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0SS Background

@ Single channel training (e.g. Moncet et al. 2001, 2003, 2008):
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¢ Wavenumbers v, (nodes) and weights w, are optimally selected to fit
calculations from a reference line-by-line model for a globally
representative set of profiles (training set)

® 0SS models trained with single channel éloculized) approach
(described in details in Moncet et al. 2008) have shown significant
advantages over OPTRAN or RTTOV for hyper spectral sounders
® Increase forward model speed by ~ an order of magnitude
® Computational time proportional to total number of nodes
® Efficient Jacobian calculation
® Provide greater numerical accuracy
® Provide greater flexibility:
® Selectable accuracy
® Highly flexible and computationally efficient treatment of minor species

Potential advantages of an OSS node-based radiance compression
approach in assimilation of hyperspectral sounding data
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Global (vector) OSS training

Global training applies to a o LBLRTM
vector of channels (instead ER cclculations ~20.000,000
of individual channels) s
® Could be individual bands, g .
optimal channel subset or 3 ~AEenEey
whole spectrum (or PCs)
Training becomes prohibitive P——
and problem is to find ways ~8000
of speeding up the training =
w/o compromising the £ - |
optimality of the solution s ~1000
Global training still monitors 2
accuracy in each individual o
channel! it ~300

Node vs. PC representation

*PCA inherits the correlations from the set of profiles used for training. Solution
constrained to lie in the space defined by the retained eigenvectors

*PCA tend to filter out small signals due to minor constituents

*PCA blends information relative to the different constituents complicating their use in
the inversion and assimilation

*PCA blends the vertical signal making it difficult to perform dynamic selection in
assimilation to retain for instance only the information relative to the clear atmosphere
above cloud top. Same with land surface.

® Node based representation cannot achieve same compression factor as
PC (basis vectors not orthogonal)
® |ess reliant on training set (more robust)
® (0SS is more physical
® Nodes selected to represent variability in each channel
® Jacobians are localized

Example of 1D-VAR
retrieval results

(Climatology background)
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Testing with IASI (T jemkes et al., 2008)

LBLRTM 0ss RTIASI

® OSS adopted by
EUMETSAT for MTG-IRS :
Level 2 concept development

® OSS and RTIASI provide ! .
similar retrieval accuracies |
when applied to real I '
observations (limited by
uncertainties in
spectroscopy and “truth” 5 | ;
profiles, and instrument (R R P

nmse) Temperature Jacobians for each IASI channel with
[ ] Significqm‘ 0SS ﬁming RTIASI and OSS compared to LBLRTM Jacobians
(single profile)

advantage
Note: negative spikes in RTIASI Jacobians fixed

Total number of nodes depends on Example of OSS performance (IASI)
mUITlple fGCT(_)I"S_- OppllCOTlOl"l ® Model accuracy: 0.05K for all channels
dependen'r (dlfflcuh’ to pr‘owde a ® Numbers not expected to change

single number for given instruments) significantly when applied to PCs or PC-
These include: reconstructed radiances so long as most

information is preserved
® Model accuracy (0.05K - current training 00
does not take instrumental noise into . Number of 0SS nodes
var. species, no d(p)
account) 70 1 W2 variable species AlL670

® Number of variable species (from 2 10 20 | & 20 variable species
in current RT model)
e Difficulty of training set (random A7
perturbations §(p) added to profiles to w00

remove vertical correlation, secular 2,334
trends for e.g. CO, added) 0 st 250 A, 28
Number of bands 0 Band1, 210 ") sand3, 210 + a2, 201
® Handling of variations in viewing 1 and3, 1590 and, 157 B3, 167
geometry (currently applies from O to
~70° to include geostationary sensors - o
scan angle binning could reduce # nodes) o ! : 3 4 s

When applying OSS to PC modeling, all 12007
selected nodes contribute to each individual £
PC, which makes it impossible to isolate a
posteriori specific parts of the spectrum for
the inversion. One key advantage of
remaining in channel space (whether it is raw
or reconstructed radiances) is that it allows
performing a single channel search on the
final node selection to allocate nodes to the
different channels. This last operation
minimizes the “blending” of the spectral
information which complicates the utilization
of PCs in some applications.
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Computational speed in inversion /assimilation (hon-scattering media)
limited by algebra, no longer by forward model speed. Need to reduce
size of observation vector for further gain.

Average computational time (in sec/profile) for inversion of full IASI spectrum using
RTIASI and OSS with non-linear iterative retrieval algorithm used in the development
of operational Meteosat Third Generation-IRS Level 2 concept. Timings for forward
models alone are provided in column 3

Forward model | Retrieval | Direct + Jacobians
RTIASI 502 246.3

0SS 269 10.0
Courtesy of EUMETSAT (Tjemkes et al., 2008)

@ Overall gain in IDVAR: ~20

Handling node radiances in variational
systems

@ Jacobian mapping from node t0  Node radiance estimated from full observations vector:

channel space (forward model

level) may be very expensive if oy e e
number of channels is large
® Reduced with PC where fj:(A’SE‘A) 4!
and 5, =(4"s;'4)

® Suppressed with node based

representation sy = (KK + ) KIS 0 =0, )4 K, (5, )]

Reduction in algebraic (
manipulation by 1-2 orders of

S—

w1

R, 57 ) RIS -5 ) R (e, )

magnitude with node (or PC)
based representation Equivalent to:

Kot

=x, (KIS, +8,) KIS 4By -y, J K, 5, )]

Application to clear retrieval down to cloud
top (IASI Band 1; black cloud at 500 mb)

AEEI"OﬂCh? 51 nodes selected 152 “clear “
for inversion / channels use

® Project full cloudy radiance . h | 121 nodes
spectrum onto nodes 12001 | —
@ Perform dynamic node selection Light blue:
. X = 100k 1| nodes with
® Using e.g. Jacobians and 1IDVAR 5 small 0SS
cloud top retrieval (Pavelin et al., v == || weights
2008) or other fechnique g 1000F E
® In this experiment, perfect 2
knowledge of cloud top is used % ooof ]
@ Trim obs error covariance matrix %
(node space) and perform retrieval 3
with reduced set of nodes &

Node representation vs. Reconstructed Radiances

@ In current applications, advantages of using RR are:
® Noise reduced through PC filtering (no significant additional noise reduction expected due
to using whole spectrum)
® All information, in theory, contained in reduced set of channels

® Optimal channel selection can in principle be applied to reduce number of components in the
observation vector w/o additional loss of information
® Suffers from the same limitations as PC (see above)
® Node based representation:
® All spectral information (within limits of model accuracy) contained in selected nodes: no
sighificant gain expected with additional PC filtering
® Node selection remains the same whether it is used to model the full spectrum or a subset
of channels, provided that the channel selection is truly optimal
® From an information content point-of-view, there is little to be gained by using channel
selection applied to RR as opposed to the full raw radiance spectrum to estimate node
radiances.
® Tn this context, one should be able to avoid channel selection (and combined PC noise
filtering step) altogether
@ Need to compare both approaches in assimilation (or inversion) to quantify impact of
methodology differences

Summary

® 0SS method is fast, numerically accurate and very flexible

® Can easily be configured to apply to channel radiance modeling, PC, reconstructed
radiances...etc (no change to the forward model required - just the weights )
@ A simple thought is to use node-based representation for compress hyper-spectral
observations in inversion or assimilation
® Unlike PC this representation is sub-optimal
® But it has potential to alleviate some of the issues relating to use of PC (e.g. non-
localized behavior)
® This work is very preliminary
@ May be worth exploring further???





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


