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Current situation:
Meteosat Second Generation: a two-satellite operational system for meteorology

Time-lapse

00 . 00 Animated representation



Meteosat for nowcasting of severe weather:
thunderstorms
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Meteosat for confirmation of forecasts

” 2009

METEO FRANCE

Carte de vigilance météorologique
Diffusée le samedi 24 janvier 2009 a 10h44
Valable jusqu'au dimanche 25 janvier 2009 a 06h00

Actualisation de Ia carte diffusée
le samedi 24 janvier 2009 3 08h10

Commentaires Météo-France

Tempéte excetionnelle sur le sud
du pays, se décalant wers le
golfe du Lion en cours de
iournée. Neige sur le Massif
Central débutant samedi. Crues
surplusieurs dépamements

Conseils des pouvoirs publics

Went/Rauge - Restez chez vaus et évitez
toute activité extérieure.- Sivous devez
wous déplacer, sovez trés prudents.
Empruntez les grands axes de circulation. -
Prenez les précautions qui simposent face
aux conséquences d'un vent vialent et
nintervenez surtout pas sur les toitures.
Meige-Verglas/Orange - Respectez les
restrictions de circulation et déwiations.
Crues/Orange - Euitez les abords des cours
deau.- Soyez prudents face au risque
d'inondations

9 départements en Rouge.
17 départements en Orange.

Vent violent
Pluie -Inondation
Orages

Neige -Verglas
Grand Froid

Avalanches

I Fouge - Une vigilance absolus
des phinom ines
wx dlintensit

et respuctez impérativement les consigne
de s curité dmises par lss powveir ]
ublics.

[oranas ; sovez tris vigitant:
des phinom énes dangereux
somt prévis; tene z-vous au courar]
de Pivalution de Ia situatia
et suivez les conseils de sécuritd]
&mis par les pouvoirs publics.

[hiaune : Soyez attentif si wous
pratinue 2 des activités sensibles a
visque m étéarel sgique ou e crus]
das phinamines habitis dars |a régior
mais accasionnellement dangere u]
texcmistral,orage d été. montée des eaw

V£ eHet PPEVIS, Tehez wOuS &
courant de Févalution de Ia situation]

[Evert : Pas de vigilance particu-
-likre
Les cartes de vigilance météo
paraissent 2 fois par jour
3’064 et 160
£r cas de vigilance oange

ou rouge, des bulletins
de seivi sont disponibles.
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Key motivation for Meteosat Third Generation:

Enhancing Nowcasting of Severe Storms
STEP BY STEP DEEP CONVECTION NOWCASTING

1. Pre-Convective Environment 2. Convective Initiation 3. Mature Convective Storm
Refers to the 4-D thermodynamic and wind field " Refers to the process where an existing Refers to the presence of convective clouds with
present before convective initiation occurs. gl cumulus cloud begins rapid vertical growth. v-‘ tops at or above their local equilibrium level.

Useful tools: Useful tools:

Useful tools:
NWP data, Radiosonde and aircraft measurements Radar, lightning data Radar, lightning data
Existing .
satellite
products
<3 ARSO METEO EUMETSAT
2 Slovenian Environment Agency NWCSAF é EUMETSAT
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4D Weather Cube

Every 30 min
over Europe

> = Convection
> = \Winds
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Meteosat Third Generation: Imaging mission (MTG-I)

* Imagery mission implemented by
two MTG-| satellites

* Full disc imagery every 10
minutes in 16 bands

- Fast imagery of Europe every 2.5
minutes

*  New Lightning Imager (LI)
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Meteosat Third Generation: Sounding mission (MTG-S)

\ Hyperspectral infrared
4o sounding mission
iy Temperature, water vapour, O3
profiles, every 30 minutes over
Europe
Air quality monitoring and
atmospheric chemistry in synergy
with Copernicus Sentinel-4
Instrument
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Full operational configuration (~ 2026)

7
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EUMETSAT Next-generation Missions: European multi-satellite

programmes for long-term commitments -
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Some expected improvements from

Meteosat Third Generation (MTG) missions



MTG Imager (FCI): New insights into convective storms through
higher spatial and temporal resolution imagery

Future

Source: M. Setvak; 11 June
2018, 11.37 UTC; SEVIRI data
in lower panel, and upper
panel with FCIl imagery
simulated over Central Europe
based on data from the VIIRS
instrument on the NOAA
Suomi-NPP satellite;
combining 0.865 pm imagery
(background) and 11.45 pm
(convective storms) to a
‘sandwich’ product.

Current
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MTG Imager (FCI): New insights through higher temporal resolution

«FULL DISCSERVICE =" wFULL DISC.SERVICE ="
e A . il

el

Pl ST T o A
e

= ‘:?"‘”

‘ﬁ"’ 6-16 HRV-064um at500m 20

«.RSS SERVICE -~

3
o 4 - v e X
4 "( "‘Q‘A’“ﬁ'}‘. » .I",'.
AP i,

Current [P =% 75 T . Future

6-16 HRV-0B64um at500n 2ONEORSY

14 EUM/MTGUP/VWG/19/1065744, v1 Draft, 12 March 2019 G EUMETSAT



Improvements through the MTG Imager (FCI)

 New spectral channels (vs current Meteosat):

 0.444 ym and 0.51 um: for true colour images and improved aerosol retrievals
 0.91 um: daytime total column precipitable water (esp low-level, over land)
« 1.375 um: improved detection of very thin cirrus clouds

« 2.26 um: improved retrieval of cloud microphysics.

« Higher spatial resolution (1 km and 2 km) of the 3.8 um channel: improved fire detection and
the quality of products.

- Improved convection detection through the shorter repeat cycle and better spatial resolution.

15 EUM/MTGUP/VWG/19/1065744, v1 Draft, 12 March 2019 G EUMETSAT



MTG lightning imager (LI) mission

 Lightning is a precursor of severe
weather, with a lead time of tens of
minutes

* Most ground-based lightning location
systems are mainly sensitive to
cloud-to-ground lightning (CG)

] _ MTG Lightning Imager
e Often, no increase in CG observed features:
due to “weather intensification” =

Total lightning is the parameter of

Interest

Total lightning =
cloud-to-ground
+ cloud-to-cloud lightning

16 EUM/MTGUP/VWG/19/1065744, v1 Draft, 12 March 2019 G EUMETSAT

Spatial resolution:
~ 4.5 km at sub-satellite
nadir

Update cycle of
accumulated product:
30 seconds




gaps in
storms

: Can monitor
<~ convection,
beyond range,

of radar

Long flash
behind
convective line

17 EUM/MTGUP/VWG/19/1065744, v1 Draft, 12 March 2019

MTG Lightning Imager (LI): U.S. Proxy Data

GOES Lightning Mapper
(GLM) Group Density
Repeat cycle: 1 min
Horizontal resolution:

8 km

GOES ABI 11.2 IR
4 May 2017

Source: G. Stano, NASA
SPORT
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Example from Chris White (U.S. National Weather Service) -
17 J:_‘uyly 2019 A typlcal Summertlme Thunderstorm Event

Note the
convection
Initiated further
west and
approaching the
counties of Colbert
and Franklin in
northern Alabama,
USA

GOES-16 CH-13-10.380m29%68q 17:247 17-Jul-19
* GOES-16 CH-02-0.64um Wed 13:24Z 17-Jul-19




Example from Chris White (U.S. National Weather Service)
17 July 2019 A typical Sumrtl > Thunderstorm Event

VCP212

0.25 km, 0.5 dAz
MX: 59dBZ
SAILS

Fayette”

DeKalb

Blount
arnings Wed/12:2

F-Jul-19

ed 12:20Z 17-Jul-19
& oo e Calhoun
1 T
Lawrence Franklin Marior

Hardin Lincoln

Fayette Hardeman McMairy
Lauderdale . d
M Density product (FED)
. DeKalb
Franklin
Lafayette m .
Pontotoc wWinston
Blount
Yalobusha
. _..* GLM Flash Exten hes/5min) (Smin 12:217 17-Jul-19 @ EUMETSAT
alhoun Chickasaw Y p— =1Tholin




Example from Chris White (U.S. National Weather Service) -
17 July2019 )A typlcal Summertlme Thunderstorm Event

4 aE.' Chris White / NWS-Alabama:

‘5}2:

VCP 212 y ‘
0.25 km, 0.5 dAz s

MX: 62dBZ _

SAILS Fayette

» Watching for jumps or increases in
LY By DINSIREERL R 0 GLM to provide focus for strongest
 erdnat | o L ] g8 updraft

 GLM can provide evidence that a

als. L @ o storm, which is considered “near
L : | severe”, may be about to produce
- < e S severe weather, tipping the scales in
favor of issuing a warning.

2 N i ‘| L !
| ] e U/ —~ ,;’ Blount A ~]
\ =] [ i < L

e ] gz i GLI‘ Flash Exten{ Denn{“y'fftasﬁes/Smm) (5m1n‘1m#1 deate) Wed 12:452 17 Jul-19 @ EUMETSAT




MTG InfraRed Sounder (IRS)

ST weighting functions

I ,{' ' Radiometer _
o S e o l‘\ (e.g., Hyperspectral
i ;5»‘/ 2k g\ Meteosat. Sounder
o I ? LAC 4 (£ = |\ .SEVIRI) (e.g., IASI,
“ L Télhe 15 811?!20 2t =i IRS):
e 1 ! ~ 850
£ channels
g ! P ) Efm.
§ of-i-—t )
g @u Ve %m'
Ll | N ) P A
AN LM
B e - loielms 3,‘36‘351;, A o Major innovation:
l_'*v' \-.. - 'MP". 1 - b
N RS | Operational spectro- !
] ] l—> | imagery at high spectral, K A .
e e e e T SRR SR S - ‘ ' e e —
AN (NS N SN SN (N SN U S | spatial & temporal ‘ — 2

Azimt deg] resolution o ,m
VA

4 Local Area Coverage (LAC): W WW TAst

rMMl b “'fu.\MlW l‘

> One LAC acquired Within 15’ :;;?CO Surfaceio? 5u|-fac:H‘ 1502 2000 N,O CO, 2500
- * Clouds g, Clouds H,o »> CO
> Overlapping step & stare dwells DUt Dust

> 160x160 pixels, ~4km at Nadir
> Europe (LAC 4) observed every 30’

:i'f’uﬁn'%[ml\ T

-
111 \H‘H |HI|\ 1

2R L A

L/ AARARRAY mﬂ]’ﬁ F “ W‘N
J\‘( \ muﬁ»ﬂt’f W' ‘%

21 EUM/MTGUP/VWG/19/1065744, v1 Draft, 12 March 2019 G EUMETSAT



Summary: 4D Weather Cube

- S V = Lightning
; S > = Convection
> = \Winds

Every 30 min
over Europe

@& EUMETSAT



MTG Imager and Sounder: Tools for Nowcasting

STEP BY STEP DEEP CONVECTION NOWCASTING

—_—

| —

55
7%
O DGR Ty

(2 Jes
1. Pre-Convective Environment 2. Convective Initiation 3. Mature Convective Storm
Refers to the 4-D thermodynamic and wind field Refers to the process where an existing Refers to the presence of convective clouds with
Existi ng present before convective initiation occurs. cumulus cloud begins rapid vertical growth. v-‘ tops at or above their local equilibrium level.
Satelllte Useful tools: Useful tools: Useful tools:
prOdUCtS NWP data, Radiosonde and aircraft measurements Radar, lightning data Radar, lightning data
To be enhanced
with MTG data
\q ARSO METEO i g
2 Slovenian Environment Agency NWCSAF EUMETSAT
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In Summary: Application scenarios for MTG data

* Monitoring and nowcasting severe convective storms

« Detecting convective initiation, a precursor of potentially severe storms
* Fog detection for transport safety

 Lightning monitoring for storm tracking over oceans

 Air quality monitoring

* Fire detection and monitoring

« Enhancing numerical weather prediction

25 EUM/MTGUP/VWG/19/1065744, v1 Draft, 12 March 2019 G EUMETSAT



MTG User Preparation: Training Workshop on Applications

-2

26

EUM/MTGUP/VWG/19/1065744, v1 Draft, 12 March 2019

* Overview of MTG Applications
enabled by
 Flexible Combined Imager
* Lightning Imager
* InfraRed Sounder
« Ultraviolet, Visible and Near
Infrared Sounder (Sentinel-4)

« 23-27 September 2019,
EUMETSAT HQ, Darmstadt,
Germany

« 21 participants from 17 countries

@& EUMETSAT



Information on Meteosat Third Generation Programme

o« WwWwW.eumetsat.int ; Satellites : Future Satellites : Meteosat
Third Generation

 Technical Detalls
 Test Data Releases
e Data Access

* MTG User Preparation Project MTGUP)

» User Helpdesk: ops@eumetsat.int

@& EUMETSAT


http://www.eumetsat.int/
mailto:ops@eumetsat.int

MTG Data and GeophySicaI PrOdUCtS* *excluding products from

EUMETSAT Satellite Application Facilities (SAF)

FCI LI IRS UVN
Compressed using None Principal None
CharLS algorithm: component
16 imager channels scores
(Full Digsc Scanning FCI LI IRS
Service), . . .
4 imager channels at Atmospheric Motion Accumulated Flash Temperature profile
high spatial Vectors Area Humidity profile
resolution (Rapid All Sky Radiance
Scanning Service) Clear/Cloud/Dust/Ashes Accumulated Flash Instability indices
Flag Radiance
U.ncompressed: Lightning Full Daytime Earth Clear Sky Reflectance Ozone profile
16 imager chann'els Triggered Events  spectral radlanges . and Cloud Analysis Accumnulated
(FuII' Dl BEEmring chgnljels, §0Iar JilalEless Fire Detection Flashes Surface temperature
Service), Principal in NIR  and . )
4 imager channels at component UV/VIS bands Global Instability Indices (land and sea)
high spatial scores Cloud Drop Effective Lightning Flashes
resolution (Rapid Radius Surface emissivity
Scanning Service) Lightning Groups  (land)
Outgoing Longwave
Irradiance at Top of Cloud products
Atmosphere (detection, fraction,
FCI: Flexible Combined Imager top pressure)
LI: Lightning Imager
IRS: InfraRed Sounder Ozone Total Column
UVN: Ultra-Violet, Visible and Near-Infrared Sounder Volcanic Ash

*Disseminated in near-real time, and available from data archive

28 EUM/MTGUP/VWG/19/1065744, v1 Draft, 12 March 2019

UVN

Ozone Total
Column

Ozone
Tropospheric
Column

Nitrogen Dioxide
Total Column

Nitrogen Dioxide
Tropospheric
Column

Sulphur Dioxide
Formaldehyde
Glyoxal

Aerosol Index
Aerosol Layer
Height
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Thank you

Questions?
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BACKUP
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Current and future imagers channels:
MSG SEVIRI and MTG FCI

e

1=VIS0.6 2=VIS0.8

3=NIR1.6

Current SEVIRI

9=IR10.8 |4 10=IR12.0 4 11=IR13.4 ) .
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Current and future imagers channels:

MSG SEVIRI and MTG FCI

e

1=VIS0.4 2=VIS0.5 3=VIS0.6 4=V1S0.8 5=NIR0.9 6=NIR1.3

solar
channels
provided in
0.5km /1.0 km
resolution 7=NIR1.6

v Continuity

v  Innovation

thermal
channels
provided in
1km/2km
resolution

Future FCI

B v o8 5T .
LA U
a0y %

13=IR9.7 14=IR10.5 i 15=IR12.3 4 16=IR13.3 |

32 EUM/MTGUP/VWG/19/1065744, v1 Draft, 12 March 2019 G EUMETSAT



MTG Imager (FCI): higher spatial resolution imagery

Natural Colour RGB 3 km

Example of ash detection, SEVIRI Natural Colour RGB,
12:15 UTC, 26 November 2006 (left), MODIS True Colour
RGB, 12:20 UTC, 26 November 2006

33 EUM/MTGUP/VWG/19/1065744, v1 Draft, 12 March 2019 G EUMETSAT



MTG Imager (FCI): higher spatial resolution imagery

Cyrrent I v

Example of fog detection over Czech Republic

Source: M. Setvak, J. Kerkmann; 16 Nov 2018, 01.37 UTC

Right panel: simulated FCl imagery at ~2 km horizontal resolution

(2 km at nadir), based on NOAA Suomi-NPP VIIRS data

Left panel: MSG SEVIRI imagery at 5 km horizontal resolution (3 km at nadir)

34 EUM/MTGUP/VWG/19/1065744, v1 Draft, 12 March 2019 G EUMETSAT




GOES-16 ABI: Early Detection of Fog Formation

bt




MTG Imager (FCI): New prospects for fire detection
and monitoring

m MSG SEVIRL 20023-08-29 09:00 m Terra MODIS, 2008-06-29 08:55

Bushfire line in Botswana as seen in imagery from current Meteosat (left panel) compared to future MTG imagery simulated by
proxy data (right panel). MTG imagery will enable more precise detection of fire location and better fire intensity estimates.

36 EUM/MTGUP/VWG/19/1065744, v1 Draft, 12 March 2019 e EUMETSAT



MTG InfraRed Sounder (IRS): Enhancing numerical weather

prediction

Specific humidity
Relative analysis error stdev change (%)

IRS - 80 km
IRS - 40 km Simulated MTG infrared

sounding data have a
demonstrated positive
impact on regional weather
modelling, by reducing the
error of forecasting specific
humidity and other
meteorological parameters

CTL

nospheric

1000

Source: Guedj et al., 2014
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Application in global numerical weather prediction: EUMETSAT

contributes to 1/3 of all Satellite Data Assimilated at ECMWF

100
Satellite instruments by country and US agency
90 Approaching 1/3 US, 1/3 EU, 1/3 Asia
Day 7 NHem Day 3 NHem
500hPa geopotential height Day 7 SHem Day 3 SHem
80 Anomaly correlation Day 10 NHem Day 5 NHem
I I 12-month running mean Day 10 SHem Day 5 SHem
(centered on the middie of the window)
70 100- ; : : ,
o i - - -
50 q I 1 I o
40 I u 70
30 I I | | 601
) I I I I I I I I I I I I I I I I I I I .
0 I 30

T T T T T T u T T T T T T 1
1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017

1996 19971998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 200920102011 20122013 201420152016 20172018

& ECMWF = NOAA NASA mDoD  mEurope
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Some figures from cost benefit analysis

Met Office

o
:
I—
c
2
®
£
b
g
o]

Relative Contribution of Satellite to NWP forecast
(per Platform)

10 20 30
Relative Observation Impact]%]

Slide: 39

39 EUM/MTGUP/VWG/19/1134532, v1 Draft, 4 November 2019

B METOP

O NOAA19
B AQUA

& NOAA15
B NOAA1S
E Metosat
m COSMIC
B MTSAT

o GOES

B Cotiolis

B Terra

B F16

2 NOAA1T
B GRACE

B NOAA16
B ERS

Operational EUMETSAT and NOAA polar
satellites account for 45% of the impact of all
observations on NWP forecasts

Metop itself has the highest contribution at
around 25% of all assimilated observations,
and close to 40% of all satellite contributions

Innovation pays off: Metop-A has 2.5 times
the positive impact of one satellite from the
previous generation (NOAA 19)

Based on conservative assumptions, the
benefits to cost ratio of the EPS-SG
programme is certainly over 5 and likely to
exceed 20
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Application benefits from the MTG Lightning Imager (LI)

« Main benefit from GEO lightning observations:

* homogeneous and continuous observations delivering information on location and strength of lightning
flashes to the users with a timeliness of up to 30 seconds

 Main objectives are to detect, monitor, track and extrapolate in time:
« Development of active convective areas and storm lifecycle
« Lightning climatology
¢ Chemistry (NOx production)

* Furthermore:
« Good coverage in developed countries and around major airports

 Most areas of the earth are without any good-quality lightning data from ground, but with significant
severe weather and lightning causing risks for aviation (e.g. Africa)

» This situation on the availability of ground-based data is not expected to change in the near future
(technical/physical limitations)

40 EUM/MTGUP/VWG/19/1134532, v1 Draft, 4 November 2019 G EUMETSAT



MTG User Preparation: User Familiarisation Data

20.0
» User familiarisation (test) data comes in different
17.5 degrees of maturity in science, data content and
format specifications:
15.0 » Synthetic data
» Simulated data
125 * Proxy data
* Pre-operational data
10.0 :
(CGMS/WMO Best Practices, 2016)
7.5
* In 2019, the following simulated data are made
2.0 available by EUMETSAT:
* FCI Level 1c data for format familiarisation
2.5 * IRS Level 1b data for format familiarisation

« LI Level 2 data for user familiarisation
0.0

Example of simulated FCI L1c user familiarisation data (VIS 0.6um channel, 10 April 2017). To reduce data volumes in near-real-time services
such as EUMETCast, the netCDF-4 near-real-time FCI Level 1c data will only be available in compressed form using the CharLS algorithm.
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4
EUMETSAT ground segment

4
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EUMETSAT Data Services

 EUMETSAT Data Services (near real-time &
archive)

« EUMETCast, EUMETView, EUMETSAT Data
Centre

* New, additional pilot services underway,
iIncluding online data access



Delivering critical data in near-real time to users

~ Telecommunications Satellite

Sentinels

Ry
" EPS

9 EUMETSAT Data Centre
(Long Term Archive) N \
)

MSG
EUMETCast
pBlink EUMETCast
Reception Station

:

Reception
System

Terrestrial Dissemination

v

Third-party
data providers

EUMETSAT Mission Control

Numerical Weather
Prediction System

Meteorological
Data and
Information

Warning End Users
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Online access to data

45

el ings i

eoportal.eumetsat.int

Create and manage your user
account, subscribe to our services

navigator.eumetsat.int

Explore our catalogue, what and
where, supporting documentation

eumetcast.com

Learn more about our push delivery
service

coda.eumetsat.int

Download Sentinel-3 marine and
atmosphere data

archive.eumetsat.int

Order past data

N@IOO

eumetview.eumetsat.int

Visualise and explore, create layers in
GIS applications

EUM/SCIR/VWG/18/992176, v1C, 20 March 2019
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