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& | [ver heard of IASI or hyperspectral sounding L2 products?
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& Atmospheric « profiles » with traditional satellite imagery

N www.eumetsat.int
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& The hyperspectral sounding “Swiss army knife”
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& Atmospheric profiles with hyperspectral IR sounders

R, www.eumetsat.int
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& Atmospheric profiles with hyperpectral IR + MW sounders
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E é EUMETSAT é hyperspectral sounders é .

EPS
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Hyperspectral missions - vertical information content and resolution

www.eumetsat.int
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& Hyperspectral missions - vertical information content and resolution
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& MTG-IRS: unigue 4D look into the atmosphere

IRS pixels
IASI(-NG) ~7km
footprints «= Contiguous
12-40{{m every 30mn
Not-contiguous
2x per day
0 TASI IRS 24h

-B, -C
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Application and case studies
IASI regional service, preparing for MTG-IRS

15



|ASI L2 sounding - Atmospheric humidity profiles

www.eumetsat.int

Averaged FCWV ;0 PWLR MWIR v6.0 2 201530828

o N p 70.0 mm



& ‘All-sky’ atmospheric sounding yield

www.eumetsat.int

All-sky ML

fg t, 28/10/2015

Piece-Wise Linear
Regression (PWLR)

230 235 240 245 250 255 260 265 270

algorithm for IASI
fg_t_day_good_50000Pa [K]

https://www.eumetsat.int/TASI-PWLR
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& |ASI L2 sounding - Performance assessment

Extensive validation of temperature and humidity products:

www.eumetsat.int

v'assessed in-house, with validation and routine monitoring tools
v through co-operations : CIMSS/U. Wisconsin, NCAR, NOAA...
v'vs radiosonding, numerical models, ground-based measurements...

IASI| Level 2
geophysical

products
monitoring reports

https://www.eumetsat.int/iasi-level-2-geophysical-products-monitoring-reports

Event Week Water-Vapour — EUM sounders products and applications — 13/12/2022, online

“IASI L2 TCDR T/q validation Report”, , 163pp
“IASI L2 v6 Validation Report” EUM/TSS/REP/14/776443, 290pp

“IASI L2 v6.2 Validation Report” EUM/RSP/REP/16/857500, 73pp

“IASI L2 PPF v6.3 Validation Report” EUM/RSP/REP/17/920559, 45pp
“IASI L2 PPF v6.4 Validation Report” EUM/RSP/REP/18/974859, 59pp
Feltz et al., JGR 2017, 10.1002/2017JD026504;

Roman et al., JGR 2016, 10.1002/2016JD024806;

Boylan et al., JGR 2015, 10.1002/2015JD024724;

communications in conferences
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& Sounding precision, uncertainty estimates and yield IR-only vs MW+IR
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& Humidity sounding - Quality indicator significance vs radiosondes (IGRA

vs radiosondes

August 2018
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& Temperature sounding - Lapse rate vs radiosondes (IGRA)

& EUMETSAT
GS1 IASI-PFS MO1 vs IGRA sondes MA-Lapse Rate | [BL1500m]
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IGRAVZ MA-Lapse Rate [K/100m]

[ASI-L2 - IGRAV2Z rel. Diff [%]

www.eumetsat.int

& EUMETSAT
GS1 IASI-PFS M01 vs IGRA sondes MA-Lapse Rate | [850:500 hPa]
[2021-08-01 - 2021-08-311]
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& Humidity sounding - Partial columns vs radiosondes (IGRA)

& EUMETSAT & EUMETSAT
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& Humidity sounding - Total columns vs ground-GPS (EUMetNet)

é EUMETSAT 1etsat.int
GS1 IASI-PFS MO1 vs EumetNet Precipitable Water
[2021-08-01 - 2021-08-31]
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& [valuating sounding profiles in pre-convective situations

Preliminary results of evaluating IASI L2 products
through 2017 with airborne measurements from
the AMDAR system.

Dr T. Wagner, visiting scientist @EUM
Work in progress

- CAPE usually underestimated
- Smoothness and near-surface sensitivity?

www.eumetsat.int

CAPE differences as a function of AMDAR CAPE value (200 J kg'1 bins)
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-500
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-2000

WORK IN PROGRESS

Number of points in bin:
1085 851 732 651 509 371 236 176 73 18 11 2 4
|

500 1000 1500 2000 2500
AMDAR CAPE [J kg ']

Credits: T. Wagner (SSEC/U. Wisconsin)
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& | Atmospheric profiles from space - manage expectations

10 15 20 25 30 35 40

100

130

160

11111

555555555555555 Al AN =V
: Hyperspectral sounding are
"smooth" version of the truth
+
Lower sensitivity near surface

200

250

Pressure (hPa)

3007

3501\

Intrinsic to the measurements,
not a retrieval deficiency.

theormodynamic information _

600
6507\,

700[—-
70 A

!
| P
0 \
. B
[ 5
' ;
" 7
i
.

800
850

900
950

10007

22222

Event Week Water-Vapour — EUM sounders products and applications — 13/12/2022, online

... but still, capable of -

¥
O
2 b . 1N \ '
3 ' f i ~
+ ! ' ! N g o 400
| + \ 1 500 5
| L) '.. 3 | . . ; 2
\ LN \ > 5
\ £} ¥ ¢ ! ) = >
& s v ' 5 - R
v \ v v \
) \ y i 1 500
00w 0\ 00 Fili a0 or s g00 ' 70 -
B¢ M 1 ! s
W |
[y 4 {
W4, | |
¢ k4
I
! \\ ‘. I
LTS i
LT ¥ 1
¥ Yag, ' EFNNILL) |
rey, Xiy |

www.eumetsat.int

'10/08/2018 @08:45

26



Event Week Water-Vapour — EUM sounders products and applications — 13/12/2022, online
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EUM sounders
Missions and sampling overview

Products characteristics
Validation, uncertainty estimates

Application and case studies
IASI regional service, preparing for MTG-IRS
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EARS-IASI L2 services - timely for regional applications

www.eumetsat.int

EARS—IASI Lz - RH - MO1_2017056131957327_2017051320090772

v Direct broadcast stations T e -
v Timeliness < 30min from sensing S
v’ Forecast-free products + el

uncertainty estimates
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& [ARS-IASI L2 - Retrieving 3D humidity structures

www.eumetsat.int

20130929002000Z 20130929002000Z
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& Assimilation experiments @ECMWF

www.eumetsat.int

Assimilation of IFS - depleted environment, maritime pixels

satellite sounder” . Q" = Control (CTL) conventional + AMSU-A
profiles inNWP. : = IASI CTL + IASI radiances from Metop-C
— as in operations

= L2CTL +IASI L2 PCy and PC, scores
from Metop-C

https:/ /www.eumetsat.int/assimilation-satellite-sounder-profiles-nwp

| Scene-dependent observation operators !

IASI L2 in IR-only mode (no MW data used)

Event Week Water-Vapour — EUM sounders products and applications — 13/12/2022, online 30



& First assimilation experiments, depleted system, ocean ... it works!

www.eumetsat.int

Radiosonde temperature Radiosonde humidity
: ] N
10 IASI L1 radiances 150l ]
20 IASI L2 T and q (PC)
30 200 F — | -
50 _
o Obs. error =1, o5o ]

g 100 Clear-sky |OmC|<1 g / /

S 150 < 300f / / -
: B =

§ 2o | 2 400} , -
& 250 - 2

- o

300 - 500 F 4
400 | -
700 -

500F - 7

200k Degrades

| ‘ ] 850} -
1000, ... Lesianss Liesnes - P Laeeiiaian 1000 . -

94 96 98 100 102
Background std. dev. [%, normalised]

97 98 99 100 101 102
Background std. dev. [%, normalised]
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& Assimilating cloudy retrievals further improves forecasts

Radiosonde temperature

10F
20
30F
50
70F
100}
150 F
200
250
300
400
500
700
850
1000

Pressure [hPa]

98 99 100 101
Background std. dev. [%, normalised]

L2 T/q assimilation

Clear -1<OmCc«<1
Cloudy -5<OmC<-1
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& Assimilating cloudy retrievals further improves forecasts

www.eumetsat.int

Radiosonde temperature Radiosonde humidity
ST ——— —————— SaiSaaaad - o T
10- _ i . . . /
| ] L2 T/q assimilation 150 i
30r - i 200 -
50} X - Clear -1<OmC<1
_70F 7 1 Cloudy -10<OmC<-1 _ 250 -
o o
g ol - ; /]
FRRE N o oor / -
;2 - 2 ao0} -
o o50f - o / /
o o
300 ] 500 -
400 / /
500 oor \\‘ -
?00 850_ -
850 y
1000 1000F . ., @ ke S
97 98 99 100 101 94 96 98 100 102
Background std. dev. [%, normalised] Background std. dev. [%, normalised]
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& A full weather story with MTG

www.eumetsat.int

Environmen! tal lapse rate
12°C/1000 m ABSOLUTE INSTABILITY

environmen

ising air

eeeeeeeeeee

Evaluate the
thermodynamic state
before clouds form.

Gain precision and
lead-time in the
assessment of potential

severe weather.
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& (Ongoing dialog with forecasters

www.eumetsat.int

» use satellite sounder T/q for regional weather forecasts
I no operational heritage yet, unlike with e.g. imagers

Potential for nowcasting:
¢, What can be done with IASI already today ?
¢, What can we learn ?
» 1o evolve the current Polar services

» to consolidate requirements
and prepare for MTG-IRS

Event Week Water-Vapour — EUM sounders products and applications — 13/12/2022, online 35



& Tracking instability with |ASI L2 products

Case study:
Central Europe Flooding 20 June 2013

www.eumetsat.int

Results: R. Petersen, L. Cronce, (U. Wisconsin)
"Using hyper-spectral sounding products to improve forecasts
of the pre-convective environment as a prelude to MTG-IRS”
EUMETSAT User Conference 2014

By, e
2 AR TR 5
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& Tracking instability with IASI L2 products = R. Petersen & L.Cronce talk

www.eumetsat.int

Case study:
Central Europe Flooding 20 June 2013

THETA-E DIFFERENCE (550 mb - 850 mb) [K]
= - - . =

'l"&‘? I L
. L‘: ‘ < "\' " .‘\,; 1
> -’ ;

Results: R. Petersen, L. Cronce, (U. Wisconsin)
"Using hyper-spectral sounding products to improve forecasts
of the pre-convective environment as a prelude to MTG-IRS”

18:00 UTC I

Tl W 70

IASIT L2 v6 Morning

+
NearCast at 18:00
e N ————
=30 -28 -26 -24 =22 -20 -18 -16 -14 -12 -10 -8 -6 -4 =2 0 2 4 3 8 10 122 14 1 18 20 22 24 26 28 30
S f
TR
- ?— MET-L0(MSGI) 3-km HR! u . .
| Instability
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& \ind, Lightning, Hail storm in Dordogne - 04/07/2018

www.eumetsat.int

Pierre massif @Massif45681783 - Jul 4
Grélons ramassés 10 minutes apreés I'averse a Angouléme !
#orages #charente @meteodiel @meteofrance @Chasseursorages @KeraunosObs

@MeteoExp »l o) 0:03/0:25

Event Week Water-Vapour — EUM sounders products and applications — 13/12/2022, online



& \ind, Lightning, Hail storm in Dordogne - 04/07/2018

www.eumetsat.int

ICON-EU - Wed 04 Jul 2018 09 UTC

......

s ’ > © Metop-B/IASI — MLCAPE50
ICON-EU forecasts 04p/o/7/zo18 09:50
CAPE-and CIN v

&

v

04/07/2018 at 09UTC

A, : ¢ | 7' '''' - ~ 5 ’ e 1 .
‘ ' 09:49 UTC

47°N

46°N

45°N

3°W 2°W 1°wW O°E 1°E 2°E 3°E 4°E
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& \ind, Lightning, Hail storm in Dordogne - 04/07/2018

www.eumetsat.int

ECMWF - Wed 04 Jul 2018 09 UTC

A . 3

> B Metop-B/IASI
ECMWEF forecasts SR A oy 04/07/2po1é 09:5
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»
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& \Wind, Lightning, Hail storm in Dordogne - 04/07/2018

www.eumetsat.int
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ik 1.
200 LCL "+ 89132 hPa
g ECMWF (dashed):
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w 300 )~ ' ‘MLCINSO‘:'lG’S]/Jk‘gg“
o IWV :30.07 mm
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n
o
W 400 |- [N RN B WS =.
o
Sy Xa @& SN\ WV S S & =
600 |- —
700 = — =
N, S VA WA WA W ORNRNNR U S5 Tae—
900 w 7N
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-40 -30 -20 -10 0 10 20 30 40
0
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& 24 June 2021: Severe weather outbreak over Central Europe

150

200

300
2 tornadoes

Violent F4 tornado in East Czechia

Giant (210 cm) hail in Austria, Poland

400

615 hail reports in Poland 500

600

700

Foto: Dominik Herka 800

900
1000

EUM/RSP/VWG/22/1328937, v1 Draft, 19 September 2022

www.eumetsat.int

IASI indicates higher temperature

(confirmed with ground obs)

and higher CAPE than the forecasts

EL

FL400

FL350

FL300.

FL2%0

FL20K

SFC 983 mb

]

IASI

forecasts

SRH @-1km:
SRH ©-3km:

SHR ©-6km:
SHR ©-3km:
SHR ©-1km:

MLCAPES® :
MLCINS®

- SOUNDER -

MLCAPESE :
MLCINSO

LCL 456 m AGL, 932 mb

50 m2/s2
134 m2/s2

21 m/s
15 m/s
4 n/s

1258 1/kg
75 1/kg

2585 1/kg
16 1/kg

-40 -30

-20 -10 0

40
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& Giant hailstones in Girona, 30 August 2022

30/08/2022 - Girona/La Bisbal (Spain)
= Storm with >10cm hail stones
= 20-month toddler killed
= Over 30 injuries - mostly head
= Many destructions

www.eumetsat.int

©Oliver Sus - ©Oliver Sus

Source: El Pais, The telegraph

EUM/RSP/VWG/22/1328937, v1 Draft, 19 September 2022



& Giant hailstones in Girona, 30 August 2022

30/08/2022 - Girona/La Bisbal (Spain) [ SRR UALLEL, N

www.eumetsat.int

CEVIDI LDV _NlAude (DC

= Storm with >10cm hail stones #0 % X L ECMWF - 2022083010 (08/30 00 UTC +9.0)
= 20-month toddler killed  ESSL 1)
= Over 30 injuries - mostly head o g vl
= Many destructions

202208301000 select

Set to current time
Atmospheric instability visible in the XIS,
forecasts and IASI profiles. ICON-EU 30106

ECMWF 30/00 '

ICON-EU-EPS 30/00

IASI CAPE larger (3100 vs 1700 J/kg),

. . Mode! Sounding ® \
Wltl:l higher temperature and el el | I\ o el
moisture content near surface. a0 ; ‘ \ v 0-skn: 18 /s

700 85 \ SHR @-3km: 15 m/s

Instability and moisture SHR @-1km: 5m/s
Lapse R & Moist &

Large-scale vertical motion ) FLENDESD 2 1773 J/kg
Q-vector 850 -vector 7 \ MLCINS® : 81 J/kg
Q-vector 500 tor 3 \

Wind shear \
0-8shr& CAF:E 0-3 shr & CAPE 1\ MLCAPES@ : 3166 3/kg
0-1 ?h;: cCA-E hcdx:.g-'afhsv \ MLCINS® : 6 J/kg

RH  0-1kmSRH LCL'797 m AGL, 924 mb

ARCHaMOS : SFC 1013 mb N

-30

- SOURDER -

-40

Source: El Pa/s The telegraph
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& Furopean Severe Storm Laboratory

IASI T/q products evaluation
and dialog with users
ESSL
Test Beds & Experts workshops

> to raise awareness and train European forecasters
with products derived from EUMETSAT hyperspectral
Infrared sensors for the prediction of severe storm.

> to collect the feed-back from European users to
evaluate and consolidate the requirements on
hyperspectral products and associated services for short-
term severe weather forecasting.

> to constitute a catalogue of relevant situations, to
serve as test bed for algorithms experiments, case studies
and feed into products and services developments.

> to perform detailed case studies by experts from the
above catalogue with existing and protoype L2 products.

Event Week Water-Vapour — EUM sounders products and applications — 13/12/2022, online

www.eumetsat.int
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European Severe Storms g
Laboratory EUMETSAT

Science & Training

Evaluating the use of IASI hyperspe - fp i
sounder data for severe stor G e

forecasting at the ESSL Testbe i AR mererometer
Pieter Groenemeijer, Tomas Pucik (ESSL) ' i

Thomas August (EUMETSAT)
Mestbed

In June and July 2019, over

40 Testbed participants worked with
IASI profiles and parameters to make
experimental forecasts for severe
convective storms

estbed

In June and July 2019, over

%
o
%\\\ 40 Testbed participants worked with

IASI profiles and parameters to make
experimental forecasts for severe
convective storms

The IASI sounder measures infrared radiances ...

Now availab/e ]
diy

Operational IASI
Infrared Sounding

« flies on polar satellites Metop-A/-B/-C launched
2006, 2012, 2018

« has a pixel size of 12 km at Nadir - 2000km swath
Main conclusions:

« Two overpasses per day across central/southern
Europe, in the morning and evening

Main conclusions:

« almost all forecasters

L he fype ot + More frequent overpasses in northern Europe

data useful
« forecasters would like to have a higher oS
ibesidusecobini e coming s0°° - almost all forecasters
1ASI-Next Generation
« 1ASI profiles should stay completely fu un d t h et e uf
...from which vertical profiles of temperature and EXPSSI Ss ol » will have the same coverage but improved sounding yp
humidity are derived. + forecasters found greatest discrepancies HSHiomence data useful
They can be compared to the profiles from numerical between 1AS| and NWP in the near-

weather prediction (NWP) models: surface humidity

« precipitable
water

- preferred T MTG-IRS coming 0™ . a
— Tom I Metaoeat hid Gnaracon - nahd Suder I I z S; forecasters would like to have a higher
+ CAPE . . 12
A — : lapee reces I Linnd ot (spatio-) temporal availability

1AS| temperature + Similar sounding data to IASI, but every 30 min

and with  pixel size of 7 km

The first MTG sounder satellite is scheduled to be
launched in 2023.

a Sel i n e IASI profiles should stay completely

independent of the model data

to StUd m  forecasters found greatest discrepancies

between IAS]I and NWP in the near-
surface humidity

Studies of past cases

ESSL is evaluating the potential of IASI by evaluating
past cases of severe convection that were impactful
or not well anticipated by NWP models. An example
is provided below:

n -
EARS - IAS service " #¥ailabje

The EARS-IASI level 2 service is routinely providing
temperature and humidity sounding from 1ASI within
30 minutes maximum from sensing. The products
are available through the EUMETCast service, for the
areas covered by the local receiving stations of the
EARS-IASI network. The products exploit the MW

NWP humidity —

.. N

area with higher companion instruments, hence data is also provided
« in most cloudy regions. The retrievals are fully -
1AS1 then n the independent from numerical weather forecasts. Preferred |ASI-derived parameters

1 ECMWF model
... from those, we can compute convective

parameters, such as CAPE:

= preferred according to Testbed participants
parameters are

cause: ECMWF
model forecasts a

lower temperature
than 1ASI observes

- CAPE
- lapse rates
- precipitable

& e g

: ' e g = & P oa®
s— \oi il water F o & & T
Comcive Ronn y . - . o o o -\.S‘- o
e ¢ ; P. Groenemeijer, T. Pucik (ESSL) R il

e T European Meteorological Society < < o
The European Severe Storms Laboratory is a non-profit research organization ne 5 rg) Copenhagen 201 9

located in Germany and Austria (Wiener Neustadt). It supports by operating the
European Severe Weather Database, organizing the ESSL Testbed an ntific
imeetings. It carries out research on the climatology, impacts and forecasting of severe
storms and provides forecaster trainings. Its members include 20 Europe: ather
services and research centres, as well as 17 commercial supporting members.

For more information, visit:

@& EUMETSAT



& [eed-back from studies with ESSL and OMS/

See study webstories for more details...

www.eumetsat.int

»
Hyperspecl:ral E https://www.eumetsat.int/severe-storm-forecasting-lab

sounding for severe https://www.eumetsat.int/hyperspectral-instability-monitoring-using-iasi

storm forecasting

v' Forecast-free products required

v Sometimes IASIL2 != forecasts

v Usually IASI low-tropo temperature is more representative

¢, Dry bias in IASI L2 reported near surface in some (moistest) situations
¢ Usually IASI CAPE are lower (“smooth” profiles)

EUM/RSP/VWG/22/1328937, v1 Draft, 19 September 2022 47



Satellite-Ground synergy - Study with OMSZ = Z Kocsis talk

Averaging Kernels

www.eumetsat.int

0' 0
_ and
Odell e
200 200
fro
ical
osed ¥ ' ologicd
0 (0]
Meteé
©
|}
§400 o 400
= =
el
) g
5 @
% (7]
] v
hust Q.
Q O
Qoo ‘= 600
| -
g 2
5 3
Q E
£ =
+ <
<C
800 800
1000 \HHHH'HIIHH\|\HHHII|HHIIIH‘HHHHI'IHHIHI 1000
—-0.f 0.0 0.7 0.2 0.5 0.4 05 =07 0.0 0.7 0.2 0.5 0.4 0.5
K/ K In(pprmv) [/ In(ppmy)

EUM/RSP/VWG/22/1328937, v1 Draft, 19 September 2022 48



Satellite-Ground synergy - Studies with OMSZ

www.eumetsat.int
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Satellite-Ground synergy - Studies with OMSZ

20-16-12 -6 4 0 4
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www.eumetsat.int
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Satellite-Ground synergy - Studies with OMSZ

www.eumetsat.int
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Satellite-Ground synergy - Studies with OMSZ

In this case,
IASI lapse rate higher than NWP,

vielding larger CAPE.

1ASI
Temperature
o

20-16-12 -8 4 0 4 B 12 1

20-16-12 -6 4 0 4 8 12 16 20 24 28 32 36 40

4 28 32 36 40

IASI
Dew point
1]

ure [AP

Pre

<. 300 Customised
TOP (hPa C) 165 -76.5
£QL (hPa C) 239 -54.9
LFC (hPa C) 888 14.4
400 LCL (mSFC hPa) ? 888
(C) 14.4
CAPE.CIN (Mkg) 933 00
500 RTS00(1000 (m) 5625
.5 RTB50/1000 (m) 1390
&00 4 Tmax-700 {C/100m)
"-.,__“ Tmax-850 (C/100m)
200 4 o N Tmax-CCL {C/100m)
201 9:00 UTC SBCAPE ECMWEF + surface 0
. EFG i i ik I =TT R GGl LCL-
. increased 694 = 939 J/kg.
- T T -
70 60 .50 40 30 -20 10 0 10 20 30 40 5

www.eumetsat.int

150 1

200 1

i Hadagraph Emagram
- ECMWF
]
551 (C) 0.8
K (T 29.7
—_ ID-1 o MI(C) 206
E = CT(C) 230
TTC) 492
E VT (C) 282
- 200 PW (mm) 323
TO level (hPa) 6713
CCL (mSFC hPa) 7 885
CCL(C) 144
Wind [m/s] T-cum (G 24.3
0 Parcel [(hPa) 1000
start (C 26) 243 &1

{

Temperature [C]



& Satellite-Satellite synergies - Future plans 2 with P.Watts & L.Spezzi
MW+TIR sounders ==  VIS-NIR-TIR imagers
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Thank you ! Questions?

Sounders meet forecasters

Forecast-free thermodynamic profiles:
most sensitive in free tropo,
but some potential in BDL too
User Dialog = define best actionable information

www.eumetsat.int

Science goes on

Near-surface dry bias?
validating in pre-convective situations
blending satellite-ground obs.
synergy sounders - imagers

IASI regional service
Available within 15-30 min from sensing

Climate data records
2007-2022, extending out with new missions

MTG-IRS, a nowcasting mission
Unique 4D look into the atmosphere
Get ready! User familiarisation
Consolidate requirements

LSLICHY ~ 01 /51 /9014

High lats and Polar missions...

Event Week Water-Vapour — EUM sounders products and applications — 13/12/2022, online 54
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