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Our fifth meeting (ITSC-V) was held in Toulouse, France during the last
week of July. This report summarizes the scientific exchange. A compa-
nion publication entitled the Technical Proceedings of ITSC-V will contain
| the complete text of the presentations. These documents indicate that we
- had a very productive stay in Toulouse.

, This was largely possible through the efforts of our friends in the Meteo-
[ rologie Nationale : we thank Claude Pastre for his interest and support,
and Thierry Phulpin for making Toulouse so accessible to us. The city
fathers made us feel very welcome in their beautiful country.

On-site help with organizational and secretarial tasks was provided by

several pecple : Laura Beckett, Sandra Dusson, Alain and Patricia Marek
_ deserve mention for their cheerful and capable assistance in everything
— from typing the abstracts to translating our dinner requests.

We gratefully acknowledge the cooperation of ENM and CNRM ; they opened

their facilities to us for the week and provided computer support for PC
demonstrations. Spot Image also arranged a very impressive tour.

Fl. Ger= Plumes

Palaiseau, October 1989 Madison, October 1989
Alain Chedin Paul Menzel
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The agenda for the ITSC-V can be found in Appendix A. The first two days were
occupied with scientific presentations that fell into the broad categories of
TOVS usage at various centers, TOVS data and numerical weather prediction
(NWP), applications of TOVS to global, polar and oceanic studies, and finally
retrieval algorithm improvements. Section III of this Report records the
abstracts of the scientific contributions by delegates. The corresponding
papers are published separately in the Technical Proceedings of the Fifth
International TOVS Study Conference.

The third day was spent on reports concerning previous issues/problems and the
actions which have been taken toward resolution. These status reports for
ITSC-V are also in Section III of this document.

On the fourth day, several invited presentations addressed future sensing and
sounding capabilities as well as assessment on the best use of satellite data
in NWP impact studies. These included new developments in retrieval
techniques as well as in instrumentation. Thereafter, the conference divided
into four Working Groups which discussed issues in the following areas; the
science affecting the quality and utility of atmospheric sounding, the
software and associated algorithms for deriving products from satellite data,
applications of TOVS products and impact studies in numerical weather
prediction, and international coordination of satellite activities. The
Working Groups spent the next days reviewing, debating, and making
recommendations on the key issues of concern and items for action. The
Reports of these Working Groups are detailed in Section II.

The executive summary of the ITSC-V now follows. The significant conclusions
or observations of the International TOVS Working Group are:

(1) The use of TOVS products by the meteorological community has played a
fundamental role in advancing Numerical Weather Prediction (NWP) over the past
ten years. The use of TOVS data has been essential for global analyses and on
the average the impact of TOVS on global forecasts is large and positive.

(2) The forward calculation of radiances from temperature profiles remains an
important research problem and is inextricably linked with the radiosonde
error problem. It is believed that the Baseline Upper Air Network (BUAN) data
archive, properly quality controlled, may identify the error characteristics
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(3) The ITSC community should consider participating in the 1992 World Ocean
Circulation Experiment (WOCE)/Weddell Sea experiment.

(4) A common intercomparison retrieval file structure should be developed.
The resulting structure should include specific details relating to each
retrieval quality control flags, expected error variances, and prior
information used.

¢ The Working Group on Software recommended:

(5) Since the ITPP and 31 systems represent investments of many tens of
person-years in science and software development, CIMSS and LMD are encouraged
to include invoices for a nominal charge with each system tape. This is not
an attempt to recover full costs, but represents an opportunity for the user
community to contribute to the costs of continued and improved support.

(6) A users' guide to TOVS processing, with contributions from several members
of ITSC should be prepared. Initial liaison should explore the scope and
content of such a guide, using the existing 3I users guide as a starting
point. (Smith, Scott)

(7) A prospective for training should be prepared for the possible use by the
WMO. The prospective should include the objectives of the training, the level
of education and experience needed by the student, and the sources of
instructors and training material.

(8) It was agreed that it will be desirable to seek a standard international
package for converting raw ATOVS data to Level IB data. The use or conversion
of code developed for NESDIS global data for this purpose should be
investigated. Beyond Level IB stage, standard code was not likely to be
developed, nor would this be desirable. Nonetheless, a small subcommittee
should be established to promote collaborative development on ATOVS software.
The subcommittee should prepare a software development agenda and strategy,
and it should consider the presentation of detailed software structure(s) for
discussion at the next ITSC.

* The Working Group on TOVS Applications and Impact Studies had the following
recommendations:



..

*I9PUNOS SABMOIDTUW
L1euo1aelsoed ® woiy eaep Surpunos Jo 3oedwr By3 =3enTRA® 03 U BIISpUN
3q pInoys Apnas y ‘uoIljejusumilsul 31qio Iejod pue 098 woiJ sTqeUTIBIqO

2q pInoys uoljewIOojul TeIldads swes 9yl ‘so1ousfe JusasIITp Jo swiojierdoss
9yl uTl PSTTEBISUT 2q PTNOYS sjuaumilsul ‘TedT3uapl jou JT ‘IeTTwrsS (971)

“SYIH @°oeTdex ued sjusumijsul Furpunos
peoueApE® TIJun paulejuleWl 3q PINOYs ¢/SYIH snTd JYIYWV sn1d NSWV weashs
TeausumiI3lsul 8yl ‘°o1qissod se uoos se ¢/YYHAV °°e1da1 pInoys JYIUWV (ST)

"Teuueyo z/SYIH JO uoIleZI3ayazuks ay3a

SuTMOTTE UOIINTOSa1 TeI3doads PasSEaIdUT UB YITM SIIPUNOS padueape Teuoraeiado
Aq pecerdea sq Aew Ispunos ayj TI3un panuljuod aq pinoys weiBoxad z/SYIH

aya ‘satnsand 20uaT0s wWelsAs yaaeg ul BIBP SAQL FO A3ITTTIN 8yl I93soF ol (HT)

"Aanjuad 8yl Jo pua 8yl aiojaq 3Yy3nos aq PINOYS SIUAUNMIISUT PSOUBAPE YONS
Jo sa1qao ‘w'd pue ‘w'®e ul asn Teuorjeiadp -swiojield aerod pue Airuoraeasosl
uo @1qIssod se uoos SB UMOTJ 2q PINOYS UOTIJIBIUAUMIISUT Y] Padoueapy (€1)

I papuLWWODaI
SSTITATIOY °3TI][93BS JO UOTIJBUIPIOO) TEBUOTIBUISIU] uo dnois FUINIOM BYL e

"S9T3TATIOEB @say3l Jo 3ied

se padoleaep aq pInoys saa3sedaioj Teuorleiado 103 sweaBoad Surureay -pensind
A1Teo13BWe]SAS a1ow pue ATInJ aiow aq pInoys ‘uorjewroFul oT3douks I1ayjzo yaim
uoTlBUIqWOD Ul ‘sToo3l oI13douls paseq-SpQL Jo Juswdolsasp pue yoaeasay (Z1)

“(77 ‘OWD ‘SIASIN ‘VID ‘OWN ‘IWNA ‘@WI ‘NWA ‘°9T3J0 239K AN ‘JMWOH)

20ousI2JUu0d SAQL 2XeU 9yl 3B pajuasaiad aq PINOYS S3ITNS8Y °"BUO IX3U Y3 03
Butaow a1032q deas yoes 3B jJusweaa8e Y3Tm s3Tnsal Jo afueyoxs ostmdeas sardur
sTya :{sjuewmriadxs ay3z jo de3s yoes oayd ATInF2IeO pInoys saipnas 3oedur

SAOL UT P2ATOAUT S3STIUSIOS °S3ITNS8I 9S3Y3 JO SHO9YD-SSO0ID WOiJ 3ITFaUsq

03 18pio UI ‘s3Insex pue elep a3ueyoxe pTnoys Lay] -‘sporaad swWI3 UTE3IISD WOIJ
s3es BlEBp pe309[9s uo sjuamiaadxe gpQL wiojaad prnoys sdnoal8 yoaeassy (T1)

"epeO8p 23Xau 8yl jo 1a1ed 1s33e] 9yl Juranp uorlzejusawsTdwt TeUOTlIBIadOo 03 MITA
B U3aIm sIeod XTS UTYITM 93TT[°3BS B UOo AJTe3juswiaadxs umolJ =9 pPInNoys Iapunos
peieijurl uoranjosal Jeazoads Y31y poouUBApPE UEB ‘STBASTIISI 9Y3l UT UOTINTOSII
Te2T2a9A poasoxadwl 103 sjuswaainbsx gMN Sutrsesaour Jo 3Tnsax B sy (QT)

"UOTJBWAOFUT 93TTTSIBS BY3 JO UOTIBZTITBNSTA PUB J0I3uU0d A3TTenb 103 Tnjesn

1113s 218 sayt1joad paasTizasx ‘A73091Tp sooueIpel JUuTsn SIsL[eUue TPUOIIBIIEBA
B UT uca® ‘OSTY 'SwWe3sAs sTsATeue 8yl Jo 3sow UT 9Sn 3031T1p 103J ATTxewrtad

ST 3] ‘sTea®11381 SAQL @2onpoiad o3 pesu Juto3uo ue aq TTTIA 219yl (6)



o e e e

- .

- . e

Information theory indicates that for any estimation problem, the worst impact
that incorporation of new measurements can have on the estimate of a variable
is no impact at all. 1If addition of a new measurement degrades the value of
the estimate of a variable, then the information in the measurement has either
not been properly characterized, or the estimation algorithm has misused the
measurement information.

This entirely general result has obvious implications with regard to the TOVS
product generation (radiances or retrieved profiles) and NWP assimilation,
since many NWP centers find that TOVS products have negative impacts on their
assimilation/forecast cycles.

Accordingly, with regard to characterization of the quality of TOVS products,
the working group identified a number of issues which need to be addressed.
They concern the quality of all measurements used in the generation of TOVS
products, and characterization of errors in TOVS products. There are three
principal ways in which TOVS radiances may be used:

- in regression retrieval algorithms,
- in physical retrieval algorithms, and
- directly in an NWP assimilation.

If the data are used either directly, or in a physical retrieval algorithm,
then the most significant outstanding problem relates to the "forward model"
whereby the radiative transfer equation is utilized to compute TOVS equivalent
radiances for a given atmosphere and scan angle. The accuracy and precision
of the forward models must be characterized, and properly used, if physical
and direct assimilation methods are to yield information which is always
better than that provided by a regression scheme.

2 The Forward Problem

In regard to the forward problem, two important issues were identified. The
first involves determination of the systematic errors in all radiosonde data
used to estimate forward model error characteristics. The second concerns
generation of appropriate methods for extrapolating radiosonde and model
profiles to the top pressure level of the forward models.

It is believed that the BUAN data archive, after proper quality control, will
enable identification of the error characteristics of radiosonde sounding
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(Kelly, EOOHmM Chedin)

(c) Data for the June 7, 1987 and AMEX case studies should be distributed to
all interested centers. (Uddstrom, Kelly, Woolf, LeMarshall, Rochard)

(d) To benefit retrieval verification studies, emphasis should be given to
assembling all data derived from a previous case study over the ocean such as
ERICA. If possible, these data should be coincident in time and space with
the extensive ECMWF satellite (TOVS, SSM/I, SSM/T) data archive of February
1989. (Bates, Kelly)

(e) The ITSC community should consider participating in the 1992 World Ocean
Circulation Experiment (WOCE)/Weddell Sea experiment. (Lutz, Heinemann)

(f) The problem with NOAA-10, channel 10 data over cold surfaces should be
investigated further. The science issues that this problem raises with
respect to the use of TOVS water vapor sounding channels are significant.
(Lutz)

(g) To aid intercomparison, a common retrieval file structure should be
developed. The resulting structure should include specific details relating
to each retrieval quality control flags, expected error variances, and prior
information used. (Uddstrom, LeMarshall, Chedin)

B WORKING GROUP REPORT ON SOFTWARE

Co-Chairpersons: J. Eyre and N. Scott, with L. Baranski, R. Buell,
B. Greaves, G. Haugen, T. Lachlan-Cope, F. S. Olesen, A. Pfister,
K. Richardson, G. Rochard, H. Woolf, F.-Y. Zhang, and F.-X. Zhou contributing.

L TOVS Processing Software

There have been several updates to TOVS Processing Software Since ITSC-IV.
They are summarized briefly here.

The International TOVS Processing Package (ITPP) is currently working with two
versions. Version 3.3 was released in February 1989 and has (1) navigation
software upgraded by implementation of Brouwer-Lyddane model, (2) NOAA-11
capability provided in the form of new coefficients and minor software
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(£) A prospective for training should be prepared for the possible use by the
WMO. The prospective should include the objectives of the training, the level
of education and experience needed by the student, and the sources of
instructors and training material. (Giraytys)

2 Software for ATOVS Processing

Starting with NOAA-K, currently scheduled for launch in 1993, the present TOVS
instruments will be replaced by the Advanced TOVS (ATOVS), comprising HIRS,
AMSU-A and AMSU-B. Over the next four years, the international TOVS community
will have to make preparations to process ATOVS data. Several centers plan to
have a quasi-operational processing capability on "day 1." The development
required to reach this stage is considerable and planning should start soon.

(g) It was agreed that it will be desirable to seek a standard international
package for converting raw ATOVS data to Level IB data. The use or conversion
of code developed for NESDIS global data for this purpose should be
investigated.

(h) Beyond Level IB stage, standard code was not likely to be developed, nor
would this be desirable. However, collaboration on development of software
modules should be encouraged.

(1) Improved treatment of the forward problem for AMSU channels should be
sought through the ITRA group. (Chedin)

(j) A small subcommittee should be established to promote collaborative
development on ATOVS software. The chairman of the NESDIS Sounding Products
Oversight Panel should be approached concerning this. The subcommittee should
prepare a software development agenda and strategy, and it should consider the
presentation of detailed software structure(s) for discussion at the next
ITSC. (Eyre)

3. SSM/T and SSM/I Data

It was recognized that the availability of SSM/T and SSM/I data presents
opportunities for exploring and anticipating some of the problems which will
arise with ATOVS processing.
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7
Transfer Equation (RTE), then combining the traditional analysis and
the inversion in a single process. These techniques are still in the
development stage.

The main mathematical tool needed in variational analysis is the adjoint of
all the operators used (for the gradient computations). The quality control
has to be done in the same way in a variational or an OI approach.

The Working Group had the following recommendations:

(a) There is a need for efficient direct/adjoint radiative transfer routines.
The vectorization for super-computers should be considered and should treat
several profiles at the same time.

(b) There will be an ongoing need to produce TOVS retrievals. It is
primarily for direct use in most of the analysis systems. Also, even in a
variational analysis using radiances directly, retrieved profiles are still
useful for at least two reasons: quality control and visualization of the
satellite information (for monitoring and possibly non-NWP applications).

The ECMWF/EUMETSAT Workshop (held at Reading, England in May 1989) has also
addressed the problem of retrieval methods, data assimilation and also
examined the implication of NWP of proposed changes in satellite soundings
over the next decade. The following sentences will attempt to summarize the
recommendations from that workshop. The importance of a fast and accurate
forward model, quality control, the first guess, variance/covariance matrices
and the data assimilation methodology was noted. With respect to
assimilation, the continued requirements for global centers and for direct
readout and local data processing for high resolution NWP was noted. Recent
Northern Hemisphere impact studies which have failed to fully exploit the
information context of TOVS have resulted in moves to use for example
variational methods which will allow the retrieval to be done as part of the
analysis cycle. The contribution of these systems to northern hemisphere
should be felt during the next few years. The meeting also endorsed
continuation of impact studies with more attention to improving the
assimilation methodology. It also endorsed the concept of both observing
system simulation experiment (OSSE) and observing system experiments (OSE).
The implication for NWP of planned and proposed changes in satellite soundings
was also examined. The potential gain from present and next generation
systems were noted, but the basic problem of inherently poor vertical

11
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- MSU temperature anomaly maps (showing skill in the detection and
characterization of developing tropical storms)

These examples all have implication for nowcasting as well as for operational
short-range forecasting. They indicate that there is cause for optimism in
applying TOVS analyses. It has been recognized that these applications of
TOVS have not been exhaustive and that there seems to be considerable
potential for such use of TOVS products in the operational/synoptic practice
of weather services. Timeliness and continuity of data, as well as proper
understanding of the meteorological contents of derived products, are
essential for successful use of TOVS in operational synoptic forecasting.

(g) It is recommended that research and development of TOVS-based synoptic

tools, in combination with other synoptic information, should be more fully

and more systematically taken in hand. In order to get an overview of what

has already been achieved in this area, ITOVS Working Group participants are
urged to send details on their systems and techniques within three months to
G. Prangsma who will compile and send out an inventory in about six months.

(Participants/Prangsma)

(h) It is recommended that adequate and timely training programs for
operational forecasters be devised as part of the development activities.
Although such training programs will tend to be specific for every weather
service, exchange of training material is strongly encouraged.

(1) It is recommended that synoptic forecasting workstations are developed in
a stable software environment and are based on well-understood algorithms
which include quality control modules. These developments should be performed
in close contact with the author(s) of the algorithms used.

(j) It is understood that synoptic techniques based on TOVS have potential in
both the nowcasting and short-range forecasting context. It is recommended to
more fully explore this potential, paying special attention to the selected
case studies and possibly other severe weather events.

13
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(g) The instrumental system AMSU plus AMRIR plus HIRS/3 should be maintained
until advanced sounding instruments can replace HIRS.

4. Planning for the Geostationary Platform

The geostationary sounding mission is complementary to polar sounding mission.
Meteorological information available from geostationary orbit is comparable to
that available from polar orbit; the main difference is the temporal
resolution of the measurements. Geostationary orbit does offer the
possibility of moving platforms to optimize the spatial coverage in case of
failure of one component of the geostationary system.

For sounding data to become more useful in nowcasting requires increased
vertical resolution, hence there is a need for the development and launch of
advanced sounding instrumentation.

Recognizing these facts, it is recommended that:

(h) Similar, if not identical, instruments should be installed in the
geoplatforms of different agencies.

(1) The same spectral information should be obtainable from geo and polar
orbit instrumentation.

(j) A study should be undertaken to evaluate the impact of sounding data from
a geostationary microwave sounder.

(k) Intensified airborne campaign for microwave imagers and sounders should
be undertaken to assist in solving the remaining scientific problems.

(1) International cooperation should be encouraged on the basis of the
present common phase of planning.

S, Direct Readout

Direct readout continues to be of particular importance for nowcasting
purposes and regional NWP. It involves the deployment of a network of user

receiving stations that can be operated without sophisticated ground
infrastructures. Therefore,
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(jointly with the National Environmental Satellite Data and Information
Service (NESDIS)) a new interactive analysis/forecast/retrieval system.

The realization of the importance of the satellite retrieval problem to
numerical weather prediction culminated recently in the formation of an
Interagency Satellite Retrieval Working Group in the United States which
includes satellite retrieval and NWP experts from the National Aeronautics
and Space Administration (NASA) and the National Oceanic and Atmospheric
Administration (NOAA). The charge to this Working Group is to develop as
soon as possible a state-of-the-art satellite retrieval system for
numerical weather forecasting. This system will take advantage of the best
components of the operational system at NESDIS and those from experimental
approaches at NESDIS and at NASA.

*Under contract through the National Environmental Satellite Data and
Information Service (NESDIS) with ST Systems Corporation (STX)

**NESDIS

***Under contract through the National Meteorological Center with Centel
Federal Services Corporation

**%*NASA Goddard Space Flight Center, Laboratory for Atmospheres

ATMOSAT INTERACTIVE IBM-PC/AT SYSTEM FOR PROCESSING OF TOVS DATA

L. A. Baranski and K. Rozemski

Satellite Data Receiving and Processing Center
Institute of Meteorology and Water Management
Piotra Borovego Str. 14, Krakow, Poland

The interactive informatic system ATMOSAT has been established on the base
of an IBM-PC/AT, where the data base and partial software from the TOVS
Export Package (Version 3) was applied. In comparison to the TOVS Export
Package, the procedures for graphic presentation of final and indirect
computing results were added. The graphic capabilities of IBM/PC-AT with
EGA color monitor were fully utilized. The software of ATMOSAT system
consist of seven programs for preprocessing of TOVS data (TIPEXT, TIPINS,
TIPPRE, TIPLOC, TIPRTV, TIPISO, TIPPLO), retrieval of the atmospheric

temperature, moisture, and ozone profiles and graphic presentation of the
results.
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AN INTERCOMPARISON OF GEOPOTENTIAL AND TEMPERATURE FIELDS OVER EUROPE
DERIVED FROM TOVS AND CONVENTIONAL DATA

C. Calvitti
University of Rome
P. le Aldo Moro
Rome, Italy

R. Ligi and G. Cannizzaro
Telespazio S.P.A. - V. Bergamini, 50
Rome, Italy

Geopotential and temperature fields over Europe derived from satellite and
conventional radiosondes have been compared in order to perform a
preliminary validation of the ITPP/3 package.

Quantitative statistic differences between TOVS and collocated radiosonde
profiles have been estimated and qualitative intercomparisons between
retrieved and conventional geopotential thickness fields have been
evaluated. Quantitative statistics show a cold bias in the lower levels of
the troposphere, that should be removed with the inclusion of surface data
in the retrieval scheme. In the middle and upper troposphere, bias values
are less than 1 K and standard differences are less than 2-3 K. Satellite

retrieved geopotential fields are in good agreement with the conventional
ones.

LOCAL AND GLOBAL APPLICATIONS OF THE "3I" SYSTEM

A. Chedin, N. A. Scott, V. Achard, B. Bonnet, F. M. Breon, C. Claud,
J. Escobar, J. F. Flobert, N. Husson, and Y. Tahani

Analyse du Rayonnement Atmospherique

Laboratoire de Meteorologie Dynamique du CNRS

Ecole mowwnmor:wn:m» 91128 Palaiseau Cedex, France

Aiming at the three-dimensional analysis of the Earth’s atmosphere
structure from observations of the operational meteorological satellites of
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H:anamm the simultaneous physical retrieval and the possibility of
injecting surface data obtained by ECMWF six-hour forecasts. A first
comparison with raobs shows a good matching, with a standard deviation
contained with 1.5°C.

PLANNING FOR ATOVS DATA

J. R. Eyre

Meteorological Office Unit

Robert Hooke Institute for Cooperative Atmospheric Research
Clarendon Laboratory

Oxford, United Kingdom

The international TOVS community must make preparations for processing data
from the Advanced TOVS (ATOVS) currently scheduled for first flight on
NOAA-K in 1993. Although ATOVS will resemble TOVS in many respects, and
similar processing methods and software systems will be appropriate, a
number of new procedures will have to be developed and new scientific
problems understood.

The first part of this paper reviews the component parts of an ATOVS
processing system. It attempts to identify areas where additional research
and development is necessary or desirable, and it highlights some of the
options available in processing methods. The second part descries briefly
some recent simulation studies to quantify the retrieval performance and
information content potentially available from ATOVS data.

TOVS-N/NOAA RECEPTION IN BRAZIL: PROGRESS AND PLANS

Marlene Elias Ferreira

Centro de Aplicacao Satelites Ambientais (CSA)
Instituto de Pesquisas Espaciais (INPE)

Brazil

The TIROS-N/NOAA Receiving Station has recently been adapted to ingest HRPT
signals directly into a PC-based working station. The imagery data are
currently used as input to methodologies designed for monitoring forest
fires and vegetation index. Projects underway include the implementation
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APPLICATION OF AN ITPP-3 SYNTHETIC RETRIEVAL PACKAGE TO THE INVESTIGATION
OF MICROWAVE DUCTING

L. E. ncawm%.w.m M. J. ﬁ%ﬁod,m and R. Clarke

Hooonmﬁmnw<m Institute for Meteorological Satellite Studies
Madison, Wisconsin

NmOUOOH of Physics and Geosciences
Curtin University of Technology
Perth WA 6001, Australia

umCH<meHm50m Research Laboratory
Defense Science and Technology Organization
Salisbury SA 5107, Australia

Vertical structure in atmospheric moisture can significantly affect
microwave propagation characteristics. The extent to which current
satellite sensors could contribute to the measurement of atmospheric
refractivity variations has been investigated using a synthetic retrieval
software package. Atmospheric radiances are synthesized from model
temperature and moisture profiles to simulate radiances that would be
measured by the NOAA polar orbiting satellite. An inversion scheme is
applied to the synthetic radiances to determine the thermodynamic profiles
and the atmospheric refractivity corresponding to such an atmosphere.
Using this approach, it is possible to evaluate the capability of current
satellite sensors to contribute to the identification of ducting
situations.

ON THE USE OF TOVS DATA FOR STUDIES OF MESOSCALE VORTICES IN THE WEDDELL
SEA (ANTARCTICA)

Gunther Heinemann

Meteorologishes Institut der Universitat Bonn
D5300 Bonn 1

FRG

As only few stations performing meteorological observations exist in the
Antarctic, atmospheric temperatures derived from TOVS data have quite
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The segmentation is done by collecting representative samples of each class
in a training phase. In this phase, a polynom classifier is adapted. The
adapted classifier is then used for the image segmentation in a
unsupervised running phase. Thus, the classification can be adapted to
different kinds of segmentation problems. The scheme has been successfully
adapted for the segmentation of AVHRR images in three classes (clear over
land, clear over sea, cloudy).

QUALITY CONTROL OF NESDIS PHYSICAL RETRIEVALS OF TOVS SATELLITE DATA

G. Kelly, E. Anderson, A. Hollingsworth, P. Lonnberg, J. Pailleux, and
Z. Zang

European Center for Medium-range Weather Forecasts

Reading, Berkshire

United Kingdom

Recent work has identified serious errors and biases in the operational
statistical retrievals produced by NESDIS in 1987. Similar errors and
biases are found in the physical retrievals produced operationally since
September 1988. We report on experiments to design quality control
algorithms to deal with the errors in the data. We documented the quality
control changes implemented in the ECMWF system in January 1989, and
evaluated the performance of the changes.

INTRODUCTION OF TOVS PROCESSING IN KOREA

Sung Kyu Kim and Jong Hon Pong
Satellite Meteorological Department
Meteorological Research Institute
KMS, Seoul, Korea

The introduction of MESDAS (Meteorological Satellite Data Analysis System)
at the Korean Meteorological Service (KMS) makes TOVS processing possible
in Korea. The paper describes briefly about MESDAS and operational aspects
of the processing. The products from the processing system are to be shown
and the future work of its application mentioned.
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from the operational numerical analysis and prognosis scheme and are both
now undergoing real time data impact tests in the Australian region with
the next generational operational forecast model. Their characteristics
are summarized, the regional TOVS data assimilation experiment is
described, and the application of the data including use in regional
offices, is noted. Examples of the schemes’ output are shown and the
direction of future TOVS-related development work in the Bureau is also
summarized.

-

r-

EVALUATION OF TOVS PRODUCTS

r—

Erik Liljas and Jan Svensson

Swedish Meteorological and Hydrological Institute (SMHI)
Norrkoping, Sweden

ro

A project concerning evaluation of TOVS products is in progress at SMHI.
TOVS processing has been done in near real-time at the satellite data
receiving and processing station PROSAT during one week every two months.
The evaluation of the retrieved TOVS products has been done in the
following two ways. (a) The first is an objective comparison between TOVS
retrievals and radiosondes of temperature and water vapor profiles. So
- far, only NOAA-10 retrieval comparisons with radiosondes at 06:00 and 18:00
have been done. (b) The second is a subjective analysis of different TOVS
w products including geopotential height, integrated water vapor, stability
k index, and ozone. These products can be displayed on an image processing
system together with other meteorological parameters, e.g., forecasts from
a Limited Area Model and AVHRR data.

The project started in October 1988, and will end in autumn 1989. Some
preliminary results are presented.
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GENERAL USE AND IMPACT OF TOVS DATA ON GLOBAL MODELLING (INCLUDING
VARIATIONAL ANALYSIS)

J. Pailleux, G. Kelly, and E. Andersson

European Centre for Medium Range Weather Forecasts
Shinfield Park

Reading, United Kingdom

After a brief summary of the more recent TOVS impact studies made at ECMWF
(section 2), some practical difficulties in using satellite data in a
global assimilation scheme are highlighted and discussed. These practical
difficulties are one of the reasons to reconsider the traditional Optimum
Interpolation (0I) analysis approach, and to develop a variational analysis
(presented in section 3). The direct assimilation of clear TOVS radiance
in the variational analysis is discussed in section 4, as well as
preliminary results and future plans.

NORTHERN HEMISPHERE CASE STUDY (7/6/89)

G. J. Prangsma

Royal Netherlands Meteorological Institute (KNMI)
De Bilt, Netherlands

The events on the Whit Sunday afternoon (June 7, 1987) on the southwest
coast of France presented some extreme problems to normal forecasting
procedures. Two main questions have to be answered in the context of the
use of satellite observations: (1) Can the nature of the weather system
causing the problems be delineated? (2) Which role can satellite data
and/or products play in that description? After these questions have been

answered, more development work will probably be needed to provide proper
forecasting tools for such cases.

With regard to the first question, it has been found that the standard
registrations (surface pressure, 10m wind speed and direction,
precipitation and to some extent temperature) at synoptic stations along
the Spanish north coast provide an insight in the sequence of events.
Within a period of about ten minutes, all stations show the following
features: a surface pressure increase of around three millibars, wind
speeds increasing from around 25 knots to around 40 knots (and occasionally
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keeping the weak points (limited vertical resolution) under control (and in
mind!). Also, other than current TOVS products will be included in the
research to better initialize various model variables. An important aspect
of the data handling/retrieval scheme is the uniqueness of the retrieval
or, rephrased, the "error-structure around the true profile." Some
research is planned into this intriguing aspect of the radiative transfer
basis of satellite sounding.

APPLICATIONS: SYNOPTIC USE OF TOVS

G. J. Prangsma
Royal Netherlands Meteorological Institute (KNMI)
De Bilt, Netherlands

Little real progress has been seen over the past year and a half, but the
ideas have become more focussed toward answering the following question.
How can TOVS analyses be used to help the operational forecaster in quickly
assessing the quality of NWP guidance and pinpointing potential problem
areas?

Examples for two severe storm cases over Western Europe (7 June 1987 and
15-16 October 1987) have been presented as possible applications of TOVS
derived thermal vorticity (advection) maps. Among the participants,
mention has been made of tropical storm detection and characterization
using MSU temperature anomalies.

It is understood that to make progress in the field, timely availability of
analyses and continuity of systems (instruments, software, etc.) are vital
ingredients. Furthermore, adequate workstation technology greatly
facilitates the development and use of such operational/synoptic
forecasting techniques in both nowcasting and short-range forecasting.
Finally, training programs for operational forecasts (and researchers!)
have to be devised, preferably in parallel with the system’s development,
aiming at the proper interpretation of the TOVS products in a synoptic
context.
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2IMGA-CNR, Modena, Italy
wavanHamSno di Fisica, Bologna, Italy

A procedure to recover high resolution spectra without any intervening
window from infrared Fourier spectrometer data is presented. The technique
relies on the Wiener-Khinchine theorem, maximum entropy principle in
information theory and linear prediction theory. The scheme developed is
especially designed: (a) to recover the radiance spectra, and (b) to
perform a quality control of experimental data. It can provide an accurate
representation for underlying power spectra which have sharp, discrete
lines or delta functions. Such characteristics are expected in infrared
emission spectrum of the earth. The technique consists of filtering to the
measured interferogram the covariance function of an autoregressive process
or model. The optimal order of the model which best fits the data is
selected using a suitable criterion. The algorithm that we use to identify
the optimal order is iterative, so that the procedure can be easily
implemented in order to produce an automated scheme for quality control of
interferograms. Numerical example are carried out using a high resolution
transfer radiative code. The effect of additive noise (e.g., measurement
errors) is analyzed, too. The application of the technique is discussed in
the context of the remote sensing of atmosphere with high resolution
interferometer. Finally, first analysis using HIS data recorded during a
flight over the California coast are also shown.

TOWARDS OPERATIONAL USE OF TOVS IN HUNGARY

G. Sipos
Central Institute for Weather Forecasting
Budapest, Hungary

Reception of digital transmissions of TIROS-NOAA satellite series will soon
be available for the Hungarian Meteorological Service operationally. This

would make it possible to derive temperature and humidity profiles by
processing TIP data.

The hardware components of the satellite receiving and processing system
are as follows: (a) satellite receiver equipped by the Technological
University of Budapest, (b) a TPA-11/48 type preprocessing computer, and
(c) an IBM PC/AT compatible computer for the final procession of TOVS data.
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water vapor. The "linearized" form of the radiative transfer equation
separates the overlapping influences of temperature and water vapor on the
measured radiances thereby enabling their determination without iteration.

It was also shown from an example of retrievals over Antarctica that the
TOVS sounding errors are primarily due to the lack of vertical resolution.
Results were presented which showed that the vertical resolution and
accuracy of the satellite soundings could be improved by a factor of two to
three if the continuous spectrum throughout the intermediate infrared (3.5-
17um) could be measured with a spectral resolution (A/A)) of 2000:1. This
improvement has been demonstrated experimentally using radiance
measurements from aircraft achieved with the High spectral resolution
Interferometer Sounder (HIS). It was recommended that the ITOVS working
group encourage programs to implement radiometers which achieve both high
spectral resolution and quasi-continuous spectral sampling as soon as
practically possible.

PRELIMINARY RESULTS FROM USING NON-LINEAR OPTIMAL ESTIMATION RETRIEVALS IN
THE CANADIAN REGIONAL ANALYSIS SYSTEM

Jin 1Bk mnmoudmnmmn.H G: owocwsmna.m and B. T. Greaves
Meteorological Services Research Branch

Atmospheric Environment Service

H>mﬁomvmom Meteorology Division, Downsview, Ontario
meosmno:m en Prevision Numerique, Dorval, Quebec

1

We have carried out non-linear optimal estimation retrievals for several
TOVS passes over eastern North America and the western Atlantic following
the approach developed by Eyre. The background fields were six-hour
forecasts produced by the Canadian hemispheric spectral model. Regional
analyses on a 100 km grid were performed using the TOVS retrievals only.
the TOVS-only analysis increments (i.e., analysis minus trial field
differences) were compared to analysis increments based on conventional
data. Although the TOVS-only analyses did not account for the error
characteristics particular to the retrievals, they did provide an
indication of the changes the retrievals could make to the trial field.
The retrieval scheme differed slightly from Eyre’s in that first order B-
splines with the knots at the analysis levels were used as a basis for the
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significantly sub-optimally if the error characteristics of the
measurements are not specified accurately. For example, retrievals using a
forecast background constraint could be degraded so that they became less
accurate than the background when the measurement errors where assumed to
be uncorrelated. Similar effects are obtained when the background errors
are erroneously modelled. Measurement error covariances from the U.K.
Meteorological Office’s Local Area Sounding System (LASS) are currently
obtained by assuming that brightness temperatures calculated from
collocated radiosondes are "correct" and any deviation of the measured
value is the error in the measurement. Using such covariances improved the
performance of LASS significantly, but we suspect there are further gains
to be made. Certainly, the covariances estimated in such a way will
contain significant contributions from collocation errors and from errors
in the sonde, both actual and due to different sampling characteristics.

The method developed attempts to parameterize the various contributions,
and using optimal estimation techniques, remove "unwanted" components of
the collocation derived covariances.

CALIBRATION

Harold M. Woolf
NOAA/NESDIS
Madison, Wisconsin 53706

Further evaluation of HIRS data in the Arctic and Antarctic has confirmed
that calibration accuracy can be improved by use of the cold blackbody
instead of space in very cold, dry conditions. This mode will be
incorporated as an option in the HIRS calibration module of the ITPP.
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TOVS DATA RESEARCH AND APPLICATION

Fengxian Zhou
Institute of Atmospheric Physics
Beijing 100011, China

The research on satellite sounding theoretically was started in the early
1970s at the Institute of Atmospheric Physics and the study on TOVS data
was begun in the 1980s. ITPP and the PC TOVS package have greatly helped
the Chinese users in the research institutions as well as the operational
meteorological organizations. Current and future application are going to
be concentrated on the impact study to the different scale of numerical
models. The importance of TOVS data on the ocean and plateau region has
been recognized. The careful study and comparison must be conducted before
any certain conclusion can be drawn.
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Coffee Break
around
1030 am

1230 - 0130 pm

0130 - 0500 pm

A F-.le_.- MoV LWL VLL AWV VI
Kelly (invited)
"Experiment with Various TOVS Retrieval Methods
and Quality Control at ECMWF"
Pailleux (invited)
"General Use and Impact of TOVS Data on Global
Modelling (Including Variational Analysis)"
Juvanon du Vachat
"TOVS Data Impact Studies on the Peridot NWP
System on the 7 June 1987 Case"
Zhou (invited)
"TOVS Data Research and Application"
Steenbergen (invited)
"Preliminary Results from Using Non-linear
Optimal Estimation Retrievals in the Canadian
Regional Analysis System"

Lunch

Presentation of Participants (chaired by Rizzi)

Menzel (invited)
"Global Cloud Studies Using TOVS"
Richardson
"The Application of the ITPP for Use in Real
Time Cloud Analysis and Nowcasting at Sea"
Heinemann (invited)
"On the Use of TOVS Data for Studies of
Mesoscale Cyclones in the Weddel Sea"
Lachlan-Cope (invited)
"The Use of TOVS Data in the Antarctic"
Lutz
"TOVS Over Antarctica - Winter Case Studies"
Scott (invited)
"Recent Improvements in the 3I System"
Prata
"Temperature and Hy0 Vapor Retrievals Using TOVS,
AVHRR, and Simulated ATSR Radiances"
Bates (invited)
"Experiences with ITPP and 31 Retrievals over the Ocean"
Lavanant (invited)
"AVHRR-HIRS Coupling"
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1130 - 1230 pm
1230 - 0200 pm

0200 - 0530 pm

Friday, 28 July 1989

0900 - 1130 am

1130 - 0100 pm

0100 pm

et o T L e
"Autoregressive Spectral Estimate in Fourier
Spectroscopy Applied to Remote Sensing of the
Atmosphere"

Chedin (invited)
"Scenario for an Optimal Use of Satellite

Retrievals"
Perrone (invited)
"Plans at EUMETSAT"
Poster Presentations (authors M-Z)

Lunch

Working Group Meetings

Working Group Reports (chaired by Eyre)

Discussion of Recommendations (chaired by
Giraytys)

Executive Summary, Future Plans (Chedin, Menzel)

Adjournment
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Johannesburg 200
SOUTH AFRICA

Ms. Dong Chaohua

Satellite Meteorology Center
46, Baishiqiaolu

Beijing

PEOPLE'S REPUBLIC OF CHINA

Dr. Alain Chedin

Laboratory de Meteorologie Dynamique
Ecole Polytechnique

Route Departementale 36

F-91128 Palaiseau Cedex

FRANCE

Dr. A. M. Choudhury

SPARRSO

Agargaon, Sher-E-Banglanagar
Dhaka, GPO Box 529
BANGLADESH

Mr. Eduardo Diaz

NASA Station Director
U.S. Embassy

APO

Miami, FL 34033

Dra. M. Elias-Ferreira
Rua Antonio Vieira, 17
Apt. 903-LEME

22010 Rio de Janiero RJ
BRAZIL

-
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Mr. R. Juvanon du Vachat

EERM/Centre de Recherche en Meteorologie
Dynamique

2 Avenue Rapp

75007 Paris

FRANCE

Dr. Ramesh Kakar

NASA Headquarters

600 Independence Avenue, SW
Washington, DC 20546

Mr. Graeme Kelly
ECMWF

Shinfield Park
Reading, Berkshire
RG2 9AX

UNITED KINGDOM

Mr. P. N. Khanna

Satellite Meteorology

Indian Meteorology Department
Mausam Bhavan, Lodi Road

New Delhi 110003

INDIA

Mr. Thomas Kleespies
Geophysics Laboratory
AFGL/LYS

Hamscom AFB, MA 01731
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Dr. Larry McMillin

- NOAA/NESDIS Satellite Experiment Laboratory
E/RA21
810 World Weather Building

[ Washington, DC 20233

Dr. Paul Menzel
NOAA/NESDIS/ASPP
E/RA24
j 1225 West Dayton Street
- Madison, WI 53706

L Mr. Saleh Mesbah

Department of Environmental Studies
University of Alexandria

P.O. Box 832

Alexandria

EGYPT

Dr. John Morgan

EUMETSAT

Am Elfengrund 45

D-6100 Darmstadt-Eberstadt
FEDERAL REPUBLIC OF GERMANY

Dr. D. G. K. Murthy
Met. Division, Space Application Centre
'S Indian Space Research Organization
Department of Space, Jodhpur Tekra
Ahmedabad 380 053
| INDIA
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Mr. Anthony Reale
NOAA/NESDIS

E/RA23

FB-4, Room 3210
Washington, DC 20233

Dr. Eberhard Reimer

Freie Universitaet Berlin
Fachbereich Geowissenschaften-WE 07
Dietrich-Schafter-Weg 6-10

1000 Berlin 41

FEDERAL REPUBLIC OF GERMANY

Mr. Ricardo Riosalido

Instituto Nacional de Meteorologia
Apartado de Correos 285

28071 Madrid

SPAIN

Dr. Rolando Rizzi
Dipartimento di Fisica
Via Irnerio 46
1-40126, Bologna

ITALY

Dr. Guy Rochard

Centre de Meteorologie Spatiale
B.P. 147

F-22302 Lannion Cedex

FRANCE
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Mr. Jan Svensson

Swedish Meteorological and
Hydrological Institute
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