2. WORKING GROUP REPORTS

1. RADIATIVE TRANSFER AND SURFACE PROPERTY MODELS
Web site: www.cimss.wisc.edu/itwg/rtwg.html

Working Group members:  V.Sherlock (Co-Chair), L. Garand (Co-Chair) with F.
Weng, P. Brunel, T. Kleespies, N. Jacquinet-Husson, D.S. Turner, H. Woolf, J-L.
Moncet, M. Schwaerz, E. Borbas, X. Liu, F. Karbou, R. Saunders, B. Ruston, R.
Bennartz, R. Rizzi, G. Rochard, F. Hilton, R. Hess, D. Cimini, C. Ping, P.Wang, P.
Marguinaud, P. Schluessel, SEnglish

This working group focuses on the issues relatetrtwspheric radiative transfer (RT)
and surface property (SP) models which are relefemmadiance assimilation and
atmospheric and surface retrievals from past, atiaed planned infrared and microwave
sounder data. From now on we refer to this workjraup aRTSP-WG (previously
RTWG).

Unless noted otherwise, action items are to be tetegbby 15 September 2005.
2.1.1 Atmospheric profile datasetsfor radiative transfer

Radiative transfer models require a dataset ofrgésprofiles for training and
independent validation.

a) Training datasets

The group is actively using various profiles datasehose characteristics are
summarised in Table 2.1. This table was reviewebaarevised version of the table will
be placed on the RTSP-WG web pages.

Actions: Co-chairsto add revised version of Table2.1to RTSP-WG web site.
Revisionslisted below to be accomplished by 31 August 2005.

1. Roger Saunders to provide the web link for thed gas profile set to add to Table 2.1
2. Hal Woolf to put CIMSS data sets on the web prmoaide updated information for
Table 2.1

3. Eva Borbas to provide details of her profileadat. Co-chairs to add entry in Table 2.1
4. Co-chairs to add a column in table 2.1 indigatiata sets the RTSP-WG considers to
be standard and only include URLs of datasets werse.



Diver se Profile dataset Number of Number of  Contact point/web page

profiles levels
TIGR v3 radiosonde set 2311 40L http://ara.Imd.polytechnique.fr
Sub set from v2 43 43L Marco Matricardi, ECMWF
ECMWF 60L model s 1349¢ 60L http://www.metoffice.com/res
Sub se 52 101L rch/interproj/nwpsaf/rtn
ECMWEF 50L model set 1376¢ 50L
Sub set 117 43L
UMBC set 49 101L Scott Hannon, UMBC

49 421 Hal Woolf, CIMMS
NOAA-88 8005 40L Larry McMillin, NESDIS
Sub set 32 40L
CIMSS 32 40/42/101 L Hal Woolf, CIMSS
CIMSS Ozone 380 40L Hal Woolf, CIMSS
Sub set 34 40L/43L M. Matricardi for 43L
Trace gases GHCO.NO, CO 43 90L Marco Matricardi, ECMWF

http://cimss.ssec.wisc.edu/itwg/
groups/rtwg/trace_gases.tar.gz

Table 2.1 Summary of diverse profile datasets used to train RT models

b) Validation datasets

The group indicated willingness to document obderaal data sets which are available
for model validation. If modelers become awarew(ilzary data streams which are
missing or documentation which is lacking whichitsrthe exploitation of a given data
set, they are requested to raise the problem W#hRITSP-WG co-chairs.

Action
Fuzhong Weng to inform RTSP-WG when A-train matchup data set is
availablefor RT model validation.

Action

Xu Liu to contact MOZART model group for combined (co-located)
temperature, humidity and trace gas profile data sets for independent RT validation
and provide RT SP-WG co-chairswith details of data set availability (actual and
planned).

Following a review of ITSC-13 RTSP-WG recommendat2ol.3,
Action

Nicole Jaquinet-Husson to document observational datasets available for
line-by-line (and fast model) validation and details on how to access these data setsif
publically available.

Action (carried forward)
All member s of the group to send information on validation datasetsto RT SP-
WG co-chairswho will post thisinformation on the RTSP-WG web site.



c) Profile utilities

The RTSP-WG recognizes the importance of standattiods for profile interpolation
and integration for RT modeling, and has previoasyributed profile interpolation
codes. However, associated adjoint (and TL) opesdessential for correct mapping of
Jacobians) were not distributed.

Action
L ouis Garand to provide his profile inter polation and associated adjoint/TL
codeto the group.

Action

Louis Garand to survey NWP centresto establish the profile inter polation
and adjoint techniquesthey use. Seek for the best code to map Jacobiansfrom RTM
levelsto NWP model levels (thisimpliesan appropriate design of theforward
inter polation routine).

2.1.2 Instrument characteristicsrequired for RT modeling

The group reviewed where there were new requiresr@angaps in the instrument data
required for RT modelling. The following is a list the new or existing sensors where
the group recognized information is still requifedaccurate RT simulations:

AVHRR Spectral Response Functions (SRFs). PascaléBindicated he would
provide AVHRR SRF's from TIROS-N to NOAA-18 to amgwho requested
that information from him.

Action
Tom Kleespsiesto co-ordinate with Pascal Brunel and post linksto all
AVHRR SRFs.

IASI SRF : Claude Camy-Peyret will provide upda&RIF to the ISSWG by July
2005.
Action
Nicole Jacquinet-Husson to providethe updated |ASlI SRF dataset tothe | TSC
RTSP-WG assoon asit isavailable.

SRFs for other METOP instruments (HIRS-4, AVHRR ...)

Action
Peter Schluessel will bethe point of contact for SRFsfor ATOVSon METOP.

AIRS SRFs and a list of blacklisted channels arantasmed on the UMBC ftp site.
Action
Co-chairsto update RT SP-WG web pageinfomation on AIRS SRF and
channel blacklist referred to above



2.1.3Lineby Line (LbL) model status

Due to time constraints a comprehensive revievhefstatus of LbL models was not
undertaken during the meeting. Rolando Rizzi urmadrto contact LbL modellers to
invite them to provide a summary of their modelelepments to the RTSP-WG co-
chairs who will co-ordinate this material for th&@ 8-WG web pages.

Infrared LbL models to be surveyed include GENLREM, KCARTA, LBLRTM, 4A,
o-l1ASI, Hartcode, FLBL. Microwave LbL models to becluded in the survey include
MONORTM, MPM 89/92, Rosenkranz, ATM, STRANSAC an&AS.

Action

Rolando Rizzi to contact LBL modelersand invitethem to provide a
summary of LbL model development statusto RTSP-WG co-chairs by September
15, 2005. Thissummary should include model name, version, code access and
licensing details, important technical features (including adjoint or analytical
Jacobian capability, treatment of scattering) and literature references.

Action
RTSP-WG co-chairsto add a summary of LbL model information on RT SP-
WG web page by 15 December, 2005.

IR LbL model developments presented at ITSC-14ammarized below:

FLBL from Shawn Turner (MSC) now has analytical Jacob&pability (ITSC-14
poster B42).

Work at Bremen University and at the UK Met Offitas recently demonstrated that
ozone absorption affects the AMSU 183 GHz chanfielghtness temperature changes
of the order of 0.5 K).

Recommendation
The RTSP-WG recommends this ozone absor ption isincluded in radiative
transfer models.

2.1.4 Assessment of spectroscopic databases

The 23 GHz water vapor line absorption half widilese recently revised according to
the results from the ARM site and models shouldevéesed accordingly.

Action
Stephen English will provideresults of a study quantifying theimpact for
AM SU and SSM1 radiancesto the group.

It was noted that in some instances there were slisoeepencies between the
spectroscopic parameters documented in peer-regtibigeature and those actually
integrated within official releases of spectroscagatabases. Nicole Jacquinet-Husson



highlighted significant differences in water vapamd methane spectroscopic parameters
in some specific spectral regions.

Furthermore, the group noted that accurate refergrod subsets of line parameters, and
revisions thereof, is also critical in model deyatent and validation.

Recommendation
The RTSP-WG urges spectroscopic database developersto adopt a standard
and rigorous version control system for spectroscopic databases.

2.1.5 Fast RT models

The working group was pleased to note significalviaaces in super-channel modeling
for hyperspectral instruments (e.g. the Principainponent Radiative Transfer Model,
PCRTM).

The working group commended the Community Radialrasfer Model (CRTM)
framework initiative. A prototype CRTM is underggitesting and the first official
release is planned for June 2005.

OPTRAN: Operational version in CRTM uses polynomial facompute

transmittances to reduce memory requirements fpetspectral instruments. Code under
development: 1) transmittance correction term andvidual transmittances instead of
effective transmittances; 2) revised internal wattcoordinate; 3) constraints to assure
smooth adjoints; 4) additional gases. CRTM usesfaces to facilitate swapping of
RTM components (transmittance, scattering, sunfaoperties, cloud absorption, etc.
Point of contact: Yong Han (Yong.Han@noaa.gov).

RTTOV: RTTOV-8 was released in November 2004. This sseacludes some of the
RTIASI capability and supports carbon dioxide amaable gas. There have been major
changes to code structure with the use of deriad types. More details can be found in
the RTTOV ITWG Technical Report, poster B40 anddbsociated paper. The RTTOV-
9 release is planned for February 2007 (will ineludore variable gases). Point of
contact: Roger Saunders.

GASTROPOD: Version v0.3.0 has been released and an includegexface with Met
Office 1DVar. Code and coefficients onlinegaistro.sf.netPoint of contact: Vanessa
Sherlock.

OSS: Version 1 released and implemented in CRTM. \&iah in scattering
atmospheres is on-going. Development/testing sf ficcelerated version with multi-
channel training should be completed for thedaR005. Point of contact: Jean-Luc
Moncet.

MSCFAST: No new development. Used for assimilation of GOB&dd 12 water
vapor channel radiances at MSC and for retrieviadsidace skin temperature. Point of
contact: Louis Garand.



LMD fast models; Point of contact: Alain Chedin/Noelle Scott.

SARTA: Version 1.05 of the Stand-alone AIRS Radiative $fanAlgorithm, SARTA,
was released in December 2004 and uses the Jaz@4\coefficient database. It is a
clear air fast forward model with variable H20, @), CH4, and CO2 (no Jacobian
capability), and is based on HITRAN 2000 spectrpgzdatabase and MTCKD v1.0
water continuum, with some tuning to match valiolatbbservations. This
implementation of the AIRS-RTA is used in the DAAErsion 4 processing and is
available online: http://asl.umbc.edu/pub/packag&®irk continues on development of
the AIRS-RTA algorithm. Several new features andrmmements will be implemented
for the next official release (December 2005). Pofrcontact: Scott Hannon.

PLOD/PFAAST: No change to code. Line-by-line data used to tfa@nscheme were
updated to LBLRTM-8.4, HITRAN-2000, AER 1.1 updatesd UMBC-49. The training
set includes an “ultra-cold” atmosphere. Pointaitact: Hal Woolf.

RTIASI: The current release of RTIASI is RTIASI-5. In RHI-5 the integration of the
RT equation is done on 90 levels using the linedau approximation to parameterise
the Planck function. H20, O3, CO2, N20, CH4 and&@ treated as profile variables.
Solar radiation is included in the interval 2006BBQm-1 assuming Lambertian
reflectance for land surfaces, and explicit caldofaof bidirectional reflectance over sea.
RTIASI-5 includes a parameterization of multiplattering and absorption for water
clouds (5 classes), cirrus clouds (9 classes) arabals (10 classes). Work is ongoing to
develop an emissivity model for a land/sea-ice/seavface. Point of contact: Marco
Matricardi (narco.matricardi@ecmwf.int

PCRTM: Principal Component based Radiative Transfer Modetsion 1.0 completed
in Fortran 90. Supports: NAST-1, IASI, AIRS. Feaiinclude Principal Component
(PC) scores and analytical Jacobians of PC scathgegpect to state vectors. Scattering
not included. Variable gases are currenthfpthnd Q. Trained with LBLRTM using
HITRAN-2000 spectroscopy. The vertical pressurd pas 101 levels. Point of contact:
Dr Xu Liu (Xu.Liu-1@nasa.goy

The group agreed that information on the varioss f@odel developments should be co-
ordinated on the RTSP-WG web site.

Action

Modellersto providefast RT model summary including name, version, code
access and licensing details, supported instruments, technical features (including
FM/TL/AD or analytical Jacobians, scattering properties, variable gases,
spectroscopy, training set, generating Ibl, vertical discretisation), literature
referencesto co-chairs.

Action



Co-chairsto add a summary of fast modelsto RT SP-WG web page by 15
December, 2005.

One action, for the RTSP-WG to provide guidanceeveloping and testing tangent
linear and adjoint code, was carried over from ITEC

Action
Tom Kleespies and Roger Saundersto collect notes on thistopic and post a
summary on the  TWG RTSP-WG web site.

2.1.6 AIRSRT model comparison

The goals of the intercomparison were:

» To compare the forward model calculations forfa AIRS channels from all the
models for 52 diverse profiles and one tropicalifRaprofile coincident with AIRS
data

* Assess the Jacobians from each model using then@Garaasure of fit for a limited
selection of channels.

» To estimate model error covariances

* Document the time taken to run each model

* Results have been completed, and were present€8@t14 in poster B41 by
Saunders et al. These results will form the bafsssjournal publication.

* The group noted that additional work is needed tegboiblication, namely

« identify where differences are likely to resultrfr@epectroscopic differences or from
fast model errors which are not linked to specpsc

» present Jacobian error characteristics (for thecsadl subset of channels) using box
and whisker plots (median, quartiles, minimum arakimum values of the Garand
measure of fit).

The issue of the accuracy of Jacobians for weasirpben features should also be

addressed or noted in the publication (this is @bbpnot characterized with the current

intercomparison channel subset).

In poster BO6 Vanessa Sherlock assessed how tHes®Rel differences could impact
on retrieval accuracy using a 1D-Var code. Thislgthad been proposed as part of a
second phase of the AIRS RT intercomparison duii®§-13. A journal publication is
planned.

Action
All AIRSRT modellers should facilitate the publication of the
intercomparison results without delay.

Recommendation
The RTSP-WG recommends that future RT modd validation studies be
undertaken when collocated A-train sensor data sets become available.



2.1.7 Surface Property Models

Ben Ruston proposed the formation of a task greppessenting more specifically the
Land Surface Property (LSP) activities of RTSP-Vé@&a-ordinate research efforts in
land surface emissivity modelling.

The RTSP-WG supported this initiative, and in sgoeat discussions it was agreed the
task group would address surface property modeltingll surface types. The group will
focus on co-ordinating research efforts in landasag@ emissivity atlas and model
development in the first instance.

The RTSP-WG noted the SP task group needs to éoabdedwith the ITSC Sounding
Working Group (Lydie Lavanant) to provide a summafgxisting atlases and surface
type classification.

Action
A surface property task group of the RTSP-WG to be set up and co-
ordinated by Ben Ruston.

Post Meeting note: Catherine Prigent and Fuzhong Weng have accepted to co-chair the
SP task group and Ben Ruston and Sd Boukabara will report to RTSP-WG on the SP
task group activities.

The SP task group met at ITSC-14. At that meetawgal working points on land
surface emissivity were identified. The SP tashugrwill:

* Document the land emissivity implementation teche&jand their impacts on
forecasts from different NWP centers

» Inter-compare retrieval methodologies

» Standardize the spatial and temporal averagingadetbgy leading to infrared and
microwave emissivity atlases

* Review the output fields available from land sugfacodeling systems, and target
those fields useful or necessary for forward modgetif emissivity.

« Recommend an aggregation strategy for global soihegetation databases for the
use of emissivity modeling, and gathering of emiggistatistics.

The RTSP-WG group meeting discussed the curremessand limitations in emissivity
modelling. A summary of this discussion follows:

2.1.7.1 Microwave emissivity

Ocean surface
The group agreed efforts should focus on model-iraxieg model-observation
discrepancy at low frequencies (below 20 GHz) avldrpmetic capability.



Land/sea ice surfaces

The group recommended the SP task group shouldmexpbw to specify spectral
emissivity at all observed microwave frequencieabsence of adequate emissivity data
(extrapolation, modeling, retrieval, climatology).

2.1.7.2 Infrared emissivity

Ocean surface

The group noted modellers need to account fordhmerature dependence of the
infrared sea surface emissivity, particularly atperatures less than 10 degrees C. The
current consensus is that the effect of oceanigalsnsmall and is not worth including in
the modeling.

Land surface

The RTSP-WG recommends the use of the CERES lasdifitation (including water
fraction) and requests the SP task group identitiyracommend other relevant
databases.

Recommendation
The RTSP-WG recommends standar dization of emissivity model interfaces,
e.g. within CRTM framework.

Recommendation
The RTSP-WG recommends studies into relationship between retrieved IR
and MW skin temperatures (and retrieved/modelled emissivities).

protection and requested the RTSP-WG work to iflehfiSC-endorsed microwave
surface emissivity data and atlases. The RTSP-We&dritbe SP task group should
consider this request.

2.1.8 Radiativetransfer modeling for cloudy scenes

The group noted significant advances in radiatisadfer modelling in the presence of
cloud over the past two years.

George Ohring presented the findings of a workstothe assimilation of satellite cloud
and precipitation observations in NWP models ai Ti8C-14 conference. A report on
this workshop is available.

Action

F. Weng and R. Bennartz to summarize recent progress on modeling of
radiation in cloudy/pr ecipitating atmospher es (including discussion of the effects of
FOV and 3D cloud structure).



Claudia Stubenrauch presented the results of CIRBMNCa European Union study to
assess the accuracy of different parameterizatiingce crystal single scattering
properties for radiative transfer in cirrus clogise poster A05, Eddounia et al.).

The CIRAMOSA final report will be available online:
http://ww.Imd.polytechnique.fr/CIRAMOSA/Welcome.hithunder the results link

2.1.9 Review of group web page

In light of the formation of the new Surface Prdgeask group, the co-chairs will review
and revise the structure of the RTSP-WG web sitedessary. The co-chairs will update
the content of the web pages to include the nearimdtion provided during ITSC-14
and identified in this report. The RTSP-WG memlzesinvited to propose additions
and improvements at any time.

Action
Co-chairstoreview and update RT SP-WG web pages by December 15, 2005.



