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1. Introduction
The Advanced Studies Institute on the Meteorological
Aspects of Emergency Response was held in Charleston, South Carolina, following the American Nuclear
Society's Topical Meeting on Emergency Response—
Planning, Technologies, & Implementation. It was
sponsored by the A M S Committee on Meteorological
Aspects of Air Pollution and organized by the cochairmen. There were 85 persons (meteorologists and
non-meteorologists) in attendance, consisting of utility representatives, national laboratory scientists, federal, state and local agency officials, and consultants.
The program consisted of six invited talks with lengthy
question and answer periods, two poster sessions,
and a concluding panel discussion.
Rudolph J. Engelmann of Global Atmospheric Response set the tone for the meeting with his introductory remarks on the role meteorology should play
in chemical or radioactive emergency responses. Todd
V. Crawford of Savannah River Laboratory spoke on
meteorological measurements needed for emergency
response. He was followed by Philip E. Merilees of
NCAR, who talked on predictive meteorology in support of emergency response. A European perspective
of models was given by R. M . Van Aalst of the National Institute of Public Health and Environmental
Protection of The Netherlands. He presented the
modeling efforts simulating air concentrations and
deposition of the Chernobyl accident with the sequential predictions displayed in a movie. Marvin H.
Dickerson and Donald L. Ermak of Lawrence Livermore National Laboratory discussed the evaluation of
trace gas and dense gas dispersion models used for
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emergency response. The invited speakers' papers
formed the short-course notes.
Summaries of posters, including applications of new
meteorological tools in post-analysis of emergency
response, model applications, and personal experiences of using meteorology in actual emergency-response situations were presented by Kirsti Jylha of
Finland, Anthony J. Sadar of the Allegheny County
Health Department, Barbara Stunder of N O A A ' s Air
Resources Laboratory, S. M . Daggupaty of Atmospheric Environment Service, Canada, and Randolph
Evans of E N S C O , Inc.

2. Measurements
Todd Crawford from Savannah River Laboratory lectured on the meteorological measurements for emergency response. His talk not only described the
measurements needed for an emergency, but also introduced some fundamentals of meteorology that are
a necessary background for the discussion of measurements. These fundamentals were introduced in
terms of the critical questions of emergency response:
where, when, and how much. The wind speed and
direction determines where and when. Turbulence
determines how much. Turbulence was described in
terms of diffusion, mixing depths, and deposition.
The following six criteria described the critical meteorological measurements for emergency response:
(1) appropriateness of the measurements to potential
problems, (2) accuracy and resolution, (3) reliability
and dependability, (4) real-time quality control, (5)
immediate communication of data to a control center, and (6) understandable display of data.
Examples of how the Savannah River Laboratory satisfies these criteria were then given. Many of the criteria were put in the context of emergency-response
worst-case situations, compared to the very different
requirements of most meteorological data systems.
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This is reflected in the dichotomy of extreme sensitivity for the worst-case light wind conditions and the
extended reliability required for the, hopefully, very
long periods between potential emergencies.
After a brief description of detailed meteorological
instrument characteristics, future trends and challenges were discussed. Much of the spur for nearterm improvements comes from the passage of Superfund Amendments and Reauthorization Act Title
III provisions of communication to local officials on
chemical inventories, emissions, and joint emergency-response planning. As computer memory size,
speed, and portability increase, it was pointed out
that not just improved transport and diffusion model
calculations will result. Also, improved short-term
interpretation and display of ground-based remote
wind, turbulence, and mixing depth will result. These
types of measurements using acoustic, lidar, and radar techniques have the potential to provide a continuous, three-dimensional picture of the atmosphere.

3. Predictive meteorology
Philip Merilees divided meteorological services that
are important to support an emergency response into
three scales. For large radioactive releases, such as
Chernobyl, the microzone (<200 km radius) represents those areas where the impact of the dispersed
material is life- and health-threatening and where it
is necessary to know the immediate movement of the
plume, its direction, velocity, and anticipated changes
in its movement in the immediate future. Between
200 and 2000 km, the mesozone, the impact is on
the quality of food and water, for accumulated doses
may be harmful. The last scale is the macrozone
(>2 000 km), where the immediate impact is psychological in the sense that the public is very concerned with radioactivity and demands to be informed.
The meteorological forecast system has developed
rapidly since World W a r II due to advances in computers, advances in remote sensing, and advances in
scientific understanding. Today, because of remotesensing techniques (satellites and radars particularly),
there are many fewer phenomena that are totally undetected by observing systems, with the possible exception of tornadoes. However, there is a big difference between detecting that something is happening
and knowing enough about it to characterize what is
happening, let alone predicting what will happen.
The reason for this is relatively straightforward. The
range of scales of phenomena that are of importance
is from 10,000 km to 0.01 km, i.e., orders of magnitude. In addition, the phenomena are intermittent

or episodic.
The resolution of both the analysis and forecast
guidance is such that there is little direct meteorological information on the scale of 200 km or less that
is routinely available at present. It is the existence of
local circulations and local stability conditions that
can be of the most importance in the microzone.
These local meteorological conditions are highly dependent on local topography and surface features.

The mesoscale prediction problem is poised for a
major advance in the future. Research in numerical
simulation has advanced to the point where scientists
are ready to tackle the problem convective complexes by adaptive-grid methods. Near-surface-based
observational systems ( N E X R A D and wind profilers)
are in the process of deployment and will provide the
first comprehensive data on the mesoscale. In addition, the proposed S T O R M program will focus the
attention of a significant fraction of the scientific research community on the mesoscale prediction and
simulation problem. The future looks bright in the
sense that w e can expect to have in place by the
year 2000 operational systems that will provide much
more useful prediction guidance on an automated and
timely basis.
The microscale prediction problem will be the last
to yield to highly automated guidance. This is because there are not many meteorological situations
in which the larger scales an be ignored. O n the other
hand, continued progress on the macroscale and
mesoscale will lead to general improvements in the
forecasts on the microscale.

4. Atmospheric dispersion modeling
R. M . Van Aalst stated that the primary goal of a
dispersion model in emergency response is to provide
information to emergency response managers that is
relevant for the evaluation of the exposure of the groups
at risk. After reviewing the types of atmospheric
models, basic assumptions, and processes that need
to be simulated, he related the European modeling
experience in simulating the worldwide air concentrations and deposition as a result of the Chernobyl
accident. Spacial and temporal comparisons were
shown in a time-lapse movie which showed the importance of the meteorology in the micro-, meso-,
and macroscales that Merilees discussed. Agreement
in the macroscale was considerably better than in the
mesoscale and microscale. The real-time treatment
of remotely-sensed mixing heights with lidar was a
unique aspect of their analysis and future efforts in
this direction in U.S. models should be encouraged.
All emergency-response modeling for Chernobyl
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was conducted significantly after the onset of the accident and showed that no validated model existed to
handle this type of accident.
Episodic air-quality modeling between the Netherlands and its neighbors is still a primary goal of the
Institute of Public Health and Environmental Protection. Their efforts to merge air quality and emergency-response developments seem to be a model
worth considering in other countries. In the future,
emergency model developers in the U.S. should tap
the experience gained from air quality dispersion
models as well as their verification and evaluation.

input uncertainties, and (4) testing the model predictions against observations. They made the very important point that the model evaluator must be aware
of both the accuracy and the representativeness of
the input data, are often treated as numbers without
error bars.

5. Model evaluation and heavy gases

Next, the critical problem of dispersion of heavy
gases was discussed. Three major differences were
described between a heavy gas release and a trace
gas release. These include the following: (1) the reduction of turbulent mixing due to stable stratification
of the heavy gases, (2) the generation of gravityspreading and self-induced vortices due to density
gradients in the heavy gas/air interface, and (3) cloud
lingering with respect to the ambient wind due to a
lack of mixing between the ambient air and the heavy
gas.

Marvin Dickerson and Donald Ermark from Lawrence
Livermore National Laboratory discussed the evaluation of emergency-response trace gas and dense gas
dispersion models. As they stated early in their presentation, it was not their intent to rank specific models or even types of models. Rather, they presented
a framework for how models, in general, can be tested
and compared with each other and tracer data. They
described four steps, or areas, of model verification:
(1) evaluation of the accuracy of the input meteorological and tracer data, (2) examination of the appropriateness of the model's assumptions and parameterizations of physical processes important to the
situation being tested, (3) sensitivity of the model to

Dickerson and Ermak concentrated on comparison
methods between predictions and observations. These
were categorized as statistical methods involving difference methods, correlation coefficients, vector subtractions, and methods involving ratios. Most of their
discussion centered on ratio methods and how to include inherent uncertainty in wind direction into the
evaluation procedure.

Past model versus data comparisons and choice of
cloud parameters were then described. The session
ended with a proposed model evaluation methodology for heavy gas dispersion based on the ratio
method.
•
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The International Conference on Tropical Meterology, sponsored by the Australian Meterological and
Oceanographic Society (AMOS), was held from 4 - 8
July 1988 at the University of Queensland, Brisbane,
Australia. The American Meteorological Society (AMS)
and the Chinese Meteorological Society (CMS) cosponsored the meeting. There were about 140 participants, with more than half from outside Australia,
including large groups of American and Chinese scientists. The active involvement of all the participants
helped to make this conference a tremendous success, despite the unseasonal heavy rain which fell on
the first two days (more than 100mm).

views of the A M E X , by Greg Holland and John
McBride; EMEX, by Peter Webster and Bob Houze,
and STEP, presented by Jim Holton for the STEP Science Team.

The conference was opened by Peter Baines (president, AMOS), Roscoe Braham (president, AMS), Peng
Guangyi (deputy secretary general, CMS) and Rex Falls
(director, Brisbane Regional Office, Bureau of Meterology). After these formalities were completed, the
scientific program started. The program was organized so there was a plenary session with invited papers and submitted papers each morning and two
parallel sessions with submitted papers in the afternoons. The five major topics covered at the conference were (1) the Australian Monsoon Experiment
(AMEX), the Equatorial Meoscale Experiment (EMEX),
and the Stratosphere Troposphere Exchange Project
(STEP); (2) convection; (3) tropical cyclones; (4) forecasting; and (5) large-scale circulation. Each of these
topics had two or three invited papers presented together on one morning.

The invited papers on tropical cyclones on Tuesday
morning included papers on unusual typhoons affecting China, presented by Chen Lianshou; environmental influences on tropical cyclones, by Bill Gray;
and the dynamics of the tropical cyclone core, by
Hugh Willoughby. Tuesday afternoon continued with
the final submitted papers on AMEX/EMEX/STEP,
more papers on tropical cyclones, and the first submitted papers on convection.

Following the opening of the conference, the first
morning was devoted to AMEX/EMEX/STEP. O n e of
the motives for organizing this conference was to have
presentations of the first results from the combined
A M E X , EMEX, and STEP experiments, which were
held concurrently in January and February 1987 over
northern Australia. The invited papers were over-
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The Monday afternoon parallel sessions continued
with eight submitted papers on AMEX/EMEX/STEP as
well as another eight submitted papers on tropical
cyclones. A poster session for posters from all five
topics was held on Monday evening in conjuction
with the Icebreaker, which was sponsored by the
Chinese Meterological Society. Despite the very
heavy rain, there was a very large attendance at the
Icebreaker.

There was no rest on Tuesday evening as Greg Holland organized a panel discussion session on tropical
cyclone observing systems, with Charles Neuman,
Frank Woodcock, Chris Velden, and Bill Gray as panel
members. An incentive for audience attendance was
the free beer provided by Bond Corporation; still the
rain poured down.

Wednesday morning was devoted to the invited
papers on convection, including papers by Kerry
Emanuel on dynamical theories of convection, by
Masanori Yamasaki on interaction of convection with
larger-scale circulation, and Kesu Zhang and Yongti
Zhu on recent research in China on convection in the
Asian Monsoon area. A cruise along the Brisbane River
was held on Wednesday afternoon; fortunately the
rain had stopped on Wednesday morning.

The invited papers in large-scale circulation were
presented on Thursday morning, including review
papers by Tim Palmer on large-scale tropical-extratropical interactions, and by Sulochana Gadgil on recent advances in monsoon research. Submitted pa399
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pers on large-scale circulation continued that morning
and in the afternoon parallel sessions, which also included more papers on tropical cyclones. O n Thursday evening, there was a panel discussion on T O G A
organized by Peter Webster, with Mike Manton, Stuart
Godfrey, David Halpern, Gene Rasmusson, and Jagadish Shukla forming the panel.
O n the final day of the conference, Friday, the invited papers in tropical forecasting was presented.
These were by Rex Falls, on operational weather forecasting in the Australian tropics, by T. N. Krishnamurti, on tropical numerical weather prediction; and
by Jagadish Shukla, on the predictability perspective
to tropical forecasting. The final sessions on Friday

Vol. 70, No. 4, April 1989
afternoon were for submitted papers in tropical forecasting and large-scale circulation.
After a very full program over the five days, everyone was tired but agreed that the conference had
been a tremendous success, both scientifically and
socially.
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