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Abstract
This report contains summaries and highlights of papers presented
at the Sixth Conference on Atmospheric Radiation. Papers included
theoretical and experimental contributions on the optical and radiative properties of aerosols and clouds, radiation instrumentation,
remote sensing, spectroscopy and band models, radiative transfer,
and earth radiation budget and climate applications. In addition, the
conference contained joint sessions with the concurrently held Second Conference on Satellite Meteorology/Remote Sensing and Applications, which were devoted to the first scientific results from the
Earth Radiation Budget Experiment (ERBE) and Stratospheric
Aerosol and Gas Experiment II (SAGE II) on the Earth Radiation
Budget Satellite (ERBS).

Chairman

poster and instrumentation displays over a period of four
days.
This paper contains a synopsis of the Sixth Conference on
Atmospheric Radiation as prepared by the program and session chairpersons, whose names are listed with each session.
The views and interpretations of the papers described below
are those of the session chairpersons. For further information on individual papers discussed below, the reader is referred to the volume of extended abstracts of papers presented at the conference, available f r o m the American
Meteorological Society, Boston, Mass.

2. Aerosols a n d radiation (B. M.

Herman)

1. Introduction
2

The Sixth Conference on Atmospheric Radiation was held
13-16 May 1986 at the Fort Magruder Inn in Williamsburg,
Virginia. It was held concurrently with the Second Conference on Satellite Meteorology/Remote Sensing and Applications. The program committee received approximately 135
invited and contributed papers, including approximately 30
papers submitted to the joint session on results f r o m the
ERBE and SAGE-II experiments on ERBS. In addition to
the joint session, the conference included papers on aerosols
and radiation, clouds and radiation, radiation instrumentation, remote sensing (clouds, aerosols, temperature, etc.),
spectroscopy and band models, radiative transfer, and earth
radiation budget and climate applications. These papers represent the state of the art in modeling and measuring atmospheric radiation, in remote-sensing concept development,
and in their application to climate research.
In order to provide a reasonable amount of time for presentation and discussion of each paper, and to eliminate multiple sessions, the program committee decided to place a
large number of good papers in a poster session. In addition,
many papers and instruments were solicited for a special radiation-instrumentation display and poster session. The final
program thus consisted of some 90 oral presentations and 40
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See program in Bulletin of the American Meteorological Society,
67, 107-117.
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The conference began with an opening session on aerosols
and radiation. The two lead-off presentations were invited
papers; one by Bohren on the absorption and scattering of
light by nonspherical particles, and the other by Toon on the
climate changes associated with nuclear war. Bohren described some optical phenomena, such as the commonly observed 22° halo, that cannot be reproduced by considering
the particles to be"equivalent" spherical particles. He then
proceeded to discuss several analytical techniques that could
serve as alternatives to "Full Mie" calculations for the description of the optical properties of nonspherical particles.
The obvious message to be gleaned f r o m this very entertaining talk, delivered as only Bohren can do, is that there are
alternatives to Mie theory and one should seriously consider
their usage for problems in atmospheric radiation in which
the particles are clearly nonspherical.
Toon's presentation, in contrast, focused on what is
known and not known about the climatic consequences of a
nuclear war, i.e., the well-known "nuclear winter" scenario.
Toon discussed various possible scenarios, and described
their resulting consequences as deduced by various modelers
employing various models. Toon was careful to point out the
many uncertainties in current models and in their predictions, uncertainties arising in part from the models themselves and in part f r o m uncertainties in the smoke properties
resulting f r o m such a nuclear war. The need for additional
study in many related areas of research was pointed out in
what proved to be a most interesting update of current research in this area.
The four talks that followed dealt with the effects of aerosols on climate. Jain and Lai employed a two-dimensional
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radiative-convective model to determine aerosol-induced
temperature changes in zonally averaged latitude bands 10°
in width. Their results, similar to results reported by other
researchers, showed maximum surface cooling in equatorial
and midlatitude regions and minimum cooling in high latitudes. Handler followed with a paper in which stratosphericaerosol events resulting from volcanic eruptions were divided into two classes, those in which the aerosol resulted
from low-latitude eruptions (less than 30°) and those in
which the aerosol resulted from high-latitude eruptions. Depending on the type of volcanic eruption (low or high latitude), Handler showed that certain climatic events such as
the occurrence of El Ninos and above-or-below-average
Indian-monsoon rainfall were highly correlated, thereby
suggesting that stratospheric-aerosol conditions can explain
many climatic anomalies.
Kilsby followed with a paper presenting measurements of
aerosol properties and radiative fluxes over the North Sea
under conditions of widespread straw-burning activities over
England. Aerosol loadings of 180 ^g • m~3 were reported, as
well as measured absorption coefficients at 0.55 /dm that gave
rise to an inferred imaginary refractive index of 0.017 ± 0.005
with a corresponding single-scattering albedo of 0.93 ± 0.01.
Using measured aerosol properties, good agreement was reported between observed and calculated diffuse fluxes, but
some discrepancy was found between observed and calculated total fluxes.
The final paper of the session, by DeLuisi et al. and presented by Dutton, described an analysis of measurements of
the ratio of diffuse to direct solar radiation obtained at
Mauna Loa Observatory following the eruptions of El Chichon. From these measurements the surface albedo and imaginary refractive index of the aerosol layer were derived at
0.38 and 0.5 /xm . Generally, their results indicated that the
stratospheric aerosol particles from El Chichon produced
very little or no absorption.

3. Clouds and radiation (W. J.

Wiscombe)

The modulation of the earth's radiative heating and cooling
by clouds can exert a zero-order controlling influence on the
earth's climate. As such, this was identified as a key problem
in Global Atmospheric Research Program (GARP) planning
documents as early as the late 1960s. In spite of this fact, however, only a handful of researchers have actually grappled
with this problem. Some worked on theoretical radiative
transfer in highly idealized, static cloud fields. A few looked
for the cloud-radiative forcing signature in satellite data. The
rest looked for the effects of clouds in 1-D and 3-D climate
models, using highly idealized representations of cloud
radiation.
Theoretical modeling of cloud radiation is beginning to
reach a temporary asymptote. The possibilities are now too
vast—the number and range of input parameters too large—
for a random exploration of parameter space to be of much
further value. This parameter space (involving not just
means but other statistics of the microphysical and mesoscale cloud properties as well) needs to be considerably narrowed by much more extensive observations of cloud properties and cloud radiation.

347
This increased emphasis on observations has culminated
in the First ISCCP Regional Experiment (FIRE)program, described in some detail in an invited paper by Randall. FIRE is
the first major field program aimed specifically at extended
non-storm cloud fields from a simultaneous combination of
surface, aircraft, and spaceborne platforms. FIRE expects to
have four field phases, two for cirrus clouds, and two for marine-stratocumulus clouds, beginning in October 1986 with a
cirrus field experiment centered around Madison, Wisconsin. The FIRE Science Team brings together experts in cloud
radiation, 3-D climate modeling and cloud dynamics, reflecting, in microcosm, the increasing emphasis on multidisciplinary studies in the atmospheric sciences at large.
Besides observations, the other frontiers in cloud radiationdynamics are a) the explanation of the formation, maintenance, and dissipation of extended nonprecipitating cloud
fields using a blend of radiative, thermodynamic, microphysical, and dynamical models; b) the inclusion of clouds in
3-D climate models in a physically realistic way; and c) morerealistic modeling of the spatial structure of clouds. The papers in this session of the conference reflected frontiers a) and
b), while frontier c) was addressed in the radiative transfer
session in a paper by Gabriel et al.
Increasing attention is now being focused on cirrus clouds,
partly as a result of Ramanathan's findings that cirrus optical
properties have an important influence on the general circulation, and partly because the first cirrus phase of FIRE is
imminent. Starr presented a paper in which he described his
pioneering efforts to put radiation, dynamics, and microphysics together into a simple but realistic model of cirrus
growth, maintenance, and decay. The dramatic longwave influence of cirrus clouds was modeled by T. P. Ackerman et
al., who found longwave heating rates averaging 20-40 K • d"1
in tropical cirrus anvils, with the heating spread throughout
the cloud rather than concentrated near its upper and lower
boundaries. Ramaswamyand Ramanathan found shortwave
heating rates in cirrus clouds to be much smaller, on the
order of 1 K-d" 1 or less on a zonal average, so that the primary shortwave effects of cirrus clouds are their reflection of
10 W-nT 2 of radiation, on average, back to space.
Randall and Harshvardhan examined the role of cloudradiative forcing in general circulation climate models,
where they defined cloud-radiative forcing as the difference
between the radiative flux that occurs with clouds present,
and that which would occur if the clouds were removed but
the atmospheric state were otherwise unchanged. They calculated what the forcing would be in a version of the University
of California at Los Angeles (UCLA)/Goddard general circulation model (GCM), which incorporates separate prediction schemes for convective, supersaturation, and boundarylayer clouds. Since there has been considerable debate about
whether solar and longwave effects of clouds cancel or not,
their conclusions are of considerable interest:
"The planet as a whole is warmed by clouds in the winter hemisphere and cooled by clouds in the summer
hemisphere; the albedo and greenhouse effects nearly
canceling in the global mean."
They also concluded that the cloud-radiative forcing is in
such a direction as to amplify the horizontal part of the HadUnauthenticated | Downloaded 01/09/23 01:56 AM UTC
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ley circulation, while at the same time acting to stabilize its
rising vertical component in the tropics.
Two papers in this session dealt with the effects of cumulus
convection in climate models. Again, using the U C L A / G o d dard GCM, Harshvardhan and Randall suppressed, first,
convective anvil formation, then cumulus detrainment of
liquid water above 400 mb, and found the changed pattern of
radiative forcing caused significant temperature perturbations. These perturbations in turn caused significant changes
in the winds, precipitation, and humidity. Ou and Liou
showed the effects of simply removing cumulus convection in
the doubled CO2 problem, using both 1-D and 2-D climate
models.
Alves and Davies reported what may be the definitive
study of cloud-top radiative cooling. Using a Monte Carlo
model with a 20 cm' 1 spectral resolution and 1/4 m vertical
resolution, they found cooling rates of up to 1 K - m i n 1 at
cloud top, in agreement with some early calculations of Yamamoto that were widely disbelieved. They cleverly deduced
cooling rates from mean intensities, avoiding the well-known
numerical problem of trying to difference nearly equal
fluxes. Of course, the authors assumed an infinitely sharp
cloud boundary, which is only approached in nocturnal status and stratocumulus situations.
Cloud dynamicists commonly complain that radiation is
too complicated to include in their models. Kuo and Vonder
Haar nevertheless included it in a 2-D boundary-layer
model, and their preliminary results indicate that radiation
plays a key role in convection in shallow boundary-layer
clouds. It would seem that cloud models lacking radiation
may be valid somewhere in the universe, but not on planet
earth.

4. Radiation instrumentation
(M D. King, R. S.

Fraser)

This session began with two invited papers on instrumentation for remote sensing of the earth and its atmosphere. The
first paper by Hanel gave an exhaustive review of instrumentation for remote sensing from space, and included a discussion of mirror and lens imaging systems, spectral selection in radiometers, spectrometers and interferometers, and
various types of detectors. Hanel punctuated his overview
with countless examples of specific instrument designs, the
concepts behind the remote-sensing techniques they exploited, and results obtained from those instruments in earth
and planetary programs. In order to emphasize advancements in instrumentation over the years of spaceborne observations, Hanel showed many examples of early as well as
recent data from related instruments. For example, he
showed a stunning vidicon-camera photograph of the Uranus moon, Miranda, obtained during the recent Voyager-2
encounter, which he contrasted with an early vidicon-camera
photograph of the earth obtained from the Tiros-1 satellite.
The second invited paper was by Derr and Weinman and
presented by Weinman. This paper concentrated on the
many advantages and unique capabilities of ground-based
remote sensing, and included a discussion of active lidar and

passive radiometers for observing the earth's atmosphere
from below.
Following the two invited papers, this session concluded
with a most interesting poster and instrumentation display
session. This session reflected the strong interests evidenced
in oral presentations at other sessions of the conference, and
included displays on measurements of the earth's radiation
budget, the radiative properties of clouds and aerosols, and
instruments for measuring the transmission properties of
trace constituents in the atmosphere.
Complex instrumentation has been developed over the
years for measuring the earth's radiation budget from satellites. One of the first broadband radiometers developed for
this purpose was the Nimbus-7 Earth Radiation Budget
(ERB) radiometer, which commenced operating in late 1978
and continues to collect data in the solar channels and the
earth-viewing wide-field-of-view (WFOV) channels. Hickey
et al. displayed and operated an engineering model of this instrument. ERB was succeeded by the Earth Radiation
Budget Experiment (ERBE), which consists of two instruments, the ERBE Scanner and Nonscanner. These instruments were first launched in 1984 on the Earth Radiation
Budget Satellite (ERBS) with nearly identical instruments
subsequently launched on NOAA-9. ERBE's improvements
over ERB consisted of better preflight and inflight calibration and improved sampling strategies, brought about by the
multiple-satellite mission design. Engineering models of
both ERBE instruments were on display (Cooper et al.), as
well as a scale model of the shuttle-launched ERBS satellite.
Data from ERB and ERBE are presently being archived with
many data from ERB now available to the scientific community.
Four posters were presented on aircraft instrumentation
for measuring the optical, radiative, and physical properties
of clouds. The first two, by King et al., described the Multiwavelength Cloud Radiometer (MCR) and Cloud Absorption Radiometer (CAR), both developed at Goddard Space
Flight Center. These instruments have both flown a large
number of times, the MCR on the NASA WB-57F and ER-2
aircraft and the CAR on the University of Washington's B-23
and C-131A aircraft. The MCR measures the radiation reflected from clouds in seven spectral channels, from which
the cloud optical thickness, cloud-top altitude, thermodynamic phase, cloud-particle effective radius, and cloudtop temperature are determined. The CAR measures the angular distribution of scattered radiation deep within a cloud
layer in 13 near-infrared spectral channels, from which the
spectral single-scattering albedo of clouds is determined.
Another cloud-remote-sensing instrument, the High Speed
Spectrally Scanning Radiometer (SPERAD), was developed
at Council for Scientific and Industrial Research Organization (CSIRO) and described in a poster by Stephens. This instrument measures the spectral intensity of radiation reflected by clouds by rapidly scanning the cloud in wavelength
from 0.4 to 2.445 /JLm. This spectrally scanning radiometer
was mounted on the CSIRO Fokker F-27 aircraft and flown
over a number of clouds in Australia, from which the spectralreflection properties of clouds was measured at a rate commensurate with the spatial variability of the clouds.
Jedlovec and Menzel presented a poster describing the
Multispectral Atmospheric Mapping Sensor (MAMS) that is
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an airborne modification of the Landsat Thematic Mapper.
This instrument measures the intensity reflected (eight channels) and emitted (three channels) by the atmosphere. Although the radiometer is designed to measure small-scale
variability (50 m) of water vapor, cloud properties, and the
surface, and their influence on cloud production, early applications have confirmed the capability of the VISSR Atmospheric Sounder (VAS) for measuring water-vapor concentration.
The final aircraft instrument described in this session was
the High-Resolution Interferometer Spectrometer (HIS), presented by W. L. Smith and Revercomb of the University of
Wisconsin. This instrument is used to infer temperature and
water-vapor profiles of the atmosphere, with the ultimate objective being to develop an instrument for use on geostationary satellites. With higher spectral resolution than
VAS, the HIS profiles are more accurate and have better vertical resolution. This instrument, which has flown on the
NASA ER-2 and U-2 aircraft, also measures sea-surface
temperature and cloud properties.
More conventional solar radiometers (sunphotometers)
were also on display at this session. These instruments have
been extremely valuable operationally as well as in field
experiments for measuring aerosol optical thickness and
aerosol size distribution from the spectral distribution of
transmitted sunlight. Russell et al. described an airborne, autotracking sunphotometer (0.38 < A < 1.03 /xm) developed
for measuring the vertical profile of water vapor and aerosol
optical thickness. Spinhirne and King displayed and described another solar radiometer used to extend the spectral
range of sunphotometry to the near-infrared (1.03 < A <
2.23 jum). This instrument was flown in concert with a sevenchannel visible solar radiometer on the NASA Convair-990
aircraft to measure the latitudinal distribution of the El Chichon stratospheric aerosol optical thickness from 68°N to
56°S.
A poster and instrumentation display by DeLuisi et al. described several instruments NOAA uses for monitoring solar
radiation. In addition to solar radiometers, this display included a description of instruments used for measuring both
direct and diffuse solar-flux densities at the ground. NOAA
has an atmospheric-turbidity network of 17 stations ranging
from Alaska to Antarctica, which will soon be outfitted with
new automated solar radiometers that were on display. It
was also interesting to see, side-by-side, Smithsonian's old
water-flow pyrheliometer (Goldberg) and a modern cavity
radiometer (Hickey).
Two instruments did not fall into any of the above categories. Deepak and Jayaweera presented a poster describing
a fiber-array polar nephelometer that is commercially available. It measures the intensity of light from a HeNe laser that
is scattered by particles larger than 5 /im in 45 angles ranging
from 1.5° to 176.5°. The measurements are also made at supplementary angles in the 180° to 360° range. Varanasi presented a poster illustrating laboratory instrumentation designed for measuring the thermal-infrared absorption spectra
of water vapor, carbon dioxide, methane, and nitrous oxide.
Noteworthy were the long pathlength (150 m) heatable absorption cell used in water-vapor-continuum measurements
and the low-temperature (80-300 K) absorption cells used in
the measurement of the temperature dependence of the line-
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shape parameters for carbon dioxide, methane, and nitrous
oxide. The absorption cells are cooled employing liquid nitrogen as well as closed-cycle refrigerators. The high-resolution experiments are performed using a tunable-diode laser
spectrometer, while the broadband measurements on water
vapor are made using a moderate-resolution grating spectrometer.

5. Earth Radiation Budget Experiment (ERBE)
(J. A. Coakley,

Jr., T. H. Vonder Haar, F. B.

House)

Owing to its status as a new element in the current satellite
earth-observing system and its potential impact on atmospheric radiation and climate studies, ERBE was the focus of
a joint session of the Atmospheric Radiation and Satellite
Meteorology conferences. The joint session began with a
dedication in memory of George Sweet and Don Hilleary
whose efforts in the early planning stages of ERBE helped
make it a reality. House then provided a synopsis of satelliteborne radiation-budget measurements, starting with the first
observations from Vanguard and carrying through the Explorer and Nimbus series of satellites to ERBE. The lead-off
presentations of the joint session were two invited papers,
one by Cess and the other by Barkstrom. Cess addressed the
problem of clouds; their influence on the earth's radiation
budget, as depicted in current general-circulation climate
models. He emphasized the dependence of the cloud influence on the various physical processes incorporated in the
models and how careful observations of the radiation budget
components for cloudy and cloud-free regions may well
begin to discriminate against the different model treatments
now in use. Examples of just such observations derived from
ERBE were presented later in the session by Harrison et al.
The following invited paper by Barkstrom described the
three-satellite ERBE experiment. At the time of the conference two of the satellites were successfully in orbit and providing observations (ERBS and NOAA-9) while the third
satellite was awaiting launch later in the year (NOAA-G).
Barkstrom provided an overview of the instrument packages, the inversion of the radiometric measurements to radiative fluxes at the top of the atmosphere, and the objective
analysis of these fluxes to provide 2.5° latitude-longitude radiation-budget components and their diurnal variability.
Several presentations, which followed, expanded Barkstrom's
overview, providing detailed descriptions of instrument design (Cooper et al.; Lee et al.) and performance and data
analysis (G. L. Smith et al.; and Harrison et al.).
The two invited presentations were followed by a number
of contributed papers that examined the physical credibility
of the ERBE observations. The first set of papers addressed
the directionality of the reflected and emitted intensity field
used to estimate radiative fluxes from ERBE observations.
Taylor and Stowe presented an updated assessment of the
angular directional properties of various scenes as derived
from the biaxial scanner on Nimbus-7 ERB. Baldwin and
Coakley followed with a discussion of bidirectional models
and the problems inherent in their use to infer the total reflected energy from an unknown scene. Brooks illustrated
the complexity and variability of scene angular-directional
models incorporated in the current earth-radiation-budget
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data-processing system by discussing the extreme situation
of thermal infrared limb darkening over deserts. The final
angular-directional model paper by Da vies concentrated on
the implications of broken-cloud effects on the interpretation of ERBE short wave-scanner measurements. This paper
drew considerable discussion and comments regarding details of the important cloud-field effects considered in the
simulation.
Ramanathan and Downey, and Briegleb and Ramanathan
addressed the radiometric calibration of the ERBE scanner
through comparison of ERBE observations with model estimates of cloud-free emitted intensities and albedos. These
authors searched for a large number of coincident ERBS observations of the total infrared and total reflected solar radiation at spots that coincided with clear skies and concurrent
radiosonde launches. While one can detect instances for
which the observations behave in a manner that has yet to be
explained in terms of physical processes, the bulk of the observations satisfied a myriad of consistency checks designed
to test their quality and are in remarkable agreement with the
results of theoretical radiative-transfer calculations.
Further calibration and consistency checks of the ERBE
scanner data were examined by Hunt et al., and L. D. Herman and W. L. Smith. Each of these papers correlated ERBE
broadband intensities with narrowband intensities available
from operational weather satellites (Meteosat in the case of
Hunt et al. and VAS in the case of Herman and Smith). Such
correlations improve when several spectral channels, as are
available with infrared sounders, are used to estimate the
broadband intensities. Gruber et al. and Campbell et al. then
followed with similar comparisons of broadband ERBE observations with NO A A and Nimbus-7 observations of the
earth-radiation budget. The comparisons revealed aspects of
data analysis and instrument calibration that evidently require further study in order to meld the variety of observations into a consistent record of the radiation budget.
It was noted at the end of the session that the number of
papers presented at the conference and the number of authors attached to these papers reflected only a small fraction
of the efforts required to ensure the existence and quality of
earth-radiation-budget observations such as are provided by
ERBE. As many from nearby Langley Research Center who
were involved in project management of the instruments and
in data analysis were in attendance at the conference, they
were thanked for their work and encouraged to diligently
continue their efforts. Based on the presentations at the conference, ERBE promises to provide a rich source of observations for scientific inquiry for many years to come.

6. Stratospheric Aerosol and Gas Experiment II
(P. B.

Russell)

This session began with an invited paper by McCormick in
which he discussed satellite and aircraft measurements of
stratospheric aerosol particles. He first presented the 19741985 time series of the stratospheric column-integrated
backscattering coefficient acquired by the Langley Research
Center 48-inch lidar system. Perturbations by volcanic eruptions were readily apparent, including those of Volcan de

Fuego, St. Augustine, St. Helens, and the order-of-magnitude increase caused by El Chichon in 1982. Lidar results
from five airborne latitudinal surveys between 1982 and 1984
were presented that showed the evolution of the spatial and
vertical distribution of the post-El Chichon aerosol. The
SAM-II, SAGE, and SAGE-II series of satellite sensors for
mapping the spatial and temporal distribution of stratospheric aerosol particles was introduced and the solar-occultation measurement technique briefly discussed.
McMaster followed with a description of the SAGE-II
sensor, the measured and inferred parameters (vertical profiles of aerosol extinction at two to four wavelengths, water
vapor, ozone, and nitrogen dioxide), and the global and temporal distribution of data profiles. Chu then discussed the
techniques used to invert the SAGE-II seven-wavelength extinction-coefficient measurements (0.385-1.020 jum) to obtain profiles of the above parameters. A key aspect of the
technique is the automatic inclusion of a point-by-point
error analysis, so that all data points are accompanied by an
estimated uncertainty or "error bar."
Following the above descriptions of the remote-sensing
techniques, Rind et al. presented some striking color displays
of the global distribution of ozone, nitrogen dioxide, water
vapor and aerosol extinction derived from SAGE-II measurements. Kent showed the variety of global dispersion patterns
of volcanically injected aerosols observed by the SAM-II,
SAGE, and SAGE-II series of satellite sensors. Larson et al.
presented SAGE-II measurements of lower-stratospheric
and upper-tropospheric water vapor. Preliminary SAGE II
monthly and zonal means of water vapor from 5-24 km,
30-60°N and 30-60°S were shown to agree with climatologies derived from Limb Infrared Monitor of the Stratosphere
(LIMS) and radiosonde data.
Trepte showed results of an intensive analysis of southern
polar stratospheric aerosol during the austral winter of 1984,
obtained by combining SAM-II and SAGE-II data. He
showed that, above at least 19 km, aerosol extinction within
the polar vortex is systematically less than outside the vortex
or near the axis of the jet stream. He also showed that polar
stratospheric clouds are present for a period of about three
months (roughly mid-June to mid-September) at 19 km.
The final two papers of the session dealt with the determination of aerosol-size distributions from spectral extinctioncoefficient measurements. P. H. Wangetal. showed how nonlinear least-squares fitting of model calculations could be
used to put bounds on the stratospheric aerosol-size distribution derived from multiwavelength SAGE-II extinction data.
They showed a methodology that could be extended to include results of correlative lidar and dustsonde measurements, and that this extension bounded more precisely the
size distributions. A different approach to deriving size-distribution information from multiwavelength SAGE-II extinction data was presented by Livingston and Russell. In
this approach the size-distribution moments and combinations (e.g., particle volume, area, effective radius, and distribution width) could be inferred directly from the spectralextinction data. This approach was tested with syntheticextinction data obtained from calculations using measured
El Chichon size distributions. The synthetic data were inverted to derive time series of particle volume, effective radius, and distribution width. The derived quantities were
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shown to agree well with comparable values for the input size
distributions.

7. Banquet ( M D.

King)

One of the many highlights of the conference was the entertaining banquet address given by Astronaut Kathryn D. Sullivan, the first United States woman to walk in space. The
banquet was held Wednesday evening following the joint sessions on the first scientific results from the ERBS experiments. As a member of the Challenger crew that deployed the
ERBS spacecraft, she presented a lively slide show depicting
atmospheric and oceanic phenomena as seen by astronauts
on a number of shuttle missions, including her own (Mission
41-G). She punctuated her talk with personal anecdotes on
the experience of space flight. Among the many atmospheric
and oceanic phenomena she illustrated and discussed in her
presentation were examples of Saharan dust storms and corresponding dust fronts extending across the entire Atlantic
Ocean, hurricanes as viewed approaching, passing over, and
receding from the eye, convective thunderstorms and corresponding anvils over Cape Canaveral, changes in the size of
Lake Chad between an Apollo flight of the 1960s and a shuttle flight of the 1980s, and ocean circulation patterns in the
Gulf of Sidra and Straits of Gibraltar. Many in the audience
were interested in her slides for their use as teaching tools,
and all were impressed with her powers as a public speaker.

8. Remote sensing of clouds (R. J. Curran)
This session on remote sensing was concerned with the use of
sensors from a variety of platforms to remotely sense cloud
properties. The session began with an invited paper by Pilewskie and Twomey, which Twomey began with a discussion
of techniques for remotely determining cloud thermodynamic
phase by observing the spectral reflection or transmission
signature of clouds in the 1.0-2.5-^m region. In this spectral
region, ice particles have larger absorption cross sections
than comparably sized water droplets. Following a discussion of concepts by Twomey, Pilewskie described a
ground-based spectroradiometer that had recently been developed for observing selected regions of clouds. Although
the instrumentation is in an early stage of development, results were presented that showed differing spectral signatures
of water and ice clouds observed by these authors. Several
questions raised the possibility that quantitative interpretation of the ground-based observations could be made more
difficult by particle-size dependencies.
The first papers that followed the invited paper highlighted results of remote-sensing observations of clouds obtained by both active and passive means from high-altitude
aircraft platforms. The first of these, by King, described
analysis techniques for determining the scaled optical thickness of clouds from airborne measurements of the reflected
intensity at 0.754 /JLm. This analysis technique makes extensive use of the functions and constants derivable from
asymptotic theory which, besides simplifying the data analysis, permits one to easily separate the effects of surface reflec-
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tion from those of optical thickness when interpreting the
observations. Determination of the cloud optical thickness
assuming either a Mie theory or Henyey-Greenstein phase
function was shown to result in quite different results for the
analyzed image, in spite of the fact that both phase functions
used in the analysis had the same asymmetry factor. This sensitivity to phase function remains a necessary uncertainty in
relating reflected solar-radiation measurements to cloud optical thickness.
In contrast to the previous paper, Spinhirne and Hart presented analyses of results obtained from a pair of instruments
on a high-altitude aircraft applied to optically thin clouds.
These instruments, which included the MCR with seven
channels in the near-infrared region and thermal-infrared region and a polarization-sensitive, monostatic-lidar system,
were used to derive the cloud emissivity in the thermal infrared. The approach used in the analysis involved deriving
the vertical structure of clouds from lidar data, using an independent measure of atmospheric temperature obtained
from radiosondes, and finally using the 10.7-^tm scanningradiometer (MCR) channel to derive emittance. Of additional interest was the comparison of infrared optical thickness with a corresponding optical thickness derived from the
0.754-yum channel, as discussed above.
The third contributed paper by Wu used a combination of
infrared and microwave data obtained from instruments on
the same high-altitude-aircraft platform used by the previous two speakers. The microwave instrument had channels
in the "window" frequency near 90 GHz and the H 2 0 watervapor band at 180 GHz. From these measurements the icewater content was inferred using the 90-GHz channel in concert with the 10.7-jum intensity measured by the MCR. In
addition to the ice-water content, the geometrical thickness
of the cloud was inferred, though the determination of these
parameters is sensitive to the particle-size distribution.
The next set of papers dealt with the inference of cloud parameters from satellite-borne sensors. Independent papers
by Saunders and Kriebel used data gathered by the AVHRR
instrument on the NOAA polar-orbiting satellites. Saunders
used these multispectral data to derive surface temperature,
surface reflectance, and several cloud parameters including
fractional cloud cover and cloud-top temperature. He used
various pixel-level techniques to identify cloudy regions, including threshold criteria and spatial-coherence criteria that
depended on whether the observations were daytime or
nighttime. Kriebel used analytic expressions published in the
literature to infer cloud optical thickness and subsequently
emissivity and liquid- or ice-water path from these data.
Landsat data were used by Wielicki et al. to study the effects of spatial resolution on satellite-derived cloud-cover estimates. Spatial resolutions ranging from 1/8 km to 8 km
were used to test the spatial-resolution dependence of four
retrieval methods: 1) reflectance threshold, 2) temperature
threshold, 3) hybrid bispectral threshold, and 4) spatial coherence. The results showed that for very high spatial resolution the three thresholding techniques gave cloud coverages
consistent with 5 percent cloud cover. As spatial resolution
degrades, the results diverge, as expected, with the reflectance and bispectral threshold methods giving larger cloud
coverages, while the temperature threshold results show both
positive and negative changes as the spatial resolution deUnauthenticated | Downloaded 01/09/23 01:56 AM UTC
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creases. The spatial-coherence method shows little dependence on spatial resolution, but gives a systematically smaller
cloud coverage than any of the other methods. A second
paper on the effect of spatial resolution on the retrieval of
cloud properties was presented by Coakley. Using AVHRR
data at two resolutions (1 km and 4 km) and the spatial-coherence method, Coakley's findings were in substantial agreement with the previous paper.
Susskind and Reuter presented cloud-retrieval results obtained from microwave instruments and infrared-sounding
instruments on the operational polar-orbiting satellites.
These authors studied the effects of clouds on the NOAA
sounding channels to infer cloud amount (the product of
cloud fraction and emissivity) and cloud-top temperature.
Comparisons of these derived cloud data with other sources
show qualitatively reasonable agreement.
Visible and thermal infrared observations made by instruments on the Nimbus- 7satellite were used to create a sixyear cloud climatology of the earth covering the period 1
April 1979 to 31 March 1985. The technique used was the
bispectral-threshold method. Both the average features and
anomalies of this data set were presented and discussed by
Stowe et al. Of particular interest were the anomalies seen
during the El Nino-Southern Oscillation (ENSO) event of
1982-1983. Global cloud cover was found to have a semiannual cycle (which was enhanced during the ENSO event)
with minima in winter and summer and maxima in spring
and autumn.
Following these papers on remote sensing of clouds,
Warren and Shettle presented a review of the status of our
knowledge of the spectral refractive index of ice. All theoretical analyses that use calculations based on Mie theory to
infer cloud parameters for ice clouds make use of these optical constants. Their accurate determination is therefore crucial to an accurate application of remote sensing to clouds.
Whitehead and Coulson followed this paper with an interesting presentation on the application of spaceborne images of
the earth's surface and atmosphere obtained using polarization filters. Specific orientations of the polarization filters
were shown to enhance the contrast of surface features and
cloud scenes, where the polarization pair of images was obtained from a special camera system employed by astronauts
during selected space shuttle missions. Quantitative analysis
of these data is dependent on suitable calibration and digitization of the data.

Two other papers reported on the continuing developments
of methods for deriving aerosol-size distributions from optical-scattering measurements. Trakhovsky and Shettle reported on well-behaved size-distribution inversions obtained
from experimental forward-scattering observations of an
obscured point source. Ben-David et al. described the theory
and method of obtaining the aerosol-size distribution using a
pseudo-empirical-orthogonal-function approach. The inversion method they proposed assumes the backscatter cross
section of spherical, homogeneous particles would be measured at fifteen different wavelengths.
The development and application of satellite-based observations of aerosol loading were the subjects of the other two
aerosol-related papers. Ferrare et al. reported on groundbased observations of the relationship between skylight intensity and optical thickness. Their results indicated that the
relationship should be sufficiently well behaved to employ
satellite intensity observations for optical thickness estimates. In a related paper, Fraser et al. described the analysis
of satellite observations of a smoke cloud generated by a
Canadian forest fire. The radiative properties of smoke
clouds are currently of much interest due to the controversy
surrounding the "nuclear winter" scenario.
The two papers on temperature retrieval centered on applications of ground-based microwave radiometry. A paper
by Measure et al. described a modeling study that showed
that accurate temperature profiles at altitudes below 300 mb
could be retrieved from microwave measurements, even for
profiles with strong temperature inversions. In a related
paper Yee and Measure described a model for standard
temperature retrievals from a single-channel ground-based
microwave instrument.
In the final paper of the session, Liou and Xue presented
an innovative idea for the direct sounding of infrared cooling
rates due to atmospheric water vapor. The technique would
employ a direct analysis of emergent infrared intensities.
Compared to other sessions of the conference, the session
on remote sensing of aerosols and temperature was poorly
attended. Perhaps this is evidence of an increasing interest in
clouds and the earth's radiation budget relative to the continuing interest in aerosol effects. However, aerosol effects
remain an important problem in atmospheric radiation and
climate.

10. Spectroscopy and band models (J. T. Kiehl)
9. Remote sensing of aerosols and temperature
(/. D.

Spinhirne)

The session on remote sensing included six papers on aerosol
remote sensing, two on temperature retrievals, and another
paper on the remote sensing of infrared cooling rates. Of the
aerosol-related papers, one paper demonstrated that observations remain to be reported on the El Chichon eruptions of
1982. Groveman et al. described the influence of the El Chichon stratospheric-aerosol layer on the Nimbus-7 ERB measurements. These authors found that the influence of the aerosol layer on the reflected visible and near-infrared flux in the
southern hemisphere was half as large as the overall effect in
the northern hemisphere.

The presence of this session at the conference on atmospheric
radiation was welcomed by many who are working on modeling and measuring radiative-transfer quantities. The fact
that a session on spectroscopy and band models was included
in this year's program can be viewed as an outgrowth of the
Intercomparison of Radiation Codes in Climate Models
(ICRCCM). It was within the context of this intercomparison that understanding the differences between so called lineby-line models and more parameterized band models used in
climate models became of great importance. In the process of
this study, the evaluation of the accuracy of line-by-line
models was urged. It was thus felt that the time was ripe for a
session that would bring together modelers and experimenUnauthenticated | Downloaded 01/09/23 01:56 AM UTC
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talists on this subject. The session was composed of five presentations, two of which were invited.
The first invited paper was by Fels, who discussed modeling the radiative effects of H 2 0 and C 0 2 in the terrestrial atmosphere: theory versus observations. Fels began by discussing the expected accuracy of radiation codes based on typical
radiative relaxation times in the atmosphere. Emphasis was
placed on the most important spectral regions for climate
modeling. For example, Fels pointed out that although much
experimental work has been performed on the 6.3-^m rotation-vibration band of H 2 0 , this band contributes very little
to the total tropospheric cooling due to water vapor. Thus,
through models, one can hopefully guide the future emphasis
of experimental areas of research. Perhaps the most poorly
understood aspect of current radiative modeling is the shape
of spectral lines. Fels argued that broadband measurements
of absorption would be of great value to circumvent this unknown. Much of the work in spectroscopy in the last 10 to 15
years has been concentrated on high-spectral-resolution
measurements. Although these measurements yield invaluable information concerning line strengths and widths, very
little information on line shape is obtained. Thus, by performing broadband measurements one lets nature integrate
over the line shape. The presentation concluded with the
statement that line-by-line modelers anxiously await new
measurements of the relevant quantities performed at temperatures, pressures, and amounts that are representative of the
earth's atmosphere.
The second invited paper was by Varanasi, who gave a review of the infrared absorption spectrum of water vapor. He
discussed the experimental problems that prevail when trying to measure absorption by water vapor. He also stressed,
as did Fels, that a greater understanding of the shape of the
absorption line is needed. This becomes extremely important
for water vapor, since one explanation for continuum absorption is based on the concept of far-line wing absorption.
A comparison of a line-by-line calculation with data was also
used to indicate the present state of understanding in watervapor absorption. Varanasi plans to perform a number of
experiments on water-vapor absorption in the near future.
Rothman followed the invited papers with a presentation
on HITRAN, the molecular database. The 1982 Air Force
Geophysics Laboratory (AFGL) line compilation is currently being used by a large number of radiation modelers.
Thus, it was of great interest to this community to hear what
the newest version of the line compilation will contain. The
newest version will contain a great deal more spectroscopic
information than previous compilations, including information on the temperature dependence of line half-widths, the
transition moment of each line, self-broadening line widths,
and pressure shifts. Also included on the new compilation
will be information on a number of heavy molecules, such as
CFC11 and CFC12.
The fourth presentation was by Chedin et al., who discussed the preliminary results of the Intercomparison of
Transmittance and Radiance Algorithms (ITRA) workshop.
Chedin explained that ITRA is composed of three subgroups
concerned with intercomparing line-by-line models for limb
viewing, nadir viewing and microwave sensing. Every attempt has been made to standardize the input parameters for
each of these subgroups. Results comparing a number of

models were presented and discussed. In general, the agreement among various models was very good. However, some
interesting differences were presented in a number of the intercomparisons of water-vapor line-by-line calculations.
The final presentation was given by Clough et al. on the
latest version of the Fast Atmospheric Signature Code
(FASCOD2), and including a discussion of the current understanding of the water-vapor continuum. FASCOD2 is a very
computationally efficient line-by-line model that is available
to the general community. This new version of FASCOD has
two new attractive features. First, the model now has the
ability to include scattering and absorbing aerosols. Secondly, the model includes nonlocal-thermodynamic-equilibrium (NLTE) effects that are of great interest to a number of
remote-sensing problems. The discussion of the continuum
centered on the treatment employed in the A F G L models.
Since a general theoretical understanding of the continuum is
lacking, a phenomenological approach to modeling the continuum was developed.
The success of this session could be measured in the extensive dialogue that accompanied each of the presentations. If
a general concensus could be gleaned from these exchanges it
would be that more experimental work is desperately needed.
A greater understanding of line shapes was urged by all
speakers. It is hoped that future radiation conferences will
allot time for sessions on spectroscopy and band models.

11. Poster session (T\ P. Ackerman,

L. L.

Stowe)

The poster session consisted of 28 papers representing a cross
section of all topics presented at the conference. These included atmospheric aerosols, earth radiation budget, remote
sensing of cloud properties, radiative transfer and solar
variability.
The largest group of papers dealt with cloud-radiation
interactions. Considerable attention is currently being focused on the use of measurements in the near infrared to determine microphysical cloud properties. For instance, Wu
and Cheng compared model simulations of cloud-particle
size and phase with retrievals based on near-infrared measurements in order to provide a stronger theoretical framework for the retrievals. Wetzel and Vonder Haar investigated
the effects of variations in stratocumulus microphysics on
near-infrared intensity to determine the sensitivity to cloud
microphysics. In the area of retrieving the properties of cloud
fields, Coakley et al. presented an intercomparison of independent estimates of cloud properties from simultaneous
satellite observations, while Baldwin et al. described the sensitivity of retrieved cloud properties to instrument characteristics. Robinson et al. presented analyses of DMSP-satellite
images of the Arctic Ocean basin for the months of MayJuly, 1977 and 1979. Among their many conclusions were the
findings that clouds cover up to two-thirds of the arctic basin
on average, and that a majority of these clouds are relatively
transparent. This led to their suggestion that arctic clouds
have an impact on the radiative energy budget of the surface,
with a corresponding influence on the dissipation of snow
and ice cover.
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In earth-radiation-budget studies, several papers made use
of the longer-term records that are now available. L. Smith et
al. from Colorado State University analyzed six years of
Nimbus-7 ERB monthly data to get means and standard deviations of outgoing longwave radiation, planetary albedo,
and net radiation. Dutton and DeLuisi made use of eight
years of surface pyranometer measurements to infer variations in cloudiness.
While it is not possible to summarize all the remaining
papers, a few will be mentioned in order to give some idea of
the breadth of topics covered in this session. Oberbeck et al.
showed that extinction computed from aircraft-measured
size distributions is somewhat lower than that measured directly by SAGE II over the same path. Ridgway and Arking
presented a comparison of atmospheric transmission in the
near infrared computed using a line-by-line model with that
computed using the k-distribution method with k-dependent
pressure scaling, and found good agreement at a substantial
savings in computer time. Schwarzkopf showed from line-byline calculations that the assumption of multiplicative band
transmissivities for water vapor and carbon dioxide in the infrared overlap region is a good approximation for bandwidths
less than 100 c m 1 . Finally, Volz reported on a series of experimental measurements of aerosol absorption in the infrared
from internal and external mixtures of salts.

12. Radiative transfer (R.

Davies)

The radiative-transfer session provided a good balance between papers on established research results and those which
pioneered directions for the future. The session opened with
an invited paper by Luther that clearly and concisely reported
the results of an extensive international intercomparison of
clear-sky, longwave-radiative-transfer models submitted by
a number of independent researchers (ICRCCM). Results
from the line-by-line models showed very good agreement
with each other, whereas those from broadband models (including general-circulation-model algorithms) and narrowband models showed a spread of 10-20 percent in the radiation-budget components, with little systematic difference
between the broadband and narrowband models.
Stephens followed with the second invited paper of the session, offering his own perspective on the current state of the
art of radiative-transfer modeling, especially with respect to
solar radiation in cloudy atmospheres. He emphasized the
need to consider the three-dimensional nature of cloud fields
in any attempt at realistic modeling, illustrated how this
might be done conceptually, and discussed the difficulties of
relating radiative quantities to simply-determined "cloud
amounts" by anything other than an empirical approach.
The most original paper of this session was the paper by
Gabriel et al., who discussed a pioneering new direction for
radiative transfer, the application of fractal dimensions to
treatments of cloud inhomogeneities. This work is still in its
early stages of development, but appears to be a most promising direction for future research.
The next paper in the session, by Stamnes et al., presented
a classical treatment of one-dimensional radiative transfer,
with results from a very precise discrete-ordinates model

capable of handling vertical inhomogeneities in nonisothermal, absorbing, scattering, and emitting atmospheres. This
paper was followed by the final two papers in the session,
dealing with alternative treatments of Mie scattering by
water droplets. The paper by Wiscombe and Nussenzveig reported progress on applications of complex angular-momentum theory to obtaining the complex scattering amplitudes,
and thereby the scattering phase matrix, for particles with
large size parameters. Such an approach offers the intriguing
possibility of allowing one to integrate the scattering amplitudes over the droplet-size distribution without any appreciable loss in accuracy but with a dramatic decrease in computational effort. S. A. Ackerman and Stephens concluded the
session with a paper on applications of anomalous diffraction theory to scattering problems in an isolated cloud layer.

13. Earth radiation budget and climate
applications ( H a r s h v a r d h a n )
The final session of the conference was devoted to the analysis of results of climate-related satellite experiments, particularly those connected with the earth radiation budget. The
lead-off paper by Kiehl reported on a study employing LIMS
data on species concentration and a radiation model to compute the radiative balance of the stratosphere for January
and March 1979. Previous studies have been hampered by a
lack of good data on species concentrations in the stratosphere. The winter results showed heating between 30°N and
30°S and strong cooling in the polar-night regions. The next
paper by E. A. Smith and M. R. Smith reported on a study of
the Nimbus-7five-year ERB data set. They identified two regions of low reciprocity index where clouds do not have
compensating longwave and shortwave radiative effects.
These are the southwest-east Asian monsoon and the descending branch of the eastern-pacific Walker cell. Chertock
and Somerville investigated the relationship between albedo
and sea-surface temperature variability using the wide-fieldof-view (WFOV) ERB data for 1978-1983 and a sea-surfacetemperature data set for a region in the Pacific north of Hawaii. They found similarities in the time series that suggested
a connection, although no physical mechanisms were proposed. Yang and Miller reported on the use of outgoing
longwave radiation (OLR) data from the AVHRR on the
NOAA satellites during November 1984 to examine localized heating as a possible candidate for the computation of
available potential energy. They found a relationship between the OLR temperature covariance and the temperature
variance at wave number 1 at 500 mb and 850 mb.
The first paper after lunch was by Charlock et al., who
studied cross correlations of precipitable water in the middle
troposphere and temperature with outgoing longwave radiation for both clear and cloudy skies and planetary albedo
from a GCM run. The results show, as expected, a high correlation between the physical variables and radiation fields
that are governed by changes in cloud opacity and moisture
content. The next paper by Ohring et al. reported on a study
of the relationship between outgoing longwave radiation and
surface temperature and cloudiness separately for clear and
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cloudy grid points using ERB narrow-field-of-view data and
cloud data based on the Temperature Humidity Infrared Radiometer (THIR) and the Total Ozone Mapping Spectrometer (TOMS). They found a marked difference between the
temperature coefficient for the two hemispheres and were
able to explain most of the variance in the zonal mean. The
following paper by Chen and Gruber considered the diurnal
variation of outgoing longwave radiation. The analysis used
polar orbiting satellite data from platforms with different
equatorial crossing times. The paper by Ellingson and Yanuk
reported on a technique for estimating the outgoing longwave flux from HIRS sounder channels and window channels
on operational satellites. Since broadband measurements are
not routinely made by operational satellites (with the exception of the "experimental" ERBE on NOAA-9 and NOAA-G),
this is one way of maintaining a record of this important
quantity.
The paper by Gautier and Frouin reported estimates of the
net-radiation components at the surface during the Mixed
Layer Dynamics Experiment ( M I L D E X ) in November 1983.
A technique for inferring the surface components from satellite data and estimates of cloud cover was used in the analysis. Kyle and Chang followed with an overview of the six-year
data set of Nimbus-7 ERB data that are now in the public archive. Yeh et al. presented estimates of cirrus cloud cover for
one season based on T H I R and T O M S data and compared
the cirrus cloud cover to the longwave and net fluxes measured by the ERB narrow-field-of-view channels. Randel et
al. compared Nimbus-7 ERB wide-field-of-view and n a r r o w field-of-view (scanner) data for the period that the two were
both operating. They found that the W F O V data compared
well with the N F O V data for monthly averages but was unable to match well for periods as short as 3 - 6 days. Ardanuy
and Kyle followed with a paper that explained how the El
Chichon eruptions in 1982 and the m a j o r El Nino-Southern
Oscillation event of 1982-1983 could be studied using the
Nimbus-7 ERB data set. The global and long-term coverage
of this data set makes it unique for this purpose. Raschke et
al. presented a technique for studying the sampling errors in
earth radiation budget determination using an earth-radiation
model. Simulations with cross-track and conical scanning instruments were made to estimate the errors in the various
scanner configurations. The final paper of the conference

was by Hickey et al., who gave an overview of the solar irradiance measurements obtained from the Nimbus-7 ERB solar
channels. The times series showed a steady decline in the
measurement of about 1 W • m"2 over the entire time period
but a turnaround is now evident. A power spectrum was
presented that showed the 27-day solar-rotation cycle.

14. Concluding remarks
The conference as a whole was highly successful and well attended. This was at least in part a result of the wide variety of
new features incorporated in the conference that had not
previously been a part of AMS conferences on atmospheric
radiation. These features included the radiation-instrumentation and poster-display session, which was later held in concert with the icebreaker, the session on ERBE and SAGE-II
results held jointly with the Satellite Meteorology conference, the poster session with a dinner buffet, wine, and refreshments, and the popular session on spectroscopy and
band models. Among the many highlights of the conference
were the banquet address by Kathryn Sullivan and the invited papers by Bohren, Hanel, Fels and Varanasi. In an effort to improve the quality of the presentations, instructions
were sent to all participants outlining basic rules to be followed in preparing visual aids, including size of type face and
number of slides. Although some authors had obviously adhered to these guidelines, many visual aids were still unreadable f r o m the back of the room. The size of the meeting room
was quite adequate, although a tiered, lecture-room format
would have been preferable. The Committee on Atmospheric
Radiation met during the conference and recommended that
the Seventh Conference on Atmospheric Radiation be held
concurrently with the A M S Cloud Physics Conference in
1990.
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Summary of an International Conference on Monsoon and Mesoscale Meteorology,
4-7 November 1986, Taipei
Richard A. Anthes1 and Ching-Yen Tsay2
Cochairmen

1. Introduction
An International Conference on Monsoon and Mesoscale
Meteorology, jointly sponsored by the Meteorological Society of the Republic of China (MSROC) and The American
Meteorological Society, was held in Taipei 4 - 7 November
1986 , on the campus of the National Taiwan University. Scientists f r o m eleven countries including Brazil, Canada,
France, Free Republic of Germany, India, Israel, Japan,
Singapore, Taiwan, the United Kingdom, and the United
States contributed papers related to monsoons and mesoscale meteorological phenomena.
In their welcoming remarks, both the Minister without
Portfolio, K. T. Li, and the Minister of Communications, C.
Lien, noted that improved weather prediction was a very
high priority, because of the enormous impact of weather on
the people and economy of Taiwan. They noted several examples of recent progress, including the installation of an
advanced supercomputer at the Central Weather Bureau, a
Doppler radar and a wind profiling system at the CKS International Airport, the establishment of a Ph.D. program in
atmospheric sciences at the National Taiwan University, and
the scheduling of a major field program to study mesoscale
phenomena in the Taiwan area during May and June of 1987
(the Taiwan Area Mesoscale Experiment-TAMEX).
Tsung-Yao Wu, President of the M S R O C and DirectorGeneral of the Central Weather Bureau, welcomed the conference participants and expressed his wishes for a productive
scientific meeting and future collaboration among the scientists of the different countries. In a keynote address, Clifford J. Murino, president of the University Corporation for
Atmospheric Research, emphasized the important effects of
mesoscale weather phenomena and monsoon circulations on
people throughout the world. He also stressed the growing
international interest and emphasis on global climate change,
and noted that mesoscale meteorology was central to this
problem, because such processes as cloud-scale transport of
trace gases and the components of the hydrologic cycle occur
on the mesoscale.

2. Sessions
The conference was organized into nine sessions. Sessions 1
through 6 featured aspects of mesoscale meteorology, includ-
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ing frontal circulations, convective systems, orographic effects, boundary layer meteorology, radar and remote sensing, and tropical cyclones. Emphasized in these sessions were
high-resolution models of the planetary boundary layer
(PBL) and observational studies of mesoscale convective systems in the United States and the Taiwan area, especially
those associated with the Mei-Yu front.
Session 7, the last session on mesoscale meteorology, was a
poster session. It was held on 6 November at the Department
of Atmospheric Sciences, National Taiwan University. Research topics presented at the poster session included the
structure of the marine PBL during the phases of the Indian
southwest monsoon; effects of topography on rainfall and
winds at Hilo, Hawaii; numerical models of cellular convection over the East China Sea in winter, drylines in the United
States; cold fronts; effect of diabatic heating in a stratified
shear flow; retrieval of temperatures from high-resolution
wind profiler data; the structure of a microburst as revealed
by dual-Doppler radar data; and a summary of research on
tropical cyclones being conducted by Colorado State University.
The last two sessions, held on 7 November, focused on
monsoon meteorology. Major topics included observational
and theoretical analyses of the 30-50 day oscillation, numerical modeling and observational studies of the winter and
summer Asian monsoons, and the structure and interannual
variability of the general circulation.

3. Summary
A unifying theme of the conference was the concept of interactions of physical processes in the atmosphere on many time
and space scales and the importance of orography on rainfall
and wind circulations in different parts of the world. Orographic effects discussed at the conference included the influence of the Tibet plateau in perturbing the southwest
monsoon flow and producing the southwest vortex in China,
and the role of this vortex in producing the disastrous Sichuan
flood of 11-15 July 1981. On smaller scales, the Central
Mountain Range of Taiwan was shown to have a major effect
in perturbing the wind flow around Taiwan in all seasons and
in producing local variations in rainfall.
Important interactions of deep, precipitating convection
with larger scales of motion were emphasized in several papers. Moist convection was shown to be modulated by largescale convergence-divergence patterns associated with the
30-50 day oscillation, and in turn appears to be an important
part of the wave dynamics by providing an energy source associated with the release of latent heat. Mesoscale convective
Vol. 68, No. 4, April 1987
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systems were also shown to be associated with the Mei-Yu
front and with low-level jet-stream circulations in the vicinity
of the Mei-Yu front. Finally, a number of studies revealed a
rich variety of interactions among the global-scale phenomena of the Southern Oscillation, El Nino, and the 30-50 day
oscillation and regional-scale phenomena such as the Mei-Yu
front, tropical cyclones, and monsoon rains over India.
This successful and well-run conference closed with a
summary that the atmospheric sciences is ready to make
major advances in the understanding of global and meso-

scale atmospheric processes and their interactions. New and
improved observational systems including satellites, radars,
and in situ systems can now provide observations with unprecedented resolution, coverage and accuracy. Supercomputers are capable of processing the data from these systems
and running large global and mesoscale models initialized
with these data. A result of observational and theoretical
research using these technological advances should be improvements in understanding and prediction of global- and regional-scale atmospheric phenomena.
•

announcements (continued from page 337)

World Ocean Circulation Experiment
The Division of Ocean Sciences (GEO Directorate) will consider proposals for long-lead time activities for the World
Ocean Circulation Experiment (WOCE) during fiscal years
1987 and 1988. WOCE is a study of the general circulation of
the ocean and its role in climate and is scheduled to take place
during 1990-95. Four general areas of long-lead time activity
are envisioned: (1) hardware and software needed for in situ
measurements, (2) planning of sampling strategy, (3) longtime
series initiation, and (4) data management. Additional information can be obtained from Curtis Collins, Physical Oceanography Program, National Science Foundation, Washington,
DC 20550, telephone (202) 357-7906.

meetings of interest
4-6 June 1987. Colorado State University invites engineers
and scientists from industry, government, and academia to join
in a celebration of 35 years of research and service in the fields
of fluid mechanics and wind engineering, from 4 to 6 June
1987 at a workshop and seminar on wind engineering. The
objective of the seminar is to review the state of fluid-modeling
concepts about atmospheric simulation, structural aerodynamics, atmospheric transport, and wind-solar energy techniques. The objective of the workshop is to identify and
prioritize the wind-engineering research problems of most importance to industry and government for the next decade.
The program is designed for engineers and scientists interested in the capabilities of fluid and numerical modeling of
atmospheric boundary-layer phenomena and the potential for
the modeling science to resolve important wind-engineering
problems. The conference will be of interest to architects, city
planners, meteorologists, environmental scientists, wind energy and solar energy specialists, and civil, aeronautical, and
mechanical engineers, including engineers conducting research in wind engineering or related topics.
For more information, contact Robert N. Meroney, Fluid
Mechanics and Wind Engineering Program, Civil Engineering
Department, Colorado State University, Fort Collins, CO
80523, telephone (303) 491-8574.
27 July-7 August 1987. The newly created Earth System Science Center at the Pennsylvania State University is sponsoring
the First Annual Workshop in Earth System Science. These
workshops are dedicated to multidisciplinary interactions directed toward understanding planetary change and recognizing
the importance and diversity of interactions between different
components and subsystems of planet earth on a variety of
time scales in earth history and for the future. Workshops are
divided into two segments. Half-day tutorials are followed by
shorter presentations on emerging research.
The first workshop, titled "Long-Term Stability of the Earth
System," will be held 27 July-7 August in University Park,

Pennsylvania. The tutorials by noted scientists include the
topics of solar evolution models, stability of the solar system,
continental growth and formation, ocean-atmosphere evolution, atmospheric chemistry and climate, biogeochemical
models, climate models, biosphere evolution, and the physical
record of glaciation. Invited and contributed presentations on
emerging research will include, but are not limited to, the
record of earth-system change, mechanisms and causes of planetary change, model results, and discussion of topical problems such as the apparent Proterozoic equatorial glaciation,
the faint early-sun paradox, biological innovation in earthsystem change, and plate-tectonic episodicity as a cause of
biogeochemical cycles.
A limited number of travel awards are available to support
participation. The Pennsylvania State University will hold a
graduate summer course from 7 June to 15 August that culminates in the workshop. Graduate students from any institution may apply for financial support to participate in the
class as well as the workshop. Interested individuals should
contact Eric J. Barron, Director, Earth System Science Center,
Room 537 Deike Building, Pennsylvania State University,
University Park, Pennsylvania 16802, telephone (814) 8651619. Abstract deadline is 1 June 1987.

Deadlines Calendar
Fellowships, grants, etc.
Macelwane Annual Award
15 June 1987
(this issue, p. 358)
Hanks and Orville Scholarships
15 June 1987
(this issue, p. 358)
Fulbright Scholar Awards
15 June 1987
(March 1987 BULLETIN, p. 243)
15 September 1987 Fulbright Scholar Awards
(March 1987 BULLETIN, p. 243)
1 November 1987 Fulbright Scholar Awards
(March 1987 BULLETIN, p. 243)
Fulbright Scholar Awards
1 January 1988
(March 1987 BULLETIN, p. 243)
Fulbright
Scholar Awards
1 February 1988
(March 1987 BULLETIN, p. 243)
Other
reports for Wind Mitigation Group
(this issue, p. 328)
abstracts for First Annual Workshop
31 December 1987
in Earth System Science
(this issue, p. 357)
manuscripts for CIB Conference
1 February 1988
(March 1987 BULLETIN, p. 246)
registration deadline for CIB Conference
1 May 1988
(March 1987 BULLETIN, p. 246)
1 June 1987
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