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e The hyperspectral sounding “Swiss army knife”
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Atmospheric profiles with hyperspectral IR sounders
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G Atmospheric profiles with hyperpectral IR + MW sounders
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e Hyperspectral missions — vertical information content and resolution
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Hyperspectral missions — vertical information content and resolution
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e MTG-IRS: unique 4D look into the atmosphere

_ ‘ | = IRS pixels
IAST footprints - On OOl ~7Zkm
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e IASI L2 operational processor overview — Day-1 baseline to all IR missions
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G PWLR: PieceWise Linear Regression for hyperspectral sounders
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[ASI L2 sounding — Atmospheric humidity profiles
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IASI L2 sounding — Typical yield
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e IASI L2 sounding — Performance assessment

Extensive validation of temperature and humidity products:
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 L2 TCDR T/g 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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e Humidity sounding — Quality indicator significance vs radiosondes (IGRA)

Specific Humidity - Troposphere

vs radiosondes
August 2018
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e Temperature sounding — Lapse rate

vs radiosondes (IGRA)

& EUMETSAT
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G Humidity sounding — Partial columns vs
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GS1 IASI-PFS M01 vs IGRA sondes Precipitable Water | [BL1500m]
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e Humidity sounding — Total columns vs ground-GPS (EUMetNet)

GS1 IASI-PFS MO01 vs EumetNet | [2021-08-01 - 2021-08-31]

matches

300

w0°s

s I O R 2 - o O Oy g e g 100
_SSFUMETSAT |~ > e

180°

165°W 150°W 135°W 120°W 105°W 90°W T75'W 60°W 43°W 30°W I5°W 00 ISE 30'E &E G0E 75°E 90'E 105'E 120°E 135°E 150°E 165'E 180

IASI TCWV M02 — 2007,

@& EUMETSAT

DR 50

Metop-A TCWV 2007-2018

ll/\'pcl's}wutml s()unding }n’()ducts - Convection \\'orking (]mup, Budzlpcst, 19/05/2022

EumetNet Precipitable Water [mm]

IASI-L2 - EumetNet rel. Diff [%]

& EUMETSAT
GS1 IASI-PFS MO1 vs EumetNet Precipitable Water
[2021-08-01 - 2021-08-31]

30

Y =0.98x + 0.75

1)

g I
-
L=
R

,_.
[=]
2

# of occurrence (BinSize

T T T T T
5 10 15 20 25 30 35 40 45 50 55 &0 65 70
IASI-L2-0OEM Precipitable Water [mm]

& EUMETSAT
GS1 IASI-PFS MO01 vs EumetNet Precipitable Water
[2021-08-01 - 2021-08-31]

50

40 4

30 9

20 1

—&— QOEM: rel. Bias [%] (0.31%)

LA @+ OEM: rel. stdd [%] (11.68%)

’ —a— Regression: rel. Bias [%] (-1.44%)
@+ Regression: rel. stdd [%] (12.75%)

(#0.46%) (#1.78%]) (#0.99%) (#0.91%) (#0.17%]

(#3.64%) } (#14.12%) } (#28.07%) ! (#30.48%) ! (#14.51%) } (#4.48%])
5 10 15 20 25 30 35 40 45 50 ] =]
EumetNet Precipitable Water [mm] (BinSize=5,#153810)

(#0.34%) } } (#0.04%)

65

v.eumetsat.int



Hypcrspcctral sounding products - Convection Working Group, Budapcst, 19/05/2022

EUM hyperspectral sounders

Missions and algorithm overview

Products performances

Validation, uncertainty estimates

Application and case studies

IASI regional service, preparing for MTG-IRS

www.eumetsat.int

25



EARS-TASI L2 regional services - timely for nowcasting

www.eumetsat.int

EARS—IASI Lz - RH - MO1_201705131957327_201705132009072

v’ Direct broadcast stations T e | =
v Timeliness < 30min from sensing ST e
v’ Forecast-free products + -

uncertainty estimates
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e EARS-TASI L2 — Retrieving 3D humidity structures

20130929002000Z 20130929002000Z




e A full weather story with MTG

Environmental lapse rate
12°C/1000 m ABSOLUTE INSTABILITY.

4000m -8°C ]

Wet rate
6°C/1000 m

3000m 4°C

2000m 16°C ¢ 1 B  warmer than 20°C
nnnnnnnnnnnn t Sol
1 heating
g Rising air 2'
rmer than 30°C
nnnnnnnnnnn t 1
40°C -

Evaluate the
thermodynamic state
before clouds form.

Gain precision and
lead-time in the
assessment of potential

severe weather.
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Atmospheric profiles from space — manage expectations

Hyperspectral sounding are
"smooth" version of the truth
+
Lower sensitivity near surface

Intrinsic to the measurements, -
not a retrieval deficiency.
| ) i
... but still, capable of -
theormodynamic information

Pressure { hPa)}
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e Ongoing dialog with forecasters

» 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 ?
» to evolve the current Polar services

» to consolidate requirements
and prepare for MTG-IRS



e Tracking instability with IASI L2 products

www.eumetsat.int

Case study:
Central Europe Flooding 20 June 2013

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
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e Tracking instability with IASI L2 products

www.eumetsat.int

Case study:
Central Europe Flooding 20 June 2013

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
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G Kiira storm, 12/08/2017

www.eumetsat.int

Sounding 0973 :: 201 708120938542_201 708120944532
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Cred |t5' Paavo Korpela
Operational forecaster / developer
Safety Weather Centre

Finnish meteorologlcal mstltute
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@ CEuropean Severe Storm Laboratory

www.eumetsat.int

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.

[I'\le\l)udr.ll .wum{ing ]m»dmb - Convection W ml\mg (]rnu]), Budd}w\l, 19/05/2022 34



European Severe Storms é
Laboratory EUMETSAT

Science & Training

Evaluating the use of IASI hyperspe .- Wil eatoliee
sounder data for severe storm R U .3 .
forecasting at the ESSL Testbed e Ay ereamaiar

Pieter Groenemeijer, Tomas Pucik (ESSL)

Thomas August (EUMETSAT)
mustbed

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

\\ 40 Testbed participants worked with
IASI profiles and parameters to make

experimental forecasts for severe

convective storms

The IASI sounder measures infrared radiances ...

no
Operational IAs " 2Vailabe;
Infrared Sounding Inter

« flies on polar satellites Metop-A/-8/-C launched
2006, 2012, 2018

« hasa 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
found the type of
data useful

+ More frequent overpasses in northern Europe

« forecasters would like to have a higher
(spatio-) temporal availability

« almost all forecasters
found the type of
data useful

I RS forecasters would like to have a higher
(spatio-) temporal availability

a Sel i ne IASI profiles should stay completely

independent of the model data

to Stu d = forecasters found greatest discrepancies

between I1AS]I and NWP in the near-
surface humidity

IASI-NG

IASI-Next Generation

wm\\'\l soon-

« 1AS! profiles should stay completely
..from which vertical profiles of temperature and incipsadentottha motel dats
humidity are derived. « forecasters found greatest discrepancies
They can be compared to the profiles from numerical “Mﬂe';‘"s'l;l"d NWP in the near-
weather prediction (NWP) models: msTacahurnidity

+ will have the same coverage but improved sounding
performance

Moo
MTG-IRS coming 5°°

Meteosat Third Generation - InfraRed Sounder

+ preferred
ECMWF - Fri 14 Jun 2019 09 UTC (Fri 14 Jun 00 UTC +9h) parameters are

and with a pixel size of 7 km

- cApE
) | Tt + willfly on the geostationary Meteosat Third
//—— NWP mode] temperature (ECMWF) ¥ Pfe‘l».ub’e Generation
water _
185! temperture + Similar sounding data to IAS], but every 30 min

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

Studies of past cases

n -
ESSL is evaluating the potential of IASI by evaluating EARS - IASI] service ow aVBllab,e’

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

The EARS-IAS! level 2 service is routinely providing
temperature and humidity sounding from IASI 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

1ASH oty esroe bar—"" e e erron bar s area companion instruments, hence data is also provided

) « o+ ‘ cA ngto in most cloudy regions. The retrievals are fully

4 - IAS! than in the independent from numerical weather forecasts.
3 ECMWF model

1Ast humldn(y>\ >

NWP humidity —

Preferred IASI-derived parameters
= preferred according to Testbed participants

e G parameters are

model forecasts a
lower temperature
than 1AS observes

... from those, we can compute convective
parameters, such as CAPE:

- CAPE
- lapse rates

2
o - - precipitable | ¢ . e .
o S ) = o u' <! 4 W oF o
e S water F 2 & I
= " o o g
ey 1T v - - A &
R e SALTZZ P. Groenemeijer, T. Pucik (ESSL) & F F o
pooin ool b - by local EARS-1ASI & F & o

European Meteorological Society < “ &
B e et e Copenhagen 2019

European Severe Weather Database, organizing the ESSL Test

meetings. It carries out research on the climatology, impacts and forecasting of
storms and provides forecaster trainings. Its members include 20 Europ:
services and research centres, as well as 17 commercial supporting membe:
For more information, visit:

@& EUMETSAT



G Wind, 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 #C te @meteodel @meteofrance @Cha @KeraunosObs

@Meteobxp o) 0:03/0:25

Hyperspectral sounding products - Convection Working Group, Budapest, 19/




G Wind, Lightning, Hail storm in Dordogne — 04/07/2018

CON-EU - Wed 04 Jul 2018 09 UTC

| ICON-EU forecasts

......

&

v

04/07/2018 at 09UTC

47°N

46°N

45°N

l[)’pcrspcctm] som\ding products - Convection \\r'orking (h'uup, Budupcst, 19/05/2022

CAPE and CIN A ___

Q00 e

www.eumetsat.int

Metop-B/IASI — MLCAPE5S0
04/07/2018 09:5

1°W O°E 1°E 2°E 3°E 4°E



G Wind, Lightning, Hail storm in Dordogne — 04/07/2018

www.eumetsat.int

ECMWEF - Wed 04 Jul 2018 09 UTC

: =g

» i Metop-B/IASI
ECMWF forecasts s Y 04/07/ 2p01é 09:5

CAPE and CIN I, 40
04/07/2018 at 09UTC 7 £

v

47°N

46°N

45°N

3°W 2°W 1°wW O°E 1°E 2°E 3°E 4°E

100 J/kg (hatched)

Hyperspectral sounding products - Convection Working Group, Budapest, 19/05/2022 38



e Wind, Lightning, Hail storm in Dordogne — 04/07/2018

www.eumetsat.int

100
IASI-FG:
7 MLCAPE50: 1936 J/kg
/ MLCINS_O: 9 J/kg
200 S,
§ ECMWF (dashed):
~ MLCAPES0: 312 J/k
w 300 : MLCﬁ\ISO 165 jljlégg'
o IWV :30.07 mm
- LCL : 902.21 hPa
n
0
w400
(a1
Pl 1ASI 3 :
600 e < s T T — =
oo FOFrecasts
800 — T i b RN e + >R ¢ o » TS o o s R —
900 — - - :
1000 BEC-286.07 hPa _ :
-40 -30 -20 -10 0 10 20 30 40

TEMPERATURE (°C)

Il’\'pcl'spudrul smmding }m)ducls - Convection \\’m’]\'ing (]mup, Bud:lpcst, 19/05/2022



24 June 2021: Severe weather outbreak over Central Europe

o st s - - IASI indicates higher temperature

= ;
R e P %

(confirmed with ground obs)
and higher CAPE than forecast

EL400

£L300.

FL250

SRH ©-1km: 50 m2/s2
SRH ©-3km: 134 m2/s2

FL200
500 SHR ©-6km: 21 m/s
SHR 9-3km: 15 m/s

SHR ©-1km: 4 m/s

2 tornadoes
Violent F4 tornado in East Czechia sn

MLCAPESE : 1258 J/kg

700 MLCINS® : 75 3/kg
Giant (210 cm) hail in Austria, Poland - SOUNDER -
800 MLCAPES@ : 2585 3/kg
. . MLCINS® : 16 J/kg
B 615 hail reports in Poland 900 | e o I s
000 [~ T - -
-40 -30 -20 -10 0 10 20 30 40

40 EUM/RSP/NVWG/19/1137756, v1 Draft, 16 November 2019 e EUMETSAT



Studies with OMSZ — Blending satellite and surface observations

www.eumetsat.int

Averaging Kernels
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Studies with OMSZ — Blending satellite and surface observations

www.eumetsat.int

|IASI-GF§ID Fi: 46.60 La: 16.56 Monday 04-08-2018 09:11 =====
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Studies with OMSZ — Blending satellite and surface observations

www.eumetsat.int
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Studies with OMSZ — Blending satellite and surface observations

www.eumetsat.int
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Studies with OMSZ — Blending satellite and surface observations

www.eumetsat.int
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Koszonom !/ Questions?

www.eumetsat.int

Hyperspectral meets forecasters

Forecast-free thermodynamic profiles:
most sensitive in free tropo,

but some potential in BDL too
Dialog with users => best actionable information?

Science goes on

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

IASI regional service
Available within 15-30 min from sensing

MTG-IRS, a nowcasting mission

Unique 4D look into the atmosphere
Get ready! User familiarisation

Consolidate requirements

High lats and Polar missions...

Hypcrspcctral sounding products - Convection Working Group, Budapcst, 19/05/2022 46



www.eumetsat.int

®* SPARE SLIDES
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700

www.eumetsat.int

Profile: 2

800f

Pressure (hPa)

900F

1000} —— L2 retrieval

- - - Numerical model

- Warning -
Il Small vertical structures have no signatures in IASI obs.

I Sensitivity and resolution of hyperspectral sounders is lower
near the surface.

The measurements do not contain information about e.g. small
low-level inversion or fine-scale vertical variations.

What can be retrieved is hence smoother than profiles obtained
from e.g. radiosondes, models

Requirements on IASI L2
Temperature 1K / 1km
Humidity 10% / 2km
= Actual performances, see presentation on 15/09/2020

280 285

Il)'pcrsl\utml smmding pmduds - Convection \\’m’]\'ing (]mup, Bleil})Csl, 19/05/2022

290 295 300
Temperature (K)
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Storm and flash flood Frankfurt — 07/06/2018

www.eumetsat.int

2018/’06/07 09:08:55
g [ aessssssm——— Unwettergefahr

2 Wahrschi

" -

Die aktuelle




OEM formalism (Rodgers, 2000...)
Minimising

J=(x-%;)'S, 1 (x-x;) + (y-F(x))'s,*(y-F(x))

[N\

3 or not FCT ? If so, which error
to assume?




Fine structures (not “seen” by IRS) from prior to posterior
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Propagation of
prior structures (solid)
into
posterior retrieval (dash)

From MTG-IRS discussion paper,
April 2011



Experimenting ECMWF FCT and BG error in IASI L2 PPF

www.eumetsat.int

ELDA T error at level 100 (~600 hPa)
o _ 6. <




e Experimenting ECMWF FCT and BG error in IASI L2 PPF

www.eumetsat.int

T error g error 03 error
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-ELDA FCT error
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G Retrieval dependency to forecasts? An experiment on 12/08/2017

Sounding 0973 201708120938547_201708120944537
— —_—

O | S I
- Tropopause not as fully resolved with
| independent retrievals (Temperature)
- \ than with forecasts (Temperature)
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G Case studies with IASI L2 at DWD

www.eumetsat.int

Okt 28 2013

® Shapiro-Keyser Cyclone ,Christian® X ; TG W ‘ : o 12:00 UEc

® Northern Europe 27-28/10/2013

Hurricane-force gusts (sting jet)
® More than 15 people died

Destructions, ground/ air traffic chaos.

Low—pressure system from Western Atlantic and passed
over Southeast England, Northern Germany, Denmark

and Sweden.

® Record breaking wind gust 191 km/h at Helgoland (DE)

Credits: C. Herold et al. (DWD)

Deutscher Wetterdienst
Wetter und Klima aus einer Hand N ‘

l[)’pcrspcutm] sounding pmducts - Convection \\'orking (;mup, Budupcst, 19/05/2022 56



e Case studies with IASI L2 at DWD

www.eumetsat.int

IASI Profiles

in and around the
Sting jet (SJ) and the
Cold conveyor belt (CC

The descending dry
stratospheric air in the
sting jet area is clearly seen
in IASI profiles B and C.

Both profiles agree well
with te radiosonde.

g

Such profiles are extremely
rare.

Bggadusatef e § ¢

w1 {1

g— ol

[§ sarstsasaenss B
b 4

ll}'})(‘l's}\t(tl'dl smmding pr()ducts - Convection \\'orking (]mup, Bud:lpcst, 19/05/2022



e Case studies with EARS-TASI L2 at DWD

www.eumetsat.int

Case study: Cyclone Frederike 18/01/2018

(Shapiro-Keyser cyclone) Fig.6: Suomi NPP

VIIRS RGB image for
01-18-2018 11:30 UTC
(top) and selected
EARS-IASI L2
profiles (bottom)
from the areas of the
potential sting jet (1),
the cold jet (2) and
the cloud head (3).
Source: DWD

Forecast: The regional model COSMO-DE
predicted the development of a sting jet with
gusts up to 170 km/h. The challenge for the
forecaster was to decide if the sting jet would
reach the ground, resulting in fatal wind gusts.
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Conclusion: COSMO-DE overestimated the gusts, but the stratocumulus
clouds in the satellite picture and the IASI-Soundings (showing strong
boundary layer) gave hints that the Sting Jet wouldn’t reach the surface in
the low lands.
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