meeting review
The Seventh Conference on Ocean-Atmosphere Interaction
John J. Bates*
Program

1. Introduction
The Seventh Conference on Ocean-Atmosphere Interaction was held in Anaheim, California, in conjunction with the 68th Annual Meeting of the AMS,
the Fourth Conference on Meteorology and Oceanography of the Coastal Zone; the Fourth International
Conference on Interactive Information and Processing Systems for Meteorology, Oceanography, and
Hydrology; and the Jacob Bjerknes Symposium on
Air-Sea Interactions. Attendance at the meetings was
high and required the attendees be judicious in their
choice of presentations to attend. Some sessions enjoyed a wider exposure than they would have obtained had they been held individually; others suffered
less attendance when scheduling conflicts occurred.
Overall, most thought that the interaction with the
different coincident conferences was beneficial.
There were several additions to this conference from
prior Ocean-Atmosphere Interaction Conferences. For
the first time, a preprint volume of the conference
was assembled and published. Also, a set of special
sessions was held to present preliminary results from
the Frontal Air-Sea Interaction Experiment (FASINEX).

2. Session reports
a. Session

1: recent

air-sea

(Robert

F. Abbey,

}r.,

interaction

experiments

chairman)

In this session, some preliminary results from three
recent air-sea interaction experiments were presented. These experiments included HEXMAX, the
Humidity Exchange Over the Sea (HEXOS) Main Experiment, GALE, the Genesis of Atlantic Lows Experiment, and FASINEX. In the first paper, Katsaros and
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Taylor presented an overview of HEXMAX, which was
an international cooperative effort to study the flux
of water from sea to air as vapor and as spray droplets. The experiment took place during October and
November 1986 with measurements taken from several platforms in the North Sea and from a C-130
Hercules aircraft. Comprehensive measurements of
fluxes of water vapor, heat, and momentum, turbulence statistics, sea state, whitecap coverage, and
aerosol concentration were collected during wind
speeds ranging from 7 to 25 m • s~1. In the second
paper, Fairall, Edson, Larsen, and Mestayer compared inertial-dissipation and eddy covariance surface flux measurements during the HEXMAX
experiment. Inertial-dissipation measurements of
u* were found to be about 5 % lower than the boom
covariance estimates with a 15% rms scatter for one
hour averages. Greater scatter occurred between the
inertial-dissipation and boom covariance measurements of the temperature scaling parameter and the
humidity scaling parameter. The third paper, by Edson, Fairall, Larsen, and Mestayer, described simulations of the turbulent transport of evaporating jet
drops in an air-sea simulation tunnel during HEXIST.
They found that the equation of the droplet's motion
as its radius shrinks to zero reduces to the Langevin
equation in discrete form. The source function was
found by comparing the non-evaporating spectra with
their equivalent measured spectra, and adjusting the
source function until a reasonable fit was obtained.
The next two papers discussed boundary layer
modifications in a cold air outbreak during GALE.
Grossman computed a streamline budget of sensible
heat components from aircraft data. He found that
the cooling by horizontal advection was nearly balanced by the combination of condensation heating
and turbulent flux divergence. Chou and Zimmerman
studied the buoyancy flux in the convective marine
atmospheric boundary layer using the technique of
joint frequency distribution of virtual potential temperature and vertical motion. The results indicate that
the buoyancy was driven primarily by the temperaVol. 70, No. 1, January 1989
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ture flux, implying that the physical processes for
generating buoyancy flux are about the same for
boundary layers over the land and over the ocean,
even with different convective regimes. Finally, Weller
presented an overview of the FASINEX experiment,
since the FASINEX special sessions were to occur
coincident with the continuing regular sessions of the
conference.
b. Session

2A:

interaction

large-scale

ocean-atmosphere

I (C/aes Rooth,

chairman)

Session 2A was the unfortunate victim of several last
minute cancellations of the formal paper presentations due to travel difficulties encountered by several
authors. Fortunately, however, preprints of the work
of Sirutis and Miyakoda, Budin and Davey, and
Cubasch, Maier-Reimer, Tonsing, and Sausen are
available. In a paper on freely coupled/decoupled
ocean-atmosphere general circulation models (GCMs),
Meehl and Washington focused on reproducing in
the ocean an accurate annual cycle of zonal mean
ocean heat transport. Miller described predictability
studies in a simple, coupled atmosphere-ocean model
in order to determine both the instantaneous and timeaveraged predictability of the atmosphere in response
to an evolving ocean boundary. Somerville and lacobellis examined cloud-radiation feedbacks that
might occur if the global oceans warm and supply
additional water vapor to the atmosphere due to
warming by greenhouse gasses. Results suggest that
the additional water vapor may lead to optically thicker
clouds and provide a negative feedback to stabilize
the climate.
c. Session
(Stephen

2B:

FASINEX

A. Stage,

I
chairman)

This session was the first of four devoted to presenting
early results from FASINEX, which was described by
Weller in paper 1.6 of the opening session. This session emphasized the climatology and meteorology of
the FASINEX area.
A paper by Friehe and Williams described the FASINEX aircraft measurement program. Six aircraft operating from four airports participated in FASINEX.
Four of the aircraft flew in formation on intensive
days taking data in a box pattern designed to determine changes in various parameters across the FASINEX sea surface temperature (SST) front. Side-byside intercomparisons were performed between the
three aircraft that took high-frequency turbulence
measurements, and fly-bys were made to compare
with the two FASINEX ships. Very good agreement
was found between the turbulence measurements of
the three aircraft.
Hanson presented the climatology of the FASINEX
area based on 30 years of Comprehensive OceanAtmosphere Data Sea (COADS) data for February.
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FASINEX is between the westerlies to the north and
the trade winds to the south and thus has near 0
average wind. There is a minimum in wind-stress
magnitude and small mean heat and vapor fluxes.
The SST fronts in the area are not visible in the COADS
data due to the large time and space averaging, but
the curl of the wind stress is seen to change sign
there.
Bohm and Cornillon used satellite derived SST values from four winters beginning in 1982-83 to produce charts of frontal positions in the FASINEX area.
Numerous fronts are found in the area. The northsouth SST gradient is strongest in February. The FASINEX year (85-86) was fairly similar to other years,
however the front migrated northward about twice as
rapidly during the FASINEX year as in previous years.
Examination of frontal length and amount of convolution of the front showed interannual variations.

Halliwell and Cornillon analyzed AVHRR SST data
in which features on the fronts were seen to shift to
the west as well as to the north. The behavior of the
SST front seems to be related to SST features with
sizes of several hundred kilometers. Comparisons with
oceanic cross sections from Sea-Soar data show that
the SST is influenced by the thermal structure below
the thermocline.
Results from a 2-D numerical model for the marine
atmospheric boundary layer (MABL) near the SST front
were presented by Stage, Wai, and Crescenti. The
secondary circulations in the boundary layer induced
by the front are seen to be very different, depending
on the direction of the synoptic geostrophic wind relative to the front. For a frontal strength of 2°C the
maximum perturbation wind speed ranges from about
0.2 m • s" 1 to 1.5 m • s" 1 , depending on wind direction.
Shaw examined the mean structure of the MABL.
An important difficulty in analyzing the mean fields
is that non-stationarity is great and is not the same
on the two sides of the SST front. Most interestingly,
the pressure tendency is different on the two sides. It
is evident from this and other papers that the FASINEX
front and the surrounding ocean and atmosphere are
a complex region and that there are important effects
due to both the curves in the front and to time changes
in atmospheric forcing.
The influence of the SST on the cloud structure was
examined by Rogers and Businger. O n 17 February
1986 there were clearly more clouds over the warm
water than over the cold. On this day the air on the
warm side of the front showed a two-layer structure.
Mixing diagram analysis showed that the upper layer
had originated by mixing over much warmer water
some distance upwind.
Khalsa and Greenhut used conditional-sampling
techniques to look at the structure of turbulence on
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the two sides of the front. They found that the turbulent structure over the warm water was typical of
the subtropical ocean except that downdrafts were
very dry. The cold side turbulence was markedly different; the small heat and vapor fluxes there were
associated with downdrafts and updrafts that occupied small fractions of the area and were weak.
d. Session
(Celso

3A:

El Nino-Southern

Barrientos,

Oscillation

chairman)

The first paper was by Handler, who examined El
Nino-Southern Oscillation (ENSO) episodes from the
early 1950s and proposed that ENSO is induced by
aerosols from volcanic eruptions. Ropelewski et al.
described a quasi-biennial oscillation (QBO) study
and related it to ENSO events. They examined ENSO
indicators records from 1949 to 1987 and concluded
that there is an indication that Q B O variations can
account for some of the indices variations of ENSO.
The third paper in the program, by Chao et al., was
not presented. Chan and Lau studied the relationships
between SST and outgoing longwave radiation (OLR)
over the tropical oceans. They concluded that there
are two regimes of interactions between SST and convection, the boundary between the regimes at 28°C
and at OLR value of about 240 Wm~ 2 . Anomalies of
OLR and SST vary coherently over the central-eastern
Pacific during the ENSO period. Graham et al. compared three GCMs and observed surface wind fields
over the tropical Indian and Pacific Oceans. This is
a truly excellent academic paper and it is not possible
to summarize it here in a few sentences. Fortunately,
interested readers may refer to the preprints volume.
However, to appreciate it fully, the three GCMs should
be studied together with the wind analyses work in
Florida State University under Professor O'Brien. The
two paragraph conclusions in the preprints are succinct. The performance of the models, although different, gave some similar results. Model formulations
of the interactions between convection and circulations suggest that improvements are still needed. The
paper by Steiner and Khalsa described stability and
convection during the 1982-1983 ENSO. This is
an interesting meteorological study using remotelysensed data. They obtained TIROS Operational Vertical Sounder (TOVS) data and performed large-scale
tropical analysis of stability and convection. Strong
convection and heavy precipitation occurred in the
region of weak stability during the 1982-1983 ENSO.
(Although the paper is not included in the OceanAtmosphere Interaction preprints, a discussion of the
analysis technique is in the Satellite Conference preprints.)
e. Session
(Robert

3B:

FASINEX

Weller,

II

chairman)

The FASINEX II session focused on the response of

the ocean to atmosphere forcing at the site of FASINEX. The FASINEX site was located in the subtropical
convergence zone. The Westerlies and Trades bring
cool water from the north together with warm water
from the south, forming oceanic fronts, which are
tens of kilometers in width and hundreds of kilometers in length. The oceanic response was examined
on scales ranging from thousands of kilometers to
fractions of a meter. The link between ocean currents
at 162 meters depth at the FASINEX site (27°N, 70°W)
and the winds over the North Atlantic between 10°N
and 40°N was examined by Ken Brink, Woods Hole
Oceanographic Institution ( W H O I ) , who reported
finding a significant response to both local and nonlocal forcing. Highest coherences with non-local winds
were with the curl of the wind stress at locations 1800
to 3000 km east of the FASINEX site (27°N, 70°W).
Talks by Pollard, Institute of Oceanographic Sciences
(England) (IOS) and Regier, Scripps Institution of
Oceanography (SIO), by Weller ( W H O I ) and Rudnick
( W H O I ) , and by Eriksen, University of Washington
( U W ) described the structure of the oceanic fronts
and the relation of the 3-50 km scale variability to
local forcing. Along front flow was strong in the upper 100 meters, up to 70 cm • s" 1 . The SeaSoar data
presented by Pollard shows evidence of a general
convergence at the front and movement of the cool
northern water down under the warmer southern water;
it also shows considerable structure in the density and
three-dimensional velocity fields, with changes in sign
of the vertical velocity, which was estimated to be as
large as 20 m • day" 1 , on 10 km scales. Profiling
Current Meter data discussed by Eriksen and surface
mooring data discussed by Weller and Rudnick provided more information about the velocity and density fields associated with oceanic fronts; during the
five months those moorings were deployed, several
fronts moved through the array from the southeast to
the northwest, maintaining a southwest to northeast
orientation of the along front flow. Vorticities estimated from the current-meter time series varied between roughly - ,7f to +.7f, where f is the local
Coriolis parameter. Variability at the smallest scales
was discussed by John Toole (WHOI) and Neil Oakey,
Bedford Institution of Oceanography (BIO). Toole
had data from CTD (conductivity-temperature-depth)
profiles and from profiles collected with a free-fall
profiler that measured fine-scale temperature, salinity, and velocity, and used that data to investigate
spatial variation in the strength of mixing observed
in the upper ocean. The data suggested that, at
depths between 125 and 150 meters, the strongest
mixing occurred at the front. Neil Oakey also used
velocity and temperature microstructure data from
a free-fall profiler to look for spatial variability
in mixing.
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II (Max /. Suarez,

chairman)

Several papers in this session dealt with regional climate diagnostics. Brenner described sensitivity experiments examining the relationship between Eastern
Mediterranean sea surface temperature anomalies and
Middle East precipitation forecasts. Etter, Lamb, and
Portis reported on revised estimates of the heat and
freshwater budgets of the Caribbean Sea. Cayan explained the North Atlantic Oscillation: the strong phase
occurs when both the mid-latitude westerlies and trade
winds are strong; the opposite occurs during the weak
phase. Ernst used simple linear correlation techniques to form seasonal anomaly composites of North
Pacific sea surface temperature patterns. Hannes employed cluster analysis to establish a relationship between summer Pacific Ocean temperatures and fall
700-mb air temperatures over the southeastern United
States. Finally, the impact of sea ice and leads on
ocean-atmosphere interactions using a coupled energy balance, climate-thermodynamic sea ice model
was examined by Shapiro-Ledley.
g. Session
(Robert

4B:

FASINEX

Weller,

39

Society

III

chairman)

FASINEX Session III included seven papers, all related
to radar sensing of the sea surface, to surface waves,
surface roughness or wind stress estimation. Data from
aircraft overflights of the oceanic fronts in the FASINEX region were discussed in most cases. Walsh presented results from the Surface Contour Radar (SCR)
flown on the National Aeronautics and Space Administration (NASA) P-3. Directional wave spectra from
the SCR showed peaks associated with the winddriven sea and with swell propagating from different
directions through the area; the wave height of the
swell components varied relative to the front and total
wave height decreased north of the front. Jackson
also presented evidence that the front affected the
surface wave field. His data from the Ku-band Radar
Ocean Wave Spectrometer (ROWS), also flown on
the NASA P-3, showed swell propagating through the
area and being refracted by the currents at the front.
Geernaert, Weissman, Li, and Jackson discussed
results from work done during FASINEX to improve
interpretation of scatterometer data. Flights across the
fronts by the NRL RP-3A and the NASA C-130 during
FASINEX were made for the purpose of collecting
scatterometer data in a region characterized by strong
variability in the upper ocean. Geernaert reported that
although wind speeds were nearly uniform, both the
wind stress and the normalized radar cross section
(NRCS) varied along flight paths crossing the front.
Weissman further discussed the response of the radar
cross section (cr0) to the surface winds and waves and
to the surface stress observed in FASINEX. The de-

pendence of <t0 on the characteristics (directional
spectra, wave slope) of the surface wave field were
discussed by Jackson. Li, like Geernaert, found that
o"0 varied across the fronts and correlated well with
u* but not with wind speed.
Davidson discussed wind stress measurements made
from ships as well as aircraft. Bulk formula and dissipation method estimates were made on the two ships,
Oceanus and Endeavor. These ships were overflown
by the National Center for Atmospheric Research's
Electra. Stresses from the Electra agreed well with the
ship values. At wind speeds less than 11 m • s~1 values of the neutral drag coefficient were close to those
suggested by Large and Pond (1981). Above 11 m • s" 1
FASINEX values were higher, but analysis of this data
and of differences between stress estimates made with
different techniques is continuing.
h. Session
(Edward

5A:

wind/wave

/. Walsh,

phenomena

chairman)

Swail and Brown computed gust factors over water
for a range of gust durations and measurement intervals. Stratification was also determined by wind speed,
stability, and anemometer height. Initial results were
found in reasonable agreement with prior published
values. Su and Cartmill concluded from their study
and others that the majority of wind-generated wave
breaking that generates white-capping in open seas
is due to long-wave/short-wave interaction, with a
small percentage due to a three-dimensional instability. Liu found that field measurements in Lake Erie
support representations of the equilibrium range of
wind wave and wave slope spectra that are consistent
with modern concepts, i.e., a f~ 4 rather than f ~5 frequency spectrum representation. Venkatesh et al.
analyzed wave data from towers in Lake St. Clair to
examine wave characteristics, growth, and dissipation in water of shallow and nearly constant depth.
They found there can be substantial differences between wind and wave directions. A laboratory wind
wave channel was used by Long and Huang to study
properties of the water surface roughness under the
action of wind and waves. They hope to apply the
results to enhance our understanding of synthetic aperture radar images of the sea surface. Miller and
Fairall derive a consensus aerosol flux for oceanic
whitecaps by combining preferential portions of four
independent data sets. The windspeed dependence
is approximately quadratic while the fraction of
whitecaps tends to increase as the third power of the
windspeed. Monahan proposed a hypothetical evolution of a bubble plume/cloud resulting from oceanic
whitecaps. In the following paper, Woolf, Monahan,
and Spiel used tank simulations to obtain flux estimates so that they could estimate the amount of sea
salt cycled annually from the world's oceans through
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a height of several hundred meters in the atmosphere.

/. Session
(Carl

/. Session
(.Stephen

5B:

FASINEX

A. Stage,

IV
chairman)

Melfi, Boers, and Palm presented results from aerosol
backscatter Lidar on 21 February 1986 of FASINEX.
The lidar produced detailed 2-D images of the aerosol content of the lower atmosphere near the front.
The data allows the determination of height of the
top of the subcloud mixed layer and cloud top height
on both sides of the front. O n e striking feature of their
images is a region of dry air over the front which
extends downward through the M A B L to near the surface and which is seen in the data of the turbulencemeasuring aircraft and in the model results of other
papers presented.
Davidson, Boyle, Fellbaum, and Mundy discussed
results from FASINEX ship observations, especially
the drag coefficient. The drag coefficient was seen to
be enhanced in advance of frontal passages in response to increased winds and to chaotic seas. Both
the difficulty and the desirability of consolidating
stress data from FASINEX platforms were discussed.
Boers and Betts presented the only paper of this
session that had no connection to FASINEX. Their
work looked at marine stratocumulus clouds off California. Through saturation point analysis of aircraft
data they were able to use a simple thermodynamic
tendency model to infer the rates of heating by surface fluxes, radiation, and entrainment at the mixed
layer top.

Radiation measurements in the FASINEX area were
examined by Bates and Gautier, who compared satellite and shipboard determinations of radiative fluxes.
Examination of correlations between SST and cloud
cover enabled them to derive an empirical relationship to correct short wave radiation values for errors
in cloudiness due to a large satellite viewing angle.
Katsaros and Lind studied surface radiation budgets,
bulk parameterizations of the short and longwave
fluxes, and transmittance ratios of the clouds.
Gautier and Bates used data from a variety of satellites to characterize cloud distributions and types
in the western Atlantic. The goal of their analysis was
to determine if changes in equivalent cloud cover
near the FASINEX front were due to changes in cloud
type or amount. By analyzing several wavelength
bands they were able to devise an objective method
by which cloud cover could be classified. The locations of their cloud types could be associated with
meteorological and oceanographic causes such as deep
convective clouds over the Gulf Stream. They found
that small-scale convection and deep convection both
increase near the FASINEX region where clouds associated with atmospheric frontal systems drop off
sharply.

6: boundary

Friehe,

layers

chairman)

Chern and W a n g presented model results of a changing wind stress field over the ocean. Ly and Takle
described a coupled air-sea interaction model, including baroclinic effects. Papadimitrakis presented
a turbulence model for surface layer turbulence above
an air-water interface, including a very complete and
systematic treatment of the effects of humidity on the
governing equations and boundary conditions. Nuss
presented a study of mid-latitude oceanic cyclones
off of Japan, where both air-sea fluxes and upperlevel forcing were found to cause cyclongenesis. Tag
described the features of the development of a shipboard operation model for boundary layer forecasting
for the open ocean. The session was well-attended,
and interesting questions and discussions followed
each paper.
k. Session
(Peter

7: heat,
Black,

mass, and momentum

transfer

chairman)

Geernaert presented data indicating that non-zero angles between the surface-layer stress and wind were
common. During unstable flow the angle between
the two vectors was found to generally be positive,
while for slightly stable flow the sign of the angle
reversed. Levy combined satellite scatterometer data
with observations, modeling efforts, and theory to investigate frontal behavior in terms of its vorticity and
divergence. In a paper by Bliven, Giovanangeli, and
Norcross, it was reported that rain at sea modifies the
ocean surface geometry by generation and attenuation of short-waves and also modifies air-sea exchange processes by development of a freshwater
boundary on top of higher density sea water. These
results have important implications for scatterometer
wind speed estimates during rainfall. Heat flux transition points were examined by Zivkovic and Agee.
They found that a 2-D model was capable of simulating various temporal transition states. Lastly, Gaspar and Andre reported on field tests of an inverse
method for the estimation of the latent and sensible
heat fluxes at the sea surface.
/. Session
{Andreas

19: joint

with

K. Goroch,

Third

Satellite

Conference

chairmanY

The joint session of the 3rd Conference of Satellite
Oceanography and the 7th Conference on Air-sea Interaction included a variety of papers encompassing
the area of remote sensing of the air-sea interface.
Keller described wave tank measurements of X-band
radar scattering. The results were compared to the

1 Note there was no session 8, the notation session J9 is used to
conform with sessions in the Third Satellite Conference.
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theoretical approaches showing generally good
agreement, with a sharp decrease at low wind speeds
as predicted by Donelan and Pierson. As paddle generated waves were introduced, the backscatter crosssection increased substantially. Brown demonstrated
the retrieval of pressure fields from wind retrievals of
the Seasat scatterometer. He concluded that the use
of Seasat data, together with conventional information, would lead to valuable improvements in the
analyses of surface pressure fields, especially in the
Southern Hemisphere. He pointed out that there are
still difficulties in retrievals in the region of non-uniform areas, such as frontal zones. Yu described a
method of inferring boundary layer height in the troposphere, using Seasat altimeter surface wind speed
measurements and surface pressure maps. The results
are useful for the initialization of atmospheric boundary layer models. The boundary layer heights seemed
comparable to observation in polar and subtropical
areas. Durkee showed a different method of retrieving boundary layer heights from National Oceanic
and Atmospheric Administration (NOAA) AVHRR visible and IR measurements. By using the aerosol op-

41
tical depth to relate to water vapor column density,
and inferring a mean layer temperature from the sea
surface temperature, Durkee showed credible retrievals of boundary layer height, and to a lesser extent,
surface relative humidity. Breon described the retrieval of moisture profiles during the FASINEX experiment, using NOAA-9 TOVS data and their 31
retrieval method. The results were interesting although limited by the inherent resolution of the microwave sensor component of TOVS. Black described
a series of expendable bathythermograph measurementes during the passage of three hurricanes. The
measurements demonstrated the effects of the storm
on subsurface dynamics, including the generation of
inertial oscillations. He also showed how one storm
induced a divergent cyclonic vortex, linked to observed long period swell.

Acknowledgments. I would like to thank the authors for their
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volume. I would also like to thank all the session chairmen for
their help, particularly Ed Walsh, who graciously agreed to chair
a session when a last minute illness struck.
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Summary of the Fourth International TOVS Study Conference
Mervyn J. Lynch,* W. Paul Menzel,+ and Alain Chedint
Conference

Abstract
The fourth International TIROS Operational Vertical Sounder (TOVS)
Study Conference (ITSC-IV) was held in Igls, Austria, from 16 to
22 March 1988. As a working group of the International Radiation
Commission, T O V S users convene to review the science and application of temperature and moisture soundings from the N O A A
polar orbiting satellites. The outcomes of this conference are reported here. These include the analysis of problems and issues
raised at the previous conference (ITSC-III), new scientific developments, progress with retrieval software, applications to numerical weather prediction, and implications of new instruments and
platforms.

Organizers

ing process to the International Radiation Commission (IRC). The ITSC, which is supported by the
National Oceanic and Atmospheric Administration
(NOAA) and the International Association of Meteorology and Atmospheric Physics (IAMAP), serves as
an effective forum for scientific debate, information
exchange, and planning for the future. It presently is
co-chaired by W. Paul Menzel (United States) and
Alain Chedin (France). The Cooperative Institute for
Meteorological Satellite Studies (CIMSS) at the University of Wisconsin-Madison coordinated the ITSCIV meeting with the on-site assistance of colleagues
at the University of Innsbruck.

1. Introduction
The fourth International TIROS Operational Vertical
Sounder (TOVS) Study Conference (ITSC-IV) was held
in Igls, Austria, from 16 to 22 March 1988. Sixtythree delegates attended the meeting and a further
seven, not able to attend because of travel restrictions, provided scientific contributions. The twenty
countries represented at the meeting included Austria, Australia, Canada, Denmark, the Federal Republic of Germany, Finland, France, Hungary, Italy,
Japan, Korea, the Netherlands, New Zealand, Norway, the Peoples Republic of China, Spain, Sweden,
Switzerland, the United Kingdom, and the United
States of America. Participation in the ITSC by national groups continues to increase, as does the level
of expertise of the participants.
The ITSC convenes TOVS users approximately every
eighteen months (Menzel 1987) as part of its report-
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2. Agenda
ITSC-IV has seen the continuing progress toward the
broad goals of improving the quality of satellitederived atmospheric soundings and studying their
applications in the operational meteorological environment.
Two days of the ITSC were set aside for presentation of scientific papers by delegates. Contributions
spanned comparisons of retrieval schemes and algorithms, approaches to cloud clearing, assimilation
of sounding products into numerical weather prediction schemes, transmittance tuning, regional applications of sounding products, and impact analysis.
The full text of the scientific contributions is available
in the "Technical Proceedings of the Fourth International TOVS Study Conference" (Menzel 1988).

To fulfill the responsibilities of a working group of
the IRC, a substantial component of the ITSC was
spent addressing issues which were identified at the
previous meeting, the ITSC-III (Menzel and Lynch
1986). Status reports on ITSC-III action items occupied one full meeting day and embraced processing
software documentation, software upgrades, atmospheric transmittance calculations, sensor calibration, data formats, approaches to cloud clearing,
personal computer-based processing software, future
Vol. 70, No.

I
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satellite sensors, applications and impact of soundings in numerical weather prediction, the use of TOVS
products in climate studies, and participation in the
Baseline Upper Air Network (BUAN) evaluation.
Summaries of these status reports can be found in " A
Report on the ITSC-IV" (Lynch and Menzel 1988).
In parallel with the formal presentations, the ITSCIV established working groups of specialists in four
areas: (1) the science of atmospheric soundings, cochaired by J. Eyre (United Kingdom) and J. Svennson
(Sweden); (2) the software and algorithms for deriving
products from satellite data, co-chaired by H. Woolf
(United States) and N. Scott (France); (3) applications
to numerical weather prediction, co-chaired by G.
Kelly (United Kingdom) and G. Prangsma (Netherlands); and (4) international activities; co-chaired by
J. LeMarshall (Australia) and J. Giraytys (Switzerland).
The working groups were required to review, debate,
and make recommendations on the key issues of concern and to identify items for further action. The reports of these working groups are also detailed in " A
Report on the ITSC-IV" (Lynch and Menzel 1988).

3. Meeting highlights
a. Case studies
Previous activities at the ITSC have demonstrated the
value of case studies for investigating the quality of
TOVS sounding products and their impact on numerical weather prediction (LeMarshall 1985). At the
ITSC-IV, two new case studies were proposed. The
goals of these new studies, the available ancillary
data, and the data distribution procedures were resolved. The severe storm event which occurred over
the north coast of Spain and southwestern region of
France on 7 June 1987 was selected for investigation
because of the mismatch between the forecast and
actual weather. Tropical storm Jason on 8-13 February 1987, the second case study, was selected from
one of the Australian Meteorological Experiment
(AMEX) observation periods. The latter will be the
first tropical region study undertaken by the ITSC participants. Ancillary data from the intense observation
network in place for AMEX are available to support
this case study.
The processing of these new case studies will be
accomplished with a variety of software packages.
Most of the TOVS community favor a combination
of physical and statistical retrieval schemes. At the
time of ITSC-IV, the dominant algorithms are the International TOVS Processing Package (ITPP-3), the
Improved Initialization Inversion (31) system, and
variants thereof. At the time of the ITSC-I (September
1983), the ITPP (CIMSS, Madison) was already widely
in use. Since then, it has gone through three major
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upgrades in order to improve the quality of the temperature and moisture retrievals. Further, a number
of research groups and centers have adapted the ITPP3 to their local needs using variants of the processing
algorithm and locally derived parameters for transmittance tuning. The 31 system (France) was presented at the ITSC-I. Together with other packages, it
has contributed to the intercomparison campaigns of
the previous ITSC (LeMarshall, 1985). Recently, the
31 system has been made available to the international community for impact studies on numerical
weather forecasting.
b.

Personal

computer

c.

The

BUAN

d.

New

sensors

{PC)

processing

Work on the PC-TOVS version of the ITPP has progressed considerably since the ITSC-III. The software
now includes a menu driven user interface, improved
display with an enhanced graphics adapter, and a
considerably faster physical retrieval. A preliminary
draft of software documentation was presented. A
demonstration was given on an IBM/PS2-80 personal
computer featuring near real-time processing and
product display with acquisition of TOVS data through
a modem from the CIMSS data base in Madison, Wisconsin.
The Commission for Basic Systems (CBS) of the World
Meteorological Organization ( W M O ) had proposed
that the ITSC delegates participate in the Baseline Upper Air Network evaluation. National Environmental
Satellite, Data, and Information Service representatives at the ITSC-IV indicated that after some initial
problems, the B U A N data now were being archived
routinely. Distribution of a selected subset of the B U A N
data to several processing centers for evaluation purposes remains to be done. The working group agreed
to initiate the evaluation process and report on outcomes at the ITSC-V.
Space agencies' plans to launch new generation geostationary sensors in the 1990s stimulated the ITSC
to schedule a half-day forum on "Geostationary Satellite Plans for the Future." National Aeronautics and
Space Administration, NOAA, and commercial sector representatives provided advice on the U.S. plans
while representative from Europe described prospects
for the next generation Meteosat sensors. Ideas for
new approaches to remote sensing in the infrared and
microwave regions were discussed.
Preparations for new satellite systems increasingly
will begin to dominate the activities of the ITSC. The
phasing out of the TIROS series of satellites in the
early 1990s will require that users become familiar
with attributes of the new sensors. Assembling and
distributing technical information on the new AdUnauthenticated | Downloaded 01/09/23 01:40 AM UTC
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vanced Microwave Sounding Unit (AMSU) sensor
systems is the first step.
e.

WMO

report

Two rapporteurs from the ITOVS Working Group
(W. P. Menzel, United States, and J. LeMarshall, Australia) submitted a preliminary report to the W M O at
CBS-IX in January 1988. This report attempted to
summarize the findings and recommendations from
the previous ITSC and to foreshadow future developments in satellite soundings. The W M O has requested that this reporting continue at the next meeting of the CBS.

4. Working groups
The four working groups presented a total of 43 recommendations to the TOVS user community on the
last meeting day. These can be found in " A Report
on ITSC-IV" (Lynch and Menzel 1988). Noted below
are some of the issues which will be of significance
to the wider community of TOVS users.
a.

Science

Users of data from the NOAA-IO satellite should be
aware that HIRS limb-correction errors for this instrument are more significant than have been encountered previously.
Scientists using NOAA-IO over polar regions should
be aware of problems which exist when using the
space view for radiometric calibration.
The need for local tuning of atmospheric transmittances in the retrieval process is very important for
achieving accurate soundings.
Transmittance calculations will be improved
through the increasing availability of high spectral
resolution data.
b.

Software

The majority of users have adopted, or are moving
toward, physical retrieval schemes. The dominant
sounding software packages, the ITPP and the 31 system, have been made available to users who have
been encouraged to further refine these procedures
and to report on their conclusions.
Considerable progress has been achieved in the
adaption of TOVS sounding software to the personal
computer environment and in its evaluation using case
studies. A mechanism for funding further developments and software distribution is under consideration.
Calibrating, navigating, and developing algorithms
for the next generation sensors (AMSU and HIRS-3)
on the N O A A K, L, and M satellites must commence.

The level of interest in an Advanced TOVS (ATOVS)
processing package, which would parallel the ITPP,
must be gauged.
c.

Applications

The success of the previous Alpine Experiment (ALPEX) case study encouraged the ITSC participants to
proceed with the distribution of data on the two new
case studies (viz. 7 June 1987 storm over northern
Spain; 13-18 February 1987 tropical storm Jason over
northern Australia from the AMEX experiment). Distribution of data sets will occur in 1988. A synthesis
of results from various groups and centers should occur in time for review at the ITSC-V in the autumn of
1989.

A major recent focus of the ITSC participants has
been the assessment of the impact of TOVS soundings
on numerical weather prediction (NWP). In this respect, the forward radiative transfer model and the
quality control applied to satellite derived radiances
and soundings are extremely important. The major
processing centers were to be asked to provide appropriate details to enable the N W P impact of TOVS
products to be reviewed.

As part of the process of validating forward radiance models, the importance of the B U A N experiment initiated by the Commission for Basic Systems
was stressed. Selected B U A N data will be made
available to TOVS users for validation and radiance
tuning purposes.
d.

International

activities

The ITSC participants recommended that N O A A be
encouraged to maintain direct readout on all future
operational satellites. Additionally, unless the S-band
link is maintained, a large number of existing groundstations will become inoperative.
The importance of having both microwave and infrared sounders on future geostationary platforms was
stressed.
To meet increasing demands from users, it was seen
as desirable that a W M O workshop be held on all
aspects of satellite sounding, including data acquisition, retrieval schemes, and data assimilation and impact.
Access of the international community to the data
bases of satellite soundings that exist at several major
centers should be detailed.

5. Future plans
The ITSC series continues to contribute to the science
and the analysis of the impact of satellite sounding
products.
Over the last five years, through the vehicles of
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group research and selected case studies, the TOVS
user community at the ITSG has learned about data
calibration and navigation, has experimented with algorithm improvements, has identified the need for
improvements in transmittances and forward models,
and has begun the evaluation of the impact of soundings on numerical weather prediction. The next five
years will provide a new set of challenges to this
group with the launch of next generation instrumentation (the N O A A K, L, M series) in the early 1990s.

A major change in satellite sounding science will
occur onward from 1995 with the advent of the high
spectral resolution atmospheric infrared sounder (e.g.,
Atmospheric Infrared Sounder, AIRS) and coupled infrared and microwave sounders (e.g., Meteosat Microwave Sounder, MMS) on polar and geostationary
platforms, respectively. These instruments will open
up new opportunities in satellite sounding which many
of the existing ITSC participants will pursue.
While the ITSC group has been concerned primarily with the use of TOVS products in near real-time
applications to weather, the role of these same data
bases in climate studies has been stressed. It appears
very likely that this aspect will increase in emphasis
over the next decade as the International Space Year/
Mission to Planet Earth attempts to focus the application of diverse sets of remotely sensed data to the
monitoring of global change.

6. Dissemination of ITSC information
ITSC-IV is summarized in two documents: (1) a report

that presents the executive summary, the abstracts of
the scientific presentations, the working group discussions, ITSC recommendations, and areas of future
work, and (2) the technical proceedings that contain
the complete text of the scientific papers. Copies are
available upon request from CIMSS, 1225 West Dayton Street, Madison, W l 53706.
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