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1. Introduction
A recurring theme at recent satellite meteorology
and numerical weather prediction symposia has been
the availability and relevance of certain unique products derived from the Defense Meteorological Satellite
Program (DMSP) sensors, particularly the Special
Sensor Microwave Temperature Sounder (SSM/T)
and Special Sensor Microwave Imager (SSM/I) products. As real-time access to these data has been
improved through the shared processing efforts of
both the Department of Defense (DoD) and the National Oceanic and Atmospheric Administration's National Environmental Satellite, Data, and Information
Service (NOAA/NESDIS), the scientific community's
interest in the use of these data has increased.
In response to this interest, a conference on DMSP
retrieval products was planned by scientists at the
NOAA/National Meteorological Center (NMC), the
NOAA/NESDIS, and the DoD. The conference was
held 14-15 April 1992 at the NOAA Science Center in
Washington, D.C. (Isaacs et al. 1992) The objective of
the conference was to bring together individuals from
both the defense and civilian communities with a
common goal of understanding the use of DMSP
retrieval products. The format consisted of four sessions of contributed papers and a workshop session of
discussion and recommendations. The workshop was
organized by Atmospheric and Environmental Research, Inc. (AER).
The conference had wide national and international
participation from those interested in the generation
and application of DMSP retrieval products. Notably,
among those represented were the government and
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academic research community, the major operational
numerical weather-prediction centers, and industry.
The research community was represented by the Air
Force Phillips Laboratory (PL), the Naval Research
Laboratory (NRL), the NOAA/NESDIS, and the National Aeronautics and Space Administration (NASA).
Operational centers included the NMC, the navy's
Fleet Numerical Oceanography Center (FNOC), Air
Force Global Weather Central (AFGWC), the European Centre for Medium-Range Weather Forecasts
(ECMWF), and Canada's Atmospheric Environment
Service. DoD was also represented by headquarters,
Air Force Space Systems Division, and the Air Weather
Service. Industry representatives included those from
GE Astro-Space, Lockheed, Hughes, and ITT.

2. Summary of the presentations
The conference was opened by Ron Isaacs of AER,
Inc., the workshop chairman. Introductory remarks
were made by the members of the organizing committee, E. Kalnay of NMC, P. K. Rao of NESDIS, and R.
McClatchey of PL.
The topics for the technical sessions for contributed
papers mirrored the areas of interest of the participants: (a) overview of current and future DMSP sensors and products, (b) operational and quasi-operational retrieval approaches and products, (c) new
retrieval approaches and products and relevance to
AMSU, and (d) applications to numerical weather
prediction.
a. Session 1: Overview of current and future DMSP
sensors and products (Isaacs, chair)
The first session provided background information
on current operational DMSP sensors and near-term
and far-term plans. James Hollinger of the Naval
Research Laboratory provided a status report on the
performance, calibration, geolocation, and algorithm
validation of the in-orbit SSM/ls. Of particular note was
data on the intercalibration of the three SSM/ls aboard
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F-08, F-10, and F-11. F-08 and F-10 compare well,
while this is not so true for F-10 and F-11. Implications
were described for the application of the calibration/
validation retrieval algorithms.
M. Griffin of the Phillips Laboratory presented an
overview of the calibration/validation program for the
recently launched DMSP microwave humidity profiler
(SSM/T-2). The SSM/T-2 is a cross-track scanning
microwave radiometer operating in the frequency range
from 90 to 183 GHz. The mission of the SSM/T-2 is to
provide high-quality vertical moisture profiles that can
be made available to a variety of models running
operationally at the Air Force Global Weather Central
(AFGWC). The SSM/T-2 sounder was launched late in
1991. Calibration efforts will be performed by the
Phillips Laboratory, and validation efforts by the Aerospace Corporation. Calibration efforts for the SSM/T2 microwave moisture sensor will be based on aircraft
underflights and the use of radiative transfer models.
Imagery from the DMSP Operational Linescan System (OLS) will be used to help identify heavy cloud
areas that may impact on water vapor sounding accuracies.
B. Thomas of the Aerospace Corporation presented
a companion paper on the SSM/T-2 moisture sounding algorithm validation effort. The algorithm currently
used at AFGWC to extract the moisture profiles from
the radiances is multiple linear regression. Historically, regression coefficients have been organized
using simple static discriminates (i.e., latitude and
longitude, as for the SSM/T-1). The SSM/T-2 breaks
with this transition and attempts to build a "dynamically
based" set of piecewise linear regression coefficients
stratified by air mass. A brief discussion on the choice
of discriminants for airmass typing was presented.
Early analysis of SSM/T-2-data shows the instrument
to be quite stable, with sensor noise below that of the
original specifications. Aerospace is in the process of
validating the SSM/T-2 derived moisture profiles
(against synoptic time and special radiosondes).
M. Borden of Air Force Space Systems Division
headquarters described plans for the next generation
of DMSP weather satellite: the DMSP Block 6. The
Block 6 program features an aggressive and innovative data-driven strategy for the acquisition of the nextgeneration DoD weather satellite. As a baseline it
maintains the operational utility of the DoD weathersatellite system while seeking to optimize operational
efficiency within a specified life-cycle cost cap. It
features the development of a complete meteorological satellite system, embracing both space-based and
ground-based assets. Particular attention is focused
on the insertion of maturing technologies into the
developing Block 6 effort. The system design concept
responds to the data needs of the operational DoD
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user. System efficiencies are engendered through the
use of data fusion, improved mass memory, sensors,
power concepts, and the application of knowledgebased systems (KBS) to optimize user efficiency.
b. Session 2: Operational and quasi-operational retrieval approaches and products (McClatchey, chair)
This session dealt with the interpretation and dissemination of current DMSP microwave products, the
algorithms used to generate them, and the system
used to distribute the results. There also was considerable focus on research efforts being conducted to
determine the accuracy of current operational algorithms and to evaluate new and different algorithms.
There were 2 papers on the SSMAT-1, the DMSP
temperature sounder, and 10 on the SSM/I, the DMSP
microwave imager. The paper presented by T. Neu of
the AFGWC described the processing of data from
these two systems as well as the new moisture sounder,
SSM/T-2, and the future SSMIS, which will integrate
the DMSP sounder and imager into a single system.
The two papers on SSM/T-1 dealt with the sharedprocessing network and products. Temperature products are being made available, but are being used by
NMC as backup to TOVS. T. Reale of NOAA/NESDIS
suggested that the DMSP accuracy appears to be
worse than TOVS, although he indicated that the
change from seasonal to weekly updating of the
statistical database used in the retrieval process has
improved the results somewhat. In a comment made
from the audience, H. Woolf of NOAA/NESDIS (Madison, Wisconsin) expressed the view that the DMSP
results are not all that much different than TOVS.
Perhaps we need to determine a more satisfactory
basis of comparison for satellite-retrieved products
that is more consistent with the nature of the sensing
technique.
The future availability of data from the Microwave
Water Vapor Profiler (SSM/T-2) discussed by Neu
was met with substantial interest. Of course, the
determination of water vapor profiles will depend
strongly on the temperature profiles determined from
the SSM/T-1.
The remaining 10 papers all related to SSM/I data
processing, data distribution, and alternative algorithm design and testing. M. Colton described how the
navy's Fleet Numerical OceanographicCenter (FNOC)
applies the Hughs algorithm and distributes the results
overthe Shared Processing Network (SPN). J. Fiore
of SM Systems and Research Corp. described a testbed that has been developed for the same database.
He emphasized the comparison of total precipitable
water algorithms. J. Alishouse described alternative
algorithms for total precipitable water and the need for
further validation and quality control. N. Grody and R.
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Ferraro are evaluating precipitation and surface products. W. Pichel is evaluating ice and wind products by
comparison with ice analyses produced using visible
and infrared imagery. And finally, the NASA-sponsored project, WETNET, was described by J. Dodge of
NASA headquarters, standing in for M. Goodman of
NASA Marshall Space Flight Center (MSFC). WETNET
is a data-distribution system offering people in the
research and development community an opportunity
to work with the necessary datasets for algorithm
improvement with respect to SSM/I and eventually
also SSM/T-1 and SSM/T-2.
c. Session 3: New retrieval approaches and products
and relevance to AMSU (Ohring, chair)
In this session, research results were presented on
the development of an advanced satellite retrieval
system, new retrieval approaches, and the use of
DMSP SSM/T and SSM/I data to develop retrieval
methodologies for NOAA's Advanced Microwave
Sounding Unit-A (AMSU-A). AMSU-A, which is scheduled for launch on the NOAA-K satellite in 1995, is a
15-channel temperature sounder with many channels
similar to those on SSM/T and SSM/I.
W. Baker of NOAA/NMC discussed a joint NESDIS/
NASA/NMC research program to develop an advanced
satellite retrieval system that is an integral part of
NMC's numerical weather analysis and prediction
model. The new system incorporates the best components of the operational retrieval system at NESDIS
and the experimental approach at NASA. A key aspect
of the new system is the use of the 6-h forecast
temperature profiles as first guesses in the satellite
retrieval process. Test results are encouraging, and
the system is scheduled for operational implementation during 1992.
L. McMillin of the NOAA Satellite Research Laboratory reported on his work in the use of a classification
approach to provide an initial temperature profile for
the retrieval process. Application of the method to
TOVS data suggests an increase in accuracy of 0.2°0.3°C compared to the use of a library-search first
guess. Similar results are obtained when the method
is applied to the microwave-only observations of the
SSM/T.
In a companion pair of papers, H. Fleming of the
NOAA Satellite Research Laboratory and E. Kratz of
SM Systems and Research Corporation discussed
the derivation and application of a physical retrieval
algorithm for SSM/T. The method is a two-part retrieval procedure; the first part produces an atmospheric temperature profile and the second part produces surface (skin) temperature and surface emissivity at 50 GHz. Comparisons of retrieved temperatures with coincident radiosonde temperature profiles
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indicate that the accuracy of this physical approach is
comparable to the operational, regression-based, retrieval algorithm, but produces the two surface parameters, which the regression approach cannot do.
J. I. F. King of the USAF Phillips Laboratory described the application of the zeta-function transform
to the satellite temperature retrieval problem. In conventional approaches, the radiance integral is expressed as a finite sum quadrature with the matrix then
inverted to yield the temperature. In the proposed
approach, a moment method is used to approximate
the temperature profiles at three interacting bilateral
wave packets. Application of the zeta-function transform to the three packets reduces the complex interaction of the radiance and temperature profiles to a
simple subtractive operation. Examples illustrated the
quantitative relationship between radiance observation noise and the retrieval accuracy.
P. W. Rosenkranz of Massachusetts Institute of
Technology discussed SSM/I measurements as predictors of the response of AMSU-A to surface and
atmospheric phenomena. SSM/I's channels (19, 22,
37, and 85 GHz) are similar to the AMSU-A window
channels (24, 31, 50, and 89 GHz). Differences in
incidence angle and polarization between the two
instruments are reconciled by reasonable assumptions about angle and polarization dependence. The
SSM/I data show signatures of rough seas, sea ice,
snow cover, and precipitation that are relevant to the
interpretation of the measurements to be made by
AMSU-A.
d. Session 4: Applications to numerical weather prediction (Kalnay, chair)
In this session, several operational and research
atmospheric data assimilation and forecast systems
using DMSP products were described. In the last part
of the session, simple model applications of data to
retrieve additional parameters were presented.
The first paper was presented by Pat Phoebus from
NRL. She indicated that the navy is most advanced in
the operational assimilation of DMSP environmental
products: SSM/T atmospheric soundings, SSMI surface wind speeds, and water are assimilated in the
navy system. They are also experimenting with the
assimilation of SSM/I total precipitable water by creating moisture profiles based on the forecast profiles
modified to contain the same total as the SSM/I
observation. The present lack of computational resources to make parallel integrations has not allowed
a rigorous testing of whether these data have a positive impact upon the forecasts, but indirect evidence
suggests that at least the surface wind speeds are
beneficial.
K. Mitchell, from NMC, reviewed the current re89
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search on improving the sophistication of the surface
parameterizations in the NMC models, which in turn
makes them more sensitive to the accurate definition
of the current state of surface parameters such as ice
and snow cover and soil moisture, as well as cloud
cover. He showed that the manually derived NESDIS
weekly snow-cover analysis, based on AVHRR imagery, is highly reliable, but it becomes obsolete over a
few days, so that NMC is exploring the use of a
NESDIS experimental snow-cover product, based on
an SSM/I algorithm developed by N. Grody. Although
there are some areas where it underestimates snow
cover, it generally looks very promising.
Tsann Yu, from NMC, presented results of experimental assimilations of SSM/I surface wind speeds.
Extensive verifications indicated a small but positive
impact in the forecasts, as well as a reduction of the
data rejected by the quality control (QC), indicating
better agreement between the 6-h forecast and the
data. It was shown that the use of SSM/I wind-speed
data produced forecasts that were clearly in better
agreement with buoy data, although the analyses
were slightly worse. This apparent contradiction was
explained by the fact that in the presence of abundant
SSM/I additional data, it is much more difficult for the
analysis to fit the relatively sparse buoy data. It was
also pointed out that SSM/I data near coastal areas
should not be included in the "superobs" (1 degree
averaged) SSM/I observations. As a result of these
encouraging results, NMC plans to make the assimilation of SSM/I wind speeds operational in the near
future.
L. Phalippou, from ECMWF, presented comparisons between the SSM/I total precipitable water (TPW)
and the ECMWF fields, as a preliminary evaluation of
the current ECMWF analysis and its possible use for
data QC. Serious discrepancies were found, especially west of the continents over stratus regions and
regions of high precipitation. The differences could not
be explained by rain contamination upon the SSM/I
algorithm, since a correction would increase the discrepancy.
John Derber, from NMC, presented results of an
experimental assimilation of SSM/I precipitable water
into the NMC analysis system (based on a variational
approach denoted Spectral Statistical Interpolation or
SSI). He showed that in the tropics, the assimilation of
the TPW resulted in an increase in the moisture
immediately above the boundary layer (where the
model is already close to saturation). As a result, the
excess TPW was rained out during the short-range
forecasts. This discrepancy may be due to problems in
the model cumulus parameterization, which may result in too dry a tropical model atmosphere. It could
also be due to excessively high TPW estimates from
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the SSM/I, since the retrieved TPW is quite sensitive
to the details of the algorithm. For the moment, NMC
is still experimenting with this data.
Bob Atlas, from NASA/GLA, presented several
experiments on the assimilation of SSM/I wind speeds,
as well as Seasat and ERS-1 scatterometer winds,
and over-the-horizon (OTH) radars. Although the OTH
has several promising features, it also has serious
drawbacks. The tests with SSM/I winds showed much
better results when the stability of the boundary layer
was taken into account in the vertical distribution of
observational increments due to SSM/I data.
Andreas Goroch, from NRL, showed the results of
a simple model to describe radiative transfer through
a layer of brine over ice. He showed that with the
combination of visible, infrared, and microwave measurements, it should be possible to distinguish between flooded-ice, broken-ice, and open-water regions.
C. Grassotti, from Atmospheric Environment Services, Canada, presented a model to determine precipitation rates at both short (hourly) and long (monthly)
time scales, based on a multispectral statistical classification scheme. The results without using SSM/I
data looked promising when compared to VIS/IR data,
and SSM/I data will be incorporated in the near future.
Irene Rubenstein, from EOL, Canada, discussed
the effect of the influence of evolving cloud hydrometers upon the satellite microwave observations. Results using observations from the Labrador Ice Margin
Experiment suggested agreement between the model
and observations.

3. Discussion and recommendations
A discussion session followed the formal technical
presentations. The purpose of the workshop was to
provide a forum for expression of issues, comments,
and recommendations. Several themes emerged from
the presentations and discussions, which were put in
the form of recommendations:
• There is considerable research effort in progress
being conducted by a variety of groups on the use
of DMSP retrieval products. Given the amount of
activity, the community should try to push the science to obtain the best possible algorithms and
applications for the product end users:
a) the use of interactive retrievals, where the first
guess is given by a short-term model forecast,
has shown considerable promise and should be
explored for DMSP retrievals;
b) multisensor, multiple source (model output,
ground-based, climatologies, etc.) data should
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be made available simultaneously to the maximum extent possible, in order to increase the
number of retrieved parameters; and
c) methodologies for different satellite sensors (e.g.,
TOVS, DMSP) should be unified as much as
possible to increase efficiency and products.
• There was considerable discussion on the standards for operational implementation of algorithms.
There is currently no interagency mechanism to
address questions related to the improvement of
operational algorithms. Given the important objective to meet customers' requirements, it was noted
that the best course of action is to implement the
algorithms with the best science and expose them
to the user community for evaluation.
• There is a need for better mechanisms to increase
technical interchange among various research
groups and for feedback of research results to the
different centers. It was noted that this workshop
was a particularly effective mechanism to communicate current research status. It was recommended
that the conference be repeated on an annual
basis.
• Participants questioned how to evaluate the impact
of the DMSP sensor products on numerical weather

prediction (NWP). Issues included how much spatial resolution was needed for NWP, the need for
covariance of errors (sensors, models, retrievals),
and improving retrievals over land (as many parameters as possible). It was also suggested that the
community unify methodologies for different systems to increase efficiency and progress.

4. Conclusions
The conference was closed by acknowledging the
contribution of the speakers and other participants to
the interchange of ideas concerning the application of
DMSP retrieval products and a strong desire on the
part of the participants to conduct similar workshops
on an annual basis.
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meeting review
The Sixth Conference on
Satellite Meteorology and Oceanography
Colonel Floyd F. Hauth*, and James F.W. Purdom+

1. Introduction
The Sixth Conference on Satellite Meteorology and
Oceanography was held in conjunction with the AMS
Annual Meeting in Atlanta, Georgia, the week of 6
January 1992. Over 150 scientific papers were presented orally or in poster sessions. Joint sessions
were held with the Symposium on Weather Forecasting and the Eighth International Conference on Interactive Information and Processing Systems for Meteorology, Oceanography, and Hydrology. The quality
of the papers in the preprint volume, as well as in the
presentations at both oral and poster sessions, reflects the robustness of national and international
operational and research interests in satellite meteorology and oceanography. A preprint volume for this
conference is available through the AMS.

2. Session summaries
a. Session 1: Retrievals of Clouds and Aerosols
The opening session focused on retrievals of clouds
and aerosols. Ackerman et al. opened the conference
by describing an operational technique to classify
clouds using Advanced Very High Resolution Radiometer (AVHRR) pixels collocated within larger High
Resolution Infrared Radiation Sounder data (HIRS)
footprints. Both radiance and structural parameters
were employed. Kleespies followed by proposing a
method of using consecutive 3.7-jim channel observations of marine stratiform clouds to remove the
thermal component, leaving only the solar. Molnar
examined marine stratiform cloudiness in terms of
global climatology. He compared retrievals of cloud
cover from the Triangle Technique with the Spatial
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Coherence Method. Yeh et al. presented results from
a coupled 3D cloud/radiative transfer model, and
compared model results at 18-181 GHz with aircraft
and radar observations. Gustafson and d'Entremont
exploited multiple sensor data on Defense Meteorological Satellite Program (DMSP) satellites to deduce
cloud parameters in support of U. S. Air Force tactical
requirements, specifically transportability and robustness of algorithms. Next, d'Entremont et al. described
an AVHRR infrared cirrus model and compared its
retrieval of cirrus cloud to the well-known C0 2 slicing
technique. Correlations for the retrieval of emissivity
and altitude were greater than 0.90. Prabhakara et al.
used infrared interferometer spectrometer (IRIS) data
to observe cirrus clouds in polar regions, with subsequent discussion about the effects of the low resolution (100 km) of the IRIS data. The session culminated
in an interesting presentation by Ward et al. who
displayed various color scenes of topography using
48- and 6-km databases, and described 5-arc-minute
and 3-arc second data bases employed by the Defense Mapping Agency.
b. Session 2: Retrievals of Temperature
The second session focused on retrievals of temperature and moisture. Recent efforts to improve
temperature retrievals from satellite observations have
concentrated on two-stage algorithms. The first stage
categorizes or classifies fields of view into similar
groups. The second stage extracts the temperature
profile for each group. Only small improvements were
noted in residual errors with respect to radiosonde
profiles, but some significant improvements were attained in retrieving coherent temperature gradients.
Both statistical and physical retrieval algorithms benefit from the two-stage approach. Consequently, the
National Environmental Satellite, Data, and Information Service (NESDIS) plans to adopt an adaptive twostage statistical algorithm for operational retrievals in
1992. Also in this session, Hillger et al. presented their
research findings where they applied two-stage physical retrieval algorithms and found similar improvements in structural coherence.
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c. Poster Session 1
Twenty-one posters were included in the first of two
poster sessions. These covered a wide variety of
topics, including retrievals of satellite data, data fusion
techniques, and applications in analyses of weather
and ocean systems. Ackerman et al. demonstrated
the importance of spectral information in assessing
changes in the top of the atmosphere radiative budget.
Shenk demonstrated the use of time compositing of
the Geostationary Operational Environmental Satellite (GOES) to reduce the interference of clouds on
Infrared (IR) and moisture profiles. In the data application category, Chesters and Neueudorffer described
regional and global features of upper tropospheric
water vapor. They found little global sensitivity to the
annual cycle orthe El Nino-Southern Oscillation events
in the 6- to 7-m band. Ritter et al. reviewed sea surface
temperature (SST) as a predictor of tropical storm
intensity and found that SST data provided insight into
where hurricanes may move. Weaver and Purdom
reported on their synoptic and mesoscale analysis of
satellite data for the 15 June 1990 tornado in Limon,
Colorado. Inexpensive, low-technology satellite image processing equipment was addressed by Ratigan
and McLaughlin.
d. Session 3: Satellite applications for operational
forecasting
An exciting joint session was held with the Symposium on Weather Forecasting. Ten papers with applications to operational weather forecasting were presented. Vincent Oliver, in an invited presentation,
opened the session with an historic overview of operational satellite meteorology. Oliver, a pioneer in the
field, noted that in earlier years satellite data were
primarily used in research. The automatic picture
transmissions (APT) images were not used much
where conventional data were plentiful. The best use
of polar orbiting satellite data was in the tropics,
particularly in the early detection of tropical cyclones
as they developed over the oceans. After geosynchronous satellites were launched, applications of their
data increased substantially, especially in severe
weather forecasting. Satellite data are now considered vital to operational meteorology worldwide. The
rest of the presentations in this session reflected the
broad spectrum of satellite data applications. Tollerud
et al. examined cloud-top characteristics of mesoscale
convective systems. Glass and Felde described intensity estimates of tropical cyclones using Special Sensor Microwave/lmager (SSM/I) brightness temperatures and suggested a simple objective way for defining the stage in the life cycle of tropical storms.
McMurdie and Katsaros reported their results from
examining integrated water vaporfields and rain inten-
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sity patterns derived from Scanning Multichannel Microwave Radiometer and SSM/I sensors for cyclones
in the North Atlantic. Velden demonstrated the ability
of the Microwave Sounding Unit observations to depict
upper-tropospheric thermal structure. The second half
of the session was opened by Mike Bader of the United
Kingdom Meteorological Office. Bader was invited to
preview a reference manual that will provide guidance
for operational forecasters in the interpretation of
satellite and radar images. This manual is being
compiled by an international group of experts from
Europe and the United States. Next, Purdom and
Weaver showed how an analysis of rapid scan geostationary satellite imagery provides information on the
characteristics of severe and tornadic storms and the
mesoscale environment in which they form. Hoepner
and Fuelberg presented the results of their use of
several modifications to Visible and Infrared Spin
Scan Radiometer (VISSR) Atmospheric Sounder (VAS)
retrievals for thunderstorm forecasting at the Kennedy
Space Center. Scofield and Robinson described their
use of 6.7-m water vapor imagery for diagnosing
synoptic-scale environments favorable for thunderstorm development. In the final presentation, Smith
and Dills examined the feasibility of using satellitebased cloud climatologies to nowcast convective development over Florida. Their study revealed a significant amount of skill on two selected days from the
1991 Cape Kennedy area Precipitation Electrification
experiment.
e. Session 4: Forecasting and Analysis
Session 4 proved to be an exciting continuation of
the morning's joint session with the Symposium on
Weather Forecasting. The session began with presentations dealing with applications of satellite data in
connection with numerical models. These presentations were particularly interesting because they dealt
with nonsoundertopics such as scatterometer, AVHRR,
and SSM/I data. Next, presentations dealing with
mesoscale applications of satellite imagery, ranging
from mesoscale wind-field derivation to severe thunderstorm investigations, were given. Especially interesting was the presentation by Dills and Smith, which
showed satellite cloud drift wind accuracies equal to
those from ground-based wind profiler systems. With
the exception of an interesting paper by G. Ellrod that
covered potential applications of 3.9 jum channel data
from geostationary satellites, the remainder of the
session addressed analysis of phenomena at larger
scales. These presentations covered a fascinating
range of topics that included polar lows, hurricanes, broad-scale moisture fields, sudden stratospheric warming, and tropospheric temperature
anomalies.
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f. Poster Session 2 (session 5)
During the second poster session, 18 posters were
presented. Topics included analyses of data from
many different satellite instruments, ranging from those
on geosynchronous satellites such as GOES and
Indian Satellite (INSAT) to instruments on polar-orbiting satellites such as the NOAA series, the DMSP
series, and the Upper Atmosphere Research Satellite
and Sea Satellite/Geodetic Satellite (SEASAT/
GEOSAT), as well as simulations of future satellite
instruments. The presentations covered techniques to
measure various meteorological parameters, such as
precipitation, cloud-top temperatures and heights,
cloud fraction and other cloud features, winds, atmospheric /temperatures and water vapor, and other
miscellaneous image products. Other presentations
described the determination of atmospheric transmittances and various atmospheric and ground corrections to satellite measurements. Special data handling
techniques included data compression and data
remapping. Comparisons to conventional data were
made at many scales, as were intercomparisons between different satellite instruments.
g. Session 6: Precipitation
The next session focused on various satellite precipitation estimation techniques using both polar and
geostationary data. The session was very informative
with the first two presentations referring to techniques
using geostationary data. The second paper described
a technique that combines GOES and polar data. The
last four papers focused on the rapidly evolving field
that uses microwave data for precipitation estimation
over the tropics. With the tremendous amount of
attention and research being focused on the use of
microwave data, it is hoped that there will be more
efforts to bring these techniques into the operational
forecast arena.
h. Session 7: Moisture and Precipitable Water
Session 7 focused on the retrieval of precipitable
water, cloud liquid water, and precipitation liquid water. Three papers examined retrieval issues pertaining
to the use of split window measurements from either
AVHRR or VAS for recovering total precipitable water.
Gruber et al. discussed improvements to the Dalu
(1986) algorithm involving atmospheric corrections
and proposed the use of this scheme for generating a
NESDIS operational product. The root-mean-square
uncertainties in integrated precipitable water (PW)
would be from 1.5 to 7 mm depending on environmental conditions. Guillory et al. tested the Jedlovec (1987)
split window technique on AVHRR and simulated
GOES-Next data, reporting uncertainties of approximately 5 mm. Birkenheuer reported on the develop-
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ment of a 3-layer algorithm for applications with VAS
data that will be validated with Cross-chain LORAN
Atmospheric Sounding System sounding data obtained during Stormscale Operational and Research
Meteorology—Fronts Experiment Systems Test
(STORM—FEST). Garand reported on a pattern recognition cloud classification scheme for retrieving the
relative humidity profile from VIS, IR, and water vapor
measurements obtained from the European Meteorological Satellite (Meteosat). He reported uncertainties
in total precipitable water of 4.5 mm. Greenwald et al.
described a microwave-based retrieval algorithm designed for estimating cloud liquid content from SSM/I
measurements and showed qualitative correlations
with the International Satellite Cloud Climatology
Project (ISCCP)-derived cloudiness retrievals. Finally,
Olson and Raymond discussed a physical retrieval
algorithm for the profile of precipitation water content
based on a minimum variance inversion scheme. This
scheme was tested using SSM/I measurements on
Hurricane Emily (a 1987 Caribbean storm) and the
retrieved fields appeared reasonable.
/. Session 8: Climatology
Session 8 included 18 presentations. The presentations, with a few exceptions, did not fall within the
classic definition of climatology. The presentations
were selected more on the basis of having the potential for developing climatological records. Global measurements of atmospheric water are critical for advancing the understanding of global change due to
clouds of gaseous water. Information presented in the
climatology session provided evidence that data from
past, present, and planned satellite instruments can
be effectively used in global change studies.
In the opening presentation, Thomas described
noctilucent clouds as an indicator of global change. He
pointed to evidence from ice cores that indicated that
the Krakatoa volcano injected a sufficient amount of
water into the atmosphere to explain the cloud sightings,
first reported in 1885. Today from satellite, rocket, and
ground-based techniques, it has been shown that
these clouds are composed of ice with particle size of
0.1 and 0.3 jim and are found at about 82 km altitude.
He reviewed the theories of why the clouds exist and
attributed the increased sightings in recent decades to
increases in the lower-mesospheric water vapor. The
role of cirrus clouds in global change studies was the
topic of several presentations. For example, Menzel
reported on global cirrus derived from HIRS data. The
method has potential for developing more than the
present two years of processed data. There were
several presentations on how data derived from instruments such as the SSM/I and the television infrared observation satellite (TIROS)/N operational verti-
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cal sounder (TOVS) can be applied in climatological
studies of clouds and water vapor. The scientists at the
Laboratoire de Meteorologie Dynamique (LMD) in
Paris, France, have pioneered techniques for assessing global water budget from satellite-derived information. Husson, from the Atmospheric Radiation Analysis Group (ARA) at LMD, described an application of
the improved initialization inversion "31" technique for
determining atmospheric humidity. The "31" system
combines the information from TOVS and SSM/I. She
presented favorable comparisons of precipitable water vapor derived with the "31" system to conventional
(radiosonde/numerical) analysis at different global
locations.
j. Session 9: Oceanography
The oceanography session focused on the use of
existing satellite sensors for mapping oceanographic
variability and in furthering the understanding of ocean
circulation dynamics. Of the 12 papers presented, the
first five focused on SST signatures using AVHRR
imagery. In the first paper, Chertock showed a very
strong correlation between surface irradiance and sea
surface temperature (SST) over widely varying conditions. Next, Bates indicated that the poor accuracy of
the SST algorithm (accuracy of 0.55° C) limited its use
in supporting interannual and climate research. Bates
further suggested that the SST algorithm be upgraded
to include full air-sea interface physics in order to
improve accuracy. Peabody showed that the passage
of a hurricane produces such a dramatic influence on
the upper ocean that the perturbed SST field requires
as much as several seasons for relaxation back to its
average state. Xu et al. described an adjoint method to
determine the best time-mean estimate of SST; this
method illustrated artificial data fields but is destined
for application to real fields in the near future. Next,
Dills et al. described a detailed dynamical theory of an
oceanic vortex produced by fluctuating winds blowing
through Mexico's Tehuantepec Gap; the theory was
successfully validated using a full suite of satellitederived surface fields.
The next two papers focused on ocean optics,
aerosol algorithms, and air-sea heat flux. Kirby showed
excellent retrieval capability of Red Sea optical properties using the 490 micron signatures of the Coastal
Zone Color Scanner. Aerosol algorithms (presented
by Porter) provided a new approach to infer temporal
and spatial estimates of the aerosol phase function
using existing AVHRR channels; this approach will
dramatically improve estimates of aerosol variability
and atmospheric optical properties using satellites. In
the next presentation, a novel approach to couple a
one-dimensional ocean mixed-layer model with satellite observations was shown to produce accurate
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estimates of air-sea heat flux in regions of low ocean
advection. Presented by Roquet (CNRS Toulouse),
this approach shows promise for accurate heat exchange observations using satellites and is planned to
employ three-dimensional models in the near future
for use in all oceanic regions.
The final set of papers described the operational
analysis techniques at the Joint (Navy/NOAA) Ice
Center, presented by Benner, the program for using
multichannel SST fields at the Naval Oceanographic
Office, presented by Price, and the use of crosscorrelation analysis to assign proper wind vector to
fields of DMSP SSM/I observations at the Naval Oceanic Atmospheric Research Laboratory (NOARLVNRL),
by Phoebus. The final paper, presented by Katsaros,
provided an intercomparison of altimeter and SSM/Iderived wind speed over a range of increasingly
favorable atmospheric conditions; results indicated
little sea-state dependence and high correlation for
low humidity, no clouds, and away from storms.
k. Session 10: Future systems, sensors, and
experiments
The 11 presented papers in this session covered an
extensive time spectrum, from processing improvements now under way to take better advantage of
existing systems, through new sensors in initial development and concepts for future sensing techniques to
provide new information. Kidder provided an interesting concept for placing meteorological sensors in a
highly elliptical near-polar orbit. Derived from the
Russian Molniya communications satellites, it provides a form of "geostationary" coverage over the high
latitudes. Next, Baker gave an excellent overview of
the laser atmospheric wind sounder (LAWS), scheduled to fly in about 2001 as part of Earth Observing
System (EOS). The synthesis of instrument characteristics and fundamental atmospheric science was particularly valuable, and merits review in the written
paper. The third paper, presented by Patel, detailed
the Advanced Microwave Sounding Unit-A (AMSU-A),
now moving into final laboratory calibration and testing. Related to the same subject was the sixth paper,
presented by Muller, describing the modeling and
radiative transfer simulation for the AMSU-B water
vapor channels. AMSU-B has some of the characteristics of the new SSM/T-2 sensor recently launched on
a DMSP satellite. Next, Hardy described the derivation
of atmospheric profiles from radio measurements in
space. This technique relies on observation of occultation of the global-positioning satellite (GPS) signal
from a polar-orbiting metsat—a technique already
demonstrated in deep space with the Voyager satellites. The fifth paper, presented by Kumer, was a
challenging description of etalon technology for high-
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resolution profiles of temperature, moisture, and trace
species from geostationary orbit. Needham updated
the audience on the evolutionary improvements to be
incorporated in the National Oceanic Atmospheric
Administration K-N series. Included in this series will
be the new version of AVHRR with the 1.6-m cloud/
snow discrimination and the Advanced Microwave
Sounding Units (previously described by Patel and
Muller). Also described were the new series of PolarOrbiting Environmental Satellite O/P/Q satellites and
sensors, which are being jointly developed in partnership with the European Community. Especially noteworthy was Joanne Simpson's presentation on the
Tropical Rainfall Measuring Mission (TRMM) and its
role in EOS and GEWEX (Global Energy and Water
Cycle Experiment). A new secondary objective to
measure upwelling radiation has been added to the
TRMM, now scheduled for launch in late 1996 or early
1997. Among the notably difficult objectives of TRMM
is the prelaunch evaluation of the role of "warm" rain in
the precipitation process. It is this objective that dictates the synergism between passive microwave and
radar measurements, and the international JapanUnited States cooperation in providing the sensors.
Klein et al. presented an interesting multimedia description of the DMSP status and plans. Mandt pro-

vided the descriptive commentary during a videotape
review of DMSP accomplishments and plans. The
fast-moving videotape presentation was a successful
medium for covering the wide scope of topics, ranging
from tactical imagery utilization to future space environment sensors. Next, Colton of the Fleet Numerical
Oceanography Center offered to make available DOD
meteorological satellite data to all researchers. As the
number of SSM/I sensors in orbit increases and global
coverage becomes possible, having access to the
data for research and increasing its use in the operational community should be a major benefit to meteorologists and oceanographers. In the final presentation, Swadley described the many difficulties in microwave sensing for a number of applications. The key to
the success of the advanced sensor design is the
sophisticated electronics package that permits processing over an extremely wide microwave bandwidth. Also important are theoretical advances in
upper atmospheric inversion techniques.
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