an improvement thanks to angtdecrease of the imbalance between convective
and non-convective populations, especially in trermw categories. The consequence is a better
tuning in these categories, and consequently anpatémprovement concerning precocity, which is
illustrated below.

3.5.2.1 Locally earlier convective diagnosis

On 28" May 2009 (“Topical case” situation), convectivélg€are growing and merging in the south-

west of Germany between 11h and 17h UTC. They arg depicted and diagnosed as convective
by RDT v2011, even if those cells are already weNeloped (minimum temperatures of the cells
are cold).

The precocity varies from 0 to 90 minutes for indial cells, but the value to retain is 45 minutes
between first diagnosed cell and first paired flasthe neighbourhood. The first cell is diagnoaed
11h15 UTC, 30 minutes after its first detectionf BQ minutes before a lightning flash be paired
with this cell. But the first paired flashes readlppear at 12h UTC. All those cells finally merge
together, and dissipate around 16h45. The lighdstiyity ends at 15h15.
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11h15 1% convective cell diagnosed (Tmin -36°
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Figure 13: 25th May 2009 RDT v2011, zoom over S\Wr@sy. slots from 11h15 to 12h45.
Trajectories, cells and motion vectors, cell higtor

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

done with RDT v2010 and Météorage data.

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

v2011.

 EUCLID data seem to be more numerous and earliémisncase than Meteorage data, but
RDT v2011 keeps advantage on convective diagndssnwompared to lightning data
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Conclusions about precocity are kept unchangede tisean improvement of precocity thanks to the
use of NWP data.

slot time

mdrge
12h00 12h45 13h3 15h15  15h30
____________ ____\k (\k \k + \k ===
b ] t he] YN 14h30 b

slot time

______________________ AVY
bt}
merge
11h45 12h45 13h3 15h15 16h45
S e [ S [ 7 TR A
b ) b} "M 14h30 bt
nerge merge

Figure 14: 25 May 2009, 11h15 to 16h45, zoom oWeérGermany. RDT v2010 analysis vs
Météorage data (top) .RDT v2011 analysis vs EUCdaa (bottom).

3.5.2.2 Improvement of discrimination:

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

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

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

It is to note that false alarms increase when nmom@erous systems are diagnosed in the warmest
categories. Among the three cells diagnosed ircémgre of Italy, only one will evaluate towards an
electric system. The two others will dissipate,reifehey have exhibited convective characteristics
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in the growing stage. The question could be raiedchow what is really to be considered as a false
alarm, when looking at the further convective etioluin the same zone.

12h30: RDTv2011- new diagnosed cell in the soytfi2h30: no cells with RDT v2010
(-20°C, strong cooling -14°C in 15min)
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Figure 15: 25th May 2009, slots 11h45-13h00 UTCTRR011 (central and left), v2010 (right).

3.5.3 Overshooting Top Detection

As detailed inap.11, Overshooting Top Detection (OTD) in RDT-CW codeuindertaken in two
steps. First, morphological analysis of cloud cell®ews identifying cell’s list of so-called “OT-
candidates”. Then, OT candidates are eliminatedonfirmed examinating gap to tropopause or
criteria more severe than those in first step.

Criteria are inspired from existing bibliographyoab OTD, and have been adjusted on case studies.
With OTD, we have the first use of visible chanmeRDT algorithm (VIS 0.6). Hereafter are some
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examples of these subjective tuning and validatidhe expert subjective validation requires HRV
images (that are not use in OTD).

3.5.3.1 Pre selection step

The static thresholds used for IR10.8 BT and BTD=8A?IR10.8, and the morphological analysis
of cloud cell top lead to identify possible overst®for convective systems. A balance had to be
found between restrictive or more tolerant valuethieesholds. The first option lead to missing some
overshoots, the second one implied a necessahefucbnfirmation through additional criteria. The
second option has been chosen and the step agd gale-selection” and “confirmation”

The figure below illustrates a case study over AaistSlovenian border, on the 26f May, 2009.
Only pre-detected OT are plotted, superimposedmandanced IR image. The convective system
containing several convective cells exhibits soniest@natures. The corresponding OT’s extensions
vary from one to a tenth of pixels, all locatedammextremum of IR10.8 BT.

A comparable approach concerning overshoots wasexiamined, for cross comparison. The same
case study has been analysed by Bedka and al éxéracted 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 alsside the pre-selected OT set. Some more
interesting points are proposed with RDT-CW cotesé points need a confirmation, which is the
aim of next step of the algorithm.
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NWC SAF

Figure 16: 25th May 2009, slot 16h00 UTC. Zoom dvestrian-Slovenian frontier. Top: Enhanced
IR10.8 image with plotted pre-selected OT. BottBiRY image with highlighted OTD from Bedka
and al

3.5.3.2 Confirmation step

NWP input is used by RDT-CW code for guidance awchfmore efficient discrimination step. With
OTD, NWP data have now a new role in RDT. Tropopgugssure and temperature are read or re-
processed (diagnosed) during the managing phas&Vvéf data. This parameter is a key attribute for
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confirming or filtering overshooting top candidatssce a relevant gap over tropopause is generally
expected and observed with overshoots.

Several attempts and case studies, based on ARREGEdata over Europe, have lead to set a first
threshold to a value of 5°C to define what is aigant gap over tropopause. The value of 10°C,
generally admitted, would filter almost all OTsrrdhis situation.

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

The figure below illustrates the differences betwepre-selection and confirmation steps,
highlighting in particular how the OTD takes adag# of tropopause diagnosis.

Very much
COLDER
~

Figure 17: Left-above : OTD after first step plattever NWP tropopausg’C (plue>-50,green[-50,-
60],yellow-green[-60,-65prange[-65,-67] ldark orange<-67 Right above: HRV image confirming
two OT (HRV not used by the algorithm). Below: kv OT are also found by the algorithm that

takes into account (among other criterias) the gapveen OT temperature and tropopause
temperature.

3.5.3.3 Subjective validation

We only consider in this chapter the OT confirmé@rathe confirmation step. Only these OT are
available in RDT-CW output. Mainly low resolutiorsible, HRV and IR10.8 enhanced images have
been used to validate the OT. For most casessloveting top detection appears close to high
reflectance spot, and can be considered as validatén in figure hereafter
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Figure 18: OTD plotted on raw IR10.8 enhanced inggeft), on low resolution VIS parallax-
corrected images (middle), and on raw HRV imaggh{i

Two OT have a temperature of 3-4°C below tropopdes®erature. They are associated with high
values of reflectance, even if those “spots” areexactly colocated on paralax-corrected images.
Detection can be considered as validated whenngoki buddings on HRV images

Figure 19: As in previous figure

Reflectance values are not very high on LR and H® ishages, and located rather southward of the
detected OT. This one is slightly above tropopdesel but largely colder than surrounding pixels.
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Figure 20: As in previous figure

OTD is confirmed by high VIS reflectance valuestie vicinity, even if the gap between OT
temperature and NWP tropopause temperature islobi.

Figure 21: As in previous figure

Theses “twin” OT, both with temperature extrema &1 maximum, don't show high co-located
reflectances (except for one pixel close to theezasone), even if the texture seem obviously above
an anvil. One can suspect a secondary extremurneosouthern edge of the cloud cell, where white
spot in HR visible appears.
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Figure 22: As in previous figure

Moderate reflectances appear here slightly soutth@flR-detected OT, on the edge of the cloud
system. Visible channels hardly confirm this detect.

Figure 23: As in previous figure

OT is associated with high value of LR VIS reflexta. HRV signal appears more on the western
edge of the cloud cell. The cell is quite small; dearly above tropopause (gap of 5°), justifying
OT detection.

To conclude, the Overshooting Top Detection impleteeé in RDT-CW code seems to fit its
objective for the cases studies which have beelyzath The first step allows selecting all kind of
interesting pixels and the confirmation step altoviocus on the most relevant ones.

3.5.3.4 Applicability to tropical regions

Brightness temperature, but also size and distdwesholds have been adapted when applying OT
detection to tropical regions. Deep convection eissed with high and cold tropopause has lead to
consider rather at least double-size OT for thepmaology analysis. indeed, the initial values of
thresholds did not allow to fulfil the conditionsrfmost cases.

Thus temperature threshold of -70°C and typicaldx€ of 100km have set for latitudes below 30°.
Below is an illustration of the result, with singiéel and extended OT which are compliant with
morphology and tropopause value.
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Figure 24: 06/06/2012 12h00 UTC, south-west Afri©dd:D on enhanced IR image.

3.5.4 Forecast cloud systems

RDT-CW software provides the user the possibility forecast cloud cell position using the

diagnosed movement speed of the cloud cell.

Extrapolated cloud cells positions are obtainedugh Lagrangian forecast, i.e. the whole object is

moved according to direction/speed of the diagnosedement.

Consequently, quality of this extrapolation relieghly on the quality of movement diagnosis. The
use of a pre-initialized guess of movement fielshfrblending NWP wind data and HRW , and a
final-step coherence checking has allowed to fdteatic speed and/or direction due to split/merge
or to threshold temperature changes. Thus, cordalenLagrangian extrapolation has become much

higher, as illustrated in figure below.
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hold temp. : -52 A°C
I Minimum temp. 62 A°C
M overshoot -62A°C{Tropo-24°C ¥BTD3
g Temperature changs : 10 &°C/h
" cunaroins ora 308 /15 mn (-56=%-3718 km2/h)
. Duration : 345 mn '

Moving ¢ 340 / 32m/s

Ligotninm & 930 2o mn

Lightning -: 70 / 20 mn

intractoud : 182 / 20 mn

Area: 14 (1000)km2

Top pressure: 175 hPa

ClouidType : VeryHigh OPAGUE

CloudFhase : jca :

MaxComRainRate : 22 mm/h

Bliat C.G. : 45,01 A°

Lon C.G. : 3.84 B®

V2013 : erratic speed and direction following numes splits/merges along trajectory

P | Temperature change: 10°C/h _
= iExpansion rate : +58% /15 mn (56=>+7432 km2/h)
! wuration : 105 mn
@vovng: 040/ 1amse

Liehtning 4+ 1 30737 an
L ightning -1 162 7 20 mn
Intracloud : 403/ 20 mn
Area s 14 (1000)km2
Lat C.G.: 44,80 °
LonC.G, : .82 %

V2016 : coherent speed and direction despite numsesplits/merges along trajectory

Figure 25: v2013 vs v2016 illustration of RDT matiectors improvement

Concerning forecast positions, it must be remintted a cloud cell definition/contour corresponds
to a given threshold temperature, and that thisstiwld changes dynamically/automatically from
one slot to the otheA forecast contour remains based on the same temperature threshold than the
observed/analyzed object. It will consequently be very difficult to asseb® position of a forecast
contour when compared to the following correspogdibserved contours, because it is likely that
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those contours will not correspond to the samestiolel temperature. Moreover, the longer the
forecast ranges, the less precise the localizafidorecast convective object is.

Assessment of forecast products position shouldlligéake into account for each cloud cell the
stage of development, the morphological evolutiothe expansion rate. Forecast cloud cell position
can consequently only subjectively be regarded.

Trends attributes of observed cloud cells are usegive indication of possible values changes of
some parameters in the first forecast ranges (seralues used for 15min range, half values for
30min). Here again those values can only be regaadestimation and not pure forecast:

Cooling rate for minimum temperature estimation {@propopause temperature limit if this
value is available thanks to NWP data) and severity

Lighting trend for lightning activity and severity

Top pressure trend for top pressure estimation

Expansion rate for amplification or limitation afrctour dilatation
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2010-06-28T15:00:00Z 45min

2010-06-28T15:00:00Z 60min

Figure 26: RDT-CW v2016 advection products (forécastours in Magenta ) from slot 2010-06-
28T15:00:00Z (Observed contours in yellow).

Figure above displays forecast products (magemé#oaos) issued from a given slot 1500Z on the
28-06-2010. Yellow contours are observed at 1500de can note very few overlap between
forecast cells at various ranges, which assesd gpatial coherence of the movement speed of

each cloud system.

The cyclonic movement field is very well taken imtocount with the forecast cloud systems.

This forecast set has been produced without smaptieither dilation of the contours.




o _ Code: NWC/CDOP2/GEO/MFT/SCI/VR
[0 Validation report of the Convection | |ssye: 1.0 Date: 15th October 2016
METEO Product Processors of the NWC/GEQ File: nwc-cpop2-GEO-MFT-SCI-VR-Convection_v1.0.dde

(o
NWCSAF R Page: 51/58

2010-06-28T4:15:00Z + range 45min 2010-06-28T4:00:00Z + range 60min

Figure 27: RDT-CW v2016 advection products (greeedast contours) from previous slots valid
for slot 2010-06-28T15:00:00Z (yellow observed oons).

Figure above displays forecast products (greenocwos} valid for a same slot 1500Z on the 28-06-
2010. Yellow contours are observed at 1500Z. Tis fanges (15 and 30min) show a pretty good
correspondence between previous forecast and ¢twbservation. For larger ranges, mainly large
cloud systems, with longer duration, find a cormgjence in the observed set.

One can note that some forecast green contoursoangore valid in the analyzed set, probably after
declassification of the cloud system (no obsenadtbyw contour).

On the other hand, some new cloud cells (yellowaams) appear only on the analyzed set, and can
not be anticipated from the previous slots.
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3.6 END-USERS FEEDBACKS

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

The use of RDT concerns for example

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

* Hymex project (http://www.hymex.org/RDT/)
» HAIC project and successive experiments (2014 &id Australia, 2015 French Guyana)
» Air France within an online cockpit visualisationdsassistance tool

* SESAR project and TOPMET/TOPLINK experiments
Collaboration has previously concerned

* 2006 AMMA experiments (http://aoc.amma-internatioor@/observation/mcstracking/)
» European FlySafe Project with RDT software adapte@ddar data

* NOAA for a RDT GOES (Operation + Research)

 ACMAD for a RDT-Africa

» BEA for meteorological analysis of aeronauticalsties

From 2008, 2010 and 2015 Surveys distributed to/SMFC users , it appeared that RDT is mainly
used for Research activities and operations fardasting. The judgment of overall quality of RDT
product is very satisfying.

3.7 CONCLUSION

From a subjective point of view, the use of NWPadaith RDT has allowed an improving gap of
the discrimination efficiency. False alarms aredogd thanks to a “NWP convective mask” used as
a guidance for the diagnosis, and precocity iseiased with early diagnosis in warmest categories,
thanks to a new tuning with NWP data and mask.

The objective validation over a wide region than&sEUCLID data detailed in this report has
confirmed this first analysis. It has been undestathrough various approaches from time step cell
to the full life cycle of a cloud system, and takinto account the limitations of the ground truth.

With a moderate ground truth (defined by 5 flastpaets at least during a trajectory) and non
convective trajectories defined by being away fritashes of more than about 35km, satisfying
skills are reached for full-trajectory approach:0Pef 74% together with 2% POFD, FAR 22% and
a TS of 61%. Scores are even better when consglesgctions of trajectories or cloud cells
individually.

RDT keeps good performances when taking into adcauwermediate season period (Spring,
Autumn). Of course RDT scores are better for summer
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Moreover, the skills obtained with EUCLID data o¥arrope are better in all configurations and for
all approaches than for the previous validation.

This improvement does not appear so clearly comugre precocity of RDT discrimination. It is
limited to systems which are able to be early dwsrated, 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 detection and5® of convective systems diagnosed before
lightning activity.

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

RDT provides an accurate depiction of convectiverngmena, from triggering phase to mature
stage. The RDT object allows pointing out some sai@ainterest of a satellite image. It provides
relevant information on triggering and developmeltuds and on mature systems. Even if the
precocity on the first lightning occurrence rematas be improved, the subjective evaluation
confirmed the precocity usefulness on moderaterligly activity.

Thanks to these good results the status of RDTheseh set up to “operational” by EUMETSAT
(since v2011).

Since discrimination scheme of RDT-CW v2016 sofeMarunchanged, the results mentioned above
can apply also to this version

Subjective validation exhibits very good resultghe# algorithm concerning OTD. It is a major point
to improve RDT by focusing on the areas of moresewand intense convection. Now, depending on
cloud system morphology, RDT is able to presentirad kof multidimensional description of
convective systems, thanks to second level ideatibn and overshooting top detection. It
completes the data fusion approach with other PEEAFNWC. This part is unchanged in v2016
software, which consequently benefits from the sauoigective validation.
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4 CONCLUSION
Cl and RDT-CW help to follow convection in differtestage.

Cl v2016 is the first delivery of the product: 3 @& very new product for which the scope for
progress is high. Cl-validation is still fragmemtass the product will improve and users' feedbatk o
this first delivery will also help for a better tag. Nevertheless this first release provides psomgi
output.

RDT-CW v2016, as a continuation of RDT, is now atuma product with several years of

continuous development and improvement and sewveraion "operational”. The forecast scheme
implemented in the v2016 delivery remedies to aehlimitation of the product that was up to the

v2016 only a diagnostic product. Results of theedast scheme are correct and confirm the
nowcasting dimension of the RDT-CW.
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ANNEX I: EUCLID DATA

®
T

Figure 29: Detection zone of EUCLID network for 83e@009 period
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ANNEXE II: EXAMPLE OF ELECTRIC RDT TRAJECTORY ANALY SIS

The figure below illustrates the validation methlody described in the present report. An electric
trajectory, considered as convective whatever ttourgl truth intensity (about hundred flashes
paired), is analyzed against its RDT diagnosis.

Top figure points electric activity at each timeegst(black histogram), section and time step
«colours » iparoon cf correspondance), and discrimination result of RDT m@genta cf
correspondance).

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

trajectoire convective. couleur (1=avant,2=electrique,3=apres). discri (conv=1,4,5,6,7)
| =
60 +----+ Tseuil
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a nb eclairs
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______ discri (prev)
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44 4 1444 44 444 44 4

20 — 0o |1 T 0 I 1 ) 000 1 | —

i =, 198 g S 1 PP i

0“ Q\\‘ir;ﬁ“ﬁ'ﬂ".:uud“ﬂ Wi --H--1)":;\0('6-"1;“1":3-";)_‘6’ B 0 0 0 o 01110 o3 - 4k A—"ﬁ“‘;“i:l 1] ]
19 12:00:00 06-09 15:00:00 06-09 18:00:00 06-09 21:00:00 06-10 00:

0 ]

20 |

40 — ]

60 — |

)9 12:00:00 06-09 15:00:00 06-09 18:00:00 06-09 21:00:00 06-10 00:

Figure 30: Evolution of a convective / electricjgetory

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

« Sections»: trajectory cut in 7 sections, among which 2 elec{dode 2 re)] with respective
precocity ¢ode 1 greenand decaying( )esections, and a transition sectiaode 4
violet).
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Hypothesis 1:
2 «red» sections, each one with at least one convedisezimination: 2 good detections

Hypothesis 2:
2 «green» sections with non-convective diagnosis: 2 cdmejections.
2 «red» sections, each one with at least one convecisaichination: 2 good detections

2 « » sections, each one with at least one convedigerimination: 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 convecisgithination: 2 good detections

2 « » sections, each one with at least one convedligerimination: 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 cdiwe@nd 4 non convective (2 non
convective, 1 undefined et 1 declassified)

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

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

11 «violet » time steps, among which 5 discriminated as oo 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 moreah 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

VVVVYVYV
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>

RDT diagnosis classes :

VVVVVVYYYVYY

6= = no activity

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 dasdified

9 = statistical model not applied, previously nanegective

10 = statistical model never applied



