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A former scientific advisor to the President of the
U n i t e d States once noted that while a secular increase of
C 0 2 is thought by many scientists to be warming the
earth, others consider the opposite possibility of cooling
due to albedo enhancement by particulate pollution
as equally possible. "If we were clever enough to balance
these two effects," he said, "then . . . the temperature
might stay constant."
T h e possibility of h u m a n domination or influence of
atmospheric particulate matter on large spatial scales
has caused speculation ranging widely in the imaginations of scientists. Possible aerosol effects include cooling, heating by absorption of incoming radiation (caused
by light absorbing materials like soot, etc.), and cloud
related affects (condensation nucleation, ice nucleation,
etc.). T h e extensive recent literature on these and related
topics attests to the scientific curiosity about such problems. Perhaps more importantly, controversies regarding even the sign of temperature change indicate that
the natural behavior of the particulate matter in the
atmosphere is badly understood. Many scientists doubt
that the cycles and meteorological roles of such natural
and man-perturbed aerosol systems are sufficiently predictable to allow confident forecasts for the f u t u r e of
such complicated quantities as albedo, cloud cover,
cloud distribution, and radiation balance.
T h e obvious need for a more basic understanding of
the atmosphere as an aerosol system, with intimate involvement of its particulate matter in meteorological
processes, led the Meteorological Institute of Stockholm University (MISU) and the International Meteorological Institute (IMI) to arrange a three day seminar in Stockholm, from 24 through 26 J a n u a r y 1973.
T h e group was kept small, 17 participants from eight
countries, and the topics were limited. Measurement of
properties of the particulate matter in air seemed a
logical choice for a key scientific problem. Although
numerous reports and meetings have made substantial
b u t often general recommendations regarding aerosol
monitoring—notably those of the Study of Critical Environmental Problems (SCEP), 1970, and the Study of
Man's Impact on Climate (SMIC), 1971, there is a continuing need for refining both the measurements and
the recommendations. T h e r e is an uneasy feeling among
many aerosol scientists that effective monitoring of par-
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ticulate matter may not be possible until much more
is known about the basic nature of the atmospheric
aerosol system. T h e r e is also a concern that current monitoring efforts are limited almost exclusively to cities and
are focussed on the control of u r b a n pollution. T h e
group therefore devoted most of the time to discussions
of non-urban particulate matter and to influences of particles on large spatial scales. While the group was
small it nevertheless did represent a significant fraction
of the active experimentalists who deal with measurement problems of atmospheric particulate matter
in the regional to global setting.
T h e meeting was divided into formal presentations
of research results and discussions leading to research
recommendations.
Studies at MISU have focussed on the necessity of
considering the interplay between atmospheric circulation systems that transport and disperse pollutants and
the complex series of chemical reactions and removal
processes that occur simultaneously. Particular attention
has been given to the sulfur cycle and the portion of it
involving particulate matter. T h e sink for sulfur is
spatially inhomogeneous and involves both washout of
sulfate and the dry removal of both SO2 and sulfate.
Models based on precipitation frequency a n d location
were presented to explain the spatial distribution of S 0 2
and its byproducts.
Several talks presented the need to view the particulate
matter in air as a system with direct sources, conversion
in the atmosphere of gases to particles, involvement with
water vapor, cloud formation, and involvement in precipitation and fallout. Studies at the University of
Washington have included the identification of the
key processes in the system where meteorological effects
are known or suspected. Workers at the State University
of New York at Albany and elsewhere are exploring the
many mechanisms by which gases—notably S 0 2 and
other sulfur compounds, nitrogen oxides, ammonia and
organic gases—are converted to particles in the atmosphere. T w o basic possibilities are known to exist: 1) direct formation of particles from the gas phase via
chemical reactions, 2) heterogeneous reactions with, or
on, the preexisting particulate matter. T h e relative importance of these two possibilities in a given atmospheric circumstance remains as a m a j o r question.
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Nucleation of HUSO* (e.g., f r o m S 0 2 oxidation) was suggested as being physically a n d chemically possible, while
nucleation of H N O s seemed less likely. Studies at the
Atomic Energy Research Establishment at Harwell, U.K.,
involve the photochemical aspects of S 0 2 conversion
to H2SO4 in both pure systems and those containing
N 0 2 a n d olefinic hydrocarbons u n d e r irradiation at
300-330 nm. Other efforts at Harwell are aimed at estim a t i n g the deposition of SO2 gas from the atmosphere by
processes other than conversion to particulate matter.
T h e dry deposition of SO s to the ground in rural areas
is estimated to be about 4 0 % of the total, compared
to a b o u t 80% of the total in cities. Basic studies of the
involvement of hydrated ions in the process of lieteromolecular nucleation from gases to particles are in
progress at the Brookhaven National Laboratory, where
isotopic studies of the sulfur components of stratospheric
aerosols (S32/S34) have recently been completed. T h i s technique indicates that the continuous source of sulfur in
the stratosphere is from upward transfer in the tropics
rather than by upward diffusion globally.
A variety of research-oriented measurement programs
are u n d e r way, ranging f r o m simple studies of one or a
few aerosol properties to complex programs measuring
large numbers of aerosol properties or single properties
over large regions of the globe. Measurements of aerosols
are difficult because of the fact that particle sizes from
perhaps 10~7 cm u p to 10~2 cm must be considered, a n d
because the n u m b e r concentration per size interval decreases by as much as 15 orders of magnitude going f r o m
small to large particles. Furthermore, there presently is
no single measuring instrument or technique which can
be used over much more than a decade or two of particle
size.
Programs for systematic measurement of properties of
atmospheric particulate matter are clearly in the development stage, and a comprehensive monitoring operation
has yet to be designed. Reports of measurements in this
seminar were totally in the sphere of research endeavors
as contrasted with any program with planned longevity
of more than a year or two.
Efforts at the Max Plank Institute for Chemistry
(Otto-Hahn Institute) include the use of multiple, simultaneous measurement of single aerosol parameters that
define the behavior of the entire size distribution of
particles. Instruments or methods exist for the measurement of total n u m b e r concentration, electrical conductivity, light extinction coefficient, mass concentration, and
sedimented mass, each of which is dominated by a different range of particle sizes.
A m o n g the methods used for measurement of properties of atmospheric particles, various optical techniques
have drawn much attention, for perhaps two reasons.
First, there is a need to measure particle properties without influencing the physical or chemical state of the
particles. Direct sampling can be criticized because it
removes the particles from the milieu with which they
are equilibrated (with for example water vapor) and

deposits them on a surface (e.g., of a filter or impactor)
where their surface chemistry and physical state will
certainly be influenced. Optical techniques which sense
particles in situ in their natural state avoid these problems. Second, the optical properties of particles are
themselves important to the heat balance of earth.
Several groups are studying optical methods of measurement. W o r k at the Meteorological Institutes of both
the university in Munich and the university in Mainz
includes both theoretical efforts aimed at establishing the
accuracy of integration of nephelometers and experimental measurement programs in the field using a wide
variety of sensors, including a nephelometer, solar and
sky radiation and polarization sensors, an actinometer,
solarimeter for upward and downward radiative flux,
particle samplers for size and refractive index, optical
particle counters and sensors for wind pressure, etc. T h e
purpose of this effort at Tsumeb, S. W. Africa, is to obtain detailed information regarding the role of particulate matter in radiative transfer. Theoretical calculations are being performed in parallel with this extensive
field program.
Perhaps one of the most complex problems to be
faced is the interaction of water with particles at R H
< 100% leading to important optical effects. Theoretical
efforts with regard to this problem have been advanced
in Germany at the university in Mainz, while experimental studies have progressed both there a n d at the
University of Washington. Other experiments at Washington include a variety of nephelometric measurements
as well as the utilization of astronomical data for aerosol
studies. Work on the long-term trends in the optical
properties is being pursued at the university at T e l
Aviv and elsewhere. Since the early 1930's, the a m o u n t
of particulate matter above Jerusalem has increased by
about 40%, as inferred from radiation data.
Condensation nucleus (Aitken particle or CN) measurements are being performed in Greenland by a joint
Canadian-Danish group (from York University a n d the
Atomic Energy Commission, respectively), and over substantial areas of the earth by the State University of
New York at Albany. Besides basic questions relating to
the significance of condensation nuclei, an effort is
being made to establish the magnitude of secular trends
in particle n u m b e r concentration as well as spatial and
temporal variations. T h e Albany group has discovered
that CN n u m b e r concentrations are extremely variable.
A secular variation could very well exist, b u t without
more data over a longer time span it cannot be detected. Besides these two studies, scientists at the
National Oceanic and Atmospheric Administration reported on the possible formation of CN by photochemical processes in the presence of natural level of
ozone and organic matter, such as f o u n d in marine air.
T h e discussions resulted in three m a j o r outputs:
1) A statement of the real and suspected importance
of atmospheric particulate matter;
2) A set of scientific recommendations; and
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3) A long list of potential methods for measurement of
atmospheric particulate properties.
T h r e e areas of importance can be defined for atmospheric particles. Perhaps the leading one is the role of
particles in meteorological processes, either via direct
interaction with radiation or via nucleation effects in
clouds, leading to effects on precipitation, cloud cover,
etc., as well as on radiation in both the visible and
infrared spectra. Another important area is the effect of
particulate matter after deposition at the earth's surface,
e.g. in rain. Here the effects are indirect, but nonetheless important, and include deposition of trace metals,
pesticides, and excess acid, as well as a host of other
natural and man made substances. T h e third area arises
from the fact that particulate matter in many cases is
the dominant sink for reactive trace gases in air (e.g.,
S0 2 , H 2 S, NOX, etc.). Hence, the behavior and fate of
these latter substances cannot be understood without
studying the particulate matter as well.
T h e scientific importance thus stated, it is important
to consider the priority or urgency for studies of such
effects. T h e main reason for suggesting high priority
is the growing role of m a n in the natural cycles of particulate matter in air. Current estimates of h u m a n
activity globally as a source of particulate matter range
from about 5 to 50% with an increase to larger fractions
by the turn of the century. Of course, h u m a n activity
already dominates the more heavily populated areas of
the earth, e.g., Europe, the eastern U n i t e d States, etc.
T h e research recommendations, justified by the above
rationale, can be based on two overall objectives:
1) Understanding the particulate matter as an aerosol
system;
2) Understanding the effects of perturbations in it due
to h u m a n activity.
Recommendations of research needs to achieve these
objectives were limited to the fields of interest of the
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participants, and were focused on the general subject
of measurement. T h e primary need is for study of how
to monitor the aerosol for its potential or expected
effects. It must be emphasized that, unlike a gas such as
C0 2 , aerosol is a physically and chemically heterogeneous
system which can only be characterized by several simultaneous measures. T h e r e are a large n u m b e r of existing methods which might be used and new methods
will be developed. Clearly, it is not possible or desirable
to measure all aerosol properties continually; rather, an
o p t i m u m set of independent measurements needs to be
selected, in order to adequately detect and subsequently
forecast possible f u t u r e changes. An especially important
part of this kind of research is the comparison in extensive field experiments of existing and developmental
devices for the measurement of aerosol properties. Subsequently, a network of monitoring stations is urgently
needed for the systematic collection of data regarding
the behavior of aerosol on regional (100 km) or larger
scales. Such a network should have a clear research
focus rather than a control focus as is the case for urban
monitoring. A systematic research network must have
a lifetime of at least five years. It must be emphasized that spot data taken occasionally in time and
randomly in space cannot suffice to describe the aerosol
on a regional scale. T h e nature of this network is itself
a point for research; besides a need for deciding what
instruments to use, there is a need for study of how
many fixed sites are needed in a given region as well as
to what extent aircraft, etc., may be needed. T h e group
was collectively opposed to the tendency of most governments to monitor exclusively in urban areas for control
purposes. Comparatively small changes on a global or
regional scale may well be very important, b u t are not
likely to be detected with observing sites close to urban
regions.
In order to achieve this measurement and monitoring
capability, considerable effort must be expended in

TABLE 1.

Nucleation measurement

Optical measurements

Physio-chemical measurements

Condensation Nucleus
Count (CN)
Cloud condensation
nuclei (CCN)
Deliquescence/
Hygroscopicity

Scattering component of
extinction coefficient
Absorption part of
extinction coefficient
Absorption to integrated
backscatter ratio in
visible X

Volatility of aerosol
particles

Lightscattering at 180°
(backscatter, or 0-180)

Mass Concentration of
various constituents
Concentration of aerosol
forming gases
Chemical composition
as a function of size
and mass as a function
of size
Particle solubility

Polarization

Particle refractive index

Phase function

Particle area as a
function of size
Deposition (wet)
Deposition (dry)
Particle density and shape

Optical particle counters

Size distribution
measurements

N (r) for
0.001 < K 0 . 1 / I
N (y) for
0.1 JU < y < 10 M
N (r) for 10 p < r

Radiation measurements

Atmospheric
extinction
Global radiation
Diffuse sky radiation

Solar extinction as
function of
wavelength
Astronomical
extinction
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selecting and refining appropriate instruments and
methods. A main problem with these measurements today is not so much the lack of approaches, but a surplus
of undeveloped and relatively untested methods. T h e
result of this realization was the development of a list
of possible methods from which an adequate set of
measurements could be chosen. T a b l e 1 includes five
lists of measurements which, although quite general,
illustrates the need for selectivity. It also illustrates the
status of the understanding of the behavior of atmospheric particulate matter in that there is no agreement
on which measurements comprise a sufficient set for
monitoring.

(Continued from announcements, page 219)
19-22 May 1974: The Second International Conference on
Man and His Environment will be held in Banff, Canada.
Topics discussed will include environmental law, energy as a
natural resource, and meteorology and pollution (R. S.
Scorer). Contact: Dr. M. F. Mohtadi, Chemical Engineering
Department, University of Calgary, Calgary, Alberta, Canada,
T2N 1N4.
3-5 June 1974: An International Symposium on Applications
of Marine Geodesy will be held at Battelle, Columbus, Ohio,
sponsored by the AGU, NASA, NOAA (National Ocean Survey), the NSF, and others. Contact: A. George Mourad,
Battelle Columbus Laboratories, 505 King Ave., Columbus,
Ohio 43201.
11-14 June 1974: A conference on Electrodynamics of Substorms and Magnetic Storms will be held in June, sponsored
by the AGU. Contact: American Geophysical Union, 1707
L St., N.W., Washington, D.C. 20036.

Perhaps in some f u t u r e years we will be able to respond knowledgeably to the question of terrestrial heating or cooling by particles; meanwhile, the increasing
role of h u m a n activities in the global cycles of air
chemistry amount to a vast geophysical experiment with
only occasional, unstandardized observations of unknown
importance.
Reference
Bolin, B., G. Witt, and R. J. Charlson, 1973: Stockholm
Tropospheric Aerosol Seminar. Report #AP-14, Meteorological Institute, Stockholm University. UDC 541.182.2,
551.510.4.

nomena and advanced engineering procedures underlying
present-day infrared technology. From 29 July-2 August, a
course in Technology Assessment (Chairmen, Drs. Kan Chen
and George J. Zissis) will present the systematic analyses required for technology assessment in, for example, the preparation of environmental impact statements. The technology
of remote sensing will be used too as an example. For
further information about these courses contact: Continuing
Engineering Education, Chrysler Center-North Campus, The
University of Michigan, Ann Arbor, Mich. 48105.
19-24 August 1974: An International Symposium on Terrestrial Electromagnetic Distance Measurements and Atmospheric Effects on Angular Measurements will take place
in Stockholm, Sweden, sponsored by the International Association of Geodesy. Contact: I. R. Brook, Geodetiska Byran,
Rikets, Allmanna Kartverk, Fack, S-162 10, Vallingsby 1,
Sweden.
New publications

19-21 June 1974: An International Symposium on Satellite
Dynamics (Orbit and Attitude) will be held in Sao Paulo,
Brasil. Contact: G. E. O. Giacaglia, Institute for Astronomy
and Geophysics, University of Sao Paulo, C.P. 30.627, Sao
Paulo, Brasil.

Advances in aerosol physics, No. 5 (V. A. Fedoseev, editor,
1973, 160 pp., $15.00 hardbound, from Halsted Press, 605
Third Ave., New York, N.Y. 10016) is a collection of articles
on the physics of aerosols; physics of combustion; gas dynamics; and methods and instruments.

25 June-6 July 1974: The Tenth International Symposium
on Mathematical Geophysics will be held in Cambridge, England, sponsored by the International Union of Geodesy and
Geophysics Inter-Association on Mathematical Geophysics.
Contact: J. A. Hudson, Dept. of Applied Mathematics and
Theoretical Physics, Silver St., Cambridge, England.

The air-mass transformation experiment (GARP publications series, No. 13, WMO, 1973, xi + 55 pp., n.p., paperbound, from UNIPUB, Box 433, New York, N.Y. 10016) is a
report prepared by a study group on AMTEX, organized
by the Japanese National GARP Committee.

July-August 1974: The University of Michigan College
Engineering in Ann Arbor will present the Engineering
Summer Conference, a series of one and two-week intensive
courses in rapidly developing fields of technology. The
courses are designed for practicing engineers, scientists, and
technical managers. From 8-12 July there will be a short
course in Fundamentals in Infrared Technology (Chairman,
Anthony J. LaRocca) which will cover the physics of infrared radiation, attenuation, and detection of radiation; optics and detection theory and usage; and basic radiometry
and application. From 15-19 July, a short course in Advanced
Infrared Technology (Chairman, George J. Zissis) will be
held, offering an analysis of the important physical phe-

Changes in the characteristics of typhoons crossing the island
of Taiwan (ENVPREDRSCHFAC Tech. Paper No. 8-73, Samson Brand and Jack W. Blelloch, October 1973, 21 pp., n.p.,
paperbound, from Environmental Research Facility, Naval
Postgraduate School, Monterey, Calif. 93940) is a study of 22
typhoons (1960-72) to determine the effect of Taiwan on
the intensity and movement of tropical cyclones crossing the
island. The results show an average intensity (maximum
surface wind) decrease of over 40% and a distinct northward perturbation as the storms pass over the island. Forecast rules are also presented for typhoons approaching or
crossing Taiwan.
(More announcements on page 234)
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—ACOUSTIC SOUNDER—
available from Science Assoc., Inc. • manufactured by AeroVironment Inc.

CATG. NO. 195 ACOUSTIC S O U N D E R
When sound is propagated upward in
the atmosphere, from a source t h a t is colocated with a receiver, the intensity of the
measured backscatter is related to small scale
atmospheric temperature variations (similar
to the manner in which a depth sounder
identifies thermoclines in water). This is
the principle of the Acoustic Sounder, sometimes referred to as Acoustic Radar. It is
a ground based remote sounding system for
acquiring data t h a t can be used—to identify
inversion heights; to detect layers of turbulence when there is a discontinuity in temperature ; to outline the top of a layer of fog, or low clouds; to track wave motion; to measure
convective plumes; and, to outline frontal surfaces. New applications are developing
rapidly with experience, in techniques and equipment.

In the Model 300, which emits short bursts at 1,600 Hz., the sound source and the
receiver are centered in a 4-ft. diameter parabolic reflector. The sound t h a t is backscattered from small scale temperature variations is recorded as a time-height plot of discontinuities above the instrument, presently to heights of about 1,000 meters.

A complete system consists of a parabolic antenna and transducer; a control module
and recorder, operating at 115 Y. 60 Hz. 50 W.; and an Acoustic Enclosure. System price,
$6,950. (without Enclosure, $5,800). More details on request.

SCIENCE ASSOCIATES, INC., 230 NASSAU ST., PRINCETON, N . J . 08540
(609) 9 2 4 - 4 4 7 0
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