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Retrieval of methane in the TIR

Top-of-Atmosphere BT contributions Spectral residuals due to undersampling of model

from different species vertical discretization
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PCRTM : Compress and Reduce

*¢ The number of independent pieces of information is
much less than the number of monochromatic radiances??

1. The convolved spectra can be reconstructed with good accuracy
using a few Principal Components (U))
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2. The PC scoresY; can be calculated as a multilinear model based on a set of
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PCRTM

Pros Cons

10-100x faster than conventional RTM Only applies to observations with a
constant ILS

Based on direct physical modelling
Data intensive when building the model
Can be used with any monochromatic
RTM code Need to reconstruct the model for any
changes in the underlying mode|

Goal

Provide a framework for construction of the PCRTM model in a more
systematic way
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HOW TO PCRTM?



STEP 1

Sources of diverse atmospheres
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Build databases of high-resolution AND
convolved spectra for training and testing

STEP 1

Monochromatic spectra database
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Extract the principal components and
associated scores

STEP 2

Lot Convolved spectra database
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Extract the principal components and
associated scores

STEP 2

Some Principal Components
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Extract the principal components and
associated scores

STEP 2

How many PCs to keep? - Inspect residuals of reconstructed Testing spectra
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Extract the principal components and
associated scores

STEP 2

How many PCs to keep? - Inspect residuals of reconstructed Testing spectra
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Extract the principal components and
associated scores

STEP 2

How many PCs to keep? - Inspect residuals of reconstructed Testing spectra

le-8 L=115, RMS=0.7%
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Extract the principal components and
associated scores

STEP 2

How many PCs to keep? - Inspect residuals of reconstructed Testing spectra

le-8 L=135, RMS =0.5%
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Choose the monochromatic features to
best model the PC scores
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STEP3

For each Principal Component U;, we need to find the (optimal) monochromatic
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Choose the monochromatic features to
best model the PC scores

STEP3

For each Principal Component U;, we need to find the (optimal) monochromatic
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Choose the monochromatic features to
best model the PC scores

STEP3

When are we satisfied with our model fit? RMS__ vs R2 for different #PC
— What R? value should we set as threshold? o e #pco
Fora given PC #i: } 2 4 6 8 .
: . * R2
- Add noise to PC scores Y. to model different values of R? > et L L
TSS - 1—R2 s - 2 RS Sl SS SRR 10
Y_noisy=Y_+O-; O—:\/Z ( )) S
: : Ny o8, 1079
DZC 6 % 10—1E R thresh #PC 30
- Keep original scores fixed for all other PCs {Y, k =i} k ié
- Reconstruct the radiances | ’ ‘ ’ i ‘
- Calculate RMS, ., of the spectral residuals T Ffthresh #PC 50
We can define: R?, ... (PC#) -logy (I-R?)
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Choose the monochromatic features to
best model the PC scores

STEP3

We can define: R%; .. (PC#)
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Choose the monochromatic features to
best model the PC scores

STEP3

How to aggregate the R,

— -: cycle through PCs adding a few (2) R, fOr each PC that best fit the data, aggregatingthe R, .,
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Choose the monochromatic features to
best model the PC scores

STEP3

How to aggregate the R,

— -: cycle through PC adding a R,,,,,,, for each PC until R? threshold is reached
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STE P 4 Jacobians for profile retrievals

Numerical Jacobians?

« For CH, retrievals: ~100 RTM calculations needed

« Only a 4x speed improvement compared with monochromatic RTM with analytical jacobians



STE P 4 Jacobians for profile retrievals

Numerical Jacobians?

« For CH, retrievals: ~100 RTM calculations needed

« Only a 4x speed improvement compared with monochromatic RTM with analytical jacobians

What is the alternative?

« Similar approach as the radiance

« Assume that the convolved jacobians can be calculated as a function of the monochromatic
jacobians, independent of the layer

« Fach molecular |lacobians will have its own set of PCs




Jacobians

STEP

For each molecule:

Jacobians PC extraction How many PC to
database (SVD) keep?

Reconstruction of
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S I E P 5 Finalize and test your model (radiance + jacobians)
based on final ensemble of selected R,,,,,.,
Retrievals Comparison: START vs PCRTM

- For 500 random IASI observations
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S I E P 5 Finalize and test your model (radiance + jacobians)
based on final ensemble of selected R

mono

How long to build the PCRTM model?

- ~1day for radiance/jacobians generation

- ~afewhoursforR__ selection and PCRTM model parameter fits

mono

Speed comparison: START vs
PCRIM €0

> Aterart/ Atpcrry (Radiance only) =

- AtSTART/ AtPCRTM (rad +jaCObianS] = 95



Conclusions

- Congrats! Now you can build your very own PCRTM model!
- Increase your retrievals speed by a factor of 40 - 100 (depending on the problem)
- You can use your own RTM set-up (model levels, spectroscopy, spectral resolution, etc)

- Reconstruct Radiances and Jacobians for the entire spectral range from a handful of
monochromatic simulations

- A good fit for operational /NRT processing
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