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Thomas August, Tim Hultberg, Marc Crapeau, 

Stefan Stapelberg, Cédric Goukenleuque 

+ external partners acknowledged in the slides 

Status of regional IASI L2 products at EUMETSAT 

and studies in view of MTG-IRS 
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Background and scope 

2012 
Lessons from v5 

PCA and subspaces 

2014 
v6 first release 

All-sky retrievals 
Rec’d radiances 

2015 
3D retrievals 

Deeper validation 
Potential for regional use? 

2017 
From Global to 

Regional service 

2018- 
Studies, Dialog with forecasters 

First results & feed-back 
IRS requirements & specificities 

Algorithms improvements 
Validation, uncertainty estimates 

 Outreach 
 Exploring new 

regional applications 
 specify future services 
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MTG-IRS – Unique 4D look into the atmosphere 

IASI footprints 
12-40km 

Not-contiguous 
2x per day 

IRS pixels 
~7km 

Contiguous 
every ½h 

0 24h IASI 

CrIS 

IRS 

-A, -B, -C 

3D humidity field from EPS 

MTG- IRS 
Atmospheric sounding 
Unprecedented spatio-temporal 
resolution and sampling 
 
Contains information about 
temperature, humidity, ozone and 
clouds  atmospheric dynamics ! 
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MTG-IRS 

Global NWP 
A. Chemistry 

Air Quality 

Nowcasting  
 

Regional models 

L1 radiances 

L2 
T/q profiles 

(clouds, 3D winds?) 

L1 radiances  (+ winds?) L2 T/q profiles ??? 

MTG-IRS – Unique 4D look into the atmosphere 

3D winds? 

L2 T/q/Ts, clouds 
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Objectives of the dialog with users 

Explore new applications with IASI 
 Raise awareness – what info is in the products 
 Study use case & limitations 
 Learn practical aspects  
 Define User requirements 
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Expose the satellite products with great care 

Temperature & 

Humidity profiles? 

Every ½h  
@4km 
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LCL 

LFC 

CAPE 

CIN 

EL 

Identify needs:  
What is useful? 
How to use it? 

 Case studies with experts Train the trainers 

Sonde 
IASI-A 
IASI-B 

Manage expectations 

"Smooth" version of the truth 
Low sensitivity near surface 
 

Intrinsic to the info in the 
measurements, 
not a retrieval weakness. 
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 Direct broadcast stations 

 Timeliness < 30’ from sensing 

 Pilot phase since Nov. 2017 

EARS-IASI L2 regional service – timely for nowcasting 

Statistical MW+IR retrievals (fast and accurate) 
‘All-sky’ forecast-free products: T/q + QC 
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IRS processing, specificities and commonalities with IASI 

 Strong applicable heritage, assuming harmonised spectra (L1 processing) 

 Similar types of measurements, from GEO in 160x160 array  vs   from LEO in 2x2 detectors 

 Differences: 

 

 

++ Opportunities 

 Spatial resolution 

 Temporal repetition 

 Complementarity GEO/LEO 
 

 

 

 

 

 

!! Challenges 

 coarser spectral resolution/coverage  sounding precision, AC/AQ detectability 

 viewing geometry  high local zenith angles, quasi-limb view 

 Data volume: ~100x more than IASI  CPU-effective processing required 

 IR-only, no micro-wave companion  more sensitive to clouds 

 

IASI 

IRS 

CO2 

T 

Surface  
Clouds 
Dust 

O3 

Surface  
Clouds 
Dust 

H2O CO 

CH4 

SO2 SO2 

N2O   CO2 

NH3 
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1. IRS L2 Day-1 High-level processor overview 

PWLR3 

All-sky 

Forecast-
free 

Statistical 
retrieval 

T, q, Ts 
O3 

land emissivity 
cloud signal 

L2 

All LACs, 
Single 
pixels 

Preparation 
Collocation 

IRS 
L1 

DEM, 
Land/Sea

… 

NWP 
forecasts 

Cloud 

Cloud mask, 
Cloud fraction,  

top height 
 

Dust index 

NWP 

OEM 

T, q, O3 

T, q, O3 

Ts 

NWP 

Post-
processing 

Geometric 
correction 

 

Formatting 

Variational retrievals 



EUM/GES/TEM/07/2025, v2W, 5 March 2019 11 

Temperature and quality indicator validation vs  sondes 

< 50km ;  < 3h 
Match-up QC still needed 

MW+IR IR-only 
Jan. – Oct. 2017 

0 0.75 1 1.5 2 0 0.75 1 1.5 2 

QI T [K] QI T [K] 

Error estimate in low-troposphere 

Yield IR-only Yield MW+IR 
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Dialog and studies with users 

Potential of HSIR L2 for nowcasting 

 ¿ What can we do already with EPS? 

 ¿ What can we learn today ? 

 to evolve current Polar services  

 to consolidate requirements for 

MTG-IRS? 

Users Scientists 

Products & Services 
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Dialog and studies with users 

Quality 
assessment 

Ingest in 
weather 

workstations 

Wind storms 
Reachout 

Testbeds 

Instability 
monitoring 

User training 

IRS MAG ISSWG 

L2 
Assimilation Users 

Science  
Advisory Groups 
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Case studies with IASI L2 at DWD Cyclone Christian 27/10/2013 

• Shapiro-Keyser Cyclone „Christian“  

• 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 of  

191 km/h at Helgoland (DE). 

See also: 

https://en.wikipedia.org/wiki/St._Jude_storm Credits: C. Herold et al. (DWD) 

Source: NDR online 

More case in K. Hungershöfer, Christian Herold et al. (DWD) 
 “Are EARS-IASI L2 products useful for Nowcasting?” 
EUM User conference, Tallinn 2018 
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A 

B 

C 

CCB-J 

SJ 

Case studies with IASI L2 at DWD Cyclone Christian 27/10/2013 

IASI Profiles 
in and around the  

Sting jet (SJ) and the 

Cold conveyor belt (CCB) 

The descending dry 
stratospheric air in the 
sting jet area is clearly 
seen in IASI profiles B 
and C.  
 
Both profiles agree well 
with radiosonde 
measurements.  
 
Such profiles are  
extremely rare! 

RAOB Norderney 
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Instability 

tracking with 

IASI L2, OMSZ 

Forecasts IASI profiles 

TPW 30.7mm 

Credits: Z. Kocsis, A. 
Simon, M. Putsay (OMSZ, 
Hungarian Met. Services) 
 
“Possible Usage of IASI L2 

Profiles in Nowcasting”,  
 

EUM User conference, 
Tallinn 2018 
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OMSZ: IASI-derived instability parameters in support to Nowcasting 

Credits: Z. Kocsis, A. Simon, M. Putsay (OMSZ) 
“Possible Usage of IASI L2 Profiles in Nowcasting”, EUM User conference, Tallinn 2018 

Could be mitigated with 
afternoon sounders,  
until MTG-IRS 

Blend with surface 
observations? 
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Blending satellite and surface observations (OMSZ) 
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Wind, Lightning Hail storm in Dordogne – 04/07/2018 
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Wind, Lightning Hail storm in Dordogne – 04/07/2018 

ECMWF forecasts 
CAPE and CIN 

04/07/2018 at 09UTC 

GFS forecasts 
CAPE and CIN 

04/07/2018 at 09UTC 

ICON-EU forecasts 
CAPE and CIN 

04/07/2018 at 09UTC 

Metop-B/IASI 
04/07/2018   09:50 

Lifted index 

IASI warmer than forecasts 
 in the bottom layers  
 potential instability 
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Learn from forecasters direct experience 

ECMWF forecasts 
CAPE and CIN 

04/07/2018 at 09UTC 

GFS forecasts 
CAPE and CIN 

04/07/2018 at 09UTC 

ICON-EU forecasts 
CAPE and CIN 

04/07/2018 at 09UTC 

The forecasters have intimate 
experience of the various models. 
Differences can come from e.g. timing 
the front, precip or convection.  
 

Independent observations are needed 
to complete the picture and anticipate 
the course of events. 
 

There is deep experience of using e.g. 
radiosondes (sparse), imager cloud 
masks and layer quantities/indices 
(limited vertical information). 
 

 Build the same intimacy btw 

forecasters and hyperspectral 
atmospheric sounding. 
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 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 ESSL experts 
from the above catalogue with existing L2 products. 

IASI T/q products evaluation 
and dialog with users 

in ESSL Test Beds 
June-July 2019 

European Severe Storm Laboratory 
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P. Groenemeijer, T. Pucik (ESSL) 
European Meteorological Society 

Copenhagen 2019 
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Assimilation of IASI Level 2 T/q in NWP 

Studies 

ECMWF: global IFS, IASI L2 IR-only (proxy for IRS) 

Météo-France: regional AROME, IASI L2 MW+IR 

 

J = (x-xbb)T B-1 (x-xb) + (y-Hx)T R-1 (y-Hx) 

Observation operator 
not accounting for  

the vertical sensitivity and resolution M-F: static diagonal (pseudo-sondes) 

ECMWF: full matrix, static + first 
attempts for scene-dependent 
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IASI L2 in AROME, completed – paper in preparation 

%RH forecasts skills vs radar (stddev) 

Degradation Improvement 

- Baseline   - Control (L1)  - Exp. L2 

Credits: S. Bruneira, 
V. Guidard, N. Fourrié 
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Credits: 
K. Salonen, T. McNally 

IASI L2 IR-only assimilation at ECMWF - completed 

Similar positive impacts 

on humidity forecasts of 

assimilating L2 q than 

assimilating radiances! 

 

Further benefits of 

assimilating cloudy 

retrievals 
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Follow-up L2 assimilation study at ECMWF, with obs. operator: 

account for HSIR vertical resolution and sensitivity 

—— L2 retrieval 
∙ ∙ ∙ NWP background 

Increments to 
computed on  
convolved-profiles  
(observation 
 operator, AK) 

Posterior profile,  
Back-transform 
of observation 

operator 

—— L2 retrieval 
∙ ∙ ∙ NWP background 

Increments 
destroy  

the vertical 
information  
of the model 

(esp. for T, better 
resolved and more 

precise than q) 
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Nowcasting  
 

Regional models 

L2 
T/q profiles 

(clouds, 3D winds?) 

L1 radiances  (+ winds?) L2 T/q profiles ??? 

HSIR L2 requirements for regional applications 

… 
 
“Fine vertical structures are required for Nowcasting” 
 
“Forecasters will look away if forecasts do condition the L2 products – 
NWP fields are already available to the forecasters” 
 
“Beyond the absolute values/precision, it is the evolution of atmospheric 
quantities and 3D structures that forecasters will monitor with IRS”  
[similar feed-back from 3D-winds] 
 
“Differences between observations and forecasts always mean 
something and forecasters need to find the why behind the what.” 
… 
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Summary  

 IASI L2 all-sky T/q profiles < 30min 

 Polar service + Learning in view of IRS 

 Studying pre-convection monitoring 

 Study practical utilisation 
 direct use in weather workstations 
 assimilation experiments 
 blending satellite + surface obs 

Regional applications 

 Forecast-free 
 Lapse-/layer- quantities 
 Uncertainty profiles (+AK) 
 Choice of instability indices 
?  flag L2  !=  models 
?  auxiliary/quality information 

Requirements 

Case studies complementarity forecasts + 
satellite observations 

Limitations and potential at high viewing 
angles (outer ring) 

Low sensitivity and dry bias? near surface 

Scientific questions Users 

  

  

  

  

  

 EUM NWC SAF & HQ joint effort 
 Convection Working Group 
 MTG-Up    EPS-SG-Up 
 User training 
 …. 

User preparation 



EUM/GES/TEM/07/2025, v2W, 5 March 2019 30 

Questions ? 
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5th IASI Conference, 20-24 April 2020, Evian (France) 
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Reconstruct vertical? 

Border effects  staging required 

Dwell N Dwell N+1 

Info missing 
in dwell N 

Info lost 
from dwell N 

http://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiF4_Ddi4_VAhXDQpoKHffADm0QjRwIBw&url=http://www.shutterstock.com/video/clip-1380997-stock-footage-a-sketchy-drawing-of-planet-earth-animates.html&psig=AFQjCNE3P24eoPCC7BN8PQn9RfZRx9sbBQ&ust=1500338710797721
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What the 
instrument sees 

RTTOV limit 
of simulation 85° 

IASI 
viewing limit 58° 

Frame of 
thinking 

Local 
satellite 
zenith 

IASI-like 
conditions 

Demonstrated 
operational heritage 

SEVIRI limit 
of GII products 74° 

Sounding in the 
“rim”, to be 

studied 

MTG-IRS viewing geometry and L2 application range 

SEVIRI limit  
of assimilation 68° 
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Sensitivity shift with viewing angle 

Limitations and potential in outer ring? 

Nadir 

Disk edge 

Temperature Humidity 


