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Major Milestone

The CRTM has been integrated into the GSI at
NCEP/EMC (Dec 2005).

Initial results and tests have focused on achieving similar
results as the protoype CRTM, pCRTM. (Note: This is not
Xu Liu's principal components RTM!)

The CRTM in this mode is a bit faster than pCRTM.
Testing is ongoing.



CRTM Framework

The CRTM is basically a big bucket for the various
components involved in simulating satellite radiance
measurements for data assimilation.

Four main components

- Atmospheric gaseous absorption (AtmAbsorption)

- Scattering and absorption by clouds and aerosols (AtmScatter)
- Surface optics; emissivity and reflectivity (SfcOptics)

- Radiative transfer solution (RTSolution)

Four models

- Forward = used operationally
- Tangent-linear

- Adjoint

- K-Matrix = used operationally

The ultimate goal was to make various implementations of
the components easily replaceable. Mostly true.



AtmAbsorption

CompactOPTRAN is the current AtmAbsorption algorithm
In use.

Other algorithms:

- OPTRAN v7. Implemented, but the OD coefficient S/W still needs
some tuning.

- SARTA. In the process of being integrated. (Yong Chen)
- RTTOV. In the process of being integrated. (Roger Saunders)

- OSS. Implemented, but some software components need updating
to latest CRTM release.

OSS. Significant changes to CRTM framework required
for implementation.

- AER in the process of delivering the software package to generate
the OSS IR LUTs. Testing has started at JCSDA.

- MW component on its way.

Investigating the implementation of multiple, concurrent
AtmAbsorption algorithms.



AtmScatter

® Encompasses both cloud and aerosol scattering and
absorption.

® CloudScatter

- Six cloud types: water, ice, rain, snow, graupel and halil.

- LUT for mass extinction coefficient, single scatter albedo,
asymmetry factor and Legendre phase coefficients.

— IR: spherical particles for liquid water and ice cloud; non-spherical
ice cloud tables.

- MW: spherical particles for rain drops and ice and snow clouds.
Rayleigh approximation for liquid and ice clouds.

- Parameters are obtained from LUT via cloud type, particle effective
radius, and cloud water content.

® AerosolScatter (still being implemented)

- Seven aerosol types: dust, sea salt, dry/wet organic/black carbon,
sulfate.

- LUT of absorption properties based on aerosol type, particle
effective radius, and concentration.



SfcOptics

® |nfrared and microwave models for four different surface
types: land, water, snow, and ice.

® |nfrared- water

— Currently, IRSSE is a LUT based on Wu-Smith model (ensemble
mean of 1-r) generated at high resolution. LUT parameters are view
angle, surface wind speed, and frequency.

® Nick Nalli's ensemble mean surface geometry model.
- Work beginning on integration into the CRTM

- Properly accounts for reflected downwelling radiance. Conventional
approach to modeling IR surface-leaving radiance results in
systematic underestimation of surface leaving radiance.

- Preliminary approach shows good agreement with M-AERI from
CSP and AEROSE. Amounts to a 0.15-0.3% correction in
emissivity; 0.1-0.2K correction in bias
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SfcOptics

® |nfrared- land,show,ice

— Currently, IRLSE is a LUT based on a database. The measurement
database is for various land, snow and ice surface types. 24
surface types in total (NPOESS Net Heat Flux ATBD, 2001)

® Microwave- water

- FASTEM-1 (English, 1998). Other wind speed dependent models
are being investigated (NESDIS model). Also, wind vector
dependent models.

- Masahiro Kazumori is working on AMSR-E radiance assimilation
and has developed a water surface emissivity model for that
instrument.

® Microwave- land,snow,ice (Weng and Yan)

- Land: Physical model when f<80GHz, e=0.95 for {>80GHz.

- Snow: Empirical models (using window channels) for AMSU,
AMSR-E, MSU, and SSM/I. Physical model for other sensors when
f<80GHz, €=0.9 for {>80GHz.

- lce: Empirical models (using window channels) for AMSU, AMSR-
E, MSU, and SSM/I. e=0.92 for other sensors.



AMSR-E radiance assimilation in GSI
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AMSR-E radiance at
low frequency contains
signature on surface
wind speed and
temperature over
Oceans.

Surface emissivity
plays an important role
in direct radiance
assimilation.

The new emissivity
model reduces the
error in model radiance
simulation.




RTSolution

Two radiative transfer solvers.

- NESDIS advanced doubling-adding (ADA) algorithm. Fully
implemented.

- UW/AOS/CIMSS successive order of interaction (SOI) algorithm.
Partially implemented.

Fast RT algorithm for SSMIS channels affected by
Zeeman-splitting.

- Has been developed, but attention/effort required to integrate into
CRTM.

No handling of nonLTE yet. Affected channels in
operations (e.g. AIRS 4.3um) are not assimilated.



Bias Correction

Bias correction in GSI consists of two parts.
- Slowly varying scan dependence.
- Predicted air mass dependence (variational).

CRTM requires new bias correction procedures.

Preliminary results are encouraging. Real test is when
clouds and aerosols are turned on.
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Consistency Testing

Testing the consistency of FWD/TL/AD/K models is now
being focused on.

Important for code to be used in assimilation systems.

Currently only the AtmAbsorption (Compact OPTRAN)
and the CloudScatter components have been tested for
FWD/TL/AD consistency.

Some issues have come up with regards to the
CloudScatter testing.

David Groff will be constructing and running the tests for
the other components (AerosolScatter, SfcOptics,
“RTSolution”)
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AtmAbsorption(Compact OPTRAN) FWD/TL Test
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AtmAbsorption(Compact OPTRAN) TL/AD Test
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CloudScatter FWD/TL Test: dOD/dT
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CloudScatter FWD/TL Test:dRe/dSSA
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FWD/TL/AD Testing Results

® AtmAbsorption results are good for most channels. Some
water vapour channels are suspect but | think that's an
issue with the Compact OPTRAN algorithm itself, not the
TL/AD code. Repeat tests with OPTRANV?Y.

® CloudScatter results are technically correct, but not ready
for operational use.

® CloudScatter issues are:
- Temperature range of lookup table (LUT).
- Interpolation performed between LUT entries. Currently it's
linear.

® Must separate out the interpolation routine from the
CloudScatter code for replacement. Currently it appears to be
tightly coupled with the code.

® The current IRSSE also does this linear interpolation between
LUT entries in three dimensions and needs to be replaced.

® Use the same interpolation functions for all CRTM components
where they are needed.



