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1 INTRODUCTION  

1.1 Purpose and Scope of Document 

The purpose of this specification is to present all requirements specific to the Metop IASI Level 2 

product generation function (PF) which are not already covered in the CGSRD (Core Ground 

Segment Requirements Document) and the other applicable documents. This specification 

encompasses not only the required algorithm functions but also the identified supporting functions 

pertaining to the product generation function.  

The document covers all the functions encompassed by the corresponding PF, the interrelations 

between these functions and the relation to the other functions of the EPS Core Ground Segment 

(CGS). 

1.2 Relations to EPS Core Ground Segment 

This document addresses all the requirements pertaining to the corresponding instrument PF of the 

EPSCGS. The product generation function encompasses all the functions (algorithmic, scientific and 

supporting functions) required for the generation of the products.  

The instrument product generation function is a constituent of the CGS. Therefore, unless otherwise 

specified, all the requirements of the Core Ground Segment Requirements Document (CGSRD) in 

[CGSRD] shall apply to this product generation function.  In particular, the PF shall comply with all 

the requirements of the generic PGE services. 

1.3 Requirements Hierarchy and Precedence 

In the case of conflict between these product generation function requirements and Core Ground 

Segment Requirements Document requirements, the latter shall take precedence.  

Any conflicts shall be brought to the attention of EUMETSAT, in order to resolve such conflicts with 

the participation of EUMETSAT. 
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1.4 Structure of the Document  

Chapter 1 this introduction 

Chapter 2 a description of the instrument 

Chapter 3 the overall processor structure 

Chapter 4 the specifications of the output products and input 

measurement and configuration data 

Chapter 5 the processing sequence specifications 

Chapter 6 the specifications of generic functions 

Chapter 7 listing  and description of all the processing flags  

Chapter 8 description of the static auxiliary data 

1.5 Conventions 

Where a deviation from or limitation to the use of the convention is required it will be explicitly 

defined within this document. In particular, in the case of a conflict between definitions in other 

documents and this document, the conventions in this document shall take precedence. 

1.6 Reference Frames Definition and Use 

The usage of reference frames shall comply with the definitions expressed in this document:  

EPS Mission Conventions Document EUMETSAT [EPSconv]  

DM Number [EUM/EPS/GGS/SPE/990002.] 

The numbering of IFOVs within an EFOV shall comply with this document:  

IASI L1C processing specifications: « Dossier de definition des algorithmes » [IASIL1spe]  

EUMETSAT Document Number [IA-DF-0000-2006-CNE]  

1.7  Acronyms used in this document 

Acronym Meaning 

AC SAF Atmospheric Composition Monitoring SAF 

AMSU-A Advanced Microwave Sounding Unit A (part of ATOVS) 

API Application Programming Interface 

ANN Artificial Neural Network 

ATBD Algorithm Theoretical Basis Document 

ATOVS Advanced TIROS Operational Vertical Sounder 

AVHRR Advanced Very High Resolution Radiometer 

CGS Core Ground Segment 

CGSRD Core Ground Segment Requirements Document 

ECMWF European Centre for Medium-Range Weather Forecasts 

EFOV Elementary Field of View 

EOF Empirical Orthogonal Function 

EPS EUMETSAT Polar System 

FG First Guess 



EPS.SYS.SPE.990013  
v8E e-signed, 10 July 2017 

IASI Level 2: Product Generation Specification 
 

 

Page 10 of 128 

Acronym Meaning 

FOV Field of View 

FRTM Fast Radiative Transfer Model 

FTS Fourier Transform Spectrometer 

GIADR Global Internal Auxiliary Data Record 

G/S Ground Segment 

GHG Green-house gases 

GHRSST Group for High Resolution SST 

HIRS High-resolution Infrared Radiation Sounder (part of ATOVS) 

IASI Infrared Atmospheric Sounder Interferometer 

IFOV Instantaneous Field of View 

IIS Integrated Imaging System (of IASI) 

IPSF Instrument Point Spread Function 

ISRF Instrument Spectral Response Function 

L1C Level 1C 

LST Land Surface Temperature 

MHS Microwave Humidity Sounder (part of ATOVS) 

NRT Near-real time 

OSI SAF Ocean and Sea-Ice SAF 

PCC Principal Component Compression 

PCR Principal Component Residuals 

PF Product generation Function 

PGE Product Generation Environment 

PSF Point Spread Function 

SAD Static Auxiliary Data 

SAF Satellite Applications Facility 

SCC Super Channel Cluster 

SST Sea surface temperature 

TRG Trace Gases 

 

 

1.8 Reference Documents 

No. Document Title EUMETSAT Reference 

EURD EPS End Users Requirements Document EUM.EPS.MIS.REQ.93.001 

AVHL1PGS AVHRR Level 1 Product Generation 

Specification 

EUM/EPS/SYS/SPE/990004 

IASIL1spe IASI L1C processing specifications: « Dossier de 

definition des algorithmes » 

IA-DF-0000-2006-CNE 

IASISpe] IASI Instrument Specification IA-SP-1000-201-CNE 

http://eumapps.eumetsat.int/AcronymFinder/acronymShow/acronym.jsf;jsessionid=e192de277682c90d27368a325ad7
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No. Document Title EUMETSAT Reference 

IASIPsfSpe IASI PSF format description IASI-TN-0000-3312-CNE 01/00, 

03/06/2009 

GPFS] EPS Generic Product Format Specification EPS/GGS/SPE/96167 

AMSUL1PFS AMSU-A Level 1 Product Format Specification EPS/MIS/SPE/97228 

MHSL1PFS MHS Level 1 Product Format Specification 

Document 

EPS/MIS/SPE/97229 

IASIL2PFS IASI Level 2 Product Format Specification EPS/MIS/SPE/980760 

 

EPSconv EPS Mission Conventions Document EUM/EPS/GGS/SPE/990002 

CGSRD Core Ground Segment Requirements Documents EUM/EPS/GGS/REQ/95327 

BUFRcodes World Meteorological Organisation manual on 

Codes Volume 1, International  Codes,  

ISBN: 92-63-1506-X 

IASIL1PFS IASI Level 1 Product Format Specification EPS/SYS/SPE/990003 

PCCPFS EPS IASI L1 PCC Product format specification EUM/OPS-EPS/SPE/08/0195 

Menzel83 W.P. Menzel, W.L. Smith, T.R. Stewart, 

Improved cloud motion wind vector and altitude 

assignment using VAS3 

Journal of Climate and Applied 

Meteorology, 22, 377-384, 1983 

Smith90 W.L. Smith, R. Frey, On cloud altitude 

determination from high resolution interferometer 

sounder (HIS) observations 

Journal of Applied Metreorology, 

29, 658-662, 1990 

Grody Microwave Surface and Precipitation Products 

System Algorithms 

http://www.star.nesdis.noaa.gov/co

rp/scsb/mspps/algorithms.html 

Rodgers C.Rodgers, Inverse methods for atmospheric 

sounding 

Series on Atmposheric, Oceanic 

and Planetray Physics, Vol.2. 

World Scientific, 2004 

FORLI D. Hurtmans et al, FORLI radiative transfer and 

retrieval code for IASI 

J. Quant. Spectrosc. Radiat. 

Transfer , 113, 1391-1408,  

FORLIatbd Fast Optimal Retrieval on Layers for IASI, 

Algorithm Theoretical Basis Document 

FORLI-CO, Complement to FORLI ATBD: 

Descriptions of the inputs to FORLI-CO 

v20100815 

SAF/O3M/ULB/ForlíATBDv01 

 

SAF/O3M/ULB/FORLICO_CATB

D 

Stub99 C. Stubenrauch et al, Clouds as Seen by satellite 

Sounders (3I) and Imagers (UISCCP). Part II: A 

New Approach for Cloud Parameter 

Determination in the 3I Algorithms 

J. Climate, 1999, 12,  

pp 2214-2223. 

Eyre89 J. Eyre and W. P. Menzel, 1989: Retrieval of 

Cloud Parameters from Satellite Sounder Data: A 

simulation Study. 

J. Appl. Met. 28, 267-275 

GTOPO Global 30 Arc-Second Elevation (GTOPO30) https://lta.cr.usgs.gov/GTOPO30 

[LSM  Description of Land/sea and Coastline Data Bases 

for AAPP upgrade 

EUM/EPS/SYS/TEN/00/018 

UWIREMS Global Infrared Land Surface Emissivity Database cimss.ssec.wisc.edu/iremis/ 

AAPP Pre-processing of ATMS and CrIS NWPSAF-MO-UD-027 

GRIBAPI ECMWF GRIB API User Manual https://software.ecmwf.int/wiki/dis

play/GRIB/Releases 

RTTOVguide RTTOV v11 Users Guide NWPSAF-MO-UD-028 
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No. Document Title EUMETSAT Reference 

RTTOVval RTTOV-11 Science and Validation Report NWPSAF-MO-TV-032 

SmithMet R.J. List, 1958: Smithsonian Meteorological Table 6th Edition, Smithsonian, 

Institution Press, Washington D.C.,  

GHRSSTspe The Recommended GHRSST Data Specification 

Revision 2.0 
www.ghrsst.org/modules/docum
ents/documents/GDS2.0_Techn
icalSpecifications_v2.0 

BresciaATBD IASI Brescia SO2: Algorithm Theoretical Basis 

Document 

SAF/O3M/ULB/BresciaSO2_ATBD 

1.9 Background Documents 

These documents give background information and are meant as supplemental reading to aid the 

understanding of scientific or technical details. Algorithms adopted from some scientific papers have 

undergone evolution, so the information given in the following documents may be outdated. In such  

cases, the specifications given in this document take precedence.  

 

No. Document Title Reference 

BD 1 Hyperspectral earth observation from IASI: 

Five years of accomplishments.  

Hilton et al. 2012, Bulletin of the American 

Meteorological Society, 93, 347ï370, DOI: 

10.1175/BAMS-D-11-00027.1. 

BD 2 IASI on Metop-A: Operational Level 2 

retrievals after five years in orbit 

T. August et al, JQSRT, 113 (11), 1340-1371, 

doi:10.1016/j.jqsrt.2012.02.028, 2012. 

BD 3 Global land surface emissivity retrieved from 

satellite ultraspectral IR measurements 

D. Zhou et al, IEEE Trans. Geosci. Remote Sens., 

49, 1277--1290, 

doi:10.1109/TGRS.2010.2051036, 2011 

BD 4 Technical Note: An assessment of the accuracy 

of the RTTOV fast radiative transfer model 

using IASI data 

Matricardi, Atmos. Chem. Phys., 9, 6899-6913, 

2009 

BD 5 Assessing the impact of radiometric noise on 

IASI performances 

U. Amato, V. Cuomo and C. Serio Int. J. Remote 

Sensing, vol. 16, N°15, 2927-2938,  

BD 6 The information content of clear sky IASI 

radiance and their potential for numerical 

weather prediction 

P. Prunet, J.-N. Thepaut, V. Casse 

QJRMS, 124, pp 211-241, 1998 

BD 7 The GEISA system in 1996 : toward an 

operational tool for the second generation 

vertical sounders radiance simulation 

N. Jacquinet-Husson et al.  JSQRT, 59, N°3-5, 

511-527, 1998 

BD 8 The effects of nonlinearity on analysis and 

retrieval errors 

J.R. Eyre  UKMO Forecasting Research 

Technical Report N°252 

BD 9 Assimilation of carbon monoxide measured 

from satellite in a three-dimensional chemistry-

transport model 

C. Clerbaux, J. Hadji-Lazaro, D. Hauglustaine, G. 

Mégie, B. Khattatov and J.F. Lamarque  J. 

Geophys. Res., 106, D14,15, 385-394, 2001 

BD 10 Channel selection methods for Infrared 

Atmospheric Sounding Interferometer radiances 

F. Rabier, N. Fourrié, D. Chafaï and P. Prunet  

Q.J. R. Meteorol. Soc., 128,1011-1027, 2002 

BD 11 Balloon-borne calibrated spectroradiometer for 

atmospheric nadir sounding 

Y. Té, P. Jeseck, C. Camy Peyret, S. Payan, G. 

Perron and G. Aubertin  Applied Optics, Vol 41, 

N°30, 6431-6441, 2002 

BD 12 Retrieval of CO from nadir remote-sensing 

measurements in the infrared by use of four 

different inversion algorithms 

C. Clerbaux, J. Hadji-Lazaro, S. Payan, C. Camy-

Peyret, J. Wang, D.P. Edwards and M. Lo Applied 

Optics, Vol. 41,N° 33, 7068-7078, 2002 

BD 13 First satellite ozone distributions retrieved from 

nadir high-resolution infrared spectra 

S. Turquety, J. Hadji-Lazaro and C. Clerbaux  

Geophys. Res. Lett., Vol.29,N°24,2198, 2002 
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No. Document Title Reference 

BD 14 Simulation of uplooking and downlooking 

high-resolution radiance spectra with two 

different radiative transfer model 

R. Rizzi, M. Matricardi and F. Miskolczi  

Applied Optics,41,6, 940-956, 2002 

BD 15 The feasibility of monitoring CO2 from high 

resolution infrared sounders 

A. Chédin, R. Saunders, A. Hollingworth, N. 

Scott, M. Matricardi, J. Etcheto, C. Clerbaux, R. 

Armante, C. Crevoisier  J. Geophysical. Research, 

Vol. 108, N° D2, 4064-4083, 2003 

BD 16 Spectroscopic measurements of halocarbons 

and hydrohalocarbons by satellite-borne remote 

sensors 

P.F. Coheur, C. Clerbaux and R. Rolin  

J. Geophysical Research., Vol. 108,N° D4,4130, 

2003 

BD 17 Classification of IASI inhomogeneous scenes 

using co-located AVHRR data 

Phillips, P., P. Schlüssel Proc. SPIE, 5979,  

29-41, 2005 

BD 18 Technical note: Analytical estimation of the 

optimal parameters for EOF retrievals of the 

IASI Level 2 Product Processing Facility and its 

application using AIRS and ECMWF data 

Calbet, X., P. Schlüssel  Atmos. Chem. Phys., 6, 

831-846, 2006 

BD 19 An introduction to the EUMETSAT Polar 

System 

Klaes, K.D., M. Cohen, Y. Buhler, P. Schlüssel, 

R. Munro, J.-P. Luntama, A. Von Engeln, E. Ó. 

Clerigh, H. Bonekamp, J. Ackermann, J. Schmetz 

Bulletin of the American Meteorological Society, 

88, 1085-1096, doi:10.1175/BAMS.88.7.1085,  

BD 20 Sensitivity of analysis error covariance to the 

mis-specification of background error 

covariance 

Eyre and Hilton, Q. J. R. Meteorol. Soc., 139, 

524-533, doi: 10.1002/qj.1979, 2013 

BD 21 Toward improved validation of satellite sea 

surface skin temperature measurements for 

climate research 

Donlon, C.J., P.J. Minnett, C. Gentemann, T.J. 

Nightingale, I.J.Barton, B. Ward, and M.J. Murray 

J. Climate, 15, 353ï369, 2002 

BD 22 Diurnal signals in satellite sea surface 

temperature measurements 

Gentemann, C.L., C.J. Donlon, A. Stuart-Menteth, 

and F.J. Wentz Geophys. Res. Let., 30, 3, 1140 

BD 23 Diurnal warm-layer events in the western 

Mediterranean and European shelf seas 

Merchant C. J., M.J. Filipiak, P. Le Borgne, H. 

Roquet, Autret Emmanuelle, J-F. Piolle, S. 

Lavender Geophys. Res. Let., 2008, 35 

BD 24 Observations of the oceanic thermal skin in the 

Atlantic Ocean 

Donlon, C.J. and I.S. Robinson, Journ. Geophys. 

Res., 102, C8, 1997 

BD 25 Operational SST retrieval from 

METOP/AVHRR validation report 

Le Borgne, P., G. Legendre, A. Marsouin, and S. 

Pere, Ocean and Sea-Ice SAF CDOP report, 

Version 2.0, July 2008 
BD 26 FORLI radiative transfer and retrieval code for 

IAS 

Hurmtans et al, JQSRT, 113, 1391-1408, 

doi:10.1016/j.jqsrt.2012.02.036, 2012 
BD 27 Monitoring of atmospheric composition using 

the thermal infrared IASI/MetOp sounder 

Clerbaux et al, Atmos. Chem. Phys., 9,  

6041-6054, 2009. 
BD 28 Measurements of total and tropospheric ozone 

from IASI: comparison with correlative 

satellite, ground-based and ozonesonde 

observations 

Boynard et al, Atmos. Chem. Phys., 9,  

6255-6271, 2009. 

 
BD 29 Carbon monoxide distributions from the 

IASI/METOP mission: evaluation with other 

space-borne remote sensors 

George et al, Atmos. Chem. Phys., 9,  

8317-8330, 2009 

BD 30 A unified approach to aerosol remote sensing 

and type specification in the infrared 

Clarisse et al, Atmos. Chem. Phys., 13, 2195-2221, 

doi:10.5194/acp-13-2195-2013, 2013 
BD 31 The MACC reanalysis: an 8-year data set of 

atmospheric composition 

Atmos. Chem. Phys., 13, 4073-4109, 

doi:10.5194/acp-13-4073-2013, 2013 

BD 32 The 2007-2011 evolution of tropical methane in the mid-

troposphere as seen from space by MetOp-A/IAS 
Crevoisier et al, Atmos. Chem. Phys., 13, 4279-

4289, doi:10.5194/acp-13-4279-2013, 2013. 

http://frankwentz.com/papers/tmi/diurnal_signals_in_satellite_sst_measurements.pdf
http://frankwentz.com/papers/tmi/diurnal_signals_in_satellite_sst_measurements.pdf
http://archimer.ifremer.fr/doc/00004/11560/8156.pdf
http://archimer.ifremer.fr/doc/00004/11560/8156.pdf
http://archimer.ifremer.fr/auteurs/emmanuelle-autret.htm
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No. Document Title Reference 

BD 33 The Concordiasi field experiment over 

Antarctica: first results from innovative 

atmospheric measurements 

Rabier et al, Bull. Amer. Meteor. Soc., 94, ES17-

ES20, doi http://dx.doi.org/10.1175/ BAMS-D-

12-00005.1, 2013 
BD 34 Equatorial total column of nitrous oxide as 

measured by IASI on MetOp-A: implications 

for transport processes 

Ricaud et al, Atmos. Chem. Phys., 9,  

3947-3956, 2009 

BD 35 Retrieval of desert dust aerosol vertical profiles 

from IASI measurements in the TIR 

atmospheric window 

Vandenbusche et al, Atmos. Meas. Tech., 6(10), 

2577-2591,  

doi:10.5194/amt-6-2577-2013, 2013. 
BD 36 Tracking and quantifying volcanic SO2 with 

IASI, the September 2007 eruption at Jebel at 

Tair 

Clarisse et al., ACP 2008, doi:10.5194/acp-8-

7723-2008 

BD 37 Retrieval of sulphur dioxide from the infrared 

atmospheric sounding interferometer (IASI) 

Clarisse et al., Atmos. Meas. Tech., 5, 581-594, 

doi:10.5194/amt-5-581-2012, 2012. 
BD 38 The 2011 Nabro eruption, a SO2 plume height 

analysis using IASI measurements 

Clarisse et al., Atmos. Chem. Phys., 14, 3095-

3111, doi:10.5194/acp-14-3095-2014, 2014. 
BD 39 Retrieval of near-surface sulfur dioxide (SO2) 

concentrations at a global scale using IASI 

satellite observations 

Baudouin et al, AMT 2016, doi:10.5194/amt-9-

721-2016 

BD 40 A unified approach to infrared aerosol remote 

sensing and type specification 

Clarisse et al., 2013, doi:10.5194/acp-13-2195-

2013, 2013 

http://dx.doi.org/10.1175/
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2 INSTRUMENT DESCRIPTI ON 

The Infrared Atmospheric Sounding Interferometer (IASI) is a multi-purpose sounding Instrument on-

board Metop, used for global measurement of temperature, water vapour, trace-gases such as ozone, 

nitrous oxide, carbon dioxide, and methane, as well as surface temperature, surface emissivity, and 

cloud characteristics. IASI has 8461 spectral channels, aligned in three bands between 3.62 ɛm and 

15.5 ɛm, with a spectral resolution of 0.5 cm-1, after apodisation. The spectral sampling interval is 

0.25 cm-1. The full specification of the IASI Instrument is given in IASIL1spe. 

2.1 Spectral Characteristics of IASI  

Table 1 summarises the spectral characteristics of IASI IASIL1spe. A satellite altitude of 819 km is 

assumed.  

Band Wavenumbers (cm-1) Wavelength (ɛm) 

1 645 ï 1210 8.26 ï 15.50 

2 1210 ï 2000 5.00 ï 8.26 

3 2000 ï 2760 3.62 ï 5.00 

Table 1: Spectral characteristics of IASI. 

 

The channel numbers k of the IASI Level 1c data are defined by the positions of the channel 

centres in the wave number domain: 

 

’ φτυȢππ  Ὧ ɀ ρ  πȢςυ ὧάȟὯ  ρȟȢȢȢȟψτφρ Equation 1 

 

where: 

’ is the centre wave number of channel k 

2.2 Sampling Characteristics of IASI 

IASI is an across-track scanning system with a scan range of ±48°20´, symmetrically with respect to 

the Nadir direction. Each line covers 30 scan positions and 2 calibration views (one internal black 

body and one deep space view). The scan starts on the Sunward side. The elementary field of view 

(EFOV) is the useful field of view at each scan position. Each EFOV is covered by a 2 × 2 matrix of 

circular samples. Each sample has an Instantaneous Field of View (IFOV) with a diameter of 14.65 

mrad, corresponding to 12 km nadir ground resolution at a satellite altitude of 819 km. The 2 ῒ 2 

matrix of IFOVs (IFOV quadruples) is centred on the current viewing direction. The instrumentôs 

point spread function (PSF), defined as the horizontal sensitivity within an IFOV is uniform within 

80 % of the IFOV, the non-uniformity is less than 5 %. Included in the sounding instrument is an 

Integrated Imaging System (IIS). It consists of a broadband radiometer measuring between 10 ɛm and 

12 ɛm with high spatial resolution to obtain detailed analysis of cloud properties inside the IASI 

sounder IFOVs. The IIS IFOV is defined by a squared area of 59.63 mrad × 59.63 mrad, covering 

64 × 64 pixels. However, the information of the IIS is only used during Level 1 processing for co-

registration with AVHRR and is not used for level 2 processing. Henceforth, the term IASI refers to 

the IASI sounder alone if not explicitly stated otherwise.  
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The instrument scans in a step and stare modus. Each interferogram is acquired within 151 

milliseconds. The 30 × 120 Earth interferograms per scan line are taken in equally spaced time 

intervals every 8/37 seconds so that a synchronisation with AMSU is reached. The calibration of IASI 

is done by one space view, and a view to a hot calibration target. 

 

In addition to the nominal scan sequence, the IASI Instrument can be operated in an  ñexternal 

calibration modeò, in which a specific targetðany of the Earth views, the blackbody, or one of two 

space viewsðis viewed instead of the 30 different Earth views during the nominal scan. Table 2 

summarizes the scanning characteristics: 

 

Characteristics Value Unit 

Scan type Step and stare  

Scan rate 8 second 

Stare interval 151 ms 

Step interval 8/37  

EFOV/scan 30  

Swath ± 48.333 degrees 

Swath width ± 1100 km 

IFOV 14.65 mrad 

IFOV shape circular  

IFOV size (nadir) 12 km 

IFOV size (edge) ï across track 39 km 

IFOV size (edge) ï along track 20 km 

IFOV separation within EFOV - along-track at nadir 19 km 

Table 2: Scanning characteristics of IASI 
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3 PROCESSOR STRUCTURE OVERVIEW  

The retrieval sequence and generated products are summarised in the following figures. The blue 

trapezoids are output products for dissemination and archive (solid lines) and for internal processing 

and in-house monitoring on MPSTAR (PRP files, with dashed lines). Input files are represented by 

parallelograms: measurements are in blue, model data is in green and static configurable datasets are 

in orange. 

 
Figure 1: High level overview of the IASI L1 PCC, L2P and L2 processing. 

 

 
Figure 2: Overview of the geophysical parameters retrieval modules and sequence. 
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4 PROCESSOR INPUT/OUTPUT 

4.1 Generated products 

The tables that follow list the measurement and geophysical products to be generated from the IASI 

L2 PPF. The L2 products shall be output as specified in [IASIL2PFS] and the principal components 

products as per [PCCPFS]. 

 
Name Content of L2 products Purpose 

T Temperature profile NRT dissemination and archive 

q Specific humidity profile NRT dissemination and archive 

CLDNES Cloud detection NRT dissemination and archive 

DUSTCLD Dust detection NRT dissemination and archive 

CFR Cloud fractional coverage NRT dissemination and archive 

TCWV Water vapour total column NRT dissemination and archive 

CLDPHI Cloud top phase NRT dissemination and archive 

CTP Cloud top height /pressure NRT dissemination and archive 

SST Sea surface temperature NRT dissemination and archive 

LST Land and ice surface temperature NRT dissemination and archive 

LSE Land and ice surface emissivity NRT dissemination and archive 

CO Carbon monoxide profile NRT dissemination and archive 

COTC Carbon monoxide total column NRT dissemination and archive 

CH4 Methane total column NRT dissemination and archive 

HNO3 Nitric acid profiles 
NRT dissemination and archive   

(Under development) 

N2O Nitrous oxide total column NRT dissemination and archive 

O3 Ozone profile NRT dissemination and archive 

O3TC Ozone total column NRT dissemination and archive 

SO2 Sulphur dioxide total column NRT dissemination and archive 

Table 3: List of IASI L2 products to be generated. 

 

Product Content of L1 PCC products Purpose 

PCS Principal component scores and reconstruction skills NRT dissemination and 

archive 

PCR Radiance residuals after reconstruction from the PCS and 

quality control 

Archive 

IPO Identification of outliers: spectra that are not correctly 

represented by the leading PCS 

Archive and monitoring 

 

Table 4: List of IASI L1 PCC products to be generated 
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4.2 Algorithm Input  

This section specifies the dynamic inputs and static atlases used to process the IASI L2 products. 

4.2.1 Primary Sensor Data 

4.2.1.1 IASI L1C spectra 

The instrument characteristics are explained in Section 2. 
 

The primary input to the IASI L2 processing algorithms are the spectra and quality information 

contained in the IASI L1C products specified in IASIPsfSpe. In the IASI L1C processing, the effects 

of the instrument function are corrected for, such that the measurements from each of the four 

detectors may be processed with the same configuration for higher level products. 
 

The spectra are contained in the field GS1cSpect . The Boolean flags 

DEGRADED_FIGURE_MDR  and  DEGRADED_PROC_MDR  give general quality information 

with respect to degradation due to Instrument and/or processing. These variables are the generic 

quality indicators. Additional quality flags and Instrument noise indicators are generated during the 

Level 1 processing based on information gained during on-board and Level 1 processing, which shall 

be inspected for processing the IASI L2 products. The Boolean quality flag GQisFlagQual indicates 

the quality of each of the three IASI spectral bands for every IASI spectrum. See Table 1 for 

specifications. GQisFlagQual is established by evaluating the formerly derived quality flags and 

quality information from on-board and Level 1 processing, e.g. quality of the internal calibration 

black body temperature measurement. 

4.2.1.2 Acquisition geometry and product numbering 

The following three figures illustrate the acquisition geometry and numbering of the IASI EFOV in 

the successive 30 scan positions (SP) and the identification of the four pixels (IFOVs) in each scan 

position. 

 
Figure 3: IASI scanning geometry, adapted from IASISpe] 
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Figure 4: Scan position (SP) numbering and viewing angle computation (Ŭ, in degrees), adapted from 

[ IASIPsfSpe]. 

 
Figure 5: IASI pixels identification and PSF pixels ordering projected on ground, adapted from [IASIPsfSpe] 
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A line of data, or measurement data record (MDR) consists of 30 successive acquisitions of four 

simultaneous fields of view. The pixel numbering in a line goes from 1 to 120 as follows: 
 

ὭὪέὺὔόάὦὩὶτz ίὧὥὲὖέίὭὸὭέὲ  ὴὭὼὩὰὔόάὦὩὶ Equation 2 

 

The line or MDR number in a product is incremented along the satellite velocity. 

4.2.2 Auxiliary sensor data 

4.2.2.1 AMSU L1B measurements 

The AMSU-A is a fifteen-channel microwave radiometer that is used for measuring global 

atmospheric temperature profiles and providing information on atmospheric water in all its forms. 

AMSU-A measures in 15 spectral bands, whereas temperature sounding mainly exploits one band, the 

oxygen band at 50 GHz. These spectral bands are summarised in Table 5 below:  

 

Channel Channel frequency (GHz) 
Passes 

per band 

Nominal bandwidth 

(MHz) 
Calibration accuracy (K) 

AMSU-A2 

1 23.8 1 270 < 2.0 

2 31.4 1 180 < 2.0 

AMSU-A1 

3 50.3 1 180 < 1.5 

4 52.8 1 400 < 1.5 

5 53.59 ± 0.115  2 170 < 1.5 

6 54.40 1 400 < 1.5 

7 54.94 1 400 < 1.5 

8 55.50 1 330 < 1.5 

9 FLO = 57.290344 1 330 < 1.5 

10 FLO ± 0.217 2 78 < 1.5 

11 FLO ± 0.3222 ± 0.048 4 36 < 1.5 

12 FLO ± 0.3222 ± 0.022 4 16 < 1.5 

13 FLO ± 0.3222 ± 0.010 4 8 < 1.5 

14 FLO ± 0.3222 ± 0.0045 4 3 < 1.5 

15 89.0 1 <6000 < 2.0 

Table 5: Spectral characteristics of AMSU-A 

Hardware for the two lowest frequencies is located in the AMSU-A2 module. Hardware for the 

remaining thirteen frequencies is in the AMSU-A1 module.   
 

AMSU-A is an across-track scanning system with a scan range of ± 48.33° with respect to the Nadir 

direction. The instantaneous field of view (IFOV) of each channel is approximately 57.6 milliradians 

(3.3°) leading to a IFOV size close to 47.63 km at nadir and a swath width of ± 1026.31 km (with 

sampling time of 200.0 ms) for a nominal altitude of 833 km. The sampling angular interval is closer 

to 58.18 milliradians (3.3333°). The distance between two consecutive scans is approximately equal 

to 52.69 km. 
 

There are 30 Earth views, two views of the internal warm target, and two views of cold space per scan 

line for each channel. Each scan takes 8.0 seconds to complete and is synchronised with IASI 

scanning.  Table 6 summarises the scanning characteristics of the AMSU-A. 
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Criteria Value Unit 

Scan direction west to east (northbound) - 

Scan type step -  

Scan rate 8 second 

Sampling interval (duration) 200 ms 

Sampling interval 3.3333 degree 

Pixels/scan 30 - 

Swath ± 48.33 degree 

Swath width ± 1026.31 km 

IFOV  3.3 degree 

IFOV type circular - 

IFOV size (nadir) 47.63 km 

IFOV size (edge):  across-track 146.89 km 

IFOV size (edge): along-track 78.79 km 

Scan separation (adjacent scan lines) 52.69 km 

Table 6: Scanning characteristics of AMSU-A. 

4.2.2.2 Microwave Humidity Sounder  ( MHS) L1B measurements 

The Microwave Humidity Sounder (MHS) is the follow-on Instrument to the Advanced Microwave 

Sounding Unit-B (AMSU-B) which flew as a part of ATOVS on the NOAA-KLM satellite series. It is 

procured by EUMETSAT for the Metop and NOAA satellites. MHS is a five-channel microwave 

radiometer, which complements the AMSU-A channels. In some MHS descriptions documents, MHS 

channels may be numbered as a continuation of the AMSU-A channels: 16, 17, 18, 19 and 20. 
 

These frequencies carry information about humidity profiles and cloud liquid water content. 

Additionally, the Instrument's sensitivity to large water droplets in precipitating clouds can provide a 

qualitative estimate of precipitation rates. Table 7 summarises the spectral characteristics of the MHS. 
 

Channel 
Central frequency 

(GHz) 
Bandwidth 

(MHz) 
Calibration accuracy (K) 

H1 89.0 ± 1400 1.0 

H2 157.0 ± 1400 1.0 

H3 183.311 ± 1.00 ± 250 1.0 

H4 183.311 ± 1.00 ± 500 1.0 

H5 190.311 ± 1100 1.0 

Table 7: Spectral characteristics of MHS. 

MHS is an across-track scanning system with a scan range of ±49.44° with respect to the Nadir 

direction. The IFOV of each channel is approximately 19.2 milliradians (1.1°) producing a circular 

IFOV size close to 15.88 km at nadir for a nominal altitude of 833 km. Each scan takes 2.667 seconds 

to complete. The scan of the MHS Instrument is synchronised with the AMSU-A scan. There are 

three scans of MHS for each scan of AMSU-A.  
 

There are 90 Earth samples per scan and per channel for a swath width of ± 1077.68 km with a 

sampling time of 19.0 ms. Calibration is performed using a cold-space view and an on-board black 

body target. The sampling angular interval is close to 19.39 milliradians (1.1111°). The distance 

http://eumapps.eumetsat.int/AcronymFinder/acronymShow/acronym.jsf;jsessionid=ca8076d1d77eed7929784aae67e7
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between two consecutive scans is approximately equal to 17.56 km. Table 8 below summarises the 

scanning characteristics.  
 

Criteria Value Unit 

Scan direction west to east (northbound) - 

Scan type continuous -  

Scan rate 2.667 second 

Sampling interval (duration) 18.52 ms 

Sampling interval 1.1111 degree 

Pixels per scan 90 - 

Swath ±49.44 degree 

Swath width ±1077.68 km 

IFOV  1.1 degree 

IFOV type circular - 

IFOV size (nadir) 15.88 km 

IFOV size (edge):  across-track 52.83 km 

IFOV size (edge): along-track 27.10 km 

Scan separation (adjacent scan lines) 17.56 km 

Table 8: Scanning characteristics of MHS 

4.2.2.3 AVHRR radiance clusters and cloud analyses 

The Advanced Very High Resolution Radiometer (AVHRR) is a multipurpose imaging Instrument 

used for global monitoring of cloud cover, sea surface temperature, ice, snow and vegetation cover 

characteristics. The Instrument model flying together with IASI on the Metop satellites is AVHRR/3. 
 

The AVHRR/3 is a six-channel scanning radiometer providing three solar channels in the  

visible/near-infrared region and three thermal infrared channels. It has two one-micrometre wide 

channels between 10.3 and 12.5 micrometres. AVHRR/3 is an across-track scanning system with a 

scan range of ± 55.37° with respect to the Nadir direction. The field of view (IFOV) of each channel 

is approximately 1.3 milliradians (0.0745°) leading to a square instantaneous field of view size of 1.08 

km at nadir for a nominal altitude of 833 km. The scanning rate of 360 scans per minute is continuous 

with one scan every 1/6 second. There are 2048 Earth views per scan and per channel for a swath 

width of approximately ± 1447 km, with a sampling time of 0.025 ms. The sampling angular interval 

is close to 0.944 milliradians (0.0541°). The distance between two consecutive scans is approximately 

equal to 1.1 km. 
 

Although AVHRR/3 is a six-channel radiometer, only five channels are transmitted to the ground at 

any given time. Channels 3a and 3b cannot operate simultaneously. For Metop, channel 3a is operated 

during the daytime portion of the orbit and channel 3b during the night-time portion.  
 

The spectral characteristics of AVHRR/3 are summarized in Table 9. 
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 Channel 

Central 

wavelength 

(µm) 

Half power points 

(µm) 

Channel noise specifications 

Surface/ Noise @  

0.5% reflectance NEdT @ 300K 

1  0.630   0.580 - 0.680 9:1 - 

2  0.865  0.725 - 1.000 9:1 - 

3a  1.610  1.580 - 1.640 20:1 - 

3b 3.740 3.550 - 3.930 - < 0.12 K, 0.0031 mW/(m2 sr cm-1 ) 

4 10.800 10.300 - 11.300 - < 0.12 K, 0.20 mW/(m2 sr cm-1 ) 

5 12.000 11.500 - 12.500 - < 0.12 K, 0.21 mW/(m2 sr cm-1 ) 

Table 9: Spectral characteristics of AVHRR/3. 

 

The AVHRR measurements are already collocated to the IASI IFOVs as part of the IASI L1C 

processing. The AVHRR information required as input to the IASI L2 algorithms is extracted from 

the following fields of the IASI L1C products. See also IASIPsfSpe: 
 

IASI L1C fields Description 

IDefCcsChannelId Radiance Analysis: Identification of the AVHRR channel or  

pseudo-channels used for Radiance Analysis. 

GCcsRadAnalNbClass Radiance Analysis: Number of identified classes in the sounder FOV 

GCcsRadAnalWgt Radiance Analysis: sounder FOV Radiance Analysis (per cent covered 

by each class) 

GCcsRadAnalY Radiance Analysis: Y Angular position of the centre of gravity. 

GCcsRadAnalZ Radiance Analysis: Z Angular position of the centre of gravity. 

GCcsRadAnalMean Radiance Analysis: Mean AVHRR radiances (all channels) of the 

sounder FOV classes. 

GCcsRadAnalStd Radiance Analysis: Standard deviation AVHRR radiances (all 

channels) of the sounder FOV classes. 

GEUMAvhrr1BCldFrac  Cloud fraction in IASI FOV from AVHRR 1B in IASI FOV.  

GEUMAvhrr1BLandFrac  Land and Coast fraction in IASI FOV from AVHRR 1B. 

GEUMAvhrr1BQual  Quality indicator. If the quality is good, it gives the coverage of 

snow/ice. 

Table 10: AVHRR input data within IASI L1C products. 
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4.2.2.4 Acquisition geometry and collocation with IASI 

The acquisition geometry and collocation of IASI with the microwave sounding Instruments and 

image on-board Metop is illustrated in Figure 6. 
 

 
Figure 6: IASI footprint geometry with the AMSU, MHS and AVHRR instruments providing auxiliary 

measurements to the IASI L2 processing. 

4.2.3 Static Auxiliary Atlases 

The static auxiliary atlases described in this section are part of the data package which is installed 

directly on the IASI L2 PPF nodes. 

4.2.3.1 Digital Elevation Model 

The digital elevation model consists of a single file GlobalGtopo2.DEM  which has been compiled 

from the tile files constituting the GTOPO30 global digital elevation model. This is fully detailed in 

GTOPO The file is composed by 58320000 16-bit binary signed little-endian integers. These integers 

correspond to altitudes on a regular latitude/longitude grid with 30 by 30 grid points per 1 degree by 1 

degree box. The GTOPO30 has a resolution of 120 pixels per degree in longitude and 120 pixels in 

latitude. An average of four by four grid points has been used for the lower resolution 

GlobalGtopo2.DEM  file. The altitudes are stored from north to south and from west to east, with 

longitude varying the fastest, such that the position p in the file of a point at longitude ʇ (from ï180 to 

180) and latitude ◖ (from ï90 to 90) is given by this expression: 

 

ὴ ρπψππ zσπz ωπ ‰ σπz ρψπ‗  Equation 3 

 

where: 
 

[ ]  denotes rounding to nearest integer ( [12.3] = 12 and [12.9] = 13). 
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4.2.3.2 Land/Sea mask 

The land sea mask consists of a single file clo.10.00.prd  which contains a land/sea mask and 

coastline mask. Both masks are stored as quad trees based on the principle of recursive decomposition 

of space with a latitude/longitude resolution of 0.01 degree. For a given geo-location, the value of 

both masks is looked up. This results in one of four possibilities:  

0) Sea and not coast,  

1) Land and not coast,  

2) Coastline and sea, 

3) Coastline and land.  

For the computation of the land fraction within a IASI IFOV any coastline is considered as being 

land. Only the value 0 is considered as being sea. The detailed description of the data organisation and 

access is provided in [LSM]. 

4.2.3.3 Land surface emissivity atlas 

The land surface emissivity atlas consists of 12 files, one for each month of the year structured as 

follows UWirbfemis _V2.1_0.1deg_2007??_mask_nc4.nc , These files come from the 

UW/CIMSS Global IR Land Surface Emissivity Database as part of RTTOV. They have been 

converted to netcdf-4 so they are readable with the hdf-5 software library. For a given month of the 

year, the corresponding file holds the emissivity at ten wave numbers at a latitude/longitude resolution 

of 0.1 degree. To save space, the file only includes 2250931  grid points with emissivity values, in 

the NCDF fields /emis1../emis10 . A separate table /emis_flag is used to look up any geo-

location. The result of this look-up is a flag indicating whether an emissivity is available for that grid 

point. From this flag, the index number in the emissivity dataset can be derived. Usually, emissivities 

are not available because the location is over sea. The ten emissivity values are transformed to an 

emissivity spectrum at IASI channel wave number resolution as follows: 

1) Transform the 10 emissivities, Ὁ, to 6 PC scores s,  

ί Ὀ Ὁ Ὁ ȠὭ ρȢȢφ 
Equation 4 

 

2) Transform the 6 PC scores to emissivity spectra on ὔ  configurable wavenumbers ʉ . 

Ὡ ὩӶ ὖίȠὯ ρȢȢὔ  

Equation 5 

 

3) Interpolate linearly (as defined in Section 6.5) the emissivity spectra Ὡ defined at the 417 

wavenumber ʉ  to the wavenumbers of the IASI channels defined in Equation 1.   

The eigenvectors P are stored in the file UWiremis_labeigvects_nc4.nc  in the table 

/PC_scores  and the coefficients D, Ὁ and ὩӶ are configurable. 
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4.2.4 Dynamic Auxiliary Data 

4.2.4.1 NWP forecast 

The NWP fields of temperature, humidity, ozone, surface temperature and surface pressure provided 

by ECMWF are input to the IASI L2 processing. They give initial description of the atmospheric and 

surface state which can be used for cloud detection and as alternative or complementary inputs to 

some of the retrieval functions of the IASI L2 processing chain. 
 

The data come in the GRIB format and are read with the GRIB API maintained and released by 

ECMWF. See [GRIBAPI] for specifications on the GRIB API. The vertical profiles are stored on a 

.  level grid, where the pressures at each level depend on the actual pressure at the surface. The 

pressure Ð at level k is computed as follows: 
 

ὴ

ὃ ὃ

ς
 ὖȢ

ὄ ὄ

ς
Ƞρ Ὧ ὔ  

Equation 6 

 

where: 
 

ὔ  is the number of levels of the profiles 

ὃ  are coefficients defined at half-levels 

"  are coefficients defined at half-levels 

ὔ , ὃ  and "  are stored in the header of each GRIB file 
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5 PROCESSING SEQUENCE SPECIFICATIONS  

5.1 Input Data Preparation 

The purpose of the input data preparation is to gather IASI L1C measurements and relevant collocated 

data in a common IASI_PRP  file, which serves as input for the further processing. The format of the 

IASI_PRP files is HDF5 and the IASI L1C spectra are represented as PC scores in order to limit their 

size and noise filter the radiances. The collocated data includes AVHRR cluster radiance mean and 

standard deviations (already included in the IASI L1C files), AMSU and MHS radiances, ECMWF 

forecast data as well as land fraction and surface elevation mean and standard deviation within each 

IASI field of view. The IASI principal component compression products IASI_PCS and IASI_PCR 

are also generated as part of the input data preparation. 
 

The datasets which are copied or derived directly from the input IASI L1C file are found in the HDF5 

group /L1C. The collocated data are organised in four additional HDF5 groups:  

¶ /Maps,  

¶ /Amsu,  

¶ /Mhs  

¶ /Nwp  

according to the origin of the data. Table 11 below provides an initial overview of the contents of the 

IASI_PRP  files, further details are provided in subsections that follow the table. 
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ID Data Type DIM 1 DIM 2 DIM 3 DIM 4 Units Description 

/L1C/ 

CloudFraction uint8 LINE PIX   % Cloud fraction in IASI FOV from AVHRR 1B in IASI FOV 

(from GEUMAvhrr1BCldFrac) 

EUMQflag uint8 LINE PIX    Quality indicator. If the quality is good, it gives the coverage of 

snow / ice (from GEUMAvhrr1BQual) 

EarthSatDistance uint32 LINE     Distance of satellite from Earth center 

FLG_SATMAN uint8 LINE     Satellite manoeuvre flag (0 = normal, 1 = manoeuvre)  

InstrumentMode uint8 LINE     161=normal 

LandFraction uint8 LINE PIX   % Land and coast fraction in IASI FOV from AVHRR 1B (from 

GEUMAvhrr1BLandFrac) 

Latitude float LINE PIX   degrees_north Latitude of IFOV 

LineNumber int32 LINE     Scanline number in file 

Longitude float LINE PIX   degrees_east Longitude of centre of IFOV 

QFlag uint8 LINE PIX    Quality flag.  

Bit1: Band 1 L1C, Bit2: Band 2 L1C, Bit3: Band 3 L1C,  

Bit4: Band 1 PCC, Bit5: Band 2 PCC, Bit6: Band 3 PCC 

SatAzimuth float LINE PIX   degrees Satellite azimuth angle 

SatZenith float LINE PIX   degrees Satellite zenith angle 

SensingEndTime_day uint16 LINE    days UTC-based scanline stop time. Days since 1 January 2000 

SensingEndTime_msec uint32 LINE    msec UTC-based scanline stop time. Milliseconds in day 

SensingTime_day uint16 LINE    days UTC-based scanline start time. Days since 1 January 2000 

SensingTime_msec uint32 LINE    msec UTC-based scanline start time. Milliseconds in day  

SunAzimuth float LINE PIX   degrees Sun azimuth angle 

SunZenith float LINE PIX   degrees Sun zenith angle  
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ID Data Type DIM 1 DIM 2 DIM 3 DIM 4 Units Description 

/L1C/Avhrr/ 

RadAnalMean float LINE PIX CLUSTER AVH_CH W/(m²  × sr) and 

W/(m²  ×  m-1) 

Mean AVHRR radiance within the three main radiance analysis 

clusters 

RadAnalStd float LINE PIX CLUSTER AVH_CH W/(m² × sr) and 

W/(m²  × sr . m-1) 

Standard deviation of AVHRR radiance within the three main 

radiance analysis clusters 

RadAnalWgt float LINE PIX CLUSTER   Fraction of IASI FOV covered by main AVHRR radiance analysis clusters 

T4_mean float LINE PIX   W/(m²   × sr  ×  m-1) Overall mean value of AVHRR channel 4 

T4_std float LINE PIX   W/(m² . × sr  ×  m-1) Standard deviation of AVHRR channel 4 

T5_mean float LINE PIX   W/(m²  × sr  ×  m-1) Overall mean value of AVHRR channel 5 

T5_std float LINE PIX   W/(m²  × sr  ×  m-1) Standard deviation of AVHRR channel 5 

/L1C/PCscores/ 

Band1/P1 int32 LINE PIX B1P1   Band 1 PCScores coded with 4 bytes 

Band1/P2 int16 LINE PIX B1P2   Band 1 PCScores coded with 2 bytes 

Band1/P3 int8 LINE PIX B1P3   Band 1 PCScores coded with 1 byte 

Band2/P1 int32 LINE PIX B2P1   Band 2 PCScores coded with 4 bytes 

Band2/P2 int16 LINE PIX B2P2   Band 2 PCScores coded with 2 bytes 

Band2/P3 int8 LINE PIX B2P3   Band 2 PCScores coded with 1 byte 

Band3/P1 int32 LINE PIX B3P1   Band 3 PCScores coded with 4 bytes 

Band3/P2 int16 LINE PIX B3P2 
  

Band 3 PCScores coded with 2 bytes 

Band3/P3 int8 LINE PIX B3P3 
  

Band 3 PCScores coded with 1 byte 

RadianceSum float LINE PIX BND 
 

W/(m²  ×  sr  ×  m-1) Sum of reconstructed radiances in each band 

ResidualRms float LINE PIX BND 
  

Noise normalized residual RMS in each band 

/Maps/  

Height float LINE PIX   meter Average Height (from GTOPO30) 

HeightStd float LINE PIX   meter Standard deviation of height 

LandFraction uint8 LINE PIX   % Map based land fraction (quad tree map) 
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ID Data Type DIM 1 DIM 2 DIM 3 DIM 4 Units Description 

/Amsu/  

Radiance float LINE EFV AMS_CH  W/(m² × sr × m-1) AMSU Radiance 

Latitude float LINE EFV   degree AMSU latitude 

Longitude float LINE EFV   degree AMSU longitude 

FLG_AMSUBAD uint8 LINE EFV    AMSU availability/quality flag 

/Mhs/  

Radiance float LINE PIX MHS_CH  W/(m² × sr × m-1) MHS radiance co-located to IASI IFOV 

FLG_MHSBAD uint8 LINE PIX    MHS availability/quality flag 

/Nwp/ 

Latitude int16 GRID    degrees_north Latitude of NWP grid point (scaling factor = 0.5) 

Longitude int16 GRID    degrees_east Longitude of NWP grid point (scaling factor = 0.5) 

O float GRID LEV   kg/kg Ozone volume mixing ratio 

Sp float GRID    hPa Surface pressure 

T float GRID LEV   K Air temperature 

Ta float GRID    K Air temperature (2m) 

Ts float GRID    K Surface temperature 

U float GRID    m/s Windspeed (zonal) 

V float GRID    m/s Windspeed (meridional) 

W float GRID LEV   kg/kg Water vapour volume mixing ratio 

Wa float GRID    K Dew point temperature (2m) 

Index uint16 LINE PIX DLO DLA  Index to match grid points to IFOVs  

PV_a double LEV+1    Pa ECMWF model level definitions, vector A of  Equation 6. 

PV_b double LEV+1     ECMWF model level definitions, vector B of Equation 6. 

Table 11: Structure and content of the PRP files. 
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As can be seen in the table, most of the data are organised according to IASI scan line (LINE) and 

pixel number (PIX). The collocated ECMWF forecast data are a major exception, here the fields are 

kept at the original ECMWF grid points, but only grid points surrounding IASI IFOVs are retained. 

The data set /Nwp/index  indentifies the four surrounding grid points of each IASI IFOV. See 

Section 5.1.5 for further details of the collocation. Furthermore, the AMSU measurements are kept at 

their original resolution with 30 fields of view per scan line. See Section 5.1.8 for further details of 

this collocation. 

The dimensions used in the table above are summarised in Table 12. The values are configurable and 

given as indication of the implementation in version 6.0. For example, both the total number of PC 

scores in each band and the number of these that are stored with 4 bytes, 2 bytes, and 1 byte is 

configurable and could change in future versions.  

ID Value Description 

LINE variable IASI scan lines 

PIX 120 IASI IFOV number within scan line 

CLUSTER 3 AVHRR cluster (3 main clusters) 

AVH_CH 6 AVHRR channel number 

B1P1 1 Band 1 PC score, stored with 4 bytes 

B1P2 41 Band 1 PC score, stored with 2 bytes 

B1P3 48 Band 1 PC score, stored with 1 bytes 

B2P1 2 Band 2 PC score, stored with 4 bytes 

B2P2 61 Band 2 PC score, stored with 2 bytes 

B2P3 57 Band 2 PC score, stored with 1 bytes 

B3P1 1 Band 3 PC score, stored with 4 bytes 

B3P2 44 Band 3 PC score, stored with 2 bytes 

B3P3 45 Band 3 PC score, stored with 1 bytes 

AMS_CH 15 AMSU channel number 

MHS_CH 5 MHS channel number 

GRID variable ECMWF grid point 

LEV 137 ECMWF model ñfullò level. The current ECMWF model uses 137 

levels; but this can change. 

DLO 2 Longitude direction of 4 surrounding ECMWF grid points 

DLA 2 Latitude direction of 4 surrounding ECMWF grid points 

Table 12: Configurable parameters and dimensions of the data stored in the PRP files. 

 

5.1.1 IASI L1C Principal Components Compression 

Two output products are generated by the IASI L1C Principal Component Compression (PCC) 

function, namely the product types PCS (Principal Component Scores) and PCR (Principal 

Component Residuals) respectively. In both Instances, the INSTRUMENT_ID = IASI  and 

PROCESSING_LEVEL = 1C. 
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1. Product type PCS: This product contains a copy of a subset of the MDR fields identified in 

the L1 PCS product format specification [PCCPFS]: 

¶ geolocation,  

¶ L1C quality flags,  

¶ satellite 

¶ sun angles 

These are taken from the input IASI_xxx_1C product as well as the PC scores from which  

noise-reduced radiances can be reconstructed. 

2. Product type PCR: This product contains the noise-normalised difference between the 

original radiances in the IASI_xxx_1C product and the noise-reduced radiances reconstructed 

from the IASI_PCS_1C product. The format is specified in this document [PCCPFS]. 
 

The principal component scores as well as the radiance sum and residual RMS in each IASI band are 

also written to the IASI_PRP file. The purpose of the IASI L1C PCC is to apply Principal Component 

Compression (PCC) to IASI L1C radiance spectra. PCC works by representing multidimensional data, 

like IASI spectra, in a lower dimensional space, which accounts for most of the variance seen in the 

data. This space is spanned by a truncated set of the eigenvectors of the data covariance matrix. By 

noise-normalising the spectra prior to the application of the compression technique, the ability to fit 

the data is enhanced by avoiding giving too much weight to variance caused by noise. 
 

The PCC is applied individually to each of the three IASI spectral bands.  
 

One eigenvector file for each of the spectral bands is needed for the application of the PCC. The file 

names of the eigenvector files used for the compression are included in the PCS (and PCR) 

productsð the same files must be used to reconstruct noise-reduced radiances from the PC scores. 

The eigenvector files are static auxiliary data files are as follows:  

¶ IASI_EV1  

¶ IASI_EV2  

¶ IASI_EV3  

The format of the eigenvector files is specified in Section 5.1 and the reconstruction steps are shown 

in Section 5.8.4. The sequence of operations for compression and encoding the PCS and PCR 

products is described in Section 5.1.1.1 to Section 5.1.1.6. Besides the eigenvectors, a number of 

parameters configure these algorithms; these are detailed in the XML configuration file described in 

Section 8.4. 

5.1.1.1 Decoding of Level 1C spectra 

Before compression, the L1C radiances shall be decoded using the information provided in the IASI 

GIADR- SCALEFACTORS record [IASIL1PFS]. 
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Input sets :  

P  = [0 .. IDefScaleSondNbScale [         

K  = [ 1 .. 846 1]  

KP(K,P) = [IdefScaleSondNsFirst(P)  ï IdefNsfirst ..  

           IdefScaleSondNsLast (P)  ï IdefNsfirst]  * P  

 

Input data :  

GS1cSpect (K) (mixed units)     // from IASI L1C MDR  

IdefSondScaleFactor(P)          // from IASI GIADR - SCALEFACTORS  

 

Output :  

R(K)   (unit: W/ m2/sr/m - 1)  

 

Algorithm :  

R(K) = sum(KP(K,P), GS1cSpect(K)*pow(10, - IdefSondScaleFactor(P)  

 

Figure 7: Pseudo code I.  (decoding of radiances).  

5.1.1.2 Computation of PC Scores 

NBSxP1 + NBSxP2 + NBSxP3  PC scores shall be computed for band x, corresponding to the 

NBSxP1 + NBSxP2 + NBSxP3  first eigenvectors in band x as shown in the pseudo code in 

Figure 8. NBSxP1, 2, 3 refer to the number of scores to be encoded in 4, 2 and 1 bytes, respectively. 

See also Table 12 and Section 5.1.1.3. 
 

 

Input sets :  

K  = [FirstCha nnel .. FirstChannel+NbrChannels [         

P  = [1  .. NBSxP1 + NBSxP2 + NBSxP3]  

 

Input  data :  

R(K) [uni t : W/ m2/sr/m - 1]           // decoded radiance as per section 

5.2  

Noise(K) [unit: W/ m2/sr/m - 1]       // from eigenvector file  

Eigenvectors(K,P)                  // from eigenvector file  

 

Output :  

PcScoresBx(P)                      // PC scores in band x  

 

Algorithm :  

PcScoresBx(P) = sum(K, (R(K)/Noise(K) -  Mean(K))* Eigenvector s(K,P))  

 

Figure 8: Pseudo code II  (compression of radiances in band x) . 

 

5.1.1.3 PFS Encoding of PC Scores 

Before the PC scores enter the product they must be quantised; they must be divided by the 

quantisation factor and rounded to the nearest integer. 
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Within each band, three different types are used for encoding the PC scores in the IASI_PCS_1C 

product:  

¶ signed 4-byte Integer,  

¶ signed 2-byte Integer  

¶ signed byte 

This is because the range of the PC scores decreases rapidly with PC rank and therefore a higher 

number of bytes are required to encode the leading PC scores than the subsequent PC scores. 
 

If a quantised PC score falls outside the range of its type, the undefined value as specified in   

GPFS] shall be used for this particular score as well as for the corresponding ResidualRMS . 

Furthermore, this event will be flagged in the DEGRADED_PROC_MDR field. See the pseudo code in 

Figure 9. 
 

Note: It is expected that the number of fields of each type will be configured such that this will not 

happen. 
 

 

Input sets :       

P1 = [1 .. NBSxP1]  

P2 = [NBSxP1 + 1 .. NBSxP1 + NBSxP2]  

P3 = [ NBSxP1 + NBSxP2 + 1 .. NBSxP1 + NBSxP2 + NBSxP3]  

P  = [1  .. NBSxP1 + NBSxP2 + NBSxP3]  

 

Input  data :  

PcScoresBx(P)                      // output from pseudo - code II   

SQ = ScoreQuantisationFactor(x)    // from config file  

 

Output :  

PcScoresBxP1(P1)                    // for MDR - PCS 

PcScoresBxP2(P2)                    // for MDR - PCS 

PcScoresBxP3(P3)                    // for MDR - PCS 

 

Algorithm :  

PcScoresBxP1(P1) = round(PcScoresBx(P1)/SQ)  

PcScoresBxP2(P2) = round(PcScoresBx(P2)/SQ)  

PcScoresBxP3(P3) = round( PcScoresBx(P3)/SQ)  

 

Figure 9: Pseudo code III  (encoding of PC scores in band x). 
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5.1.1.4 Residual and Residual RMS 

The residual is computed as the noise-normalised difference between the decoded L1C radiances and 

the reconstructed radiances based on the quantised PC scores as shown in the pseudo code in  

Figure 10. If the compression failed in a bandðthis is indicated by having a quantised PC score 

falling outside the range of its typeðthe residual in the band shall be set to zero and the 

ResidualRMS  to undefined value specified in GPFS].   
 

 

Input sets :  

K  = [FirstChannel .. FirstChannel+NbrChannels[         

P1 = [1 .. NBSxP1]  

P2 = [NBSxP1 + 1 .. NBSxP1 + NBSxP2]  

P3 = [ NBSxP1 + NBSxP2 + 1 .. NBSxP1 + NBSxP2 + NBSxP3]  

P  = [1  .. NBSxP1 + NBSxP2 + NBSxP3]  

 

Input  data :  

R(K) [uni t : W/ m2/sr/m - 1]           // decoded radiance as per section 5.2  

Noise ( K)  [unit: W/m2/sr/m - 1]        // from eigenvector file  

Mean(K)                            // from eigenvector file  

PcScoresBxP1(P1)                   // from MDR - PCS  

PcScoresBxP2( P2)                   // from MDR - PCS        

PcScoresBxP3( P3)                    // from MDR - PCS 

Eigenvectors(K,P)                  // from eigenvector file  

SQ = ScoreQuantisationFactor(x)    // from config file  

 

Output :  

Residual(K)     // noise normalised residual before quantisation  

ResidualRMS     // ResidualRMS in band x  

 

Algorithm :  

Residual(K) = R(K)/Noise(K) ï 

               (  Mean(K)  

                 + SQ* sum(P1, PcScoresBxP1(P1) *E igenvector s(K ,P1 ) )  

                 + SQ*sum( P2, PcScoresBxP2 ( P2) *E igenvector s(K , P2) )  

                 + SQ*sum( P3, PcScoresBxP3 ( P3) *E igenvector s(K , P2) )  )  

ResidualRMS = sqrt(sum(K , Residual(K)*Residual(K))/NbrChannels)  

 

Figure 10: Pseudo code IV (Residual and ResidualRMS in band x) 

 

5.1.1.5 Detection of outlier spectra 

For detection of outliers, the residual RMS is adjusted by subtracting the sum of all individual 

radiances multiplied by a configurable scalar, outlierSlope . The result is compared to a pixel - 

(detector) dependent threshold as detailed in the pseudo-code in Figure 11. 
  

Note: A spectrum is considered an outlier if isOutlier  is true for at least one of the three IASI 

bands. 
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Input sets :  

K  = [FirstChannel  .. FirstChannel+NbrChannels [         

Detector   = [1  .. 4]  

 

Input  data :  

R(K) [uni t : W/ m2/sr/m - 1]          // decoded radiance as per section 

5.2  

ResidualRMS                        // ResidualRMS in band x  

OutlierThreshold(Detector )          // Detector dependent threshold 

value  

                                   // from config  file  

OutlierSlope                       // Slope from config  file  

D                                  // Pixel number  

 

Output :  

isOutlier                          // Boolean indicator of outlier 

spectra  

 

Algorithm :  

isOutlier = (ResidualRMS ï OutlierSlope*sum(K, R(K))) > OutlierThreshold(D)  

 

Figure 11: Pseudo-code V  (detection of outlier spectra, band x). 

5.1.1.6 PFS Encoding of PC Residuals 

Before the PC residuals enter the PCR product they must be quantised. Quantised means divided by 

the quantisation factor and rounded to the nearest integer. 
 

If a quantised residual falls outside the range of its type  (ï127 to 127),  it shall be set to the undefined 

value defined in document GPFS].  

 
 

Input sets :       

K = [ 1 .. 846 1]  

 

Input  data :  

Residual(K)                           // output from pseudo - code IV   

RQ = ResidualQuantisationFactor(x)    // from config file  

 

Output :  

PccResidual(K)                        // for MDR - PCR 

 

Algorithm :  

PccResidual(K) = round(Residual(K)/RQ)  

 

Figure 12: Pseudo code VI  (encoding of PC residuals).  

  










































































































































