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Science Briefing: VORTEX Aims at the Heart of Tornadoes
It was no mere convention of cinema

that a Kansas tornado sneaked up
without warning on the fictional
Dorothy of "The Wizard of Oz." In
1939, when "Oz" was filmed, the word
"tornado" was still verboten in all pub-
lic warnings issued by the U.S. Weather
Bureau (now the National Weather
Service, or NWS), for fear that panic
might result. As late as April 10, 1947,
it was still possible for a single twister
to rampage without warning over 200
miles through Texas, Oklahoma, and
Kansas, killing more than 100 people.
Although that twister was long-lived
and telephones and radio were avail-
able, there was simply no such thing as
a tornado warning.

Almost 50 years later, tornadoes-
containing the most violent winds ever
measured on earth-are still to be reck-
oned with. The federal watch/warning
system instituted in the 1950s has
reduced the annual average death toll
of tornadoes from near 100 to around
50. But a few twisters still manage to
escape the increasingly dense national
network of Doppler radars and storm
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spotters. Moreover,
warnings often
don't reach the
people who most
need to hear them.
Last Palm Sunday,
March 24, the
region near Pied-
mont. Alabama, re-
ceived 17 minutes'
advance warning of an approaching
tornado. Nonetheless, 20 people died
in the Goshen United Methodist Church,
unaware of the warning. A total of at
least 41 people were killed in the South,
the largest single-day U.S. toll from
tornadoes in nearly a decade.

The Palm Sunday disaster acted as a
grim prelude to a press conference later
that week. In a plan that was initiated
before the March 24 tornadoes but no
doubt heightened by them, Vice
President Al Gore announced that the
NWS was launching a major upgrade
of its weather-radio transmitter network
and a campaign to install inexpensive
receivers at public and corporate sites.
Many of these receivers (sold primarily
at Radio Shack) can be set to a silent
mode that activates with a loud alarm
when severe storms or tornadoes are
reported within 50 miles of the nearest
NWS transmitting station. Despite
round-the-clock operation of some 350
transmitters, built mostly in the 1960s
and 1970s, about 25% of the U.S.
public-particularly in stretches of the
northern Great Plains and Rockies-is
out of radio range. Gore pledged to
extend the network to 450 transmitters
that would reach 95% of the public.

While the government turns its
attention to improving warning dissemi-
nation, a major research project is under

way this spring and next in the southern
Plains. VORTEX, the Verification of
the Origins of Rotation in Tornadoes
Experiment, is deploying as many as 15
vehicles at a time to trace the life cycles
of tornadic thunderstorms. Ambitious
in its scope-never have so many storm
chasers with so much equipment been
trained on individual storms-
VORTEX may also shed light on how
atmospheric research in general could
be conducted in a future that will de-
mand verifiable results on tight budgets.

How It All Started
Many of the concepts to be investi-

gated in VORTEX grew out of break-
throughs originating at Tinker Air Force
Base, just southeast of Oklahoma City.
The base was struck on March 20, 1948,
by a twister that caused $10 million in
damage, destroying 50 aircraft. In the
ensuing days, Air Force meteorologists
E. J. Fawbush and Robert Miller studied
the large-scale weather pattern of March
20 and found several key factors,
including dry air from the west flowing
atop a warm, moist layer heading north
from the Gulf of Mexico. Winds
strengthened and shifted with height,
and temperatures a few miles high were
notably cool, adding to the surface air's
buoyancy. Spotting the reappearance
of these factors on March 25, less than
a week later, the forecasters issued what
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was in effect the nation's first tornado
warning, alerting base officials to
protect the planes. As if by clockwork,
another tornado struck-but, thanks to
the warning, with greatly reduced
damage.

The Fawbush-Miller principles were
codified over the next few years and
paired with the discovery that tomadic
storms often exhibited "hook" echoes
on conventional radar (the hooks being
caused by precipitation wrapping
around a tornado's circulation). Tor-
nado watches and warnings soon be-
came a familiar element in TV and
radio weathercasts.
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In the 1970s, Doppler research radars
in Oklahoma showed that circulation
often begins at the midrange heights in
thunderstorms-about two to four miles
(three to six kilometers) high-before
descending to earth to form a tornado as
much as 30 minutes later. This provided
a convenient way to anticipate a
tornado's formnation and warn for it, in
contrast to the after-the-fact (though
still valuable) tornado warnings issued
only after a twister has touched down.
With the NWS installing Dopplerradars
across the country through the mid-
1990s, tornado warnings should only
improve.

Theory has continued to evolve as
well. Researchers Joseph Klemp and
Richard Rotunno (NCAR) elucidated a
mechanism in the mid-1980s by which
winds that veer and strengthen with
height are twisted into the vertical to
enhance the midlevel circulation that
can tighten into a tornado. But persistent
questions remain. Why do only about
half of all mesocyclones (the midlevel
circulations) produce tornadoes? How
does a mesocylone actually evolve into
a tornado? When will a given tornado
dissipate? What is the crucial balance
between wind structure, instability, and
other factors needed to sustain violent
tornadoes-only 1% of all reported
twisters, but the ones that cause a great
deal of death and destruction?

NSSL's Erik Rasmussen, the
VORTEX coordinator and one of its 18
principal investigators, believes that the
only way these questions can be
answered is by gathering extremely
detailed data sets from tornadic
storms-along with data from storms
that are nearly, but not quite, tornadic.
"Models and observations have
suggested some ways for us to distin-
guish tornado-prone environments from
those that are not," says Rasmussen,
"but these concepts haven't yet been
adequately tested."

Surrounding the Storms
Field operations for VORTEX are

based at NSSL in Norman, Oklahoma.
The study area ranges from southern

Kansas to northern and western Texas.
From 1 April to 15 June, forecasters are
starting each day at 7:00 a.m. by evalu-
ating the severe weather potential and
issuing likelihood forecasts (e.g., "there
is a 40% chance of tornadoes") by 9:00
a.m. for boxes of about 500 square
miles (1,300 square kilometers) each
that cover the research area in a patch-
work. These experimental forecasts
are not being made public.

Because the project's goal is to docu-
ment potentially tornadic cells from
their birth to their demise, field crews
typically leave Norman each day well
before thunderstorms have formed.
Unlike typical storm-chase field pro-
grams, in which a few vehicles fan out
to document several storms, VORTEX
is keeping all 10 to 15 of its vehicles on
any day concentrated on one cell, thus
providing an unprecedented density of
observation. The cluster of VORTEX
vehicles maneuvers in different fashions
depending on the life cycle and nature
of each storm. For example, the teams
crisscross regions within slow-moving
cells but position themselves to let fast-
moving storms pass overhead.

All 15 vehicles have weather stations
mounted atop them that report wind
direction and speed (the latter corrected
for vehicular motion), temperature,
pressure, and humidity every six
seconds. The data go to laptop comput-
ers within the cars in real time and to the
mobile field coordination center once
an hour. Four NSSL mobile labs, along
with one mobile sounding unit and two
stationary units from NCAR, launch
weather balloons when needed. Three
camera crews film the evolution of tor-
nadoes from as close as a half mile
(about one kilometer), providing images
that can later be analyzed photo-
grametrically to compare wind speeds
with those measured by Doppler radar.
Along with the fixed Doppler sites at
NSSL and Cimarron, Oklahoma, and
the Doppler radar aboard the National
Oceanic and Atmospheric Admin-
istration (NOAA) P-3 aircraft, two
portable Doppler units are being oper-
ated by University of Oklahoma (OU)
professor Howard Bluestein. In April
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1991, Bluestein's portable Doppler
measured one tornado's winds at close
to 300 miles (480 kilometers) per hour--
the strongest near-ground winds ever
documented.

As data are collected, they are
organized and archived by UCAR's
Office of Field Project Support. The
office's CODIAC (Cooperative
Distributed Interactive Atmospheric
Catalog System) will give researchers
easy access to the location and status of
the many data sets, including those
gathered for routine NWS operations.

Getting Specific
The goals of VORTEX are as tightly

focused as the data-gathering effort it-
self. Rasmussen and colleagues see the
project as a chance to shift the para-
digm of large meteorological field pro-
grams, which tend to address a wide
range of scientific issues at once. In the
VORTEX operations plan, Rasmussen
notes that "The statements of objec-
tives in such field programs have tended
toward vague generalities ... such as
'to document,' or 'to observe,' or 'to
understand' some phenomenon. Ob-
jectives of this sort cannot help but be
met during the project, of course, but
they offer little or no basis for judging
the outcome of the effort."

As atmospheric field projects go,
VORTEX is on a relatively tight budget.
The project has around $750,000 to
finance two years of field work, includ-
ing use of the NOAA airplane and, in
1995, NCAR's new airborne Electra
Doppler radar. Tight money and the
desire to focus energy prompted
VORTEX planners to settle on 17
specific, testable hypotheses. Each is
listed in the operations plan with the
procedure for its testing and the type of
result that will refute the hypothesis.
Forexample, Rasmussen postulates that
the first tornado in a supercell thunder-
storm will form through a series of
events different from that producing
subsequent tornadoes in the same storm.
This will be tested by comparing vertical
wind velocity and other variables in
and near developing tornadoes.

Resources
Though there are a number of popularly written books on severe weather in general,
virtually none focuses on the science behind tornadoes. However, two volumes have
just been published in a more technical vein that will greatly reward readers who are
seriously interested in twisters.

The Tornado: Its Structure.Dynamics,Prediction, and Hazards, edited by Christopher
Church, Donald Burgess, Charles Doswell, and Robert Davies-Jones (American
Geophysical Union, 2000 Florida Avenue NW, Washington, D.C. 20009; December
1993; $85 for nonmembers. $59.50 for members), was published as part of the AGU's
Geophysical Monograph Series. Based on work presented at a tornado symposium in
1991, it includes sections on modeling and theory of supercell thunderstorms and
tomrnadic vortices, observations of tornadic storms, physical models and analogs,
tornado observations, facility protection, risk assessment, damage surveys and mitiga-
tion, and tornado forecasting.

Significant Tornadoes, 1680-1991, by Thomas Grazulis (Environmental Films, Box
302, St. Johnsbury, VT 05819; July 1993; $95 plus $4 shipping), isjust what the name
implies: a compendium describing every tornado of note to occur in the United States
over the past 300 years. Beyond the 800 pages of narrative description, the book
includes a wealth of data on tornado wind speeds, statistics, forms, and types; other
kinds of natural vortices; oddities and myths; "differences of opinion" on damage and
death reports; and property risk. Grazulis has also compiled Tornado Video Classics,
an expertly produced and thoroughly annotated two-volume set of tornado video and
film clips dating as farbackas the 1950s. The set is available for $65, shipping included.

Tornado history is filled with
anecdotes of canceled checks, news-
paper pages, or other debris lofted and
deposited up to a hundred miles down-
stream. Much heavier items can be
thrown several miles ahead ofa tornado.
OU professor John Snow is tackling
this rarely studied problem with two
hypotheses, asserting that debris swept
up by a tornado will fall in a repeatable
pattern and that such a pattern can be
predicted from knowledge of storm
dynamics and wind flows. VORTEX
damage surveys will hunt for identifi-
able debris patterns, and an upcoming
attempt to build computer models of
debris deposition will address the pre-
dictability issue.

Better Data, Better Warnings
Although VORTEX may not rewrite

the book on tornadic phenomena, it will
certainly make that book more exhaus-
tive. Only a few cases now exist where
detailed Doppler, surface, and thermo-
dynamic data are all available for a
single tornadic storm. These long-
studied events (one, the case of the
Union City, Oklahoma, tornado, is more
than 20 years old) only begin to address
the vast variations known to exist in

tornadoes and their parent storms. "The
detail in these cases is at least an order
of magnitude less, and perhaps two
orders of magnitude less, than we expect
to gain with VORTEX," says
Rasmussen. "Also, we're very
interested in mapping the evolution and
the complete life cycles of storms, in-
stead of getting only 'snapshots'."

The fruits of VORTEX research will
reach scientists and the public soon.
Rasmussen hopes to get summaries of
this spring's field work into the meteo-
rological literature later this year.
Improvements in public tornado warn-
ings, particularly in those that precede
tornado formation, should accrue over
the next several years.

Along with NSSL, NCAR, and
NOAA, participants and funding
agencies for VORTEX include the
National Science Foundation; the OU
Center for the Analysis and Prediction
of Storms; Texas A & M and Texas
Tech Universities; the University of
Illinois; the University of California,
Los Angeles; and Canada's Atmosphere
Environment Service.
-- Bob Henson, UCAR Outreach
Program
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Affiliate Profile

AeroVironment: Doing More with Less

Kenneth Underwood.

This is the first in a series of occasional
profiles on participants in the Corporate
Affiliates Program. This installment
on A eroVironment Inc., headquartered
in Monrovia, California, was prepared
by company vice president Kenneth
Underwood. If you would like to see
your organization profiled, please con-
tact the Signal editorial office.

AeroVironment was established in
1971 to help business and govern-

ments recognize and meet their envi-
ronmental and energy objectives. We
are comprised of committed profes-
sionals who apply technology and sys-
tems engineering, coupled with cre-
ativity and organizational flexibility, to
engineer vehicles, energy conversion
products, and meteorological products
and to solve a variety of complex envi-
ronmental challenges.

Our founder and chairman of the
board is Paul MacCready, an authority
in atmospheric instrumentation and
efficient vehicle design. His most
famous project is the Gossamer Alba-
tross, a human-powered air vehicle that
was pedaled 23 miles (37 kilometers)
across the English Channel on June 12,

1979. This feat enabled MacCready to
win the largest cash award in aviation
history, the f 100,000 Kremer Prize.
Timothy Conver is our president and
chief operating officer. Prior to joining
AeroVironment, he established
Whittaker Industries as the preeminent
supplier of microwave components to
the military. Murray Gell-Mann, a
Nobel Prize winner in physics, is also a
founding director.

AeroVironment is divided into four
major business areas: Air Quality,
Environmental Engineering, Electro-
mechanical Engineering, and Aerody-
namic Design and Development Engi-
neering. Each area is staffed with fo-
cused core competencies. Our organi-
zational flexibility encourages individu-
als to work across business areas in
response to both need and individual
interests.

Both the Air Quality and Environ-
mental Engineering groups provide
consulting, engineering, and research
services. These enable our customers
to obtain operating permits and comply
with regulations through market-based
trading programs and the application of
advanced technology. Increasingly, the
focus of these groups is to provide
leadership and guidance in the applica-
tion of cost-effective pollution
prevention and life-cycle assessment
techniques.

Our air quality and meteorological
monitoring capability has enabled us to
undertake projects like the Salt River
Project's Grand Canyon Visibility
Study, the San Joaquin Valley Air
Quality Study, and others. Our quality
assurance activities for both meteoro-
logical and air-quality instrumentation
have established AeroVironment as one
of the best through our leadership in the
Lake Michigan Ozone Study and the
Coastal Ozone Transport Study. Man-
agement of air quality and meteoro-
logical data includes database creation

and maintenance and quality control of
network data products-the major focus
of our offices in Santa Barbara, Califor-
nia, and Denver, Colorado.

In 1976, AeroVironment introduced
the Doppler acoustic sounding system
(DASS) to the meteorological commu-
nity. This system has been successfully
demonstrated on three separate occa-
sions at a 1,000-foot (300-meter) tower
in Boulder through intercomparisons
sponsored by the Environmental
Protection Agency and the National
Oceanic and Atmospheric Administra-
tion. The AeroVironment Model 2000
DASS continues to be an industry stan-
dard for accuracy and reliability.

In 1991, AeroVironment developed
the Doppler minisodar (Model 4000)
system as part of a small business inno-
vative research (SBIR) program. This
system is designed to produce high-
resolution wind and turbulence
measurements from 50 to 650 feet
(15 to 200 meters) in altitude at 16-foot
(five-meter) increments. It operates at
a frequency of 4,500 Hertz, which
enables it to be located in either quiet or
extremely noisy environments. The
Model 4000 minisodar antenna is a
three-foot (one-meter) cube utilizing
an innovative reflector board configu-
ration. The operator interface is
designed around the powerful Microsoft
Windows graphical interface
environment.

AeroVironment's unique line of
Doppler sodar (sound detection and
ranging) systems are supported with
two powerful and user-friendly soft-
ware programs: the Profiler Analysis
and Display Software (PADS) package
and the Facsimile Image Processing
Package (FIPP). Both programs use
the Microsoft Windows operating sys-
tem. PADS is designed for the analysis
of wind speed and turbulence data pro-
duced by the AeroVironment family of
sodar systems. It allows for the
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establishment of a monthly database of
quality-controlled data and generates
the resulting reports from that data-
base. FIPP is designed for the analysis
of facsimile data produced by the
backscattered signal received by the
vertical beam. These data are color-
coded to facilitate the identification of
significant scattering layers; they gen-
erate a data set of mixing heights for
input to atmospheric dispersion and
turbulence models.

The Electromechanical Engineering
group focuses on the application of
efficient designs to the automotive
industry. These scientists and engi-
neers have applied their "skunk works"
adaptability and creativity to produce
the General Motors SunRaycer and the
GM Impact. Both GM-funded projects
were undertaken to push energy con-
version and vehicle design technology.
The GM SunRaycer project went from
concept to completed vehicle in just
over four months. This solar-powered
vehicle won the solar car race from
Darwin to Adelaide, Australia, in 1988.
In a continuing collaboration with Gen-
eral Motors, AeroVironment took the
lead in the development of the GM
Impact-an electric-powered demon-
strator car.

Pathfinder Leads the Way
AeroVironment's Design Develop-

ment Center group focuses on the de-
sign, development, and production of a
wide range of unmanned air vehicles
(UAVs); high-altitude, long-endurance
aircraft; very low cost reconnaissance
aircraft; lighter-than-air vehicles; and
autonomous gliding vehicles. This ex-
ceptional group of engineers has de-
signed and produced all of the high-
efficiency air vehicles. Some of the
more famous vehicles are the Solar
Challenger (1981), the trademarked
Quetzalcoatlus Northropi (QN) (1985),
the Pointer UAV (1991), and the Path-
finder solar-electric aircraft (1994).

The Pathfinder is a solar-electric
UAV designed to operate for extended
observational periods (one to three

The solar-powered Pathfinder is designed to stay aloft for months at a time and reach altitudes
of up to 27 kilometers (90,000 feet). It can serve as a low-cost surrogate satellite, a toolfor long-
term weathermonitoring and tracking, ora source ofdifficult-to-obtain high-altitude atmospheric
measurements. (Photos courtesy AeroVironment Inc.)

months) within the earth's stratosphere.
The Pathfinder is AeroVironment's lat-
est solar-electric aircraft. Its predeces-
sor, the Solar Challenger, was designed
to fly at altitudes above 12,000 feet
(3,600 meters). In July 1991, the Solar
Challenger successfully flew from
Paris, France, to the Royal Air Force's
base at Manston, England-162 miles
(261 kilometers)---averaging some 40
miles (65 kilometers) per hour. With a
wing span of 46 feet (14 meters), the
aircraft weighed 200 pounds (90 kilo-
grams) without the pilot and used a
maximum of 2.6 kilowatts of electric
power, about the same as two hair
dryers.

In contrast, the Pathfinder has a wing
span of 100 feet (30 meters), a mass of
195 pounds (430 kilograms) and re-
quires a maximum of 8.0 kilowatts of
electric power. It utilizes eight
brushless, permanent magnet motors.
Its span-leader flying wing design was
selected to minimize mass and the con-
sequent requirements for propulsive
power. The Pathfinder is designed to

operate in the stratosphere at altitudes
up to 14 miles (23 kilometers) for ex-
tended periods of time (one to three
months) at an at-altitude speed of
approximately 100 miles (160 kilome-
ters) per hour. This remotely con-
trolled, solar electric-powered UAV has
the benefit of zero emission propul-
sion, long endurance, and high-altitude
operation.

Along with the AeroVironment
headquarters in Monrovia, additional
offices are located in Denver, Colo-
rado, and Santa Barbara and Simi
Valley, California. Our customers are
located throughout the world.

An in-depth article on the Pathfinder
can be found in the April 1994 issue of
Popular Science. For further informa-
tion, please contact Kenneth
Underwood, AeroVironment Inc., 222
E. Huntington Drive, Monrovia, Cali-
.fornia 91016, phone 818-357-9983.
fax 818-357-0989.
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Technology Corner

UCAR's Technology Commercialization Program markets technologies that have been created in the course of scientific
research and development within UCAR. Each month in this column, we outline one or more technologies now available
for licensing. If you are interested in pursuing any of these opportunities, contact Wayne Moore, marketing manager for
the Technology Commercialization Program, 303-497-8563, e-mail wmoore@ncar.ucar.edu.

Dual Path Ultraviolet (UV)
Hygrometer

Inventor: Ron Schwiesow, NCAR
Atmospheric Technology Division
Patent #: 5,227,636
Date: 13 July 1993

The UV hygrometer measures the
water vapor concentration in an air

sample using an optical technique that
provides fast response, stable calibra-
tion, and immunity to airborne con-
taminants. It relies on the differential
absorption by water vapor of two wave-
lengths in the vacuum ultraviolet.

One difficulty with prior hygrom-
eters using broad-spectrum light beams
is that the absorption of different wave-
lengths of light within the broad beam
varies. A single light beam renders the
measurements susceptible to inconsis-
tency caused by variations in lamp
intensity,discharge geometry, and drifts
in detector electronics. Also, contami-
nants in the air sample increase the

absorption of the transmitted light, pro-
viding another component of error.

These problems are solved by the
dual-path technique of this UV hygrom-
eter. The measurement process involves
transmitting two narrow-spectrum light
beams of different wavelengths (one
highly and one slightly absorbed by
water vapor), one at a time through an
air sampling chamber and along a ref-
erence path. Both wavelengths are split
to produce two pairs of light beams.
One beam of each pair is transmitted
through the air sampling chamber. The
other is transmitted along the reference
path to measure the strength of each
source.

By measuring the differential and
received intensities of the two sets of
light beams, the level of contaminants
in the air sampling chamber for both of
the wavelengths can be determined,
since the second wavelength in each

pair (the one passing through the sam-
pling chamber) is subject primarily to
contamination. The contamination can
then be taken into account at both of the
wavelengths to obtain more precise
measurements of water-vapor
concentration.

A working model of the UV
hygrometer is currently in use at NCAR,
and two other models were used by the
National Oceanic and Atmospheric
Administration in a coupled ocean-
atmosphere research project in the
western equatorial Pacific Ocean. The
instrument was specifically developed
to provide atmospheric scientists with
the precision not found in commer-
cially available humidity measurement
devices. While designed for airborne
use, the UV hygrometer can be applied
in other meteorological research, as
well as in other industries seeking simi-
larly exacting measurements, such as
in process control and in clean rooms.

Sample Detector

Temperature Sensor

2979 UH3 901Reference Detector

Pressure Sensor

At left is a cross-section of the hygrometer with major
components labeled. Above is an illustration of the major
variables that can be displayed, including mixing ratio (MR),
temperature (T), and pressure (P).

Sample Chamber

L Hydrogen Lamp
/whh

Krypton Lamp
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Conference Update

Fifth Annual Congressional Forum
[o,' will oceans plaV into ouri clilate's futur e

Nearly 40 people attended the FifthAnnual Congressional Forum in
Washington D.C., March 7-10, jointly
sponsored by the UCAR Office of
Government Affairs; Joint Oceanographic
Institutions; and the Council on Ocean
Affairs. This year's meeting was designed
to facilitate closer cooperation and part-
nership between the oceanographic and
atmospheric sciences community.

As part of the forum, a two-hour hear-
ing was convened March 8 before the
Senate Energy and Natural Resources
Committee in the Dirksen Senate Office
Building. Seven witnesses presented testi-
mony on "The Ocean's Role in Global
Climate Change." The hearing was tied
to the release of an 84-page report by the
same name, prepared by the Ocean Studies
Board of the National Academy of
Sciences (NAS) National Research Coun-
cil. The new report updates a 1990 over-
view from NAS of ocean-related global
change research. Witnesses included
Robert White (president, National Acad-
emy of Engineering); Admiral James
Watkins (president, Joint Oceanographic

Institutions); Richard Anthes (president,
UCAR): C. Barry Raleigh (dean, Univer-
sity of Hawaii's School of Ocean and
Earth Science and Technology); and
Richard Somerville (professor, Scripps
Institution of Oceanography, and chair of
the UCAR Board of Trustees).

The hearing featured two video pre-
sentations from Richard Lutz, associate
director of the Institute of Marine and
Coastal Sciences, and University of Wash-
ington professor John Delaney. Lutz's
segment focused on several exciting dis-
coveries made during a deep-sea expedi-
tion that took place this past December
with the small, three-person submersible
Alvin. Imagery shown by Lutz from that
expedition touched on a few of the recent
discoveries in the world's oceans that are
altering traditional views of the funda-
mental biological and geological pro-
cesses shaping the earth.

Delaney calls the world's oceans the
chemical and thermal flywheel of the
planet. The most critically important cog
of that flywheel is the midoceanic ridge,

a geological feature stretching 40,000
miles (64,000 kilometers) from which
tremendous quantities of heat and chemi-
cals emanate. "If we in the United States
are to play a leadership role in matters
related to this highly complex concept of
global change," he said, "we must have a
sound, fundamental understanding of the
impact these [biological and geological]
processes are having on the chemical and
thermal content of the oceans."

The forum's second day included
presentations by Senator Ted Stevens (R-
Alaska), D. James Baker (undersecretary
for oceans and atmosphere and adminis-
trator of the National Oceanic and Atmo-
spheric Administration);, biological
oceanographer Sara Horrigan (Energy and
Science Division, Office of Management
and Budget); and Fred Saalfeld (director,
Office of Naval Research). Attendees
were briefed by the staffs of several Senate
and House committees and had a chance
to make individual visits to congressional
offices.
-Joan Vandiver Frisch, UCAR Media
Relations

Calendar/Announcements
June 19-24
Air and Waste Management Association
AWMA 87th Annual Meeting and Eshihition
Cincinnati, Ohio

Information: 412-232-3444

June 20-24
International Conference on
Ecology and Environment
Drake Bay
Peninsula de Osa. Costa Rica

Information: 506-515-348 (fax)

June 25-30
American Solar Energy Society
Solar 94: Golden Opportunntes for
Solai Prosper ity
San Jose. Califomia

Information: 303-443-3130

June 27-29
University of Michigan Engineering Conferences
Designjfin Environment: Fundamientals for
Sustuaiahle Development
Ann Arbor, Michigan

Information: 313-764-8490

July 7-8
UCAR Walter Orr Roberts Institute/National
Oceanic and Atmospheric Administration
Weather, Climate, and the Media
Boulder, Colorado
Information: 303-497-8607

August 7-12
Byrd Polar Research Center!
American Meteorological Society
International Ssmposiu on the Role oJ'
the Cyosphere in Global Change
Columbus. Ohio
Information: 617-227-2425

September 5-13
United Nations
Intetnational Conferen e on
Population and Development
Cairo, Egypt
Information: 212-297-5250 (fax)

October 2-6
Western Regional Biomass Energy Program
Bioenergv '94 Using Biofuelsfor-
a Better Environment
Reno/Sparks. Nevada

Information: 303-275-1704
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Signal

Join Us!

T he UCAR Corporate Affiliate Programis seeking new members. Any corpo-
ration, association, or individual, worldwide,
may join. The program sponsors a number
of workshops, symposia and meetings for
members on important scientific, policy, and
environmental issues. Members receive the
Signal newsletter each month, plus other

timely reports issued by UCAR and other
organizations. Members are acknowledged
with listings in UCAR reports and receive a
certificate of membership that can be used
in public relations. (Of course, member-
ship does not imply any UCAR endorse-
ment of a company or its products.)

Annual fee for North American members is
S1,500. Mcmbers outside North America
are charged $1,800 per year. This coupon
is provided for your convenience. Fill it
out and fax it to us at the number shown

below, and we will bill you for your first
year's membership fee. Or mail it to us at

the address shown, with your check.

Member name (organization or individual)

Contact person within organization

Address

Phone

Membership fee enclosed? Yes Q

E-mail address

Bill me later Q

How were you introduced to Signal.

Please indicate your primary interests by checking any or all of the following:

Research policy Q Environmental policy/regulation H
Research into: global iimate H

instrumentation Q

atmosphcric chcmistry H
aviation weather H

Computing advanccs H
sexc ,i_,c Vcather EH--
Other:

Networking with organizations similar to yours

Other:

What did you most like about this issue of Signal:

Other comments:

Return to: Corporate Affiliates Program

UCAR

P.O. Box 3000

Boulder, CO USA 80307-3000

FAX: 303-497-2100

Phone: 303-497-2113

Internet: wachs@ncar.ucar.edu

t prined on recycled paper
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