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Preface The UCAR/NCAR Annual Report for fiscal year 1974 combines the former
Annual Report: NCA R Research and Facilities Programs and the University
Corporation for Atmospheric Research Report. The report is divided into ten
sections, beginning with research highlights of the past year. The description of
NCAR projects that follows was published in March 1974 as a brochure for
general distribution; a few modifications have been made in the text to bring it
up to date. Staff lists for each project are appended to the project descriptions.
The directories of scientists and engineers, which appear next, were compiled
and distributed in the fall of 1973; they have been updated for this report. A list
of visitors at NCAR comprises those who have stayed for a month or more
during the fiscal year. The publications list that follows contains items published
during calendar year 1973; the lag in printing of submitted articles by most
journals forbade an attempt to compile a complete fiscal-year listing. Finally, the
report contains a listing of members of the UCAR Board of Trustees and UCAR
corporate officers, a listing of UCAR Members' Representatives, a listing of
UCAR/NCAR senior management staff, and the 1974 summary financial
statement of the University Corporation for Atmospheric Research.
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For ewo d After the first months as UCAR President, I find myself still somewhat in awe of
OreWOr the range and depth of the scientific programs at the National Center for

Atmospheric Research, the great need and opportunity for more participation
by university scientists in NCAR programs, and the powerful tools and facilities
of the atmospheric science community that can be brought to bear. The vital
importance of the atmospheric environment to society has been sharply focused
by the demands that will be placed upon our knowledge and understanding of
the earth-ocean-atmosphere system in the years ahead.

Two of the most pressing problems society faces are insuring an adequate world
food supply and developing and using energy resources. The atmospheric science

community has an important role to play in helping to meet these needs. For

example, we must bring into focus the natural year-to-year variability in seasonal
climate on a regional scale and relate it to variations in the global circulation
pattern. Even if these variations cannot be predicted, have we made every
possible assessment of their probability? Will the ever-expanding release of waste
energy from urban and industrial centers ultimately modify the general circula-
tion? Will the fly ash resulting from reconversion to a coal-burning economy
seriously change the cloud nucleus balance? Will hot plumes from power stations
of the future trigger local storms? These are questions that require long-term
efforts to answer. Establishing the necessary accounting of atmospheric balances
of heat, momentum, moisture, and particulate matter and other chemicals, and
reaching the appropriate understanding of the physical processes involved, will
stretch our field to its limits. In the short run, too, there are many equally
significant practical needs, such as the evolution of an observational system and
warning network capable of protecting lives and property from severe local
storms. On all fronts, we must be prepared to make the requisite commitment
and effort.

How can these commitments be met? We need a continuing, balanced program
of basic research, some of it unstructured and some coordinated thrusts toward
focused objectives. Traditional values of independent initiative, intuitive insights,
and exchange of ideas through the published literature must be preserved, but
the commonality of interests demands pooling of resources, human skills, and
institutional rivalries. The Global Atmospheric Research Program (GARP) has
shown how the attention of the atmospheric science community can be focused
on problems for which a major effort is timely, and how national resources can
then be mobilized. Yet much more remains to be done to translate these dreams
into tangible results of real benefit. The GARP Atlantic Tropical Experiment
(GATE) and ongoing plans for the First GARP Global Experiment (FGGE) are
impressive tributes to the vision, hard work, and spirit of cooperation which can
be brought to bear. Effective exploitation of GATE data, optimization of
observing systems for FGGE, and evaluation of forecasting improvements based
on the global data set will require our sustained and coordinated efforts.

Cooperative Efforts

The leadership and development of proposals for our future efforts will arise in

many places-at NCAR, in the universities, and in the federal structure. UCAR

stands committed to encouraging cooperative approaches whenever they will

increase the scientific return. From my own experience I know the spur to

creative research and the excitement that comes from seeing one's own

contributions fitting into a forward momentum that is far greater than could be

achieved in isolation, and the infinite satisfaction of participating in a real step

forward in knowledge.



Major programs cannot be undertaken lightly. One prerequisite is a core of
committed scientists of the highest skill and experience who are able to work
together for the time required. Careful planning of such cooperative efforts at
the outset is essential; the scientific approaches to be used and the communica-
tions processes within the group must be determined, giving due weight to
human dignities and shortcomings inevitable in such an enterprise. The nucleus
of NCAR projects and the facilities of the Atmospheric Technology Division
serve the atmospheric science community as a unique resource, both for existing
programs and for new initiatives. UCAR owes much to the wisdom and
imagination of Walter Orr Roberts, UCAR's first president and NCAR's first
director, who, with so many others, created and built this resource and gave us a
base on which to build.

University Involvement

UCAR is also committed to fostering, as vigorously as possible, wider contacts
and exchanges among scientists at NCAR, in the university community, and
elsewhere. Some specific steps have been taken to help achieve this policy:

* Every NCAR project and facility now has an advisory committee, composed
of members of the atmospheric science community who are involved in related
work. The newly formed project advisory committees will be involved in the
project planning process, and we anticipate close communications between
project staff and committee members. We welcome active scientific collabora-
tion between NCAR staff and committee members. The facility advisory panels,
which have for many years reviewed proposals for NCAR facility use and plans
for facility development, will continue their important work. The procedure for
scheduling NCAR aircraft is being modified so that the Research Aviation Panel
will review all requests for aircraft--both university and NCAR--thus putting
every user on an equal footing in scheduling the planes.

* The UCAR Board of Trustees has authorized me to appoint a Special
Assistant for University Relations to work closely with the university
community, NCAR scientists, and me, to develop new mechanisms for inter-
action and to help promote joint projects between NCAR and university
atmospheric scientists.

* A steadily increasing number of universities are using the Remote Job Entry

(RJ E) system in the NCAR Computing Facility. Further development of the
RJ E is being planned to achieve a more interactive mode.

* The new NCAR Newsletter provides timely information to the university
community about developing opportunities at NCAR--for data use, program
participation, equipment development, and visitor and student programs.

* Funds continue to be available to support graduate students who work with

their university faculty advisors and NCAR scientists toward advanced degrees.

The programs to bring university visitors to NCAR and NCAR staff to the

universities will remain active.

* NCAR serves as a focus for special activities and promotes the kind of
cooperative work exemplified by the High Altitude Observatory's participation
in the Skylab experiment and by the subsequent plans for wide collaborative use

of the Apollo Telescope Mount data. For example, NCAR will be an inter-

national center for collecting and archiving GATE aircraft data. The NCAR



General Circulation Model is suitable for a wide range of experiments, in both
short-term forecasting and climatic applications, and NCAR staff continue to be
available to assist in use of the model. In addition, a large data bank of synoptic
and climatic data (now on magnetic tape) is being compiled for general use.

The difficulties facing our community are many, the potential vast. As part of
that community, UCAR has a solid base from which it can move forward,
catalyzing the cooperation and sustaining the necessary effort to help the world
acquire adequate knowledge and understanding of the atmospheric
environment.

Francis P. Bretherton
President, UCAR
Director, NCAR



Introdu The first two sections of the 1974 Annual Report show two sides of NCAR'sIntroduction work.
First are highlights of research and technological developments that NCAR staff
members, often working with colleagues from other institutions, have produced
in the past year. The 37 selected highlights reflect the diversity of interests
among the NCAR staff and the variety of scientific and engineering disciplines
they represent.

The next section describes the objectives and activities of NCAR's scientific
projects and the NCAR facilities that are used annually by more than 400
university scientists and by the NCAR staff.

The combination of individual efforts with larger group efforts among scientists
and engineers is the hallmark of the NCAR program. In atmospheric science, as
throughout all science, progress depends on individual initiative and creative
imagination. But because atmospheric processes vary widely in their dimensions,
occur simultaneously, and interact mutually, no single investigator can progress
far alone. Consequently, a variety of scientists and engineers are almost always
needed to gather, analyze, and interpret data and to conceive the theoretical
framework that elucidates important atmospheric phenomena.

NCAR's statement of its missions specifies collaboration with colleagues at
universities to plan and carry out research programs on "selected problems of
national and international scope." NCAR's projects encompass such a selection
of problems, important to atmospheric science and holding forth the promise of
response to the urgent concerns of humanity.

Within such long-term projects, only fragments of the goals can be met in a
single year; but these--as the highlights section reflects--show the vigor with
which the goals are being pursued.

During the past year, the Atmospheric Technology Division improved its facility
service in several ways. The Computing Facility's Remote Job Entry system
allows university scientists to use the NCAR computer from terminals on their
own campuses. The Field Observing Facility developed improved radars for
cloud physics studies, and scientific staff joined with the Research Aviation
Facility to instrument NCAR's long-range Electra aircraft for fundamental air
motion measurements. The first use of the instrumented Electra was in the
GARP Atlantic Tropical Experiment (GATE). The National Scientific Balloon
Facility in Palestine, Texas, opened a new, larger launch pad to meet the needs
of investigators in many fields--particularly astronomy and particle physics--
for launching larger balloons capable of flying at higher altitudes for longer
periods with heavier payloads.

The last sections of this report should be useful to many readers. The publica-
tions list provides an easy reference guide to the published work of the NCAR
staff, and directories of NCAR scientific and engineering staff are provided. The
UCAR Board of Trustees and Members' Representatives listed in the final pages
of the report hold their annual joint meeting at NCAR in October, and issuance
of this fiscal-year report coincides with that meeting.



I would feel it inappropriate to conclude this introduction without expressing
my admiration for and gratitude to the men and women of the NCAR staff, and
their university colleagues, who are responsible for the achievements reflected in
this report.

John W. Firor
Executive Director, NCAR



RESEARCH HIGHLIGHTS
OF 1973-1974



Research Highlights of 1973-1974

Windstorm Forecasting

The Small-Scale Analysis and Predic-
tion Project (SSAPP) completed a
program to identify the mechanisms of
strong downslope winds and
proceeded on the development of a
reliable forecast method. Violent
downslope winds afflict many
mountain regions and are particularly
severe in the Boulder area, where gusts
sometimes exceed 50 m/sec and
average annual property damage is
about $1 million.

Key observational data for the study
were derived from NCAR aircraft
instrument records during a severe
storm in January 1972. Conspicuous
features were the extreme wavelike air
displacements over the mountains and
the presence of a low-level stable layer
in the upstream environment. These
features were consistent with the
atmosphere's structure upwind from
the mountains on windstorm days, as
characterized in a study by Waltraud
Brinkmann (doctoral student at the
University of Colorado). During 1973

0
LUuJ

LUI_o

2
2x,€

E
0
z
uj

u-

(,

> 75

50-75

25-50

525

MAXIMUM GUSTS OBSERVED
IN BOULDER (m/sec)

>37.5 25-37.5 12.5-25 512.5

1

0

00

23

2

0

37

0

Joseph Klemp and Douglas Lilly
(SSAPP) developed a numerical model
to predict wave and wind response for
a given set of upstream conditions.
Tests of the model using surface- and
balloon-sounding data showed that,
although it overestimates surface wind
speeds, it reliably predicts most
damaging storms. Additional data for
testing the model were gathered during
the winter of 1973 - 1974, with
assistance from the Environmental
Research Laboratory of the National
Oceanic and Atmospheric Administra-
tion, the National Weather Service,
and the Air Force Air Weather Service.

Lilly believes the prediction method is
now reliable enough for experimental
use by forecasting agencies. To
determine public attitudes toward
windstorms, William Bergen (visitor)
distributed and evaluated question-
naires covering subjects such as the
need for forecasts, credibility of
present forecasts, Boulder property
damage, public willingness to fund
forecasts, and school dismissal on days
of predicted high winds.

A contingency table of predicted vs
observed wind speeds shows that the
windstorm model successfully predicts
damaging storms despite its overestimation
of wind speeds.

Turbulence Structure
in the Boundary Layer

William Pennell and Margaret LeMone
(GARP Project) completed an analysis
of aircraft measurements of tempera-
ture, humidity, mean wind, and
turbulence in the fair weather trade
wind boundary layer over Puerto Rico.
The results indicate that similar
measurements to be taken during the
GARP Atlantic Tropical Experiment
(GATE) should help to illuminate
differences in the structure of the
mixed layer as a function of a
hierarchy of convective states and
cloud/subcloud interface conditions.

Only a small number of attempts to
measure turbulence quantities above
the surface layer have been reported,
mostly over land or under conditions
of strong air mass modification. The
NCAR measurements were made over
the ocean in a clear and in a partly
cloudy region. Production of turbu-
lence energy in the subcloud layer of
both regions was mainly from wind
shear; both potential temperature and
mixing ratio were constant in both
regions from 30 m to the cloud base
(about 2 km), indicating a well-mixed
subcloud layer. One interesting result
of the momentum flux measurements
was that, over the upper two-thirds of
the mixed layer, momentum transport
was counter to the wind velocity
gradient. This phenomenon is not
currently expressed in simple models
of the turbulence structure of the
boundary layer, and the results thus
imply the need for better expressions
of turbulence and momentum budgets.

Comparison of the aircraft measure-
ments with the best available tower
data showed that suitably equipped
aircraft can make high-quality turbu-
lence measurements; this should be



verified during GATE. While satellites
find the region studied to be
homogeneous, the measurements
taken by Pennell and LeMone showed
a significant difference between two
regions only a few kilometers apart,
indicating that modeling efforts should
use a finer mesh than satellite data
would indicate, even in undisturbed
conditions like those studied.

Texas Dust Experiment

A group of NCAR scientists is working
with soil samples and airborne dust
gathered at several levels up to 7 m
above the ground surface near Plains,
Texas, during March and April 1974.
Dale Gillette and Anthony Delany
(Atmospheric Aerosol Project) and
visitors Edward Patterson, Arun
Shendrikar, and Seymour Zenchelsky
are using the samples to determine the
flux of aerosols from soil, their
mineral and organic content as a
function of size, and the degree of
aggregation of mineral aerosols. They
hope to draw conclusions about the
nature and extent of aerosols
generated from arid lands and their
contribution to the global aerosol
load. According to Gillette, the
research has implications for
atmospheric science, because of the
effect of aerosols on the radiation
balance and of soil particles acting as
condensation and ice nuclei; for
biological science, because of the
possibility that soil aggregates are
carriers of bacteria; and for geological
science, because of the major role dust
plays in soil building. Early results
show that soil texture is of fundamen-
tal importance to the production of
dust. Working with the NCAR group
are Marion Jackson (University of
Wisconsin), William Porch and Joseph
Shinn (Lawrence-Livermore Labora-
tory, University of California), and
Theodore Walker (University of
Colorado). C. Murrell Thompson
(U.S.D.A. Soil Conservation Service)
assisted the group in the field.

Aerosol Particles
in Severe Storms

Jan Rosinski and his colleagues in the
National Hail Research Experiment
(NHRE) Natural Nucleation group are
attempting to advance the knowledge
of ice formation in convective clouds
so that the ice particle populations in
natural and seeded storms can be
compared. In a review article entitled
"Role of Aerosol Particles in
Formation of Precipitation," (Rev.
Geophys. Space Phys. 12 (1),
129 -134, 1974), Rosinski sum-
marized the many complex inter-
actions between aerosol particles of
various sizes and the liquid and ice
phases of clouds; the article outlines
an overall life-history scheme
accounting for temperature, concen-
tration of different-sized cloud
droplets, and varieties of aerosol
particles in clouds of different origins.

The severe convective storms studied
in NHRE ingest aerosol particles
already present in the air and also--
often in far greater numbers--the
wind-driven soil particles stirred up by
the storm itself. Some of the wind-
driven particles probably increase their
numbers near the ground as they
collide with grass and dirt and shed
secondary aerosols from their surfaces.
The wind-driven particles may increase
the supply of ice-forming nuclei by
100 times the background level,
despite the fact that only a small
percent (the largest among them) have
ice-nucleating properties at warmer
cloud temperatures. Accretion of
cloud droplets on the large particles
finally incorporates them as
"hydrosol" particles within the
droplets, allowing them to initiate
freezing by providing a solid impurity.
The hydrosol particles may also break
into smaller particles, some of which
are in turn shed from the droplet
surface; these second-generation
particles can also act as freezing nuclei
at various temperatures, depending on
their sizes. This effective mechanism
of spreading ice nuclei is terminated
whenever a droplet freezes and can no

Other nucleating processes are at work
as well. When a supercooled droplet
freezes, it releases a certain amount of
water vapor; the vapor recondenses on
cloud particles (microscopic droplets)
and on aerosol particles in the vicinity
of the freezing drop. Depending on
their properties, the aerosol particles
may act as condensation nuclei,
converting the vapor to liquid
droplets, or as ice nuclei, first con-
densing the vapor and then freezing it
to ice crystals. The ice crystals will in
turn freeze any supercooled droplets
they touch.

Rosinski's conclusions show that the
effectiveness of silver iodide in seeded
storms is the result of the same
process: ice crystal concentrations
produced by the recondensation of
water vapor on silver iodide particles
far exceed the concentrations resulting
from chance encounters of silver
iodide with cloud droplets. The
prerequisites for rapid ice crystal
formation in a seeded cloud are thus a
high liquid water content, an updraft,
and a large concentration of silver
iodide particles less than 1 ym in
diameter.

longer shed hydrosols.

10



Airflow and Moisture Budget
of a Hailstorm

Although a hailstorm's rainout can be
comparable to Niagara Falls, it may
nevertheless have a low precipitation
efficiency. G. Brant Foote and James
Fankhauser (National Hail Research
Experiment) turned up this informa-
tion in the course of studies devoted
to estimating the mass and moisture
budget of a hailstorm and describing
the kinematics of the airflow. Foote
and Fankhauser combined surface data
with data gathered by two aircraft
flown in the subcloud region of a
chosen hailstorm to produce a picture
of the storm's moisture budget.

They estimated that 13 kT/sec of
water vapor entered the cloud base:
and that 4.5 kT/sec of this left in the
outflow. Of the net 8.5 kT/sec of
moisture taken up into the cloud, a
rainout of 2.0 kT/sec was measured by
a ground network of rain gages. This
represented a precipitation efficiency
of only 15% (i.e., 2/13 = output/
input). The figures were derived from
a comprehensive collection of storm
data, including radar analysis of the
mature storm; detailed mesoscale
pressure, temperature, moisture, and
wind field analyses from 22 remote
stations; 143 rain-gage measurements;
and airborne measurements of
horizontal winds, pressure, tempera-
ture, and dew point.

Foote and Fankhauser's analysis lends
support to the suggestion of John
Marwitz (University of Wyoming) that
precipitation efficiency in thunder-
storms like the one studied may be
inversely related to the vertical shear
of horizontal winds in the cloud-
bearing layer. Strong winds aloft
accompanying conditions of high shear
apparently act to transport large
quantities of water (6.5 kT/sec in the
storm studied) downwind in the anvil.
From there it has little chance of
reaching the ground before
evaporating.

E

I"-

w
I

-E -b -4 -L <C P 0
WATER VAPOR FLUX CONVERGENCE PROFILE (107 gm sec1' mb-')

Mechanisms of Hail Growth

Some theories of hail formation
postulate that hail growth begins with
the freezing of large, supercooled
water droplets; others postulate that it
begins with ice riming around
individual ice crystals. Evidence from
several lines of investigation in the
National Hail Research Experiment
(NHRE) indicates that, at least for
Colorado storms, growth directly from
the ice phase is the dominant
mechanism. NHRE researchers Charles
and Nancy Knight have examined
2,400 hailstones fromn90 U.S. storms
(46 in the NHRE research area) and
have found that by far the majority
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Water vapor flux convergence profile for a
Colorado convective storm. NCA R's Buffalo
and Queen Air aircraft measured horizontal
motions and thermodynamic properties of
the atmosphere. The inset at the upper left
summarizes the graphic data.

contain graupel (snow pellets) rather
than frozen droplets at their centers.
Flying the NOAA/NCAR sail-
plane through the updrafts of 35 to
40 clouds, James Dye, Theodore
Cannon, and Vim Toutenhoofd
(NHRE) have determined that above
the freezing level ice particles far
outnumber water droplets; in fact,
large droplets (greater than about
40 pm in radius)--which theoreti-
cally freeze first and collect the most
rime ice--are virtually absent. Radar
reflectivities of these clouds are
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usually 30 to 40 dBZ--values consis-
tent with the sizes and concentrations
of the collected ice particles.

The NHRE findings run contrary to
the premises of a Russian hail suppres-
sion program that the Russians report
to be successful. The Russian hail
model posits rapid hail growth in
zones of high liquid water accumula-
tion; once the zone is identified by its
high radar reflectivity, seeding agents
are fired to its base. Since neither the
structural features of hailstones nor

the conditions within the clouds
investigated match those of the
Russian model, the "accumulation
zone hypothesis" is considered
inapplicable to Colorado storms.
Geographic and environmental
differences may provide some explana-
tion of the discrepancy, since large
hailstones from other parts of the
United States sometimes contain both
graupel and frozen-droplet
embryos--an observation warranting
further investigation.

Hail Damage Reporting Network

The Advanced Study Program's
Environmental and Societal Impacts
Group (ESIG) has organized a
cooperative hail damage reporting
network, involving 110 farmers in the
experimental area of the National Hail
Research Experiment (NHRE) in
northeastern Colorado.

The network is a small part of ESIG's
study of the costs and benefits of hail
suppression techniques. The partici-
pants were recruited by W. John
Kennedy (ESIG). Farmers reported on
each hailstorm in great detail,
estimating the sizes of hailstones, the
amount of rain, the wind strength, and
crop losses. ESIG received a total of
187 damage reports from the farmers
during the 1973 season, and the

reports will be matched with meteoro-
logical data from NHRE instrument
sites in the area.

When ESIG compared the farmers'
crop damage estimates to percentage
losses of crops determined by
appraisers at harvest time, the farmers
proved accurate and unbiased in their
reporting. ESIG group leader Allan
Murphy calls the cooperative hail
damage network a single step--but a
vital one--in the process of estab-
lishing a crop-damage function for hail,
which is needed to answer the overall
question of the desirability and utility
of hail suppression.

An NCA R-developed cloud particle camera
installed on the NOAA INCA R sailplane
photographed ice and water droplets above
the freezing level of storm clouds. Ice
particles far outnumbered large water
droplets, lending strong support to the
ice-phase theory of hail formation.
Examination of the embryos of graupel
collected in clouds and in hailfall at the
ground supported the same conclusion.

Sulfates and Nitric Acid
in the Stratosphere

Thought-provoking findings about the
concentrations of sulfate aerosols and
nitric acid vapor in the stratosphere
were published by Allan Lazrus and
Bruce Gandrud (Upper Atmosphere
Project), who flew air-sampling
equipment aboard WB57F strato-
spheric aircraft in cooperation with
the Atomic Energy Commission's
Project Airstream. Samples of trace
constituents, collected between 12 and
30 km along paths from northern
Canada (75°N) to southern Argentina
(51 S), yielded data of unprecedented
geographic scope. NCAR's sampling
program is affiliated with the Depart-
ment of Transportation's Climatic
Impact Assessment Program.

Lazrus and Gandrud concluded from
their data that the distribution of
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sulfates below 21 km is controlled
more by dynamic processes than by
sedimentation, as commonly believed.
Supporting evidence was the similarity
between the spatial distributions of
sulfates, of radioisotopes injected into
the stratosphere in widely differing
locations, and of nitric acid,
which--as a vapor-cannot be
regulated by sedimentation. Rather
than entering the stratosphere from
the tropical troposphere alone-the
usual interpretation--nonvolcanic
sulfur compounds may also spread
toward the equator from higher
latitudes. Supplementary balloon
flights to an altitude of 37 km revealed
sulfate aerosol concentrations higher
than in the classical sulfate layer
(Junge layer) below 24 km. At such
higher altitudes sulfates can be trans-
ferred more readily between
hemispheres and may reside in the
stratosphere about a year longer than
sulfates in the Junge layer. Aerosols
engendered by the exhaust emissions
of supersonic transports (SSTs) might
reach similar altitudes and thus attain
long stratospheric residence times. The
sampling flights also yielded data on
the meridional distribution and
seasonal variability of nitric acid
vapor, which is believed to be the sink
for stratospheric nitrogen oxides; these
oxides are of interest because their
presence in SST exhaust could
catalytically diminish stratospheric
ozone concentrations, permitting more
ultraviolet radiation to reach the
earth's surface.

Monograph Series
on the Stratosphere

About ten NCAR staff members are
contributing written sections and
several are serving as editorial chair-
persons for portions of a Department
of Transportation (DOT) monograph
series scheduled for publication in late
1974 or early 1975. Publication of the
monographs is part of DOT's Climatic
Impact Assessment Program (CIAP), a
two-year study of the impact of
supersonic transports (SSTs) that was
commissioned as background for

renewed SST debate in Congress.
Besides contributing to the mono-
graphs, NCAR is conducting several
research studies under CIAP contract.
During the year NCAR hosted several
work sessions and smaller meetings on
behalf of the monograph project.

Radioactive Aerosols, Tobacco
Trichomes, and Cancer

Edward Martell (Atmospheric Aerosol
Project) published a paper relating the
high incidence of lung cancer among
cigarette smokers to alpha irradiation
from insoluble, radioactive smoke
particles.

Alpha radiation is considered a
primary agent of lung cancer in
uranium miners, and Martell's research
indicates that cigarette smokers are
receiving similar alpha doses over a
longer period of time from insoluble
smoke particles lodged in small
volumes of lung tissue. The process
begins with the radioactive decay of
atmospheric radon, which enters the
troposphere from soil surfaces.
Radioactive daughter products of
radon become attached to very small
airborne dust particles, which are
captured in large numbers on the
sticky tips of trichomes, tiny hairs that
cover both sides of tobacco leaves.
Cigarettes burn at 700 - 900C, fusing
the trichome tips to form small,
insoluble smoke particles. Some of
these are inhaled and deposited in the
bronchi of smokers, where they persist
and accumulate. Because the radon
daughter lead - 210 has a 22 - year
half-life, the total radioactivity
continues to increase as long as the
smoker keeps smoking. The decay of
lead - 210 produces polonium - 210,
which decays by alpha emission and
builds up in the insoluble particles
until its decay rate equals that of
lead -210.

Results of polonium - 210 studies
published in 1965 by investigators at
the Harvard School of Public Health
showed high local concentrations in
the bronchi of deceased smokers.
Martell's findings explain these earlier
observations. The cumulative alpha

radiation dose delivered in 20 years to
lung cells surrounding the radioactive
particles is about 100 rem for a single
particle and thousands of rem for
small clusters of such particles--
equaling the alpha radiation doses
known to have caused a significant
increase in lung cancer in uranium
miners.

Martell, Stewart Poet, and Howard
Moore (Atmospheric Aerosol Project)
are continuing these studies in
cooperation with Edward Radford
(Johns Hopkins University, Division of
Environmental Medicine) and others.
The results will be helpful in assessing
the public health effects of radioactive
aerosols from natural and pollutant
sources.

Advanced Study Program
Postdoctoral Fellowships

Since July 1973, 20 new postdoctoral
Fellows (including ten Senior Fellows)
have joined the Advanced Study
Program for long-term visits; seven
were partially supported by their
home institutions (see Visitor List on
page 76 for affiliations). These
Fellows have been engaged in a wide
variety of research activities, some
individually, some in collaboration
with other visitors, and many in
association with NCAR scientific staff.

In atmospheric dynamics, Tzvi Gal-
Chen has collaborated with Stephen
Schneider (Climate Project) on simple
parametric energy-balance models for
climate sensitivity studies. Philip
Drazin, John Lee, and C.-H. Su have
collaborated on several aspects of the
problem of nonlinear flow of a strati-
fied fluid over obstacles such as
mountains or islands. They have

shown that upward radiation of energy
prevents internal hydraulic jumps.
Drazin has also examined instability of
slowly varying flows and collaborated
with William Blumen (University of
Colorado) on a study of the instability
of compressible shear flow. Lee has
been developing a three-dimensional
model for flow past thermal and
momentum sources. Su has also
concentrated on dissipative effects and
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hydraulic jumps in flows over
mountains.

Robert Grossman has collaborated
with the NCAR GATE subproject in
the experimental design for aircraft
observations in GATE, and he has
been studying anomalous upward
momentum fluxes observed with
tropical ocean planetary boundary
layer. Harley Hurlburt, J. D.
Thompson (Florida State University;
ASP Fellow in FY 1975), and
R. Pielke (University of Virginia) have
been developing a three-dimensional
mesoscale air-sea interaction model to
study the detailed evolution of wind-
driven coastal jets within the ocean.
E. Lothar Koschmieder has been
developing an axisymmetric version of
the NCAR GCM, with help from the
Large-Scale Modeling and Analysis
group, to study the conditions under
which a planetary circulation should
be expected to be axisymmetric.

Edward Lorenz has developed a
spherical harmonic numerical model
for barotropic flow on a rotating
sphere, from which he has shown that
forcing that is random except for
amplitude variation with latitude
produces westerly flows where the
forcing is largest, easterly where it is
weakest. Thus, in the earth's atmo-
sphere, baroclinic disturbances in
midlatitudes force westerlies there.
Lorenz, in consultation with Cecil
Leith (Atmospheric Analysis and
Prediction Division), has also shown
that 24 - hr statistical forecasts made
using the model outputs as predictors
were much better than either the
model outputs themselves or statistical
forecasts made without use of model
results.

G. Stuart Patterson Jr., who left his
ASP Fellowship after three months to
become Manager of the NCAR
Computing Facility, performed
numerical experiments to examine the
decay rate of random flow fields with
helicity. He found rates similar to
those of flows with no helicity.

In magnetohydrodynamics (MHD) and
solar physics, Annick Pouquet, in
consultation with U. Frisch (visitor),

as well as Jackson Herring (ASP) and
Patterson, has been studying the effect
of helicity (which is important in
dynamo processes) on the behavior of
MHD turbulence. She has found that
the magnetic analog of helicity is also
important in providing an equilibrating
mechanism for developing turbulence.
Tyan Yeh has shown that oppositely
directed magnetic fields may
recombine into a potential field,
releasing the excess energy in the form
of kinetic and thermal energy. The
process may apply to solar flares. In
consultation with Bernard Durney
(Climate Project), Yeh has also shown
how magnetic forces may enhance the
solar wind speed, especially at lower
temperatures. Hirokazu Yoshimura, in
consultation with Durney and Peter
Gilman (ASP), has been building
kinetic dynamo models for simulating
solar dynamo processes in which the
dynamo effects are parameterized
from the theoretical structure of giant
convection cells. He is able to simulate
several features in the observed evolu-
tion of the solar cycle.

In atmospheric physics, William
Cooper, working with Charles Knight
(National Hail Research Experiment),
has calculated the theoretical ability of
small liquid particles to nucleate by
condensation, deposition, or immer-
sion freezing, and has proposed a
mechanism for contact nucleation. He
has also devised an experiment to
measure natural contact nuclei. Joseph
Estrin has devised two experiments
using NHRE's cold-room facilities,
studying aspects of secondary ice
nucleation to try to understand ice
multiplication in the atmosphere. One
experiment involves looking for
downstream ice crystals in water from
a jet impinging on an ice mass. The
other involves looking for secondary
nuclei in a supercooled water cloud
made to flow past a suspended ice
mass. Kenneth Young, in consultation
with Cooper and G. Brant Foote
(NHRE), has improved his cloud
microphysics model to concentrate on
processes important in the formation
and growth of hail. The improvements
include a general formulation of ice
phase nucleation and better treatment

of drop coalescence and breakup.
Edward Patterson, in collaboration
with Gerald Grams (Small-Scale
Analysis and Prediction Project), has
been measuring properties of aerosols,
both by remote sensing using lidars
and in the laboratory using spectro-
photometers. First measurements are
being made on dusts collected during
the Texas dust field experiment to
determine their complex index of
refraction as a function of size and
composition.

In atmospheric chemistry, Arun
Shendrikar, in consultation with James
Lodge (Atmospheric Quality and
Modification Division), has developed
a simple method for determining the
concentration of ammonia in air to
accuracies of 0.05 jg/g. The method
distinguishes between gaseous
ammonia and its salts. He is currently
developing a method for measuring
nitrogen dioxide in the field. Roland
Smith has been studying photochemi-
cal pollution programs, and under a
special arrangement is spending the
remainder of his postdoctoral year at
Pennsylvania State University working
with J. Heicklen and R. Pena on the
kinetics of formation of sulfuric acid
aerosols from photo-oxidation of
sulfur dioxide in moist nitrogen
mixtures. Seymour Zenchelsky, in
collaboration with Anthony Delany,
Dale Gillette, and Richard Pickett
(student assistant) of the Atmospheric
Aerosol Project, has been analyzing
the distribution of organic material in
wind-blown Texas dust, to determine
the noncarbonate carbon content in
fine particulate-size fractions, which,
together with abundances in the
various sizes, will permit evaluation of
the fate of the organic component of
the soil.

The ASP Fellows have each given
seminars describing their work; papers
published, submitted for publication,
or in progress at the close of the fiscal
year totaled 61. Much of the work
begun at NCAR by ASP Fellows will
be continued, in collaboration with
various NCAR projects, when the
Fellows return to their home institu-
tions or take up new affiliations.

14



Summer Fellowship Program
for Minority Students
and Faculty

Recognizing that too few ethnic
minority members are found in
professional positions in the atmo-
spheric sciences, NCAR has developed
several programs to encourage
minority involvement at the college
level. Minority students entering the
academic pipeline in atmospheric
sciences are now taking advantage of
the Summer Fellowship Program for
Minority Students and Faculty offered
by NCAR's Advanced Study Program
(ASP) under the direction of Peter
Gilman.

Cooperating with the Atlanta Univer-
sity Center, ASP brought six Black
science majors from Atlanta colleges
to NCAR in the summer of 1973 for
an intensive introduction to the
atmospheric sciences. Another six
fellowships were awarded in the
summer of 1974. Each student worked
with an NCAR scientist on a special
research program. Of the first group,
three are now undertaking graduate

work in the field at MIT, the Univer-
sity of Wisconsin, and the State
University of New York at Albany.

In addition to special project work,
the 1974 group attended an intensive
introductory course in the atmo-
spheric sciences. Lectures were given
by Conway Leovy (visitor), who
designed the course for the minority
program. Also attending the lectures
with the objective of influencing more
minority students to enter the
atmospheric sciences were three
faculty members from schools in
which most students are ethnic
minority group members: Fernando
Caracena (Metropolitan State College,
Denver, Colorado), Pedro Oliver
(Prairie View A&M College, Prairie
View, Texas), and Grayson Walker
(Clark College, Atlanta, Georgia).

ASP also helped the Computing
Facility to inaugurate a summer
internship program for ethnic minority
students. Three Black students were
computing interns in 1974--one
from Spelman College (Atlanta) and
two from Prairie View A&M College.

Summer minority fellowship student Brenda
Walker discusses computer modeling work
with her NCA R adviser, Warren Washington
(GA RP Project).

Isentropic Modeling

Three-dimensional limited-area
numerical prediction models can be
improved by giving effectively greater
resolution to small-scale dynamic and
thermodynamic processes. More
accurate short-range forecasts should
then result. Rainer Bleck and Melvyn
Shapiro (Small-Scale Analysis and
Prediction Project) have completed a
series of numerical forecasting experi-
ments in which the atmosphere is
mapped on surfaces of constant
entropy (constant potential tempera-
ture) rather than on surfaces defined
by constant pressure or height, as
commonly done. With entropy used as
a vertical coordinate, grid points for
calculation are clustered in regions of
frontal weather activity, resulting in
forecast maps of higher resolution
than those produced by conventional-
coordinate models. Working with these
isentropic models, Shapiro and Bleck
have demonstrated that the develop-
ment of weather fronts can be more
accurately pinpointed than in
conventional models. They are now
developing a new primitive-equation
isentropic forecast model for testing
against the existing National Weather
Service fine-mesh models; they hope
that in the future the isentropic
method will simplify forecasting.
Further development will give special
emphasis to predicting the synoptic-
and frontal-scale environment in
regions of intense convective storms.

Survey of Climate Modeling

Stephen Schneider and Robert Dickin-
son (Climate Project) have written a
comprehensive survey of climate
modeling designed for a variety of
audiences in the geophysical sciences,
to be published in Reviews of
Geophysics and Space Physics in
August 1974. An introductory section
presents a survey of climate theory
and modeling problems, stressing both
the individual physical processes
involved and the multidisciplinary
nature of climate theory, which draws
upon oceanography, glaciology, air
chemistry and dynamics, radiative
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transfer, and biology, among others.
Schneider and Dickinson then survey
much of the existing literature on
climate models, providing a critical
assessment of the strengths and
weaknesses of the various models.
That is followed by a detailed survey
of eddy flux parameterizations, which
is also comparative, giving a critical
interpretation of the various formula-
tions. Schneider and Dickinson
conclude that the science of climate
modeling has reached a threshold from
which further progress can lead to
potential human benefit. They caution
that the paper represents an overview
of the state of the science in
mid - 1974, although the methodology
of modeling and the summarization of
the important physical processes may
remain more or less invariant over the
next decade. They were assisted by
more than 20 university and govern-
ment researchers, whose comments
were incorporated in the survey.

Modeling Climatic Response
to Stratospheric Changes

A series of studies carried out for the
U.S. Department of Transportation's
Climatic Impact Assessment Program
(CIAP) is leading to improved
radiation parameterizations for use in
climate modeling. Stephen Schneider
(Climate Project), James Coakley
(visitor), Robert Dickinson (Climate
and Upper Atmosphere Projects), and,
more recently, Petr Chylek (visitor)
are studying the magnitude of possible
surface temperature responses to
changes in stratospheric aerosol or
ozone concentrations induced by a
hypothetical fleet of supersonic
transports (SSTs).

The primary effect of increased strato-
spheric aerosols is a decrease in the
solar radiation reaching the tropo-
sphere and a consequent cooling of the
lower atmosphere and the earth's
surface. Using a one-dimensional
vertical-column radiative model, the
scientists determined that the CIAP-
projected perturbations in concentra-
tions of aerosols could lead to surface
cooling as great as 0.25K, provided
the aerosols are nonabsorbing.

Nitrogen oxides in the stratosphere
catalyze the reduction of ozone to
molecular oxygen, and CIAP projects
an increase in nitric oxide concentra-
tions from SST exhausts. Lowered
ozone concentration leads to strato-
spheric cooling, which must be
compensated by warming of the lower
atmosphere in order to maintain a
balance between the emitted infrared
radiation and the solar radiation
absorbed by the earth-atmosphere
system. A ratio of the change in the
stratospheric temperature to the
consequent change in surface tempera-
ture has been obtained from the
model; its value is dependent on the
altitude of the perturbation to the
stratospheric temperature profile.
Calculations of the changes in strato-
spheric temperature induced by SSTs
emitting nitrogen oxides at various
altitudes then show that the
compensating rise in surface
temperature may be as high as 1 K.

Since a 0.1K change in surface
temperature is considered to have
significance for the earth's climate, the
modeling results suggest the immediate
need for further study. The investi-
gators plan to develop a more realistic
(radiative/convective) model to use in
estimating changes in the atmospheric
temperature profile resulting from
changes in the composition of the
stratosphere. Further work will involve
coupling the radiative model to
existing global climate models to
analyze the response of climate to
local perturbations in the composition
of the atmosphere.

Twelve-Layer Global Model

Extension of the NCAR General
Circulation Model (GCM) to 12 layers
through an altitude of 36 km high-
lighted the numerical modeling work
of the Global Atmospheric Research
Program (GARP) Project during the
year. The NCAR GCM can now be
used to study and simulate the
atmosphere throughout the tropo-
sphere and into the lower and middle

from the troposphere to the strato-
sphere increases markedly when
mountains are included as a flow-
disturbing barrier. The conclusion is
consistent with the prevailing view
that the major source of kinetic energy
in the stratosphere is the upward flux
of planetary wave energy from the
troposphere. The Aleutian anticyclone
in the stratosphere during winter may
result from such a process.

The model shows interesting dif-
ferences between the motions and
energy processes of the stratosphere
and troposphere which agree with
meteorological observations. In the
troposphere the mean meridional
circulation divides into three cells; in
the stratosphere it divides into only
two. In the troposphere energy and
momentum are meridionally trans-
ported chiefly by eddy motions at
midlatitudes and by mean circulation
at lower latitudes; in the stratosphere,
both transport processes seem to be
equally important at all latitudes, with
a tendency for mutual compensation.
The last finding indicates that the
large-scale net transport of energy and
substance in the stratosphere is small.
In addition to showing that most of
the stratosphere's eddy kinetic energy
comes from the vertical flux of wave
energy, the model reveals that the
zonal kinetic energy is maintained,
against the energy dissipation caused
by small-scale turbulence, through
energy conversion from the eddy
kinetic energy. Takashi Sasamori
(Upper Atmosphere Project) and Akira
Kasahara and Warren Washington
(GARP Project) reported these and a
number of other conclusions in a two-
part article titled "Simulation
Experiments with a 12 - Layer Strato-
spheric Global Circulation Model"
(I. Atmos. Sci. 30 (7), 1229- 1251,
1973 [part I];j. Atmos. Sci. 31 (2),
408- 421 [part II]).

stratosphere. Experiments with the
enlarged model reveal that the vertical
transport of planetary wave energy
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Fourier Model of
the Atmosphere

The development of simplified models
to study specific interactions among
atmospheric processes is an important
part of the Global Atmospheric
Research Program (GARP) Project's
research and at the same time con-
tributes to refinements in the more
elaborate NCAR General Circulation
Model (GCM). During the past year
Takashi Sasamori (Climate Project)
developed a simple Fourier model that
uses the same system of equations as
the NCAR GCM but that incorporates
only one planetary wave superimposed
on the mean zonal flow. The model
successfully reproduces basic features
of the atmospheric circulation, such as
the low-latitude Hadley cell and the
midlatitude zonal jet stream.

Analyzing the three-dimensional
propagation of the single wave,
Sasamori found that if the wave is
excited at high latitudes, it propagates
in both upward and meridional
directions. When mountains are
included in the Fourier model, the
wave's activity increases only slightly;
in the GCM, by contrast, mountains
cause a large wave enhancement in the
stratosphere. Sasamori suggests that
the energy spectrum of large-scale
planetary waves is maintained in the
NCAR GCM by processes not included
in his Fourier model--probably the
nonlinear energy transfer from small-
to large-scale waves. The model thus
serves as a simple diagnostic for
investigating the interaction between
the zonal flow and a single wave to
identify an essential feature of the
more complete model.

Noise-Level Reduction in GCMs

Robert Chervin (Small-Scale Analysis
and Prediction Project) and Stephen
Schneider (Climate Project) worked
with W. Lawrence Gates (Rand
Corporation) in testing the response of
certain versions of atmospheric
General Circulation Models (GCMs) to
random perturbations in initial
conditions, leaving external and
boundary conditions unchanged. By

means of time averaging and global
space averaging, they investigated the
reduction of the level of noise inherent
in the NCAR GCM and the Rand
GCM, finding the noise level as a
function of the averaging interval for a
number of model variables. They thus
suggested guidelines for determining
the sensitivity of the models to given
changes for given averaging pro-
cedures. The results were used to help
John Kutzbach and David Houghton
(University of Wisconsin) to interpret
their NCAR GCM experiments; they
were also used to assist in the evalua-
tion of sea-surface temperature
anomaly experiments conducted with
the NCAR GCM by Joseph Huang and
Jerome Namias (Scripps Institution of
Oceanography) and Warren Washing-
ton (GARP Project). Continued work
on noise-level reduction will be useful
for experimenters using GCMs for
climate sensitivity or perturbation
experiments, because comparisons of
the magnitude of a model's response
to random perturbations with its
response to advertent changes can be
used to determine the significance of
prescribed (nonrandom) perturbation
experiments. This kind of procedure
is essential to insure proper statistical
design for climate experiments using
GCMs.

Statistical-Dynamical
Forecasting

Statistical and dynamical methods, the
two general methods for objective
weather prediction, are traditionally
considered incompatible. Cecil Leith
(Atmospheric Analysis and Prediction
Division) has carried out experiments
to explore the advantages of merging
the two approaches. The statistical
method uses observed correlations
between weather at a given time and
weather a few days later to make
predictions of atmospheric behavior.
The dynamical method uses equations
describing physical laws that apply to
the atmosphere in numerical simula-
tions of the atmosphere's evolution.
Dynamical models have been
developed over the last two decades

for routine weather prediction in
many countries, but still have many
shortcomings.

Leith's basic strategy was to consider
the result of a dynamical forecast not
as a final prediction, but rather as a
predictor to be used in a statistically
developed linear regression prediction.
Leith began with a barotropic forecast
model developed recently by Edward
Lorenz (visitor), adding a divergence
correction to control long-wave
retrogression and a climate mean drift
correction. He then made many runs
of the model to forecast the 500 - mb
height field for up to five days and
determined the statistical properties of
the forecast error by comparison with
ten years of analyses of the northern
hemisphere 500 - mb height field
supplied by the National Meteoro-
logical Center. The barotropic
forecasts were used as predictors in
multiple regression forecasts; as Leith
had surmised, the combination of
statistics with dynamics reduced the
forecast error. For general application,
the method requires determination of
the statistical properties of a dynami-
cal model's error, based on historical
short-range forecast data.

Objective Analysis Methods

Edwin Danielsen and Dennis Deaven
(Atmospheric Aerosol Project) have
developed objective analysis methods
to derive a representative set of
meteorological quantities such as
horizontal and vertical wind velocities,
pressure, temperature, height, and
water vapor mixing ratio from radio-
sonde and satellite data. Analyses are
being made on isentropic surfaces at
longitude-latitude grid points from the
surface to an altitude of 27 km, using
twice-daily radiosonde data for the last
decade recorded on computer tapes by
the National Meteorological Center.
After Danielsen and Deaven have
computed several years of analyses,
they will average the grid-point values
to derive transport models for large-
scale aerosol problems. For example,
averaging over all latitudes will enable
them to generate a zonal-vertical
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transport model with equivalent land
and ocean segments along the lower
boundary. Such a model can be used
to study the effects of continental and
oceanic aerosol sources on the mean
distribution of aerosols. An advantage
of this kind of analysis--never before
available--is that it will provide
representative values of the mean
circulations through simple averaging
of grid-point values. It will also
provide a means of determining the
components of the eddy-diffusion
tensor. The objective analysis methods
involve computing all derived quan-
tities from the "Montgomery stream
function" and the water vapor mixing
ratio. Fourier analyses are used to
filter out wavelengths shorter than a
predetermined value prior to the
calculation of atmospheric pressure
and stability. A vertical sounding can
then be constructed and compared to
original radiosonde soundings to
identify the vertical structure
associated with given horizontal waves.
The ability to correlate vertical and
horizontal structures systematically
will bring important new opportunities
in atmospheric science.

Stratospheric Transport Model

Jean-Francois Louis (Atmospheric
Aerosol Project) neared completion of
a two-dimensional transport model
(consisting of mean circulation and
turbulent eddy diffusion) to trace the
distribution and evolution in time of
stratospheric minor constituents in
meridional planes extending from pole
to pole and from the surface to an
altitude of 50 km. Louis derived
eddy-diffusion coefficients to approxi-
mate the effect of turbulent eddies on
the transport of "conservative" tracers
(constituents whose properties are not
changed by processes acting on them).
Simultaneous solution of the continu-
ity and energy equations yielded an
excellent set of mean winds that will
be useful to other investigators as well.
Louis is testing the model against the
observed transport of radioactive
bomb test debris, which originally
entered the stratosphere at midlati-
tudes, and against the observed distri-
bution of ozone. A graduate assistant

at NCAR, Louis is conducting the
study for his Ph.D. dissertation at the
University of Colorado. Some of his
results were presented at a recent
conference of the International
Association of Meteorological and

Climate Sensitivity Studies

Stephen Schneider (Climate Project)
and Tzvi Gal-Chen (visitor) conducted
sensitivity studies with an energy-
balance climate model--a model
based on the principle that the surface
temperature is determined by a
balance in the earth-atmosphere
system between the absorbed solar
energy, the outgoing infrared energy,
and the net horizontal transport of
energy into a latitude zone. The model
was used to compare the relative
importance of radiative and dynamic
feedback processes, testing various
dynamical parameterizations suggested
by several researchers. All of the
various versions of the model showed
great sensitivity of surface temperature
to solar input because of ice feedback,
but distinct dynamical parameteriza-
tions reduced or increased that sensi-
tivity by as much as 50 to 100%.
Roughly speaking, the thermodynamic
parameterizations controlled the order
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Atmospheric Physics in Melbourne,
Australia, and some are contained in
the monograph series for the Depart-
ment of Transportation's Climatic
Impact Assessment Program, described
elsewhere in this report.

of magnitude and direction of change
in the models, while the dynamics
modulated that magnitude by factors
up to two. Traditionally, more explicit
atmospheric models (e.g., GCMs) have
emphasized dynamical parameteriza-
tions; but one of the conclusions to be
drawn from these sensitivity studies is
that thermodynamic characteristics,
such as temperature-albedo (ice) feed-
back, dominate the sensitivity of the
response of the earth-atmosphere
system to changes in solar input. (This
would be true also for other com-
ponents of the energy balance.)
Empirical verification of this tentative
conclusion would require better
measurement of relative changes in the
value of the solar input so as to refine
the present instrumental accuracy of
0.5% to about 0.1% over a long-term
record. Comparison of these simple
models with models of greater
complexity is an intermediate verifica-
tion step that Schneider and Gal-Chen
hope to pursue in the coming period.
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The dramatic effect of inclusion or neglect of the thermodynamic parameterization of
ice-albedo feedback is shown in this modeled plot of equator-to-pole temperature gradient
vs solar input. The dynamical parameterization of this version is that of Peter Stone (MIT).
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Data Systems Test

David Baumhefner, Paul Julian,
Vincent Lally, and Thomas Schlatter
(GARP Project), and Roy Jenne
(Computing Facility) represented
NCAR at a meeting at NASA's
Goddard Institute for Space Studies in
September 1973 to review the final
plan for the Data Systems Test (DST).
DST is a "dress rehearsal" for the First
GARP Global Experiment (FGGE), in
which the world's full weather-
observing capabilities will gather data
to characterize the state of the global
atmosphere and to use in numerical
models.

The result should be a major improve-
ment in the understanding of the
atmosphere's physical processes and in
the accuracy and duration of weather
forecasts. DST will assure successful
planning and implementation of
FGGE, including scientific concepts,
observing systems and their interfaces,
and data management and utilization.
While primarily a test procedure, DST
will provide benefits of its own, since
it will yield global data sets better than
any obtained previously; the data will
be immediately useful in forecasting
research.

During the year NCAR pursued a busy
schedule of preparations for its partici-
pation in DST. Once the Nimbus F
satellite is in orbit, the Tropical Wind,
Energy Conversion, and Reference
Level Experiment (TWERLE) and the
Antarctic Current Experiment (ACE)
will provide data for NCAR's DST
workers, who will produce high-
resolution global analyses. Analyses
are also contemplated for the study
area of the GARP Atlantic Tropical
Experiment (GATE) and the U.S.
mainland. Baumhefner and Schlatter
are leading the data work, which
includes collecting, sorting, and
checking data received on tapes;
producing analyses on grid points
compatible with NCAR's General
Circulation Model (GCM); and
conducting forecast studies to advance
research on predictability, impacts of
various observing systems, and data
assimilation techniques. Schlatter has
devised a multivariate statistical

analysis technique to automate the
specification of initial data for the
GCM. Since meteorological observa-
tions (and in particular those of the
lower latitudes and southern
hemisphere) are still fragmentary, it
had been necessary in the past to
hand-analyze the data, then convert
them to digital form to produce the
grid-point values. Various
techniques--both statistical and
nonstatistical--are under develop-
ment for automatic data initialization;
Schlatter's follows a scheme suggested
by the Soviet researcher L. S. Gandin.

It analyzes the height, pressure, and
wind fields simultaneously, and uses
statistical weighting to assess the
applicability of data to the nearest
available grid points. At the end of the
fiscal year, delay in the launch of
Nimbus F had postponed analysis of
some of the early global data sets.
With most of the software systems
completed, the group began assessing
the quality of observations on a
pre-DST data set supplied by the
National Meteorological Center for the
month of May 1974.

The Monsoon: Climatology
and Numerical Simulation

A descriptive climatology of the Asian
monsoon region was the product of an
extensive data compilation and
analysis project carried out by Henry
van de Boogaard (GARP Project), who
collected all available data from
fragmentary meteorological observa-
tions recorded during a 12 - year
period from 450N to 40°S and from
90°W to 1800 E. He then analyzed the
data, constructed maps and charts, and
subsequently digitized the graphic
presentations.

The climatological assembly now
includes: mean geopotential charts for
850 mb, Mercator projections of mean
thickness for five layers between
100 mb and 850 mb, surface
(1,000 mb) charts, and a chart for 850
to 1,000 mb based on the surface
chart. For the northern hemispheric
sector, stereographic projections were
also drawn to provide accurate

coupling with the midlatitude circula-
tion and to compensate for instrumen-
tal errors in the original data sets. Van
de Boogaard is currently analyzing the
region's wind field, using additional
data from Africa and China.

The climatology will be useful to
scientists analyzing data from the
GARP Atlantic Tropical Experiment
(GATE) and will assist planners of the
Monsoon Experiment (MONEX), a
subprogram of GARP scheduled to run
concurrently with the First GARP
Global Experiment in the late 1970s.
The experiment will investigate the
energetics and dynamics of the Asian
monsoon, including the mechanism of
its onset, the movement of small
cyclones up the Bay of Bengal (which
provide 80% of interior India's
rainfall), oceanic effects on rainfall,
and cyclic monsoon variations.
MONEX participants from several
countries will meet in Singapore this
October to integrate their planning
documents.

Warren Washington (GARP Project)
served on the committee that drafted
the U.S. MONEX plan, which is now
under review by the National
Academy of Sciences. Washington
recently collaborated with Sreerama
Daggupaty (visitor) to simulate the
monsoon with the NCAR General
Circulation Model. The numerical
experiments were particularly effective
in replicating the Somalian jet, a
strong northerly current that crosses
the equator over northeastern Africa.
Jack Geisler (University of Miami),
Washington, and Chester Newton
(GARP Project) plan to pursue the
subject by constructing a simplified
model to examine the jet's causes,
dynamics, and associated heating
patterns.

SEBOM and Cloud Feedback

Because clouds are a dominant factor
in the earth's radiation balance and
thus largely determine surface
temperature, it is important to under-
stand their interaction with tempera-
ture fields. To test the possible role of
cloudiness as a global climatic feed-,
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back mechanism, Stephen Schneider
(Climate Project) and Warren Washing-
ton (GARP Project) coupled a "surface
energy-balance ocean model"
(SEBOM) to the NCAR General
Circulation Model (GCM) and exam-
ined the effect of including model-
generated cloudiness simultaneously
with model-generated surface tempera-
ture over the whole surface of the
globe. The NCAR GCM normally fixes
the ocean-surface temperature, thus
removing its internally generated
variations from tests of feedback
effects; but coupling of the SEBOM
"ocean" (although it is only 3 m deep)
permitted testing for possible feedback
between changes in surface tempera-
ture and response by model-generated
clouds. The test results, while not yet
conclusive, indicated a positive
feedback between ocean-surface
temperature and cloud amount; that
is, a global increase in sea-surface
temperature resulted in decreased
cloud amounts, while a decrease in
temperature resulted in an increase in
cloud cover around the globe. For
sufficiently large temperature pertur-
bations, instability resulted. Schneider
and Washington are carrying out new
experiments to learn whether realistic
perturbations in surface temperature
ultimately lead to model instability.
These experiments are important in
preparing the NCAR atmospheric
GCM--including model-generated
cloudiness--for coupling to more
realistic ocean models. Without the
understanding of model sensitivity
derived from the SEBOM experiments,
it would be difficult to interpret the
results of coupled atmosphere/ocean
model experiments that will be an
important part of future climate
modeling.

Diurnal Variation
of Midlatitude F-Region

The thermosphere/ionosphere is
yielding information to satellites,
rockets, radar, and ground-based
observatories; the new information
will make it possible to couple models
of this region with models of the lower
atmosphere to give a better picture of
the ionosphere's and thermosphere's
mediation of solar input and hence a
clearer understanding of the atmo-
sphere as a whole. In research
projected at NCAR, midlatitude
processes in the ionosphere are being
modeled first; then they will be
coupled with equatorial and polar
(auroral) models.

Raymond Roble (Upper Atmosphere
Project) constructed a one-dimensional
midlatitude ionospheric F-region
model that uses solar extreme ultra-
violet (EUV) flux to calculate primary
photoelectron spectra and ionization
rates for various atomic and molecular
species at each altitude and time step.
Secondary ionization rates and
photoelectron spectra, various airglow
excitation rates, ion composition,
electron density, and electron and ion
temperatures are also calculated. The
calculations are performed for a
diurnal cycle, with boundary
conditions determined from radar

observations made by an MIT radar at
Millstone Hill, Massachusetts. The
calculated diurnal variations of the
ionospheric structure showed general
agreement for the day examined with
the values measured by the Millstone
Hill radar. The calculations also
showed that the topside thermal
structure of the ionosphere is
primarily maintained by a flow of heat
from the magnetosphere and that the
structure of the upper F-region at
night is maintained in part by neutral
winds, diffusion, electric fields, and
plasma flow from the magnetosphere.

Roble and co-workers from MIT and
the University of Michigan used a
three-dimensional, semi-empirical
dynamic model to determine the
diurnal variation of the neutral winds
in the thermosphere (which extends
from about 100 to 500 km above the
earth) from incoherent scatter radar
data. The thermospheric wind
structure has been determined for
quiet geomagnetic conditions for the
equinox periods in 1970 from
Millstone Hill radar data. These results

The complex interactions in the ionospheric
model are sketched in this flow diagram of
the Roble model of the F-region.
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provide an important input to the
ionospheric model.

Roble and Robert Dickinson (Upper
Atmosphere Project) have recently
constructed a two-dimensional (zonal
mean) dynamic model of the neutral
thermosphere to study the meridional
circulation. The model is being used to
study the thermospheric response to
various heat and momentum sources.
These include solar heating, joule
heating due to ionospheric currents,
and momentum input due to the
interaction of the neutral and ionized
components that exist in the
thermosphere.

ATM White Light Coronagraph
Experiment

The Apollo Telescope Mount (ATM)
solar experiment on Skylab will
undoubtedly go down as one of the
most phenomenal successes in solar
physics. Two x-ray telescopes, an
extreme ultraviolet spectroheliograph,
an ultraviolet spectroheliometer, an
ultraviolet spectrograph, an Ha
telescope, an,d the NCAR High
Altitude Observatory's White Light
Coronagraph were all lofted into orbit
on Skylab on 14 May 1973. The
instruments took observations
automatically or were operated by
Skylab astronauts for more than eight
months. The ATM was thus an
unprecedented, massive, coordinated
attack on myriad problems in solar
studies; the shape of solar physics
began to change from the very first
data transmissions.

The White Light Coronagraph (WLC)
experiment aboard the ATM was
nearly a decade in preparation. The
High Altitude Observatory group
responsible for the WLC effort is now
led by Robert MacQueen and has
included John Eddy, John Gosling,
Ernest Hildner, Richard Munro,
Gordon Newkirk Jr., Arthur Poland,
and Charles Ross. Many more
scientists from HAO and around the
world will be involved in the period of
data reduction and analysis.

The ATM instruments observed the
sun from a vantage point far above the
light-scattering effects of the earth's
atmosphere. For the WLC, the
experiment was the equivalent of 36
weeks of perfect total eclipse in which
to observe the sun's corona. The total
amount of time during which modern
earthbound astronomers have been
able to study the corona at eclipse is
reckoned in minutes. Now, to the rare
photographs of the sun's corona seen
from Earth, science has added 36,000
pictures taken by the WLC aboard
Skylab.

The WLC observed the sun in the
visible spectrum; a complex combina-
tion of optical occulting disks
simulated eclipse and permitted
viewing of the sun's corona. The study
of transient changes in the corona was
one goal of the experiment, and the

Sketch of the High Altitude Observatory's
White Light Coronagraph.
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investigators were astounded at the
number and intensity of the events
observed. On a number of occasions,
massive loops of material were
expelled from the sun; these eruptions
are thought to play a major and
previously unknown role in the
evolution of the corona and the solar
wind.

An interesting note is that the broad
participation in the study and inter-
pretation of the WLC data includes
two high school students. Alison
Hopfield and Daniel Bochsler are
participants in a NASA-sponsored
Skylab Student Project. The
astronauts photographed Mercury a

number of times as the planet moved
into view, in support of Bochsler's
search for an object reported to be in
the orbit of Mercury, but never
confirmed; Hopfield used the WLC to
look for lunar libration clouds.

Photographs from the High Altitude
Observatory White Light Coronagraph
aboard Skylab show a variety of
phenomena. In (a) an eruptive prominence
moves outward from the solar limb through
the corona. A timed sequence of 144
pictures of this rare event reveals that the
loop structures are material moving outward
with an apparent velocity of450 km/sec. In
(b), the moon is in the field of view of the
coronagraph just prior to the time of total
s lar eclipse as viewed by ground observers
ih Africa on 30 June 1973. On 27 December
1973 the coronagraph got a shot (c) of the
comet Kohoutek as it passed
23.4 million km from the sun. Photograph
(d), taken late in the final Skylab mission,
was part of a 4 - hr-long observation of a
coronal spray associated with an active
region that had already rotated off the
visible solar disk.
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Balloon Test of LACATE

LACATE (Lower Atmosphere
Composition and Temperature
Experiment) is an instrument
undergoing development for flight
on the Nimbus G satellite scheduled
for launch in 1978. LACATE was
tested in a high-altitude balloon
flight in May.

LACATE operates on the same
principle as the Limb Radiance
Inversion Radiometer (LRIR), its
predecessor, which is to fly on
Nimbus F in December 1974. Both
instruments were designed under the
direction of John Gille (Upper
Atmosphere Project). LACATE is an
infrared radiometer, detecting and
measuring the emission of infrared
radiation by trace gases in the
atmosphere and yielding real-time
readout of the results. The instru-
ment sights across the earth's limb
(the edge of the planet as seen from
space), observing a sample volume
60 times as long as that which

could be observed by looking
straight down. It has the capability
to measure temperature, ozone,
water vapor, nitrogen dioxide,
nitrous oxide, nitric acid vapor,
methane, and sulfate aerosols.

LACATE was proposed under a
NASA program to develop and test
instruments for future satellite use.
Besides Gille, the principal investi-
gator, co-investigators are James
Russell (NASA, Langley Research
Center), Richard Craig (Florida State
University), and Fred House (Drexel
University); LACATE was built by
the Honeywell Radiation Center in
Lexington, Massachusetts.

The LACATE balloon test was a
focal point for many efforts within
the Upper Atmosphere Project; 17
support experiments were performed
to provide comparative data and
calibration baselines. LACATE itself
was flown on a 1.3- million-m 3

balloon from Holloman Air Force
Base in New Mexico; it was

Cutaway drawing of LACA TE radiometer.
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launched at 0100 hr on 5 May, rose
to 41 km, and floated for 10 hr.
The predawn launch enabled
LACATE to gather data relevant to
diurnal variation in stratospheric
trace constituents. Although the
Nimbus G will orbit 1,100 km above
the earth, the 41 - km flight
provided measurements of the bulk
of the relevant volume.

The support experiments included
three by NCAR Upper Atmosphere
Project scientists: Dieter Ehhalt sent
a balloon-borne cryogenic sampler to
35 km, Allan Lazrus collected nitric
acid and aerosols on balloon-borne
filters at 25 km, and William Mankin
measured far infrared spectra of
water vapor, ozone, and trace gases
from the NCAR Sabreliner jet. A
high-resolution grating spectrometer
was flown on a balloon by David
Murcray (University of Denver), and
a particle counter was tested by
James Rosen (University of
Wyoming); 12 government agencies
and laboratories also participated,
taking measurements from research
aircraft, balloons, lidar, rawinsondes,
and rocketsondes.

The test was intended to validate
the concept, the spectral data, and
the hardware; to get information
about diurnal variations; and to
compare and calibrate LACATE with
the array of other instruments used.
One interesting preliminary result is
that the temperature profiles
developed by LACATE indicated a
sharp tropical tropopause, a
phenomenon which must be verified
by independent measurements.

The satellite instrument is expected
to prove useful in weather predic-
tion, in the production of better
stratospheric models, and in
monitoring stratospheric composition
changes. The cost per observation
for global observations will be
relatively low by comparison with
alternative methods available to
acquire the same amount of data.
The instrument will telemeter data
back from space at the rate of
5,000 bits/sec.
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Cryogenic Sampling
of the Stratosphere

Dieter Ehhalt and other members of
the Upper Atmosphere Project
developed a cryogenic sampling system
to collect large samples of trace gases
in the stratosphere from balloons. The
first model consists of nine 200 - mQ
pressure tanks made of stainless steel
and cooled by liquid neon. The tanks
are opened and closed at sampling
altitudes by motor-driven, high-
vacuum valves. The system was flown
in September 1973, and a larger
system, with 16 800 - mQ tanks, was
flown in May 1974; the latter flight
was one of several balloon-borne
experiments that provided support
measurements for a test of the Lower
Atmosphere Composition and
Temperature Experiment (described
above).

Trace gas analysis is important for
determining the relationship of
gaseous constituents to biogenic
activity at the earth's surface and to
human influences. About half the

stratospheric methane, for example,
originates in rice and cattle produc-
tion. Methane in turn reacts
chemically to produce about half the
water vapor content of the upper
stratosphere. Nitrous oxide is the
source of all other nitrogen oxides in
the lower stratosphere, and these in
turn regulate the ozone level. A
complicated array of other gases, most
of them chemically interactive, exists
in a delicate and not fully understood
balance.

The balloon-borne cryogenic sampling
system was an outgrowth of a rocket-
borne system developed at NCAR
under NASA contract and tested in
September 1968 and May 1973.
Analysis of the May 1973 rocket
samples was completed in the late fall
of 1973. The balloon and rocket
flights have provided the first measure-
ments of hydrogen and the first
reliable measurements of carbon
dioxide in the stratosphere. They have
extended the altitude of carbon
monoxide and nitrous oxide sampling
to 35 km from previous ceilings of 20

and 23 km; the rocket sample
provided data at 50 km. Ehhalt
reported results of the September
1973 flight to the Third Conference
on the Climatic Impact Assessment
Program (held in the spring of 1974),
and he published a review of all
techniques for direct sampling of
stratospheric gases in Can. J. Chem.
52 (8), 1510-1518.

Schematic diagram of the smaller version of
the balloon-borne cryogenic sampler.
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Carrier Balloon System

The Carrier Balloon System was
designed at NCAR to provide
economical wind measurements from
an altitude of 24 km to sea level over
the equatorial oceans where few upper
air data are available. These data are
essential to an understanding of the
tropical atmosphere and to the
development of global atmospheric
models--key scientific objectives of
the Global Atmospheric Research
Program (GARP). During the First
GARP Global Experiment (FGGE)
200 superpressure balloons will fly in
the tropics at an altitude of 24 km and
will release small (300 - g) dropsondes
that will provide 20,000 vertical
soundings down to sea level.
Synchronous satellites operated by the

In a test of the Carrier Balloon System at
Wallops Station, Virginia, radar tracking of
the balloon that carried the dropsondes
aloft was compared with data from the
sondes. The curves show 2 -min data
averages during ascent. The close agreement
exceeded the requirements for an Omega
wind-finding system, and lent an optimistic
note for use of the system during FGGE.
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European Space Research Organiza-
tion, Japan, Russia, and the United
States will provide command and
communication transmissions. Signals
relayed through the satellites to the
balloons will command them to release
dropsondes. The falling sondes, called
Omegasondes, will relay navigation
data from the U.S. Navy's system of
"Omega" transmitters to the balloons,
where the data will be processed and
transmitted via the satellites to ground
receivers.

Data from the U.S. satellites will be
received at Wallops Station, Virginia,
then sent via telephone links to the
NCAR computer in Boulder. In
October 1973 members of NCAR's
Global Atmospheric Measurements
Program (GAMP), directed by Vincent
Lally, simulated the final system from
Wallops Station by tracking Omega-
sondes that were carried to 24 km on a
neoprene balloon and released. The
carrier balloon electronics were
located on the ground and all system
links (except the satellite) were
successfully simulated. The test
confirmed that Omega signals could be
partially processed and then relayed
over a narrow-band digital link
without deterioration. In June 1974
members of GAMP journeyed to
French Guiana to test the system with
the Synchronous Meteorological
Satellite in orbit. At the close of the
fiscal year, the group was preparing for
the launch of 20 balloons in the late
fall with the goal of obtaining 1,200
soundings.

--- Omega Winds
- Radar Winds

Wind-Finding Dropsondes

The first operational deployment of
NCAR wind-finding dropsondes, under
the direction of P. K. Govind
(Research Systems Facility), is under
way in support of the GARP Atlantic
Tropical Experiment (GATE),
culminating the three-year develop-
ment phase of the dropsonde system.
The past year has been marked by
continuous laboratory testing and
modification of subsystems, drop tests
of the sondes themselves, and a total
systems test conducted at Patrick Air
Force Base in June. The system has
been designed primarily for measuring
wind profiles in remote areas. Signals
from U.S. Navy Omega transmitters
are received by a sonde during its
descent and are retransmitted to the
launch aircraft. Phase differences
between signals can be used to
compute the horizontal movement of
the sonde and hence wind velocity.
The sonde also measures temperature,
pressure, and humidity. These wind-
profile measurements are essential to
the GATE objective of studying
convective processes in the tropical
atmosphere. After limited field
processing, data from the drops are
being forwarded to NCAR for
complete reduction. The complex
interface between the dropsonde data
reception and processing has been
developed by Kenneth Norris
(Research Systems Facility). At the
close of the fiscal year, reports from
GATE headquarters in Dakar, Senegal,
indicated that the dropsonde system
was performing as expected and
providing useful wind data in the
GATE study area.

Portable Automated Mesonet

Up to now, investigation of mesoscale
atmospheric processes near the surface
has been limited by the lack of time
synchronism and the data-processing
delays that are inherent in a network
of strip-chart recorders. In response to
the needs of the Field Observing
Facility (FOF), the Research Systems
Facility has joined FOF to begin
development of a Portable Automated
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Mesonet (PAM). When completed,
PAM will comprise a network of 40
remote stations, which will sample
local sensors synchronously and
telemeter the data to a portable base
station. There a minicomputer will
provide automatic data logging, data
quality assurance, and real-time
display and analysis. A "test bed"
remote station was built during the fall
of 1973 and is being used to test
modules and operating concepts for
the remote stations. Initial software
development and test operations of
the base station are also under way
while the hardware is still being
developed. Two radio frequencies have
been assigned to PAM, which will
permit the use of repeaters to
supplement direct radio communica-
tion. The first three remote stations
are scheduled for completion by
December 1974.

Remote Job Entry

During June 1974, MIT, Colorado
State University, and the Scripps
Institution of Oceanography became
the first institutions to gain access to
NCAR's Control Data 7600 computer
through remote terminals at their
campuses. David Robertson, Jeanne
Adams, and Paul Rotar (Computing
Facility) supervised development of
the Remote Job Entry (RJE) system,
and the terminal of the High Altitude
Observatory was used to test the
system before it was opened for
university use. A small computer was
installed to "front end" the 7600
computer, and extensive software was
written to ensure smooth functioning
of the R E. The University Liaison
Office, headed by Jeanne Adams,
increased its activity to provide
assistance to university RJ E users.
Two manuals were written to aid
terminal users: A User's Guide to the

NCAR Computing Facility and The

NCA R Scientific Subroutine Library.
By the end of the fiscal year, job

submissions through RJE totaled

2,000; figures are expected to increase

steadily during the succeeding months

Dual-Doppler C-Band Radars

Many of the radars originally
developed for meteorological use
employed wavelengths of about 3 cm
(X band). But the attenuation of the
X-band radar signal within individual
storms makes quantitative visualiza-
tion difficult. Consequently, meteorol-
ogists have turned to longer
wavelength radars (10 cm, S band) to
observe thunderstorms or other
intensely precipitating phenomena.
Unfortunately, longer wavelength
radars having the same resolution as
their shorter wavelength counterparts
require larger, more expensive
antennas. The C band (5 cm) offers
what many meteorologists consider to
be a reasonable compromise in the
squeeze between shorter wavelength
attenuation problems and the costs of
larger antennas for longer wavelength
work.

NCAR's Field Observing Facility plans
to improve its radar facilities for
support of university and NCAR
scientists by developing a dual-doppler
C-band system, operating at 5.5 cm.
One C-band radar has been built; it
was tested in a vertically pointing
mode in the National Hail Research
Experiment during the summer of
1974, measuring the vertical velocity
structure of storms passing overhead.
A pedestal permitting full scanning
operation will be completed in the fall
of 1974. A second C-band radar will
be finished in December 1975,
permitting use of the two in the
dual-doppler mode for calculation and
display of vector wind fields in
convective storms and other precipita-
tion processes.

as new terminals come on line.

Dual-Wavelength
Radar Hail Detection

Radar meteorologist Peter Eccles
(National Hail Research Experiment)
has devised and tested a theory and
methodology that can lead to the first
practical means of remotely sensing
and analyzing hail growth, hail
trajectories, and hailswaths laid down
by thunderstorms.

The underlying principles have been
well known since 1961, when David
Atlas (NHRE) and Frank Ludlam
(Imperial College, London) proposed
to use the difference in the wavelength
dependence of the reflectivity of hail
from that of rain as a technique to
measure hail. For particles (either
water or ice) with diameter D much
smaller than the radar wavelength, the
radar echo is caused by Rayleigh
(proportional to D6) scattering and
the particle types cannot be
distinguished. However, Mie (large-
sphere) scattering becomes
increasingly dominant beyond the
largest possible raindrop size and,
when measured in radar reflectivity
units, the S-band (10 - cm) reflectivity
is always greater than the X-band
(3 - cm) reflectivity. Thus, where
S-band equals X-band reflectivity, rain
or small ice particles are in the
precipitation causing the radar echo;
but where S-band reflectivity exceeds
X-band, the particles are larger than
raindrop size--and must therefore be
hail, Atlas and Ludlam postulated.
Their proposed dual-wavelength
diagnostic for hail neglected the
attenuation of the X-band signal by
precipitation, however.

In 1969, Eccles and Atlas renewed the
attack on the problem. By simple
manipulation of well-known expres-
sions relating radar signal intensities,
reflectivity, and attenuation
coefficients, they concluded that
instead of the simple ratio of echo
powers proposed earlier, the derivative
of the ratio taken with respect to the
target range should be used. They
stated that the behavior of this deriva-
tive would give almost certain
indication of the trailing edge of a
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hailshaft within a storm and reliable
indication of the leading edge.

Subsequent observations made with
synchronized and slaved radars of
differing wavelengths verified that
within-cloud locations of hail could be
delineated in real time. But full
utilization of the technique depends
on more than real-time observation; its
value lies in the possibility it offers to
understand hail growth mechanisms,
the location of hail trajectories within
storms relative to storm air motions,
and the distribution of hail falling on
the ground.

Eccles therefore developed techniques
for slaving and synchronizing the
radars, digitizing the data, and
specifying the data-analysis programs
for the NCAR computers. This yielded
the postanalysis capability sought.
Studies of dual-wavelength radar data
from a hailstorm on 22 July 1972
confirmed that it is indeed possible to
"see" first echoes of hail aloft in a
convective storm. Eccles is refining the
technique to detect still weaker echoes
and permit identification of regions of
early hail growth.

Eccles' dual-wavelength radar results
compare well with results from other
teams of researchers in NHRE
observing the same storm with the full
panoply of aircraft, remote sensing
equipment, hail-and-precipitation
catchers, and dropsondes available to
NHRE during the field season. Eccles
uses the 10 - cm (S-band) radar at
NHRE headquarters in Grover,
Colorado, synchronized and slaved
with the 3 - cm (X-band) radar at
Grover. Data are digitized and
preprocessed onto nine-track
computer tapes. The high correlation
of Eccles' data with those of the other

investigators indicates the practicality
of the method.

New Interpretive Method
for Radar Data

David Atlas (National Hail Research
Experiment) and Carlton Ulbrich
(visitor) conducted a study of the
relationships between rainfall and
radar attenuation, seeking a technique
to improve the measurement of
rainfall parameters by combining
attenuation and reflectivity methods.
Although a variety of empirical and
theoretical relationships between
attenuation and rainfall had previously
been derived, no thorough
examination of their variations with
radar wavelength, rainfall rate, and
temperature had been reported. Atlas
and Ulbrich derived "effective power
laws" from calculated attenuation/
rainfall curves over a wide range of
wavelengths and temperatures,
demonstrating general analytical
relationships to be used in predicting
the power laws at all wavelenths. The
study also showed that any regression
equation relating any two of six
rainfall parameters (rate, liquid water
content, median volume drop
diameter, radar reflectivity, radar
attenuation, and optical extinction
coefficient) determines all other (119)
regression equations. For example, the
empirical relation between radar
reflectivity and rainfall rate (R) also
implies a corresponding relation
between microwave attenuation and
R, and variations in such relationships
with rainfall type imply fundamental
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physical differences in the relation
between median volume drop diameter
and R.

Atlas and Ulbrich applied these
principles to construct a new rainfall
parameter diagram ("RAINPAD") for
determining all six parameters from
the measurement of any two.
Henceforth, any combination of the
two or three parameters measurable
remotely--radar reflectivity,
microwave attenuation, or optical
extinction--can be used to determine
rainfall rate, liquid water content,
droplet diameter, and particle
concentration with no prior
assumptions about the relationship of
attenuation or reflectivity to rainfall
rate. The method should find wide
application among communications
engineers interested in microwave or
optical attenuation by rainfall,
meteorologists concerned with
detailed measurement of rainfall
parameters, and hydrologists involved
with flood warnings. Practical field
tests of the method are now being
implemented by the NCAR Field
Observing Facility.

The rain parameter diagram ("RAINPAD")
makes it possible to derive all six rainfall
parameters from the measurement of any
two. The diagram is for a radar wavelength
of3.22 cm, but the analysis can be adapted
for all wavelengths.
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Color Radar Display

Recent advances in integrated circuitry
have made possible the development
of compact and economical digital
processing units, and such a processor
is the heart of NCAR's new "false
color" radar display, designed by
engineer Grant Gray (Field Observing
Facility).

The equipment divides the unambigu-
ous range of the radar beam into 512
separate intervals, converting the
information into digital form,
processing it, and color-coding it for
display. The display enables far more
effective viewing of either reflectivities
or doppler velocities than black-and-
white displays and also provides high
resolution. Each grid point on the
television screen can show any of 16
colors. To display doppler velocities,
the spectrum is divided: eight colors
toward the violet represent chosen
increments of velocity toward the
radar, and eight colors toward the red
represent increments away. To display
reflectivities, the colors are reassigned:
low reflectivities are in the green
portion of the spectrum, intermediate
reflectivities are in the violet, and high
reflectivities are in the red.

Increments of velocity or reflectivity
may be chosen to encompass the range
of real velocities or reflectivities likely
to be studied; in testing the equip-
ment, for example, increments of
3 m/sec in velocity and 5 dBZ in
reflectivity were used, providing
24 m/sec in both directions (toward or
away) and a range of 0 to 80 dBZ. The
picture can be updated during vertical
blanking and then displayed; during
actual frame time the picture remains
stable. The system has a "zoom"

feature whereby magnifications of 1,
2, 4, or 8 to 1 may be selected to
permit high-resolution observations.
An operator using the zoom can focus
on a storm cell of particular interest
within the beam's sweep.

The system was tested during the 1974
field season of the National Hail
Research Experiment (NHRE),
displaying information from the
S-band radar at Grover, Colorado. As a
real-time display, it permits meteorol-
ogists to see the inflow or outflow
regions of a storm; it improved the
direction and deployment of seeding
and research aircraft during the NHRE
season. FOF engineers are currently
adding the capability for recording the
reflectivity and velocity information
on nine-track tape, which will be
useful for computer postanalysis of
the data.

With proper equipment, color film
may be made of the display directly
from the screen. Radar meteorologist
Peter Eccles (NHRE) is using a
35 - mm time-lapse camera technique
to catch each radar sweep; 16,000
shots of color display information are
being combined into a film. An
alphanumeric section of the color
display screen gives such information
as time, azimuth, elevation, and the
color assignments.

Robert Serafin (FOF Manager) expects
the system to be useful in mesoscale
and finer scale work; it may be
employed in the detection and
tracking of tornadoes, for example.
Preliminary data acquired with the
system indicate regions of vorticity
associated with weakly reflective
regions of storms.
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GARP Project

The Global Atmospheric Research
Program (GARP) is an international
program for studying those physical
processes in the troposphere and
stratosphere that are essential for an
understanding of:

* The transient behavior of the
atmosphere as manifested in large-scale
fluctuations which control changes of
the weather. Such understanding
would lead to increased accuracy of
forecasting for periods of one day to
about two weeks.

* The factors that determine the
statistical properties of the atmo-
spheric general circulation. Knowledge
of these factors would lead to better
understanding of the physical basis of
climate.

GARP involves three interrelated
tasks, all of which will be attacked on
the international level: the collection
of data, the study and interpretation
of these data, and the development of
increasingly realistic models for
extended-range forecasting, general
circulation studies, and climate
prediction.

All of NCAR's research is in a sense
GARP-related, for it deals with the
behavior of the global atmosphere and
the causal mechanisms governing that
behavior. Specific programs, however,
bear directly on GARP and its
immediate objectives. To integrate and
coordinate these programs, NCAR has
established a GARP Project within the
Atmospheric Analysis and Prediction
Division.

The long-term research goal of this
project is similar to the first major
objective of GARP: to study the
transient behavior of the atmosphere

as manifested in the large-scale fluctua-
tions which control changes of the
weather, with the aim of increasing the
accuracy of regional-scale forecasting
from one day to about two weeks.

The NCAR GARP Project is at present
devoted to five primary activities,
listed and then discussed below:

* Development of realistic models of
the atmosphere to permit an
increasingly precise description of
atmospheric behavior and the physical
processes involved.

* Participation in the design and
operation of field programs--
observational and experimental studies
of the atmosphere which will provide
the data required for the description
of the atmosphere's behavior with
numerical models.

* Development of objective analysis
techniques for data gathered by field
programs, for four-dimensional data
assimilation of large-scale meteorologi-
cal data, and for observing systems
simulation experiments.

* Design and performance of various
numerical experiments with atmo-
spheric models to achieve GARP
objectives.

* Assistance to university scientists in
joint projects related to GARP,
particularly in the area of global
circulation modeling.

The U.S. Committee for GA RP met at
NCA R in November 1971 to discuss plans
for U.S. participation in GA TE.
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Numerical modeling activities include
continued development of the NCAR
General Circulation Model (GCM),
with fourth-order finite difference
approximations in the horizontal and
with greatly improved treatment of
the polar areas. This model is being
designed to run efficiently on an
Advanced Computer for Array
Processing (ACAP). Efforts are being
made to improve its representation of
convective parameterization, the
boundary layer, and radiation.

Satellite

-... C,

Carrier balloons flying at 30 mb in the equatorial stratosphere will be commanded via
geostationary satellites to launch dropsondes. Winds at various levels will be determined
from analyses of Omega navigation signals relayed from the dropsondes via the carrier
balloons and geostationary satellites back to a ground processing station.

Development of a limited-area model,
initiated several years ago at NCAR, is
being continued also; this model is
being used in connection with the U.S.
Data Systems Test and for the GARP
Atlantic Tropical Experiment (GATE).

Several members of the NCAR GARP
group are actively involved in national
planning for GATE, which began in
June 1974. In response to requests
from national and international
planning groups, the group has
developed a coordinated aircraft plan
for GATE. NCAR aircraft are involved
in GATE studies of convective and
mesoscale systems and in boundary
layer and cloud physics experiments.
A GATE Aircraft Data Management
group has been organized, with
responsibility for quality control of
the aircraft data and ultimately for
producing the GATE aircraft data sets
for use by the scientific community.

Central to GATE is the development
of models of mesoscale systems. As a
continuation of studies based on data
already available from past field
programs, several members of the
GARP group are undertaking detailed
case studies of tropical disturbances
and of organized convective systems
within the intertropical convergence
zone, as bases for the development of
mesoscale models. Similarly, data on
the behavior of the planetary
boundary layer, particularly those
collected during the Joint Tropical
Experiment in December 1972, are
being analyzed; and the results will be
compared with those ultimately
attained in GATE.

The Carrier Balloon/Omegasonde system
(CBO) may soon provide upper air data in
areas where they are not available by other
means. The CBO involves large
superpressure balloons carrying cargoes of
miniature dropsondes. The sondes will be
released on radio command and their
reports relayed by the carrier balloon to a
satellite and then to earth. This system is
being developed at NCA R to provide a
means of obtaining wind profiles in
equatorial regions to meet the goals of the
First GA RP Global Experiment. Field tests
were at Toowoomba, Australia.
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NCAR's Global Atmospheric Measure-
ment Program has developed an
inexpensive system of long-lived,
constant-level balloons for obtaining
meteorological data in the tropics and
southern hemisphere. The usefulness
of this system, composed of GHOST
(Global Horizontal Sounding
Technique) balloons, has already been
demonstrated in field tests. GHOST
balloons are also being adapted for use
in TWERLE (Tropical Wind, Energy
Conversion, and Reference Level
Experiment), a joint effort by NCAR,
the University of Wisconsin, and the
Goddard Space Flight Center (NASA)
for measuring tropical and southern
hemisphere winds, air motion relative
to isobaric contours, and the conver-
sion of potential to kinetic energy in
the atmosphere. TWERLE will in
addition test the pressure and absolute
altitude measurements as a reference
point for evaluating indirect tempera-
ture soundings for meteorological
satellites.

Large constant-level balloons are now
being tested as carriers of miniature
dropsondes. A balloon-borne
dropsonde system can provide a
primary and economical means of
obtaining measurements of vertical
wind and temperature profiles over
areas of the tropics where few or no
upper air data are available.

GARP group members are partici-
pating in two other large cooperative
projects related to GARP: the
Antarctic Current Experiment to test
and obtain data from expendable
drifting buoys tracking ocean circula-
tions and providing data to analyze
interactions between the sea and the
atmosphere; and the Air Mass
Transformation Experiment, a
Japanese-led experiment to examine in
detail the effects of cold air masses
moving off the Asian mainland over
the relatively warm South China Sea.

Details have been worked out for
NCAR participation in the U.S. Data
Systems Test (DST) in 1974. DST, a
"dress rehearsal" for the First GARP
Global Experiment (FGGE), marks the
first time that global meteorological
data will be available at resolutions of
about 250 km every 12 hr. Objective
analysis techniques--especially

SATELLITE
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techniques for four-dimensional data
assimilation and the initialization of
real data--are being developed and
tested with the NCAR GCM, and a
system is being designed which will
coordinate acquisition of DST data
from the various U.S. sources. To
check performance of the GCM,
climatic statistics are being compiled
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In TWERLE, 300 superpressure balloons launched in the tropics will transmit data to tihe

polar-orbiting Nimbus F meteorological satellite, which will process signals and relay them

to ground stations. The Random Access Measurement System (RAMS) aboard Nimbus will

also relay data from drifting buoys during ACE and other GA RP oceanographic experiments.
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for both hemispheres, and analyses of
day-to-day and year-to-year changes
are being continued. In particular,
NCAR scientists are studying seasonal
variations in the tropics. Prediction
experiments with the GCM have been
extended to examine the model's
ability to predict within the two-week
range envisioned by GARP planners;
new studies will be directed toward
use of the GCM for studying seasonal
changes and climatic variations.

In cooperative experiments with
university scientists, the NCAR GCM
team is helping with simulations of the
climate during the last ice age, the
climatic effects of Atlantic and Pacific
sea-surface temperature anomalies, the
photochemistry of the stratosphere,
and small-scale atmospheric distur-
bances such as mountain waves and
clear air turbulence.

Historically, NCAR staff members
have been closely allied with the
initiation and development of GARP.
Philip Thompson and several other
staff members contributed to the
genesis of GARP in the early 1960s.
Thompson, Douglas Lilly, and Vincent
Lally participated in the 1967
international Study Conference in
Stockholm, at which GARP goals and
the means by which they might be
attained were laid down. Since that
time, at meetings in Moscow, Bombay,
and London, NCAR scientists have
helped to define and evaluate the
opportunities (as well as the inherent
limits) of GARP and its subprograms.

Stanley Ruttenberg has served as
liaison staff member with international
planning groups in Geneva. He and
Lally are members of COSPAR
Working Group 6, which is planning
the space-based portion of GATE and
FGGE observing systems. Edward
Zipser is on the GATE Advisory Panel
to the U.S. Committee for GARP and
a consultant to the ICSU/WMO
Interim Scientific and Management

GARP Project Staff

as of 30 June 1974

David Baumhefner
Grant Branstator
Neil Carlson
Benedict Ceselski
George Fisher
Henry Gertzman
Stuart Henderson
Patricia Jones
Paul Julian
Akira Kasahara
Vincent Lally
William Lanterman
Nancy Leach
Margaret LeMone
Ernest Lichfield
Ann Lundberg
Roland Madden
John Maly
Darrah Marsh
John Masterson
Gerald Meehl
Alan Miller
Claude Morel
Chester Newton

Group; he also developed the aircraft
plan for GATE. Francis Bretherton,
John Firor, Lilly, and Cecil Leith have
served on the U.S. GARP Committee,
helping to plan U.S. participation in
GATE and other GARP subprograms.
These and other NCAR scientists will
continue to join with national and
international groups in planning and
carrying out the many diverse portions
of the GARP effort.

Michael Olson
Katsuyuki Ooyama
Ranjit Passi
William Pennell
Daniel Rex
A. Brewster Rickel
Stanley Ruttenberg
Larry Sapp
Thomas Schlatter
Aubrey Schumann
Dennis Shea
Clark Smith
Sigvard Stenlund
Jack Tefft
Ruth Toutenhoofd
Henry van de Boogaard
Harry van Loon
Warren Washington
David Williamson
Edward Zipser

Advisory Committee, Large-Scale
Modeling and Analysis Group

Akio Arakawa
University of California at Los Angeles

David D. Houghton
University of Wisconsin

Richard S. Lindzen
Harvard University

Philip E. Merilees
McGill University

NCA R's Lockheed Electra four-engine turboprop aircraft was used during GA TE. This
aircraft, which will be used for other GA RP programs, was chosen as being especially
suitable for studies requiring a long-range craft.
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Climate Project

With the hope of predicting climate
changes--be they naturally evolving
changes, deliberate attempts at
weather modification, or unintentional
results of civilization's burgeoning
technology--the NCAR Climate
Project is attempting to identify,
isolate, and mathematically simulate
the combined effects of physical
processes that are most important in
determining past, present, and future
climates. Project objectives include:

* Predicting seasonal anomalies of
temperature and precipitation on a
continental scale for periods of a
few months

* Predicting seasonal anomalies on a
global scale for periods up to a year

* Predicting and diagnosing climate
changes on the time scale of a
century.

Development of suitable statistical-
dynamical characterizations of climate
is being attempted along two lines.
First, Climate Project researchers are
seeking to derive a closed system of
approximate equations in which the
dependent variables are various
moments that describe the climatic
states. These include average tempera-
ture, average zonal wind, net heat and
moisture transport, net momentum
transport, eddy kinetic energy, and
temperature variance. Second, they are
seeking a statistical-mechanical
formulation of the problem, in which
the statistical properties of the system
are contained in complete or partial
probability distributions.

Despite the presence of some of the
same "runaway" climatic mechanisms
that spoiled Venus' bioclimate
irrevocably, our earthly environment
has maintained a shaky equilibrium for
several billion years. Now a new

unknown--man-made disturbance
-- has entered into the global
equilibrium equation.

Modern atmospheric science does not
yet have a complete or satisfactory
theory or model of the global climate,
but computer models such as the
Global Circulation Model (GCM) at
NCAR are being used in fundamental
analyses of civilization's impact on
climate. For example, computer
modeling is being used to try to assess
any climatic changes that might
accompany the heat added to the
atmosphere by massive production of
power on all the continents.

A Study of Man's Impact on the
Climate (SMIC) was undertaken by an
international group in preparation for
a United Nations effort. Three of
NCAR's Climate Project members
participated in the study; the project is
now working toward extending the
view of the SMIC report beyond
2000 A.D. by applying the most
current tools of climate theory to
predicting the effect of human activity
on the global climate. This research
involves:

* Applying current simplified
numerical models to the question of
global temperature and circulation
changes as a result of massive
thermal, particulate, and gaseous
pollution

* Designing a special-purpose,
radiative-convective, one-
dimensional, but latitude-dependent
model to test the effects of strato-
spheric aerosols on atmospheric
temperature

* Improving our ability to define
quantitatively the factors involved
in the heat budget of the polar
regions.

An extraordinary space view of civilization's
expenditure of energy is seen here in a
satellite photograph of the eastern United
States in which major metropolitan areas are
clearly visible by their own burning lights.
(Cloudy regions are illuminated by the
moon.) The photograph was taken at about
midnight. Air Weather Service photo.
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Cooperative work between NCAR's
Climate Project and the Global
Atmospheric Research Program
(GARP) includes studies of the
feedback coupling between surface
temperature and cloudiness, with
specific efforts to compute the lower
boundary temperature with a very
simplified technique that includes
little ocean dynamics. The next step,
in cooperation with oceanographic
groups, is development of an ocean
circulation model that can be coupled
with the present atmospheric GCM.

A separate effort is under way to
model hydrological processes of the
atmosphere, including predictions of
cloudiness. An initial step in this work
is to apply climatological data to
determining the equilibrium relation
of cloudiness and humidity. The cloud
prediction scheme can then be tested
with a simple dynamical model.

Other work planned or under way in
the Climate Project includes:

* Improvement of existing param-
eterizations of eddy fluxes of heat
and momentum by refining existing
theoretical derivations in terms of
baroclinic wave structure and
statistical approaches, and by

NCA R's General Circulation Model (GCM) is applied to climate studies. This computer-
generated map shows the result of a computer simulation of surface temperature and cloud
cover to test one method of relating cloudiness to other variables in the GCM. The method
led to "positive feedback" between surface temperature and cloud cover, resulting in
extremely cold planetary temperatures. The simulation suggests the crucial role of clouds in
regulating climate and the urgent need for continued computer modeling and field
observations of cloudiness and its relationship to other climatic components.

TEMPG

GENERAL CIRCULATION MODEL
CASE 304A- JAN FULL MTNS - MIXED LAYER OCEAN
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Long-term climatic changes can be verified
by such methods as analyzing variations of
180 to 160 oxygen isotope ratios with
depth in ice cores taken from the Greenland
Ice Cap. In this chart, ice depth has been
translated to age. An increase in the
S0/1 60 ratio accompanies an increase in
temperature at middle and high latitudes in
the northern hemisphere, and the values
exceeding the smoothed curves (shaded in
black) therefore correspond to periods
warmer than the long-term trend.

Schematic representation of internal and
external stimuli on the global atmosphere.
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developing a simplified version of
the GCM that will be suitable for
testing and empirical refinement of
theoretically derived
parameterizations

* Development of climate models of
the semi-empirical and statistical-
dynamical types

* Development of a statistical theory
of turbulence for application to a
variety of hydrodynamic flow
problems, particularly concentrating
on large-scale processes in the
atmosphere.

Climate Project Staff

as of 30 June 1974

Joseph Bonelli
Peter Crooimans
John DeLuisi
Robert Dickinson
Bernard Durney
Benson Fogle
William Kellogg
Takashi Sasamori
Stephen Schneider
Margaret Schroeder
Claire Shelden
Philip Thompson
Eileen Workman

Advisory Committee

John Imbrie
Brown University

John E. Kutzbach
University of Wisconsin

Edward N. Lorenz
Massachusetts Institute of Technology

J. Murray Mitchell
Laboratory for Environmental Data
Research, NOAA, Silver Spring,
Maryland

Norbert Untersteiner
University of Washington

37



Small-Scale Analysis and Prediction Project

The project on small-scale atmospheric
analysis and prediction was organized
to attack the problems of observing,
analyzing, and predicting meteoro-
logical systems on micro- and
mesoscales and small synoptic scales.
Numerical simulation of meteorologi-
cal phenomena and a developed
capability in techniques of observing
small-scale phenomena by instru-
mented aircraft are two significant
strengths in this NCAR project.

Principal project work areas currently
include:

* Studies of the planetary boundary
layer

* Development of isentropic analysis
and forecasting models

* Observing, modeling, and predicting
mountain waves, downslope
windstorms, and clear air turbulence
(CAT)

* Determining the statistical effect of
key small-scale phenomena on
large-scale atmospheric circulation
patterns.

71
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Planetary boundary layer problems are
being attacked on three fronts: aircraft
observations, numerical simulation, and
tank testing. Tank tests are used to predict
the rate of vertical and horizontal diffusion
of nonreacting, nonbuoyant pollutants
within the mixed layer above a
homogeneous surface. This is done by
releasing and photographing nonbuoyant
tracer particles along lines near the base of
the simulated mixed layer in the tank and
analyzing the rate of spreading, both
vertically and laterally, in relation to the
convective velocity scale and the mixed
layer depth.

Computer simulation produces data such as
the above graphs by showing the release and
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advection of tagged particles within a
three-dimensional numerical model near the
base of the mixed layer and analyzing the
rates of vertical and lateral spreading.
Planetary boundary layer measurements,
analysis, and modeling are also directed
toward parameterization of the boundary
layer in the GCM. This is one of the goals of
GA RP. The numerical model used to predict
turbulence in the planetary boundary layer
can also be used to study Kelvin-Helmholtz
instability.

Other GA RP-related work involves advising
GA RP project members on methods of
predicting the rate of change of the depth of
the sub-cloud layer in the tropics.
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Two NCA R forecast models--a
quasi-geostrophic potential vorticity model
and a primitive equation model--use
isentropic analyses in prediction tests which
outperform conventional models in
predicting spontaneous explosive
development of large midlatitude storms.
While present weather forecasting
techniques rely on numerical analyses and
models based on pressure levels, the analyses
in the small-scale project are based on
constant potential temperature surfaces,
which seem to define material atmospheric
layers and therefore closely parallel air-mass
boundaries. The sequence of maps is
illustrative. Observed surface pressures for
1 April 1970 (a) show no sign of impending
storm development. However, after 36 hr a
large cyclonic storm has developed in the
eastern United States (b). The 36 - hr
Weather Service forecast (c) failed to predict
this storm, but a 36 - hr isentropic forecast
(d) shows the storm's development.

Further work on isentropic analysis
includes:

* Testing precipitation forecasts by adding
air moisture variables and taking into
account the effect of latent heat release
on already existing potential vorticity

* Introducing orography into North
American topography to take better
account of mountain blocking effects

* Testing the effects of varying vertical
resolution and applying numerous real-
data initializations to a multilevel limited-
area model in isentropic coordinates to
test the model's usefulness for one- to
two-day forecasts and for predictions of
clear air turbulence

* Investigating, with university
participation, the feasibility of a field
program to determine the role of gravity
waves within frontal zones, and the rate
of dissipation of kinetic energy, and of
thermal and velocity gradients by
turbulent-scale processes.

In the last few years important progress has
been made in understanding the mechanism
of the severe downslope windstorms that
frequently strike the eastern slope of the
Rocky Mountains and other mountain
regions of the world. These windstorms, as
verified by newly analyzed NCA R data, are
surface manifestations of powerful
mountain wave systems which produce a
large-amplitude standing wave just east of
the mountain divide. Whenever strong
westerlies are present and a temperature
inversion exists just above mountaintop
level on the western, upwind side of the
mountains, intense surface winds may
develop on the downwind side of the
continental divide. Using this information,
NCA R scientists have developed two-
dimensional numerical models which
provide realistic simulations of mountain
wave activity and quantitatively identify the
atmospheric conditions which tend to
produce these destructive surface winds.
Useful windstorm forecasts (4 to 24 hr) will
be possible by inserting observed upstream
conditions into the numerical models to

predict locations and amplitudes of surface clouds are a visible manifestation of the
wind maxima. Here, a stable lee wave cloud wave system that produces severe
is seen over the Front Range foothills; such windstorms.
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This 1 - j dye laser is being readied for
installation on a laser radar receiver. This
research in laser probing techniques is
oriented toward developing an instrument
that can be used for a wide variety of
atmospheric studies with relatively simple
changes in the receiver or transmitter.

Small-Scale Analysis and Prediction
Project Staff

as of 30 June 1974

Daniel Anderson
Rainer Bleck
Robert Chervin
James Deardorff
Gerald Grams
Lois Gries
Patrick Kennedy
Joseph Klemp
Douglas Lilly
Mark Lutz
Yunn Pann
Melvyn Shapiro
Gregory Smith
Glen Willis

Advisory Committee

John A. Brown Jr.
National Meteorological Center,
NOAA, Suitland, Maryland

William H. Hooke
Wave Propagation Laboratory, NOAA,
Boulder, Colorado

Peter Rhines
Woods Hole Oceanographic Institution

John Wyngaard
Air Force Cambridge Research
Laboratories
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National Hail Research Experiment

In May 1965 the Interdepartmental
Committee for Atmospheric Science
(ICAS) recommended to the Federal
Council for Science and Technology
that the National Science Foundation
should develop a plan to investigate
the feasibility of hail suppression. NSF
formed a Hail Suppression Research
Steering Committee and, in December
1968, asked the National Center for
Atmospheric Research to prepare a
detailed plan for a national collabora-
tive experiment.

Field study of hailstorms in northeast
Colorado began in 1968 as the Joint
Hail Research Project, a cooperative
endeavor involving NCAR, the
National Oceanic and Atmospheric
Administration, and Colorado State
University. This early study provided
useful background knowledge and
experience for the broader experiment
which was to follow. In 1972, the
National Hail Research Experiment
(NHRE) began a field project
coordinating the expertise of
universities, government agencies, and
private research groups in a single,
multiyear experiment under the
direction of NCAR.

NHRE's stated purpose is twofold:

* To develop, if possible, a practicable
method for suppressing the
occurrence of damaging hail

* To gain increased understanding, by
observation and analysis, of all
aspects of the cloud dynamics and
microphysics governing the severe
convective storms that produce
damaging hail fall at the ground.

NHRE is funded by RANN (Research
Applied to National Needs) of the
National Science Foundation's
Research Applications Directorate. At
the end of the multiyear experiment,

NHRE scientists hope to have a
satisfactory answer to the question of
whether or not cloud seeding is a
feasible and effective tool for
protecting crops and property from
destruction by severe hail.

Hail falling over the high plains of
northeastern Colorado is a common summer
afternoon sight.

The economic incentive to suppressing damaging hail is strong. This photo represents an
all-too-common sight on the farm lands of the U.S. Midwest. Annually, U.S. agriculture
loses some $300 million to hail. Globally, the hail cost is estimated at as much as $ 1 billion
a year.
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NHRE is a complex, highly interactive
program both scientifically and
operationally. Radar is the principal
detection tool: two dual-wavelength
radars, one at Ft. Morgan and the
other at NHRE's Grover Headquarters,
are used to observe precipitation
development, to test a newly
developed method for measuring liquid
water content, and to detect and
locate hail in the storm. Both radars
have doppler capabilities which allow

scientists to document actual wind
fields inside the storm.

Released at frequent intervals by the
U.S. Air Force, radiosondes provide
meteorological data while various
aircraft fly in and around actual
storms to gather information on the
thermodynamics and dynamic
characteristics of the storm and its
environment. These data include
updraft velocity profiles and ice and

liquid water content, as well as
observations of cloud-base conditions.

A ground network consisting of 360
raingage-hailgage-hailpad stations, 32
micrometeorological stations, and
several teams of observers are available
to sample and survey hail swaths as
part of the observational effort of
NHRE.

"Hail A Iley, "a strip across the Colorado-
Wyoming-Nebraska junction, owes its
notorious reputation to records of damaging
hailfalls over a 40 - year period.

This jagged chunk of ice, several times larger
than an egg, weighs 866 g (1.67 Ib) and
measures 44 cm (17.5 in.) around its largest
circumference. The stone fell at Coffeyville,
Kansas, in September 1970.

The main NHRE site near Grover, Colorado.
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NHRE Program Goals

Program Goals

National Hail Research Experiment

1972 1973 1974 1975 j 1976 j 1977

FY 7. I FY 7 7- I FY 7 I FY I FY 7 FY 77

The cross-hatching indicates planned overlap in the goals where the new work will not be undertaken until
satisfactory results are available from the earlier research or suppression effort.

I I I I I I I I I I I I I I I

NHRE's program goals are meshed throughout the multiyear experimental program; shown
are plans through fiscal 7977.
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The NHRE research effort--"to gain
an increased understanding of all
aspects of the cloud dynamics and
microphysics governing the severe
convective storms that produce
damaging hail fall at the ground"--is
important to developing:

* Improved forecasting models

* Improved numerical models

* Accurate evaluation of hail
suppression efforts

* Refined hail suppression methods.

As the dual suppression and research goals
of the NHRE effort proceed simultaneously,
they complement one another. Their
relative priorities are depicted here in a
photograph of an isolated, mature
thunderstorm.

The NHRE hail suppression research
-- "to develop, if possible, a prac-
ticable method for suppressing the
occurrence of damaging hail"--
includes the specific charge in the
multiyear effort of verifying the actual
results of hail suppression.

Further understanding of the
mechanisms of hailstorm formation
and growth requires further research
on the relationship between:

* Environmental conditions and the
development of the updraft, and

* The cloud droplet spectrum at
cloud base and the subsequent
precipitation pattern.

Various storm types need to be
classified and the average behavior for

each type of storm identified; the
magnitude of perturbations about
these averages must also be measured.

NHRE's suppression hypothesis is that
the average size of the hailstones
produced by a given storm depends on
the concentration of freezing nuclei in
the air feeding the storm. When these
are comparatively numerous, the
ensuing competition for the available
supercooled water insures the produc-
tion of a large number of small
hailstones. When the freezing nucleus
population is small, there will be a
small number of large hailstones. This,
then, suggests the experimental
attack--to attempt to suppress the
formation of large hailstones by
augmenting the naturally occurring
freezing nuclei with artificial nuclei
such as silver iodide (Agl).

The outcome of the hail suppression
effort is being statistically tested. A
given summer day is designated a "Hail
Day" when a storm of a specific
intensity threatens the Protected Area.
A randomized method is then used to
designate each such "Hail Day" as a
"Seed" or "No-Seed" day. The
research results are further subjected
to quantitative analysis of the
precipitation collected in the
Protected Area, which acts as its own
control. Given the frequency of
hailstorms in the Protected Area, 60%
success in suppressing storms could be
demonstrable at the 0.05 significance
level in five years. Should success be
lower, for example 30%, it will take
longer to establish the same signifi-
cance level.

Microphysical Effects

If seeding produces more and smaller
hailstones, this should be apparent in
the nature of the maximum radar
reflectivity. Dual-wavelength radar
should be sensitive to a decrease in
liquid water content and to a shift in
the hailstone size distribution toward
smaller sizes produced by seeding.

This mobile observing unit chases hailstorms to take rain, hail, and air samples and to make

weather measurements in the area where the rain and hail are falling. The three buckets on

the long boom atop the truck catch rain and hail as they fall. They are elevated high above

the ground to avoid splashing from the ground or other surfaces nearby. The mast at the

rear of the truck holds instruments to record wind speed and direction. It also carries a tube

for taking air samples.
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Dynamical Effects

If seeding converts a large amount of
supercooled water to ice, a substantial
quantity of latent heat will be released
at temperatures higher than would be
the case with natural freezing. This
causes increased buoyancy at lower
levels and intensified updraft velocity.
The radar echo top and the cloud top
itself should both rise after seeding.
Radar can detect changes in the rate of

Growth layers are seen in hailstone thin-
sections between crossed polaroids (left),
showing changes in component crystal sizes,
and in ordinary, transmitted light (right),
revealing the air bubble layering. Analysis of
the growth layers and central embryos of
hailstones reveals characteristics of the
storm environment in which they grew.

growth of the echo top, while changes
in the temperature and vertical
velocity in the updraft, and in vertical
velocity at cloud base, can be
measured by the penetrating and
cloud-base aircraft.

The technology assessment study, the
supporting studies, and NHRE itself
are expected to provide certain basic
information to identify the critical
hailstorm characteristics or variables
from physical, economic, environ-
mental, legal, political, and social
points of view, to assess the effects of
a small set of reasonable hypotheses
regarding the effects of seeding on
these variables, and to estimate
quantitatively the impacts of
hailstorms as described by these
variables.

An important aspect of this is the
formulation of an economic model
which relates the variables of concern
to the primary economic impacts. In
subsequent analyses, the initial
analysis will be refined by considering
certain secondary economic impacts
and by attempting to identify the
ecological, legal, political, and social
costs and benefits. The development
of the decision analysis model will be
an iterative procedure involving
refinements based upon information
obtained from the technology
assessment and other NHRE studies.

The intensity of hailfall at the ground is a
primary criterion for evaluating the
effectiveness of suppression techniques, but
microphysical and dynamical effects
measured from aircraft also contribute to
the evaluation. One of the aircraft used to
make measurements in storm clouds during
the 1973 season was the armored T - 28
from the South Dakota School of Mines and
Technology, pictured here.

Since the microphysical processes in a cloud
are largely determined by the microphysical
content of the updraft, nucleating material
is added to the updraft at the -5C level for
delivery throughout the cloud. In NHRE,
the Agl is introduced in one of two ways:
by airborne rockets fired vertically from an
aircraft flying in the updraft at cloud base,
or by fuzees burned on the wings of an
aircraft below the cloud. Here an NHRE
scientist is shown loading fuzees aboard a
Piper Aztec aircraft used for seeding.
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The technology assessment research
effort carried out by NCAR's Environ-
mental and Societal Impacts Group
includes:

* Obtaining baseline values for silver
in the target area ecosystem before
any seeding began

* Monitoring storm deposition of
silver

* Sampling of water, water plants,
and muds as well as surface litter
and fresh plant materials

* Conducting greenhouse experiments
with range grasses and forbs growing
in soils which contain varying
concentrations of silver

* Investigating silver concentrations in
primary consumers such as
grasshoppers

* Studying the downwind effects of
cloud seeding.

Soil respiration studies, begun in 1971,
will be continued if possible silver
effects are indicated.

In the summer of 1971, NHRE's field
effort was devoted to testing of
equipment and developing operational
procedures. The 1972 effort was
shared equally between the research
and suppression phases of the project
while evaluation of the impact of hail
suppression on the environment--
both natural and socioeconomic--
began. This included studies of the
effects of silver iodide on soil, crops,
and natural vegetation in the target
area.

The 1973 and 1974 seasons saw
further studies of single-cell storms
and the continuation of statistical
studies of the effects of cloud seeding
and of the environmental assessment
phase of NHRE. Cost-benefit evalua-
tions and a study of the effects of hail
suppression on downwind regions
begun in 1972 were continued.

National Hail Research Experiment
Staff

as of 30 June 1974

Charles Abbott
Edna Anderson
David Atlas
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Mae Bashor
Robert Begy
Helen Benner
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Michael Callan
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Ralph Coleman
Joan Duggan
James Dye
Peter Eccles
James Fankhauser
Jack Fink
G. Brant Foote
Charles Fuselier
Larry Goldberg
Alvena Goodwine
David Goto
Paula Gordon
Ada Greenwood
Walter Grotewold
Kenneth Hite
Emily Hoffman
Donna Hoke
Neil Holzman
Dorene Howard
Steven Idler
Peter Johnson
Virginia Johnston
Thomas Kerrigan
Charles Knight
Nancy Knight
N. Joan Krzyzosiack
Thomas Kyle
Gerhard Langer
Norma Lingelbach
Clifton Lovell
Lawrence McElhaney Jr.
John Merrill

Edith Miesse

Alf Modahl
Carl Mohr
Donald Morris
Clarence Nagamoto
Hing Ng
T. Randy Nicholas
Ilga Paluch
Carole Pearce
Robert Rader
Charles Reynolds
Ronald Rinehart
Frank Robitaille
James Rodgers
Jan Rosinski
Richard Sanborn
J. Doyne Sartor
C. Ray Shiffer
Ackley Smith
Mark Solak
Laurence Sorensen
Rita Sorensen
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Advisory Committee

Walter F. Hitschfeld
McGill University

Ronald L. Lavoie
NOAA, Rockville, Maryland

Paul B. MacCready Jr.
AeroVironment, Inc., Pasadena,
California

Joanne Simpson
University of Virginia

Patrick Squires
Desert Research Institute, University
of Nevada
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Atmospheric Aerosol Project

NCAR studies of atmospheric aerosols
are concerned with the sources and
sinks of aerosol particles, and the
transport and alteration of these
particles from their entrance into the
atmosphere to their exit. With this
fundamental knowledge, the impact of
aerosols upon such phenomena as the
radiation balance, the formation of
water clouds, and the viability of living
material can be properly assessed.

Field studies to identify both natural
and man-made aerosols and to
determine the history of their spatial
concentrations are an important
element of the Atmospheric Aerosol
Project. Measurements from aircraft
and from surface sites will be
combined with theoretical and
meteorological analyses to provide,
ultimately, a predictive capability for
aerosols on all scales of atmospheric
motion.

Laboratory studies are conducted
primarily in support of field
operations in the areas of gas/particle
interactions, cloud condensation
phenomena, aerobiology, and other
aspects of aerosol science. Numerical
and theoretical models which can be
tested against the data gathered in the
field and in laboratory experiments are

being formulated. These models will
also aid in planning field and labora-
tory experiments and in analyzing
further observational data. Eventually
such models will aid in making long-
range decisions concerning such things
as land use, weather and climate
modification, and the control of
certain types of agricultural practices.

An important field program was
carried out by project scientists in
early 1974, in cooperation with
researchers from five institutions. Soil
samples gathered in Plains, Texas, and
airborne dust gathered at various
altitudes above the town are now
being analyzed to determine the
effects on weather of aerosols
generated from arid lands and to
discern the contribution of such
aerosols to the global aerosol load.

NCA R's electron microprobe, used to
determine the chemical composition and
characteristics of aerosols, is computer-
controlled and completely automatic. The
instrument also contains a secondary
electron microscope feature.

This laser polar nephelometer, shown here
in the NCA R Electra, determines the optical
characteristics of atmospheric aerosols.
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Atmospheric Aerosol Project Staff

as of 30 June 1974

Patricia Cardamon
Edwin Danielsen
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Advisory Committee

Sheldon K. Friedlander
California Institute of Technology

James P. Friend
Drexel University

Marion L. Jackson
University of Wisconsin

Patrick Squires
Desert Research Institute, University
of Nevada

Alfred H. Woodcock
Institute of Geophysics, University of
Hawaii

Seymour Zenchelsky
Rutgers University
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Upper Atmosphere Project

The Upper Atmosphere Project is
designed to obtain a detailed under-
standing of chemical, physical, and
dynamical processes in the atmosphere
above the tropopause and to learn how
these processes are linked both to solar
variability and to processes in the
lower atmosphere. Since methods to
observe the upper atmosphere have
become available only recently, this
region is a scientific frontier with
many basic problems still unsolved.

The atmosphere's higher regions are a
potentially fragile part of the global
environment and are therefore of
concern to scientists and to the public.
The possibility of serious damage to
the stratosphere recently gained
international attention in the
controversy over the supersonic
transport. If man-made alterations

lower the concentration of strato-
spheric ozone, more ultraviolet
radiation might reach the earth's
surface and threaten human health.
Climatic changes could also result if
stratospheric aerosols (suspended solid
and liquid particles) increase or de-
crease, because aerosols influence the
amount of solar energy reaching the
earth. Thus, a goal of national
importance is to learn the present
condition of the upper atmosphere
and to understand how it changes.

The Upper Atmosphere Project pro-
vides a focus for many university
investigations and contributes some
rare or unique resources for joint use,
such as limb-scanning satellite instru-
ments, cryogenic sampling techniques,
far infrared spectrometry, and
computer models to simulate

dynamical, chemical, and aerosol
processes. Recent work includes:

* Cryogenic Rocket Sampler. NCAR's
rocket-borne cryogenic air sampler
flew successfully at White Sands
Missile Range in early 1973. As the
sampler rushed upward through the
atmosphere, air was rammed into a
sampling compartment at supersonic
speed. The air condensed on coils
chilled by liquid neon to yield a
sample of 150,000 liters of air from
altitudes between 40 and 50 km.
Analysis of the results has provided
some of the first direct measurements
of water vapor, molecular hydrogen,
methane, carbon monoxide and
dioxide, nitrous oxide, and other
minor constituents in this altitude
interval.

NCA R's Enclosed Cryocondenser for A ir
Recovery is launched at the White Sands
Missile Range on a NASA A erobee rocket.
A t the sampling altitude the split nose cone
opens and is ejected, along with a cover over
the sampler's inlet. Following parachute
recovery, the condensed air sample is
brought to NCA R for analysis.
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* Limb Radiance Inversion Radiom-
eter (LRIR). In a joint experiment
involving NCAR, NASA, Florida State
University, and Drexel University, an
instrument for measuring global
distribution of temperature, ozone,
and water vapor in the stratosphere
and lower mesosphere is scheduled for
launch in December 1974 on the
Nimbus F spacecraft. The radiometer
will obtain data for approximately one
year. It uses a new technique for
measuring the thermal radiation

emitted by the earth's atmosphere,
seen at the horizon, or limb, and
inverting these data to obtain the
desired results. The technique will
provide the first global data on upper
atmospheric ozone and water vapor
and will have excellent vertical resolu-
tion. Dynamicists in the Upper
Atmosphere Project will use data from
the LRIR to assist in forecasts for the
First GARP Global Experiment.
The engineering model of the radiom-
eter has undergone testing and bench

Limb radiance inversion radiometer
(Honeywell photo).
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integration at the spacecraft contrac-
tor's facility. Flight hardware is in
advanced stages of fabrication.

* Lower Atmosphere Composition
and Temperature Experiment
(LA CATE). The participants in the
LRIR experiment are also developing
equipment to measure trace con-
stituents in the stratosphere (20 to
40 km altitude) from satellites. The
trace constituents (ozone, nitrogen
dioxide, water vapor, nitric acid,
methane, nitrous oxide, and others)
must be measured to within parts per
million or parts per billion. A proposal
for inclusion of the equipment in the
Nimbus G payload (1978) is under
review. Tests of the instrument aboard
a high altitude balloon, also involving
the Universities of Wyoming and
Denver were made in May 1974, and
the LACATE data and other measure-
ments made in support of the test
provide one of the most complete sets
of data on the composition of the
stratosphere.

* Balloon Gas Samples. In a program
of several years' standing, air samples
collected aboard stratospheric balloons
are analyzed to determine vertical
distributions of hydrogen and
methane. Balloon flights in March
1973 extended the profiles to an
altitude of 35 km from a previous
ceiling of 30 km. In September 1973 a
sampler was flown using a liquid neon
cryogenic technique similar to that
developed for rocket sampling. The
flight significantly increased the
volume and variety of trace gases
collected. The balloon-borne cryogenic
sampler was also used in support of
the LACATE test.

* Stratospheric Aerosol and Nitric
Acid Sampling. Flights of NCAR
instruments aboard U.S. Air Force
WB57F aircraft have yielded data on
stratospheric aerosol constituents
including sulfate, calcium, magnesium,
sodium, and ammonium, as well as
nitric acid vapor. The flight paths
extended from 75°N to 510 S at four
altitudes between the tropopause and
19 km over the western hemisphere,
and were supplemented by aircraft and
balloon flights over other geographical
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regions, including Australia. Some of
the data are correlated with changes in
meteorological structure. The study is
part of an NCAR-AEC cooperative
project, with assistance from the
Climatic Impact Assessment Program
(CIAP) of the U.S. Department of
Transportation. In a related program
an organic aerosol collecting system
has been developed and tested in
tropospheric air for later use on NCAR
aircraft. The purpose of the system is
to provide benchmark figures for the
mass mixing ratio of particulate
hydrocarbons in the stratosphere in
order to determine concentration
trends resulting from commercial
flights above the tropopause.

* Chemical Modeling. With the help
of a university visitor, a detailed
chemical model which incorporates all
reactions and species believed to be
important in the stratosphere and
lower mesosphere has been developed.
Preliminary results indicate rather
good agreement with actual samples
obtained from the rocket and balloon
programs. The model predicts
additional trace species that ought to
be present at high altitudes; these
species will be sought in future
measurement programs.
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* Ionospheric Model. A diurnal model
of the ionospheric F-region, incor-
porating many physical processes, has
been developed and compared with
MIT radar measurements at Millstone
Hill, Massachusetts, that use the
technique of incoherent backscatter.
The model is used by NCAR and
university investigators to examine the
influence of neutral thermospheric
winds on various ionospheric pro-
cesses, to study problems in airglow
(light from sun-induced chemical
reactions), and to determine the
efficiency of neutral gas heating from
ionospheric sources.

0 Dynamic Modeling of the Strato-
sphere. NCAR dynamicists working
with the Upper Atmosphere Project
are investigating seasonal changes in
the global circulation by taking into
account such factors as the daily
progression of solar declination, ozone
distribution, and ocean surface
temperature. They have extended a
version of the NCAR General Circula-
tion Model (GCM) to an altitude of
36 km to help understand the strato-
spheric circulation through analysis of
momentum and energy budgets. Wave
motions in the lower atmosphere
transport energy upward to the
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Cross-section of the stratospheric aerosol
scattering ratio determined from airborne
lidar measurements collected during the
11 March 1973 flight from Honolulu to
Albuquerque.

stratosphere--an effect that is
especially pronounced when mountain
barriers generate waves in the flow of
the lower atmosphere. Experiments
with the GCM show that this upward
transport of wave energy is a major
energy source for motions in the
stratosphere. Future plans include an
extension of the top of the GCM to
72 km and improvement in the
description of radiative heating and
cooling processes, taking into account
the photochemistry of ozone. The
model will be used to study the
interaction of chemistry and dynamics
in the stratosphere and mesosphere.
Ultimately it will be linked to the
model of the thermosphere and
ionosphere.

* Far Infrared Studies. NCAR
scientists are flying a computer-
controlled interferometer aboard the
Sabreliner aircraft to measure far
infrared radiation from stratospheric
trace gases such as water vapor,
ozone, nitrous oxide, nitrogen
dioxide, and nitric acid. The purpose
is to learn more about the composi-
tion and distribution of the
components of the stratosphere that
affect the thin layer of ozone that
protects life on earth from damaging
ultraviolet solar radiation. Most
polyatomic molecules (except very
symmetric ones like carbon dioxide)
have a nonuniform distribution of
electric charge which causes them to
absorb or emit electromagnetic
radiation as they rotate. For
common atmospheric molecules, this
radiation occurs at wavelengths of a
fraction of a millimeter. The inter-
ferometer measures wavelengths
absorbed or emitted to identify the
particular molecule and measures the
intensity to indicate how many
molecules are present. The instru-
ment's high resolution, wavelength
range, and intensity calibration give
it a unique measuring capability.

* Laser Probing. Laser radars (lidars)
have been used since the mid - 1960s
to study temporal and spatial varia-
tions in the stratospheric aerosol
layer: a small portion of a vertically
directed laser pulse is scattered back
to earth by the aerosol and is
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detected by a sensitive receiver. An
NCAR airborne lidar was flown over
the Atlantic and Pacific Oceans in
1971 in a joint University of
Wisconsin/NCAR study. In late
February and early March 1973 an
improved NCAR lidar was flown
along a path from New Mexico to
Labrador, Alaska, the North Pole,
the Equator, and back to New
Mexico. In April 1973 the experi-
ment was repeated along a path
from New Mexico to Labrador,
Iceland, Spain, and back to New
Mexico. These flights were con-
ducted as part of the study of the
climatic impacts of supersonic
transports sponsored by the U.S.
Department of Transportation. The
ability of airborne lidar to obtain
data over an extensive portion of
the globe is demonstrated well in
the accompanying contour diagram
of the stratospheric aerosol
scattering ratios obtained during the
11 March 1973 flight from Honolulu
to Albuquerque (a ratio of 1.0
implies aerosol-free conditions). This
work will continue in conjunction
with the University of Missouri at
Rolla.

Upper Atmosphere Project Staff

as of 30 June 1974

Robert Brill
Richard Cadle
Robert Dickinson
Dieter Ehhalt
Frederick Fernald
Charles Frush
Bruce Gandrud
John Gille
Leroy Heidt
Allan Lazrus
Richard Lueb
William Mankin
M. Nadine Perkey
Walter Pollock
Raymond Roble
Takashi Sasamori
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High Altitude Observatory

The High Altitude Observatory (HAO)
conducts research on the physics of

the sun and the solar-terrestrial
environment, combining observational,

theoretical, and numerical modeling

methods. HAO's staff scientists

maintain close ties with a host of other

institutions and researchers, collabo-

rating both individually and in joint

observational programs.

HAO focuses on the most basic

problems in contemporary solar
astrophysics. Also, stemming in part

from the pioneering work of HAO's

first director, Walter Orr Roberts, the

scientists have been concerned with

solar influences on the earth's
atmosphere. Those influences begin

with processes on the sun's surface and

continue in the corona and solar

wind--a thin, gaseous atmosphere
that fills interplanetary space to the

earth and beyond.

In the broadest sense, all weather owes

its origin to the sun, which drives the

atmosphere's general circulation.
Studies in meteorology, weather
modification, and climatology must
inevitably reach beyond the earth-

atmosphere system to include solar

influences. Similarly, solar studies--
particularly those which rest on
observational data--must answer
questions posed from the standpoint

not of astronomy or physics alone, but

of atmospheric science as well. HAO's
relatively independent standing, its
contributions to the whole of solar
research, and its services to the solar

research community are the guarantee
of mutually beneficial exchanges
between HAO and other NCAR
programs and, more generally,
between the communities of solar

research and atmospheric science.

Probably most noted for its coronal
research, HAO emphasizes the integra-
tion and interconnection of all its

studies, whether they come under the
rubric of particle physics, plasma
physics, geomagnetic studies, spectros-

copy, or magnetohydrodynamics. For
descriptive purposes, it may be
convenient to view the HAO effort as
divided into three categories, following
a line from the sun outward toward
the earth.

* HAO's lower atmosphere research

concentrates on the mechanisms by
which energy is transferred from the
photosphere (sun's surface) to the
chromosphere and outward to the
corona, and on the observation of
events taking place on the sun, such as

solar flares. An understanding of the

energy balance in the outer atmo-
spheres of stars is a basic problem in

astrophysics that is particularly
prominent in solar research, because

the very existence of the chromo-
sphere and corona implies the presence

of energy sources other than radiative.

The central goal of the research is to

identify the heating mechanism of the

chromosphere and corona and to
determine the solar atmospheric model

that would result--and then to find

the model's response to such large
transient energy inputs as flares.

* Studies in the corona and inter-

planetary medium embrace the

dynamics and thermodynamics of

transport processes, problems of

An active region of the sun, seen in the light

of the Ha line (top), and its computed
magnetic field configuration. Comparison of
the structures shown yields information
about the relationship of solar activity to
magnetic fields. (Photo courtesy of
Yoshinari Nakagawa.)
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magnetic fields, and temperature
effects in the corona and solar wind.
The goal of the studies is to find what
properties of the solar wind govern the
solar wind/magnetosphere interaction
and to quantitatively connect the
variability of these properties with
changes on the sun itself. In this
context a wide variety of studies has
been carried out, including work on
the acceleration mechanism of
particles in solar flares, the dynamic
reconnection of magnetic fields, the
evolution of force-free magnetic field
in response to photospheric motion,
and solar radio bursts that may be
diagnostic of interactions among
magnetic fields and electron plasma
waves.

* Closest to the earth, studies in the
interactions of the magnetosphere and

ionosphere are devoted to developing a
quantitative understanding of the
physical processes important to the
interaction between the solar wind and
the magnetosphere in order to be able
to predict the precise effects of solar
variations on the ionosphere and
thermosphere.

HAO's research effort is buttressed by
much activity devoted to the develop-
ment of observing facilities and
instrumentation. HAO maintains one
observing station, at Mauna Loa,
Hawaii, equipped with two
K-coronameters and a wide-field Ha
camera. Data from these instruments
constitute an important facet of the
effort to understand the corona and
solar wind.

HAO's White Light Coronagraph,
under development since 1962, made
solar physics history during its flight
on NASA's Skylab orbiting satellite.
Operating automatically or under the
control of the Skylab crews, the
coronagraph took nearly 36,000
pictures of the sun's corona out to

6 R, (solar radii). The most remark-
able observations were of the great
number and intensity of coronal
transients, and the pictures reveal not
only rearrangements of material within

HAO participated with the University
of Colorado and the French National
Observatory at Meudon in the develop-
ment of an integrated scientific
payload for the orbiting solar observa-
tory (OSO-I) scheduled for launch in
March 1975. The instruments will
further elucidate the energy balance in
the solar atmosphere and its modula-
tion by magnetic fields.

Two instruments have been jointly
developed by HAO and the U.S. Air
Force's Sacramento Peak Observatory,
and both will be in operation in the
fall of 1974. One is a Coronal
Emission Line Polarimeter (KELP),
designed to observe the corona,
measuring the intensity of the radia-
tion field and the degree and direction
of polarization in the Fe XIII emission
line (10747 A). The KELP data will be
used for the determination of the
coronal magnetic fields and their
influence on the structure of the
corona and solar wind. The second
new instrument is called the Stokes
Polarimeter, designed to study the
lower solar atmosphere and
prominences appearing on the limb. It
detects all four Stokes parameters
(measures of intensity and polarization
of incoming light) across a line profile
for any spectral line from the sun in
the range from 4,000 to 7,000 A. The
data will be analyzed, utilizing the
theory of radiative transfer, to
determine solar surface magnetic field
strengths and directions. The purpose
is to gain an increased understanding
of the role played by magnetic fields
in determining the structure of the
lower solar atmosphere.

HA O scientists Thomas Baur (left) and
Lewis House install the Stokes Polarimeter
in the 40- cm coronagraph at the U.S. Air
Force's Sacramento Peak Observatory in
Sunspot, New Mexico. It will extend solar
and coronal magnetic field studies by
measuring polarization as a function of
wavelength in spectral line profiles.

If the direction of vibration of a light wave
is not random, the light is said to be
polarized. The polarization may be linear (in
a fixed plane) or circular (propagating in a
helical or corkscrew fashion). Light
propagating through a medium in the
presence of a magnetic field will be
polarized. From the polarization informa-
tion given by the Stokes Polarimeter,
scientists can infer the direction and
strength of magnetic fields on the sun.

The traditional spectrograph measures the
intensity of light at each wavelength as it
scans the solar spectrum. The Stokes
Polarimeter measures the intensity plus the
complete polarization at each wavelength
-- it "squeezes all the information out of a
photon, "as one scientist put it. The
complete mathematical description of the
polarization information is given by four
quantities called the Stokes parameters: one
describes intensity, two describe linear
polarizations, and the fourth describes
circular polarization. (Photo courtesy of
Thomas Baur.)

the corona but also ejections of
material from the sun, some reaching
quite massive proportions.
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A recent HAO effort that will be
useful to the solar research community
as a whole is the development of a
radiative transfer computer program
library. The establishment of such a
library is particularly timely, in view
of the wealth of data now becoming
available from the six solar experi-
ments on Skylab and that expected
from the OSO-I. The first five
programs in the library comprise a
non-local thermodynamic equilibrium
program for computing model H-He
stellar atmospheres, employing a
complete linearization technique; a
program for solving the radiative
transfer equation by doubling of thin
layers; a program for calculating the
polarization of coronal emission lines;
a program for solving the non-local
thermodynamic equilibrium problem
for multilevel atoms via equivalent
two-level atom iterations; and a
sequence of data reduction and
analysis programs. The programs are
available on disk files in the NCAR
Computing Facility and may be used
by researchers at remote terminals.

The specific research accomplishments
of HAO scientists over the most recent
period are far too numerous to
describe in detail, but a brief rundown
may serve to indicate the scope of
their interests.

Three experiments were carried out by
an HAO team that went to Kenya to

make observations during the solar
eclipse of June 1973. The first experi-
ment accumulated photographs of the
corona for use in studies of various
aspects of the behavior of solar
particle emissions and magnetic fields
in interplanetary space. A second
experiment photographed spicules in
the corona in order to measure spicule
electron density and compute a value
for the kinetic energy carried by the
spicules. The observations in white
light showed evidence of faint spicule
structures rising to a greater height
than previously observed in Ha. A
third experiment successfully recorded
the total intensity and polarization of
equatorially oriented coronal
streamers out to 12 R, (solar radii).
An accomplishment related to the
second experiment was the proposal of
a new mechanism for the acceleration
of spicule matter, utilizing the pressure
produced by absorption of Lyman-a
radiation to force the spicule material
outward along magnetic field lines.

The recent completion of a theoretical
model of the electron temperatures in
solar wind stream interaction
regions-where plasma streams with
different expansion velocities
collide-will contribute to studies of
the heat conduction process. Heat
conduction by electrons is the most
important energy transport mechanism
in the region of the corona where the
major acceleration of the solar wind
takes place.

The far infrared spectra of the sun,
observed from the NCAR Sabreliner
jet in a high-altitude flight, were used
to obtain a determination of the

Test output traces from the Stokes
Polarimeter. The instrument's complex
optical and electrical detectors produce
identifiable, characteristic intensity
modulations in incoming light that are
related to the polarization of the light. HA 0O
scientists are working on the complex
problem of deconvolution of the
information produced as the polarimeter
observes the sun 's surface, flares, sunspots,

brightness temperature of the sun at
wavelengths of 160 to 700 pm. This
radiation arises in the coolest part of
the solar atmosphere. The analysis
yielded a temperature 200K cooler
and a more rapid temperature increase
above the minimum than in currently
accepted models of the solar chromo-
sphere.

A team of HAO researchers has
completed a fully three-dimensional
model of the corona and interplane-
tary medium. To test the model,
predictions from real data are being
compared with actual solar wind
observations made during the period
of the 12 November 1966 eclipse.

Another group completed work on the
acceleration of magnetic disturbances
in the solar corona. They found that
on a scale of about 100 m in the solar
corona, the Hall effect plays a
dominant role in hydromagnetic
processes, permitting the drift of
magnetic rings through the corona at
speeds greater than the Alfven speed.

The build-up of energy released by
solar flares may occur in force-free
magnetic fields over the region of
activity through the motion of
sunspots; studies of a number of flares
indicated that the energy released in
flares might be accounted for by
changes in the configuration of force-
free magnetic fields.

and prominences. The determination of
solar magnetic fields in this way is expected
to yield a more complete understanding of
the structure of the solar atmosphere.
(Photo courtesy of Thomas Baur.)
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The variety of complex studies made
by HAO scientists and their collabo-
rators at universities and observatories
around the world can be indicated by
a list of studies reported on during the
fiscal year:

* Response of the dayside magneto-
sphere/ionosphere system to time-
varying field-line reconnection at
the dayside magnetopause

* Energy deposition and physical
conditions in the lower corona

* Wave refraction in the solar wind

* Particle acceleration in a magnetic
field

* A new solution for radiative transfer
equations

* Nonisothermal magnetostatic
models of the quiescent prominence

* Magnetic field mapping

* Empirical study of the dynamics of
sunspots

* Surge-prominence model

* Partial redistribution effects in the
chromospheric Mg II, H, and K lines

* Helium acceleration mechanism at
1 AU

* Theoretical He I emission line
intensities for quiescent
prominences

* Hydromagnetic waves in the inter-
planetary plasma

* Resistive force-free magnetic fields

* Propagation of sudden disturbances
through a nonhomogeneous solar
wind

* The helium component of solar
wind velocity streams

* A new method for initializing non-
local thermodynamic equilibrium
statistical equilibrium problems

* Interplanetary magnetic field effects
on the disturbed geomagnetic field

* The location of solar flare excita-
tion and the velocity field deter-
mined from successive
magnetograms

* Calculation of magnetostatic
coronal temperatures.

HAO has also registered some
contributions to the history of science.
The large number of coronal transients
observed by the White Light Corona-
graph aboard Skylab led to speculation
about the number of such events it
would have been possible to observe
from the earth during solar eclipses. It
was theorized that perhaps once a
century before concerted eclipse
observations became the norm, the
right combination of circumstances
would have occurred: an eclipse taking
place directly over an observer
equipped to record a transient that
might be seen. A search of old photo-
graphs and astronomical drawings
revealed that exactly such an observa-
tion had been made in Spain during an
eclipse in July of 1860, by an Italian

astronomer who had journeyed to
Spain to see the event. The coronal
transient was also noted in other
drawings and accounts of the same
eclipse.

And what began as a family project for
an HAO scientist turned into publica-
tion of an astronomical explanation
for the configuration of the Big Horn
Medicine Wheel, a well-known stone
surface pattern in the mountains of
Wyoming built hundreds of years ago
by Plains Indians. Rock cairns in the
wheel mark the summer solstice
sunrise and sunset and the heliacal
rising points of Aldebaran, Rigel, and
Sirius.

For some years, in conjunction with
the Sacramento Peak Observatory,
HAO has sponsored September
Seminars on specialized topics in solar
physics. During the past year, HAO
published the proceedings of the 1972
seminar, Flare-Produced Shock Waves
in the Corona and in Interplanetary
Space. Plans are under way for the
1974 seminar, whose topic is flare-
related magnetic field dynamics.

A drawing made by j. M. Schaeberle of the Lick Observatory from photographs taken in
1893 shows helmet-like structures in the lower corona. Such structures were noted in the
corona during eclipse as early as 1860.
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High Altitude Observatory Staff

as of 30 June 1974

Martin Altschuler
R. Grant Athay
Thomas Baur
Raymond Bovet
Jean Clarke
W. Alden Clarke
Diana Cummings
G. William Curtis.
Lionel Dicharry
John Eddy
David Elmore
Cheryl Fahey
Patricia Falkner
Sally Frock
Ruby Fulk
Charles Garcia
John Gosling
Joseph Gurman
Richard Hansen
Shirley Hansen
Robert Hanson
Edwin Harper
Frank Hegwer
Ernest Hildner
Joan Hirshberg
Joseph Hollweg
Thomas Holzer
Lewis House
Howard Hull
Arthur Hundhausen
Elizabeth Kimura
Roger Kopp
Philip Kuhn
Leon Lacey
Loren Laramore
Robert Lee
Carl Lilliequist
Robin Lyons
Robert MacQueen
Glenn Magelssen
Nancy Martin
Sadami Matsushita
Daniel McNamara
Frank Melchior
Dimitri Mihalas
Richard Munro
Yoshinari Nakagawa
Gordon Newkirk Jr.
R. Michael Perry
Victor Pizzo
Gerald Pneuman
Arthur Poland
Charles Querfeld
Stephen Rogers

Andrew Skumanich
Dean Smith
Charles Smythe
Robin Stebbins
Mary Ann Stockling
Kathryn Strand
Lyall Swafford
Einar Tandberg-Hanssen
Victor Tisone
Rebecca Toevs
David Tripp
Dorothy Trotter
D. Keith Watson
Robert Wendler
O. Richard White
Douglas Wilson
Thomas Wilson
Eric Yasukawa
William Zelt

Advisory Committee

Richard C. Canfield
Sacramento Peak Observatory

John W. Harvey
Kitt Peak National Observatory

Russell M. Kulsrud
Plasma Physics Laboratory, Princeton
University

Frank Q. Orrall
Institute for Astronomy, University of
Hawaii

Vytenis M. Vasyliunas
Center for Space Research,
Massachusetts Institute of Technology

George Withbroe
Center for Astrophysics, Harvard
College Observatory

Charles Ross
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Advanced Study Program

The purpose of the Advanced Study
Program is to encourage long-term
interaction between university and
NCAR atmospheric scientists and to
contribute to the development of the
highest level of scientific ability for
solving major problems of the
atmosphere with:

* One-year postdoctoral and senior
postdoctoral fellowships

* UCAR fellowships for graduate
students

* Summer fellowships for minority
students

* Summer colloquia and workshops.

The postdoctoral fellowship program
is designed to acquaint both new
Ph.D.s and established scientists,
particularly university faculty, with
NCAR's major research programs and
facilities. Fellows may already be
working on atmospheric problems or
may be interested in applying back-
grounds in physics, mathematics,
chemistry, engineering, and
occasionally the social sciences to
problems of the atmosphere. In this
way the Fellows can add to their
knowledge of the atmospheric sciences
or begin research in a new area in
order to create teaching and research
programs at their home institutions.

The UCAR fellowship summer pro-
gram offers a limited number of
graduate fellowships, which include a
year at the Fellow's graduate institu-
tion as well as a summer of study at
ASP. These fellowships are offered to
outstanding students, whether or not
they have had previous training in the
atmospheric sciences; the aim is to
provide a chance for scientists to
become familiar with the spectrum of

programs and facilities at NCAR early
in their careers and to increase the
possibility of long-term associations in
the future. Through the activities of
the UCAR Fellowship Committee,
efforts are made to see that fellowship
opportunities are made available to
women and ethnic minority students.

Fellows are on one-year appointments
and are expected to spend the summer
before the academic year in residence
at NCAR. They work closely with
cooperating senior scientific staff
members or visitors to gain experience
in research; appropriate projects
brought from home institutions can be
continued during their stay.

Since the UCAR fellowship program
now has many more applicants than
available fellowships, the committee
must turn down many excellent
candidates. A few of these are
sometimes invited by the Advanced
Study Program to spend the summer
at NCAR.

This photo was taken at the 1972 ASP
summer colloquium on the "Dynamics of
the Tropical A tmosphere," a topic chosen
for its relevance to current scientific
problems and to the planned GARP
Atlantic Tropical Experiment. Both
observational and theoretical perspectives
were covered in review lectures, a special
workshop, discussions, and independent
reading.

Among the participants were 21
predoctoral and five postdoctoral
scientists representing 15 institutions and
ten nationalities. The colloquium lectures
gave a representative view of each subject
area; notes reflecting the central concepts
and including material and references
beyond the immediate scope of each
lecture were distributed.

Participants and observers from 14
institutions joined NCA R staff in a week-
long colloquium in 1973 to consider
"The Biosphere and the Atmosphere:
Models and Interactions." The topic
chosen for the 1974 ASP colloquium was
"Subsynoptic Extratropical Weather
Systems: Description, Analysis, and
Modeling."
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The Environmental and Societal
Impacts Group (ESIG) of ASP
examines the societal implications of
anticipated results of large, continuing
atmospheric research programs. ESIG
is currently studying the economic,
ecological, legal, political, and societal
implications of hail suppression in
northeastern Colorado, in conjunction
with the National Hail Research
Experiment (NHRE) and in prepara-
tion for a possible operational hail
suppression program in the northern
Great Plains after NHRE.

The portion of the ESIG program that
is focused on NHRE consists of three
interrelated elements:

The scarcity of ethnic minority members
in professional positions in the
atmospheric sciences exists largely because
too few minority students have been
academically exposed to the atmospheric
sciences. A wareness of this at NCA R led
to a cooperative summer fellowship
program for minority students. Working
through the Atlanta University Center
with four undergraduate colleges, in 1973
ASP brought six students to NCAR for a
summer of work on small projects under
the guidance of individual NCA R staff
members. The students also attended a
special introductory class on atmospheric
sciences. The class offered intensive study
of meteorological theory with emphasis
on thermodynamics and dynamics, using
examples from actual data and
observations. They also participated in
special seminars and readings on a
broader range of topics planned to
stimulate their interest in the field. The
program continued in 1974; minority
students also became interns in the
Computing Facility in a summer program
launched by ASP.

A program of ASP seminars is conducted
periodically for the benefit of NCA R's
scientific visitors. The seminars are

* A core study to provide information
that will allow public and private
decision-makers to reach intelligent
decisions on implementing operational
hail suppression programs in the years
following NHRE

* Contract studies in which specific
aspects of societal implications or
impacts of NHRE or of a potential
operational hail suppression program
are investigated

* Related activities concerned pri-
marily with public interactions with
NHRE, such as ESIG sponsorship of a
Citizens' Council on Hail Research
made up of community leaders in

northeastern Colorado or ESIG's
systematic monitoring of public atti-
tudes and legislative actions with
respect to NHRE field operations in
particular and weather modification
activities in the state of Colorado in
general.

Postdoctoral Fellows from the social
sciences with interest in problems of
human interactions with the atmo-
sphere work with ESIG staff and
others at NCAR.

primarily educational and deal with the
research problems under study at NCAR.
Here, NCAR Executive Director John
Firor presents an overview of NCAR
programs.

59



Advanced Study Program Staff

as of 30 June 1974

John Annan (ESIG appraiser)
Stewart Borland (ESIG)
Gary Castle (ESIG appraiser)
Peter Gilman
Bernhard Haurwitz
Jackson Herring
W. J. D. Kennedy
Therese Malouf
Allan Murphy (ESIG)
Gloria Parker (ESIG)
James Piper (ESIG)
Ursula Rosner
John Snyder
Robin Stebbins
Betty Wilson

Advisory Committee, Environmental
and Societal Impacts Group

Stanley A. Changnon Jr., Chairperson
Illinois State Water Survey

James A. Crutchfield
University of Washington

Paul R. Julian
National Center for Atmospheric
Research (GARP Project)

Dean Mann
University of California
at Santa Barbara

Eldon E. Weeks
U.S. Department of Agriculture
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Atmospheric Technology Division

An NCAR mission of foremost impor-
tance is to identify, develop, and make
accessible major research services and
facilities required by the universities
and NCAR for effective progress in
atmospheric research programs.
Working in cooperation with univer-
sity research groups and other
organizations, NCAR is responsible for
assuring the most effective develop-
ment of joint-use facilities, which must
serve efforts of high priority in the
atmospheric sciences through a system
of NCAR/institutional arrangements
for optimum facility development and
deployment.

Five facilities make up the Atmo-
spheric Technology Division:

* Research Aviation Facility. NCAR
provides the atmospheric science
community with research aircraft and
the allied services of integrated
systems engineering, developmental
testing, and evaluation of new instru-
mentation. NCAR's aircraft consist of
a jet Sabreliner, two Beechcraft Queen
Airs, a long-range Electra turboprop,
and a sailplane. All carry instruments
for measuring a wide variety of
atmospheric variables. The Electra is
one of the few aircraft in the world
instrumented to provide turbulence
and momentum flux measurements,
and is intended for use in experiments
related to GARP. The Electra provides
universities with both basic and highly
specialized airborne measurement
capabilities and serves as a "standards"
aircraft for GARP participants.
Complete descriptions of the aircraft
and the RAF's services are presented
in Atmospheric Technology, No. 1,
March 1973.

NCA R's Electra aircraft is equipped with
sensors for measuring atmospheric
turbulence with high precision and over
a large range of wavelengths.
Turbulence--any disorganized motion of
the atmosphere--affects many boundary
layer and mesoscale processes and is an
important link in the transfer of energy
to larger scale processes. Internal and
external installations on the nose boom
include an inertial navigation system, gust
probes, and fast response thermometer
and psychrometer; in the cabin are tape
and chart recorders and a computer.
Many studies by NCA R and university
scientists have been conducted using this
instrument complex.
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AND OTHER INSTITUTIONS - 1973

Number of Universities Number of
and Institutions Scientists

Represented Served
Aviation 15 43
Balloon 23 51
Computing 100 310
Field Observing 48 83

Total Number of Scientists Served 487



* National Scientific Balloon Facility.
Operated by NCAR through UCAR,
NSBF provides ballooning services to a
large number of U.S. and foreign users
and support agencies.

Before 1963 there were few and only
marginally successful experiments
using moderately large scientific
balloons. Facilities were not adequate
for the growing complexity and
frequency of scientific balloon flights;
needed were heavy, high-acceleration
launch vehicles, well-equipped payload
preparation areas, and sophisticated
data handling and transmission
systems.

NCAR met these needs by establishing
the NSBF at Palestine, Texas, in 1962.
The NSBF is now recognized as a
national facility and serves as a model
for other scientific ballooning organi-
zations.

In ten years of active operation the
facility has made more than 800
balloon flights in support of 78 univer-
sity and agency research organizations
for the United States and for nine
European countries. Outstanding
research findings made with the help
of the facility were: the Stratoscope II
high-resolution astronomical photo-
graphs, the discovery of high-energy
radiation from celestial objects, far
infrared maps of the Milky Way, and
the nature of the high-energy cosmic
rays bombarding the earth's atmo-
sphere. A complete picture of the state
of the science and of the NSBF is
presented in Atmospheric Technology,
No. 5, March 1974.

* Computing Facility. NCAR operates
one of the largest computing systems
available to university atmospheric
researchers. Operationally linked
Control Data 7600 and 6600 com-
puters, supported by advanced
software and operating systems, are
particularly effective for large numeri-
cal models of the atmosphere. The
Computing Facility's resources are
used in all areas of atmospheric
research and are indispensable in
many. Basic research in numerical and
mathematical techniques provides
improved solutions to problems that
occur in modeling atmospheric
phenomena. The facility also main-
tains an extensive archive of magnetic
tapes containing historical meteoro-
logical data. In 1974 NCAR began to
implement remote-use networks to the
universities; the terminals will later be
linked to a next-generation Advanced
Computer for Array Processing,
acquisition of which is currently under
negotiation. The Computing Facility's
equipment, operations, and services
are described in Atmospheric Technol-
ogy, No. 3, September 1973.

Large scientific balloons can lift payloads
weighing several thousand pounds into the
stratosphere. During ascent helium gas
expands to fill out the entire balloon.

TIME LINE--NCAR COMPUTING PLANS
(Calendar Years)
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* Field Observing Facility. The
primary responsibility of the FOF is to
develop and operate unique and
sophisticated data collection systems
needed by the atmospheric research
community for field programs.

Augmenting FOF's radar capabilities
in 1974 has been a new mobile C-band
radar with doppler capability; it is to
be followed by a second, identical unit
in 1975. One or both of these systems
may be used in programs studying
cloud physics, boundary layers, pollu-
tion, and convective storms. A real-
time color display of radar data has
been developed for use with these
systems.

An important adjunct to the data
collection equipment is supplied by
two laser radars: a vertically pointing
152.4 - cm (60 - in.) ruby laser for
high altitude studies, and a dye laser
for both airborne and ground-based
observations. The dye laser contributes
to boundary-layer, pollution, and
cloud studies.

FOF also maintains standard minor
meteorological instrumentation to
measure wind, temperature, humidity,
precipitation, and radiation. The
facility has a long record of expertise
in providing logistics planning and
operating its equipment on a global
scale. Many FOF personnel spent the

A typical mesoscale system.

A primary goal of the GA RP A tlantic Tropical Experiment (GA TE) is a better understanding
of the influence of the tropical atmosphere in driving the general atmospheric circulation.
Among the observational tools for the experiment is a wind-finding dropsonde to determine
the horizontal wind field, temperature, pressure, and humidity. The NCA R-developed
dropsonde uses radio transmissions of the U.S. Navy's Omega navigation system to derive
horizontal winds along the sonde's fall path; signals from the Omega transmitters are
received by the dropsonde and retransmitted to the launch aircraft. As horizontal winds
carry the sonde during its descent, phase changes occur in the signal which provide a
measure of the mean wind velocity.

summer of 1974 doing such work for
GATE.

* Research Systems Facility. NCAR's
development of major observing,
measuring, data management, and
control systems is centralized in the
RSF. Needed developments are
identified from the requirements
placed on the other ATD facilities and
through consultation with members of
the scientific community. Recent
projects include development of a
wind-finding dropsonde for use in
GATE, a Lyman-alpha hygrometer for
rapid and accurate humidity measure-
ments, a data management system for
the Electra aircraft, and basic research
on systems approaches to optimizing
experimental design. A portable
automatic mesonet composed of at
least 20 remote sensing stations and a
control base station to provide real-
time display, analysis, and archiving is
undergoing construction and testing.
This system will be useful in pollution,
boundary-layer, and precipitation
studies, and as "ground truth"
(reference standard) for large-scale
programs using several different data
collection systems. The real-time
display will give investigators the
opportunity for on-the-spot opera-
tional decisions and program adjust-
ment. The RSF's operations are
described in Atmospheric Technology,
No. 2, June 1973.

Atmospheric Technology Division
Staff

as of 30 June 1974

DIRECTOR'S OFFICE
James Bogard
Yi Jen Lin
Wesley Melahn
William Shaw
Harry Vaughan
Greg Von Bokern
Billie Wheat

RESEARCH AVIATION FACILITY
Ted Adkisson
Harold Barber
Philip Benedict
William Booton
Edward Brown
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Jacques Brun
Robert Burris
Melvin Busch
Robert Carl
James Covington
Karl Danninger
John Dee
Richard Friesen
Richard Garrelts
Walter Glaser
Charles Grow
John Hinkelman
Elizabeth Holdsworth
Neil Kelley
Donald Lenschow
Thomas McQuade
Frederick Meadows
Loyd Newcomer
Clay Orum
H. Matthew Reynolds
Alfred Rodi
Ronald Ruth
Paul Spyers-Duran
Gilbert Summers
Richard Taylor
Jerrell Wilkey
Lester Zinser
M. Norman Zrubek

NATIONAL SCIENTIFIC BALLOON
FACILITY
Herman Bell
Billy Blevins
Donald Brooks
Charles Burris
Daniel Christianson
Grady Cole
Robert Collett
Oscar Cooper
Alice Cradler
L. Bruce Cunningham
C. E. DeFreece
Bettie Furman
Don Gage
Mack Gore
Arthur Gusa
Ralph Harju
William Harriman
Billy Harrison
Delbert Hoefling
J. O. Hollingsworth
Gerald Hooks
Lawrence Huffman
Johnny Ingram
John Jackson
Lionel Johnson
Theo Johnson
Michael King
Robert Kubara

William Landsperger
Lloyd Lasiter
Norman Lincoln Jr.
Tom Lumpkin
Della Lynch
Danny Masur
Frank McCreary
Robert Moody
Charles Palmer Jr.
Michael Pavey
Marvin Riley
Alfred Shipley
Earl Smith
W. Jack Snider
John Sparling
K. Joe Taylor
Robert Thompson
Virgil Vice
Homer Woody
Nuel Woolverton
Boyce Worley

COMPUTING FACILITY
Jeanne Adams
John Adams
Gary Aitken
Alice Andrews
Terry Basnett
Dianne Bernier
Robert Biro
Sharon Blackmon
Gerald Browning
Mary Buck
Jay Chalmers
Mary Chambers
Julia Chapin
Betsey Chen
Celia Chen
Bang-Yaw Chin
Frederick Clare
Patricia Cordell
Santiago Cordova
Ann Cowley
Patrick Coyle
Edgar Davis
Harold Davis Jr.
Donna DeCuir
Astrik Deirmendjian
Benedict Domenico
John Donnelly
Patrick Downey
Margaret Drake
Chester Ellis
Raymond Fabec
Salvador Farfan
Charles Ferguson III
Dean Frey
William Frye
David Fulker

Sandra Fuller
Bonnie Gacnik
John Gary
Gilbert Green
Kenneth Hansen
Jordan Hastings
Lofton Henderson
Roy Jenne
Dennis Joseph
David Kennison
David Kitts
Robert Lackman
Richard Lindenmoyer
David Long
Jack Martindale
Darrell McDowell
Paul Melanson
Jack Miller
Paul Mulder
Robert Niffenegger
Bernard O'Lear
Joseph Oliger
Richard Oye
Harsh Passi
G. Stuart Patterson Jr.
Kelton Penner
Russell Rew
Cicely Ridley
David Robertson
Sabrina Roper
Paul Rotar
Richard Sato
Susan Schemel
Eugene Schumacher
Larry Scott
Wilbur Spangler
David Strayer
Paul Swarztrauber
Roland Sweet
Joyce Takamine
H. Jean Thiebaux
Linda Thiel
Alfonso Trujillo
Richard Valent
Suzanne Van Scotter
Fred Walden
Jo Walsh
Nancy Werner
Gloria Williamson
Marie Working
Thomas Wright

FIELD OBSERVING FACILITY
C. Jane Aschenbrenner
Harold Baynton
Richard Bobka
Robert Bowie
Joseph Boyajian
William Bragg
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David Call
Dana Dixon
Edward Elsberry
Don Ferraro
Charles Frush
Brian Lewis
Robert McBeth
Nelder Medrud
Alvin Morris
Gene Prantner
Stephanie Price
Mary Ann Pykkonen
Walter Records
Andrew Robertson
Robert Serafin
Alan Sorenson
Bruce Stockton

RESEARCH SYSTEMS FACILITY
Page Baptist
David Bargen
Richard Barthuly
Victor Borgogno
Harold Braidwood
Fred Brock
Arden Buck
Charles Catlin
Harold Cole
Richard Cormack
William Dombrowski
Thomas Duncan
O. Dan Evans Jr.
Henry Geisert
P. K. Govind
Gilbert Granger
James Guenther
Alvin Helfrich
Marvin Hewett
Richard Hodges
Michl Howard
Paul Johnson
Robert King
Edward Lambdin
Bryan Lee
Ivan Lee
Marjory Marsh
Hayden Mathews
Dale McKay
Earl Morrison
Carol Nicolaidis
Kenneth Norris
Julian Pike
F. Lynn Post
George Saum
Justin Smalley
Richard White
Scott Wilson
Frederick Zimmer

Advisory Panel, Research Aviation
Facility

Dennis W. Thomson, Chairperson
Pennsylvania State University

Michael Bader
Ames Research Center, NASA

Cleon J. Biter
National Center for Atmospheric
Research (NHRE)

Eugene Bollay
Environmental Research Laboratories,
NOAA, Boulder, Colorado

Robert M. Cunningham
Air Force Cambridge Research
Laboratories

Peter C. Sinclair
Colorado State University

James W. Telford
Desert Research Institute, University
of Nevada

Donald L. Veal
University of Wyoming

Don L. Boyer, Observer
National Science Foundation

Advisory Committee, National
Scientific Balloon Facility

Robert C. Haymes, Chairperson
Rice University

Robert L. Chasson
University of Denver

Edward L. Chupp
University of New Hampshire

Giovanni G. Fazio
Smithsonian Astrophysical
Observatory, Cambridge,
Massachusetts

Curtis L. Hemenway
Dudley Observatory,
Albany, New York

Donald A. Kniffen
Goddard Space Flight Center, NASA

Homer T. Mantis
University of Minnesota

Advisory Panel, Computing Facility

Steven A. Orszag, Chairperson
Massachusetts Institute of Technology

Bernard A. Galler
University of Michigan

Lewis House
National Center for Atmospheric
Research (HAO)

Mario Juncosa
The Rand Corporation,
Santa Monica, California

Herbert B. Keller
California Institute of Technology

Cecil E. Leith
National Center for Atmospheric
Research (AAP)

Conway Leovy
University of Washington

James J. O'Brien
Florida State University

Harold D. Orville
Institute for Atmospheric Science,
South Dakota School of Mines and
Technology

John H.E. Clark, Observer
National Science Foundation

Advisory Panel, Field Observing
Facility

Joost A. Businger, Chairperson
University of Washington

Charles E. Elderkin
Battelle Memorial Institute

Isadore Katz
Johns Hopkins University

Thomas Kyle
National Center for Atmospheric
Reseach (NHRE)

Roger M. Lhermitte
University of Miami

Walter A. Lyons
University of Wisconsin

H. Frank Eden, Observer
National Science Foundation

Rainer Weiss
Massachusetts Institute of Technology
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Key to Acronyms
and Initialisms

AA
AAP

ACE
ADMN
AQM

ASP
ATD

ATM

Atmospheric Aerosol Project
Atmospheric Analysis and
Prediction Division
Antarctic Current Experiment
Administrative Division
Atmospheric Quality and
Modification Division
Advanced Study Program
Atmospheric Technology
Division
Apollo Telescope Mount

ICAS

ICSU

Interdepartmental Committee
on Atmospheric Science
International Council of
Scientific Unions

LASP Laboratory for Atmospheric
and Space Physics (University
of Colorado)

LRIR Limb Radiance Inversion
Radiometer

MHD
CBO Carrier Balloon/Omegasonde
CF Computing Facility
CIAP Climatic Impact Assessment

Program (U.S. Department of
Transportation)

COSPAR Committee on Space Research
(of ICSU, q.v.)

CP Climate Project
CSIRO Commonwealth Scientific and

Industrial Research Organiza-
tion (Australia)

ESIG Environmental and Societal
Impacts Group

FAA Federal Aviation Agency
FGGE First GARP Global

FOF
Experiment
Field Observing Facility

GADMAP GATE Aircraft Data
Management Program

GAMP Global Atmospheric
Measurements Program

GARP Global Atmospheric Research
Program

GCM General Circulation Model

Magnetohydrodynamics

NHRE National Hail Research
Experiment

NOAA National Oceanic and
Atmospheric Administration

NSBF National Scientific Balloon
Facility

RAF
RANN

RSF

Research Aviation Facility
Research Applied to National
Needs (NSF)
Research Systems Facility

SST Supersonic Transport
SSAPP Small-Scale Analysis and

Prediction Project

TWERLE Tropical Wind, Energy
Conversion, and Reference
Level Experiment

UAP

WLC
WMO

Upper Atmosphere Project

White Light Coronagraph
World Meteorological
Organization

High Altitude ObservatoryHAO
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Directory of NCAR Scientists

General interest areas are denoted by a
single dagger and special interest areas by
double daggers.

MARTIN D. ALTSCHULER (HAO): tSolar
physics. tftThree-dimensional analysis of
coronal magnetic fields, coronal density, and
temperature; time-evolution studies of
nonequilibrium magnetohydrodynamic
configurations of flare and other accelera-
tion processes in the solar atmosphere.

R. GRANT ATHAY (HAO): fSolar
chromosphere; radiation transfer. ttSpicule
acceleration by radiation pressure; new
formulations of the radiative transfer
problem.

DAVID ATLAS (AQM/NHRE, Director):
tRemote atmospheric probing, radar
meteorology. ttDoppler radar measure-
ments of turbulence and velocity fields in
convective storms; use of radar and attenua-
tion to deduce rainfall characteristics; clear
air turbulence; dual-wavelength radar
detection of hail.

HERMAN AXELROD (AQM/Remote
Monitoring Project): tAnalytic chemistry
for measuring atmospheric gases and
aerosols. ft Use of solid adsorbents for
trapping gases; chemical characteristics of
aerosols; development of chromatographic
and fluorimetric techniques for trace gas
analysis.

DAVID BAUMHEFNER (AAP/GARP);
tShort-range numerical weather prediction
of large-scale atmospheric flows. tfPredict-
ability of large-scale atmospheric flows; new
observing system evaluation; four-
dimensional assimilation of atmospheric
data into numerical models; Data Systems
Test in 1974.

THOMAS BAUR (HAO): fCoronal heating
mechanisms and solar magnetic fields.
ftSolar spicules; measurement of line

polarization due to solar magnetic fields;
search for wave motions in the corona.

HAROLD BAYNTON (ATD/FOF):
tMesometeorology, particularly instrument
development. ttinstrument calibration;
field experiments.

CLEON BITER (AQM/NHRE): fUse of
aircraft in thunderstorm investigations.

RAINER BLECK (AAP/SSAPP):
tComputer modeling of large-scale dynamic
processes in the atmosphere. ttThree-
dimensional objective weather analysis
carried out in isentropic coordinates; "real
weather" forecasting with unfiltered and
filtered (potential vorticity) models in
isentropic coordinates.

JOSEPH BONELLI (AAP/CP): fAtmo-
spheric chemistry, natural and anthropo-
genic contributions to atmospheric
composition. fttnteractions of solar
radiation with gaseous, liquid, and solid
constituents in the troposphere and
stratosphere; radiometry; energy budget of
earth-atmosphere system; long-term trends
of concentrations of trace constituents in
the troposphere and stratosphere.

STEWART BORLAND (ASP/ESIG):
tNatural resource economics; regional
science. ttEconomics of weather modifica-
tion; use and development of regional
input-output models; value of improved
weather forecasts; adjustments to the risks
of natural hazards.

ROGER BREEDING (AQM/Research
Support): tRegional scale and chemical
diffusion modeling. ttData analysis systems
development; mesoscale modeling of
pollution composition and distribution;
internal gravity waves.

RICHARD CADLE (AQM/UAP): fPhysical
atmospheric chemistry. ttChemical kinetics
and photochemistry of atmospheric
reactions; atmospheric aerosols; air
pollution chemistry.

THEODORE CANNON (AQM/NHRE):
fCloud physics. tftLaboratory and aircraft
instrument development; experimental
studies of coalescence; cloud particle growth
modeling.

BENEDICT CESELSKI (AAP/GARP):
fMathematical modeling. ttThree-
dimensional, limited-area numerical weather
prediction, particularly in convection-
dominated environments; development of
cumulus parameterization techniques;
objective analysis of observed data for
model input; GATE data forecast
experiments.

ROBERT CHERVIN (AAP/SSAPP):
tAtmospheric dynamics. ffParameteriza-
tion of clear air turbulence and mountain
wave momentum flux; sensitivity studies
with the NCAR GCM.

JAMES COAKLEY (AAP/CP): fRadiation
codes for global climate models. tt Radia-
tive transfer; theoretical molecular spectros-
copy; climate models.

G. WILLIAM CURTIS (HAO): fSolar
observations and measurements. ftPolarized
light on the sun; high-resolution
spectroscopy.

EDWIN DANIELSEN (AQM/AA, Project
Leader): fThe whole atmosphere. ffStruc-
ture and changes, following fluid motions;
using isentropic coordinates to calculate
three-dimensional trajectories; theory and
observation of internal gravity waves;
numerical cloud modeling and mesoscale
modeling; determining the accuracy of
meteorological measurements.

JAMES DEARDORFF (AAP/SSAPP):
tTurbulence. ftTurbulence and diffusion in
the planetary boundary layer; numerical
methods of treating three-dimensional
turbulence; laboratory modeling of
atmospheric boundary-layer turbulence and
diffusion.

DENNIS DEAVEN (AQM/AA): tAtmo-
spheric analysis and prediction; transport
and diffusion processes. ffDevelopment of
primitive equation model for regional air
pollution; design transport models derived
from atmospheric observations.

ANTHONY DELANY (AQM/AA):
tRadioisotopes, cosmo-geochemistry; solar
and galactic cosmic-ray-produced isotopes;
neutron and x-ray activation analytical
techniques. ttX-ray and neutron activation
analysis of atmospheric aerosols; atmo-
spheric geochemical transport.

JOHN DE LUISI (AAP/CP): fRadiation
balance; heat energy budget of earth-
atmosphere system. ttRadiative transfer;
radiative properties of aerosols and clouds;
remote sensing of atmospheric variables;
lidar sensing of aerosols and vertical
temperature structure; atmospheric ozone
and the transfer of ultraviolet radiation;
modeling the radiation balance of the earth.
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ROBERT DICKINSON (AAP/CP;
AQM/UAP): tAtmospheric dynamics on the
global scale; climate and the upper atmo-
sphere. ttlnteraction of dynamics with
chemistry in the terrestrial thermosphere;
dynamics of planetary waves; parameteriza-
tion of eddy transports for climate models.

RONALD DRAKE (AQM/AA): tEnviron-
mental mathematical modeling. ttModeling
air quality, population dynamics, and
ecology; mathematical modeling of photo-
chemistry and aerosols.

BERNARD DURNEY (ASP): tSolar and
astrophysical fluid dynamics. ttSolar wind;
differential rotation of the sun; oceanog-
raphy.

JAMES DYE (AQM/NHRE): tCloud
physics. ttDevelopment of precipitation
particles; convection and entrainment in
cumulus clouds; cloud condensation and
giant nuclei; evolution of the droplet
spectrum; coordination of microphysical
measurements with radar.

PETER ECCLES (AQM/NHRE): tRadar
meteorology; remote atmospheric sensing.
ttDual-wavelength radar meteorology;
hailswath mapping; evaluation of modifica-
tion attempts; radar studies of the structure
of hailstorms and the characteristics and
development of precipitation; severe storms;
design and operation of remote meteorologi-
cal observing field sites.

JOHN EDDY (HAO): tSolar physics.
ftTemperature structure of the solar
atmosphere; history of astronomy and
archaeoastronomy; far-infrared solar
spectroscopy.

DIETER EHHALT (AQM/UAP): tStudies
of tropospheric and stratospheric distribu-
tion of hydrogen, methane, carbon
monoxide, carbon dioxide, water vapor, and
nitrous oxide; isotropic studies of hydrogen
compounds.

JAMES FANKHAUSER (AQM/NHRE):
tSevere storms. ttDefining structure and
physical processes of thunderstorms by
direct observation and analysis.

FREDERICK FERNALD (AQM/UAP):
f Remote optical sensing of atmospheric
parameters. fttLidar probing of tropospheric
and stratospheric aerosols.

JOHN FIROR (NCAR, Executive Director):
f Radio and infrared emissions from the
solar atmosphere.

BENSON FOGLE (AAP/CP): tAtmospheric
aerosols and radiation, tt Radiative
properties of aerosols and clouds; remote
sensing of atmospheric trace constituents;
noctilucent clouds.

G. BRANT FOOTE (AQM/NHRE): fCloud
physics and dynamics. ttThunderstorm
dynamics and airflow structure; cloud
precipitation modeling; drop coalescence
problems.

HENRY GERTZMAN (AAP/GADMAP):
tQuality control and analysis of aircraft
data. ttEquip 150 - m tower for GATE
tower fly-by tests; analysis of tower fly-by
and intercomparison of data in Dakar.

JOHN GILLE (AQM/UAP, Project Leader):
tRadiative transfer, especially in the
infrared. ft Inversion of satellite measure-
ments to determine atmospheric tempera-
ture and composition; dynamics and
composition of the stratosphere and
mesosphere using satellite measurements;
radiative effects on fluid dynamics and
planetary atmospheres; calculation and
observation of radiative fluxes and heating
rates.

DALE GILLETTE (AQM/AA): tAtmo-
spheric aerosols. ttAerosol physics; origin
of aerosols, especially wind erosion of soils;
aerobiology.

PETER GILMAN (ASP, Chairman):
fGeophysical, solar, and astrophysical fluid
dynamics. tfConvection in rotating
spherical shells; hydromagnetic dynamo
theory; solar general circulation.

JOHN GOSLING (HAO): tPhysics of the
solar corona and the solar wind.
ttDynamics of transient coronal and solar
wind phenomena; temporal and spatial
evolution of the solar corona and solar
wind.

P. K. GOVIND (ATD/RSF): tSystems
evaluation for both data and equipment
problems. ft Research and development in
instrumentation; statistical-filtering methods
for instrument intercomparisons; develop-
ment, testing, and evaluation of the wind-
finding dropsonde for GATE and GATE
participation.

GERALD GRAMS (AAP/SSAPP): tRemote
atmospheric probing, using lasers and
acoustic radar. ttDevelopment of airborne
laser radar and laser polar nephelometer;
analytic studies of data obtained by such
instruments; laboratory work on optical
properties of atmospheric aerosols.

ROBERT GROSSMAN (AAP/GARP):
fAircraft observations of the planetary
boundary layer.

PHILIP HAAGENSON (AQM/AA):
tWeather forecasting. ffMesoscale forecast
modeling, both cumulus and pollution;
climatological studies of the planetary
boundary layer.

RICHARD HANSEN (HAO): fSolar
physics. ttSolar corona; solar-terrestrial
relationships.

BERNHARD HAURWITZ (ASP):
fDynamic meteorology. tfWaves in the
atmosphere; atmospheric tides.

JACKSON HERRING (ASP): tGeophysical
turbulence. ttStatistical theories of turbu-
lence; numerical simulations; turbulent
convection.

ERNEST HILDNER (HAO): tSolar physics.
ttMorphology and evolution of promi-
nences and coronal structures; thermal
transport of energy into prominences;
coronal transients and their effects on solar
wind; coronal dynamics.

JOAN HIRSHBERG (HAO): tAstro-
geophysics. ttSolar-terrestrial relationships;
effect of disturbances in the solar wind on
the magnetosphere; composition of the solar
wind and corona.

JOSEPH HOLLWEG (HAO): fPlasma
physics; the solar wind. tt Studies of large-
amplitude magnetohydrodynamic waves in
interplanetary space; wave-associated
acceleration of interplanetary media and the
earth's magnetopause; effects of plasma
instabilities on thermal properties of the
solar wind.

TOM HOLZER (HAO): tCorona/solar
wind/magnetosphere/ionosphere modeling.
ttSolar-interplanetary modeling; coronal
dynamics; solar wind/magnetosphere/
ionosphere coupling; ionospheric dynamics;
magnetospheric structure.

LEWIS HOUSE (HAO): tRadiative transfer.
tfMagnetic fields; atomic physics; coronal
emission-line polarization.

ARTHUR HUNDHAUSEN (HAO): fPlasma
and fluid physics. ttPhysics of interplane-
tary plasma; solar-terrestrial physics.

PAUL JULIAN (AAP/GARP): tStatistical
meteorology. ttTime series analysis;
tropical meteorology.

AKIRA KASAHARA (AAP/GARP, Acting
Project Leader): fDynamic meteorology;
numerical modeling; GARP. ttNumerical
simulation of the annual variations of the
global atmospheric climate; four-
dimensional assimilation of global meteoro-
logical data; observing systems simulation
experiments.

WILLIAM KELLOGG (AAP/CP): tClimate
theory and climate change. ttEffects of
human activities on climate; thermo-
dynamics of the polar regions; satellite
observations and the dynamics of the upper
atmosphere.

JOSEPH KLEMP (AAP/SSAPP):
fGeophysical fluid dynamics. ttModeling
mountain lee waves and windstorms; deep
convection model.
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CHARLES AND NANCY KNIGHT (AQM/
NHRE): tlce Physics. ttNucleation of
liquid and crystal phases; formation of
hailstones in clouds to determine the
interaction between microphysics and cloud
dynamics; crystal growth; discrepancies
between ice crystal concentrations and ice
nucleus concentrations in clouds.

ROGER KOPP (HAO): tSolar physics.
ttCoronal dynamics (project leader);
coronal temperatures; chromosphere-corona
transition region.

THOMAS KYLE (AQM/NHRE): tCloud
microphysics. ttAtmospheric trace gases;
optical properties of the atmosphere; radia-
tive transfer; molecular spectra; convective
cloud processes.

VINCENT LALLY (AAP/GARP):
tMeteorological measurements. tfSuper-
pressure balloon technology.

GERHARD LANGER (AQM/NHRE):
tAtmospheric nucleation. ttDevelopment
of field and laboratory instrumentation for
detecting ice and condensation nuclei;
improvement of cloud seeding agents,
including testing seeding agents, plume
tracking, and detection of seeding agents;
data acquisition and analysis.

ALLAN LAZRUS (AQM/UAP): tAtmo-
spheric chemistry. ttAerosols and trace
gases in the stratosphere and their relation
to stratospheric circulation.

CECIL (CHUCK) LEITH (AAP, Director):
tMathematical physics. ttStatistical hydro-
dynamics of the atmosphere; Monte Carlo
forecasts and predictability; statistical
objective analysis methods.

MARGARET LE MONE (AAP/GARP):
tStructure and dynamics of the planetary
boundary layer. t Interaction of the
planetary boundary layer with- moist
convection; structure of the undisturbed
trade-wind boundary layer; aircraft data
analysis.

DONALD LENSCHOW (ATD/RAF):
tUnderstanding the structure of the
planetary boundary layer. ttAircraft
measurements of atmospheric turbulence;
air mass modification measurements;
parameterization of the unstable planetary
boundary layer; development of instrumen-
tation for aircraft turbulence measurements.

CARL LILLIEQUIST (HAO): tComputer
magnetohydrodynamic modeling of
sunspots; infrared and white light coronal
studies. ft Reduction and analysis of 1973
eclipse data for both inner and outer
corona.

DOUGLAS LILLY (AAP/SSAPP, Project
Leader): tSmall-scale atmospheric dynamics.
tturbulence, gravity waves, and thermal
convection; numerical simulation of
turbulent flow.

CLIFTON (TONY) LOVELL (AQM/
NHRE): tApplications of mathematical
probability theory to the physical sciences;
methodologies in management science and
operations research; and the design and
operational conduct of field experiments.
ttRealization of Markov and semi-Markov
processes in the physical sciences; statistical
experimentation and applications of systems
analysis techniques to problems in the
atmospheric sciences.

ROBERT MAC QUEEN (HAO): tSolar
physics. ttSolar corona and chromosphere;
space astronomy; infrared astronomy.

ROLAND MADDEN (AAP/GARP):
tTropical Meteorology. t tnfrared charac-
teristics of tropical cloud clusters; global
scale atmospheric waves.

WILLIAM MANKIN (AQM/UAP):
tAtmospheric physics and astrophysics.
ttlnfrared spectroscopy; measurement of
stratospheric trace gases; optical instrumen-
tation; temperature structure of solar
atmosphere.

EDWARD MARTELL (AQM/AA):
fAtmospheric geochemistry and radioactiv-
ity. ttRadon daughters as tracers of aerosol
interactions in the atmosphere and
biosphere; aerosol transport; plutonium in
the environment; energy alternatives and
their pollutant aerosols.

JOHN MASTERSON (AAP/GARP):
tln-situ measurement systems for meteorol-
ogy and oceanography. ttOrbiting and
geostationary satellite systems for measuring
meteorological and oceanographic variables;
expendable drifting buoys for measuring
meteorological variables, and surface and
subsurface ocean temperatures and currents.

SADAMI MATSUSHITA (HAO): tGeo-
magnetism; aeronomy; physics of the
magnetosphere and ionosphere; solar-
terrestrial physics. ft Electric currents,
electric and magnetic fields in the
ionosphere through the magnetosphere;
effects of the interplanetary magnetic fields
on the magnetosphere and ionosphere;
dynamics of the upper atmosphere during
geomagnetic storms; ionospheric sporadic E
and geomagnetic micropulsations.

NELDER (MED) MEDRUD JR. (ATD/
FOF): tApplied meteorology and climatol-
ogy. ft Radar meteorology.

DIMITRI MIHALAS (HAO): tTheoretical
astrophysics; radiative transfer. tfTheory of
line formation; stellar atmospheres; radiative
transfer in extended envelopes; velocity
field effects.

ALFRED MODAHL (AQM/NHRE):
tSynoptic meteorology. ttSynoptic and
mesoscale conditions favoring hailstorm
development; dynamics of convective
storms and related phenomena.

HOWARD MOORE (AQM/AA): tisotope
geochemistry. ft Radon daughters as tracers
to determine atmospheric aerosol proper-
ties; use of stable N isotopes to determine
sources, reactions, and sinks of nitrogen
compounds in the atmosphere.

ALVIN MORRIS (ATD/FOF): tScientific
ballooning; applied research. tfPlanning and
management of meteorological field
programs; theory and applications of
balloon technology; applied research in
meteorology and climatology.

RICHARD MUNRO (HAO): tSolar physics.
ttThree-dimensional structure and evolu-
tion of coronal forms; coronal temperatures
and density; physics of the chromospheric-
coronal transition zone.

ALLAN MURPHY (ASP/ESIG): tStatistical
meteorology, particularly forecasting,
weather modification, and decision-making.
ttApplication of decision analysis in
meteorology; probability forecasting and
forecast evaluation; value and use of
forecasts; evaluation of weather modifica-
tion experiments; decision models in applied
meteorology; impacts and implications of
natural hazards.

YOSHINARI NAKAGAWA (HAO):
tAstrophysical fluid dynamics. ttForce-free
magnetic fields; solar flares; NLTE radiative
flows.

GORDON NEWKIRK (HAO, Director):
tSolar physics. ttSolar corona; solar wind;
magnetic fields.

CHESTER NEWTON (AQM/NHRE):
tSynoptic meteorology. fttDescriptive
aspects of the atmosphere; fronts, jet
streams, and corresponding features of
ocean currents; cyclones and thunderstorms;
global energy and angular momentum
balance.

T. RANDY NICHOLAS (AQM/NHRE):
tChemical engineering and systems analysis.
ttData systems and instruments manage-
ment.

JOSEPH OLIGER (ATD/CF): tNumerical
analysis; partial differential equations.
ttApproximate solution of time-dependent
partial differential equations; the
initial-boundary-value problem for
hyperbolic and weakly parabolic partial
differential equations.
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MICHAEL OLSON (AAP/GARP):
tCommunications practice and theory;
control systems; and systems analysis.

KATSUYUKI (VIC) OOYAMA
(AAP/GARP): tAtmospheric dynamics.
ttHurricanes; cumulus parameterization;
tropical meteorology; GATE data analysis.

RANJIT PASSI (AAP/GARP): tStatistical
applications to problems in meteorology.
ttCarrier balloon project; problems of
deriving winds using Omega signals.

G. STUART PATTERSON JR. (ATD/CF,
Manager): ttNumerical simulation of
turbulence; stochastic processes.

ILGA PALUCH (AQM/NHRE): tCloud
microphysics. ttThunderstorm growth and
electrification; hail formation; cloud-air/
ambient-air mixing characteristics.

WILLIAM PENNELL (AAP/GARP):
tObservations of turbulent structure and
transport in the boundary layer using
instrumented aircraft. tt Development of
aircraft instrumentation.

MICHAEL PERRY (HAO): tMathematical
modeling and programming. ttThree-
dimensional modeling of the solar corona
from two-dimensional projectional data.

JULIAN PIKE (ATD/RSF): tAtmospheric
instrumentation development. ttln-situ
sensors; data encoding, decoding, and
recording; system calibration; electronic
design; microcomputers.

GERALD PNEUMAN (HAO): fMagneto-
hydrodynamics. ttSolar corona and solar
wind; solar-interplanetary modeling.

ARTHUR POLAND (HAO): tSolar physics.
ttReduction of satellite data on evolution
of coronal structure; coronal temperature
and density; radiative transfer in
prominences.

CHARLES QUERFELD (HAO): tSolar
physics. ttCoronal magnetic fields,
densities, and temperatures; radiative
transfer in scattering atmospheres.

WALTER ROBERTS (UCAR, Past Presi-
dent): t Research in the solar corona.
ttSolar spicules and prominences; origin of
geomagnetic disturbances; influence of
variable solar activity on the earth's
ionosphere and weather.

RAYMOND ROBLE (AQM/UAP):
tAeronomy; atmospheric optics.
ttlonospheric modeling; thermospheric
dynamics; optical transmission studies.

JAN ROSINSKI (AQM/NHRE): tice
nucleation processes, including the effects
of natural aerosols and seeding agents.
ttRelationship between temperature and
size distribution for natural and artificial
nucleation particles; ice nucleation in the
atmosphere and the laboratory; relationship
between ice nucleation and air pollutants.

JOSEPH RUSH (HAO): tOptical instru-
ment design and development. ttStokes
solar polarimeter; coronal polarimeter;
Mark III K-coronameters and prominence
tachometer (Mauna Loa).

STANLEY RUTTENBERG (AAP/GARP):
tSatellite sensing systems. ttGARP
planning; GATE, monsoon, and polar
experiment planning.

J. DOYNE SARTOR (AQM/NHRE):
tCloud physics. ttAtmospheric electricity;
cloud particle (liquid and solid) interactions;
precipitation growth processes; weather
modification and control; atmospheric
particle kinetics.

TAKASHI SASAMORI (AAP/CP;
AQM/UAP): tGeophysical fluid dynamics.
ttGeneral circulation of the atmosphere.

THOMAS SCHLATTER (AAP/GARP):
tImproving short-range (3-4 day) fore-
casting. ttObjective analysis to use observed
meteorological data in the NCAR GCM;
parameterization of the lower boundary
layer, when covered with ice or snow.

STEPHEN SCHNEIDER (AAP/CP):
tTheory of climate. ttMathematical climate
modeling; modeling human influences on
climate; identification of potential climate-
related interstate conflicts.

DENNIS SHEA (AAP/GARP): tTropical
meteorology. ftDeveloping software
package and data systems for TWERLE.

ANDREW SKUMANICH (HAO): tRadia-
tive transfer. ttMultidimensional radiative
transfer techniques; mathematical calcula-
tion aspects of radiative transfer coupled to
non-LTE excitation and ionization; struc-
ture of stellar and solar chromospheres.

CLARK SMITH (AAP/GARP): tTropical
meteorology. f-tSynoptic and mesoscale
analysis; diagnostic studies of tropical
systems.

DEAN SMITH (HAO): tSolar plasma
physics. ttSolar radio astronomy; dynamics
of magnetic fields and reconnection; particle
acceleration on the sun.

PAUL SWARZTRAUBER (ATD/CF):
tNumerical analysis. ttElliptic partial
differential equations; finite difference
methods for modeling fluids.

E1NAR TANDBERG-HANSSEN (HAO):
tSolar physics. ttSolar activity and
prominences; the active corona--coronal
transients; magnetic fields, polarization of
spectral lines.

PHILIP THOMPSON (AAP/CP, Acting
Leader): tAtmospheric dynamics.
ttNumerical weather prediction; climate
theory; theory of turbulence.

VIM TOUTENHOOFD (AQM/NHRE):
tField cloud physics program. ttUsing
instrumented sailplane for cloud physics
measurements.

HENRY VAN DE BOOGAARD (AAP/
GARP): tTropical meteorology. tt Large-
scale and synoptic scales of motion;
Afro-Asian continent monsoons; NCAR
involvement in the GARP Monsoon
Experiment (MONEX).

HARRY VAN LOON (AAP/GARP):
tClimatology.

CHARLES WADE (AQM/NHRE): tSevere
convective storms. tt Intercomparison of
data from airborne meteorological sensing
systems used in NHRE; determination of
thunderstorm inflow and updraft structures
using instrumented aircraft, chaff, and
radar.

ARTHUR WARTBURG (AQM/AA):
tDeveloping instrumentation and
techniques for measuring and identifying
atmospheric particles. ttStratospheric
ozone measurements.

WARREN WASHINGTON (AAP/GARP):
tAtmospheric dynamics. ttGeneral circula-
tion studies and models; global modeling
experiments.

RICHARD WHITE (HAO): JSolar physics.
ttSolar spectroscopy; radiative transfer;
empirical determination of solar models;
one- and two-dimensional data analyses
using the fast Fourier transform.

DAVID WILLIAMSON (AAP/GARP):
tDynamic meteorology; numerical solution
of fluid flow. ttNumerical approximations
for fluid flow on a sphere; general circula-
tion modeling and interpretation of
experimental results; four-dimensional data
assimilation; and observing systems
simulation experiments.

GLEN WILLIS (AAP/SSAPP): tThermal
convection and atmospheric diffusion.
ittLaboratory modeling of turbulence and
diffusion within the convective planetary
boundary layer.

EDWARD ZIPSER (AAP/GARP): tTropical
meteorology; physics of convective and
mesoscale systems. ttObservational studies
of convective and mesoscale systems;
analysis of data from field programs,
especially aircraft data from GATE.
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Directory of NCAR Engineers

General interest areas are denoted by a
single dagger and special interest areas by
double daggers.

DAVID ATLAS (AQM/NHRE, Director):
tSystem conceptual design for remote
atmospheric probing; radar systems and
acoustic radars; lidars; tropospheric scatter;
communication systems. f Radar polariza-
tion methods for precipitation measure-
ments; doppler and incoherent radar
techniques for measuring winds and
turbulence; dual-wavelength radar system
for hail detection; troposcatter system for
measuring winds; special radar signal
processing and display techniques.

DAVID BARGEN (ATD/RSF, Manager):
tl nstrument and instrument system
development; minicomputers and automatic
control systems. ttAdvanced meteoro-
logical instruments; real-time processing and
display of atmospheric data.

THOMAS BAUR (HAO): tPolarization
optics and measurement of polarized light.
ttPolarimeter for solar observations; optical
design of photographic photometer; solar
spicule intensity measurement.

PHILIP BENEDICT (ATD/RSF): tElec-
tronics. ttAnalog and instrumentation
amplifiers; digital and precision bridge
circuits; airborne sensors.

ARTHUR BINKLEY (ADMN): tEngi-
neering service operations. ttOffice
management; project planning and financial
reporting systems; drafting and technical
writing of operation and service manuals on
electronic test equipment and photographic
products, and of logistics support
documents.

VICTOR BORGOGNO (ATD/RSF):
tAnalog/digital servo design; computer/
peripheral interface design. ttHAO's
K-corona emission-line polarimeter;
electronic balance; helicopter helmet-
sighting system; aircraft radar antenna
servos.

JOSEPH BOYAJIAN (ATD/FOF): tActive
and passive circuits covering the range of
frequencies from audio to microwave; radar
systems and components. ttHard-wire
digital control systems; Grover S-band radar.

FRED BROCK (ATD/RSF): tMeteorologi-
cal measurement and recording systems.
ttMini- and microcomputer applications to
measurement systems; anemometers.

EDWARD BROWN (ATD/RAF): tAirborne
meteorological instrumentation. ttCloud
physics instrument development; wind-
tunnel/flight-test evaluation; instrument-
aircraft interface analysis.

ARDEN BUCK (ATD/RSF): tlnstrumenta-
tion development; electro-optics. ttLasers
and holography; IR and UV absorption
hygrometry.

DAVID CALL (ATD/FOF): tComputer
control and meteorological immersion
sensors. ttMini- and microcomputer
programming and interface design; direct
digital feedback control; boundary-layer
sensing instrumentation; meteorological
sensor calibration; power-conditioning
inverters, converters, and regulation.

THEODORE CANNON (AQM/NHRE):
tMechanical, electrical, and photographic
instrumentation; computer programming for
cloud physics research. ttLow-turbulence
vertical wind tunnel with temperature,
humidity, velocity, and electric field
control; specialized cameras for taking
in-situ photographs of atmospheric particles
in the laboratory and from aircraft;
techniques for analysis of aircraft particle
camera photographs; droplet generator for
producing fluid droplets with precisely
controlled time of production, size, and
charge; computer programs for calculation
of the three-dimensional electrostatic fields,
and to calculate particle sizes and concentra-
tions within a simple cloud model;
instruments for droplet interaction studies.

CHARLES CATLIN (ATD/RSF):
-Mechanical design; materials; machining
and joining methods. ttParachute systems;
balloon launch vehicles; sounding rocket
payloads; high-vacuum and cryogenic
equipment; optical/mechanical systems;
pyrotechnic devices.

HAROLD COLE (ATD/RSF): tSystems
engineering. ttMeteorological instrumenta-
tion; atmospheric radiation measurements;
remote-sensing and spacecraft instrumenta-
tion for studying planetary atmospheres
(Mars).

OSCAR COOPER (ATD/NSBF): tlnstru-
mentation for scientific experiments on
high-altitude balloons and sounding rockets.
ttTelemetry, command-control, environ-
mental sensors and equipment interfaces;
data systems, balloon tracking, pressure-
altitude sensors, digital timers, and UHF
radio-frequency systems engineering.

RICHARD CORMACK (ATD/RSF):
tBalloon and aircraft instrumentation;
inertial navigation systems. ttNSBF
consolidated instrument package (L-band
telemetry, command systems, transponders,
and pressure sensors); recording systems;
signal-conditioning interfaces.

T. MICHAEL DUNCAN (ATD/RSF):
fDigital data acquisition systems.
ttMinicomputer interfacing and
programming; T2 L logic design; computer
peripheral integration including tape
transports, paper tape equipment, A/D and
D/A conversions, teletypes, and CRT
terminal and disks.

PETER ECCLES (AQM/NHRE): tSpecifica-
tion, design, construction, and testing of
electrical, electronic, and microwave
systems. ttInterface between a commercial
averager and a nine-track, 45 - ips tape
recorder (T2 L logic); high-speed three-
channel radar data acquisition system (T2 L,
PMOS, Tristate and linear circuits); hail and
liquid water content processor for a
meteorological radar; Grover dual-
wavelength radar system.

MICHAEL EXNER (AAP/GARP): tMete-
orological telemetry and ground data
processing systems. ttBalloon sondes,
dropsondes, rocketsondes, Omegasondes;
air quality telemetry system; computerized
data acquisition systems; satellite
demodulators.

JACK FINK (AQM/NHRE): tAerospace
airborne RF systems; ground tracking
stations. ttElectronic systems of the
sailplane Explorer; RF telemetry,
communication systems, and circuit design.

RICHARD FRIESEN (ATD/RSF):
fAircraft instrumentation and instrumenta-
tion system development. ttOn-board data
acquisition systems; analysis of aircraft data;
inertial and doppler navigation systems;
project planning and support.
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CHARLES FRUSH (ATD/FOF): tData
processing system design; laser-related
systems and optics; refrigeration; servo
systems. ttHigh-speed, low-level analog
signal recovery; optimizing op-amp
frequency compensation networks;
temperature-regulated baths; photomulti-
plier detectors; digital methods of data
handling; FORTRAN programming.

MACK GORE (ATD/NSBF): tMechanical
design; mechanical design of balloon
payloads. ttPyrotechnic devices for cable
separation and termination of balloon
flights; hardware interface between balloon
payload and balloon launch vehicles;
letdown reels (lightweight to 544 kg and
610 m; and balloon launch equipment.

GRANT GRAY (ATD/FOF): tDigital data
acquisition and processing system design.
ttDigital reflectivity and doppler
processors, and minicomputer applications
in control and data management; interactive
displays; multicolor display/recording
system for reflectivity, mean doppler, and
doppler variance.

MICHAEL GRAY (AAP/GARP): tElec-
trical, chemical, or mechanical devices.
ttMechanical design and production of
conical log-spiral antennas; electro-optics
developments for sun sensors; radiation field
measurements on an antenna range;
production tooling for antennas.

RICHARD GRAY (ADMN): tBuilding.
design and construction (registered architect
in Illinois and Colorado). ttFacility space
planning, analysis, and allocation.

EDWIN HARPER (HAO): tDigital systems
design. ttHardware logic design interfaces
for minicomputer peripherals; minicom-
puter software system design, large-
instrument controls for systems software,
magnetic tape based editors, and CRT
terminal editor; modifications to existing
systems software such as editors, assemblers,
and BASIC.

MICHL HOWARD (ATD/RSF): tMechani-
cal design, layout, and drafting for aircraft,
radar, balloon, and optical systems.

PAUL HOWES (AAP/GARP): tLinear
systems and interfacing for electronic
systems. ttControl and servo systems;
detection of distant storm systems by
sensing moving charged masses; electronic
and IR thermometry.

HOWARD HULL (HAO): tDesign of
optically coupled measuring instruments,
photosensitive transducers, servomecha-
nisms, and digital and analog data
processors. ttMeasurement of coronal

H. PAUL JOHNSON (ATD/RSF):
tMechanical and machine design.
ttMaterials selection and strength of
materials; fluid mechanics and heat transfer;
radar drives, control systems, and servo
system design; aircraft-mounted instrumen-
tation and structural appendages; optical
instruments and electronics packaging;
balloon launch and upper air sampling
equipment; small rocket trajectories and
payloads; machine shop practice and
fabrication techniques.

NEIL KELLEY (ATD/RAF): tMeteorologi-
cal instrumentation and data recording and
processing; aircraft meteorological systems;
planning and supervision of field investiga-
tions. ttNCAR Electra programs and data
management systems, and other instru-
mented aircraft; inertial navigation systems;
M33 radar research and operations;
meteorological sensing and telemetry
packages; micrometeorological field
investigations.

LEON LACEY (HAO): tMechanical design
of instrumentation and related equipment
for solar observations. ttPhotographic
systems for field observations; photo-optical
systems and problems; accurate
mechanisms; solar eclipse expedition
support.

VINCENT LALLY (AAP/GARP):
tMeteorological measurement systems.
ttSuperpressure balloon design.

EDWARD LAMBDIN (ATD/RSF):
tMechanical design. ttMechanical designs
for research apparatus as needed; descriptive
idea artwork; apparatus fabrication
coordinator and expediter.

GERHARD LANGER (AQM/NHRE):
tAtmospheric nucleation of water drops
and ice crystals as related to precipitation
formation. ttMonitoring of ice condensa-
tion nuclei; evaluation of cloud-seeding
devices; development of instrumentation
and evaluation of the data collected.

LOREN LARAMORE (HAO): tDesign of
mechanics for the union of optics and
electronics in scientific research instrumen-
tation. ftDesign of mechanisms; packaging
of instrument components; weldment
design.

ROBERT LEE (HAO): tElectronic and
electro-optic portions of equipment used in
solar research. ttOptical polarimeters
(K-coronameters and solar magnetographs);
airborne far-infrared scanning Michelson
interferometer; servo systems applied to
solar guiders; recovery of small signals from
high-noise background; minicomputer
applications to measurement and control.

DONALD LENSCHOW (ATD/RAF):
tMeteorological sensors for aircraft.
ttlnertial navigation systems for air-motion
sensing; wet- and dry-bulb thermometers,
gyrostabilized platforms, and angle-of-attack
sensors for aircraft.

ERNEST LICHFIELD (AAP/GARP):
tLogical systems design; meteorological
sensors. ttPressure sensors.

CLIFTON (TONY) LOVELL (AQM/
NHRE): tCommunication theory; rocket
systems development and performance;
aircraft performance; automatic precipita-
tion sensing. ttSpin-stabilized devices;
remote hail sensors; telemetry and channel
packing.

CARLOS LUCERO (ADMN): tComputer
controlled systems and product develop-
ment; instrumentation, test equipment, and
computer peripherals. ttMagnetics and
photometrics standards laboratories;
computer test systems for real-time test and
analysis of peripheral components;
read/write, data formatting, and servo and
control electronics for tape drives.

RICHARD LUEB (AQM/UAP): tVacuum
cryogenics and instrumentation. ttENCAR
rocket-borne air sampler and launch support
systems; balloon-borne cryogenic air
sampling system; and ultra-clean air
sampling systems.

WESLEY MELAHN (ATD, Acting
Director): tSystem design for efficient
information collection and processing.
ttAnalog and digital computer devices;
human factors; system engineering.

PAUL MOORE (ADMN): tElectrical,
plumbing, heating, ventilating, and air
conditioning systems for buildings.
ttMechanical and electrical systems for the
Control Data 7600 computer; installation of
particle control chamber.

CLAUDE MOREL (AAP/GARP): tBalloon
instrumentation and data analysis.
ttBalloon instrument packaging; tempera-
ture and pressure sensor design and
development; balloon data analysis; field
operations.

ALVIN MORRIS (ATD/FOF): tPlanning
and management of meteorological field
projects and scientific ballooning projects.
ttScientific ballooning theory, planning,
and execution; engineering applications of
meteorology and climatology, and opera-
tional forecasting; gas and electric demand
studies; air pollution studies.

electron densities; flying-spot scanners;
non-impact electrographic printer; precision
portable tracking drives; description of
magnetic fields on the sun by means of
Stokes parameter measurements.
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MICHAEL OLSON (AAP/GARP): tVLF,
RF, UHF analog and digital communica-
tions; data management and minicomputer
systems; automatic control systems.
ttCarrier balloon system; sensing and relay
of meteorological data from high-altitude
superpressure balloons and Omegasondes via
satellite to ground stations for data
processing.

MICHAEL PAVEY (ATD/NSBF): tProgram
management and engineering for all aspects
of ballooning. ttLong-duration and
stratospheric balloons; superpressure
balloons; captive balloons; plastic film
technology and material testing.

JULIAN PIKE (ATD/RSF): tAtmospheric
instrumentation development. ttln-situ
sensors; data encoding, decoding, and
recording; system calibration; electronic
design of microcomputers.

DANIEL REX (AAP/GARP): tPhysics and
engineering of vacua and multi-phase, very
high capacity rectifiers.

H. MATTHEW REYNOLDS (ATD/RAF):
tDigital circuitry design and minicomputer
programming; installation, testing, and
operations of airborne research platforms.
ttDigital interfacing to NOVA computers;
NOVA computer programming (machine
language, FORTRAN, BASIC); digital
display circuits.

ALFRED RODI (ATD/RAF): tAircraft
instrumentation; data recording, real-time
display, and processing. ftMeteorological
application of inertial and doppler
navigation radar technology; aircraft
temperature sensor time response; Millipore
filter counting techniques for ice nuclei.

JOSEPH RUSH (HAO): tDesign and
development of optical components and
systems. ttSolar telescopic and spectro-
graphic systems for the visible, near-IR, and
near-UV regions.

RONALD RUTH (ATD/RAF): tMeteoro-
logical instruments and instrumentation
systems, f tRadiosondes and automatic
ground stations; computer programs for
digital data-acquisition systems and for
Loran C and Omega navaid signal analysis;
radiosonde meteorological oscillator/
commutator using bipolar and CMOS
circuitry; precipitation yes/no indicator;
Sabreliner gust probe and experimental
determination of its response.

GEORGE SAUM (ATD/RSF):
tCommunications and radar circuit design.
tfAntenna design; servomechanisms;
RFI/EMI problems; television; analog circuit
design; radar transmitter and receiver
systems.

ROBERT SERAFIN (ATD/FOF, Manager):
tTheoretical system aspects for radar, radar
signal processing, and applications to radar
meteorology. ttAirborne reconnaissance
systems; synthetic aperture radar systems;
doppler processing of radar meteorological
signals; minicomputer applications to radar
signal processing; radar turbulence
detection; pulse compression filter design;
theory of random signals, their processing,
and spectrum analysis; pseudo-random
signal design and analysis.

CLAIRE SHELDEN (AAP/CP): tlnstru-
mentation. ttAerobee sun-seeker servo;
sound and pressure level measurements;
vibration analysis and data processing and
reduction system; Aerobee-borne solar
constant radiometer; Lyman-alpha
spectrophotometer; digital control and
optical design of UV double monochroma-
tor; rotating mirror, filter-wheel radiometer
(IR) system.

C. RAY SHIFFER (AQM/NHRE): tRadar
applications of digital hardware design.
t Radar scan system; modulator-
demodulator (modem) data link; radar data
acquisition system.

JUSTIN SMALLEY (ATD/RSF):
fAeronautical engineering; balloon systems.
ttBalloon shape and stress determination;
engineering for balloon systems; subsonic
wind tunnels; low-speed aerodynamics.

ACKLEY SMITH (AQM/NHRE): tDigital
and analog circuit design; diagnostic
programming; active network synthesis.
ttlnterfacing radars, scan converters, tape
recorders, etc., with minicomputers;
NOVA 800 computer; assembly languages.

W. JACK SNIDER (ATD/NSBF):
tElectronic instrumentation; system and
circuit design, integration, and test; program
coordination. ttPCM data systems and
telecommand; digital circuit design;
instrumentation interface and package
design; minicomputer interface and
operation.

SIGVARD STENLUND (AAP/GARP):
tSuperpressure balloon systems. ttBalloon
materials, films, fabrics, and adhesives;
balloon launching equipment; balloon
valves, cutdowns, and rigging.

JACK TEFFT (AAP/GARP): flmplementa-
tion of scientific balloon flight programs
from conceptual design to hardware
procurement, including launch, satellite
interface, and data-collection phases.
ttProgram management with emphasis on
program coordination and interagency
planning, budgetary and manpower
forecasting, field-site selection and architec-

VIM TOUTENHOOFD (AQM/NHRE):
tCloud physics field experiments.
ttPiloting gliders for atmospheric research
projects; airborne instrumentation platform
design (in particular, self-launching
sailplanes); design of operation plans for
field experiments; data processing.

JOHN WARREN (AAP/GARP):
tAerostatics and balloon design. ttField
operations for instrumented and manned
balloon flights.

ROBERT WENDLER (HAO): tElectro-
opto-mechanical instrument design.
ttSemiconductor device and synchro
manufacture; aneroid capsule aircraft
altitude controllers; aircraft cockpit display
instruments; angular accelerometers;
miniature precision mechanical components
and assemblies.

M. NORMAN ZRUBEK (ATD/RAF):
tAeronautical engineering. ttAircraft
structures, aerodynamics, and design; new
aircraft acquisition; instrumentation and
calibration; aircraft modification; FAA
regulations.

tural mechanical and electrical development,
monitoring procurement, and developing
logistics support systems.
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Directory of Visitors to NCAR

Scientific visitors and students who spent
one month or more at NCAR during fiscal
1974 are listed below with their home
affiliations, their NCAR affiliations, the
dates of their visits, and their fields of
interest.

DAVID ACHESON, Meteorological Office,
United Kingdom: ASP, May to September
1973; magnetohydrodynamics.

MORRIS AIZENMAN, Joint Institute for
Laboratory Astrophysics: ATD/CF, Febru-
ary to May 1974; propagation of distur-
bances in stellar atmospheres.

JANA ALLMAN, Metropolitan State
College, Denver: AQM/NHRE, summer
internship program 1973 and 1974.

LARRY ANDERSON, Indiana University:
ASP, Postdoctoral Fellow, October 1972 to
October 1973; laboratory photochemistry
of smog.

KAREN ANDREWS, Metropolitan State
College, Denver: AQM/NHRE, summer
internship program 1973.

ROBERT ATLAS, New York University:
ATD, summer internship program, June to
August 1973; meteorology.

PAUL BAILEY, Florida State University:
AQM/UAP, June 1972 to present; inversion
of satellite radiometric measurements.

BRUCE BARKSTROM, Northwestern
University: HAO, July 1972 to July 1974;
ionization and excitation equilibria to the
solar atmosphere, radiative transfer,
scattering atmospheres.

CHERYL BASHOR, Adams State College,
Colorado: AQM/NHRE, summer internship
program 1973 and 1974.

NANCIE BELL, NASA Ames Research
Center: AQM/AA, February to April 1974;
aerobiological research.

ROBERT BENOIT, McGill University,
Canada: AAP/SSAPP, July 1973 to present;
parameterization of planetary boundary
layer into NCAR's GCM.

RANDALL BENSCH, Oklahoma State
University: ASP, UCAR Fellow, May to
August 1974; severe storms.

YVES BENSOUSSAN, French Meteorologi-
cal Bureau, Paris: AAP/SSAPP, September
1972 to October 1973; mathematical and
numerical problems in turbulence.

JOHN BERG, Pennsylvania State Univer-
sity: ASP, UCAR Fellow, May to August
1973; solar-weather relations.

WILLIAM BERGEN, Miami University
(Ohio): ASP/ESIG and AAP/SSAPP, July to
December 1973 and April to September
1974; improved forecasts of severe down-
slope windstorms in the Boulder area.

DOUGLAS BERRY, Metropolitan State
College, Denver: AQM/NHRE, summer
internship program 1973.

ROBERT BESSEY, University of Wyoming:
ATD/CF, March to June 1974; solar
transition-region problems.

WILLIAM BLUMEN, University of
Colorado: AAP/GARP, June to September
1974; hydrodynamic stability of the atmo-
sphere.

JAMES BOGARD, University of Texas at
Austin: AQM/NH RE, summer internship
program, June to August 1974.

JOHN BOYD, Harvard University: ASP,
UCAR Fellow, June to August 1973 and
June to September 1974; upper atmosphere
and tropical dynamics.

CHARLES BRADFORD, University of
Denver: ATD/CF, June to September 1974;
distribution of minor constituents in the
atmosphere.

WILLIAM BRADLEY, Metropolitan State
College, Denver: AQM/NHRE, summer
internship program 1973.

DAVID BRANCHAUD, Metropolitan State
College, Denver: AQM/NHRE, summer
internship program 1973.

VISWANATHAN BRINGI, Ohio State
University: ATD, summer internship pro-
gram, June to August 1973; air pollution
and probing the atmosphere. And ASP,
UCAR Fellow, June to August 1974; radar
meteorology.

CARL BROOKS, Clark College, Atlanta,
Georgia: ASP, Summer Fellowship Program
for Minority Students and Faculty, May to
August 1974; introduction to atmospheric
sciences.

RAYMOND BROWN, University of Cali-
fornia at Berkeley: ASP, June to August
1973; applied mathematics and turbulence
theory.

JAMES BUFF, University of Colorado:
ATD/CF, January to April 1974; thermal
instability of a shock.

ROBERT BUNTING, Saint Louis Univer-
sity: AAP/GARP, January to August 1973;
boundary layer.

JAMES BURGMEIER, University of
Vermont: AQM/AA, June to August 1973
and June to August 1974; aerosol modeling.

TOM BURNETT, Texas A&M University:
ATD/CF, June to August 1974; electron-
atom ionization.

JOHN CAHIR, Pennsylvania State Univer-
sity: ASP, colloquium participant, June to
August 1974; subsynoptic extratropical
weather systems.

JOHN CAMPBELL, Colorado State Univer-
sity: ATD/CF, March to July 1974; air-sea
turbulent momentum transport.

RICHARD CANFIELD, Sacramento Peak
Observatory: HAO, June to August 1973;
chromospheric flare spectra, solar atmo-
spheric heating.

FERNANDO CARACENA, Metropolitan
State College, Denver: ASP, Summer
Fellowship Program for Minority Students
and Faculty, June to September 1974;
severe storms.

MEG CARR, Florida State University: ASP,
UCAR Fellow, June to August 1973 and
June to September 1974; meteorological
statistics.

LEN-FU CHANG, University of Oklahoma:
ASP, colloquium participant, June to
August 1974, subsynoptic extratropical
weather systems.

SHAO CHANG, National Central Univer-
sity, Taiwan: HAO, February 1974 to
present; structure of interplanetary medium.
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LINDA CHAPEL, Colorado State Univer-
sity: AQM/NHRE, summer internship pro-
gram 1973 and 1974.

STEVEN CHAPEL, Metropolitan State
College, Denver: AQM/NHRE, summer
internship program 1973.

HAROLD CHARTIER, Metropolitan State
College, Denver: AQM/NHRE, summer
internship program 1973.

SERGE CHAUZY, Universite Paul Sabatier,
Toulouse, France: AQM/NHRE, November
1973 to present; microphysics of precipita-
tion.

NORBERT CHEN, Transfer from ASP:
AQM/NHRE, July to November 1973; solar
magnetohydrodynamics and environmental
modeling.

ROBERT CHERVIN, Columbia University:
AAP/SSAPP, Presidential Intern, September
1972 to September 1973; numerical
modeling of atmospheric processes.

RONALD CHESSMORE, University of
Illinois: ASP, Postdoctoral Fellow, October
1972 to October 1973; analytical chemistry
of atmospheric trace gases.

BRENDA CHESTER, Spelman College,
Atlanta, Georgia: ASP, Summer Fellowship
Program for Minority Students and Faculty,
June to August 1973; introduction to
atmospheric sciences.

ERIC CHIPMAN, University of Colorado:
ATD/CF, January to present; data analysis
for the LASP/HAO OSO-I instrument.

JULIANA CHOW, University of Colorado:
AAP/GARP, June to September 1973;
stratospheric ozone transport with GCM.

PETR CHYLEK, University of Indiana:
ASP, Postdoctoral Fellow, August 1972 to
August 1973; scattering of radiation, remote
sensing. And State University of New York
at Albany: AAP/CP, May to September
1974; atmospheric radiation.

ROGER CLANCY JR., University of Miami
(Florida): ATD/CF, summer internship
program 1974.

MARK CLARK, Santa Clara University,
Menlo Park, California: AQM/NHRE, March
to June 1974; computer analysis of particle
camera images.

SONNY CLARK, NOAA: ATD/CF, April to
June 1974; analysis of incoherent scatter
data from Jicamarca, Peru.

JAMES COAKLEY, University of California
at Berkeley: ASP, Postdoctoral Fellow,
October 1972 to October 1973; spectros-
copy and scattering. And AAP/CP, October
1973 to present, stratospheric aerosols and
ozone (CIAP program).

STELLA COAKLEY, University of Denver:
AAP/CP, June to September 1974; climate
variability and plant diseases.

WILLIAM COOPER, Columbia University;
ASP, Postdoctoral Fellow, July 1973 to
July 1974; cloud microphysics.

PAUL CRUTZEN, University of Stock-
holm: AQM/UAP, July to September 1973;
modeling the chemistry and dynamics of the
upper atmosphere.

THOMAS CURTIN, University of Miami:
ASP, colloquium participant, June to
August 1974; subsynoptic extratropical
weather systems.

SREERAMA DAGGUPATY, Physical
Research Laboratory, Ahmedabad, India:
AAP/GARP, January 1973 to April 1974;
limited-area modeling in the Indian
monsoon.

WILLIAM DAVIS, Montgomery College,
Rockville, Maryland: HAO, June 1974 to
present; turbulent electric fields in solar
flares.

RICHARD DEFOUW, Harvard University:
HAO, September 1972 to September 1973;
thermal stability of the sun, solar flare
disturbances.

DAVID DE YOUNG, National Radio
Astronomy Observatory: HAO, August
1973; solar flare disturbances.

GARY DOOLEN, Texas A&M University:
ATD/CF, June to August 1974; electron-
atom ionization.

KENNETH DOWELL, Purdue University:
ATD/CF, summer internship program 1973.

DAVID DOY, Iowa State University:
AQM/NHRE, summer internship program
1973.

PHILIP DRAZIN, University of Bristol,
England: ASP, Senior Postdoctoral Fellow,
August 1973 to August 1974; applied
mathematics and geophysical fluid
dynamics.

REINER EIDEN, Johannes Gutenberg
University, Mainz, Germany; AAP/CP,
September 1973 to present; radiative
properties of atmospheric aerosols.

BARBARA EMERY, Massachusetts Insti-
tute of Technology: ASP, June to Septem-
ber 1973; upper atmosphere.

FRANZ ENDLER, Max-Planck Institute,
Munich: HAO, November 1972 to
November 1973; solar wind.

JOSEPH ESTRIN, Clarkson College of
Technology, Potsdam, New York: ASP,
Senior Postdoctoral Fellow, September
1973 to present; nucleation processes.

BRUNO FEDERER, Swiss Institute of
Technology, Zurich, Switzerland: AQM/
NHRE, July to August 1973; cloud physics.

JULIUS FEIT, Queensborough Community
College, Bayside, New York: HAO, June
1974 to present; solar cosmic rays.

ZON-HWA FENG, State University of New
York at Albany: ASP, colloquium partici-
pant, June to August 1974; subsynoptic
extratropical weather systems.

JACK FISHMAN, Saint Louis University:
ASP, colloquium participant, June 1974 to
present;-subsynoptic extratropical weather
systems.

ROBERT FLEISCHER, General Electric
Company: AQM/AA, August 1973 to
present; fissionable aerosols.

E.G. FONTHEIM, University of Michigan:
AQM/UAP, June to August 1974; high-
latitude ionospheric heating.

TERRY FORBES, Joint Institute for
Laboratory Astrophysics: ATD/CF, March
to July 1974; particle acceleration in the
current sheet of the magnetosphere.

ARNOLD FRIEND, Texas A&M University:
ASP, colloquium participant, June to
August 1974; subsynoptic extratropical
weather systems.

URIEL FRISCH, Observatoire de Nice,
France: ASP, September to October 1973
and March to April 1974; astrophysical
turbulence.

MARILYN FRYDRYCH, University of
Hawaii: ATD/CF, summer internship
program 1974.

SHOICHIRO FUKAO, Kyoto University,
Japan: ATD/CF, June to September 1974;
coupled dynamo of the ionosphere.

KEE-YING FUNG, Cornell University: ASP,
colloquium participant, June to August
1974; subsynoptic extratropical weather
systems.

IAN GALBALLY, CSIRO, Australia: AAP/
CP, December 1972 to August 1973;
techniques of measuring background
concentrations of trace gases in the
atmosphere.

TZVI GAL-CHEN, Columbia University:
ASP, Postdoctoral Fellow, October 1973 to
present; climate and convection modeling.

MARIANO ESTOQUE, University of
Miami: AAP/GARP, June to August 1974;
structure of the intertropical convergence
zone (ITCZ).
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ROLANDO GARCIA, University of Miami:
ASP, UCAR Fellow, June to August 1973
and June to September 1974; radar and
dynamic meteorology.

RICHARD GARDNER, Washington Univer-
sity: AQM/AA, June to August 1973; urban
pollution modeling.

STEPHEN GEOGHEGAN, Metropolitan
State College, Denver; AQM/NHRE,
summer internship program 1973.

MICHAEL GHIL, Courant Institute, New
York University: AAP/CP, June to July
1974; analytical approach to energy balance
climate models.

DOROTHY GIBBONS, Metropolitan State
College, Denver: AQM/NHRE, summer
internship program 1974.

LOUIS GIDEL, University of Illinois: ASP,
colloquium participant, June to August
1974; subsynoptic extratropical weather
systems.

PETER GIERASCH, Cornell University:
AQM/UAP, July to August 1973; general
circulation, planetary atmospheres.

ALTHEA GINN, Spelman College, Atlanta,
Georgia: ASP Summer Fellowship Program
for Minority Students and Faculty, June to
August 1973; introduction to atmospheric
sciences.

ROBERT GONTER, University of Massa-
chusetts: ASP, February to July 1974;
acoustic sensing of the atmosphere.

CECIL GOODWIN, University of Michigan:
ATD/CF, June to August 1974; long-term
surface modification simulations.

PAUL GOODWIN, University of Alaska:
AQM/AA, July to August 1973 and June to
August 1974; aerosol flux.

PAUL GORDON, Drexel University: AAP/
SSAPP, July to September 1974; numerical
modeling of mesoscale interactions.

DOUGLAS GOUGH, University of Cam-
bridge, England: ASP, June to August 1974;
compressible convection models.

ROBERT GROSSMAN, Colorado State
University: ASP, Postdoctoral Fellow, June
1973 to June 1974; planetary boundary
layer.

RICHARD GROTJAHN, Florida State
University: ATD/CF, summer internship
program 1974.

DALE HAIDVOGEL, Massachusetts Insti-
tute of Technology: ATD/CF, summer
internship program 1973.

JAROSLAV HALENKA, Czechoslovakian
Academy of Sciences: HAO, June 1974;
solar-terrestrial physics.

KRZYSZTOF HAMAN, University of
Warsaw, Poland: AQM/NHRE, March to
June 1974; cloud dynamics.

CARL HANE, Transfer from ASP: AQM/
NHRE, May to September 1973; tropical
convection modeling.

KIRK HANSEN, University of Chicago:
ASP, June to August 1973; dynamic
meteorology.

HOWARD HANSON, University of Miami:
ASP, June to September 1973 and AAP/CP,
May to July 1974; climate modeling.

WILLIAM HART, North Carolina State
University: ATD/CF, summer internship
program 1974.

STEVE HATCHETT, University of Colo-
rado: ATD/CF, April to July 1974; thermal
instability of a shock.

PAUL HAYS, University of Michigan:
AAP/GARP, June to August 1973; upper
atmosphere.

JAMES HEASLEY, Yale University: HAO,
September 1973 to present; radiative
transfer.

JEAN-CLAUDE HENOUX, Observatoire de
Paris: HAO, September 1972 to September
1973; structure of coronal active regions.

MARK HOLDEMAN, Metropolitan State
College, Denver: AQM/NHRE, summer
internship program 1974.

JAMES HOLTON, University of Washing-
ton: AAP/GARP, June to August 1973;
tropical dynamics.

MICHAEL HOLWELL, Metropolitan State
College, Denver: AQM/NHRE, summer
internship program 1973.

ROBERT HOUZE JR., University of
Washington: AAP/GARP, August to
September 1973; GATE preparations.

JANE HSIUNG, Barnard College: ATD/CF,
summer internship program 1973.

HARLEY HURLBURT, Florida State
University: ASP, Postdoctoral Fellow,
January 1974 to present; dynamical ocean
modeling, air-sea interactions.

FRANK I RSCH III, Massachusetts Institute
of Technology: ASP, UCAR Fellow, June to
September 1973; solar oblateness, climate
theory.

HARUMI ISAKA, Laboratoire de
Dynamique et Microphysique de I'Atmo-
sphere, Complexe Scientifique des Cezeaux,
France: AAP/SSAPP, September 1972 to
October 1973; convection, lee waves, and
other small- and medium-scale atmospheric
processes.

GERALD JANOWITZ, Case Western
Reserve University: AAP/SSAPP, June to
August 1973; data analyses in WAMFLEX.

DONALD JANSSEN, Colorado State
University: ATD/CF, March to June 1974;
cumulus model scale interaction.

RICHARD JONES, University of Hawaii:
AAP/GARP, July to August 1973 and June
to August 1974; data analysis techniques.

MASAO KANAMITSU, Florida State
University: ATD/CF, June to October 1973.

TERRY KARPEN, Metropolitan State
College, Denver: AQM/NHRE, summer
internship program 1973 and 1974.

SUSUMU KATO, Kyoto University, Japan:
HAO, January 1974; hydromagnetic tides
and gravity waves in the ionosphere.

CLIFFORD KERN, Saint Louis University:
AQM/AA, October 1972 to October 1973;
Fate of Atmospheric Pollutants Study,
modeling of the pollutant area and plume.

ROBERT KERSCHEN, Metropolitan State
College, Denver: AQM/NHRE, summer
internship program 1974.

LEON KEYSER, California Institute of
Technology: AQM/AA, Presidential Intern,
August 1972 to August 1973; atmospheric
photochemistry.

JOHN KINDLE, Florida State University:
ATD/CF, June to September 1974; model
of circulation of Gulf of Mexico.

FRANZ KNEER, Fraunhofer Institute,
Germany: HAO, June 1974 to present;
NLTE radiation transport theory, physics of
the solar chromosphere.

GENNADI KONTAREV, Computer Center,
Siberian Branch of USSR Academy of
Sciences: ASP and AAP/GARP, August to
September 1973; numerical weather
prediction.

E. LOTHAR KOSCHMIEDER, University
of Texas at Austin: ASP, Senior Postdoc-
toral Fellow, September 1973 to present;
laboratory convection, general circulation of
planetary atmospheres.

KENNETH KRALL, University of
Wyoming: ATD/CF, May to August 1974;
solar transition-region problems.
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JAN KREIDER, University of Colorado:
ATD/CF, January to August 1974; balloon
trajectory simulation model.

BARBARA KREISTER, Free University of
Berlin, Germany: AAP/GARP, June to
August 1973; sunspot-stratosphere
relationships.

T.N. KRISHNAMURTI, Florida State
University: ATD/CF, December 1973 to
February 1974; short-range NWP experi-
ments over tropical Atlantic.

STEPHEN KROMER, Metropolitan State
College: AQM/NHRE, summer internship
program 1973.

MICHAEL KUHN, University of Denver:
ATD, summer internship program, June to
August 1973; mathematics and atmospheric
phenomena.

DONALD LANDMAN, University of
Hawaii: HAO, June and July 1974; atomic
parameters connected with emission line
polarization in the corona.

HENRY LARSSON, University of Stock-
holm: ATD/CF, April to May 1974; break-
down of the zonal motion.

NOEL LA SEUR, Florida State University:
ASP, colloquium lecturer, June to July
1974; subsynoptic extratropical weather
systems.

MARTIN LEACH, Drexel University: ASP,
colloquium participant, June to August
1974; subsynoptic extratropical weather
systems.

YOLANDE LEBLANC, Observatoire de
Paris: HAO, March 1973; K-corona.

JOHN LEE, Florida State University: ASP,
Postdoctoral Fellow, August 1973 to
present; mesoscale circulation modeling.

HARALD LEJENAS, University of Stock-
holm: ATD/CF, April to May 1974;
breakdown of the zonal motion.

ANTHONY LEONARD, Stanford Univer-
sity: AAP/SSAPP, July to September 1973;
channel flow simulation, eddy viscosity
version of atmospheric boundary-layer
simulations.

CONWAY LEOVY, University of Washing-
ton: ASP, Lecturer for the Summer
Fellowship Program for Minority Students
and Faculty, June to August 1974; intro-
duction to atmospheric sciences.

JANET LESH, University of Denver:
ATD/CF, February to May 1974; propaga-

RANDOLPH LEVINE, Harvard University:
HAO, September 1972 to present; magneto-
hydrodynamics, solar magnetic fields,
coronal heating.

YI JEN LIN, Catholic University of
America: ATD/FOF, summer internship
program, June to August 1974.

WILLIAM LINDBERG, University of
Wyoming: ATD/CF January to April 1974
and May to August 1974; turbulent disper-
sion and Lagrangian statistics.

ROLAND LIST, University of Toronto,
Canada: AQM/NHRE, June to July 1973;
hail suppression, thunderstorm research.

SOU-YANG LIU, University of Maryland:
HAO, August 1972 to August 1973; Ca II
K-line observations.

RICHARD LIVINGSTON, University of
Missouri: ASP, colloquium participant, June
to August 1974; subsynoptic extratropical
weather systems.

WILLIAM LIVINGSTON, Kitt Peak
National Observatory: HAO, January to
June 1974; solar rotation and circulation.

ARTHUR LOESCH, University of Chicago:
ASP, Postdoctoral Fellow, September 1972
to September 1973; geophysical fluid
dynamics. And State University of New
York at Albany: ATD/CF, June to August
1974; energy exchanges among baroclinic
waves due to interactions.

JULIUS LONGSHORE, Clark College,
Atlanta, Georgia: ASP,Summer Fellowship
Program For Minority Students and
Faculty, May to August 1974; introduction
to atmospheric sciences.

DAVID LOOMIS, University of Colorado:
AQM/NHRE, summer internship program
1973.

EDWARD LORENZ, Massachusetts Insti-
tute of Technology: ASP, Senior Post-
doctoral Fellow, July 1973 to July 1974;
dynamical meteorology.

BOON-CHYE LOW, University of Chicago:
HAO, October 1973 to present; solar
magnetic fields.

R. DAVID LUCAS, Stanford University:
ASP, Postdoctoral Fellow, July 1972 to
July 1973; applied mathematics, solar wind
theory. And HAO, October to December
1973; solar wind, solar magnetic fields.

THOMAS LUNDGREN, University of
Minnesota: ASP, April to August 1973;
turbulence theory.

tion of disturbances in stellar atmospheres.
MARIANNE MARESCHAL, Texas A&M
University: ATD/CF, summer internship
program 1974.

LAWRENCE MARX, Northern Illinois
University: ATD/CF, summer internship
program 1974.

CLIFFORD MASS, Cornell University:
ATD/CF, summer internship program 1974.

DAVID MATHEWS, Bureau of Reclama-
tion: ATD/CF, November 1973 to February
1974; mesoscale modeling of cumulus
clouds.

PATRICK MATSON, Metropolitan State
College, Denver: AQM/NHRE, summer
internship program, 1973.

C. HENRY MC COMAS III, Johns Hopkins
University: ASP, colloquium participant,
June to August 1974; subsynoptic extra-
tropical weather systems.

RICHARD MC CRAY, joint Institute for
Laboratory Astrophysics: ATD/CF, March
to June 1974; thermal instability of a shock.

TIMOTHY MC DONNELL, Metropolitan
State College, Denver: AQM/NHRE,
summer internship program 1973.

DAN MC NOUGHTON, Drexel University:
AAP/SSAPP, June to December 1973;
numerical modeling of mesoscale inter-
actions.

ARMEN MELIKIAN, Ball Brothers:
ATD/CF, June to September 1974; thermal
analysis of the HAO white light coronagraph
on ATM.

DONALD MICKEY, University of Hawaii:
HAO, November 1973; coronal emission
line polarization data.

KENNETH MITCHELL, Pennsylvania State
University: ASP, UCAR Fellow, June to
August 1974; convection parameterizations.

LAURENCE MONTANO, Regis College,
Denver: ASP, UCAR Fellow, May to August
1974; stratospheric chemistry.

WERNER NATER, Eidgenossische Tech-
nische Hochschule, Zurich, Switzerland:
ASP, October to December 1973; mountain
waves.

WERNER NEUPE RT, NASA Goddard
Space Flight Center: HAO, September 1972
to September 1973; solar spectroscopy in
the extreme ultraviolet region, evolution of
active regions and flares.

DAVID NORCROSS, Joint Institute for
Laboratory Astrophysics: ATD/CF,
November 1973 to May 1974; excitation
and ionization cross sections of light ions.

RICHARD NUNGE, Clarkson College of
Technology, Potsdam, New York: ASP,
Senior Postdoctoral Fellow, August 1972 to
August 1973; pollution dispersal modeling.
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KRIS NYMAN, Metropolitan State College,
Denver: AQM/NHRE, summer internship
program 1974.

MICHAEL O'DELL, Metropolitan State
College, Denver: AQM/NH RE, summer
internship program 1974.

TOSHIHIRO OGAWA, Aeronomy Labora-
tory/NOAA (Boulder): ATD/CF, February
to May 1974; theoretical modeling for
mesosphere composition.

VICTORIA OLDEMEYER, Metropolitan
State College, Denver: AQM/NHRE,
summer internship program 1974.

PEDRO OLIVER, Prairie View A&M
University (Texas): ASP, Summer Fellow-
ship Program for Minority Students and
Faculty, May to August 1974; mathematics
applied to meteorological sciences.

FRANK ORRALL, University of Hawaii:
HAO, March 1974 to present; problems of
temperature in the corona.

PURNA PATNAIK, University of California
at Berkeley: AAP/SSAPP, November 1973
to present; atmospheric dynamics.

WILLIAM PARTON JR., University of
Oklahoma: ASP, Postdoctoral Fellow, June
1974 to present; atmospheric and ecological
modeling

EDWARD PATTERSON JR., Georgia Insti-
tute of Technology: ASP, Postdoctoral.
Fellow, January 1974 to present; radiative
processes and remote sensing.

G. STUART PATTERSON JR., Swarthmore
College: ASP, Senior Postdoctoral Fellow,
July to November 1973; turbulence
simulations.

MONTY PEFFLEY, Florida State Univer-
sity: ATD/CF, May to September 1974;
numerical model of ocean circulation off
the Oregon coast.

DONALD PERKEY, Drexel University:
AAP/SSAPP, June 1973 to present; numeri-
cal modeling of mesoscale interactions.

CYNTHIA PESLEN, Pennsylvania State
University: ATD, summer internship pro-
gram, June to August 1973; cloud physics.

DANIEL PETERSEN, University of New
Mexico: AAP/GARP, August 1972 to
August 1973; data assimilation and numeri-
cal modeling technique.

LEONHARD PFISTER, University of
Washington: AAP/GARP, June to August
1973; tropical dynamics.

GEORGE PLATZMAN, University of
Chicago: ASP, June to August 1973;
dynamic meteorology.

GARY POTTS, Metropolitan State College,
Denver: AQM/NHRE, summer internship
program 1973 and 1974.

ANNICK POUQUET, Observatoire de Nice,
France: ASP, Postdoctoral Fellow, Septem-
ber 1973 to September 1974; magneto-
hydrodynamic turbulence.

JAMES PRICE, University of Miami: ASP,
colloquium participant, June to August
1974; subsynoptic extratropical weather
systems.

EARLIS RANDELSON, Clark College,
Atlanta, Georgia: ASP, Summer Fellowship
Program for Minority Students and Faculty,
June to August 1974; introduction to
atmospheric sciences.

THOMAS REID, Texas A&M University:
ATD/CF, June to August 1974; the inter-
action between the Gulf Stream and the
Atlantis II seamount.

JAMES REILLY, Cambridge University,
England: ASP, July to September 1973;
laboratory photochemistry.

WILLIAM REINHARDT, Joint Institute for
Laboratory Astrophysics: ATD/CF, June to
August 1974; cloud model of an urban area.

MARY RENNICK, University of Illinois:
ATD/CF, summer internship program 1973.

ARTHUR RICHMOND, University of
California at Los Angeles: HAO, September
1972 to September 1973; thermospheric
winds, plasmapause dynamics.

ANTHONY RIDDLE, CSIRO, Australia:
HAO, January 1974 to present; analysis of
radio and optical aspects of coronal distur-
bances and design of instruments to be used
in solar cycle 21.

DEREK ROBB, Joint Institute for Labora-
tory Astrophysics: ATD/CF, January to
August 1974; electron-atom ionization.

STEVEN ROUNTREE, Texas A&M Univer-
sity: ATD/CF, June to August 1974;
electron-atom ionization.

IAN ROXBURGH, Queen Mary College,
London: HAO, July to October 1973; solar
wind, magnetic fields.

JEAN ROZELOT, Observatoire du Pic-du-
Midi, France: HAO, July to September
1973; statistical equilibrium within mag-
netic sub-levels in ions of Fe XIII and
Fe XIV.

WILLIAM PHYSICK, Flinders University,
Australia: ATD/CF, July to September
1973; numerical simulation of the sea
breeze.
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SCOTT RUSSELL, Kalamazoo College
(Michigan): HAO, April to June 1974;
laboratory measurements involving Stokes
polarimeter and evaluation of components
for new opal calibration system (with John
Streete).

RONALD RUTHERFORD, Metropolitan
State College, Denver: AQM/NHRE,
summer internship program 1973.

SURINDER SAHAI, University of
Wyoming: ATD/CF, April to July 1974;
solar transition region problems.

DAVID SALSTEIN, Massachusetts Institute
of Technology: ASP, June to September
1974; dynamic meteorology.

RALPH SAUNDERS, University of Denver:
ATD/CF, January to July 1974; magneto-
spheric particle motion and precipitation
into the atmosphere.

STEPHEN SCHMIDT, University of Denver:
ATD/CF, January to May 1974; infrared
emission from jet aircraft exhaust plume
into the atmosphere.

STEPHEN SCHNEIDER, Columbia Univer-
sity: ASP, Postdoctoral Fellow, September
1972 to July 1973; climate theory.

LLOYD SCHULMAN, Massachusetts
Institute of Technology: ASP, September to
November 1973; general circulation.

D. RICHARD SEARS, University of
Tennessee: AQM/AA, Presidential Intern,
July 1972 to July 1973; crystallography.

WILLIAM SELLERS, University of Ari-
zona: ASP, June to July 1973; climate
modeling, micrometeorology.

SHERRY SHAW, Spelman College, Atlanta,
Georgia: ASP, Summer Fellowship Program
for Minority Students and Faculty, May to
August 1974; introduction to atmospheric
sciences.

WILLIAM SHAW, South Dakota School of
Mines and Technology: ATD/RAF, summer
internship program 1974.

ARUN SHENDRIKAR, Louisiana State
University: ASP, Senior Postdoctoral
Fellow, September 1973 to September
1974; analytical chemistry of trace gases.

TATSUO SHIMAZAKI, Aeronomy Labora-
tory/NOAA (Boulder): ATD/CF, April to
July 1974; two-dimensional modeling for
stratospheric composition.

HAMPTON SHIRER, Pennsylvania State
University: ATD/CF, summer internship
program 1973.

GEORGE SKADRON, Drake University:
HAO, June 1974 to present; turbulence in
ionosphere.



HENRY SMITH, Morehouse College, Atlan-
ta, Georgia: ASP,Summer Fellowship
Program for Minority Students and Faculty,
June to August 1973; introduction to
atmospheric sciences.

ROLAND SMITH, Macquarie University,
Australia: ASP, Senior Postdoctoral Fellow,
January 1974 to present; laboratory and
atmospheric photochemistry.

RONALD SMITH, Johns Hopkins Univer-
sity: ASP, colloquium participant, June to
August 1974; subsynoptic extratropical
weather systems.

TIMOTHY SMITH, Metropolitan State
College, Denver: AQM/NHRE, summer
internship program 1973.

WALLACE SNEDDON, University of
Colorado: AQM/NHRE, summer internship
program 1973.

JOHN SPARKMAN, Independent:
ATD/CF, January to August 1974; geomag-
netic changes and pressure changes.

R.C. SRIVASTAVA, University of Chicago:
ATD/CF, June to July 1974; severe convec-
tive storm radar analysis.

JOHN STANFORD, Iowa State University:
ASP, Senior Postdoctoral Fellow, Septem-
ber 1972 to September 1973; tornados,
stratospheric physics.

ROBERT STELLINGWERF, Joint Institute
for Laboratory Astrophysics: ATD/CF,
January to August 1974; nonlinear oscilla-
tions of cepheid-type variable stars.

JEFFREY STEPHENSON, Massachusetts
Institute of Technology: ATD/CF, summer
internship program 1974.

JAMES STERKEN, University of Michigan:
ATD/CF, May to June 1974; a spectral-form
diagnostic study of northern hemisphere
general circulation energetics.

DUANE STEVENS, Harvard University:
ATD/CF, summer internship program 1973.

ROBERT STOCKER, University of Denver:
ATD/CF, April to July 1974; theory of
ionospheric modification.

JUDITH STOKES, Clark College, Atlanta,
Georgia: ASP, Summer Fellowship Program
for Minority Students and Faculty, June to
August 1973, and UCAR Fellow, June to
September 1974; introduction to atmo-
spheric sciences.

JOHN STREETE, Southwestern at
Memphis: HAO, September 1973 to
present; infrared prominence emission lines.

ROLAND STULL, University of Washing-
ton: ATD/CF, summer internship program
1973.

C.-H. SU, Brown University: ASP, Senior
Postdoctoral Fellow, September 1973 to
September 1974, applied mathematics,
atmospheric waves.

TOMOSHIGE SUDA, Meteorological
Research Institute, Japan: AAP/GARP,
October 1973 to present; carrier balloons.

WEN-YIH SUN, University of Chicago:
ATD/CF May to June 1974; thermal
convection in the atmosphere.

ROLAND SWEET, University of Colorado:
ATD/CF, July to August 1973; mathemati-
cal analysis.

EUGENE TAKLE, Iowa State University;
ASP, June to.September 1973; acoustic
sensing.

KATSUO TANAKA, California Institute of
Technology: HAO, April to July 1973, solar
chromosphere.

MARTIAL THIEBAUX, Department of
Transportation: AQM/UAP, January to
December 1974; one-, two-, and three-
dimensional diffusivities.

ROBERT THOMAS, Metropolitan State
College, Denver: AQM/NHRE, summer
internship program 1973.

STEVEN TRACTON, Naval Postgraduate
School, Monterey, California: ASP, collo-
quium participant, June to August 1974;
subsynoptic extratropical weather systems.

JOHN TRISCHKA, Syracuse University:
ASP, July to August 1973; synoptic meteo-
rology. And AQM/UAP, May to August
1974; atmospheric aerosols.

RUSSELL TROOK, Metropolitan State
College, Denver: AQM/NHRE, summer
internship program 1973 and 1974.

CHING-YEN TSAY, University of Utah:
AAP/GARP, Presidential Intern, August
1972 to August 1973; numerical modeling
of global circulation.

LOUIS UCCELLINI, University of Wiscon-
sin: ASP, colloquium participant, June to
August 1974; subsynoptic extratropical
weather systems.

YUTAKA UCHIDA, Tokyo Astronomical
Observatory: HAO, June to September
1973; magnetohydrodynamic shock wave
studies.

CARLTON ULBRICH, Clemson University
(South Carolina): ASP, Senior Postdoctoral
Fellow, September 1972 to August 1973;
radar meteorology.

JUSTO VALBUENA, Philippine Weather
Bureau; ASP/ESIG, June to August 1973;
statistical probability forecasting, evaluation
of probability forecasts.

JOHN VAN ALLEN, University of Denver:
ATD/CF, January to July 1974; distribution
of minor constituents in the atmosphere.

JOHN VAN EPS, California State University
at Hayward: ASP, June to August 1973;
applied mathematics.

ANDREW VASTANO, Texas A&M Univer-
sity: ATD/CF, June to September 1974;
NORPAX Lagrangian Experiments
(NORLEX).

GREG VON BOKERN, Iowa State Univer-
sity: ATD/RSF, summer internship
program, June to August 1974.

BRENDA WALKER, Clark College, Atlanta,
Georgia: ASP, Summer Fellowship Program
for Minority Students and Faculty, May to
August 1974; introduction to atmospheric
sciences.

C.W. WATKINS, Clark College, Atlanta,
Georgia: ASP, Summer Fellowship Program
for Minority Students and Faculty, June to
August 1973; introduction to atmospheric
sciences.

BOB WATSON, University of Wyoming:
ATD/CF, June to September 1974; solar
transition-region problems.

JAMES WEINMAN, University of Wiscon-
sin: AAP/CP, July to August 1973:
atmospheric radiation.

W. ROY WESSEL, Florida State University:
ATD/CF, July to August 1973; global
circulation model of the Martian
atmosphere.

MARGARET WHELDON, Harvard Univer-
sity: ASP, colloquium participant, June to
August 1974; subsynoptic extratropical
weather systems.

JILLWILLIAMS, University of Colorado:
AAP/GARP, October 1972 to May 1974;
climate studies using GCM.

REGINALD WILLINGHAM, Morehouse
College, Atlanta, Georgia: ASP, Summer
Fellowship Program for Minority Students
and Faculty, May to August 1974; introduc-
tion to atmospheric sciences.

DANIEL WOLFE, Metropolitan State
College, Denver: AQM/NHRE, summer
internship program 1974.

WILLIAM WRIGHT, Metropolitan State
College, Denver: AQM/NHRE, summer
internship program 1973.

SHI-TSAN WU, University of Alabama at
Huntsville: HAO, June to August 1973,
coronal transient phenomena, magneto-
hydrodynamics.
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ASA YANCEY, Morehouse College,
Atlanta, Georgia: ASP, Summer Fellowship
Program for Minority Students and Faculty,
June to August 1974; introduction to
atmospheric sciences.

TYAN YEH, Southern Illinois University:
ASP, Senior Postdoctoral Fellow, June 1973
to June 1974; applied mathematics,
magnetohydrodynamics and plasma physics.

MARTIN YERG, University of Oklahoma:
ATD/RSF, January to October 1973;
methodology for airborne experiment using
optimum sampling technique for GATE.

HIROKAZU YOSHIMURA, University of
Tokyo, Japan: ASP, Postdoctoral Fellow,
August 1973 to August 1974; solar convec-
tion and dynamo theory.

KENNETH YOUNG, University of Chicago:
ASP, Postdoctoral Fellow, July 1973 to
July 1974; cloud microphysics modeling.

RICHARD YOUNG, University of Califor-
nia at Los Angeles: ASP, Postdoctoral
Fellow, August 1972 to August 1973;
planetary circulation and convective
modeling.

JAMES ZARICHNY, Florida State Univer-
sity: ATD/CF, March to June 1974; numeri-
cal simulation of vacillation in a rotating
annulus.

SEYMOUR ZENCHELSKY, Rutgers
University: ASP, Senior Postdoctoral
Fellow, August 1973 to August 1974;
organic aerosol chemistry.

Publications of Calendar Year 1973

Submitted publications of both staff and
visitors for calendar year 1973 are listed;
informal papers, internal reports,
abstracts, and papers presented at
meetings are not included. Theses based
on research performed in cooperation
with NCAR during calendar year 1973
are also included in this publications list.
An asterisk before a name indicates a
non-NCAR coauthor.

ABBOTT, C.E.: A method of measuring
low-velocity vertical flow. J. Appl. Meteor.
12 (8), 1384-1386, 1973.

ACHESON, D.: Hydromagnetic wavelike
instabilities in a rapidly rotating stratified
fluid. J. Fluid Mech. 61, 609- 624, 1973.

ADAMS, J.C., and R.K. REW (Eds.):
Summary Reports--Fellowship in Scien-
tific Computing, Summer 1973. Technical
Note, NCAR - TN/PROC - 90, 250 pp.,
1973.

----- , P.A. ROTAR, and V.B.
WAYLAND: Ascent Reference Manual.
Technical Note, NCAR - TN/IA -89,
282 pp., 1973.

*ALTSCHULER, B.R., R.M. PERRY, and
M.D. ALTSCHULER: Computerized
multiangular tomography. Proc. Soc.
Photo. Optical Instrumentation Engrs. 41,
145, 151, 1973.

ALTSCHULER, M.D.: Book Review:
Solar Activity Observations and Predic-
tions. P. Mclntosh and M. Dryer, Eds.,
E@S, Trans. Amer. Geophys. Union 54,
551 -552, 1973.

--- and D.E. TROTTER: Coronal
magnetic field maps, before, during, and
after the period 26 July to 14 Aug. 1972
(current-free approximation). In Collected
Data Reports on August 1972 Solar-
Terrestrial Events, H.E. Coffey, Ed.,
Report UAG - 28 Part I, World Data
Center A for Solar-Terrestrial Physics,
74-76, 1973.

----- , D.F. SMITH, P.N. SWARZ-
TRAUBER, and E.R. PRIEST: The
nonlinear acceleration of a magnetic
disturbance in the solar corona. Solar
Phys. 32, 153 -171, 1973.

ANDERSON, D.N.: A theoretical study
of the ionospheric F-region equatorial
anomaly--I. Theory. Planet. Space
Sci. 21,409 -419, 1973.

----- : A theoretical study of the
ionospheric F-region equatorial anomaly
-- II. Results in the American and Asian
sectors. Planet. Space Sci. 21, 421 - 422,
1973.

---- , S. MATSUSHITA, and *J.D.
TARPLEY: A theoretical study of lunar
variations in foF2 at low latitude.
j. Atmos. Terr. Phys. 35, 753-759, 1973.

ANDERSON, L.G., *C.S. PARMENTER,
and *H.M. POLAND: Collision-induced
intersystem crossing. The photophysics of
glyoxal vapor excited at 4358 A. Chem.
Phys. 1, 401 -417, 1973.

ATHAY, R.G.: Coronal density and
temperature gradients. Solar Phys. 29,
357 -364, 1973.

ATLAS, D., and C.W. ULBRICH: The use
of attenuation and reflectivity for
improved measurements of water content
and rainfall rate. In Proc. Colloquium on
the Fine-Scale Structure of Precipitation
and Electromagnetic Wave Propagation,
23 -31 October 1973, Nice, France,
Centre d'Etudes de T616communications,
Vol. II, Paper 111.1, 1973.

--- , *R.C. SRIVASTAVA, and *R.S.
SEKHON: Doppler radar characteristics of
precipitation at vertical incidence. Rev.
Geophys. Space Phys. 7 (1), 1 -35, 1973.

AUER, L.H., and D. MIHALAS: Analyses
of light-ion spectra in stellar atmospheres.
IV. He I in the B stars. Astrophys. j.
Suppl. Ser. No. 223, 25, 433 -462, 1973.

--- and ----- : Analyses of light-
ion spectra in stellar atmospheres. V.
Neon I in B stars. Astrophys. j. 184,
151 -166, 1973.

BARKSTROM, B.R.: A comparison of
the Minneart reflectance law and the
reflectance from a nonconservative
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HASKINS & SELLS
CERTIFIED PUBLIC ACCOUNTANTS

621 SEVENTEENTH STREET

DENVER, COLORADO 80202

AUDITORS' OPINION

Board of Trustees,
University Corporation for Atmospheric Research:

We have examined the balance sheet of the University

Corporation for Atmospheric Research as of June 30, 1974 and

the related statement of revenues, expenditures, and changes

in fund balances for the year then ended. Our examination

was made in accordance with generally accepted auditing stan-

dards, and accordingly included such tests of the accounting

records and such other auditing procedures as we considered

necessary in the circumstances.

In our opinion, the accompanying financial statements

present fairly the financial position of the University

Corporation for Atmospheric Research at June 30, 1974 and

the results of its operations and changes in fund balances

for the year then ended, in conformity with generally accepted

accounting principles applied on a basis consistent with that

of the preceding year.

August 23, 1974



UTIVERSITY CORPORATION FOR ATMOSPHERIC RESEARCH

BALANCE SHEET, JUNE 30, 1974 AND 1973

1974

ASSETS

CURRENT FUND:
Cash (includes interest-bearing deposits:

1974, $18,427; 1973, $327,890)............
United States Government securities (at cost,

which approximates market value)...........
Investment contract (Note 2).................
Receivables.................................
Prepaid expenses............................

Total current fund....

PLANT FUND - Property (Note 1):
Plant (net)..................................
Equipment................... .. ......... .........

Total plant fund......

TOTAL .......

LIABILITIES AN
FUND BALANCES

CURRENT FUND:
Accounts payable..........................
Deferred compensation contracts (Note 2)....
Fund balance (restricted: 1974, $51,741;

1973, $34,628).............................

Total current fund....

PLANT FUND - Balance (Note 1)..................

TOTAL.......

$ 24,056 $ 332,222

421,754
26,840
44,394

1, 699

518. 743

19,875

34,127
4, 397

390 621

170,528 179,055
584,945 587,033

755,473 766,088

$1 274,216 $1, 156,709

D

$ 19,038 $ 17,065
26,840

472,865 373,556

518,743 390,621

755,473 766,088

$1,274,216 $1,156,709

See Notes to Financial Statements.
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UNIVERSITY CORPORATION FOR ATMOSPHERIC RESEARCH

STATEMENT OF REVENUES, EXPENDITURES, AND CHANGES IN FUND BALANCES
FOR THE YEARS ENDED JUNE 30, 1974 AND 1973

1974 1973

CURRENT FUND:
Revenues:

Fee for management of the National Center
for Atmospheric Research...................

Interest................................... .
Other (principally dues and gifts - 1974,

$52,379 restricted).......................
Total...................

Expenditures:
Salaries and wages...........................
Travel.................................. ....
Services......................................
Materials, supplies, and other...............
Employee benefits................... ........
Fellowships...................................

Total...................

Revenues over expenditures.....................

Current fund balance - Beginning...............

Transfer to plant fund for property additions..

Current fund balance - Ending.................

PLANT FUND:
Plant fund balance, beginning of year..........

Transfer from current fund for property
additions...................................

Government excess, donations, etc. (Note 1)....

Amortization..................................

Disposals.................... ...............

Plant fund balance, end of year...............

$340,000
27,368

$ 340,000
20,995

71,904 9,253
439,272 370,248

120,917
92,033
42,683
38,345
31,131
14 370

339,479

99,793

373,556

(484)

$472,865 $

136, 650
91,360
35,690
45,215
28,120
22 146

359,181

11,067

363,969

(1,480)

373,556

$766,088 $1,054,397

484 1, 480

22,057 2,500

(8,526) (8,526)

(24,630) (283,763)

$755, 473 $766,088

See Notes to Financial Statements.
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UNIVERSITY CORPORATION FOR ATMOSPHERIC RESEARCH

NOTES TO FINANCIAL STATEMENTS
FOR THE YEAR ENDED JUNE 30, 1974

1. The University Corporation for Atmospheric Research is a
nonprofit membership corporation engaged in scientific and
educational activities in atmospheric research and related
fields. The Corporation operates the National Center for
Atmospheric Research under contract NSF-C760 with the National
Science Foundation for a five-year period ending June 30,
1977 (see Note 3). The performance of work under this
contract may be terminated by the Foundation whenever it shall
determine that such termination is in the best interests of
the Government. Other Government agencies also utilize the
services of the National Center through contracts and
grants.

The more significant accounting policies followed by the
Corporation are summarized below:

Property is recorded at cost except for property acquired
from United States Government excess and donations which
is recorded by management at appraised values at June 30
as follows: 1974, $533,259; 1973, $535,832.

In accordance with practices generally followed by
organizations similar to the Corporation, no provision
has been made for depreciation of property except that
under terms of a declaration of trust covering the
Fleischmann Building, such building must be sold to the
United States Government at a price not to exceed cost
less amortization during a period of twenty-five years
beginning with the date of occupancy. At the end of that
period, in 1994, title to the land and building must be
conveyed to the Government without charge. Accordingly,
annual amortization of $8,526 has been charged to the
plant fund balance during the years ended June 30, 1974
and 1973. Building cost at June 30, 1974 is $211,763
with accumulated amortization to that date of $41,235.
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UNIVERSITY CORPORATION FOR ATMOSPHERIC RESEARCH
NOTES TO FINANCIAL STATEMENTS, ETC.

2. Effective December 31, 1973 a corporate officer with whom
the Corporation had a deferred compensation contract ter-
minated full-time employment before normal retirement age,
and the contract was amended accordingly. The terms of
the original contract provided for total payments from
corporate and insurance policy sources of $72,000 in the
event of the officer's death or upon his retirement.
Pursuant to the amended contract, the Corporation terminated
the life insurance policy and invested the related cash value
proceeds of $24,965 in its name in the College Retirement
Equities Fund. Such amount, together with net earnings and
any appreciation or depreciation thereon is to be paid to the
officer upon his reaching normal retirement age in 1980.
The Corporation has no other commitments in connection with
the amended contract and no restriction of fund balance
remains at June 30, 1974.related to the original contract.

During the current year, the Corporation entered into a deferred
compensation contract with another corporate officer which
calls for the Corporation to make investments of $3,000 per
year into a similar type retirement fund for the officer.
Proceeds from the fund, including net earnings and any appre-
ciation or depreciation thereon, are to be paid to the officer
u-on his returement. $1,875 was invested during the fiscal
year ended June 30, 1974.

The above investment contracts are carried at cost as of June 30,
1974 with no adjustment to market value because any such
adjustment would be insignificant.
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UNIVERSITY CORPORATION FOR ATMOSPHERIC RESEARCH
NOTES TO FINANCIAL STATEMENTS, ETC.

3. Financial position and results of operations of the National
Center (which are not included in the financial statements
presented herewith) as of June 30, 1974 and 1973 and for
the years then ended are included below:

Balance Sheet

1974 1973

Assets

Current Fund:
Cash......... ..................
Receivables:

National Science Foundation...
Other governmental agencies...
Other....................

Balloon inventory (at identified
cost).........................

Prepayments and deposits........
Total current fund...

Plant Fund - Property (Notes a
and b):
Plant.......... ...............
Equipment.......................
Construction in progress........

Total plant fund.....

Total ......

$ 127,928 $ 19,167

4,735,097 6,033,955
220,067 114,592
338,653 215,341

197,792 202,723
97,100 301,128

5,716,637 6,886,906

9,588,102 9,588,069
73,016,212 21,120,272

1, 500,701 370,287
34,105,015 31,078,628

$39,821,652 $37,965,534

Liabilities and
Fund Balances

Current Fund:
Liabilities:

Accounts payable. .............
Salaries and wages payable....
Payroll taxes.................
National Science Foundation...
Other liabilities and

deferred credits............
Total.....................

Commitments (Notes a and c).
Fund balances - National Science

Foundation ....................
Total current fund...

Plant Fund - Balance (Notes a
and b)..........................

Total......

$ 546,772
285,659
148,690
161,970

$ 647,997
284,389

74,393
161,970

445,891 269,723
1,588,982 1,438,472

4,127,655 5,448, 434
5,716,637 6,886,906

34,105,015 31,078,628

$39,821,652 $37,965.534
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UNIVERSITY CORPORATION FOR ATMOSPHERIC RESEARCH
NOTES TO FINANCIAL STATEMENTS, ETC.

3 (Continued)

Statement of Revenues, Expenditures, and Changes in Fund Balances

................ 1974................
National Other
Science Government

Foundation Contracts 1973
Contract and Grant Total Total

Current Fund:
Revenues (Note a):
National Science Foundation funds
Other Government agency funds....
Other contracts and grant........

Total..................
Expenditures:
Operating:

Salaries and wages............
Employee benefits..............
Materials and supplies.........
Services,.....................
Travel.........................
Fixed fee (Note e).............
Other......... .... ...... ...

Total operating............
Property (Note b)................

Total..................
Revenues under expenditures ........
Fund balance, beginning of year....

Fund balance, end of year..........

Plant Fund:
Balance, beginning of year.........
Current year acquisitions:

Current fund expenditures........
Government excess, donations, etc.

Current year disposals.............

Balance, end of year..............

$19,531,846
3,250,296

$1.681,422

$19,531,846
3,250,296
1.681.422

$19,695,678
2,009,655
2.220.470

22,782,142 1,681, 422 24,463,564 23,925,803

9,764,638 101,872 9,866, 510 9,477,864
1,434,878 15,015 1,449,893 1,301,301
2,530,090 68,750 2,598,840 2,096,574
5,509,923 1,375,799 6,885,722 7,264,219
784,897 74,606 859,503 763,326
340,000 340,000 340,000

•25, 505
20,364,426 1,636,042 22,000,468 21,268,789
3,738, 495 . 45,380 3,783,875 3, 225,182

24,102,921 1,681,422 25,784,343 24,493,971
(1,320,779) (1,320,779) (568,168)

5,448, 434 5, 448, 434 6,016,602

S4,127,655 t 4,127,655 $ 5,448,434

$30,553,403 $ 525,225 $31,078,628 $28,243,506

3,738,495 45,380 3,783,875 3,225,182
201,585 201,585 85,438

(857.832) (101,241) (959,073) (475,498)
$33,635,651 $ 469,364 $34,105,015 $31,078,628

(a) The more significant accounting policies followed by the National Center
are summarized below:
Revenues from the continuing National Science Foundation Contract NSF-
C760 are recognized when amendments to the contract are received.
Revenues from other government cost-reimbursable contracts are
recognized as expenditures under those contracts are incurred.

Funds committed for a project are not recorded in the general ledger
accounts until the services are rendered or the goods received. At
June 30, 1974 the National Center had unfilled purchase commitments
of approximately $2,750,000.

Property is recorded at cost except for property acquired from
United States Government excess and donations which is recorded by
management at an appraised value of approximately $3,875,000.
Title to National Center property is vested in the National Science
Foundation and other Government agencies.

In accordance with practices generally followed by organizations
similar to the National Center, no provision has been made for
depreciation of property.
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UNIVERSITY CORPORATION FOR ATMOSPHERIC RESEARCH
NOTES TO FINANCIAL STATEMENTS, ETC.

3. (Continued)

(b) The National Center has a five-year cancelable lease agreement with a
major computer manufacturer for scientific computer equipment and
services. The agreement, which contains a purchase provision,
provides for annual payments of approximately $1,700,.000 through the
year ended June 30, 1977. A portion ($3,750,000) of the cumulative
lease payments made by the Center, which represent this purchase
provision, is included in the property accounts pending the Center's
decision to purchase the equipment.

(c) Rental expense for plant and equipment for the year ended June 30, 1974
was approximately $1,543,000. At June 30, 1974 the National Center
has the following commitments under various noncancelable leases:

1975.................. $546,000
1976.................. 51,000

(d) Expenditures charged to all Government contracts are subject to Govern-
ment agency audit and adjustment.

(e) The fixed-fee expenditure of the National Center is paid to University
Corporation for Atmospheric Research for management of the National
Center.

(f) At June 30, 1974 the National Center has a contingent liability not
included in the foregoing financial statements of approximately
$1,042,000 for employee vacations earned but not taken. Vacations
are recorded as taken or when the employee terminates. In the event
of termination of Contract NSF-C760 for the convenience of the Government,
the liability at the time of termination for unused employee vacations
would be satisfied by the National Science Foundation.
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