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INTRODUCTION

The NCAR Annual Scientific Report is designed to give our sponsor, the
National Science Foundation, a concise programmatic accounting of NCAR
activities in 1981, as called for in the contract between NSF and the
University Corporation for Atmospheric Research governing the operation of
NCAR.

The report, written by NCAR division directors and other staff members,
is also intended to be a reference to NCAR's work over the past year for the
use of our colleagues in the atmospheric sciences community. Inquiries about
the work described in this report are most welcome.

NCAR's job puts us near the heart of the nation's atmospheric research
activities, particularly that part based in the university community. Through
joint research projects with university colleagues, development and provision
of major facilities such as aircraft and computers, visitor programs, national
research planning efforts, and internal research programs, NCAR seeks to
fulfill its mission of both leading and serving.

The research NCAR carries out and supports covers a broad spectrum, from
the interactions of the atmosphere and oceans that affect climate and air
quality to basic dynamical studies of weather prediction and climate change,
regional and global atmospheric chemistry, severe storms, and solar processes
and their impact on the interplanetary medium and the earth's atmosphere.
These fields pose basic research questions that will yield fully only to
long-term research efforts, and they relate to a range of human concerns,
including national energy, food, and water strategies and questions of
environmental hazards and public safety.

NCAR's mission calls for us to devote much of our effort to carrying out
major joint research projects with our university and government colleagues.
During 1981, NCAR's largest single activity was the Cooperative Convective
Precipitation Experiment (CCOPE) field program in eastern Montana, co-managed
by NCAR and the Bureau of Reclamation, and involving research and facility
groups from 16 universities and from many U.S. and foreign government research
institutions. The largest experiment ever directed at the understanding of
severe storms and the processes that modulate their severity, CCOPE
exemplifies the manner in which NCAR's scientific leadership and technical and
logistic capabilities can help to advance the science and create research
opportunities for university scientists that would not otherwise be available.

Other joint research projects in the planning, execution, or analysis
phases that are reported in this document include the GARP Alpine Experiment;
the National Storm Program; development of a major climate-forecast numerical
model for community use; the Solar Maximum Mission; and the Acid Precipitation
Experiment.
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As reported below, NCAR facilities made significant strides during the
past year. Most notable among them were the beginning acquisition of a new
twin turboprop aircraft (a Beechcraft King Air) that can meet many of the new
demands of the science and the acquisition of new "front end" and
communications hardware and software that improves the efficiency and
accessibility of NCAR's computers. Arrays of modern radars and automated
field stations are also demonstrating the capability of observing and
reporting severe regional weather as never before.

The report also gives evidence of NCAR's vigor and productivity as an
intellectual center, which provides the foundation for all else NCAR does.
The scope of NCAR's research work has earned our scientific staff an
international reputation for excellence and high grades from review panels
that examine NCAR's work each year.

The work reported here is the product of the talent and devotion of many
hundreds of NCAR staff members, visitors, and colleagues in the scientific
community. I am proud to be associated with them.

Wilmot N. Hess
Director



ATMOSPHERIC ANALYSIS AND PREDICTION DIVISION

The Atmospheric Analysis and Prediction (AAP) Division studies the
behavior of the atmosphere on scales ranging from the microscale (turbu-
lence) through the mesoscale to the planetary scale. More specifically,
we deal with phenomena in the lower atmosphere, where the dominant
processes of change are dynamical and thermodynamical, rather than
magneto-electrodynamical or chemical. Examples are the structure of
turbulence, the development of thunderstorms, the growth and movement of
large-scale cyclones and anticyclones, and the seasonal or interannual
variations of climate.

The primary objective of AAP's research is to understand the
processes governing the structure and behavior of the atmosphere and to
develop the means for predicting its behavior. This research embraces a
wide variety of more or less distinct but complementary kinds of activi-
ties that can be roughly classified as observational, theoretical, or
numerical. Although each type of research requires some degree of
specialization, each is pursued most effectively when direct contact
with the others is maintained.

AAP's observational studies are aimed at reconstructing a complete
and accurate picture of what actually happens in the atmosphere by
analyzing meteorological data of many different kinds and by devising
ways of displaying and viewing them to reveal most clearly which
processes are dominant and how they interact to produce distinctive
structures and behavior. In this regard, AAP's activities are charac-
terized by their use of advanced computing techniques to assimilate and
process large masses of heterogeneous data in an optimal and compatible
way, including the use of interactive graphics for rapidly selecting and
modifying preliminary analyses.

AAP's theoretical studies are aimed at clarifying how a single
important process or how several processes acting together result in
some type of behavior that is actually observed. Formulations of such
simplified systems may be thought of as prototypes for more complete
mathematical models or as components of a model whose behavior simulates
that of the true atmosphere. The ultimate purpose of these studies is
to construct models that simulate atmospheric behavior with as much
fidelity as existing observations allow, and to specify the accuracy of
prediction that is attainable under the practical limitations of
observing systems with varying degrees of completeness, accuracy, and
cost.

The complexity of mathematical models has far exceeded human capac-
ity to predict their behavior by exact analytic methods. Hence, the
major part of AAP's research effort has gone into the development of
numerical models whose evolution can be calculated by NCAR's computer
complex. This mode of research, which has emerged in the past two dec-
ades, is actively pursued at this scale and level in about six centers
(of which NCAR is one) in the United States and abroad.
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Although these various kinds of activities are made to appear dis-
tinct for purposes of description, there is considerable overlap in each
of AAP's sections. For management purposes, in fact, the administrative
subdivisions of AAP correspond to program objectives or to subject areas
that define a homogeneous group of subproblems, rather than a particular
kind of approach. Thus, the administrative components of AAP and the
principal topics of research in 1981 are:

* Division Office (Richard Anthes, Director)
Regional-scale numerical modeling
Theory and parameterization of thermal convection and

turbulence
Structure of marine boundary layer

M esoscale Research Section (John Wyngaard, Head)
Convective-storm and tornado modeling
Mountain waves and orographic precipitation
Alpine Experiment
Marine stratocumulus boundary layers
Boundary-l ayer measurements
Boundary-layer and turbulence parameterizations
Determination of mesoscale variance structure

* Climate Section (Warren Washington, Head)
Climate modeling (Community Climate Model)
Global observational studies (e.g., Global Weather Experiment

analyses, southern oscillation, global teleconnections,
climate statistics)

Cloud-climate interactions
Ocean-atmosphere interaction on global scales
Carbon dioxide studies
Tropospheric aerosol effects
Parameterization of land surface processes
Paleoclimate studies

* Large-Scale Dynamics Section (Akira Kasahara, Head)
Diagnostic analysis of forecast errors in large-scale waves
Analysis of data from Global Weather Experiment
Model intercomparison studies
Improved objective analysis schemes for numerical prediction

models
Improved initialization methods for numerical prediction
models (e.g., normal mode initialization, bounded derivative
method)

Development of improved numerical prediction models (e.g.,
Community Forecast Model, quasi-geostrophic models,
Lagranqian methods for integration of models)

Dynamical studies of large-scale circulation systems
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*Oceanography Section (William Holland, Head)
Studies of large-scale and mesoscale ocean circulations
Models (high-resolution, primitive-equation, intermediate)
Theoretical studies (equatorial waves, modons)
Observational studies (Indian Ocean, western North Atlantic,

North Pacific)
Measurement systems (surface drifting buoys, design of system

to measure oceanic heat changes)
Air-sea interactions

The activities of the research staff of AAP are complemented by the work
of university visitors at NCAR and by various joint undertakings; this
is evidenced by the division's list of publications, many of which are
the result of collaborative efforts.

Research in AAP during 1981 continued, in general, work in areas
summarized in the 1980 Annual Scientific Report. However, there are two
shifts of emphasis reflecting past AAP research and the addition of
Richard Anthes to the division. The first is the expansion of the role
of the Community Climate Model (CCM) to include applications to short-
and medium-range forecast studies. The ultimate goal is to have one
basic global dynamic model that can be used both by NCAR and university
scientists to conduct a variety of climate and forecasting studies on
scales of motion ranging from the synoptic to the global. The major
differences between climate and forecasting applications will be in the
analysis and initialization procedures, the physical parameterizations,
and the processing (output) routines. In spite of these differences,
there will be much commonality in code structure, numerical techniques,
and output fields. In addition to the increased efficiency to be
obtained by extensively supporting only one basic model, there is the
scientific advantage that short-range (monthly) climate problems (such
as blocking) and long-range (two-week) weather forecasting are closely
related. For example, an appreciable portion of the forecast error
beyond a week is the drift of the forecast model to a model climate
different from the real climate. We expect that the simultaneous
production of a Community Forecast Model (CFM) available to university
users for forecast studies will enable productive interactions between
climate and forecasting research groups.

The second shift of emphasis is toward the general area of meso-
scale meteorology. In cooperation with university and other laboratory
scientists, we expect to expand our research activities in the widely
recognized important areas of regional-scale analysis and prediction,
as well as contribute significantly to the development and implemen-
tation of a national mesoscale weather program--the STORM (Storm-scale
Operational and Research Meteorology) Program.
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AAP DIVISION OFFICE

Jackson Herring's research during the past year has focused pri-
marily upon further developments in the theory of thermal convection.
The work consisted of two main themes: (1) an understanding of the
onset to chaos in large Prandtl number fluids--a program begun in the
previous year in collaboration with Steven Orszag (Massachusetts
Institute of Technology [MIT]) and James Curry (University of Colorado);
and (2) the utilization of the code for extracting useful methods in
parameterizing turbulent convection in fluids such as air. Herring is
currently preparing for publication a paper containing results on the
first topic, in collaboration with Curry, Orszaq, and Joseph Loncharic
(MIT). From this research we have been able to clarify considerably the
relationship of low-order models (such as that of Edward Lorenz [MIT])
to actual turbulence. The research related to the parameterization of
turbulent convection (the second topic) is in collaboration with John
Wyngaard and Richard Brost (Mesoscale Research Section). We now have
written and tested a section of code that produces the necessary
statistics for heat and momentum budgets and are beginning to make
comparisons with previous calculations and experiments.

Richard Anthes, who became AAP director on 1 September 1981, com-
pleted work on Tropical Cyclones--Their Evolution, Structure and
Effects, a monograph published by the American Meteorological Society in
1982. He is also continuing research on the development and application
of mesoscale numerical models, in cooperation with Toby Carlson, Thomas
Warner, and Nelson Seaman (all of Pennsylvania State University) and
John Gyakum (University of Illinois). The mesoscale model developed
over the past decade at Penn State is being applied to the development
of an intense mesoscale cyclone over the North Sea on 1 January 1979.
This work is being conducted with Seaman and Harry Otten (Royal
Netherlands Meteorological Institute). An additional case of explosive
marine cyclogenesis is being studied in collaboration with Gyakum. In
this case hurricane-force winds associated with rapid cyclogenesis over
the North Atlantic in September 1978 damaged the liner Queen
Elizabeth II. The explosive cyclogenesis appears to be associated with
sensible heating at the surface and the release of latent heat in con-
vection, in addition to the strong dynamic forcing from an upper-level
jet streak. Collaboration is continuing with faculty and students at
Penn State on analysis and modeling of severe convective storms from
SESAME (Severe Environmental Storms and Mesoscale Experiment) 1979
cases. In this work the interactions of the synoptic and meso-c-scale
circulation features are emphasized. An intriguing result from experi-
mental 24-h model predictions of the 10-11 April and 25-26 April cases
is the prediction of a number of mesoscale features that were not
present in the original synoptic-scale analysis. These features include
frontogenesis, drylines, low-level jets, mountain waves, mesoscale con-
vective systems, and upper-level jet streaks. The importance of latent
heat release in the convective systems on the lower and upper level flow
has been confirmed in these experiments.
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A Ph.D. candidate from Penn State, Ying-Hwa Kuo, has joined AAP to
work under Anthes. He is using the SESAME 1979 data sets to diagnose
the effects of convection on the heat, moisture, and momentum budgets of
the environment of the convective storms.

Robert Grossman returned to NCAR in April 1981 from a three-and-
one-half-year assignment in India as the deputy director of the Summer
Monsoon Experiment (Summer MONEX). During that time he was a central
figure in the planning, field experiment, and data management phases of
this very successful First GARP (Global Atmospheric Research Program)
Global Experiment (FGGE) effort. He was author or editor of the imple-
mentation/operations plan, the data management plan, two volumes of
quick-look research papers (over 500 pages), a chronological meteoro-
logical summary of the experimental phase, and the final field phase
report. During the field phases of both Winter and Summer MONEX,
Grossman planned and executed a series of research flights with the NCAR
Electra to investigate the structure and dynamics of the marine boundary
layers of the Eastern Arabian Sea, the Bay of Bengal, and the South
China Sea. The main emphasis of this effort is to investigate along-
stream-line budgets of momentum, heat, and moisture. Since his return,
Grossman has initiated a study with Dale Durran (NCAR Advanced Study
Program [ASP]) to investigate the effects of upstream blocking of
coastal mountain ranges on off-shore convection. He has continued his
work on the physics of the marine boundary layer of the Atlantic trade
winds by studying the stability dependence of gust-probe spectra and
co-spectra. He has also initiated a study with Robert Chervin (Climate
Section) and Oswaldo Garcia (Cooperative Institute for Research in the
Environmental Sciences and the National Oceanic and Atmospheric
Administration [NOAA]) to investigate a hypothesis on the planetary-
scale aspects of inter- and intra-annual variability of the southwest
monsoon.

MESOSCALE RESEARCH SECTION

The Mesoscale Research Section (MRS) included on 31 December 1981
five Ph.D. scientists and six supporting staff. Most MRS research
activities are oriented around the study of buoyancy-driven or buoyancy-
controlled atmospheric motions, including thermal convection, waves, and
turbulence in the troposphere. MRS was under the direction of Douglas
Lilly from its inception in 1978 until May 1981, when John Wyngaard
became head. During 1981 MRS kept one long-term (one-year) visitor
position filled and had nine short-term visitors with stays ranginq from
four weeks to 11 months.

Lilly and Wyngaard, in their capacities as chairmen of the American
Meteorological Society (AMS) Committees on Atmospheric and Oceanic Waves
and Stability and Atmospheric Turbulence and Diffusion, respectively,
are planning concurrent conferences on these subjects, with a joint
emphasis on interactions of waves and turbulence, to be held in Boston
in the spring of 1983.

Lilly is a co-organizer, with Tzvi Gal-Chen (University of Maryland
and the National Aeronautics and Space Administration's Goddard
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Laboratory for Atmospheric Science [NASA-GLAS]), of a National Atlantic
Treaty Organization (NATO) Advanced Study Institute on "Mesoscale
Meteorology--Theories, Observations, and Models." This study institute,
designed as an advanced teaching and tutorial program, will be held in
France in the summer of 1982. Additional support has been obtained from
NSF, NOAA, NASA, and the French National Center for Scientific Research
(CNRS). About 20-30 students and lecturers from the United States are
expected to participate, and the lectures are to be published in book
form by the Reidel Publishing Company in 1983.

Donald Lenschow is organizing an AMS short course, "Instruments and
Techniques for Probing the Atmospheric Boundary Layer," to be held in
Boulder, Colorado, in August 1983. The eight to 12 lectures in this
one-week course will also be published subsequently as a monograph.

During 1981 MRS reached an agreement with the NCAR Convective
Storms Division permitting them to use the MRS VAX 11/780 computer
system in return for assuming some of its operating costs. MRS also
agreed to establish, during 1982, a link between its VAX and that of the
NCAR Atmospheric Technology Division's Field Observing Facility (FOF).
This link will give MRS efficient access to FOF's specialized facilities
as well as to data gathered by the Prototype Regional Operational
Forecasting Service (PROFS) network at NOAA.

Severe Storms Research

Convective Storm Research. The long-term goal here is to provide
a basis for improved warning and prediction of severe convective storms
and accompanying tornadoes. MRS is pursuing this goal by investigating
the important mechanisms governing storm evolution and applying this
understanding to help improve storm warning procedures. The principal
research tool is the three-dimensional cloud model developed by Joseph
Klemp and Robert Wilhelmson (University of Illinois). The great com-
plexity of convective storms dictates coordinated research efforts which
combine modeling and observational and theoretical expertise. Con-
tributing MRS personnel are Klemp, Richard Rotunno, Lilly, and Morris
Weisman, with strong collaborations maintained with Peter Ray and his
associates at the National Severe Storms Laboratory (NSSL) and
Wilhelmson at Illinois.

MRS is trying to understand the storm-scale features which are
required to generate tornadoes and the processes by which vorticity is
amplified to tornadic proportions. As part of this effort, Klemp and
Rotunno have been conducting high-resolution simulations within the
central portion of a previously-simulated mature thunderstorm. In this
manner smaller-scale structures are resolved, particularly in the
vicinity of the gust front, which are qualitatively very similar to
those in observed tornadic storms. Such features as the occluding gust
front, the rear flank downdraft, the wall cloud, the clear slot, and the
anti-cyclonic flare in the hook echo are simulated in the model. Anal-
yses of these model data have greatly aided in explaining storm features
associated with tornadogenesis. For example, one striking finding is
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that the downdraft which causes the gust front to occlude is dynamically
induced by the strong rotation at low levels.

Earlier simulations by Klemp and Wilhelmson documented that clock-
wise curvature in the wind hodograph caused preferential development of
the right-moving storm after splitting occurred. In 1981 Rotunno and
Klemp concluded, through theoretical analyses and numerical simulation,
that the rightward bias in early storm development is caused by favor-
able vertical pressure gradients produced by the interaction of the
growing updraft with the mean wind shear vector. This suggests that the
prevalence of right-moving supercell storms (and their associated
cyclonically rotating tornadoes) results from the frequently observed
clockwise turning of the wind shear vector in environmental soundings.

Weisman and Klemp have continued to assess the relative importance
of environmental wind shear and potential instability in determining the
overall storm structure and the ability to produce long-lived storms.
They have found that for a given stability profile there is an optimal
wind shear capable of producing an intense and long-lived storm. By
varying both the wind shear and potential instability, they found that
the overall storm intensity and structure can be characterized in terms
of a bulk Richardson number. In fact, analyses of both observed and
modeled storms suggest that supercell storms occur only over a narrow
range of values for this parameter. This study has been extended to
include hodograph curvature, and results generally confirm those
obtained with one-directional shear. In testing the influence of this
curvature on multi-cell storm development, Weisman and Klemp found that
clockwise hodograph curvature preferentially promoted multi-cell devel-
opment on the left flank of the initial storm, the flank opposite that
favored for supercell development. Observations tend to confirm these
model results.

Mountain-Induced Waves and Precipitation

During 1981 Dale Durran (MIT), a graduate assistant in the NCAR
ASP, completed his Ph.D. thesis research under the supervision of Klemp
and Lilly. Through numerical simulations he studied the effects of
latent heat release on the dynamics of mountain lee waves. Using an
atmosphere with a two-layer vertical structure, he found that changes in
the moisture can produce three significant effects on resonant lee
waves: in an absolutely stable environment they can be distorted and
untrapped by an increase in moisture; in a convectively unstable layer
they can be destroyed by an increase in moisture; and in a moist envi-
ronment they can be detuned by a decrease in moisture. Durran found
that in all cases it is inappropriate to approximate moisture profiles
by assuming that some "moist" layer always remains unsaturated.

Following this research, Durran and Klemp derived an expression
for the Brunt-Vaisala frequency in terms of moist conservative vari-
ables. This work reconciled differing results in the literature and
produced an accurate expression for moist stability which is useful in
practical applications.

7
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Lilly, Klemp, and Durran have continued to assist in the planning
of the Alpine Experiment (ALPEX) and to prepare for participation in the
field program in March and April of 1982. This experiment offers a
unique opportunity to observe the mountain waves produced by an impor-
tant mountain range.

A primary goal of MRS participation in ALPEX is to describe the
momentum transports which are produced by mesoscale (and smaller) moun-
tain waves, in order to determine the effects of orographic drag on
synoptic-scale weather patterns. A second goal is to investigate the
mountain wave dynamics which can produce violent winds (the foehn and
the bora). MRS proposes to accomplish these tasks by comparing several
theoretical models in order to understand the atmospheric physics which
produce mountain wave drags and downslope winds. Lilly, Klemp, and
Durran plan to conduct this research, with the latter two participating
in the field experiment. Lenschow and Borislava Stankov will also
participate in the ALPEX field experiment.

Lilly has begun a study of winter-season upslope snow and rain
storms on the eastern slope of the Rocky Mountains. During the winter
of 1980-81 observations were made from a Doppler radar (the NCAR CP-2,
provided by FOF) located about 10 km east of the Front Range foothills
near Boulder, Colorado, and supplemented with data from the NOAA PROFS
network and other conventional sources. From analysis of one well-
defined event, several important features of an east-side upslope system
were established. Most notably, the westward flow of cold air up the
foothills was maintained by becoming entrained into and returned with an
overriding eastward flow. The entrainment is apparently produced by
shearing instability at the upper boundary of the arctic air. Further
analysis is continuing and additional observations are anticipated from
a cooperative program with PROFS and NOAA's Environmental Research
Laboratories (ERL). Communication with other scientists has revealed
that the kind of event observed on the east side of the Colorado Rockies
is similar in several respects to situations on the east side of the
Appalachians during "backdoor" cold fronts, on the north side of the
Alps during frontal passages, and on the eastern side of the Mexican
plateau in winter.

Boundary-Layer and Turbulence Research

The MRS program here is a fairly fundamental one, emphasizing the
basic structure and dynamics of turbulence and the boundary layer, their
parameterization for applications, and studies of instrumentation and
measurement techniques. The users of such research results form a very
broad community which includes air-quality meteorologists, meteorolog-
ical modelers, wind engineers, and agricultural meteorologists. A
fundamental program is appropriate to serve such a broad constituency.

Marine Stratocumulus Layers. During summer, the region off the
west coast of the United States experiences northerly winds driven by
the strong pressure gradient between the offshore subtropical high and
the onshore heat low. These winds bring cold water to the surface,
which chills the shallow boundary layer to saturation. The resulting

8
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persistent, low-level cloudiness in this and other regions of the world
affects the global energy balance and must be parameterized in general
circulation and climate models.

Brost, in conjunction with Lenschow and Wyngaard, completed a two-
year study of this region using aircraft turbulence observations and
climatological ship observations. The aircraft observations were taken
in a June 1976 field experiment whose principal investigators were Wayne
Schubert and Stephen Cox (both of Colorado State University) and Lilly.

A principal finding of this study is that the convective character
of West Coast stratocumulus has been typically overestimated. Near
shore, the wind speed is relatively high and the surface water cold so
that the boundary layer is stable or near-neutral. The convection
driven by cloudtop cooling is weak and often not important in main-
taining boundary-layer turbulence. Farther from shore the sea-surface
temperature increases, the inversion rises, the wind speed decreases,
middle and high clouds occur more frequently, and the low clouds are
more broken. Here the radiative cooling at the top of the low clouds is
minimized by the shielding effect of the clouds above. Also, the
buoyant production in the cloud layer is smaller than the value implied
by complete saturation in the cloud layer. Over the entire region,
drizzle (not included in current models) was found to decrease cloud
liquid water contents significantly, so that models usually overestimate
cloud liquid water and the attendant radiative effects of the clouds.

Experimental work in this area is made difficult by the relatively
poor performance of existing in-cloud moisture and temperature sensors.
There are some promising instrumentation developments on the horizon,
however, and if and when they materialize we plan further experimental
work to confirm and expand our results and to parameterize them for use
in larger-scale models.

Boundary-Layer and Turbulence Parameterization. Wyngaard and John
Garratt (long-term visitor, Commonwealth Scientific and Industrial
Research Organization [CSIRO], Australia) have used a simple, three-
layer model of the convectively-driven boundary layer to develop a
realistic and useful geostrophic drag law which includes the effects of
boundary-layer growth and entrainment, advection, baroclinity, and
spatially and temporally varying qeostrophic winds. Their results are
consistent with recent boundary-layer observations under a wide range of
conditions. Wyngaard is continuing this work by developing analytical
solutions to these drag equations. These solutions, in the form of
series expansions in a Rossby number, allow the advection, time-change,
and entrainment effects to be expressed in terms of the large-scale
pressure field. The resulting expressions are simple enough to be used
as parameterizations in larger-scale models.

Brost and Wyngaard have been analyzing the structure of
convectively-driven turbulence obtained from two types of three-
dimensional simulations--"large-eddy" and "direct." The former were
done in 1974 at NCAR by James Deardorff (now at Oregon State University)
and stored on tape, and the latter are currently being done by Herring.

9
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In each case the object is to determine the behavior of the very
important fluctuating pressure covariances in the single-point second
moment equations. These covariances must be parameterized in second-
order models of the boundary layer, and previous research by Brost and
Wyngaard showed that existing parameterizations failed under convective
conditions.

The Atmospheric "Noise" Spectrum and its Causes. Lilly, in col-
laboration with Herring, James Riley (Flow Research, Inc.), and Kenneth
Gage (NOAA-ERL), has embarked on a study of the structure and cause of
the variance spectrum of the atmosphere in the mesoscale, i.e., from
wavelengths of about 1-1,000 km. Indications from previous studies, now
being strongly corroborated by analyses of aircraft and Doppler radar
data, are that the horizontal kinetic energy spectrum rather closely
follows a -5/3 power law over most of this domain and is fairly uni-
versal geographically and temporally. A current line of investigation
follows the proposal by Gage that this spectrum is established by a
quasi-two-dimensional inertial range transmitting energy toward larger
scales from initially smaller-scale three-dimensional sources, i.e.,
convection and shearing instability. The effects of internal gravity
waves, which are generally regarded as establishing the corresponding
oceanic noise spectrum, must also be considered. Along with its inher-
ent scientific interest, a better understanding of the mesoscale noise
structure of the atmosphere should contribute to improved methods of
observation, analysis, and initialization of regional-scale prediction
models and also to a clearer view of the nature of the processes of
transport of atmospheric properties and contaminants.

Boundary-Layer Measurements. Lenschow and Leif Kristensen (RisO
National Laboratory, Denmark) are developing a model to predict coher-
ence functions of velocity and temperature throughout the convective
boundary layer. These coherence functions, which express the correla-
tion between measurements at two locations, are involved in the theory
of dynamic loading of structures such as buildings, windmills, bridges,
and airplanes. The predicted coherences will then be compared with
measured values obtained from the two NCAR Queen Air aircraft flown at
approximately constant separation distances (both vertical and lateral).

Lenschow, Stankov, and Shi-Feng Zhang (visitor, Nanking University,
China) have been analyzing aircraft data from the SESAME Nocturnal
Boundary-Layer Experiment. Vertical profiles of both mean and turbulent
quantities have been calculated for several cases of both the early-
evening and early-morning stably stratified boundary layer. The
turbulent energy budget for two early morning cases is primarily a
balance between energy production by shear and viscous dissipation, both
of which decrease approximately exponentially with height. Analysis of
the momentum budget for the SESAME cases is proceeding in a joint study
with Larry Mahrt (Oregon State University) and Jan Paegle (University of
Utah).

Lenschow and Stankov have continued their collaboration with
Richard Pearson (Colorado State University), who has developed a sen-
sitive fast-response ozone sensor. Turbulent flux measurements from
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NCAR aircraft over the ocean were used to estimate a value of
1.8 x 103 s/m1 for the surface resistance to ozone, somewhat higher than
had been previously estimated. Similarly, measurements over a predom-
inantly pine forest on the Texas gulf coast gave a surface resistance of
about 50 s/m1, somewhat less than previous estimates. The budget of
mean ozone concentration has also been estimated for several daytime
cases over eastern Colorado and over the Gulf of Mexico. The results
indicate that over Colorado the observed photochemical production of
ozone was large enough to double the ozone concentration in about 10 h.
Photochemical production of ozone over the Gulf of Mexico was an order
of magnitude less, even though the air had arrived over the Gulf from
the Mississippi Valley. Possibly the 1.5-day trajectory over the Gulf
was sufficient to remove most of the ozone precursors.

CLIMATE SECTION

The general role of the Climate Section is to carry out research on
selected topics that we believe are crucial to furthering knowledge of
the climate system and to apply results to national needs, which are
generally the major concerns expressed in the National Climate Plan.
Although our research necessarily covers a wide range of such topics, we
currently have three principal areas of activity: (1) the inter-
connections of natural climate fluctuations on time scales of seasons to
decades; (2) the formation of clouds and the consequent radiative feed-
backs; and (3) the application of three-dimensional global climate
models (atmosphere and ocean) to examining the sensitivity of the
climate system to its various components and to external forcing. The
Climate Section is divided administratively into three groups, each
responsible for one of these areas: The Empirical Studies Group (ESG)
is concerned mostly with observational aspects of climate research. The
Cloud-Climate Interactions Group (CCIG) is involved in the Earth Radi-
ation Budget Experiment (ERBE), improvement of cloud-radiation schemes
in the Community Climate Model (CCM), and development of methods for
inferring clouds and their radiative properties from satellite measure-
ments. The Global Climate Modeling Group (GCMG), along with the CCIG
and the CCM Core Group, is providing a large part of the development of
climate models, including coupled atmosphere/ocean models. Two sub-
projects of GCMG are a CO2 study funded by the Department of Energy, and
paleoclimate studies which are to be partially funded by a group of oil
companies.

Empirical Studies Group

The ESG extended calculations of observed climatic statistics;
conducted studies of temporal and spatial interrelations among climatic
features in various regions, and of eddy heat-flux and large-scale wave
characteristics; and developed objective analysis methods for tropical
regions.

Eddy Heat Transfer in the Southern Hemisphere. Knowledge of energy
transfer by waves and eddies, and of its regional and time variations,
is essential for understanding the general circulation and for assessing
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climate model results. In an effort to identify data sources for the
Southern Hemisphere, Harry van Loon computed eddy heat transfers from
National Meteorological Center (NMC) and Australian daily analyses to
assess their value for this and other uses requiring correct daily
analyses. Calculated fluxes were found to be too small, for identi-
fiable reasons. Calculations for five months during the Global Weather
Experiment revealed that this period was anomalous in the context of the
long-term climate.

Southern Oscillation and Global Teleconnections. Walker's southern
oscillation (SO) concept, based on correlations between sea-level pres-
sure at a given location and that of other places, affords a framework
for examining anomalies of circulation patterns and climate, and of
"teleconnections" among regions. van Loon is working with Roland Madden
and Jeffery Rogers (Ohio State University) on a worldwide description of
the SO, determining space and time scales in pressure and surface tem-
perature by means of spatial correlations and time spectra of seasonally
averaged values. Madden is examining the possible value for prediction.
Rogers and van Loon are investigating teleconnections within the
Southern Hemisphere, and year-to-year variations of circulation pat-
terns. Differences, between the extremes of the SO, have been identi-
fied in wind, temperature, and eddy fluxes, along with anomalies of
winter stratospheric polar vortex intensity, total ozone, and latitude
of storm tracks in the Northern Hemisphere. Van Loon is investigating
the SO globally, and its relation to the quasibiennial oscillation.

Quantitative Climate Prediction. Madden has outlined a quantita-
tive approach tolong-range prediction, in the form of shifting proba-
bilities. The value of such forecasts depends on the ratio of the
"signal" (presently the predictable part) to the "effective noise"
(comprising both "climate noise" arising from intrinsically unpre-
dictable short-period fluctuations, and a part that may later be found
to be predictable). Although signal-to-noise ratios are modest for
identified seasonal predictors such as the SO, potential for additional
predictability is indicated by comparisons of climate noise with actual
interannual variance.

Observational Study of Long Time Series of Atmospheric Flow
Patterns. Study of a 30-year time series of daily 500-mb-height data
was initiated by Madden and Harald Lejenas (University of Stockholm,
Sweden) to determine if some objectively defined patterns are more
persistent than others. As part of this study the annual variation of
the large-scale field was determined. These data may be useful for
model verification and in understanding the response of the atmosphere
to seasonal and other changes of external conditions. Analyses were
extended to include 500-mb temperatures to determine the annual cycle of
eddy transports, and sea-level pressure which could provide realistic
forcing for ocean models. Madden has been working with Peter Speth
(University of Cologne, Germany) on a 17-year upper-air data set, to
establish space-time spectral properties of geopotential height for each
season and to investigate the structure and effects on the circulation
of large-scale traveling waves.
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Development of Climatic Statistics. Dennis Shea has virtually
completed work on a surface climate atlas for monthly mean temperature,
pressure, and precipitation. Statistics mapped include the first four
moments (long-term means, standard deviations, skewness, and kurtosis),
eigenvector patterns, and significant trends.

Global Weather Experiment Analyses. Paul Julian, working partly at
the European Center for Medium-Range Weather Forecasts (ECMWF), concen-
trated on objective analysis methods in tropical regions. He verified
that satellite infrared radiometer data, as a measure of convective
cloud location and depth, are related to the divergence/convergence in
the upper and lower troposphere and thus can serve as a proxy measure of
divergence. An objective analysis scheme was constructed which, treat-
ing the stream function and the divergent components separately, has the
potential of producing a realistic wind analysis using current tropical
observational capability (thus minimizing the need for expensive ancil-
lary systems).

Properties of Jet Streaks. Chester Newton completed a study of
partial-inertial oscillations associated with jet streaks (wind maxima
along the jet stream). Their properties, exemplified by waves on sub-
tropical and monsoon currents, depend on the variation of geostrophic
wind along the current and upon friction.

Books and Reviews. Van Loon finished editing Volume 15 of World
Survey of Climatology, Climates of the Oceans. Newton has begun revis-
ing the book Atmospheric Circulation Systems.

Cloud-Climate Interactions Group

The CCIG, which was formed last year, has made substantial progress
in a number of areas: determining cloud-cover from satellite data,
examining the role of clouds in the atmospheric general circulation with
the aid of the Community Climate Model-Version 0 (CCM0), studying the
radiative effects of aerosols, and experimenting with the treatment of
CO2 radiative effects in climate models. The group continues to place
emphasis on both observational and modeling studies. The Coakley-
Bretherton scheme for determining cloud cover from satellite data,
because of its demonstrated potentials for providing much-needed insight
into the spatial structure and optical properties of low-level clouds,
is being pursued vigorously. Daniel Baldwin and Gyula Molnar (Central
Institute for Weather Forecasting, Hungary), who both joined the group
recently, will be helping James Coakley in this effort. In the modeling
area, a number of cloud/radiation experiments have been completed with
the aid of the CCM0. In summary, the work accomplished in the past year
has enabled the group to formulate its research strategy for the next
few years.

Cloud Cover from Satellites. Coakley and Francis Bretherton have
automated their procedure for determining cloud-cover from high-
resolution scanner data. The procedure is unique in that, unlike other
schemes which use high-resolution data, it detects and attempts to allow
for the presence of partially cloud-covered scan spots. The automated
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scheme examines the spatial coherence of the infrared radiance field to
determine the radiances associated with cloudfree scan spots, the radi-
ances associated with each of the cloud layers that might be present in
a scene, and (in the case of single-layered systems such as stratus
decks) the cloud cover. The automated procedure will allow examination
of large volumes of satellite data and thus will aid in the development
of more general cloud-classification schemes.

Cloud/Radiation Sensitivity Experiments with CCM0. A number of
experiments wepee performed with the CCM by V. Ramanathan, Eric Pitcher
(University of Miami), Robert Malone (Los Alamos National Scientific
Laboratory), and Maurice Blackmon to identify the various cloud radi-
ation processes that contributed to the significant improvement in the
simulation of zonal mean winds and temperatures by the CCM0. Bruce
Briegleb developed numerous processing routines which enabled detailed
analyses of the experiments. Several processes were identified, one of
which concerns the liquid water content dependence of cirrus emis-
sivity. The traditional assumption of treating the cirrus clouds as
black was shown to cool the winter upper troposphere significantly,
leading to unrealistically strong zonal winds. The water content of
(model) cirrus clouds in polar regions is sufficiently low that the
emissivity is negligible. This finding strongly suggests the necessity
for including the liquid water content dependence of cloud optical
properties. Thomas Charlock has begun work on a new parameterization of
the cloudy-sky solar radiation in the CCM. The new routine, which
employs the delta-Eddington approximation in different wavelength inter-
vals, calculates the absorbed solar radiation as a function of the cloud
condensed water content and mean particle radius. Charlock and
Ramanathan plan a series of CCM experiments with the new routine.

The cloud feedback problem is also being examined with simple
climate models. Charlock completed a study of cloud optical feedback
and climate stability in a radiative-convective model. The uncertain-
ties in cloud optical properties (through liquid water content) were
found to be as significant for modelinq purposes as the uncertainties in
cloud area and height. The model climate was found to be especially
sensitive to variations in the liquid water content of thin (less than
100 g/m of condensed water) clouds.

Tropospheric Aerosols. Coakley, Robert Cess (State University of
New York at Stony Brook), and Franz Yurevich (Luikov Heat and Mass
Transfer Institute, USSR) have developed simple but accurate techniques
for treating the radiative effects of tropospheric aerosols in climate
models. They examined the response of a zonal energy balance climate
model to several models of the background tropospheric aerosol. The
surface cooling by the background aerosol was as large as the warming
due to a doubling of CO2 and to the present concentrations of N 20 and
CH4. The nature of the aerosol-induced cooling is, however, different
from the warming caused by the trace gases. Whereas the trace gases
contribute to the warming of both the surface and the troposphere, the
aerosol cools the surface while it generally heats the lower tropo-
sphere. Whether this radiative forcing leads to the simple cooling
obtained with the zonal energy balance model merits further study.
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Radiative Effects of Increased CO2. Jeffrey Kiehl (long-term visi-
tor) and Ramanathan examined the effect of strong H 20 continuum (dimer
or e-type) absorption in the 12- to 18-pm region on the C02 "greenhouse"
effect. This overlapping of C02 and H20 continuum absorption has not
been included in previous climate model studies. Kiehl and Ramanathan's
study showed that the H20 continuum overlap significantly influences the
vertical distribution of the C02 radiative effects. However, the C02
effect on the surface-troposphere system as a whole is not altered
significantly by the inclusion of the continuum absorption. They are
extending this study to examine in detail the various sources of uncer-
tainties in the treatment of C02 radiative effects in climate models.

Global Climate Modeling Group

The GCMG has been concerned mostly with the development and use of
large-scale models of the global atmosphere and oceans. The principal
effort this year has been the documentation of the CCM0, which is being
used by a sizeable number of university and NCAR scientists. The CCM
has shown itself to be a state-of-the-art model capable of simulating
not only first-order aspects of the atmospheric general circulation but
also many second-order features. The group has also developed inter-
mediate models and coupled atmosphere-ocean models which will be dis-
cussed later.

CCM0 Testing and Validation. Blackmon has made 1,200-day runs
using the CCM0 with both perpetual January and perpetual July con-
ditions. These runs are the baselines against which future sensitivity
experiments will be compared. These data are also now available for
analysis by any interested scientists in the atmospheric science
community.

The behavior of the model has been documented and several interest-
ing improvements from previous general circulation model (GCM) simula-
tions have been found. In particular, the zonal average of the zonal
wind shows clearly separated tropospheric and stratospheric jets (see
previous section, Cloud/Radiation Sensitivity Experiments with CCMO).

Blackmon has also examined the time series of the 500-mb heights
simulated by the model and found that the model generates realistic
episodes of blocking. In addition, some of the low-frequency fluctua-
tions in the model exhibit the Pacific/North America teleconnection
pattern discussed by John Wallace and David Gutzler (University of
Washington). Further work on these topics is continuing.

CCM Stratospheric Warmings. Byron Boville (transferred from ASP,
1 June 1981) has shown the existence of stratospheric warmings in the
CCM which show the same general features as those occurring in the atmo-
sphere. There are also long periods in the model simulation when no
warmings occur, indicating that the model stratosphere is intransitive,
as is the real stratosphere where warmings occur in some winters and not
in others. By looking at the complete temperature budget of the strato-
sphere, Boville is attempting to show how those periods differ and what
causes transitions between them.
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Seasonal Model Simulation with CCM0. Robert Chervin and Warren
Washington have modified the standard version of the CCM to permit
annual cycle integrations. For this purpose, a new set of ozone path
length distributions was prepared based on the latest climatological
ozone partial pressure data assembled by Hans DUtsch (Laboratory for
Atmospheric Physics, Eidgenossische Technische Hochschule,
Switzerland). Preliminary results indicate that many of the major
features of the observed annual cycle in the atmosphere are reproduced
by the model. A ten-year integration is planned to provide an assess-
ment of the contribution of unforced inherent variability of the atmo-
sphere to the observed interannual variability of various climate
statistics. These results should also provide guidance for the use of
dynamical models with surface boundary condition anomalies for monthly
and seasonal climate predictions.

Coupled Model Experiments on C02 Effects. The CCM with variable
surface hydrology has been coupled by Washington, Gerald Meehl, and
Lynda Verplank to a hierarchy of ocean models starting with a simple
energy-balance ocean (swamp), to a mixed layer and, finally, to a fully
three-dimensional ocean model. Several C02 climatic effects experiments
have been performed which indicate that for doubled CO2 the model
steady-state global warming of surface temperature is approximately
1.5°C, a figure somewhat smaller than that found by other model studies.

Applications of an Intermediate Climate Model. The intermediate
climate model, which is presently a sector model using the atmospheric
formulation of Held and Suarez and the oceanic and sea-ice formulations
of Albert Semtner, has been shown to give reasonable simulations of
first- and second-moment climatic statistics, including oceanic heat
transports. The model has a realistic seasonal response in its proq-
nostic variables, as well as plausible variability on interannual time
scales. The role of standing waves versus transient waves in transport-
ing heat and momentum is not as important as in the real atmosphere, but
the discrepancy is largely due to the lack of orography. The sensitiv-
ity of the model to changes in basic parameters and to the inclusion of
a variable-thickness mixed layer has been assessed. Also, the effects
of sea surface temperature anomalies, either held fixed or allowed to
evolve in time, have been investigated in collaboration with Thomas
Phillips (ASP); these results will be described in a two-part paper.
The model is now being used to understand the transient response of the
climate to increasing carbon dioxide, the natural variability of the
coupled atmosphere-ocean system, and the paleoclimate and ocean circu-
lation associated with differing distributions of land, ocean, and
marginal seas in the geologic past.

Parameterization of Land Surface Processes. Deputy director Robert
Dickinson has continued to explore the development of parameterizations
of land surface processes for global climate models. This work has
three related objectives: (1) to achieve adequate formulations for the
feedback of land surface climate on the rest of the climate system;
(2) to describe land climate processes per se as important practical
components of the climate system; and (3) to develop the conceptual
tools required to bridge the gap between studies of climate change and
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to increase the interactions with other disciplines such as hydrology,
agronomy, forestry, ecology, etc. Parameterizing surface processes for
global models is difficult because of the complexity of the systems
involved and especially because of the large subgridscale variability of
surface climate parameters.

After several years of development and assistance from numerous
other scientists, a surface physics package was frozen as part of the
gridpoint GCM and documented in an NCAR Technical Note, Boundary
Subroutine for the NCAR Global Climate Model. A seven-month control was
integrated and Dickinson has been examining the performance of the
surface processes in this run. Special output tapes developed by
Patrick Downey archived detailed diurnal variations of energy balance
terms at the surface and top of the atmosphere.

Besides the parameterizations reported by Dickinson and others,
Dickinson has included in the seven-month gridpoint model integrations
parameterizations for surface sources and sinks of C02. Vegetation
acquires the C02 through photosynthesis and loses it by plant respira-
tion and decay of dead plant materials. These processes are primarily
controlled by climate.

Dickinson has explored further the parameterizations of surface
albedos through the development of conceptual and analytical models for
the reflection of solar radiation from plant canopies and soil sur-
faces. Interestingly enough, surface albedos are as much or more con-
trolled by their physical structure than by their detailed composition.

Paleoclimate Studies. The Paleoclimatic Studies Project is a new
initiative within the GCMG. Eric Barron and Washington have investi-
gated the sensitivity of the atmospheric circulation to changes in
continental configurations and surface temperature characteristics.
This research has focused on a geologic period characterized by warm,
ice-free polar regions and modified continental distribution and area,
primarily because this is the largest well-documented climatic contrast
from the present day. Preliminary GCM simulations indicate the impor-
tance of geography in determining aspects of the circulation, and as a
factor which partially explains warm paleoclimates. The encouraging
results of these and other studies have prompted three related research
efforts. Several experiments for the CCM have been designed to examine
the relative importance of a number of geographic variables (continental
positions, mountains, global sea level) in modifying the atmospheric
circulation. Barron, Starley Thompson (ASP), and Nuzhet Dalfes (ASP)
have been developing an Energy Balance Climate Model with a separate
land and ocean surface temperature. Among other applications, this
model will be used to investigate the mechanisms (geography, solar
variation, etc.) which may be required to explain glacial and nonglacial
climates throughout earth history. Barron, as organizer, has started an
international research effort involving 15 universities to produce an
atlas of paleoclimatic data for the Cretaceous Period (135 to 65 million
years ago). This project will provide data both for model verification
and for developing testable hypotheses on the nature of warm, ice-free
climates.
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Observational Studies. Blackmon and Yen-Huei Lee have investigated
the teleconnection patterns recently discussed by Wallace and Gutzler
(University of Washington). Blackmon and Lee have found that these
patterns, which Wallace and Gutzler found in monthly averaged statis-
tics, also occur in ten-day and five-day averages. The patterns also
occur, but are highly degraded, in daily data. Blackmon and Lee have
also calculated the "teleconnectivity" map for five-day average fluctu-
ations and found it quite similar to that for monthly fluctuations.
They conclude that for periods of five to 90 days, atmospheric fluctu-
ations have the same basic structure. These low-frequency fluctuations
have been contrasted with the structure and teleconnectivity of the
higher-frequency fluctuations (periods of two and a half to six days).

Blackmon and Lee have also studied autocorrelation functions for
the 500-mb height. The time between independent samples has been calcu-
lated using various approximations, and varies regionally between two
and eight days. They have also calculated the amount of variability
expected in monthly averages due to sampling and compared this with the
observed monthly variability. They find excess variability, or possible
climate variability, in the regions of the major teleconnections.

Analysis of Recent Rainfall Fluctuations in Africa. Chervin and
Sharon Nicholson (Clark University) have begun an investigation of the
relationship between rainfall fluctuations in the semiarid tropics of
northern and southern Africa, using data from 1,100 African stations.
Preliminary results show a nearly continental coherence of rainfall
anomalies in many extreme years. Such large scale anomalies imply large
fluctuations in the contribution of latent heat flux to the tropical
energy balance in at least the African sector. Further aspects of this
investigation will include decomposition of rainfall anomalies into
empirical orthogonal functions and a comparison with southern oscilla-
tion indices.

LARGE-SCALE DYNAMICS SECTION

The overall strategy of the Large-Scale Dynamics Section (LSD) is
to identify various sources of deficiencies in data analysis, initial-
ization, and numerical models, with a view to understanding the behavior
of large-scale atmospheric motions. While theoretical studies of atmo-
spheric predictability indicate that the global-scale motions may be
predictable up to a few weeks in advance, present deterministic forecast
models have considerably less skill than these theoretical estimates,
particularly in the planetary scales. Since planetary-scale motions
contain a major portion of kinetic energy in the atmosphere and act as
steering currents for the baroclinic eddies, it is vital to understand
the reason for the apparent lack of predictability in the planetary-
scale motions.

In past years, notable progress was made in identifying one impor-
tant source of forecast deficiencies in planetary-scale motions: the
conversion of atmospheric observations to initial data for forecast
models--the processes referred to as analysis and initialization. This
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year, LSD continued to examine these processes, both the individual
components and their combination, with the qoal of eliminating this
source of forecast deficiency. Both aspects of this problem are highly
dependent on properties of both the atmosphere and the forecast models.
LSD continued studies of these processes and how they relate to various
models.

In addition, this past year the superb data sets collected during
the Global Weather Experiment and the analyses produced by various oper-
ational centers became widely available for research use. Consequently,
efforts expanded to include more studies involving these atmospheric
data sets. These observational studies generally complement the more
theoretical ones and attempt to isolate and examine specific well-
defined phenomena. The approach is to identify important aspects and
deficiencies of a particular problem, then isolate these with a hierar-
chy of simpler and simpler systems. This approach requires a blend of
both observational and theoretical studies to propose and test hypoth-
eses involved in the simplification and ultimate explanation.

This two-pronged approach is also being used to identify and iso-
late other potentially important sources of forecasting error in
planetary-scale motions. In particular, two general areas being
examined are the isolation and elimination of deficiencies in numerical
prediction models themselves and dynamical studies of large-scale circu-
lation systems, both aimed at the overall goal of understanding the
behavior of large-scale atmospheric motions.

Analysis of Data from the Global Weather Experiment

In calendar year 1981, LSD continued to analyze the data collected
during the Global Weather Experiment, or FGGE, conducted during 1979.
David Baumhefner investigated the synoptic behavior of the global atmo-
sphere during the First Special Observing Period (SOP I) of FGGE
(January-March 1979). The stream function was calculated from the wind
analyses and decomposed into various spatial scales. These fields are
being examined for tropical/midlatitude interactions and relationships
between the planetary waves and the smaller-scale transients. Prelim-
inary results indicate that, in the majority of cases, the tropical
transients on all scales are de-coupled from midlatitude circulations.
The influence of tropical features during the transition periods of the
planetary waves in the midlatitudes is currently being analyzed.

In connection with previous work on the excitation of large-scale
free Rossby waves, David Williamson and Roger Daley have analyzed the
behavior of the large-scale Rossby waves in the ECMWF FGGE Level IIIb
analyses during SOP I. Up to now, their analysis has been mainly con-
cerned with external (barotropic) structures, but already interesting
observations have been made concerning the intermittent behavior of
these modes. Some large-amplitude Rossby modes show coherent linear
signals for long periods of time, while at other times these same modes
behave in a purely chaotic manner. Williamson and Daley are continuing
their study to understand the intermittency of this linear signal and
establish if, in any sense, it is predictable.

19



ATMOSPHERIC ANALYSIS AND PREDICTION DIVISION

Joseph Tribbia has performed vorticity budget calculations for the
FGGE analyses. He examined the spatial and temporal coherency of
large-scale patterns of potential vorticity during the FGGE observation
period. This budget study will lead to a diagnostic calculation of pre-
dictability times for these space scales and also to diagnostic determi-
nation of large-scale sources and sinks of potential vorticity.

Many of our observational studies are intimately related to corres-
ponding theoretical questions and are more appropriately discussed in
relation to them. For example, Akira Kasahara has investigated the
occurrence of non-elliptic regions in the ECMWF FGGE Level IIIb anal-
yses. This investigation and its relation to the initialization problem
will be described more fully below when other aspects of the initiali-
zation problem are discussed.

Diagnostic Analysis of Short-Range Forecast Errors

Information on forecast deficiencies can be gleaned through inves-
tigations of selected cases and by intercomparing forecasts from several
models with each other. Baumhefner, Thomas Bettge, and Arthur Mizzi be-
gan to assemble a collection of operational and research forecasts made
from the FGGE data base. This collection includes forecasts from NMC,
NASA-GLAS, ECMWF, and NCAR models. The forecasts are being inter-
compared with several newly developed verification techniques. These
techniques are based on normalized error variances, two-dimensional wave
number decomposition, and stream function verification of the planetary
waves. The research models produce significantly better forecasts than
the NMC model which was operational during FGGE, and the ECMWF forecasts
are superior to the other research model forecasts. They began ana-
lyzing the reasons for this stratification of forecast skill. Serious
planetary wave errors identified in earlier intercomparison studies are
still a significant part of the total forecast error, even in the highly
skillful ECMWF forecast.

Baumhefner tested the sensitivity of planetary wave forecasts to
small differences of the wind field in the tropical and subtropical
regions. Previous work by Daley, Tribbia, and Williamson suggested a
strong influence of certain tropical initial conditions on midlatitude
forecasts in a relatively short time-frame. The NMC and ECMWF analyses
for SOPI were examined for systematic differences in the rotational part
of the tropical wind field, particularly in the largest scales. Only a
few days exhibited such a difference. These days were used as initial
conditions for a forecast model and the resulting forecast skill was
examined. The tests revealed a large sensitivity to the planetary wave
forecast skill similar to the earlier results. The ECMWF analysis
consistently produced the best forecast. Preliminary results indicate
that subtle changes in the velocity analysis in the tropics can on
occasion influence midlatitude forecasts within three to five days.

Bettge examined the large-scale systematic forecast errors produced
by the NMC hemispheric grid-point model during January 1979, and com-
pared them to corresponding errors produced by the NMC global spectral
model during January 1981. In general, the normalized forecast error
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scores, at 500 mb through a period up to and including 72 h, show that
the 1981 spectral forecasts are better than the 1979 grid-point fore-
casts. Much of the improvement was seen in the largest-scale zonal wave
numbers. The time-averaged error structures show that the 1981 fore-
casts better maintain the observed latitudinal pressure gradient. The
1979 forecasts exhibited two distinct regional systematic error biases--
one which starts in the midlatitude regions and grows with time, and one
that appears in the lower latitudes early in the forecasts and, while
not growing in magnitude, appears to move to higher latitudes with
time. The 1981 forecast contains only the former type of systematic
error. The elimination of the second type of systematic error in 1981
is consistent with the results of Daley, Tribbia, and Williamson, which
indicate that hemispheric integrations excite spurious large-scale free
Rossby waves, while global integrations do not.

Baumhefner, Bettge, and Daley examined several NMC forecasts in
terms of two-dimensional wave number errors. The verification scores
for forecasts during different winter months and years were computed by
normalizing the actual forecast error with the natural atmospheric
variance for the specific two-dimensional wave number being examined.
The error structure, by wave number, is consistent with earlier work by
Cecil Leith. The larger two-dimensional wave numbers are poorly fore-
cast with respect to their natural variance in the atmosphere compared
to the medium-scale two-dimensional wave numbers. The results of com-
paring NMC forecasts from 1979 and 1981 not only follow this pattern,
but also support the findings that the 1981 forecasts are superior to
the 1979 forecasts, especially in the larger scales.

A regional model intercomparison project, begun several years ago
by Baumhefner and Bettge, was expanded to include forecasts by the
regional model developed at Penn State. This collection of forecasts
will be used to assess the predictability and forecast skill of
subsynoptic-scale features.

Studies on Analysis and Initialization

One problem noticed by all groups who have applied nonlinear normal
mode initialization to analyses of observed data is that in some cases
the procedure produces relatively large changes in analyses even over
data-rich regions. Williamson, Daley, and Thomas Schlatter (PROFS
Program Office, NOAA-ERL) examined the relative importance of various
sources of imbalance in analyses produced by multivariate optimal inter-
polation. Their experiments were done with shallow-water equations and
thus consider only the horizontal aspects of the analysis-forecast
system. Of the possible sources involving analysis and data quality,
they found that the multivariate optimal interpolation itself introduces
systematic imbalances which result in relatively large changes when
initialization is performed. However, even with these systematic
errors, multivariate analysis is better than univariate. Random obser-
vational errors introduce imbalances which are consistent with the error
variances themselves and which have a small-scale, random structure.
Data-void areas do not affect the balance in neighboring data-rich
regions.
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As a means of controlling the rather large differences which tend
to occur over data-rich areas when nonlinear normal mode initialization
is applied, Tribbia completed work on the use of variational nonlinear
normal mode initialization. His experiments demonstrated the capa-
bility of variational methods for dealing with this problem along with
delving into the mathematical structure of the variational problem.

As a means of producing analyses reflecting the nonlinear nature of
the atmosphere, Williamson and Daley continued developing methods using
successive local linearizations to incorporate more complete relation-
ships between the mass and motion fields into the multivariate optimal
interpolation. They established methods to obtain linearization param-
eters for the nonlinear gradient wind relationship and demonstrated
under what conditions this linearized gradient relationship is better
than the geostrophic relationship conventionally adopted by analysis
methods. They then established in what cases the gradient relationship
is superior when applied to increments, as dealt with in analysis
methods, rather than total fields. Preliminary results indicate that
such relationships have the potential of eliminating a large part of the
systematic error established in their earlier study.

Tribbia developed a new technique for obtaining higher-order ini-
tialization methods which are corrections to the prescription given by
Bennert Machenhauer (University of Denmark) and the first-order version
of nonlinear initialization described by Ferdinand Baer (University of
Maryland) and Tribbia. This new methodology casts the process of
nonlinear initialization in a different manner and thus increases the
understanding of the fundamental nature of initialization. Application
of this new technique to the difficult problem of tropical initiali-
zation was begun. Tribbia, in conjunction with Baer, also examined the
effects of various initialization methods (linear, Machenhauer, first-
and second-order Baer-Tribbia) in short- and extended-range forecast
experiments. These initialization methods were also used diagnostically
as the basis of filtering approximations to the primitive equations
during the course of the numerical integrations.

Several outstanding problems with the normal mode initialization
technique remain, and Ronald Errico has developed an intermediate model
to investigate some of these. His model has high resolution and is
economical in terms of computer time, but the physical parameterizations
are kept simple. He used it both to investiqate the nonlinear inter-
actions between its linearized normal modes and to compare various
balancing schemes with the balance which the model itself tends to
create. In this way, he expects to be able to determine precisely why
current schemes do not balance modes of small equivalent depth. Errico
has explored the model's adiabatic behavior, demonstrating the tendency
first towards quasi-geostrophic equilibrium, and then towards equipar-
titioning among all the normal modes. This result suggests that pre-
vious inviscid equilibria attained with primitive equation models are
not true equilibria, but only temporary (unstable) states.

James Vickroy and Errico developed programs to determine balanced
states for the CFM discussed earlier. These programs are designed for
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the spectral model derived from the ECMWF model and will become part of
the library of tools available with the CFM.

Recently, questions were raised concerning the ellipticity condi-
tion of the traditional balance equation related to the application of
nonlinear normal mode initialization for primitive equation prediction
models. As mentioned earlier, Kasahara investigated the occurrence of
non-elliptic regions using the ECMWF FGGE Level IIIb analyses. It was
found that non-elliptic regions are ubiquitous in the tropics. For the
traditional balance equation, non-elliptic regions are not realizable in
the sense that balanced flows are not physically possible. To reconcile
this dilemma, Kasahara postulates that the traditional balance equation
lacks an additional term, due, for example, to the effects of subqrid-
scale motions. This additional term was estimated as the residual by
computing each term in the balance equation. The study concludes that
the non-elliptic regions found in the tropics become realizable when
this additional term in the balance equation is considered. This sug-
gests that the apparent dilemma may be resolved by taking into account
presently lacking physical processes in achieving the dynamical balance
between the mass and wind fields.

Kasahara completed work to compare the three procedures of initial-
ization for a baroclinic primitive equation model with the beta-plane
geometry in pressure coordinates. Two of these are relatively recent
approaches, called the nonlinear normal mode procedure (NNM) and the
bounded derivative method (BDM). The third is the classical balancing
procedure based on quasi-geostrophic theory. The NNM is suitable for a
global model, while the BDM is suitable for a limited-area model. To
the degree of approximation employed, the initialization by the BDM
agrees with the classical balance procedure. Also, a connection between
the BDM and NNM for the initialization of this particular model was
established. While the classical balancing procedure has limitations,
such as for application to flows in the tropics and to ultralong waves,
both the NNM and BDM are more general and flexible procedures. Hence, a
three-way connection between the NNM, BDM, and classical balancing will
enhance our understanding of the dynamics of large-scale motions beyond
the classical quasi-geostrophic theory.

Leith developed a theory to combine initialization and objective
analysis which in principle would suppress high-frequency oscillation
and yet remain as faithful as possible to the observations. The idea
basically combined statistical (Bayesian) analysis with some of the slow
manifold concepts. From September 1981 to February 1982 Leith was a
research professor of mathematical sciences at the Courant Institute of
Mathematical Sciences, New York University.

Daley investigated the mass-wind relationship implied by the
linearized primitive equation (i.e., the tidal equations) and compared
it with the geostrophic and linear balance relationships. All relation-
ships are similar at high latitudes and all are singular at the equator.

Fredrick Semazzi (University of Nairobi, Kenya) completed a draft
of his Ph.D. thesis, working with Kasahara, on an initialization
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procedure for the baroclinic primitive equation model using height as
its vertical coordinate. The effect of orography is included in the
model. It was found that the resolution of the horizontal grid system
to resolve orography in the model requires sufficient accuracy to
balance initial conditions properly. Otherwise, a large truncation
error gives rise to a source of initial imbalance and generates gravity
waves.

Improvements in Numerical Prediction Models

One of the causes of planetary-scale model error is believed to be
the incorrect specification of the upper boundary condition. This prob-
lem is thought to affect the partition between transient and stationary
components, produce incorrect internal modes, and affect the model cli-
mate. Daley has constructed a model to investigate this problem. It is
a global spectral quasi-geostrophic model in log pressure coordinates
with 100 vertical levels extending above 100 km. Daley and Grant Bran-
stator have performed detailed intercomparisons between this model and
an otherwise similar primitive equation model for the simulation of
stratospheric sudden warmings forced from the ground and at the tropo-
pause. The quasi-geostrophic model produces surprisingly realistic
results.

A core group of programmers consisting of Richard Sato and Gloria
Williamson (both of the NCAR Scientific Computing Division), Linda Bath,
Michael Kuhn, and Richard Wolski, headed by David Williamson, was formed
to develop, document, and maintain a Community Spectral Model for use by
the NCAR and university community for both climate and forecast stud-
ies. The starting point was an ECMWF adiabatic spectral model to which
was added the radiation parameterization developed at NCAR by Ramanathan
and Dickinson and surface temperature and convective adjustment algo-
rithms developed at NOAA's Geophysical Fluid Dynamics Laboratory (GFDL)
which were included in earlier successful climate simulations at NCAR.

In the latter part of the year, Quinglin Zheng (Central
Meteorological Bureau, China) joined LSD for a one-year visit. He began
work adapting his seven-level primitive equation spectral model (devel-
oped earlier in China) to the CRAY-1, and initiated a series of forecast
experiments with this model.

Philip Thompson has developed and tested Lagrangian methods of
integration and short-range numerical weather prediction. According to
these methods, which are based on the principle of conservation of abso-
lute or potential vorticity, the flow is described by the positions of
material elements of air and their initial absolute vorticities: their
trajectories are constructed numerically by calculating the current
velocity of each element from the current positions of all elements and
their associated vorticities. The principal advantages of the present
formulation are: (1) that quantities that should be locally conserved
are exactly conserved in the calculation, (2) no interpolation or
numerical differentiation is necessary, and (3) the scheme naturally
lends itself to variable horizontal resolution. The main disadvantage
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of the present (and most accurate) formulation is that the inversion
algorithm is rather slow.

Thompson and Mizzi have designed and programmed a Lagrangian scheme
as applied to the nondiverqent barotropic model, for purposes of testing
the accuracy of the numerical procedure, and test calculations have been
completed in cases for which the exact analytic solutions are known.
When the resolution is ten or more elements per half-wavelength, the
predicted velocities are accurate to within a few percent of the 24-h
velocity changes. Present efforts are directed toward comparison of
Lagrangian methods with finite-difference and spectral methods, using as
standards a class of exact solutions that require a complete representa-
tion in spherical harmonics.

Many questions still remain concerning the dynamical effect of
mountains on large-scale flows. Branstator, Kasahara, and Hajime
Nakamura (University of Tokyo, Japan) continued their investigation,
through numerical experiments using a baroclinic primitive equation
model, concerning the stationary and transient responses of mountains on
large-scale flows. The results of two experiments using two different
shapes of mountain--one dome-shaped, like the Tibetan Plateau, and the
other elongated, like the Rockies--reveal different features of the
flows over and around the two mountains. Various simpler models (which
include linear and nonlinear vorticity equations and shallow-water
equations) as well as several diagnostic measures are being used to
interpret the results of the baroclinic experiments.

There is continuing suspicion in the numerical weather prediction
community that climate simulations by spectral models may deteriorate at
high resolution owing to a strong tendency toward an equipartition spec-
trum (energy distribution produced in the absence of sources or sinks).
This phenomenon does not seem to have been observed in grid-point mod-
els. The equipartition spectrum and relaxation time to equipartition
have been previously determined for spectral models, but not for grid-
point models. Daley, J6rgen Frederiksen (CSIRO), and Thomas Mayer have
determined the equipartition spectrum of an enstrophy-conserving grid-
point shallow-water model of Arakawa. The equipartition spectrum from a
300-day run of the model has been obtained, and comparisons are under
way with theory and with a spectral model of comparable resolution.

Williamson and Ted Tsui and Robin Brody (both of the Naval
Environmental Prediction Research Facility) automated the vortex
tracking procedure developed earlier by Williamson by eliminatinq the
subjective specification of vortex splitting, merging, dyinq, and
generation. The procedure is being used to establish systematic error
statistics of the Navy Operational Global Atmospheric Prediction System
in terms useful to field forecasters.

Dynamic Studies of Large-Scale Circulation Systems

Errico hypothesized that the energy exchanges by nonquasi-
qeostrophic processes may be as great as those by quasi-geostrophic,
although in most other respects (e.g., power spectra, time scale,
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balance) the fields appear quasi-geostrophic. This is to be expected as
a result of the high correlations between geostrophic and ageostrophic
modes implied by quasi-geostrophic balance. Errico confirmed his
hypothesis with a low-order model. He currently is testing it with both
his pseudo-spectral model and with FGGE data. Errico also has investi-
gated the nonlinear interactions between normal modes with his low-order
model. He demonstrated that high-frequency gravitational oscillations
may be excited through a phenomenon of frequency doubling within the
rotational modes. The excitation is related to intermittency in the
dissipation range of the power spectra. The effects of this phenomenon
are highly dependent on Rossby number.

There has been renewed interest recently in the study of ener-
gy dispersion by large-scale waves because it seems a likely candidate
to help explain observed structures in the fluctuations of quasi-
stationary waves (or teleconnections). Earlier work by Branstator, in
collaboration with Wallace (University of Washington), had demonstrated
the sensitivity of energy propagation away from local source regions to
the zonally symmetric state of the atmosphere. In the past year, their
emphasis has been on learning how energy propagates through a wavy
background flow by experimenting with a steady linear barotropic model.
It has been found that as long as the basic state is slowly varying in
the zonal direction, many of the properties of zonally symmetric back-
grounds (e.g., reflection, critical lines, evanescence, turning points)
can be applied locally. Thus, for example, a latitude may reflect
disturbances off easterlies in one longitudinal band while allowing
propagation through westerlies in a different region. This may prove
crucial to the possibility of tropical/extratropical and interhemi-
spherical interaction in the atmosphere since during certain periods
there is a band of westerlies in the western Pacific tropics through
which energy could move.

As another approach to examining the mechanisms of atmospheric
circulations, Tribbia, Tsing-Chang Chen (Iowa State University), and
students at Iowa State have been calculating the nonlinear cascades of
energy in the barotropic and baroclinic portions of atmospheric flow.
Work progressed on the enstrophy cascade portion of this study. The
turbulent cascade processes in a model system, first expounded by Henrik
Tennekes (Royal Netherlands Meteorological Institute) for the study of
the general circulation, have also been examined and the computations
have been completed. Lastly, the observed divergent kinetic energy
spectrum has been computed and compared with the theoretical expecta-
tions of this quantity in quasi-geostrophic turbulence.

On a much longer time scale, Bettge and Baumhefner, in collabora-
tion with Chervin (Climate Section), added the winter of 1980-81 to an
investigation involving the use of empirical orthogonal functions to
examine seasonal temperature anomaly forecasts. The verification scheme
allows for quantitative measurement of subjective impressions of fore-
cast skill. The conclusions drawn from the use of this method are con-
sistent with the subjective impressions of other investigators--that
minimal skill exists in forecasts of seasonal temperature forecasts.
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As an outgrowth of recent experience with "vortex models," Thompson
investigated the behavior of vortex dipoles imbedded in a shearing cur-
rent, with a view to understanding the conditions under which a "block-
ing" configuration is persistent and stable. Preliminary numerical
experiments with a Lagrangian vortex model indicate that the dominant
factors in stabilizing blocks are: (1) a supercritical gradient of
relative vorticity in a jet-like shear flow, and (2) convective and/or
mechanical exchange of heat between the lowest one-tenth of the atmo-
sphere and the underlying sea surface.

On the smaller mesoscale, the results of a study of the interaction
of the atmosphere and coastal zone by Mizzi, done in cooperation with
Roger Pielke (Colorado State University), revealed that changes in the
ocean surface temperature have a negligible effect upon the mesoscale
atmospheric circulation for time scales of one to two days. The results
also showed that the warm and cool zones surrounding the sea breeze
front are maintained in a manner different from that described earlier
by Mariano Estoque (University of Miami). A nocturnal low-level jet
which is consistent with field observations was found to exist in the
coastal region and is the subject of continuing research by Mizzi and
Richard McNider (Alabama Air Pollution Control Commission).

OCEANOGRAPHY SECTION

The research activities of the Oceanography Section in 1981 can be
divided into four overlapping areas: studies of large-scale ocean circu-
lation and development of relevant models; studies of local eddy pro-
cesses; analysis and interpretation of field data; and studies of
air/sea interaction.

Large-Scale Ocean Circulation

Studies of ocean circulation on the basin scale and larger continue
to be the focus of much of the work of the Oceanography Section. This
research requires the interplay of models with eddy resolution with
models which parameterize the effects of eddies. It also involves
models that are suitable for midlatitude problems (the Gulf Stream and
Kuroshio Currents and the subtropical gyre circulation) as well as for
problems involving the equatorial ocean circulation. Thus a variety of
models is needed, and the development as well as exploitation of such
models is an important element in the strategy of ongoing research.

During the last year William Holland has continued studies with
two- and three-layer quasigeostrophic models of idealized midlatitude
gyres. This work has focused on understanding the variety of regions in
which eddies originate in the subtropical gyre--the Gulf Stream exten-
sion, the Gulf Stream recirculation region, and the southern flank of
the subtropical gyre. Several aspects of the dynamics of these regions
have been examined: the eddy mixing and homogenization of potential
vorticity; the instability mechanisms responsible for eddy energy
production; the nature of the redistribution process for eddy enerav
throughout the subtropical gyre; the role played by thermal forcing and
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the nature of eddy and mean heat fluxes on the basin scale; and the role
of bottom topography, basin shape, and frictional processes in the
general circulation. Various collaborations with university colleagues
have been and continue to be important in this work, including joint
studies with Dale Haidvogel, Peter Rhines, William Schmitz, and Thomas
Keffer (all of Woods Hole Oceanographic Institution), Myrl Hendershott
(Scripps Institution of Oceanography), and Edward Harrison (MIT).

A numerical study of equilibrium geostrophic turbulence in a chan-
nel with surface wind forcing was completed by James McWilliams and
Julianna Chow. The most unexpected result was an interior homogeniza-
tion of potential vorticity (i.e., vanishing enstrophy), and further
study is being made of the parameter dependence of this phenomenon.
Also, a comparison of solutions is being made between differential
heating and surface stress as driving mechanisms.

In addition to the above studies with quasigeostrophic dynamics,
Holland has been developing a multi-level primitive equation model which
will allow the problem of outcropping of density surfaces at the sea
surface to be examined. The model development was completed in 1981 and
initial studies are under way to examine the manner in which direct
atmospheric forcing via Ekman pumping can affect the main thermocline
and deep ocean interior.

Peter Gent and McWilliams are continuing their studies of inter-
mediate models (e.g., the balance equations and semigeostrophy). These
models are more complicated than quasigeostrophy, but do not have the
full physics of the primitive equations and are candidates to be used in
large-scale ocean circulation modeling. The intermediate model inter-
comparison for the Lorenz equations is complete, with the striking
conclusion that the balance equations results are extremely close to
those of the primitive equations. This has encouraged further work on
balanced models, and a manuscript is in preparation on the consistency
of, application of, and solution techniques for a family of balanced
models. Also, the linear waves of the balanced model family are under
investigation.

These theoretical results on models using the balance equations go
hand in hand with the development of a basin-scale model by Holland in
collaboration with Young-June Han and Mary Batteen (both of Oregon State
University). This model allows the kinds of results found in eddy-
resolved quasigeostrophic models to be extended to include much more
complete thermodynamics without the high computational costs of prim-
itive equation models. The formulation and initial construction of this
new model were completed in 1981 and further checkout and mathematical
developments are currently under way.

Modeling of equatorial ocean circulation was continued in 1981.
Work by Gent on forced, trapped equatorial wave modes was completed and
published. This work may help in the interpretation of large-scale
observations of the equatorial oceans. In addition, Michael McPhaden
and Semtner (both of the Climate Section) have examined the effects that
zonal shear flows like those found in the equatorial ocean have on
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Gent's basin modes. In a quiescent ocean, these modes trap energy close
to the equator, requiring neither sources nor sinks at high latitudes.
Mean flows significantly disrupt these resonances at Rossby wave fre-
quencies, however, by causing the modes to leak heavily or by generating
more energetic instabilities which completely obscure them. On the
other hand, modes in the high-frequency inertio-gravity wave range are
very robust and remain trapped close to the equator.

Models of Local Eddy Processes

McWilliams has continued work on the theory of isolated vortices in
quasigeostrophic balance. A numerical study has been published of the
robustness of one class of isolated vortex solutions, modons, with re-
spect to finite amplitude perturbations and dissipation; this was in
collaboration with Glenn Flierl (MIT) and Valari Larichev and Gregori
Reznik (P.P. Shirsov Institute of Oceanology, USSR). A study of the
collision properties of modons has also been published (with Norman
Zabusky, University of Pittsburgh), which shows an approximate, though
not exact, analog with the collisions of solitons. A manuscript is in
preparation (also with Zabusky) which formulates a point vortex model
for quasigeostrophic dynamics in the presence of inhomogeneous environ-
mental potential vorticity (e.g., variable Coriolis frequency). The
basic principle is that each vortex preserves its total, area-integrated
potential vorticity as it moves with the fluid.

Analysis and interpretation of numerical studies of laboratory
flows in rotating, sliced-box geometry were completed in 1981 (Holland
in collaboration with Andrew Bennett, visitor, Monash University,
Australia). The numerical model was found to reproduce in great detail
the laboratory flow patterns, including the frequency and amplitude of
boundary current eddy generation and shedding into the ocean interior.

Analysis and Interpretation of Field Data

During a visit to Woods Hole in 1981, Gent became aware of some
recent observations in the equatorial Indian Ocean made by James Luyten
(Woods Hole) and Dean Roemmich (now at Scripps). The data consist of
15-month moored current meter records taken on the equator between 47°E
and 59°E and between depths of 200 and 750 m which show a very dominant
semiannual signal in zonal velocity. An initial attempt to model these
observations analytically was started by Gent in collaboration with Kit
O'Neill (ASP postdoctoral fellow) and Mark Cane (MIT). The complete
linear solution with Rayleigh friction can be obtained and interpreted
in terms of a downward propagating signal from the ocean surface.

McWilliams has continued the analysis and interpretation of data
from the 1978-79 POLYMODE Local Dynamics Experiment (LDE) in the western
North Atlantic. A summary of the experiment has been published (in
collaboration with the other members of the LDE Group); a paper on the
formalism for multivariate objective analysis of the experiment is in
preparation with Brechner Owens (Woods Hole); analyses of the density
and chemical measurements are in progress (in collaboration with Bruce
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Taft, University of Washington); and a manuscript is in preparation on
the dynamical balance for the general circulation in the LDE region.

The first comprehensive attempt to compare numerical results from
large-scale eddy-resolving models with observations of the eddy field in
the North Atlantic basin was completed in 1981 (Holland in collaboration
with William Schmitz, Woods Hole). It was found that the amplitude and
structure of the deep eddy kinetic energy patterns as well as the mean
flow could be reasonably well reproduced by the model. An initial
examination of comparable data from the Pacific has been made (Holland
with Schmitz, Pearn Niiler [Oregon State University], and Robert
Bernstein [Scripps]). With the recovery in 1982 of further current
meter moorings from the Pacific, a comprehensive comparison between the
North Atlantic and North Pacific is planned, making use of model results
for the two basins.

Air/Sea Interaction

Bretherton has continued a variety of activities related to the
ocean's role in the climate system and to strategies for observational
programs to elucidate it. These activities included further analysis of
delays in a C02 induced warming due to the thermal capacity of the
ocean; a new approach to analyzing Lagrangian tracers, aimed at illumi-
nating how much information they could contribute about the general cir-
culation of the ocean; and design studies for a field program to measure
rates of water mass conversion and possible changes in heat content in
the North Atlantic. With Coakley (Climate Section) he has developed
techniques for identifying cloud layers (and clear sky ocean) in satel-
lite images. This promises to be important in the remote sensing of sea
surface temperature. The UCAR project for NOAA's National Climatic
Program Office was completed, as was the report for NASA of the NOSS
Science Working Group. He was substantially involved in the National
Research Council Ad Hoc Panel on Carbon Dioxide and in the international
Feasibility Study Group for the CAGE Experiment. He is also chairman of
the international study group on the World Ocean Circulation Experiment.

McWilliams and William Large have participated in a UCAR
Cooperative University Program for the development and use of measure-
ments from surface drifting buoys. These measurements will be directed
toward understanding the general circulation of the upper ocean and
large-scale, low-frequency aspects of air-sea exchanges. 1981 has been
a year of program planning for this activity, and its primary product is
a collection of proposals by members of the group for further work in
this area.

Related work (Large and McWilliams in collaboration with Niiler,
Oregon State University) has been the analysis of drifter measurements
from the 1980 Storm Transfer and Response Experiment (STREX) experi-
ment. The data are being used to investigate the temporal and spatial
details of the oceanic response to intense atmospheric storms. The
development of drifters was continued in 1981, and STREX drifters with
improved designs were redeployed in the former STREX area.
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Large has completed the analysis of air-sea turbulent flux measure-
ments and parameterizations. The work on the momentum flux (with
Stephen Pond, University of British Columbia) has been published, as has
a case study (with W. Timothy Lui, Jet Propulsion Laboratory) comparing
SEASAT-A scatterometer winds and stresses to shipboard measurements.
The sensible and latent heat flux results (with Pond) have been accepted
for publication.

In a series of two papers, McPhaden has examined the momentum,
heat, and turbulent energy balances in the central equatorial Indian
Ocean from two and a half years of simultaneous oceanic and atmospheric
measurements. In the first part, he showed that equatorial waves could
account for both a narrow band of two cycle-per-year (cpy) variability
in the thermocline and a broad band of energy between 1/2 and 18 cpy.
In addition, he found a very strong coherence between zonal winds and
currents in the frequency range 6-12 cpy (i.e., 30- to 60-day periods).
In the second part, it was shown that the heat content of the mixed
layer on monthly time scales is primarily determined by surface heat
fluxes. Zonal advection is of secondary importance because, even though
the currents are intense in this region, horizontal temperature grad-
ients are negligible. Moreover, wind stirring, the principal source of
turbulence generation, is in general too weak to produce significant
entrainment fluxes.

Bretherton and McPhaden (in collaboration with Eric Kraus, CIRES,
University of Colorado) have performed a number of computer-based array
design studies for measuring climatological changes in oceanic heat
storage. Originally conceived as a CAGE feasibility study, this work
focuses on the ability of expendable bathy-thermograph (XBT) ships of
opportunity to determine changes in heat content over a five-year period
in the North Atlantic to within 10 W/m2 . The methodology uses optimal
estimation theory modified by data-adaptive techniques. Initial results
indicate that the CAGE criteria can be met with ships of opportunity and
that the costs involved in such a field program are minimal.
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Ragnar Fjortoft, Norwegian Meteorological
Institute, April to May 1981.

Hajime Nakamura, University of Tokyo, Japan,
December 1981 to March 1982.

Luis Reyna, California Institute of Technology,
July to October 1981.

Frederick Semazzi, University of Nairobi, Kenya,
October 1980 to October 1981.

Pedro Silva Dias, University of Sao Paulo, Brazil,
December 1981 to March 1982.

Qinglin Zheng, Central Meteorological Bureau,
People's Republic of China, October 1981 to
October 1982.

Oceanography Section

Staff

Mary Batteen
Francis Bretherton
Julianna Chow
Judy Fukuhara
Peter Gent
William Holland (Section Head)
Christine Kingsland
William Large
Michael McPhaden (long-term visitor)
James McWilliams
Nancy Norton

Visitors

Andrew Bennett, Monash University, Australia, July
to October 1981.

Lien Hua, Woods Hole Oceanographic Institution,
November 1981.

W. Brechner Owens, Woods Hole Oceanographic Insti-
tution, November 1981.

Paula Rizzoli, Massachusetts Institute of Technol-
ogy, August 1981.

Colin Shen, University of Washington, January
1981.

Norman Zabusky, University of Pittsburgh, April
and August 1981.
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ATMOSPHERIC CHEMISTRY AND AERONOMY DIVISION

The goals and strategies of the Atmospheric Chemistry and Aeronomy
Division's (ACAD) research program are as follows:

* To derive and explain the chemical composition of the earth's
atmosphere, with particular concern for constituents that have
global and regional significance because of their effects on
the biosphere, air quality, climate, and the stratospheric
ozone layer. This research requires the identification and
quantification of the sources and sinks of atmospheric gases
and of biospheric and industrial emissions.

To determine the atmosphere's composition (including the
products of chemical conversions) and dynamical features
(including their interactions with chemistry) from global
observations. This is accomplished through satellite programs;
global in situ sampling measurements from aircraft, balloons,
and rockets; and various global and regional chemical field
programs.

* To design photochemical-meteorological models to analyze and
interpret atmospheric data and to predict future trends in
the earth's chemical, physical, and biological environment,
globally and in selected regions.

* To determine the important chemical, physical, and biological
mechanisms that maintain and perturb chemical balances within
the earth's atmosphere. Examples are cycling processes of
nutrient elements and those processes that control precipita-
tion acidity.

Toward these goals, we employ a variety of experimental and theoreti-
cal methods of investigation. We consider a properly balanced scientific
program of theory and measurement to be essential; without such a
balance the classical scientific method loses potency. Finally, because
of the nature of our investigations it is useful to draw ideas, methods,
and scientific personnel from disciplines other than atmospheric science,
e.g., physics, chemistry, biology, mathematics, oceanography, and soil
science.

In 1981, ACAD reorganized to consolidate related functions and
personnel for more effective research and operations and to reduce the
number of people reporting to the director. Previously, ACAD had been
organized around individual projects; earlier Annual Scientific Reports
reflect this. The new organization consists of four scientific sections
(Atmospheric Gas Measurements [AGM]; Precipitation Chemistry, Reactive
Gases, and Aerosols [PCRGA]; Chemical and Aeronomical Modeling [CAM]; and
Global Observations, Modeling, and Optical Techniques [GOMOT]) and a
Support Section. The research conducted in 1981 in the four scientific
sections is described in the following pages.
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PRECIPITATION CHEMISTRY, REACTIVE GASES, AND AEROSOLS SECTION

The Precipitation Chemistry, Reactive Gases, and Aerosols (PCRGA)
Section was created to strengthen research in the measurement of species
obviously controlled by heterogeneous processes, and to regroup staff
working on related chemical measurements so that talents and equipment
may be pooled better. PCRGA brought together the Reactive Gases and
Aerosol Project (Allan Lazrus) and the Global Halogen Project (Walter
Berg) and refocused the former Gas and Aerosol Measurement Experiment
Project (Anthony Delany). This last project was terminated; Delany,
Arthur Wartburg, and Frank Grahek were reassigned to the new Analytical
Techniques Development project.

Jack Calvert (Ohio State University) has accepted employment with
NCAR and will arrive at the first of the coming year to assume leader-
ship of this new section. In addition to providing guidance to the
existing projects, he will initially be setting up a laboratory for
research related to homogeneous atmospheric reactions. His early
emphasis will be on completing work begun at Ohio State University,
which focuses on the role of CH202 and CH302 in oxidizing SO2, on the
transformation of S02 in simulated polluted atmospheres, and on aldehyde
oxidation, also in polluted atmospheres.

Reactive Gases and Particles Project

During 1981, the interpretation of field measurements from the Acid
Precipitation Experiment (APEX) was nearly completed. A paper describing
the observations of warm frontal precipitation was submitted to Atmospheric
Environment. The data relating to orographic and summertime convective
precipitation were analyzed, and the writing of a paper based on the
data was begun.

Measurements of both strong and weak acids in particles sampled
from dry air during APEX were analyzed by Ronald Ferek (graduate assistant,
Advanced Study Program). The acids were determined by a variety of
chemical techniques and electron microscopy. These data, plus additional
information on the elemental composition of particles sampled during
APEX, form the basis for Ferek's Ph.D. dissertation as submitted to
Florida State University.

Brian Heikes (graduate assistant from the University of Michigan
participating in the Advanced Study Program) has undertaken a modeling
effort to explain the production of HN03 in warm frontal clouds observed
during APEX. The chemical pathway is complex, involving both gaseous
and aqueous transformations of nitrogen oxides.

A careful experimental study of the luminol chemiluminescence
methodology used to measure hydrogen peroxide vapor during APEX was
undertaken by staff of the Reactive Gases and Particles (RGP) Project,
including Gregory Kok (visitor, Harvey Mudd Colleqe) and Heikes. This
research led to the discovery that atmospheric gaseous precursors produce
hydrogen peroxide in water. This chemical process limits the usefulness
of the luminol methodology for determining H202 vapor concentrations.
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However, the observed generation of HzOz in water may be significantly
involved in the chemistry of clouds. This work was described in a paper
by Heikes, Lazrus, Kok, S. Kunen, B. Gandrud, S. Gitlin and P. Sperry
submitted to the Journal of Geophysical Research.

In connection with the previous study, techniques were developed
which enable us to measure the reaction rate of hydrogen peroxide and
bisulfite ion to produce H2S04. Unlike older methods, the new technique
can follow the reaction at typical ambient concentrations. This allows
us to detect possible enhancements and inhibitions of the reaction rate
caused by trace species in samples of cloud and precipitation water.

Because of interferences observed in the application of the luminol
technique to atmospheric samples, the development of a new analytical
method for hydrogen peroxide was undertaken with support from the
Electric Power Research Institute. The procedure utilizes an automated
dual-beam fluorometer, and depends upon the specificity of two enzymes
for eliminating interference effects. An automated method was developed
for calibrating the new H202 instrument, termed a liquid phase exponential
dilution system.

In order to study the capacity of air samples to generate hydrogen
peroxide in water, the development of an appropriate scrubbing chamber
was undertaken. Ultrasonically vibrated orifices, spinning disks, and
high-voltage jets were explored as means of generating water droplets in
the chamber.

An effort was also begun to create a method for measuring nitric
acid vapor, ammonia vapor, and nitrate and ammonium ions in aerosols by
combining diffusion tube technology with highly sensitive nitrogen oxide
instruments recently developed at NCAR. This work was initiated coopera-
tively with staff of the Analytical Techniques Development Project of
ACAD.

RGP engaged in a cooperative experiment with Volker Mohnen (Atmo-
spheric Sciences Research Center, State University of New York, Albany)
and Robert Schemenauer (Atmospheric Environment Service, Downsville,
Ontario). The purpose of the experiment was to study acidity in western
clouds and precipitation. This work was accomplished in conjunction
with the Cooperative Convective Precipitation Experiment in Montana.
The average pH values of cloud water, precipitation, and graupel measured
were all above 5.0.

RGP also participated in two stratospheric flight series conducted
by the Aerosol Climatic Effects Project of the National Aeronautics and
Space Administration (NASA). RGP instrumentation was used on board a
NASA U-2 aircraft to determine sulfate and ammonium ion mixing ratios in
stratospheric air. The instrumentation additionally obtained samples
for the measurement of trace metals in stratospheric aerosol by William
Zoller (University of Maryland).
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Global Halogen Project

The primary goal of the Global Halogen Project (GHP) is to under-

stand the geochemical pathways of chlorine-, bromine-, and iodine-
containing species from biospheric, oceanic, and anthropogenic sources
to and through the troposphere and the stratosphere. Currently, the
major pathways in the halogen cycles are understood only in the broadest
sense, with key transformation processes and rates almost completely
unknown. Cycle reservoir magnitudes and rates are not known, and most
predicted halogen-containing species have not been detected in the
atmosphere. A further fundamental question involves the enormous mass
of halogens in the marine atmosphere, where particle-to-gas conversions
(and vice versa) are evident but not understood. From a more practical
viewpoint the expansion of knowledge in this area is important because:
(1) chlorine, bromine, and possibly iodine play a key photochemical role
in the potential destruction of the stratospheric ozone layer, (2) acid
chlorides contribute to acid precipitation on a mesoscale level, (3) severdl
prominent halocarbons have global infrared effects, and (4) halogenated
pesticides and reaction intermediates significantly affect global atmo-
spheric and environmental chemistry.

During 1981 a systematic approach to the study of global halogen
pathways was adopted, with research emphasis being placed on source and
sink processes in the lower troposphere and on absolute reservoir magni-
tudes and rates in the middle to upper stratosphere. The first phase of
the research effort, which consumed a major portion of 1981, was devoted
to the careful design and development of (1) key halogen measurement
systems for remote ship and aircraft operation over the ocean, (2) automated
pumping and flow-controlled systems for balloon-borne applications in
the midstratosphere, and (3) analytical techniques for both species-
specific and halogen group measurements. This design and development
phase was completed in 1981 and rugged field sampling units were produced
in the NCAR machine shop. As part of the second phase of the research
effort, these units were employed in four tropospheric field projects
and two 36-km-measurement experiments. A major part of the second phase
effort involved analytical chemistry with multiple analysis of 266
halogen samples. Most of the GHP research effort has been and is con-
tinuing to be conducted in cooperation with six other research institutions;
(1) the Los Alamos National Laboratory (LANL), (2) the University of
California, San Diego, (3) NBS, (4) the University of Rhode Island, (5) the
University of Tokyo, and (6) the NASA Langley Research Center. A brief
description of each experiment of this two-phase research effort follows.

Significant discrepancies exist between theory and observation for
several key chlorinated species involved in the stratospheric ozone
destruction cycle. Of particular concern since 1977 has been the dis-
crepancy between measurements of C10 and the model-predicted maximum
possible stratospheric volume mixing ratio for C1X. Predicted total
chlorine mixing ratios at 35-40 km have generally ranged in the neighbor-
hood of 2.0 ppbv. Recently available measurements, however, leave open
the possibility for much larger concentration levels for stratospheric
C1X. Discrepancies such as these have led to suggestions (1) that the
chlorine chemistry in the current photochemical models is incomplete,
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(2) that perhaps not all of the stratospheric sources of chlorine have
been taken into account in the budget analyses and model calculations,
or (3) that the high C10 measurements are not representative of average
stratospheric conditions. An accurate global measurement of the strato-
spheric total chlorine volume mixing ratio would resolve this discrepancy,
provide a key test for current one- and two-dimensional photochemical
models, and increase our basic understanding of chlorine photochemistry
in the stratosphere. For these reasons a total chlorine measurement
effort was initiated in 1981 for the altitude window from 35 to 40 km.

Since the first total chlorine results in the stratosphere (at
20 km) were published by our group in 1980 (Geophysical Research Letters
7, 939-940), movement to the midstratosphere might have proven to be a
simple extension of existing techniques and procedures. Nine months of
intensive development were required, however, to design and test a new
pumping system that would move sufficient quantities of air at 40 km
(% 2 torr) for chlorine and bromine to be detected and analyzed. A
total of 32 prototype pumps were constructed and 29 days of stratospheric
chamber tests were carried out at Hollomon Air Force Base before a
satisfactory unit was developed. The completely new pumping system,
which required no electrical power, had no moving parts, and weighed
only 90.6 g, was incorporated in a redesigned 680.4-kg balloon payload.
A continuously monitored flow-rate/pumping system was developed using
12 new pumps and coupled to a 40-channel telemetry unit for down-link
data transmission. The new package was flown successfully at 36 km for
30 h from 8 to 10 October. Sample analyses were completed immediately
following this flight, and the first measurements of total chlorine,
bromine, and iodine in the mid-stratosphere tabulated at the end of
1981. Results will be presented early in 1982.

Several cooperative experiments involving measurements of aerosols
and oxygen isotopes were also conducted on the 36-km halogen flight. A
cryogenic sampling unit was jointly built with James Arnold and Mark
Thiemens (Department of Chemistry, University of California, San Diego),
and Takashi Onaka and Toshihiko Tanabi (University of Tokyo, Japan).
The purposes of the 6170 and 6180 measurements were (1) to test recent
theoretical hypotheses which predict an isotopically selective photolysis
of molecular oxygen at altitudes above 25 km, and (2) to explore the
possibility of using these isotopes ultimately as isotopic tags through
the 02, 03, NO , and C10 cycles. The aerosol measurement subproject
was set up to explore the probability that stratospheric metal vapors
and/or aerosols from meteoric ablation play a significant role in halogen-
ozone photochemistry. At the end of 1981 data analysis was still being
carried out, but initial results indicate that the cryo-sampler functioned
properly.

Four tropospheric projects were conducted during 1981: (1) a joint
halogen experiment involving Robert Duce and Eric Butler (University of
Rhode Island), as part of the Sea-Air Exchange (SEAREX) program, (2) a
joint vertical profile study with Robert Harriss and Daniel Sebacher (NASA
Langley Research Center), involving the first Space Shuttle launch during
April, (3) a cooperative background halogen measurement project with
Katherine Malville (visitor, Carleton College) entailing a globe-circling
sampling cruise of the S.S. Universe, and (4) a series of background
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HC1 measurement experiments with Alan Fried (National Bureau of Standards
[NBS]) using a chemical DF laser with an optoacoustic detection system.
Presented below is a brief summary of each of these efforts.

A joint experiment with the University of Rhode Island was conducted
from 25 March to 7 April in the upwelling waters off the west coast of
Peru. This experiment was set up as a formal part of the SEAREX program
with major emphasis on the simultaneous measurement of organically bound
gas-phase bromine and iodine species together with component totals
(from our group). At the end of the year the results from 82 samples
were being coupled to CH3I data for a detailed look at the iodine gas-
particle transformation process adjacent to the air-sea interface.

On 13 April GHP received approval for funding from NASA on a small
proposal for the analysis of tropospheric halogen air samples by neutron
activation techniques. This provided operational funds for the analyses
of halogen samples taken as part of a vertical profile experiment con-
ducted jointly with the Marine and Applications Technology Division at
NASA Langley. During the period from January to March a nine-unit,
Gatling-gun-styled aircraft sampler was designed, built, and tested at
NCAR for use aboard a twin-engine NASA 402 aircraft. The unit was
fashioned with multiple pressure and flow sensors including an LCD
cockpit readout capability together with a full one- to nine-unit
rotational control. Successful flight tests were completed during the
first week of April, and a halogen vertical profile experiment was then
conducted from 7 to 16 April 90 km offshore from Cocoa Beach, Florida.
During this period the first Space Shuttle was launched and our sampling
program was structured to take advantage of the unique HC1 conversion
chemistry occurring both in the plume cloud and outside in the natural
marine atmosphere. Data runs were made at 15, 152, 305, and 762 m (above
the mixing layer). The NCAR nine-unit module was used for C1, Br,
and I determination of component totals (gas and particulate separately).
At the close of 1981 these data were being coupled to measured (a) HC1
(Geomet chemiluminescent total HC1 detector), (b) NO and 03 (chemi-
luminescent), (c) C12 (modified-Geomet), and (d) aerosols (nephelometer,
forward scattering spectrometer, and ten-stage quartz crystal mass, QCM,
monitor). A key focus of this research effort is the HCL(g).HCl(aq)
conversion process.

During the summer of 1981 two students joined GHP and contributed
substantially to our halogen measurement program. Marta Figueroa (Barnard
College) conducted a laboratory and field project during July at the
University of Colorado Institute for Arctic and Alpine Research in the
Colorado high country. Background gas-phase and aerosol iodine measure-
ments were made and the potential for diurnal behavior of inorganic gas
phase iodine was explored. A final report was issued in December. A
second student, Katherine Malville, first spent the summer working to
develop our shipboard sampling effort in the laboratory. Beginning on
9 September she embarked on a 3-1/2-month globe-circling sampling cruise
on the S.S. Universe. Despite many technical problems her sampling efforts
were quite successful. The data represent the first (diurnally controlled)
background measurements of bromine and iodine ever taken across the
North Pacific, the central Philippine Sea, and the Indian Ocean. Though
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the analyses are still incomplete several bromine source areas (organic
gas phase) are now becoming evident, especially associated with the
Kuroshio Current and the Kuril Trench northwest of Japan.

The fourth GHP research effort has focused on developing the analyti-
cal capability to detect and track the HC1 molecule at ambient concentration
levels of 0.1 to 1 ppbv. This has been a joint NCAR-NBS laboratory
effort using a DF laser in the infrared to pump the (1-0) band. Major
emphasis has been placed on the innovative application of an optoacoustic
detection system to lower the detection limit. By the end of 1981 the
50-ppbv HC1 level had been reached. If background-level detection
techniques are, in fact, achieved, we plan to track gas-particle conversion
processes by linking a ten-stage QCM impactor (for on-line, 5-s particle
sizing resolution and analysis) to the laser detection technique for HCL.

A factor in the development of our halogen analytical techniques
during 1981 has been the strong research effort and support received
from LANL. Ernest Gladney has worked closely with our group throughout
the year in developing nuclear counting techniques and thermal and
epithermal neutron activation procedures for improving the detection
capabilities for C1, Br, and I. At present the NCAR-LANL team effort
has resulted in the development of the most sensitive analytical techniques
for these elements in existence.

Analytical Techniques Development Project

The Analytical Techniques Development Project, in its first full year
of activity, worked toward the goal of reliable aircraft measurements of
tropospheric nitrogen oxide gases. Techniques are sought for clean
background tropospheric air and for polluted air. Three separate
activities were under way in 1981.

First, Delany, Wartburg and Grahek devoted continuing efforts to
improve the capability of commercial (Thermo Electron) NO/NO chemi-
luminescent detectors. The internal plumbing and electronics were upgraded,
and one such instrument was test-flown aboard the NCAR Sabreliner to
determine whether power and thermal transients would seriously degrade
performance under field conditions.

Second, in cooperation with Lazrus and Bruce Gandrud and with
Robert Braman (University of Southern Florida), Delany and Wartburg
performed preliminary tests on the ability of chemically coated quartz
tubes to selectively trap NOx, HNO 3, and NH3 gases and NO3 and NH4
in particulate forms. Third, after these tests were performed success-
fully, we decided to perform more quantitative studies on the trapping,
desorption conversion to NO, and detection by chemiluminescence. In
this activity Wartburg, Gandrud, and Ralph Cicerone are collaborating
with NOAA Aeronomy Laboratory scientists. Calibrated flows of HN03
in the parts-per-billion and parts-per-trillion range are now being
tested. If this overall technique proves reliable, its sensitivity
could lead to greatly improved instrumentation for future ground-based
measurements of HNO 3, NH3, possibly HCN, and particulate NH4 and NOs
as well as to improved aircraft instrumentation for future APEX team
research and for future global background tropospheric measurements.
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During 1981 Delany spent eight months on leave from NCAR at the
University of East Anglia. Delany also continued work with Paul Crutzen
(Max Planck Institute) and with other ACAD scientists preparing publica-
tion of the 1979 and 1980 Brazilian research on biospheric and brush-fire
emissions.

Radioactive Aerosols and Effects Project

During the first six months of calendar year 1981 the Radioactive
Aerosols and Effects Project, headed by Edward Martell, continued
experimental studies of the properties and dynamics of indoor radon
progeny aerosols, with the Environmental Protection Agency's Office of
Radiation Programs (ORP) as the main source of financial support, under
interagency agreement #AD-49-F-078-0, NSF OA-186; R3046. However, funds
for continuation of this work through FY 1982, approved by ORP in May
1981, were cancelled in June 1981. The work has continued with reduced
staff. In October 1981 a research grant application entitled "Indoor
Radon Progeny Aerosols and Bronchial Cancer" was submitted in response
to a specific National Cancer Institute Program Announcement on the
Biological Effects of Low Doses of Ionizing Radiation, dated 4 September
1981. The proposed study is, in part, a continuation of recent studies
supported jointly by NSF and ORP.

The experimental approach for these studies involves the use of
laboratory chambers in which the concentrations of radon or thoron
progeny are controlled, using solution standards and/or dry emanation
sources of radium-226 and thorium-228. Experimental sources of small
Aitken particles include cigarette smoke and particles generated by
combustion of natural gas. Radium-226 and radon-222 are determined by
standard procedures of radon gas counting in alpha scintillation counter
chambers. Radon progeny activity is determined by either (1) absolute,
low-level B- counting in nearly 41 geometry, using anticoincidence
counting and steel shielding, or (2) alpha spectroscopy, using silicon
solid-state surface barrier detectors in vacuum chambers and associated
electronic systems. Aitken particle concentrations are determined using
a Rich-100 condensation nucleus (CN) monitor. Size distributions of
attached radon progeny are determined using a multistage cascade impactor
with five impactor stages and a backup filter. For particles <0.25 lm
in diameter the mean size is determined using a diffusion-denuder in
conjunction with the Rich-100 CN monitor and with diffusion battery
techniques.

Rates and mechanisms of deposition of radon progeny aerosols have
been investigated in natural surface air environments using, as a tracer,
lead-212, the radioactive daughter product of thoron with a 10.6-h
half-life. In addition, 2 '2Pb is used as a tracer in laboratory chamber
studies to assess the influence of particle coagulation and aging on the
properties of airborne radon progeny.

Experimental determinations of deposition velocities for short-
lived radon progeny on smooth and hairy surfaces of vegetation have
provided new insights into mechanisms of dry fallout. Observed deposition
velocities are too high to be explained by the diffusion of neutral
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Aitken particles to surfaces. It has been proposed that radon progeny
attached to small positively charged Aitken particles are selectively
deposited on negatively charged surfaces. This may be the primary
mechanism of natural "dry fallout" of radon and thoron progeny and of
other Aitken nuclei on vegetation surfaces.

Experimental results on the size distribution and other properties
of indoor radon-progeny aerosols and their dependence on Aitken and
other indoor particle concentrations have been reported. Of particular
interest is the finding that radon progeny aerosols in mainstream cigarette
smoke are surprisingly large particles, ranging from 0.5 to 2.0 im AMAD
(activity median aerodynamic diameter)--particles that can be selectively
deposited in "hot spots" at the segmental bifurcations of smokers.
These radioactive smoke particles are resistant to dissolution in lung
fluid and may deliver the critical carcinogenic alpha radiation dose that
induces bronchial cancer in smokers.

GLOBAL OBSERVATIONS, MODELING, AND OPTICAL TECHNIQUES SECTION

The goals of GOMOT are to study and understand the global inter-
actions of chemical composition, radiation, and dynamics in the middle
atmosphere, including sources, sinks, transports, and anthropogenic and
natural perturbations. The section's activities include data acquisition,
analysis, modeling, and instrument development.

Global Observations and Modeling Project

Global Data Acquisition. Reduction of data from the Limb Infrared
Monitor of the Stratosphere (LIMS) experiment on board the Nimbus 7
spacecraft has continued, and is now nearing completion. John Gille and
James Russell III (NASA Langley Research Center) are coleaders of the
science team, which has responsibility for the development of calibration,
inversion, and mapping algorithms. Other members are S. Roland Drayson
(University of Michigan), Herbert Fischer (University of Munich), Andr6
Girard (National Office of Aeronautical Study and Research, Paris), John
Harries (Rutherford and Appleton Laboratories, England), Frederick House
(Drexel University), Conway Leovy (University of Washington), Walter
Planet (NOAA), and Ellis Remsberg (NASA Langley Research Center). Paul
Bailey heads the operational data reduction.

LIMS operated very well from its launch on 24 October 1978 until
4 June 1979, when the supply of solid methane cryogen was expended. The
data appear to be of excellent quality, with very low noise levels.

The data reduction takes place in three steps. Initially, the raw
data are converted to calibrated, located profiles of radiance. In the
second step, the radiances from the six channels are converted to vertical
profiles of temperature, 03, H20, NO2, and HNO 3, all registered on a
pressure scale. In the third step, these profiles are analyzed to yield
data from which maps and cross sections of these quantities can be
prepared. The first step, the production and distribution of calibrated
radiance data, was completed earlier.
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In comparing the results of the initial inversion algorithm to
correlative radiosonde and rocketsonde data, several small but important
differences were discovered. The program has now been changed to
incorporate improved treatments of oxygen absorption near 6 im, water
vapor interference in the nitrogen dioxide channel, and effects due to
departures from spherical symmetry.

Comparisons of temperatures with radiosonde and rocketsonde data,
calculated by Edward Perkins, now show generally good agreement. Similarly,
trace gas measurements correspond well with simultaneous balloon measure-
ments. Lawrence Lyjak is beginning to compare LIMS data with other
satellite results. The inversion of the complete data set began in
August, and is expected to be completed early next year.

Similar progress was made on the reprocessing of the Limb Radiance
Inversion Radiometer (LRIR) data, for which Gille is Principal Investigator
and House is co-investigator. Flown on the Nimbus 6 spacecraft, LRIR
obtained good temperature and 03 data for seven months, the lifetime
being again limited by the amount of solid cryogen. At the end of last
year, several undesirable properties were found in the previous inversion.
Gail Anderson, Gille, and Bailey worked out the causes and several
corrections. This was done in conjunction with some of the final LIMS
algorithm development, allowing a great deal of synergism. Sharon Beck
has now reinverted nearly all the LRIR data.

Gille was team leader for two instrument definition studies for the
Upper Atmosphere Research Satellite (UARS). The instruments were the
advanced limb scanner (ALS) and the cryogenic upper-atmosphere limb
emission radiometer (CULER), selected by NASA from proposals submitted
in response to an announcement of opportunity. Other division members
taking part included Cicerone, Bailey, Michael Coffey, William Mankin,
and Raymond Roble. Other members of the team included Crutzen, Marvin
Geller and Virgil Kunde (NASA Goddard Space Flight Center), James Holton
(University of Washington), David Murcray (University of Denver), and
A. T. Stair Jr. (Air Force Geophysics Laboratory). In December NASA
announced the final payload selection. In part because of financial
stringencies, neither ALS nor CULER was selected for flight. Gille was
invited to stay involved with the UARS program in the areas of data
reduction and interpretation.

In other activities, Gille, Bailey, Coffey, and Mankin have worked
with University of Colorado (CU) and Laboratory for Atmospheric and
Space Physics (LASP) scientists on the calibration and testing of a limb-
scanning infrared radiometer for the Solar Mesosphere Explorer (SME)
satellite, launched in the fall of 1981. This instrument was designed
to measure pressure, temperature, ozone, and water vapor in the strato-
sphere and mesosphere. Unfortunately, the radiatively cooled detectors
have not reached the expected 130 K, resulting in noisier data than
expected. The ultimate usefulness of the data is still under investiga-
tion. The principal investigator for SME is Charles Barth (LASP); co-
investigators include Crutzen; Julius London (CU); A. Ian Stewart and
Gary Thomas (LASP); Shaw Liu, John Noxon, and Susan Solomon (NOAA);
and C. Bernard Farmer (Jet Propulsion Laboratory).
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Analysis and Interpretation of Global Data. Gille and Charles
Smythe have studied the sensitivity of the Kalman filter analysis scheme
to input parameters, and developed needed empirical relationships to use
in mapping the LRIR and LIMS data. Bailey has begun to use these in
LIMS mapping. Because there are data gaps at some latitudes, there are
additional problems mapping the LRIR data, especially at 1 mb and above.
These are now being studied. The new mapping, incidentally, has reduced
the sensitivity to some of the LRIR problems noted above.

In a related investigation, Murry Salby studied the general problem
of the objective analysis of asynoptic satellite data. His analysis
showed that, for a sounder on a sun-synchronous polar orbiter obtaining
both day- and night-side observations, the highest allowable resolution
is one day in time, and six longitudinal waves. The results have been
submitted for publication.

Gille presented preliminary LIMS water vapor results at the Symposium
on Variations in the Global Water Budget. Gille and Russell presented
preliminary analyses of HN03 and NO2, and H20, respectively, at the
Middle Atmospheric Science Symposium of the International Association of
Meteorology and Atmospheric Physics (IAMAP) meeting.

William Kohri (former NCAR graduate assistant from Drexel University,
now a faculty member there) completed studies on the propagation of
planetary waves using a special interim set of LRIR data for the months
November and December 1975. He used temperature and height data to
calculate zonal winds, wave amplitudes, and heat and momentum fluxes.
His results show that the refractive index provides a qualitatively
correct indication of the location of maximum energy density for wave
numbers 1 and 2, and the direction in which they preferentially propagate.
Energy fluxes were also calculated. These results were presented at
the IAMAP meeting.

Another study with the preliminary LRIR data, by Rolando Garcia,
Gille, and Kohri, showed that they could be used in the zonally averaged
thermodynamic and continuity equations to derive the mean meridional
circulation for weekly periods. They found considerable temporal
variability in the position and strength of the meridional cells. A
sample of results from this study was described at the American Meteoro-
logical Society meeting on the Upper Atmosphere in San Diego, and at
the IAMAP meeting.

Modeling. A mechanistic model was constructed by Garcia and John
Geisler (University of Miami) to study the small-amplitude oscillations
observed in the eddy and zonal mean fields of the winter stratosphere.
They found that random fluctuations in the strength of tropospheric
forcing are capable of exciting traveling waves, and that the oscillating
heat fluxes arising from the interaction between these waves and a
stationary forced wave can in turn produce oscillations in the zonal
mean temperature gradient. Detailed results of this research were
published in the October 1981 issue of the Journal of the Atmospheric
Sciences.
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In collaboration with Solomon, Garcia is developing a global, two-
dimensional model to study the dynamics and photochemistry of the
middle atmosphere (16-116 km). The model dynamics and chemistry are
interactive, thus allowing a self-consistent determination of the zonal
mean distribution of winds, temperature, and chemical constituents. The
model is formulated in terms of the residual Eulerian circulation, which
provides a simpler and more intuitive description of the physics of con-
stituent transport and avoids the difficulties associated with the
parameterization of eddy fluxes inherent in Eulerian circulation models.
It is expected that the model will provide a theoretical tool for inter-
preting satellite observations of temperature and chemical constituents,
and for investigating problems such as perturbations of stratospheric
ozone.

Optical Techniques Project

The responsibilities of the Optical Techniques Project include
developing new optical methods for atmospheric measurements, applying
optical techniques to scientific questions in atmospheric chemistry and
related areas, and increasing our expertise in the use of optical
techniques for global observations from satellites. One of the major
activities in 1981 was the continued use of Fourier transform infrared
spectroscopy to study the concentration and distribution of trace gases
in the stratosphere. A study of the latitudinal and seasonal vari-
abilities of stratospheric N20, NO, NO2, and HNO 3, which was published
in 1981 by Mankin, Coffey, and Aaron Goldman (University of Denver),
has drawn considerable attention. The NO measurements have been used
to compare with the results of a number of stratospheric models. Model
predictions (such as those of Solomon) have confirmed the rather dramatic
behavior of the distributions of NO, NO2, and HN03 at high latitude and
have emphasized the need to extend measurements above 550N. In 1981 we
requested and received flight time to continue the Fourier transform
spectroscopy studies to latitudes above 55°; a field program will take
place in July 1982.

Continuation of the analysis of stratospheric spectra, covering
700 cm- to 5,000 cm-' with a resolution of 0.06 cm 1, was highlighted
in 1981 by the discovery of hydrogen cyanide (HCN) in the stratosphere
(Coffey, Mankin, and Cicerone). The detection of stratospheric HCN
(with an average volume mixing ratio of 170 ppt) will have important
ramifications for our understanding of chemical systems in the atmosphere.

HCN absorption may also be a significant contributor to radiation
transfer near 14 uim (Coffey and Goldman). This spectral region is
extensively used for remote sensing of the temperature structure of the
atmosphere through measurements of C02 emission. Techniques for remote
determination of temperature have become so refined that contributions
to the absorption as small as 5% must be considered.

Analysis of spectra obtained from aircraft has also been used to
confirm the existence of solar emission lines in the 7-12-pm region
(with Frank Murcray, Goldman, Frank H. Murcray, Charles Bradford, and
David Murcray of the University of Denver). The source of these emissions
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is as yet uncertain but probably is in the solar chromosphere or corona.
Since the features can be observed readily from the surface, they may
provide a useful monitor of solar activity.

A second initiative in the Optical Techniques Project is the
development of infrared absorption spectroscopy using tunable diode
lasers. This technique holds great promise as a very sensitive, species-
specific tool for the identification and measurement of atmospheric
trace gases down to levels of less than 1 ppb, on samples of a few
liters. The technology of tunable diode lasers made of lead salt ternary
compounds has developed rapidly in the last few years, and appears to
have matured to the point where its application to field measurements is
feasible.

In 1981 a laser diode system was evaluated in the laboratory and
during test flights aboard the NCAR Sabreliner. The instrumentation has
been designed initially to measure local CO concentrations. The system
uses both amplitude and frequency modulation of the laser output.
Amplitude demodulation gives a signal proportional to the total laser
power while demodulation at the FM harmonic gives a signal proportional
to the absorbed energy, which depends upon laser power, CO amount, and
FM modulation range. A portion of the beam goes through a reference
cell containing a known CO concentration. Signals from this beam are
used to lock the laser frequency to the CO absorption line and to cali-
brate the system continuously.

The ultimate goal of the CO measurements is to measure CO fluxes,
and hence tropospheric lifetimes, by the meteorological correlation
method. Diode lasers for the system have now been obtained with spectral
outputs suitable for the detection of S02, NO, CH20, and HN0 3. In
addition, other gases present at low concentrations, such as H202 or NH3,
can, in principle, be measured by this technique. Measurement of any of
these gases in the clean troposphere would be important for tropospheric
chemistry studies. The approach can also be used to obtain accurate
concentrations of more abundant gases, such as CH4 and N20, in the
vicinity of sources, to allow determination of source strengths.

The system optics and electronics have been improved so as to increase
measurement stability and time response. A second series of test flights
has been approved for October 1982 aboard the NCAR Sabreliner.

During the last quarter of 1981 Mankin was on sabbatical leave at
the Rutherford-Appleton Laboratory in England. His research activities
included work with Harries (a former NCAR visitor) on mid- and far-infrared
Fourier transform spectroscopy and further analysis of the NCAR aircraft
spectra.

ATMOSPHERIC GAS MEASUREMENTS SECTION

The creation of this section was for several reasons: to consoli-
date ACAD's considerable expertise in laboratory and field measurements
of relatively stable trace gases, to foster more effective utilization
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of gas-handling and gas-analysis equipment, and to facilitate future
field programs that will require several investigators and support
staff. The section is composed of the scientists and research projects
of the existing Biosphere-Atmosphere Interactions Project (Patrick
Zimmerman) and the existing In-Situ Measurements Project (Leroy Heidt).
An anticipated Marine Measurements Project was cancelled late in 1981
for budgetary and other reasons. The head of the AGM Section remains to
be named; Cicerone serves as acting head. Research currently takes
place entirely within the projects and is discussed under the project
headings which follow.

In-Situ Measurements Project

To increase understanding of the important chemical and physical
processes that occur in the atmosphere and to guide research, theoreti-
cally predicted trace gas distributions are compared to field observations.
Over the years, however, the accuracy of reported field data has been
difficult to assess and the concentrations of most species show large
scatter that can reasonably be explained either by atmospheric varia-
bility or by differences in instrumental technique. The In-Situ
Measurements (ISM) Project, therefore, took part in series of instrumental
intercomparisons with other institutions under field conditions during
1981.

The first experiment, an international intercomparison of strato-
spheric water vapor instrumentation, took place on 6-7 May at the
National Scientific Balloon Facility at Palestine, Texas. Heidt, Richard
Lueb, and Walter Pollock used the ISM cryogenic whole-air sampler to
collect large stratospheric air samples for subsequent measurements of
H20 in the laboratory. With the help of Bruce Henry, they also measured
CH,, H2, N20, CFC13, and CF2C12; the last will be used for additional
comparisons with various other experiments launched during the same
period. Investigators from other institutions participating in the
intercomparison series included Dieter Kley, Arthur Schmeltekopf, and
Daniel Albritton (NOAA Aeronomy Laboratory, Boulder); Konrad Mauersberger
(University of Minnesota); Nigel Swann (National Physical Laboratory,
England); John Mastenbrook (Naval Research Laboratory); Samuel Oltmans
(Naval Research Laboratory and NOAA); David Murcray; and Wayne Evans
(Atmospheric Environment Service, Canada).

Preliminary data from the intercomparison, which was sponsored by
the Federal Aviation Administration (FAA) and NASA, were presented at the
fall meeting of the American Geophysical Union and published in the
Upper Atmospheric Programs Bulletin of the FAA. Individual results will
be submitted to the Journal of Geophysical Research in the spring of
1982.

Heidt, Lueb, Pollock, and James Shetter also participated in a
second stratospheric intercomparison on 20 September, with Dieter Ehhalt
and Jochen Rudolph (Institute for Atmospheric Chemistry, Kernforschungs
Anlage, Julich, West Germany). During a single, joint flight of ISM's
cryogenic whole air sampler, samples were collected throughout an extended
vertical profile. Aliquots of each sample were returned to the two
laboratories for measurements of H2, CH4, C02, N20, CFC13, CF2Clz, and
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the light hydrocarbons. Representatives of the two groups will meet in
April 1982 to discuss the intercomparison and to assemble the data for
publication.

Mary Anne Carroll (visitor and Ph.D. candidate, Massachusetts
Institute of Technology) has been working with Heidt to develop and
improve techniques to collect and measure the trace sulfur gases in both
the troposphere and stratosphere. Carroll's first project will be to
accurately measure the seasonal flux of COS from salt water marshes.
She will begin sampling in the summer of 1982. The first flight of the
stratospheric sampler is planned for late 1982.

Pollock has continued the calibration of the gas chromatograph/mass
spectrometer specifically for quantitative measurements of tropospheric
aldehydes, ketones, and terpenes and stratospheric halogenated hydro-
carbons. He completed measurements of samples from burning biomass,
from which he identified possible sources for atmospheric CS2 and CH3CS2H.
He has also completed measurements of samples o spfrom other strong local
sources (burning coal mines and the Mt. St. Helens volcano) and has
identified the C1 to Cio emissions from some natural sources (e.g.,
termites from an experiment in Zimmerman's Biosphere-Atmosphere Inter-
actions Project).

In addition, he is currently working with Lueb and Henry to develop
a cryogenic system to collect tropospheric samples which can be stored
long enough to return them to the laboratory for analysis. This has
been a major problem for most hydrocarbon collection techniques presently
in use.

New measurement methods have been developed and tested in the gas
chromatography laboratory by Shetter. These include the electron-
capture detection technique, which uses an N20-doped carrier gas. He is
currently working on a procedure to measure atmospheric levels of HCN.
Heidt and Henry have continued the calibration program, which includes
routine exchanges of calibration mixtures with the Institute for Atmospheric
Chemistry (JUlich, West Germany), the NOAA Aeronomy Laboratory in Boulder,
and the NASA Langley Research Center.

Cicerone and Shetter completed the first phase of their field
research on rice-paddy emissions of methane. Contrary to earchlier work
by Japanese scientists, they found that these emissions are unlikely to
account for a major fraction of the annual source of atmospheric methane.
Their results, including studies on sensitivity to nitrogen fertilization,
were published in the Journal of Geophysical Research in 1981. Shetter
and Cicerone continued this worF in the experimental rice fields at the
University of California at Davis, where Connie Delwiche of that institute
cooperated. Further field measurements were perfomed by Shetter and
Bernard Bonsang (visitor, National Center for Scientific Research, France)
in Texas A&M University rice fields.

Biosphere-Atmosphere Interactions Project

The Biosphere-Atmosphere Interactions (BAI) Project explores
interrelationships between biological processes and the chemistry of the
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atmosphere. A better understanding of some of the key interrelation-
ships is needed to better predict man's influence on the atmosphere.

One of the project's major efforts of the past year has been the
analysis of data collected during the 1979 and 1980 Brazil brush-fire
experiments. The brush-fire experiments included researchers from
Florida State University and the Max Planck Institute in Mainz, Germany,
as well as from ACAD. The research was primarily designed to aid in
estimating the impact of tropical biomass burning on the chemistry of
the atmosphere. The BAI personnel involved in the field work included
James Greenberg and Zimmerman. The primary responsibility of BAI was to
collect ground-level samples of the gaseous emissions from fires and to
analyze fire, aircraft, and background air samples for C2-C3 5 hydrocarbons.

Some hydrocarbons emitted by vegetation and some that are produced
or released during biomass burning are highly photochemically reactive.
They therefore have a substantial impact upon the photochemistry of the
region. In addition, one of the most probable long-term decomposition
products of biogenically emitted hydrocarbons (e.g., isoprene) is carbon
monoxide. The amount of carbon monoxide is one of the primary factors
that determine the steady state concentration of hydroxyl radical (OH)
in the atmosphere. OH, in turn, is probably one of the most important
oxidizers in the troposphere, and its reactions with other trace gases
dominate much of the chemistry that occurs. Hydrocarbon data are there-
fore important in the determination of the regional photochemistry of
the area and its impact upon global atmospheric chemistry. The data
from the Brazil experiments are being incorporated into papers which
will be submitted for publication in 1982.

A major BAI experimental program is centered on termites. Termites
occur over roughly two-thirds of the earth's surface and consume material
equivalent to 37% of the net primary productivity in areas where they
occur. They are able to digest cellulose very efficiently and even
break down some lignins and humic substances. Because they are ubiquitous,
consume large amounts of material, and have high digestion efficiencies,
they have the potential to emit large amounts of trace gases. Preliminary
field measurements made in 1980 indicated that termites could be responsible
for large emissions of methane and other trace gases. During the past
year the project has developed techniques for keeping cultures of termites
alive in the laboratory. An automated system has also been developed
for analyses of methane, carbon monoxide, carbon dioxide, nitrogen,
and oxygen for each of 15 experimental cultures. This system will
provide a means of isolating variables which may affect emission efficiencies.

Results of preliminary research have been submitted to Science.
The research shows that termites may emit 1.5 X 101 4 g of methane,
4.7 X 1016 g of C02, small amounts of carbon monoxide and dimethyl
disulfide, and large amounts of hydrogen.

The emissions from the guyaule plant (Parthenium argentatum) have
also been measured in conjunction with Francis Nakayama (U.S. Department
of Agriculture, Water Conservation Laboratory, Phoenix). This plant has
been proposed as a source for synthetic rubber and gasoline. It has
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been found that about half of the carbon fixed during photosynthesis may
be reemitted as isoprene and terpene compounds. The Arizona researchers
plan to study growing conditions which will minimize this loss. Our
results will be presented at the Arizona-Nevada Academy of Science in
April 1982.

A number of foreign scientists visited BAI in 1981. These included
Takashi Yasuoka (Tokai University, Japan), Bonsang, and Shem Wandiga
(University of Nairobi, Kenya).

Yasuoka conducted extensive laboratory experiments on selected
parameters which affect hydrocarbon emissions from vegetation during his
one-year visit to BAI which began in April 1980. Experiments involving
the parameters of relative humidity and C02 were conducted using ponderosa
pine and blue spruce. Both of the latter are common temperate-zone
species and are easy to obtain locally during the winter months. Ponderosa
pine is a terpene emitter and blue spruce emits both terpenes and isoprene.
The data generated during the course of the experiments will be critical
for the meaningful extrapolation of field measurements of biogenic
hydrocarbon emissions to annual and global estimates. These estimates
are necessary for regional air pollution inventories since terpenes and
isoprene are photochemically active. They are also required inputs for
most tropospheric photochemical models.

Bonsang arrived in October 1980 for an eight-month visit, to continue
his study of the emissions of sulfur into the atmosphere. At NCAR he
was primarily involved in developing an analytical methodology for the
measurement of reduced sulfur compounds. Bonsang worked with different
methods of reduced sulfur species detection and tested flame photometric
and photoionization detectors. He has also experimented with many types
of chromatographic columns for the separation of organo-sulfur compounds
which may be present in the atmosphere. Very few data are available to
specify the importance of biogenic sulfur compounds in the atmosphere.
These compounds are important with respect to such disparate questions
as the cycling rates of sulfur through soils and wetlands and the origin
of acid rain. It is hoped that the analytical and sampling method will
lead to meaningful atmospheric measurements and biogenic flux estimates.

Wandiga spent most of his six-months' visit becoming familiar with
gas chromatography and with termite culturing techniques. Kenya has a
great number and variety of termites. His visit will be of value in
developing a collaborative research program with the University of
Nairobi for the study of the emissions from termites.

In late 1981 laboratory space was consolidated and the BAI laboratory
was enlarged. The increase in space has improved the project's ability
to set up and conduct long-term experiments. The space increase also
allows the project to participate more in collaborative research programs.
For example, James Roberts (Ph.D. candidate studying under Robert
Sievers of the University of Colorado and Frederick Fehsenfeld of NOAA),
is currently using our laboratory equipment to analyze trace hydrocarbon
levels for samples collected on Niwot Ridge, Colorado. As part of this
research he will compare samples collected on Tenax with those collected
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in evacuated stainless steel canisters. The research will result in a
better understanding of trace gas levels at a clean terrestrial site as
well as in the improvement of our current sampling technology.

BAI is now beginning to investigate the oleoresin composition of
selected vegetation species with the hope of relating oleoresin com-
position to volatile emissions. If the relationship between oleoresin
composition and emissions can be developed, it will allow the creation
of predictive models which can be used to aid in extrapolating limited
data over space and time.

CHEMICAL AND AERONOMICAL MODELING SECTION

CAM was created to realize several goals: to strengthen research
in the photochemical modeling of both the lower atmosphere and high-
altitude aeronomical processes, to encourage cooperative research in the
overlap areas, to permit computer programmers and procedures to be
shared by ACAD modelers, and to foster the development of coupled
chemical/dynamical/radiative models. The work of this section proceeds
through two projects--the Thermospheric Dynamics and Aeronomy (TDA)
Project and the Chemical Modeling Project. The research accomplished in
1981 will be discussed under each project individually. Roble was
appointed section head. He additionally leads the TDA Project.

Chemical Modeling Project

In 1981, the group working in the Chemical Modeling Project in CAM
performed research on several topics in the gas-phase chemistry of the
troposphere and stratosphere and in the heterogeneous chemistry of the
lower troposphere. Cicerone continued his stratospheric photochemical
modeling. In 1981, he and Stacy Walters began to incorporate bromine
chemical reactions into the overall one-dimensional model. Inclusion of
bromine chemistry is motivated by Berg's preliminary data on bromine
levels in the high stratosphere and his prospects for future data
gathering. Cicerone focused his research on discovering why vertical
profiles of stable trace species like N20, CH4, CH2C12 and CFC13 are
presently simulated so poorly in one-dimensional models, on completely
updating reaction kinetics in the models, and on studying the phenomenon
of heavy ozone in the stratosphere.

A further one-dimensional model has been applied to the background
marine troposphere by Anne Thompson (visitor, University of California,
San Diego) and Cicerone. They examined the effects of simulated planetary
and surface boundary layers on the distributions of trace gases with
surface sources and sinks, the effects of time-dependent, sporadic
clouds and rain on trace-gas vertical distributions, and the sensitivity
of the latter to temporal averaging schemes. For these purposes, Walters
developed reliable, efficient numerical methods and computer codes. On
the topic of gas-particle and gas-droplet interactions, Thompson and
Heikes began to examine the possibility of producing HN02 and NO3 in
droplets and of subsequent release to air. They have also begun to
calculate the effects of ambient gases including radicals on the aqueous
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chemistry of cloud drops and raindrops. Their goal here is to deduce
whether aqueous oxidants such as H202 (that produce sulfuric acid from
S02) are produced outside or inside the droplets.

Jeffrey Kiehl (visitor, State University of New York, Albany),
V. Ramanathan (Atmospheric Analysis and Prediction Division), and Cicerone
began joint research on the possible infrared radiative effects of a variety
of trace gases in the fall of 1981. Compilation of lists of potentially
relevant trace gases and their spectroscopic properties was nearly completed.
Potential global and regional radiative effects are to be examined. On the
separate questions of coupled meteorological/chemical regional air-quality
modeling, Cicerone and Calvert began discussions on joint research with
Richard Anthes (new AAP division director) shortly after Anthes' arrival
in September 1981.

Thermospheric Dynamics and Aeronomy Project

The primary goals of TDA are to understand the global structure and
circulation of the atmosphere above the tropopause; to examine the
mutual interactions between upper and lower atmospheric physical, chemical,
and dynamic processes; and to understand the interaction of the aurora
and other solar-terrestrial events with the earth's atmosphere. To
accomplish these goals the project emphasizes numerical modeling. Close
collaboration is maintained with university, government, and foreign
scientists to obtain data that will provide guidance and verification of
various numerical modeling efforts.

Long-range work toward the goals of this project progressed in five
interconnected areas: (1) thermospheric dynamics, (2) ionospheric
dynamics and auroral processes, (3) electrical coupling between the
upper and lower atmosphere, (4) minor and major neutral constituent
chemistry of the upper mesosphere and lower thermosphere, and (5) the
dynamics and photochemistry of the stratosphere and mesosphere.

In studies of thermospheric dynamics, NCAR's thermospheric general
circulation model (TGCM) was used in a number of studies to define the
characteristics of the global circulation and temperature structure of
the thermosphere. This work is a collaborative effort among Roble,
Robert Dickinson (AAP), and Cicely Ridley (Scientific Computing Division).
The model is on a grid of 5° in latitude and longitude with 24 constant-
pressure levels in the vertical covering the altitude range from 90 to
500 km. Heating due to the absorption of solar ultraviolet and extreme
ultraviolet radiation combine with high-latitude heat and momentum
sources associated with auroral processes to drive the thermospheric
circulation. Upward-propagating tides from the stratosphere and mesosphere
are also imposed at the lower boundary of the model. The effects of
magnetospheric plasma convection on the high-latitude circulation and
temperature structure for both equinox and solstice conditions have been
examined. The results show that Joule heating and ion drag both have a
significant effect in altering the global circulation. This interaction
is strongly dependent on the electron density distribution, and the
effects of magnetospheric convection are much larger in the summer
hemisphere, where the densities are larger, than in the winter hemisphere.
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Magnetospheric convection drives a largely rotational, nondivergent,
double-vortex wind system at F-region altitudes that can attain velocities
greater than 500 m/s during moderate levels of geomagnetic activity.

The model has also been used to define the circulation during the
Priority World Day on 14 August 1980, and the model predictions were com-
pared to the measurements of Dwight Sjpler and Manfred Biondi (University
of Pittsburgh). The effect of fast 0 heating during stomrs on the tempera-
ture structure and circulation of the thermosphere has been examined in
collaboration with Douglas and Marsha Torr (Utah State University).

To verify model predictions, collaborative efforts are being main-
tained with Gonzolo Hernandez (NOAA), Paul Hays and John Meriwether
(University of Michigan), Manfred Rees (University of Alaska), and Sipler
and Biondi, who measure thermospheric winds and temperatures from ground-
based optical observations, and with John Evans (Massachusetts Institute of
Technology) and Vincent Wickwar (SRI and National Science Foundation), who
determine winds and temperatures from incoherent scatter radar data at
Millstone Hill and Chatanika, respectively. Use is also being made of
the temperature, composition, and wind measurements being made from the
Dynamics Explorer satellite program to compare observations with model
predictions.

In ionospheric modeling, a global ionospheric model is being developed
to become a part of the TGCM. The current version of the model is
independent of the TGCM for testing and development purposes. Work is
still required to more realistically include plasma transport processes
operating between the magnetosphere and ionosphere. It is expected that
within the next year the global ionospheric model will be embedded
within the TGCM, allowing both the neutral and plasma dynamics to be
considered self-consistently.

The aurora model developed in collaboration with Rees is being used
to examine the neutral gas heating efficiency for auroral particle
precipitation. Work is still in progress but it appears that a uniform
heating efficiency curve for a wide range of particle energies and
fluxes can be parameterized with a single curve if a log pressure
coordinate is used. This parameterization is important so that auroral
particle heating can be included in the TGCM.

The global dynamo model, in collaboration with Arthur Richmond
(NOAA), has been used to examine the electrical structure of the dynamo
region for both equinox and solstice conditions. The model uses the
thermospheric wind system predicted by the TGCM to drive the dynamo.
The calculated dynamo potential for in-situ thermal tides has been
compared to global observations of the dynamo potential. The results
show that upward-propagating tides from the stratosphere and mesosphere
have an important influence on the electrical structure of the dynamo
region and that these tidal components must be included in the TGCM to
obtain reasonable agreement between observations and model predictions.

In global electrical modeling, a one-dimensional model of atmo-
spheric electricity that solves for the ion distribution, electric
field, and the charging of the earth simultaneously has been constructed
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and used to calculate the time-dependent electrical response of the
atmosphere to the 4-6 August 1972 solar proton event. The current
carried by the solar protons and electrons during the peak of the event
is several orders of magnitude larger, in the middle atmosphere, than
the fair-weather air-earth current flowing during quiet conditions. The
space charge deposited in the middle atmosphere by the solar protons is
sufficiently large to reverse the normal downward electric field, causing
a conduction current to flow upward toward the ionosphere. The electric
field variations in the troposphere and at the ground vary in response
to variations in cosmic-ray intensity during ground-level events and
Forbush decreases. An extended version of the model also predicts large
horizontal electric fields and conduction currents in the middle atmo-
sphere at the polar cap boundary, suggesting an electrical interaction
between the disturbed polar cap region and undisturbed lower-latitude
region of the global electrical circuit.

The one-dimensional model of atmospheric electricity has now been
extended to two dimensions. This new model is now being used to examine
the electrical properties of the global circuit and the electrical
interaction of thunderstorms with their local environments.

A two-dimensional chemical-dynamic model of the thermosphere and
mesosphere has been developed, in collaboration with James Kasting
(NASA Ames Research Center), and used to examine the effect of auroral
heat sources on the chemical and dynamic structure of the lower thermo-
sphere. For solstice conditions the model calculations show that the
high-latititude heat sources drive mean circulation cells that reinforce
the solar-driven circulation in the summer hemisphere and oppose this
circulation in the winter hemisphere. The changes in wind and temperature
caused by the high-latitude heat sources increase the relative concentration
of N2 and 02 in the high-latitude upper thermosphere and decrease the 0
concentration in the high-latitude lower thermosphere. For prolonged
moderate levels of geomagnetic activity the peak 0 density in the lower
thermosphere of the polar region can decrease by factors of two to three
from geomagnetic quiet conditions.

A two-dimensional chemical-dynamic transport model has also been
developed, in collaboration with David Rusch and Stewart and Jean-Claude
G6rard (University of Liege, Belgium), to determine the global distribu-
tion of nitric oxide in the lower thermosphere and compare the results
with the observations made by the Atmospheric Explorer satellites. The
results show that auroral production of NO in the lower thermosphere is
an important component that is necessary to bring the calculated NO
structure into agreement with observations. This minor neutral con-
stituent model uses the results of the two-dimensional chemical-dynamic
model of Kasting and Roble for the background distributions of temperature,
composition, and circulation in the calculation. Eventually the two
models will be coupled to self-consistently calculate the interactions
between the neutral chemical constituents in the lower thermosphere.

A two-dimensional chemical dynamic model from the ground to the
lower thermosphere has been developed in collaboration with Solomon and
Crutzen. The model has been used to study the transport of NO produced
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in the thermosphere downward. The results show that thermospheric and
auroral sources of NO have an important influence on the mesospheric
chemistry and that in the polar night region NO is transported to strato-
spheric heights, where interactions with ozone occur. In collaboration
with George Reid (NOAA), the ion chemistry of the stratosphere and
mesosphere was also included in the two-dimensional model, and model
calculations show that the winter D-region anomaly is attributed to a
winter enhancement of NO in the mesosphere due to downward transport of
NO from the thermosphere and meridional transport toward the winter
pole. Excellent agreement was obtained between the calculated and
observed latitudinal distributions of radiowave absorption, indicating
that the NO latitudinal distribution is important in the formation and
structure of the winter D-region anomaly.

The dynamics and photochemistry of the stratosphere and mesosphere
are being studied with a variety of numerical models. Garcia and Geisler
developed a mechanistic, beta-plane model to study small-amplitude
oscillations in the winter stratosphere. Garcia found that the inter-
action between standing waves and traveling waves excited by stochastic
variation of the troposphere forcing could be responsible for the
observed oscillations in zonally averaged and eddy fields in the
stratosphere.

The interaction between dynamics and photochemistry in the middle
atmosphere is the subject of a new study by Garcia in collaboration with
Solomon. They have developed a global, two-dimensional model which is
capable of computing simultaneously the dynamic and chemical structure
of the atmosphere from the tropopause to the lower thermosphere. The
model is formulated in terms of the transformed, or residual, Eulerian
circulation. This approach removes a number of the difficulties asso-
ciated with the tendency of Eulerian zonal mean and eddy transports to
cancel each other out. Initial results from the model, which are being
prepared for publication, show excellent agreement between the simula-
tions and observed zonal wind, temperature, and constituent distributions.
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Brian Heikes (Graduate Assistant, ASP)

Global Halogen Project

Walter Berg (Leader)
Marvin Hewett

Analytical Techniques Development Project

Anthony Delany (Leader)
Frank Grahek
Arthur Wartburg

Radioactive Aerosols and Effects Project

Ellie Doykos
Edward Martell (Leader)
Stewart Poet
Kevin Sweder

Global Observations, Modeling and Optical
Techniques Section (GOMOT)

John Gille (Head)

Global Observations and Modeling Project

Gail Anderson
Paul Bailey
Sharon Beck
John Gille (Leader)
William Kohri
Lawrence Lyjak
Edward Perkins
Tyler Perkins
Douglas Roewe
Charles Smythe
James Vickroy

Optical Techniques Project

Michael Coffey
Dale Cupp
William Mankin (Leader)
Rene Rodriguez
Kevin Wilson

Atmospheric Gas Measurements Section (AGM)

Vacant (Head)
James Shetter

In-Situ Measurements Project

Tamara Bellin
Leroy Heidt (Leader)
Bruce Henry
Richard Lueb
Walter Pollock
Nathaniel Willingham
Mary Anne Carroll (Graduate Assistant, ASP)

Biosphere-Atmosphere Interactions Project

Cheryl Scott
Gerald Dolan
James Greenberg
Patrick Zimmerman (Leader)

Chemical and Aeronomical Modeling Section (CAM)

Raymond Roble (Head)

Chemical Modeling Project

Ralph Cicerone (Leader)
Stacy Walters

Thermospheric Dynamics and Aeronomy Project

Barbara Emery
Rolando Garcia
Raymond Roble (Leader)
Murry Salby
Israel Tzur (long-term visitor)

Visitor and Support Section

Nelder Medrud Jr. (Head)

Clerical Element

Teresa LaCrue (Leader)
Susan Lankton
Mary Molinar
Mary Ann Olson
Donna Sanerib

Meteorological Element

Philip Haagenson (Leader)

Technical Element

Peter Crooimans
Frank Melchior (Leader)

Stratosphere-Troposphere Exchange Project
(terminated September 1981)

Patrick Kennedy
Melvyn Shapiro (Leader) (to October 1981)
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Visitors

Walter Braun, Federal Institute of Technology,
Switzerland, May 1981 to June 1981, GOMOT

Bernard Bonsang, National Center for Scientific
Research, France, September 1980 to July 1981, BAI

Ronald Ferek, Florida State University, September
1978 to October 1981, RGP

Marta Figueroa, Barnard College, June 1981 to
August 1981, GH

Timothy Gilpin, Scripps Institution of Oceano-
graphy, September 1980 to September 1981, BAI

Aaron Goldman, University of Denver, September 1979
to present, GOMOT

Dennis Hartmann, University of Washington, August
1981 to September 1981, GOMOT

Jeffrey Kiehl, Massachusetts Institute of Technology,
September 1981 to present, CM

Gregory Kok, Harvey Mudd College, January 1981 to
present, RGP

Shaw Liu, National Oceanic and Atmospheric Admin-
istration (NOAA), January 1981 to present
(Director's Office)

Katherine Malville, Carleton College, June 1981
to August 1981, GM

Daniel Melendez, Cornell University, June 1981
to August 1981, TDA

Francoise Millier, National Center for Scientific
Research, France, July 1981 to August 1981, GOMOT

Uta Schmailzl, NOAA, July 1981 to September 1981,
Director's Office

Melvyn Shapiro, UCAR, October 1981 to December 1981,
Director's Office

Anne Thompson, Scripps Institution of Oceanography,
September 1980 to present

Takashi Yasuoka, Tokai University, Japan, May 1980
to March 1981, BAI

Shem Wandiga, University of Nairobi, Kenya,
February 1981 to July 1981, BAI
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The scope of solar physics is extraordinarily broad, encompassing
subject matter whose principal relevance ranges from astrophysical
objects--the formation of chromospheres, stellar winds, and plasma
processes--to the terrestrial environment--climate variability and
geomagnetic influences. For example, within this diverse spectrum of
subject matter lie research topics directed toward understanding the sun
as an astrophysical object, an archetype of stellar processes. In this
context we postulate, for exanple, that knowledge of the physical
processes that create and maintain the outward flow of material from the
solar envelope will prove to be a cornerstone in understanding similar,
or even different, processes present in other stars. By the same token,
observations of other stars in turn may lead to better understanding of
both the processes presently at work on the sun and those that have been
and will be a part of the evolution of the sun.

A similar situation holds within the terrestrial context. The
study of the output of the sun--luminosity, particles, and fields--
provides the basis for understanding changes in the terrestrial system,
changes that may prove fundamental to an understanding of the climate of
earth.

The study of the full scope of solar physics is appropriately
represented within the three scientific sections of the High Altitude
Observatory--the Solar Atmosphere and Magnetic Fields Section, the
Coronal and Interplanetary Physics Section, and the Solar Variability
Section. Research topics carried out over the past ranged from studies
of the stellar wind emanating from cool stars to examination of the
potential influences of solar luminosity variations, CO changes, and
aerosol concentration on the terrestrial climate. This breadth and
diversity of approach is unique to the observatory and will be illus-
trated specifically below.

The flow of material from a stellar source--the stellar wind--may
be quantitatively different from that of the solar wind, but the physi-
cal processes are often similar. Thus, examination of stellar processes
may illuminate the physical processes present in the solar wind. Stud-
ies of mass loss from cool stars with low gravity during the past year
have illuminated the role of Alfven waves as the driving force for such
objects; such waves appear to be dominant in the outflow process, even
in the case where sunlike magnetic field conditions are postulated for
the stellar objects.

Studies of sunspots have received much emiphasis during the past
year and reflect changing priorities in the Solar Atmosphere and Nag-
netic Fields Section toward a new eriphasis on magnetohydrodynamiic
processes. Studies of tnese phenonena have provided a useful test
ground to compare theories and observations and have been stinulated by
newly available observations from ground and space.
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Iiagnetohydrodynalnic theories--in this case applied to the solar
corona--have also been stimlulated by new observations of the behavior of
coronal transients in the lower corona. Indeed, the results from inten-
sive observations of solar coronal activity during the past several
years--the coronal dynamics programi--are now becoming accessible for
analysis and interpretation. Hiew phenomena illuminated by the concerted
ground- and space-based observational program undertaken by the observa-
tory have now begun to stimulate new directions in theoretical research.
We may anticipate accelerated efforts in the near future.

Finally, the terrestrial influence of solar luminosity has been
examined through interpretation of historical data on the solar 'diamile-
ter. Analysis of these data indicates that the diameter may vary
periodically. If it is assumed that these variations cause changes in
solar luminosity, we find that good agreement with observed climatic
trends in temperature follows, utilizing a simple climate model that
includes CO and volcanic dust.

Experimental efforts within HAO continue to play an important role
in the balance of research. The solar diameter monitor was completed in
the fall of 1981 and began regular observations. Initial assessments of
the data collected so far indicate the instrument is performing as
expected. Assuming good observations are possible 100 days/year, we may
expect significant results (to compare with previous analyses of histor-
ical data) to emerge over the next three or four years. Also, we have
made considerable progress in the development of a new instrument--the
chromospheric variability monitor--designed to observe variations in the
magnetically sensitive Ca II K emission line from the total solar disk
over time periods ranging from a day to a solar cycle. Such observa-
tions will be essential in interpreting the Ca emission from other stel-
lar sources as indicators of stellar rotation and activity modulation.
Finally, the Fourier tachometer project, a joint program with the
Sacramento Peak Observatory designed to identify the signatures of solar
convective processes, is moving toward instrument completion in 1983.

In surnnation, the efforts of HAO staff and visitors during the past
year represent a balanced attack on a broad spectrum of problems of
astrophysical and terrestrial importance. The results, a total of 121
papers, indicate significant progress toward solution of these problems.
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SOLAR ATi1OSPHERE AND MAGNETIC FIELDS SECTION

The Solar Atmosphere and Miagnetic Fields Section of HAO conducts
research on phenomena of the solar photosphere, chromosphere, and
corona, where the temperature first declines through a minimum of about
4,500 K then rises gradually to about 8,500 K in the upper chromosphere
before climbing steeply through the transition region to over 10 K in
the corona. Within the highly structured domains of the chromosphere
and corona, magnetic fields guide, and very likely help to accelerate,
fluid motions that often approach, and sometimes exceed, the local sound
speed. Convection currents in the solar interior, coupled with rota-
tion, generate the magnetic fields and keep them in constant agitation.
The agitation of the fields, produced through buffeting by convective
eddies, generates electric currents and magnetohydrodynamic waves.
Additional waves, both acoustic and gravity, are generated in the con-
vection zone itself. This assortment of waves and electric currents is
believed to be responsible for the heating of the chromosphere and
corona and for the varied phenomena of solar activity.

Stars of different spectral type from the sun as well as stars in
different stages of evolution exhibit chromospheric and coronal
phenomena. Through studies of stellar atmospheres, we gain insight con-
cerning the relationships of chromospheres and coronae to such parame-
ters as rotation rate, spectral type, surface gravity, and age.

Research within the section includes observational programs as well
as interpretive and theoretical work in the above topics. During the
past year, we used data archives from the Solar Maximum Mission (SMM),
OSO-8, and from the HAO Stokes polarimeter for interpretive studies.
Stellar data have come from the International Ultraviolet Explorer (IUE)
and from collaborative observing programs at Mt. Wilson and Kitt Peak
national observatories.

Sunspots

The study of sunspots provides a natural initial focus for the
recent shift in emphasis toward magnetohydrodynamnic phenomena within the
section. Challenging theoretical problems arise from the observed
intense magnetic fields and the associated steady and transient fluid
flows. Also, recent satellite experiments provide a data base for
important new empirical studies. Andrew Skumanich and Bruce Lites
(Sacramento Peak Observatory) continued their analysis of OS0-8 spec-
troscopic data combined with magnetic field data from the HAO Stokes
polarimeter. Among the important conclusions from this work are that
(1) there is little evidence for additional heating of the corona over
the int;nse umbral magnetic field, and (2) nonthermal line broadening
motions are markedly reduced over the sunspot umbra.

In a study of the transition region over and near several large
sunspots, Grant Athay and his co-workers on the Sil.ti ultraviolet spectral
polarimeter experiment (Joseph Guriman, Applied Research Systems; Richard
Shine, Goddard Space Flight Center; and William Henze, Teledyne-Brown
Engineering) found a wide range in characteristics.
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Specifically, over sunspot umbrae the transition region tends to be
of about average brightness for an active region, but individual spots
range from near quiet sun brightness to more than a factor of 10 above
average active-region brightness. In some spots, the brightness fluctu-
ates strongly with time. Material motion over the umbrae, on the aver-
age, is downward for most spots but in some spots is upward. Nearly all
spots show surrounding areas of inflow, and spots for which line pro-
files are available show markedly reduced line broadening.

James Klimchuk (an HAO graduate assistant) collaborated with Gary
Rottman (Laboratory for Space Physics, University of Colorado) and Frank
Orrall (University of Hawaii) on a study of vertical flows near sun-
spots, using both rocket and SMM data. They found that high-speed down-
flows in and near sunspots were common.

Considerable progress has been made with theoretical models of the
magnetic field topology and the equilibrium thermodynamic structure in
sunspots. Boon-Chye Low, in collaboration with two HAO visitors, You-
Qui Hu (visitor, Chinese University of Science and Technology, Anhui)
and Wen-Rui Hu (visitor, Academia Sinica, Beijing) studied the case of
an axisymmetric sunspot in a cylinder, which they later extended to
include small departures from perfect symmetry. Their results suggest
that the dark penumbral filaments observed in large sunspots are regions
of locally intensified magnetic field.

Skumanich worked with two other HAO visitors (Vladimir Osherovich,
visitor, Pulkova Observatory, USSR, and Tor Fla, visitor, University of
Tromso) on the application of Osherovich's theory of return-flux sunspot
models to actual magnetic field data obtained from the HAO Stokes polar-
imeter (Skumanich and Osherovich) and, thence, to the derivation of the
equilibrium pressure and temperature distribution (Fla, Osherovich, and
Skumanich). This new effort represents an important advance over previ-
ous models and better agrees with observations.
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Victor Pizzo developed a new, versatile computer program for solv-
ing nonlinear elliptical equations of the type required to describe the
magnetostatic structure of sunspots and a variety of other solar and
astrophysical situations and tested it on sunspot models. In the near
future, this program will permit the investigation of a class of models
that is beyond the reach of analytic treatments.

Flares

A popular basis for flare theories involves the energy build-up in
current sheets formed between colliding magnetic fields of opposite
polarity. Low has constructed a three-dimensional analytic model for a
pair of bipolar sunspots undergoing relative rotational motion. The
model simulates the magnetic field topology often observed before a
flare and provides a basis for comparing the free energy available for
flare production in different relative sunspot geometries.

In collaboration with You-Qui Hu, Low has studied the available
free energy in current sheets formed by the relative displacement of two
parallel magnetic line dipoles from an initial potential configuration.
A displacement of the dipoles (located in the photosphere) toward each
other produces a vertical planar current sheet in the corona, whereas a
displacement of the dipoles away from each other produces a horizontal,
cylindrical current sheet in the corona with its axis parallel to the
dipoles and midway between them. Low and Hu showed that the available
free energy is given by the dissipation of the current without changing
the normal components of the magnetic field (in the displaced configura-
tion) in the photosphere. This insures that the available free energy
is always positive and is based on consistent physical arguments.
Analyses of a similar problem by other authors were shown to be funda-
mentally incorrect.

The problem of storing energy in magnetic fields by allowing the
fields to undergo gradual evolution in force-free configurations is of
continuing interest. Energy stored in this fashion is a potential
source of the sudden energy release in solar flares. Low, who has been
an important contributor to these earlier studies, has completed a
review of this topic that brings the various studies together in a
coherent physical picture.

Charles Hyder (visitor, University of Alabama, Huntsville) has
developed a qualitative analogy between cyclonic vortices in the earth's
atmosphere and solar flares. Solar conditions appear to be favorable
for development of intense vortices with sufficient total energy avail-
able for flare production. In future work Hyder will attempt to place
the theory on a quantitative basis.

Prominences

Quiescent solar prominences exhibit a high degree of fine structure
in the form of vertical filamentation, which suggests short-wavelength
instability. Also, such prominences undergo bodily eruptions in which
they are lifted off the sun at a high velocity. This latter charac-
teristic suggests the possibility of a long-wavelength instability.
Stefano Migliuolo is developing a model for prominences designed to
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study growth rates of plasma instabilities at various wavelengths. A
comparison of the predicted unstable modes with the fastest growth rates
(short wavelength) to the observed filamentary structure and modes of
longer wavelength with the eruptive character of prominences hopefully
will provide new insight into prominence phenomena.

Stokes polarimetry observations for a number of prominences have
been reduced and are in preparation for publication. These observations
will provide the most extensive set of reliable data for prominence mag-
netic fields.

Active Region Flow

A previously unknown phenomenon discovered by SMM observers on the
UVSP experiment team is large-scale, long-lived flow patterns at transi-
tion region temperatures in active regions. Athay and his co-workers,
Gurman, Henze, and Shine, have shown that the flow observed in C IV is
mainly horizontal and closely related to the magnetic field pattern.
The flow patterns show clearly delineated fronts with oppositely
directed flow on either side of the fronts. The velocity fronts show a
surprisingly close correspondence with photospheric magnetic neutral
lines. In some cases, flow is toward the neutral line (convergence)
and, in other cases, away from the neutral line (divergence).

Magnetic neutral lines delineate the tops of loops connecting
regions of opposite polarity. Flow that diverges from the neutral line
implies that matter flows down both legs of the loops, whereas flow that
converges on the neutral line implies that matter flows up both legs of
the loops. In either case, it is difficult to understand how such flows
can satisfy continuity conditions and persist for for long periods of
time.

The remarkably close correspondence between the transition region
flow and the magnetic field pattern provided a new and convenient vehi-
cle for the study of magnetic field problems in the transition region.
Such studies have not been possible using conventional magnetograph
techniques except immediately on sunspot umbrae where the field strength
is unusually high. Also, the persistence of zones of convergence or
divergence at the tops of magnetic loops presents a difficult problem in
magnetohydrodynami cs.

Stokes Polarimetry

As noted above, prominence data obtained from the Stokes II polar-
imeter instrument have now been processed through the existing computer
reduction phase, and a synthesis of the results is undergoing final
preparation. For some prominences, the magnetic field data are self-
consistent throughout the prominence, and the results will provide a
clear and valuable guide to prominence models without further manipula-
tion. In some cases, the reduction program gives multiple options for
field directions and strengths, which leads to ambiguous magnetic field
patterns. More sophisticated reduction programs including level-
crossing effects developed by Egidio Landi (Arcetri Observatory, Italy)
are nearing completion and will remove some of this ambiguity. Substan-
tial progress in our understanding of the structure of solar proninences
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should result from these efforts, and provide guidance for models of
prominences.

In other areas, reduction of Stokes II data has been slowed. First
priority is being given to the prominence data reduction because of the
loss of key personnel due to budget stringencies. We expect to restore
momentum to analysis of sunspot and active region data during the coming
year.

Stellar Chromospheres and Coronae

Keith MacGregor, who joined HAO in October, continues collaborative
studies with Lee Hartmann (Harvard/Smithsonian Center for Astrophysics)
on mass loss from cool, low-gravity stars and from young protostars
found in regions of star formation. In the case of cool stars, they
have extended their earlier work to show that outwardly propagating
Alfven waves appear to be necessary to account for observed mass loss
rates and terminal velocities even when the stellar wind originates in
local regions. A similar condition applies to solar coronal holes, in
which the magnetic field lines diverge more rapidly than in a spherical
geometry. In the case of protostars, they show that the heavy mass loss
evident from radio observations could be produced by the combined
interaction of rapid rotation and strong magnetic fields in protostars
formed in clouds with appropriately strong magnetic fields. Work in
progress includes theoretical studies of stellar winds in early-type
stars and in late-type stars with low surface gravity.

Skumanich and Arthur Young (visitor, San Diego State University)
have initiated a comparative study of chromospheric emission in the Ca
II infrared and H and K lines from the component stars of binary systems
and single stars of similar spectral type. Observations made by Young
at Mt. Wilson and Kitt Peak national observatories are used to derive
chromospheric models and radiative loss rates. Preliminary results
indicate that radiative loss rates in the binary stars are substantially
increased over those of single stars of similar spectral type and rota-
tion rate, possibly as a result of tidal action in the binary stars.

Athay has continued past studies in interpreting the temperature
structure of the solar chromosphere and corona. A new interpretation in
terms of the characteristics of the radiation loss relative to the ioni-
zation properties of the solar plasma provides a strong indication of
both similarities and differences expected in the temperature structure
of stars of different spectral types from the sun.

The expected changes in temperature structure predict that chromo-
spheres similar to that of the sun will be commonly found in stars later
than early B spectral type, but that the chromospheric emission com-
ponents in Ca II lines, which are commonly adopted indicators for chro-
mospheres, will be difficult to detect in stars earlier than spectral
type FO. These predicted properties are consistent with recent stellar
observations.

Solar Energy Balance

Athay and Thomas Holzer have drawn attention to the widespread evi-
dence for vertical lifting and subsequent falling of material in the
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solar atmosphere and have suggested that the heat released by the down-
falling material is an important factor in the energy balance of tile
upper chromosphere, transition region, and, possibly, the inner corona.
The cool upflow evidenced nainly by spicules is observed as return down-
flow over the network and as downflow of condensed coronal ratter in
pronninences. It appears, therefore, that the spicule material is both
lifted and heated. The total energy represented by the lifting and
heating appears to be a major factor in the energy budget.

CORONAL AND INTERPLANETARY PHYSICS SECTION

The broad, long-range goal of the Coronal and Interplanetary Phy-
sics Section remains that of understanding the physical properties and
processes determining the state of the solar corona and its interplane-
tary extension, the solar wind. These regions span a tremendous range
of physical conditions--from the low corona, where most of the energy in
the gravitationally bound atmosphere resides in the magnetic field,
through the outer corona, where the internal energy of the plasma and
outward-propagating waves produce the outward expansion known as the
solar wind, to interplanetary space itself, where the kinetic energy of
the ionized, outflowing material dominates all. Our basic goal is pur-
sued through observing programs using both ground-based and spaceborne
instruments, through interpretive studies of solar and interplanetary
data stemming from our own observing programs and those from outside of
NCAR, and through a strong theoretical effort aimed at the basic under-
standing of coronal and interplanetary physics. Much of our work over-
laps the interests of the two other scientific sections of HAO. For
example, the structure in the lower corona is dominated by magnetic
fields extending outward from the solar convection zone and photosphere;
research in this area is closely linked with work done in the Solar
Atmosphere and Magnetic Fields Section. Theoretical models of the
interactions between plasma and magnetic fields required to study the
structure of the lower corona are often applicable or adaptable to lower
regions of the solar atmosphere, and interpretive studies of the rela-
tionship of coronal structures to "underlying" solar features cross this
same boundary between scientific sections. Study of long-term varia-
tions in the interrelated structures of the corona and solar wind over-
laps the interests of the Solar Variability Section. There is also a
high level of intercCtion with scientists from other institutions. The
research program of the Coronal and Interplanetary Physics Section is
clearly central to the NCAR t-heme of understanding solar processes and
their influence on the interplanetary medium.

General Physical Properties and Processes

Miuch of our basic observational knowledge of the corona pertains to
density of the plasma and its variation with position and time. In con-
trast, we have little direct information concerning the spatial and tem-
poral variations of coronal temperature, the flow of coronal material,
or the strength and geometry of the coronal magnetic field. All of
these poorly known properties are crucial to understanding the formation
of the solar wind. Thus attempts to observe then are basic to advancing
that understanding. Further, very general theoretical models of the
interaction of coronal plasma and magnetic fields and of the
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acceleration of plasma on bpen nagnetic field lines remain important
tools in the study of these basic coronal processes.

A joint Harvard Smithsonian and HAO instrument package consisting
of Lyman-alpha and white-light coronagraphs has been developed to obtain
observations of coronal temperatures and flow speeds. Final analysis of
the Lyman line profiles (resonantly scattered by coronal hydrogen)
measured during the first rocket flight of this package has yielded tem-
peratures that vary from 2.6 X 10 K6 at 0.5 Rq (solar radii) above the
photosphere to 1.2 X 10 K at 3.0 R . On the basis of these recent
observations and the temperatures deduced at lower heights in similar
"quiet" coronal regions using Skylab and eclipse data, George Withbroe,
john Kohl, Hans Weiser, Gian-Carlo Noci (all of the Harvard Smithsonian
Astrophysical Observatory) and Richard Munro (HAO) have concluded that
the maximum coronal temperatures occur at about the 0.5 R height above
the photosphere. The measured Lyman intensities combined with a stan-
dard model of the electron density variation with height yield an esti-
mate of the electron temperature gradient and suggest that the "critical
point" at which the coronal expansion becomes supersonic is near the
height of 3 RP in this region. Comparison of these estimates with a
standard model of a two-fluid corona (separate energy equations for pro-
tons and electrons) implies that there is a small amount of proton heat-
ing in this acceleration region of the corona.

Direct detection ot ccrnnal magnetic fields remains an extremely
difficult problem in observational solar physics. Polarization measure-
ments in the emission lines of Fe XIV, obtained with the coronal emis-
sion line polarimeter (KELP), are a potential source of information on
these fields. Charles Querfeld has developed a simplified interpretive
procedure, based on approximate solutions of the statistical equilibrium
equations for the 10747 A emission line, for deducing maps of the
large-scale coronal magnetic field from the KELP observations.

In the absence of direct information on the coronal magnetic field
and its spatial structure, theoretical models of the coronal extension
of photospheric fields continue to play an important role in studies of
the interaction of coronal plasma and magnetic fields. The last annual
report described analytic solutions for the magnetostatic equilibrium
(exact balance between gravity, magnetic, and pressure forces) in an
isothermal atmosphere above a surface with a "bipolar" field, under the
assumption of a special distribution of material on the magnetic field
line that yielded a linear problem. Low, Arthur Hundhausen, and Ellen
Zweibel (University of Colorado) have found a family of solutions for a
spatial distribution of material that leads to a nonlinear problem.
These solutions describe isolated condensations of material, electrical
current, and magnetic fields in an atmosphere with a uniform horizontal
field at large distances above and below these structures. They are
presently examining the stability of these equilibrium structures.
Pizzo has developed a numerical scheme that can integrate the equations
of magnetostatic equilibrium in many geometries with virtually arbitrary
distributions of material on magnetic field lines. This opens the pos-
sibility of examining the equilibrium of such interesting coronal struc-
tures as isolated loops, rays, or current sheets and of understanding,
in this static approximation, the general effects of coronal currents on
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both the pressure or density structure of the corona and on tie exten-
sion of photospheric fields into the outer solar atmosphere.

General studies of possible mechanisms for the acceleration of
coronal plasma to form the solar wind and the constraints imposed on
such mechanisms by coronal and solar wind observations continue to play
an important role in our research program. Holzer, Egil Leer (visitor,
University of Tromso), and Fla (University of Tromso), have summarized
much of this work in a review paper. They have also completed an exten-
sive study of the application of one of the acceleration mechanisms
widely invoked in the solar case--momentum and energy addition by damped
Alfven waves--to stellar atmospheres where radiative cooling is impor-
tant. In particular, they establish conditions under which this mechan-
ism can affect the stellar winds emanating from late-type giants and
supergiants with extended, cool atmospheres.

A very different mechanism for accelerating the solar wind has been
proposed by Gerald Pneuman. He postulates that magnetic flux brought up
through the photosphere is expelled after magnetic reconnection occurs;
X-ray bright points, spicules, and "explosive" events seen in the solar
transition region are interpreted as evidence for this process. Iso-
lated magnetic bubbles or plasmoids produced by reconnection experience
an upward force when immersed in an ambient magnetic field whose
strength decreases with height. Pneuman argues on the basis of a model
calculation that if such bubbles carry a substantial fraction of the
total mass flux in the solar wind (as suggested by the transition region
observations), they can be accelerated to speeds comparable to those
observed in high-speed solar wind streams at the orbit of earth.

Stanley Owocki (University of Colorado graduate student) collab-
orated with Holzer and Hundhausen in an extensive study of the ioniza-
tion state of the expanding coronal plasma. His numerical computations
describe the temporal variation in the ionization of the plasma in a
"fluid parcel" as it moves from the base of the corona, where colli-
sional ionizations and recombinations are frequent, to interplanetary
space, where these events are rare and the ionization state is "frozen"
at a value established in the corona. These results are applicable to
both the time-independent expansion studied by many earlier authors and
to any time-dependent expansion (such as a flare-driven shock distur-
bance) for which the behavior of the fluid parcel can be specified. For
the former case the dependence of the frozen-in interplanetary ioniza-
tion state on coronal temperature, temperature gradient, velocity pro-
file, and nonthermal electron characteristics is explicitly determined.
For the shock wave limit of time-dependent flows, Owocki showed that the
only significant changes in the final ionization state occur for parcels
of gas that are heated and compressed by the shock front near the loca-
tion in the corona where that state would freeze in when participating
in the ambient, time-independent coronal expansion.

Time-Independent (or Slowly Evolving) Structures In the Corona and Solar
Wind

Although virtually every characteristic of the solar corona and
solar wind is observed to vary with time, some coronal and
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interplanetary structures change so slowly that they can be described at
any given instant as time dependent. Both the interpretation and
theoretical modeling of any such structures are considerably simpler
than for rapidly changing features. Thus such slowly evolving
phenomena, treated as though they were time-independent, are favorite
topics of coronal and interplanetary research. Studies of coronal
structures such as long-lived holes, streamers, and rays, and related
interplanetary structures such as recurrent high-speed streams, magnetic
sectors, and magnetic neutral sheets, have led to some of the most sig-
nificant recent advances in coronal and interplanetary physics.

Arthur Poland (now at Goddard Space Flight Center) and Robert Mac-
Queen have studied the changes in a prominent coronal streamer observed
during the Skylab mission. This streamer was not related to any dis-
tinct features of the chromosphere (e.g., filaments or active regions)
but rather was identified as a part of the large-scale magnetic struc-
ture of the corona. Poland and MacQueen found that the streamer
increased in brightness, area, and electron density as the underlying
photospheric magnetic flux decreased.

During 1981 MacQueen, David Sime, and John-Pierre Picat (Paris
Observatory) examined another class of coronal features, voids, that
persist for sufficiently long periods (approximately a day) to be
treated as steady during their lifetimes. Voids are seen in the white-
light coronagraph images from Skylab as narrow raylike regions of low
brightness and hence abnormally low coronal density. However, voids
appear and disappear rapidly at the ends of their lifetimes. They occur
in regions of the corona above prominences or filaments, and their
appearance seems to be correlated with the appearance of a prominence.

Studies of the global density structure of the corona near sunspot
maximum have been undertaken by Richard Fisher using data from the Mark
III coronagraph system operated at the Mauna Loa Observatory since early
1980. During this epoch coronal holes occurred at higher solar lati-
tudes than in the other phases of the sunspot cycle covered by the ear-
lier Mark II coronagraph observations. These holes and intermediate
bright coronal regions at high latitudes show considerable persistence
over many solar rotations. In contrast, the bright coronal streamers
seen at middle and low latitudes evolve appreciably, apparently in asso-
ciation with photospheric and chromospheric active regions, on the time
scale of a solar rotation. Fisher and Paul Seagraves have examined the
coronal rotation rate as a function of latitude and time by a correla-
tion analysis of the observed brightness. They found a rotation rate in
early 1981 that was nearly independent of solar latitude, as inferred in
earlier studies. However, the rotation period deduced for this epoch
was almost a full day longer than that usually found in other studies.

The classical structural forms seen in the corona--rays, fans,
streamers, helmets--and even some features usually regarded as of more
recent vintage--holes and voids--were first observed during solar
eclipses. As the latest chapter in a continuing HAO program of obtain-
ing high-quality photographs of the white-light corona at eclipse,
Fisher and Leon Lacey participated in an eclipse expedition to Siberia
in July of 1981. They obtained an excellent photograph of a coronal
configuration that epitomizes conditions near sunspot maximum--a
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multitude of streamers and rays almost encircling the sun. This photo-
graph will be valuable in studying the association of these features
with both the synoptic structure of the corona observed using the Mauna
Loa K-coronameter and with surface manifestations of solar activity.

The interplanetary counterparts of long-lived coronal spatial
structures--high-speed solar wind streams and the associated magnetic
sector structure--appear to an interplanetary spacecraft as time varia-
tions because of the rotation of the sun; these time variations then
recur with the solar rotation period. It is now recognized that such
recurrent solar wind disturbances produced the major long-term changes
in solar wind conditions and the major episodes of high geomagnetic
activity during the past sunspot cycle. The evolution of high-speed
streams as they propagate out through the solar system has proven to be
an interesting test of the application of nonlinear fluid or magnetohy-
drodynamics to the solar wind. The study of such interplanetary struc-
tures has long been and continues to be an important part of the HAO
research program.

Pizzo has been developing highly sophisticated numerical models of
the nonlinear propagation and evolution of solar wind streams. These
models are now fully three-dimensional, include the effects of the mag-
netic field, and allow the formation of shock fronts through the use of
an artificial viscosity. Pizzo has used these models to compute the
evolution of stream structure observed at one spacecraft and compare the
predictions of the model with actual observations from a second space-
craft at a different distance from the sun. These comparisons, carried
out in collaboration with Len Burlaga (Goddard Space Flight Center) and
Alan Lazarus (Massachusetts Institute of Technology) show little sign of
any significant depencence on heliographic latitude. The resulting,
nearly two-dimensional, model of stream evolution shows excellent agree-
ment with observations made at spacecraft separated by 0.5 astronomical
units. This study is the first observational confirmation of the valid-
ity of a multi-dimensional magnetohydrodynamic model of solar wind
stream interactions.

Interest (and some controversy) continue in attempts to determine
the spatial configuration of the magnetic neutral surface now widely
believed to encircle the sun. This feature rotates with the sun to
create the observed magnetic sector structure in the near equatorial
region of interplanetary space. Roberto Bruno (University of L'Aquila,
Italy), Burlaga, and Hundhausen have continued to examine the hypothesis
that this neutral surface extends radially outward above the belt of
bright corona (that can be visualized as a band of coronal streamers)
observed by K-coronameters. In 1976, near sunspot minimum, this belt
fell near the solar equator, suggesting a neutral surface that was only
slightly warped away from the solar equatorial plane. Interplanetary
magnetic observations from three spacecraft allowed extensive tests of
the bright belt-neutral surface hypothesis; the magnetic sector struc-
ture predicted by drawing the neutral surface within +50 of the band of
brightest corona agreed with that observed by the spacecraft 90-95% of
the time. On several occasions, different spacecraft were located at
sufficiently different heliographic longitudes as to be on opposite
sides of the predicted neutral surface in some range of longitude. On
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nearly all such occasions, the two spacecraft observed different mag-
netic polarities, proving that a neutral surface did lie between their
slightly different latitudes. These observations thus confirm a very
small amplitude warping of the neutral surface during the epoch near
sunspot maximum. The 1976 neutral surface can be described as a four-
sector configuration confined within +100 solar latitude. The series of
studies of the neutral surface conducted by Xue-Pu Zhao (visitor, Bei-
jing University), Bruno, Burlaga, and Hundhausen thus indicates that
the neutral surface tilted approximately 300 during the descending phase
of the past sunspot cycle (1974 - 1975) and flattened to assume the
approximate 100 warped configuration described above during the 1976
sunspot minimum.

Time-Dependent Phenomena in the Corona

There are, of course, many observed coronal phenomena that are
obviously and inherently time dependent. The study of such phenomena is
inherently difficult, demanding observations with adequate temporal
resolution to delineate the time dependence, interpretive tools adequate
to cope with the temporal changes and the implied additional volume of
data, and theoretical models involving an additional independent vari-
able.

Theoretical models of such phenomena in the solar corona require
solution of the time dependent equations of magnetohydrodynamics; only a
very few analytic solutions of these equations are known, and these
apply under special and often idealized physical conditions. Numerical
solutions of these equations have been obtained for a broader range of
assumptions, but remain of limited applicability to coronal problems.
Paul McKenna (Advanced Study Program graduate assistant), Gerald Brown-
ing (Scientific Computing Division), and Heinz Kreis (California Insti-
tute of Technology) are working with Gerald Pneuman to develop a time-
dependent magnetohydrodynamic computer code intended for application to
a wide variety of dynamic phenomena in the solar atmosphere. Until we
have such a numerical modeling capability, magnetohydrodynamic modeling
of these phenomena will remain special and limited in its applicability.

Another class of time-dependent phenomena, arising from equilibrium
configurations, can be studied using classical methods of plasma phys-
ics. Migliuolo has applied such analyses to several coronal phenomena,
including the diverging magnetic geometries thought to be characteristic
of coronal holes and the regions of steep density gradients that occur
in coronal transients (see below). He has demonstrated the existence of
a fluid instability, known as the g X B mode, in the latter structures.
These modes are sensitive to the influence of temperature gradients and
gravity, and their applicability to coronal phenomena remains under
study. Migliuolo is also considering their application to other solar
phenomena such as prominences (see Solar Atmosphere and Magnetic Fields
Section).

A time-dependent coronal phenomenon of major importance in the HAO
research program is the coronal transient. The basic properties of
coronal transients have been described in previous annual reports. Two
large observing programs have revealed new aspects of the behavior of
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coronal transients.

The HAO coronal dynamics program involves the operation of a K-
coronameter with high time resolution and an H prominence monitor at
the Mauna Loa Observatory. These instruments detect coronal transients
at much lower coronal heights than possible with the spacecraft corona-
graphs widely used in past and present transient studies and have thus
provided new information on the early stages of coronal transients.
Fisher established (see the 1980 annual report) the existence of an
unexpected class of transients whose early manifestation is a deficit in
coronal density moving outward through the low corona (between approxi-
mately 1.2 and 2 R heliocentric distance); such "dark" transients were
often associated with eruptive prominences observed near the limb of the
sun. A second class of transients characterized by an initial "bright"
or dense loop of material has also been identified and found to be asso-
ciated with solar flares by Fisher, Sime, Munro, Diane Friend, Ernest
Hildner (Marshall Space Flight Center) and Marie McCabe (University cA
Hawaii).

One particular example of a "dark" transient, observed on 5 August
1980 in association with an eruptive prominence, has been extensively
studied by Fisher, Munro, and Low. The observations indicate a density
depletion of 17 to 33% relative to the background corona. The top of
the depletion moves outward at a nearly constant speed of approximately
80 km/s. Comparison with a theoretical model by Low (see below) sug-
gests a magnetic field at the base of the transient of 2 to 3 gauss. A
much faster moving (approximately 500 km/s) bright, flare-associated
transient observed on 29 June 1981 has been studied by Sime, Munro, and
Fisher and is being compared with numerical simulations of flare-driven
coronal disturbances by Sime, Shi Tsan Wu and Shui Wang (University of
Alabama), Murray Dryer (National Oceanic and Atmospheric Administra-
tion), and Poland.

The HAO coronagraph/polarimeter (C/P) flown on the National
Aeronautics and Space Administration SMM satellite provides observations
of coronal transients at greater heights in the corona (1.5 to 6.0 R
heliocentric distance). The SMM program is now in a data reduction an2

analysis stage carried out in collaboration with numerous guest and co-
investigators. A unique achievement of this instrument is the observa-
tion of the eruptive prominence material, emitting in Ho, to great
heights (approximately 5 R ) in the hot corona. In one particular exam-
ple, Lewis House has collected complementary ground-based data that,
combined with the C/P observations, shows the slow untwisting of a heli-
cal prominence as it moves outward through the corona. Other members of
the SMM science group are studying the association of transients with
the underlying photospheric magnetic field strength (Constance Sawyer)
and the association of transients with solar flares (Rainer Illing).
Quantitative studies of many of these events await completion of the
long and difficult calibration of the instrument (William Wagner).
Robert Duncan (visitor from the Commonwealth Scientific and Industrial
Research Organization, Australia) is collaborating with the SkMM group on
the association of radio emission and white-light transients.

Two theoretical models that may be applicable to coronal transients
have been developed by Low and Richard Wolfson (visitor from Middlebury
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College). Both models differ from most past models in their basic con-
cept of transient initiation in that they describe the transient as the
end product of continuous evolution of large-scale magnetic fields at
the base of the corona. For example, Low has considered the static
equilibrium of a bipolar region of magnetic field welling up beneath a
dense coronal plasma. If this bipolar region spreads with no change in
the magnetic flux, the height of the equilibrium magnetic structure
rapidly extends to infinity as the width of the bipolar region
approaches two times the thermal scale height in the coronal material.
No impulsive change in the field or coronal structure is required to
produce this rapid outward motion of a low-density coronal structure. A
direct comparison of the height-to-width ratio of this theoretical
structure with that of the dark transient of 5 August 1980 (see above)
reveals a remarkable agreement and suggests this "global" initiation of
a coronal transient may be a plausible physical mechanism.

In considering the propagation of coronal transients into an
ambient background corona, Low has found an analytic self-similar,
time-dependent solution to the equations of magnetohydrodynamics. This
solution applies for polytropic index X= 4/3 and includes the effects
of the gravitational field of the sun (or a star). The solution
describes a possible state of motion for a coronal transient long after
its initiation but well away from any strong interaction with a sur-
rounding background plasma. It, of course, applies to the more general
problem of the expulsion of a magnetized plasma from the gravitational
field of a star.

SOLAR VARIABILITY SECTION

During 1981, the solar variability program made substantial prog-
ress on several fronts. Our ability to model the solar dynamo was
advanced; development of the Fourier tachometer, an instrument to meas-
ure global velocities, has reached the fabrication stage; the solar
diameter monitor was completed and put into service; a new instrument to
measure the total solar Ca II flux was begun; theoretical models
increased our understanding of the relationship between diameter and
luminosity changes, and between luminosity changes and the earth's cli-
mate; new estimates of luminosity changes over the past 100 years were
developed from the sunspot area record; the mechanisms of cosmic ray
modulation by solar magnetic activity were better illuminated; further
variations in ionospheric current systems induced by solar magnetic sec-
tor passages were discovered; and new searches were begun to find varia-
tions in luminosity in other stars.

The results summarized above support progress toward the general
goal of solar variability research--to describe and understand the fun-
damental operation of the solar cycle over a broad range of time scales,
from weeks to millennia, including the ways in which the outputs of the
sun that reach the earth are influenced and organized by the solar
activity cycle.

Research in solar variability remains central to one NCAR objec-
tive, namely, the understanding of solar processes and their influence
on the interplanetary medium, and is increasingly important for
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attaining a second objective, the understanding of climatic trends and
their causes.

MNodeling the Global Circulation and Dynamo

The 1979 Annual Scientific Report summarized results of the initial
calculations of hydromagnetic dynamo solutions of interest for the sun.
These calculations showed that, even though the differential rotation
driven by convection in the model was quite similar in surface profile
to that of the sun, the dynamo itself behaved much differently. In par-
ticular, no magnetic cycles were found in these early solutions. The
reason for this lack of cycles is that in these solutions differential
rotation plays only a minor role in maintenance of the magnetic field--
convection dominates in determining both the poloidal field (i.e., the
field in meridian planes) and the toroidal field (wrapped about the axis
of rotation). This is because convection contained about three quarters
of the total kinetic energy of the system, and differential rotation
about only about one quarter. Peter Gilman has now calculated new
dynamo solutions for which this ratio is roughly reversed, and finds a
whole new range of dynamo behavior, including magnetic cycles. The new
hydrodynamic solutions are obtained by reducing the eddy viscosity of
the fluid by a factor of 10, but leaving it still in the range of values
considered plausible for the sun. With this change the model convection
amplitudes are close to the upper limit estimated from solar observa-
tions by Barry LaBonte, Robert Howard (Mt. Wilson and Las Campanos
Observatories), and Gilman (see 1980 Annual Scientific Report), rather
than being substantially above these limits as in the earlier calcula-
tions.

As long as the differential rotation in the model remains large,
magnetic cycles are produced. In contrast to the earlier solutions,
here the differential rotation dominates in determining the toroidal
field, which now contains 20-30% of the total magnetic energy of the
system. However, the period of the dynamo solutions is too short for
the sun by about a factor of 10, and the migration of toroidal fields
with time is toward the poles rather than the equator as inferred for
the sun from sunspots. Gilman suspects that the short period is due to
inaccurate treatment of the effects of small-scale interactions between
velocities and magnetic fields in the model. The migration toward the
poles is dictated by the fact that the model angular velocity decreases
with depth. To change this feature appears to require including the
influence of compressibility, and a compressible version of the dynamo
model is currently being programmed. Gilman has postulated that migra-
tion of the toroidal field is toward the poles on the sun in the deepest
levels, with a reversal in migration direction produced in the outer
layers by a reversed radial angular velocity gradient. The new compres-
sible dynamo model will test this hypothesis.

The full feedbacks of the induced magnetic field on the convection
and differential rotation are included in the model. If the dissipation
rate for magnetic fields is low enough, then the field grows to the
point that differential rotation is substantially reduced, and the mag-
netic cycles actually disappear. Although it does not occur on the sun,
this effect could explain why many stars have strong magnetic activity
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but no apparent magnetic cycle.

An important ingredient for understanding solar convection, dif-
ferential rotation, and the dynamo is a workable theory that can be used
to represent the effects of turbulence on a wide range of time and space
scales. During 1981, Timothy Brown began a new approach to the tur-
bulence problem, using concepts taken from information theory. Brown
has applied his approach to a classical problem of turbulence theory,
namely, predicting the kinetic energy spectrum of incompressible iso-
tropic turbulence, and achieved some success. In particular, he has
determined that the proability distribution that correctly predicts the
Kolmogorov law < k kinetic energy spectrum, where k is the wave
number of the flow for isotropic turbulence, is the one that maximizes
the missing information (or entropy) of the flow, subject to the con-
straint of kinetic energy balance for each wave number as well as adher-
ence to the basic laws of fluid dynamics. This early success and subse-
quent work in progress indicate that the approach may prove worthwhile
for modeling turbulent convection.

A variety of approaches is needed for modeling solar convection--
approaches that allow different physical processes to be studied in more
detail. Ronald Gilliland, who joined the HAO staff during 1981, has
begun development of a new model based on an application of the so-
called "alternating direction implicit" method. Gilliland has developed
the appropriate formalisms for two-dimensional solutions on a sphere and
tested them on the "shallow-water" equations. The formalism for the
solution of the equations of stellar hydrodynamics in three dimensions
has been developed but not yet coded. Current efforts focus on tests of
new spatial and temporal discretizations using a one dimensional stellar
evolution code. The advantage of this approach is that the stellar
physics included in the test model can be quite realistic.

Observations of Global Circulation

Studies of solar global circulation have fallen into three
categories: instrumental improvements and new observations with the
Fourier tachometer instrument currently in operation at Sacramento Peak
Observatory (SPO); analysis of past observations with that instrument;
and preparations for replacing that instrument with an improved one,
built jointly by HAO and SPO. Instrumental improvements this year
included changing the instrument's internal software, changing the host
computer from a PDP 11/10 to a PE 3220, and installing quick-look and
analysis software, hitherto available only at HAO, on the SPO computer
system. These changes were made in response to difficulties uncovered
in the ongoing analysis of synoptic velocity data, and to facilitate
other sorts of observing programs, e.g., a program on sunspot wakes
currently in progress, in collaboration with Peter Foukal and Lee Fowler
(Atmospheric and Environmental Research, Inc.). Analysis this year has
concentrated for the most part on locating and removing instrumental
artifacts, though at year's end work was under way on a comprehensive
analysis of our ten best days of synoptic data. Work at HAO on the new
Fourier tachometer has progressed through a preliminary design, and
design review, to the hardware procurement phase. At year's end,
detailed block and interconnect diagrams were being prepared, most major
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hardware items were on order, and the structure of the instrument
operating software had been largely defined. Jack Evans at SPO is
supervising the mechanical and optical developments for the Fourier
tachometer. The new solid Michelson interferometer is currently under
construction and should be completed by mid-1982. Negotiations are
under way to issue a contract for the construction of the birefringent
prefilter. Design of the interferometer housing and mechanical parts
has also begun.

Brown is continuing his study of whether the torsional oscillations
found by Howard and LaBonte (see 1980 Annual Scientific Report) are real
or in part an artifact of the data analysis techniques. It appears that
a variety of spurious responses in the high latitudes to low-latitude
signals are possible, depending upon what is assumed to be the true
low-latitude signal.

John Eddy and Douglas Hoyt have begun a reanalysis of the 107-year
record of sunspot positions recorded at the Royal Observatory,
Greenwich, England, and elsewhere to examine the secular behavior of
photospheric rotation using sunspots as tracers. In a 1979 study of a
shorter portion of Greenwich data Eddy, Arem Boornazian, Robert Noyes,
and John Wolbach found evidence for a secular deceleration of solar
rotation between 1888 and 1964, with a possible reversal (the onset of a
global acceleration) near the end of the then-available record. The
extended, rectified record that was compiled for our 1981 reconstruction
of the solar constant enables them to make an independent and more
extensive test, including 30 years of "new" data. They now have on tape
daily sunspot positions and other data for the full period from 1874
through 1980, covering more than nine solar activity cycles, and hope to
eventually extend the record another 25 years further into the past. A
preliminary analysis of the extended data set supports the earlier find-
ing of a significant secular trend: photospheric rotation slowed between
the start of the record and about 1940-1950, followed by a gradual
acceleration in the succeeding three decades. The trend is not equal in
all latitude bands; in the best-sampled, 10-15o band the decrease was
about 1%; it may vary elsewhere.

Gilman's joint study of sunspot rotation with Howard (tilt. Wilson
and Las Campanas observatories) is at a much earlier stage. About 20
years of sunspot positions have now been measured, including the period
1966-present for which systematic Doppler rotation measures also exist.
They will be analyzing this data to see whether changes in the Doppler
rate also show up in the sunspot rate for the same period.

Variability in Luminosity, Diameter, and Calcium Flux

Measurements of the solar constant (S) made by Richard Willson (Jet
Propulsion Laboratory) et al. from the SMM satellite in 1980 demon-
strated a number of significant facts: (1) S is variable on time scales
of days to weeks; (2) during the 1980 year of maximum activity the solar
constant was depleted by an irregular series of smooth, systematic dips
of at most 0.3%, lasting up to about two weeks; and (3) these excursions
are well explained as the result of blockage of emergent flux by sun-
spots, with a small, additive effect from faculae.
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Since projected sunspot area is the dominant term in the observed
modulation, it is possible to reconstruct a daily record of the
activity-modulated solar constant for any period for which reliable
measurements of sunspots exist. Such estimates should be of value for
climate studies. With initial impetus and help from Oran White, Eddy
and Hoyt have completed a reconstruction for the 108-year period from
1874 through 1981. The HAO effort involved extending the digital file
of historical solar data that had been compiled for other uses in the
Solar Variability Section. The model reconstruction is based upon meas-
ured umbral and penumbral areas, mean values for umbral and penumbral
contrast, a simple limb-darkening model, and an approximated facular
area. It is tuned for best fit to the well observed 1980 period of SMM
observations.

During 1957, the year of greatest sunspot areas, the modeled solar
constant is diminished by temporal excursions of slightly more than
0.3%. Over the entire year the activity-modulated solar constant was
depressed on average 0.12%. The model reconstructs only short-term
activity effects; moreover, it assumes an infinite storage time for
blocked energy within the sun. The chararter of the SMM record and the
good fit obtained with simple blocking models suggest that the latter
assumption is reasonable for periods of several months to a year.
Whether there are longer drifts in the solar constant remains to be
demonstrated.

More refined measurements of sunspot area for 1980 are now being
obtained, to allow more detailed comparison between sunspot area and
luminosity, as measured on SMM. Efforts are also beginning to test the
possible influence of historical luminosity changes as inferred from
sunspots on global climate, by use of a simple climate model. This work
will be in collaboration with Gerald North (Goddard Space Flight
Center).

Gilliland has also examined the evidence for solar luminosity vari-
ations via simple modeling of historical climatic change. The earth's
climate should respond at a detectable level to solar luminosity varia-
tions of the order of 0.1% on a time scale of years to decades. Model-
dependent analysis of the mean Northern Hemisphere surface temperature
of the past century, assuming external driving due to solar luminosity
variations, volcanic emissions, and anthropogenic carbon dioxide
increases, suggests that the solar luminosity has varied by about 0.2%
at periods near 11 and 22 years, and 0.3% at 76 years. The deduced
luminosity variations are more plausible when related to the earlier
claim by Gilliland, previously reported in the 1980 Annual Scientific
Report, of significant solar diameter changes occurring on 11-and 76-
year time scales. These results also suggest that the problem of carbon
dioxide contributions to the warming of the earth is real and that solar
influences on climate are also important, although the results are not
yet statistically significant.

This year, under the direction of Brown, the solar diameter monitor
was completed and debugged, and it has now begun full-time operation.
Software for this project consists of the instrument operating programs,
quick-look and debugging programs, and programs for the final analysis
and archiving of the data. The first two sets of programs were
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completed this year, and the analysis and archiving programs are in
place, but with only about half of the planned complement of features
currently functional. The fraction of useful days obtained between
August 1981 and January 1982 suggests that we can expect 100-120 good
observations per year, in agreement with expectations. From preliminary
analyses of these data, the typical daily noise level from instrumental
and atmospheric sources combined is about +0.2 arcsec in the diameter.
Work done near year's end suggests that it may be possible to correct
for a large fraction of the instrumental noise and to provide a better
estimate of the atmospheric contribution.

Gilman and Howard's collaboration to measure the solar diameter
using data from the Mit. Wilson white-light plate collection has now
yielded about twenty years of raw measurements, which are about to be
analyzed. This data set will overlap the solar diameter monitor data
for 1981 and allow comparison of trends between the two sets.

Fisher is directing the development of a new chromrospheric varia-
bility monitor (CVM) to measure the integrated calcium II emission on a
daily basis from the Mauna Loa Observatory. The design has been com-
pleted and the mechanical and optical parts constructed. We expect to
finish the electronics during 1982 and early 1983. The principal use of
the instrument will be to examine associations between chromospheric and
coronal features and their evolution through the solar cycle, as well as
to measure the rotational modulation of Ca II emission, for comparisons
with similar measurements of other stars.

Modulation of Cosmic Rays

Modulation of cosmic rays by the interplanetary medium is an impor-
tant aspect of solar variability because cosmic rays are responsible for
the only long-term record of solar activity we have. They generate
radiogenic isotopes such as 14C and OBe in the atmosphere, which are
eventually deposited in tree rings and ice layers. Space observations
show that the interplanetary magnetic field fluctuates rapidly in direc-
tion around the average spiral geometry produced by the expansion of the
solar wind and the rotation of the sun. The scattering of cosmic rays
by these fluctuations determines how rapidly these particles diffuse
through the solar system. Thus, changes in the amplitudes and scales of
these fluctuations during the solar cycle modulate the cosmic ray flux
at the earth. Measurement shows that such changes are limited to scales
larger than about 0.3 AU. The solar origin of fluctuations in the
interplanetary magnetic field at such scales has remained obscure.

The existence of coronal transient events, in which a measurable
fraction of the corona is expelled into interplanetary space, was one of
the major discoveries of the Skylab-Apollo Telescope Mount. Transients
are believed to involve the expulsion of magnetic bubbles or loops into
interplanetary space. Gordon Newkirk, Hundhausen, and Pizzo have
attempted to determine whether such coronal transients could influence
the power spectrum of the interplanetary field at low frequencies and
thus the propagation of galactic cosmic rays. They estimate the size
and shape of coronal transients far from tihe sun and their signature in
the interplanetary magnetic field by use of mathematical models of the
expansion of the solar wind into interplanetary space. Although the
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inference is indirect, they conclude that coronal transients may account
for the observed magnitude and solar cycle variation of the fluctuations
of the interplanetary magnetic field with scales larger than 0.3 AU.
They further conclude that coronal transients may, indeed, play a signi-
ficant role in modulating galactic cosmic rays incident on the earth.

Newkirk has also continued to study the cosmic ray modulation data
directly, and concluded that the long-term average of the cosmic ray
diffusion coefficient in the interplanetary medium near the sun varies
by approximately a factor of 6 over the solar cycle. Coronal transients
are presumed to contribute a large fraction of this variation (more
transients lead to a shorter mean free path for cosmic rays and there-
fore a smaller diffusion coefficient). If it is assumed that the cosmic
ray propagation conditions of the inner heliosphere are conducted by the
solar wind to the very borders of the modulation region at 50-100 AU, a
major fraction of the observed cosmic ray modulation is explained. This
would indicate that most of the solar cycle modulation of galactic
cosmic rays occurs as a result of time variations of the propagation
parameters, rather than as a result of global (50-100 AU scale) changes
in the magnetic field geometry in the heliosphere.

Geomagnetic Response to Solar Variations

In order to investigate geomagnetic responses to solar variability,
Sadami Matsushita previously examined geomagnetic variations in northern
and southern terrestrial polar regions produced by the changes of solar
(or IMF) magnetic sector polarities, and he found different responses in
local summer and winter (see the 1979 and 1980 Annual Scientific
Reports). In particular a sector field "away from the sun" causes an
increase of the geomagnetic northward component at about 80°N in the
daytime during summer months and produces a decrease at about 70°N for
the night in winter. The sector field "toward the sun," on the other
hand, produces a geomagnetic variation opposite to that caused by the
"away" sector. Also, the directions responding to sector structures are
opposite in the Northern and Southern hemispheres. In other words,
reversals of the response are found between two seasons, hemispheres,
and solar sectors.

To study the mechanism producing those geomagnetic responses,
Matsushita has estimated so-called "equivalent ionospheric current sys-
tems" that would produce the same geomagnetic effects as those of sec-
tors. With the assistance of Wen-Yao Xu (visitor from Academia Sinica,
China), he examined equivalent ionospheric current systems representing
sector effects for each of the twelve calendar months, by spherical har-
monic analyses of hourly geomagnetic data at 13 polar stations for seven
years. The main feature of the equivalent current systems he obtained
includes circular currents (eastward for the away sector) at about 800
latitude mostly in the daytime in summer, and reversed circular currents
at about 700 latitude mainly at night in winter. The current direction
is reversed between the two hemispheres as well as for toward and away
sectors. Matsushita and Xu also estimated the geomagnetic field-aligned
current distributions responsible for these equivalent currents, as well
as vector distributions of electric fields and ionospheric currents.
They found two sets of upward and downward field-aligned current pairs
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in the auroral region and a field-aligned current region near the pole,
all of which show seasonal variations. It appears that ionospheric
electric field propagation along geomagnetic field lines from the summer
hemisphere to the winter hemisphere coupled with auroral Hall conduc-
tivity effects may explain the winter reversal of sector effects.

Another geomagnetic response ,to solar variability is the geomag-
netic daily variation due to electric current systems in the ionosphere,
Sq, produced by the solar quiet-time radiation over the upper atmo-
sphere. The behavior of an Sq current system is often compared with a
similar ionospheric current system, L, produced by the lunar tidal force
on the atmosphere. Matsushita and Xu found that the Sq current system
produced by the quiet sun has a greater solar cycle dependence than L,
while L has a greater seasonal effect than Sq. It is concluded that (1)
this different behavior is caused by winds in the ionosphere and (2)
both Sq and L currents in the daytime flow mainly at the same iono-
spheric E region, contrary to Sydney Chapman's suggestions. Enhanced
solar radiation increases both electric conductivity and ionospheric
wind speed.

Stellar Variability

During 1981 Eddy and Hartmann began work on a systematic survey of
the Pleiades cluster to test for long-term variations in the total lumi-
nosity of these stars. Relatively little is known about changes in star
brightness over periods of tens of years, even at the 1-10% level. Yet
the existence of the Maunder Minimum in the sun suggests that this sort
of change may be a general feature of stars. The fact that blue-
magnitude variations with 50- to 70-year periods have been identified by
Hartmann in older stars raises the possibility that Maunder Minimum
variations in solar activity may be accompanied by changes in the sun's
luminosity. One way to test for this is to examine a population of late
dwarfs like the sun.

The Pleiades are not from a sun-type population: they are consid-
erably younger and presumably more variable. This cluster was chosen,
however, as a pilot test to determine the limits of luminosity variation
that could be detected in a compact, well-identified cluster using
existing sky patrol plates.

The technique is to apply high-speed densitometry to plates taken
as part of a routine sky patrol at the Harvard College Observatory (HCO)
over the full period for which photographic plates exist, that is, from
about 1900 onward. Software programs identify stars by their positions
and from the total photographic density of their image deduce a relative
magnitude. This will be done for a population of at least 100 stars in
the cluster, so that differences in sky clarity, plate sensitivity, and
photographic development can be allowed for. The study will thus be one
of relative photometry. Variations in the range of 5-10% or less should
be detectable.

During the year we began the pilot study by scanning a region of
the Pleiades on three plates, using the Yale University Observatory den-
sitometer. These pilot scans are being used at NCAR by Peter Bandurian
and Eddy to develop identification and photometric routines, and to
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establish the limits of sensitivity of the technique.

Previous studies for this sort of secular variability in stellar
brightness have been carried out either as real-time, observational pro-
grams (and therefore restricted in time coverage although far more sen-
sitive) or, using the historical plates, on a star-by-star, hand-reduced
basis. If the densitometer technique works, it should be the same sort
of improvement in yield as that of fishing with a net instead of a hook.
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ADVANCED STUDY PROGRAM

In its major role as a center for collaborative research throughout
the atmospheric research community, NCAR strongly supports interactions
among its own staff, university researchers, and graduate and postgraduate
students in the atmospheric sciences. Much of this collaboration is
facilitated through the Advanced Study Program (ASP). ASP administers a
visitor program, consisting of graduate research assistantships and
postdoctoral fellowships, that is designed to foster new and continuing
cooperative work between NCAR scientists and university investigators. In
its role as initiator of new research areas, ASP also contains an
Environmental and Societal Impacts Group (ESIG). ESIG explores the social
context and implications of atmospheric research and phenomena through
interdisciplinary studies within NCAR and in collaboration with university,
governmental, and other nongovernmental agencies.

VISITORS PROGRAM

Graduate Research Assistantships

ASP awards a limited number of graduate assistantships to students
pursuing master's or doctoral degrees in the atmospheric sciences. While
in residence at NCAR, graduate assistants carry out research based on their
thesis proposals, which must be endorsed jointly by a university scientist
and an NCAR scientist. These scientists serve as advisers for the thesis
and as members of the student's thesis committee. The students work
directly within NCAR research projects in such areas as atmospheric
dynamics, climate, cloud physics, atmospheric chemistry and radiation,
atmospheric physics, atmospheric technology, environmental and societal
impact assessment, solar physics, and oceanography. The length of tenure
for a Ph.D. thesis had been up to three years and up to two years for the
M.S. but has been changed to a normal maximum of two years and one year,
respectively. This change is to increase the total number of students who
can take advantage of the program and to emphasize support of thesis
research for those who are primarily finished with course work and
qualifying exams. To make the program more competitive, four annual
closing dates for applications were initiated and five applicants entered
the first such competition on 1 December 1981. In 1981 three new
appointees and one special summer assistantship were named, four
assistantships were continued, and four assistants received the doctoral
degree. Selected examples of work by ASP graduate research assistants are
given below.

Brian Heikes from the University of Michigan has been investigating
the chemical mechanisms and physical pathways which lead to the formation
and/or neutralization of sulfuric and nitric acid in atmospheric water.
This work consists of both laboratory experiments and theoretical modeling.
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The laboratory work focuses on evaluating the relationship between
hydrogen peroxide and sulfuric acid formation. The reaction of hydrogen
peroxide with bisulfite in aqueous solution is expected to be the pre-
dominant step in the production of sulfuric acid in clouds. This reaction
is thought to be limited solely by the amount of precloud hydrogen peroxide
vapor. Experiments conducted by Heikes with the support of the Reactive
Gases and Particles Group in the Atmospheric Chemistry and Aeronomy
Division show that previous measurements of hydrogen peroxide vapor suffer
from the deleterious effects of both aqueous hydrogen peroxide formation
and loss during sample collection. Therefore, it is not possible to
measure accurately the concentration of hydrogen peroxide vapor in precloud
air or to determine empirically a relationship between it and sulfate
production.

The mechanisms Heikes introduced to explain the aqueous formation of
hydrogen peroxide are new to the field of atmospheric chemistry. They
involve ozone, the aqueous water radicals, and organic materials. The
aqueous hydroxyl and perhydroxyl radicals are strong oxidants in solution
and are present as transients in the ozone formation of hydrogen peroxide.
These species readily react with the precursors of sulfuric and nitric acid
in solution to form these acids. Thus, new mechanisms for the formation of
acid in air are demonstrated.

Heikes's modeling research focuses primarily on the in-cloud formation
of nitric acid. Measurements of cloud water nitrate during the Acid
Precipitation Experiment-Warm Front Study indicated that nitrate is formed
throughout a precipitation event and at an approximately constant rate.
Also, recent laboratory studies conducted at Brookhaven National
Laboratories show that the previous theory of aqueous nitrate formation
(i.e., that two nitrogen dioxide molecules react with liquid water to form
nitric and nitrous acid) is too slow at normal atmospheric concentrations
of nitrogen dioxide to account for the observed nitrate production. Heikes
shows through modeling work that the diffusion of the trace oxides of
nitrogen (e.g., nitrogen trioxide, dinitrogen tetroxide, and dinitrogen
pentoxide) to drops and their subsequent rapid reaction with water is
sufficient to explain the measured rate of in-cloud nitrate formation.

A further consequence of this modeling work is an explanation for the
low concentrations of nitrogen trioxide, with respect to theory, observed
in the troposphere. Heterogeneous loss of nitrogen trioxide is speculated
to be the missing loss reaction; until now it had never been quantified.
Heikes's work indicates that this process is more than adequate to explain
the nitrogen trioxide measurements.

Dale Durran, a visitor from the Massachusetts Institute of Technology
has used a numerical model to examine the impact of moisture on the
dynamics of mountain lee waves. The model, which was originally designed
to simulate convective storms, was modified for lee wave calculations and
tested to verify its accuracy. The effects of moisture on trapped and
propagating waves were considered separately. In both cases, the release
of latent heat was found to significantly influence the wave dynamics.
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When moisture was introduced into the lowest layer of a two-layer
tropospheric structure favorable to the development of trapped lee waves,
three different behaviors were encountered. If the atmosphere was con-
vectively unstable, any clouds which formed destroyed the lee waves. If
the effective moist stability in the wave environment was weak, but posi-
tive, the waves were distorted and untrapped as the upstream humidity
increased. If there was strong moist stability in the lowest layer,
changes in the upstream humidity changed the tuning properties of the
trapped waves. In the last instance, moisture could amplify or damp the
wave, depending on the wavenumber spectrum of the orographic forcing. The
presence of upper-level moisture could either damp or amplify trapped waves
depending on the details of the dry wave structure.

The investigation of propagating waves concentrated on atmospheric
structures in which there were no sharp gradients in the Scorer parameter
structure, so there was little downward partial reflection of wave energy.
The only moisture profiles considered were ones in which the relative humi-
dity was constant with height or a cloud was present at low levels. When
precipitation was not present, the introduction of moisture into the flow
damped the waves and reduced the momentum flux. This effect was stronger
in the finite-amplitude waves than in their linear counterparts. When pre-
cipitation occurred, the wave amplitudes and the wave drags were stronger
than those produced by nonprecipitating flows, but, except for the case
where liquid water rained out instantly after condensation, the precipi-
tating waves were still much weaker than the dry waves.

Postdoctoral Fellowships

The fellowship program seeks to provide opportunities for talented
Ph.D. scientists with less than four years of applicable experience to con-
tinue pursuing their recent research objectives and to take advantage of
NCAR's intellectual and physical resources to gain expertise in other areas
as well. The program also serves to enrich atmospheric science research
efforts by inviting a limited number of Ph.D. physicists, chemists, applied
mathematicians, engineers, biologists, social scientists, and specialists
from other appropriate fields to apply their training and experience to
problems in the atmospheric sciences.

The one-year fellowship appointments (including stipends and NCAR
benefits) may be extended for a second year. During the first year,
fellows are encouraged to pursue individual interests, including explo-
ration of new areas of research. For reappointment, however, interaction
with NCAR staff is stressed, as fellows are expected to participate in the
large-scale, coordinated research projects being conducted at NCAR in
climate studies, large-scale dynamics, mesoscale meteorology, oceanography,
geophysical fluid dynamics, severe storms, atmospheric chemistry,
atmospheric physics, solar physics, solar technology, or environmental and
societal impact assessments. Fellows have direct access to the NCAR
CRAY-1/Control Data 7600 computer system and to the main research library;
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use of other facilities--aircraft, radars, and laboratory and field
observing systems--is by mutual agreement with the appropriate project or
facility.

During the past year, ASP awarded 11 new fellowships and gave
second-year renewals to six other appointees. Some highlights of the
research of a few fellows is given below to exemplify the contributions
they typically make, both to the specific goals of NCAR and to atmospheric
research in general.

Kevin Hamilton (Princeton University) has conducted both observational
and theoretical studies of the general circulation of the stratosphere. He
examined the observed climatology of the Northern Hemisphere stratosphere
using National Meteorological Center (NMC) operational analyses at levels
between 100 mb and 0.4 mb. Significant results included the discovery of
important contributions to the total eddy heat and momentum transports
throughout the winter stratosphere from transient waves with zonal
wavenumbers greater than two. This may be an indication of the existence
of baroclinic instability within the stratospheric polar vortex and it
demonstrates the inadequacy of many simple models of the upper atmosphere
which include only wavenumbers one and two. Another interesting finding
was the strong correlation between the strength of the polar night jet in
the upper stratosphere and the convergence of the eddy Eliassen-Palm flux
at the jet core. This suggests the possibility that the jet strength may
be controlled mainly by radiative effects and by the dynamical effects of
eddies large enough to be resolved in the NMC analyses (i.e., wavenumbers
less than about ten). If this is true, the stresses induced by small-scale
gravity waves may play a less important part in the momentum balance of the
stratosphere than has been envisaged by some investigators who have worked
with simplified mechanistic models of the circulation.

The general circulation of the tropical stratosphere has been studied
within the framework of the simple theoretical model of the quasi-biennial
oscillation (QBO) originally proposed by Lindzen and Holton (LH). In their
model the mean zonal winds in the tropics are maintained by the momentum
transport due to vertically propagating equatorial waves. In Hamilton's
investigation the LH model was found to produce a very realistic simulation
of the vertical structure of the QBO throughout the stratosphere, and to be
relatively insensitive to the inclusion of a region of explicit
tropospheric thermal wave forcing.

Hamilton also conducted two studies devoted to aspects of the theory
of atmospheric tides. The first of these involved the analysis of hourly
rainfall data at over 700 stations to determine if the diurnal variation of
latent heat release must be considered as an excitation mechanism for solar
atmospheric tides. The results indicated that the latent heat forcing
ought to play a very important role in the theory of the semidiurnal tide,
but probably is of less significance for the diurnal tide. The second
study dealt with the possible effects of the heat and momentum transports
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associated with the diurnal tide on the zonally averaged circulation of the
Martian atmosphere. The calculations revealed very large tidally induced
accelerations of the mean zonal winds during global dust storms. It was
also possible to demonstrate that current three-dimensional time-dependent
numerical models of the Martian circulation seriously misrepresent the
tidal contributions to the zonally averaged circulation.

In collaboration with Soren Frandsen of the University of Aarhus,
Denmark (long-term visitor at HAO), Jorgen Christensen-Dalsgaard
(University of Cambridge, England) continued work on the effects of
radiative transfer on solar and stellar oscillations. Radiation controls
the local heat gain or loss of the oscillations in the atmosphere and
therefore affects the structure of the eigenmodes; in addition, all
observations of such oscillations derive from their effect on the radiated
spectrum, and so interpretation of the observation requires an
understanding of the interaction between the radiation and the oscillation.

In 1981 Frandsen and Christensen-Dalsgaard largely completed an
analysis of radial oscillations in the solar atmosphere, assuming gray
radiative transfer (i.e., frequency-independent absorption and scattering
coefficients). This showed that the Eddington approximation (corresponding
essentially to considering only the radiation in two directions) gives an
adequate description of the directional variation of the radiation field.
This is important, because the Eddington approximation has been used
extensively for studies of stellar stability.

They also developed a program to treat non-gray radiative transfer in
radial oscillations. This permits the inclusion of a fairly large number
of frequency points, and furthermore allows for the effects of spectral
lines. In addition, the perturbation of spectral lines due to the oscil-
lations was studied; this, of course, is needed for a proper simulation of
the observations.

Frandsen and Christensen-Dalsgaard have also considered the excitation
of oscillations similar to the solar five-minute oscillations in other
stars, using a highly simplified model of stochastic excitation of the
oscillations by turbulent convection, originally proposed by Goldreich and
Keeley. A sequence of main-sequence stellar models was computed, as well
as a number of models of envelopes of cool giant stars; for these models a
large number of modes of oscillation were then calculated. The results
show that on the main sequence the amplitudes should increase with
increasing stellar mass, due tothe increase in the convective flux, until
the point when convection ceases to be effective in transporting the flux
of energy. For very luminous cool supergiants, fairly large luminosity
amplitudes were found that agree in order of magnitude with luminosity
fluctuations observed for such stars. These results should be useful in
connection with the attempts now being made by several groups to observe
such oscillations in stars. Furthermore, if the hypothesis of stochastic
excitation is correct, we may eventually be able to get information from
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the observed amplitudes about the properties of stellar convection, and
thus perhaps improve our understanding of turbulent convection under
stellar conditions.

Christensen-Dalsgaard also continued work on the use of observed
frequencies for solar oscillations to probe the structure of the sun. He
and Douglas Gough (University of Cambridge, England) fitted theoretical
frequencies from a sequence of three models of the present sun to observed
frequencies in the five-minute range. Best agreement with the observations
was obtained with a model somewhat richer than commonly assumed in elements
heavier than hydrogen and helium; but there remained highly significant
differences between theory and observation, and they are now trying to
account for these. In addition, Christensen-Dalsgaard had considered the
interpretation of oscillation measurements made at the Institute for Plasma
Research, Stanford University, and helped to identify modes of higher
degree than previously found in these observations.

Summer Colloquium

Because of budgetary stringencies, ASP no longer routinely funds a
Summer Colloquium. However, we stand ready to assist any outside group in
organizing, funding, managing, and publishing the results of proposed
future colloquia. We are beginning the process of alerting the scientific
community to these intentions.

OTHER ASP STAFF RESEARCH

Stephen Schneider, who is deputy director of ASP and head of the
Visitors Program, has been working with ASP director John Firor and Michael
Glantz, the head of ESIG, to define appropriate research topics, methods,
collaborators, and staff for ongoing and future ESIG projects. He is also
pursuing his interests in climate modeling.

Schneider worked with L. Danny Harvey (University of Toronto), summer
visitor to ASP and the Atmospheric Analysis and Prediction Division (AAP),
to develop a hierarchy of simple low-order three-dimensional energy balance
climate models (i.e., multiple-box models). Preliminary results with early
versions of these models show that asynchronous coupling schemes applied to
air/ocean subcomponents almost always produce improper transient response
in the model as compared to a fully synchronous--but much more computer
time-intensive--simulation. It was found that fixing atmospheric
temperature during oceanic submodel integration produces the poorest
simulations, whereas fixing air/sea heat fluxes leads to smaller errors. A
number of additional methods for testing various asynchronous coupling
schemes will be tried in 1982. Identifying which schemes provide the best
transient response of coupled air/sea models to external forcing is a
problem of growing importance now that attention has increasingly been
focused on transient climatic response experiments to C02 increase schemes
(see, e.g., Thompson, S.L., and S.H. Schneider, 1981: Nature 290, 9-10).
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ENVIRONMENTAL AND SOCIETAL IMPACTS GROUP

The Environmental and Societal Impacts Group has been working on
multidisciplinary problems with the primary goal of improving the knowledge
base from which society can understand, anticipate, and respond to problems
related to atmospheric science. Some of the major activities carried out
by members of ESIG are presented in the following paragraphs.

Michael Glantz undertook a review of past climate-related impact
assessments at the request of Robert Kates, Principal Investigator for the
Scientific Committee on Problems of the Environment (SCOPE) Project on
improving the science of climate impact studies. In this project, SCOPE--a
committee of the International Council of Scientific Unions (ICSU)--called
for the "development of new concepts and methodologies, and the enlargement
of the pool of scientific talent engaged in impact study."

Glantz worked with Maria Krenz (ESIG writer/editor) and a private
consultant, Jennifer Robinson, to review five studies undertaken in the
1970s. The purpose of the review was to identify the successes and problem
areas of the studies in the hope of assisting those who undertake such
studies in the future. The studies reviewed were the following:

* Massachusetts Institute of Technology, A Framework for
Evaluating Long-Term Strategies for the Development of
the Sahel-Sudan Region

* U.S. National Defense University, Climate Change to the
Year 2000

* International Federation of Institutes for Advanced
Study, Drought and Man: The 1972 Case History

r U.S. Department of Transportation, Climatic Impact
Assessment Program

* U.S. National Academy of Sciences studies related to
the effects of chlorofluorocarbon releases on
atmospheric ozone.

A two-day workshop was convened by Glantz with funding from the Institute
for Energy Analysis (IEA) at Oak Ridge Associated Universities (Tennessee),
to bring together the principal investigators of the studies being
reviewed. The principal investigators of four of the five studies
attended, in addition to Alvin Weinberg, William Clark, Chester Cooper,
and Ralph Rotty of the IEA, and Robert Kates and William Riebsame
representing SCOPE.

The three dimensions of the review were to identify the origins of, or
reasons for, each study; to evaluate internal organizational factors; and
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to highlight each study's impact (i.e., how it was received). The
assessment suggested that there is much to learn from past experience and
that each of the studies could serve to highlight at least one important
aspect of conducting such assessments, from project conceptualization to
dissemination of research findings. Some of the conclusions are as
follows;

* At the outset of the research effort, study objectives, problem
conceptualization, and design approach must be made explicit and agreed to
by both the client and the group undertaking it. As the project develops,
the need might arise to modify the original research agenda including,
possibly, the methodological approach or the underlying assumptions.

* It is also important to identify and make explicit the underlying
assumptions on which a research project is to be developed. If some of
those assumptions prove not to be valid, they can be corrected early in the
research process. Flexibility of the research timetable as well as of the
research team to readjust its activities part way through the project is
essential.

* The objectives for undertaking an assessment must match the way the
assessment is conducted. Certain research objectives (e.g., to determine
the state of the art with respect to a climate-related problem) might
require a one-time study, while other objectives might call for an ongoing
assessment (e.g., the range of uncertainties surrounding our knowledge is
so great that periodic assessments could serve to monitor the state of
knowledge as it changes over time). While either approach is valid, both
types should be considered and matched to the study's objectives.

* The strengths and weaknesses of the chosen methodological approaches
need to be explicitly identified. Once a study's methodological
underpinnings have been questioned, the credibility of its conclusions, no
matter how valid they might be, will be subject to challenge.

* Executive summaries are often more important to policymakers and the
public than the reports they summarize. They are often designed for the
busy decisionmakers who have little time (and little expertise) to delve
into the lengthier technical report. These summaries must accurately
reflect the tone and the content of the longer reports as well as the
degree of uncertainty that surrounds their conclusions.

Our study, which complemented similar reviews for other research
areas, also suggested that it would be valuable for project managers and
funding agencies of future climate-related impact assessments if
retrospective reviews of each project were to be required in a formal
climate-related impact study process.

In 1981 work continued on the Denver Air Quality Management Study with
the completion of the model development phase. The goal of this multiyear,
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interdisciplinary team study is (1) to develop a set of models which
project, for the next 20 years, the quality of the air of the metropolitan
area of Denver and which show the effects on air quality of a number of
possible management policies; (2) to integrate these quantitative
predictions with quantitative information about social values, gathered by
behavioral scientists, to analyze the trade-offs involved in the choice of
management options; and (3) to analyze the usefulness of this framework to
improve the use of scientific information in social policy formation.

Robin Dennis has coordinated the overall project and has initiated and
continued major technical analyses for use in the scenario model or as
assessments in themselves. He also worked with Thomas Stewart on the
integration of the technical and value components of the model. Dennis and
Mary Downton, with the assistance of Paulette Middleton and the help of
Colleen Keeling, completed the development of the scenario model. This
model produces outputs that relate to the important air quality issues of
health, haze, cost, and lifestyle.

Dennis, and David Ross of the Colorado Department of Health (with
Keeling) completed a study of the impact on Denver's air quality that would
result from the various proposals for auto emissions standards being
introduced in Congress during the reauthorization of the Clean Air Act.
The conclusions of the study are quite important for high-altitude areas.
In addition to being used in our scenario model, the data obtained have
been incorporated in a detailed report prepared for use by the Colorado
Department of Health, at their request. The report has also been made
available to the congressional delegations from high-altitude areas.

During 1981 Middleton and Rachel Laird (University of Texas at Austin)
completed an ozone scenario model for use in air quality management
analysis. This work comprised Laird's doctoral dissertation. Stewart and
Daniel Ely have completed the study of the assessment of values related to
air quality policy that are being used in the integration of the physical
and economic information with the social values. In addition to the Denver
Study work, their findings have national implications for other social
value assessments, such as "willingness-to-pay," and for the use of survey
data.

Intensive work led by Middleton and Stewart, with the assistance of
Ely, has continued on visual air quality, with the goal of developing an
index of visual air quality based on the judgments of human observers.
Such an index is important for evaluating the consequences of alternative
air quality management policies. Work on urban visual air quality during
1981 included 1) conducting a fourth field study in January 1981 using
improved procedures for human observers, 2) analyzing data collected during
the previous field studies, 3) doing a preliminary comparison of human
perception and three-dimensional urban visibility model calculations, and
4) securing a grant from the Environmental Protection Agency (EPA) to
conduct a series of visual air quality observations by humans in
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conjunction with EPA's extensive measurements of Denver's aerosol and
aerosol properties in January 1982. The results of the earlier field
studies have clarified the role of physical characteristics of the
atmosphere in judgments of visual air quality. The 1982 data base will
provide information needed to complete the index development. As part of
the visual air quality study, Middleton supervised NCAR summer minority
student Kevin McGee (presently a graduate student at Georgia Institute of
Technology). His research resulted in a report on visibility scenario
modeling.

Other aspects of the Denver Air Quality Management Study are also
continuing. Barbara Coe (student at the Graduate School of Public Affairs,
University of Colorado) is documenting the development of the Denver
element of the State Implementation Plan with an emphasis on the public
participation aspects, wherein values interact with facts. Dennis and
Stewart are documenting the use of technical modeling in the air quality
planning process as well as the conclusions to be derived from the
integration of the scenario model outputs with the social values. Dennis,
together with Robbi Press (graduate student, Pennsylvania State
University), initiated a project in 1981 to study the usefulness of the set
of model performance measures recommended by an AMS/EPA workshop. The
focus is on the use of the measures to evaluate urban air quality models
with the ultimate goal of setting performance standards. The CRAY-1
computer is an essential tool for this investigation that compares two
versions of the Systems Applications, Inc. Airshed model, one of which is
used by the EPA.

William Kellogg has continued his research on various aspects of the
influence of human activities on climate, and the impacts of climate change
on society. In the first area he has extended his studies on the impact of
industrial or urban aerosols on regional climate, concluding that they
cause a general warming (rather than a cooling) when they exist over land;
and he has concluded a study of five feedback mechanisms in the climate
system that can influence the rate of increase of carbon dioxide as the
earth grows warmer (suggesting that carbon dioxide increase will be
accelerated as the climate change takes place). In the climate impacts
area he has continued to gather information on possible changes of regional
rainfall patterns as the earth grows warmer. In this connection he has
worked with Jill Jager (a visitor, formerly at the International Institute
for Applied Systems Analysis, Austria, currently living in Karlsruhe,
Federal Republic of Germany), who has enlarged her earlier study of
seasonal and regional anomalies of temperatures and rainfall during years
when the Arctic was unusually warm; and he continues as co-principal
investigator with Warren Washington (AAP) of the project sponsored by the
Department of Energy (DOE) to study the climatic impact of increasing
carbon dioxide, using the NCAR Community Climate Model (see AAP report).
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In addition to his research, Kellogg has been involved in a number of
national and international activities. He served as rapporteur for the
Atmospheric Working Group of the DOE-sponsored meeting on early detection
of C02-induced climate change (June), was convenor of the International
Association of Meteorology and Atmospheric Physics (IAMAP) Symposium on
Anthropogenic Influences on Urban and Regional Climate held in Hamburg in
August, and worked for two weeks for the World Climate Programme Office of
the World Meteorological Organization in Geneva in September. In his
capacity as co-chairman of the Climate Panel, he completed the editing and
rewriting of the National Academy of Sciences Polar Research Board's report
on "The Polar Regions and Climate Change," which will be published in 1982.

During his first year with ESIG, Richard Warrick completed and
published (with William Riebsame, Clark University) a comprehensive
assessment of research opportunities related to the societal effects of
C02-induced climate change. He also continued his research on drought in
the U.S. Great Plains, in which three related research topics are being
investigated: trends in the sensitivity of wheat yields to climatic
fluctuations (with Stewart); the potential impacts on wheat production from
a recurrence of a major, decade-long drought, such as that which occurred
in the 1930s; and the possible global impacts (on grain reserves, prices,
consumption rates, and human health) of a major Great Plains drought (with
Diana Liverman, an NCAR graduate research assistant from the University of
California at Los Angeles). Existing climate-yield models and global food
trade models are being used to explore these policy-relevant research
topics.

A plan to develop a climate applications program was initiated by
Derek Winstanley, a climatologist formerly with Environment Canada, who was
an ASP/ESIG visitor during 1981. The objective of the program is to more
effectively apply climatological information toward increasing the security
of world food supplies, particularly in developing countries. As part of
this effort he visited two major agricultural research centers in Mexico
and Colombia to determine how agricultural research institutions in these
countries presently use climate data and knowledge in their research
efforts to increase food production.

In late 1980 and early 1981, Robert Schware, in his second year as a
postdoctoral fellow working with ESIG, conducted several months of field
work in Eastern India under agreement with NCAR, the United Nations
Research Institute for Social Development (UNRISD, Geneva), and the Indian
Center for Regional, Ecological, and Science Studies in Development
Alternatives (CRESSIDA). He investigated the level of accuracy and
usefulness of meteorological forecasts in addition to some socioeconomic
constraints on the transmission of basic data and on the communication of
flood warning messages. His work provides a good example of an official
warning system that has not adequately adapted its message to the local
cultural and social setting. A follow-up study will be undertaken during
the summer monsoon season of 1982.
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Andrew Scott, University of North Carolina at
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Starley Thompson, University of Washington, December
1980 - September 1982, Student Visitor.
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CONVECTIVE STORMS DIVISION

The Convective Storms Division (CSD) has the overall objective of
improving the understanding of convective clouds and storms, especially
in relation to the formation of precipitation. The specific goals of our
research include evaluating the possibilities of useful modification of
storms, along with improving short-range forecasts and understanding
better the role of wet convection in atmospheric chemistry and electric-
ity, and in atmospheric circulations at a range of scales; the interac-
tion with mesoscale circulations is of special interest.

CSD is primarily field-oriented, modeling and laboratory work being
a smaller-sized effort. We consistently attempt to acquire observations
of storms comprehensive enough to permit a description of the storms'
major aspects--dynamics and microphysics--both of which are centrally
involved in the formation of precipitation. Most recently, a planning
effort involving broad community participation and extending over two and
one-half years culminated in the Cooperative Convective Precipitation
Experiment (CCOPE), which was carried out last summer in Montana, as
described in a later section of this report. During 1981 most of the
energies of the division were devoted to detailed planning and
preparations for CCOPE, including a final planning workshop in January,
1981; to writing the operations plan; and to conducting the experiment
itself. After the field season, we began not only to process the data,
but also to coordinate the analysis, for which purpose a workshop was
held in October.

In addition, Volume 1 of Hailstorms of the Central High Plains was
finished and is being printed. Volume 2, which discusses three detailed
case studies from the National Hail Research Experiment (NHRE), is being
reviewed and edited.

TURBULENCE IN CONVECTIVE CLOUDS

Ilga Paluch has been studying turbulence data from aircraft
penetrations of convective clouds during the 1976 and 1978 field seasons,
relating turbulence levels to the storm updraft structure and buoyant
energy. The turbulence measurements were made with a Meteorology
Research, Inc. (MRI), turbulence meter, sensitive to wavelengths of 2-50
m.

Typically, in-cloud turbulence levels are found to increase with
height up to about 50 to 100 mb above the cloud base. In the middle
cloud levels large horizontal variations occur, but no systematic
increase in turbulence with altitude is observed. Within a given storm
the lowest levels of turbulence are generally found in the regions of
strongest updraft, often with nearly adiabatic liquid water contents and
temperatures. The highest levels of turbulence are typically located
near updraft edges or just inside cloud liquid water boundaries, and
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occasionally in what appear to be disintegrating updrafts. The varia-
bility of turbulence strength in these regions suggests that the turbu-
lence is intermittent and that it may persist for some time after its
source of energy has been destroyed.

The aircraft data show large day-to-day variations in the observed
levels of turbulence. In five storms penetrated at 50 to 200 mb above
cloud base the peak turbulent-eddy-dissipation rates were remarkably well
correlated with the storm "buoyant energy" obtained from representative
soundings. The "buoyant energy" was computed using the adiabatic cloud
virtual temperature and the minimum cloud virtual temperature that can
result from mixing. The latter is usually colder than the environment
and is expected to contribute to the storm's buoyant instability that may
generate turbulence. The buoyant energy of the storms investigated
ranged from 6 X 105 to 1.7 X 107 erg/g, and the corresponding peak
turbulent eddy dissipation rates ranged from about 40 to 700 cm2/s 3. If
the relationship between turbulence and buoyant energy is supported by
data from other storms, it could provide a simple means of predicting
maximum turbulence levels in clouds from clear-air soundings. Paluch
plans to continue this work using recent data from CCOPE.

DUAL-WAVELENGTH HAIL DETECTION

More than 20 years ago scientists suggested that hail growing within
storms could be located and measured to some extent through the use of
two radars of different wavelengths looking at the same point in the
storm. During the intervening two decades much work has been done
attempting to utilize this potential. The results of these studies have
often sparked controversy because they have been conflicting and ambig-
uous; some of them were directly opposed to theoretical predictions,
further clouding the value of using such dual-wavelength systems.

In attempting to resolve some of the issues involved, Ronald
Rinehart and John Tuttle began a thorough study of the dual-wavelength
results obtainable using the NCAR CP-2 dual-wavelength system. This
system was installed at Grover, Colorado, during 1971 and used during the
following years as part of NHRE. The CP-2 radar consisted of an S-band
(10-cm-wavelength) radar and an X-band (3-cm-wavelength) radar operated
as a unit, with the X-band antenna electronically slaved to point in the
same direction as the S-band antenna. Data from this radar system were
digitally recorded and formed the basis for a number of dual-wavelength
hail-detection studies as well as a much larger number on basic storm
structure and morphology using the S-band reflectivity alone.

The theory behind the use of dual-wavelength radar systems stems
from the fact that the backscattering cross section of hail depends upon
the size of the hail relative to the wavelength of the incident electro-
magnetic radiation. For a dual-wavelength system composed of an S- and
and an X-band radar, theory predicts that the return to the radar
(equivalent radar reflectivity) should be the same for both radar wave-
lengths when a cloud or rain is being illuminated but that the reflectiv-
ity at S-band should generally exceed that from X-band in the presence of
hail. The ratio of S-band reflectivity to X-band reflectivity, called
the hail signal or dual-wavelength ratio (DWR), is usually expressed on a
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decibel scale and can range from -4 dB up to +45 dB. In most realistic
situations where the hail has some reasonable size distribution and water
coatings, hail signals should generally be positive; negative hail
signals should be quite rare.

Rinehart and Tuttle began their studies by determining and eliminat-
ing from the data as many sources of error as possible. Earlier workers
had generally attempted to account only for the effects of differences in
system calibration and, in some cases, for the attenuation of the
shorter-wavelength signal relative to that of the longer wavelength.
This latter correction has been the traditional nemesis of dual-
wavelength studies. In addition to these, Rinehart and Tuttle considered
discrepancies in the range to the target, differences due to the
different signal decorrelation times to independence at the two
wavelengths, and pointing or aiming errors between the two antennas.
These latter were found to depend upon both the direction in which the
antennas were rotating and their speeds. Corrections for each of these
were applied to the data as needed for each day.

Rinehart and Tuttle discovered that the largest source of error in
their dual-wavelength results (and those of earlier investigators) was
not any of the aforementioned problems but rather was the fact that the
antenna beam patterns of the two radars being used were not particularly
well matched. In almost all earlier studies using dual-wavelength
radars, investigators were careful to point out that the antennas used
must be "well matched" and point at the same volume in space. Having
said that, however, these investigators assumed that they had met the
requirements of this assumption because the systems they were using had
beams that were both nominally 1°.

Once they had hypothesized that mismatched antenna beam patterns
could be contributing erroneous information to the dual-wavelength ratio,
Rinehart and Tuttle set about to confirm this by simulating the sampling
of a storm using the beam patterns of the two radar antennas. They had
to first determine the antenna pattern for the X-band radar since this
information was not available. They did this by developing a technique
to use a ground target which was scanned by the radar. They verified the
utility of this technique by also determining the beam pattern of the
S-band antenna and comparing the results obtained from the ground target
with the specifications provided by the manufacturer. Then, given the
beam patterns of the two radars, they simulated the sampling of a hail-
storm which had been studied by others using the uncorrected dual-
wavelength data. In the original stdy, numerous regions of large
negative hail signals had been found and interpreted as being caused by
meteorological conditions (i.e., the presence of graupel). Rinehart and
Tuttle showed that mismatched antenna beam patterns could produce dual-
wavelength ratios of similar magnitudes and sign in the same locations
within the storm. Their conclusion was that mismatched antenna beam
patterns were erroneously producing virtually all of the negative hail
signals found.

Rinehart and Tuttle further examined the question of how well
matched the antenna beam patterns of a dual-wavelength system must be in
order to provide useful results. With the system available, the ratio of
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the main-lobe beam widths of the two antennas was about 1.3. In what
might be a possible "worst case," this produced erroneous DWRs of up to
-6 dB. They showed that the main-lobe beam widths must be matched to
within 14% to produce erroneous DWRs no larger than 3 dB and to within 4%
to produce erroneous DWRs no larger than 1 dB. They also found that
erroneous DWRs could result from either mismatched main lobes (tile sub-
ject of the above study) or from mismatched side lobes. While it may be
reasonable to expect matched main lobes for a dual-wavelength system, it
would be much more difficult to have matched side lobes. Further, the
sign of the DWR so produced depends upon which wavelength beam pattern is
better. For the CP-2 radar system, the X-band pattern had a wider main
lobe and poorer side lobes, producing erroneous DWRs which were primarily
negative; if the S-band had the poorer pattern, the erroneous ratios
would generally be positive.

If the beam patterns are well known, it is possible to correct the
dual-wavelength data to eliminate most of the erroneous DWRs. Although
this is a relatively computer-intensive operation which may be fairly
expensive to perform, it may be the only way to use the data from exist-
ing dual-wavelength radar systems. An alternative might be to have the
antennas for a dual-wavelength system designed so that both the main and
side lobes are well matched. This approach has never been employed.

The results of these studies cast serious doubt on a number of
earlier studies purporting to use dual-wavelength data to detect hail.
There are two radars in the United States which are primarily dual-wave-
length radars, the CP-2 system of NCAR and the University of Chicago/
Illinois State Water Survey (CHILL) radar. The S-band antennas for these
were built at the same time to the same specifications and should be very
nearly identical. Similarly, their X-band antennas were both based on
military surplus M33 tracking antennas, and should likewise have similar
patterns. Thus, problems with the NCAR system suggest the possibility of
similar problems with the CHILL system.

A number of earlier studies attempted to interpret negative hail
signals or negative range derivatives of hail signals. It now seems
likely that most if not all of these negative hail signals were created
by the mismatched antenna-beam patterns and not by the meteorological
conditions present. Even some of the studies using only positive hail
signals are of doubtful value because they used "dips" in the hail signal
field to determine the attenuation field, which was then used to correct
the DWR to give hail signals; some of these dips were undoubtedly pro-
duced by erroneous negative DWRs produced by the mismatched antenna beam
patterns. Thus, earlier dual-wavelength studies must now be reexamined
in light of new knowledge about the effects of mismatched beam patterns
on dual-wavelength hail detection.

On the positive side, Rinehart and Tuttle are optimistic that, hav-
ing found this major source of error, they can now correct their analyses
and produce more meaningful results. They are also encouraged by the
fact that the NCAR dual-wavelength radar has had a new X-band antenna
added to it which has a main lobe matched to within about 1% with that of
the S-band antenna. The extent to which this reduces erroneous and mis-
leading dual-wavelength ratios is currently under investigation.
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INSTRUMENT WORK

Several new devices for making automatic, continuous measurements of
cloud microphysical properties from aircraft have been introduced during
the past several years (notably those of Particle Measuring Systems
[PMS]). Unfortunately, there is considerable disagreement among them--
even between two models of the same probe mounted on different aircraft.
A major objective of CCOPE was to obtain simultaneous microphysical mea-
surements at different altitudes in the same cloud using three or four
aircraft. If these measurements are to be meaningful, there must be some
agreement, or at least a relative calibration, of the various instruments
on the different aircraft.

In view of this, efforts were made before, during, and after the
CCOPE field season to obtain calibrations, comparisons, and evaluations
of the Johnson-Williams (J-W) hot-wire liquid water content meter; the
PMS forward-scattering spectrometer probes (FSSP), which measure droplet
distribution; and the PMS one- and two-dimensional probes, which measure
precipitation particle concentration and size. CSD's efforts have been
in collaboration with individuals from several organizations, particu-
larly the Atmospheric Environment Service of Canada, Toronto; the Univer-
sity of Wyoming; the Canadian National Aeronautical Establishment,
Ottawa; the NCAR Research Aviation Facility (RAF); the South Dakota
School of Mines and Technology; and the University of Washington.

Efforts have included:

1) Calibration and testing for proper functioning of over 15 J-Ws
including all instruments used on CCOPE aircraft;

2) Development of a ground test unit that allows blowing a liquid
cloud with controlled water content past the J-Ws and FSSPs at
about 50 m/s;

3) Ground checks of the J-Ws, FSSPs, and one- and two-dimensional
probes using the spray device, glass beads, and other
calibration techniques;

4) Flight comparisons of the instruments used on penetratiny
aircraft in CCOPE, within clouds and precipitation;

5) Development of test devices and calibration procedures for
evaluating the performance of the FSSP.

The results of these efforts, particularly the studies with the J-W
and FSSP, are leading to suggestions for improved design of, data
processing from, and calibration techniques for these instruments.

MICROPHYSICAL CHARACTERISTICS OF OKLAHOMA THUNDERSTORMS

In situ observations of the hydrometeor characteristics, the thermo-
dynamic structures, and the magnitudes of the vertical velocities within
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Oklahoma thunderstorms have been largely unavailable in the past.
In order to provide data on the internal composition of Oklahoma convec-
tive clouds, measurements were made with the South Dakota School of Mines
and Technology T-28 penetrating research aircraft during the Severe
Environmental Storms and Mesoscale Experiment (SESAME) in 1979. These
measurements encompassed a broad range of convective cloud situations and
provided a large data base for interpreting the predominant hydrometeor
growth and dynamic processes operative within these storms.

CSD personnel operated the microphysical instruments in the field
(with the exception of a "hail spectrometer" and a foil impactor), and
Andrew Heymsfield and Mark Hjelmfelt (postdoctoral fellow, Advanced Study
Program) have been involved in analyzing this unique data set. The
investigations to date have centered on defining the internal composition
and dynamical structures of Oklahoma thunderstorms. These studies are
part of a collaborative effort between these scientists and others at
South Dakota, the National Severe Storms Laboratory, the National
Aeronautics and Space Administration's (NASA) Goddard Laboratory for
Atmospheric Science, the Illinois State Water Survey, and the Field
Observing Facility (FOF) at NCAR.

A total of six flights by the T-28 aircraft provided a large and
comprehensive data set. The storms sampled exhibited a wide range of
intensities and were various types, ranging from intense squall lines to
weak embedded convective cells. The sampling altitudes and temperatures
extended up to 8.0 km and -24°C. Peak updrafts exceeded 40 m/s in the
most intense cases but were less than 20 m/s for the weak cases.

Wide ranges of hydrometeor sizes and types were observed within the
storms. High-density particles (hail) with diameter (D) > 1 cm were
observed in many cases, and maximum particle sizes exceeded 1.5 cm sev-
eral times. Liquid drops at subfreezing temperatures were observed on
several flights.

The hydrometeor spectrometers on board the T-28 provided detailed
information on the hydrometeor types, concentrations, and liquid water
contents. The primary instrument for measuring hydrometeor spectra on
the T-28 was a two-dimensional probe, which determined the concentrations
of particles with D > 0.025 cm and habits of particles with D> 0.01 cm.
The T-28 was also equipped with a foil impactor for determining sizes of
all particles with DŽ 0.1 cm, a hail spectrometeor for sizes between 0.5
and 10 cm, and a particle camera for determining particle sizes and
habits over the range of approximately 0.01 to above 0.1 cm. Cloud drop-
lets (3 mn < D < 45 prn) were measured by a FSSP.

Several very general features of hydrometeor growth in Oklahoma
thunderstorms were inferred from the measurements. Growth of drops
through coalescence appears to be very important and rapid within the
weaker-updraft regions. In some of the stronger-updraft cases, the
coexistence of frozen drops and graupel particles near the 0°C isotherm
suggests that melting graupel particles are a source of drops in some
cases. Needlelike crystals, indicative of an ice multiplication process,
are found almost exclusively in regions of low liquid water content. Ice
multiplication evidently produces copious amounts of these needlelike
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crystals in the weaker-updraft regions, but almost none in the regions of
stronger updraft and higher liquid water content. Ice crystal aggregates
larger than 1 cm were found in some cases. The updraft region in all
cases appeared to be very efficient in converting cloud water to precipi-
tation, either liquid or ice.

Hydrometeor growth within Oklahoma thunderstorms appears to be a
mixture of the processes in High Plains and those in Florida thunder-
storms. As in High Plains thunderstorms, the ice process appears to be
important in the conversion of cloud water to precipitation. However,
the formation of drops through coalescence and the subsequent riming of
ice particles by large drops appears to be similar to what is found
within Florida thunderstorms.

The measurements provide considerable insight into the thermo-
dynamics and dynamics of Oklahoma thunderstorms. The updraft regions at
the aircraft level are mixed with environmental air in all cases. The
source of air in the more intense updrafts is near the surface, while the
air in the weaker updrafts comes from above the surface. In the squall-
line cases, strong mixing occurs at the interface between the updraft and
the air penetrating the storm from the environment. This mixing appar-
ently is induced by the strong relative flow between the two sources of
air. Evaporative cooling and precipitation loading are apparently very
important in inducing and propagating the downdraft regions.

Ongoing studies include triple-Doppler wind field analyses for two
of the more intense squall-line cases, in the hope of understanding more
fully the relationship between the microphysical processes and the storm
circulations.

CIRCULATIONS IN OKLAHOMA THUNDERSTORMS

Regions of severe turbulence and wind shear in thunderstorms not
only are important in terms of aircraft safety but also may be signifi-
cant factors in storm dynamics and microphysics. Doppler radar may
observe these regions as anomalous regions of poor Doppler velocity esti-
mate in areas of high reflectivity in severe storms. The nature of one
such region was described based on in situ measurements obtained during
aircraft penetration of a severe squall line in Oklahoma. This study is
part of a joint effort carried out by Heymsfield, Hjelmfelt, and Robert
Serafin (Atmospheric Technology Division).

On 2 May 1979, during SESAME, the South Dakota School of Mines and
Technology T-28 aircraft penetrated a severe squall line. During the
penetration the aircraft passed through a region where the velocity
variance was so high that good Doppler velocity estimates were not
obtained from the NCAR CP-4 radar at Hinton, Oklahoma. Reflectivities in
this region exceeded 50 dBZ.

Analysis of aircraft and radar data revealed that the primary cause
of the poor velocity estimates was horizontal wind shear on the scale of
the radar pulse volume, rather than small-scale turbulence. Turbulence
estimates based on spectral analysis of the aircraft true airspeed
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measurements, though extremely large, were one to two orders of magnitude
too small to cause the observed degradation of velocity estimates in this
region. Both radar and aircraft measurements suggest that wind shear on
the scale of the radar pulse volume was great enough to have caused the
poor velocity estimates, especially since the effects of turbulence are
added to the wind shear effects.

The aircraft data further revealed that peaks in turbulence inten-
sity coincide with the edges of updrafts and that the region of poor
velocity estimates occurred at the edge of a very intense updraft. The
measurements suggest that in this region there may have been a mixing of
air with distinctly different kinematic and thermodynamic properties.
This has important implications for storm dynamics through buoyancy
effects, and for storm microphysics as a means of injecting
precipitation-sized particles (potential hail embryos) into very strong
updrafts.

HAILSTONE STUDIES

Some model predictions for hailstone trajectories can be checked by
investigating the structures of hailstones collected at known times.
Nancy Knight, working with Marianne English (Alberta hail project), has
done this for two storms in Alberta. The results appear to confirm
models proposed by English and by Keith Browning (British Meteorological
Office) and G. Brant Foote. Knight has also worked with Steven Nelson of
the National Severe Storms Laboratory, attempting to derive simple hail-
stone growth trajectories from the sizes and structures of hailstones and
a model based upon Doppler-derived wind fields of a storm in Oklahoma.
In addition to these studies, Knight investigated the nature of dominant
hailstone embryo type in a variety of geographical areas, and found that
large differences were related to differences in the average cloud base
temperature. These results suggest that hailstone embryo type may be
important in relation to possible hail suppression technologies. The
Alberta investigators, working with Knight, have found evidence that
frozen drop hailstone embryos originate in Alberta storms by recircula-
tion of melted graupel from feeder clouds in the vicinity of the melting
level.

MODELING

Recent developments of time-dependent three-dimensional cloud models
have increased the need for efficient descriptions of the microphysical
processes which control the formation of precipitation. The physical
equations describing various aspects of particle growth and spectrum
interaction characteristics have been established. But the numerical
procedures used to treat these equations have often been very cumbersome,
because they require a large number of field variables to describe the
various types of hydrometeor spectra and because they use a large amount
of control processing time. Because of these limitations, direct appli-
cation of these detailed approaches into three-dimensional cloud models
has proven intractable. For these reasons most of the microphysical de-
scriptions used in three-dimensional cloud models have historically been
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empirical parameterizations based either on scale analysis of the govern-
ing equations or on curve fits of the detailed solutions in more simpli-
fied frameworks.

In 1974 Terry Clark introduced a fundamentally new concept in param-
eterizing the microphysical processes in models. Instead of using an
empirical approach to the solution of the detailed equations he approxi-
mated the hydrometeor spectra by a short series of nonorthogonal basis
functions, and derived a closed set of equations that simultaneously
treat condensation and stochastic coalescence of water droplets. This
approach reduced the required number of field variables by a factor of
ten, and allowed both consistent treatment of several physical processes
simultaneously affecting the hydrometeor spectra and modification of any
assumed microphysical characteristics. It also permitted of other physi-
cal processes to be added in a straightforward manner, and significantly
reduced the computer processing time required compared with the detailed
model. Yet, even though Clark demonstrated that this approach was fea-
sible there were some mathematical problems in his original treatment
that led to singularities in the solution, thus making the original form
unsuitable for application in a three-dimensional cloud model.

During the past year the cloud modeling group within CSD was able to
overcome most of the shortcomings of the original treatment of condensa-
tion and stochastic coalescence. The breakthrough came when statistical
minimization techniques were employed, instead of the previous method of
moments, to close the system of equations governing the behavior of the
hydrometeor spectra over time. This greatly reduced many of the
complexities of the parameterization and significantly improved the
accuracy of the solution as determined by comparison with the detailed
models. Thus far the present physical parameterizations of condensation
and coalescence have been studied and have given very good comparisons
with the detailed model in a Lagrangian parcel framework. During the
coming year the parameterization will be extended into Eulerian space and
compared with the brute force detailed models in one- and two-dimensional
frameworks before eventual incorporation into the three-dimensional
model.

The methodology developed in this project has proven to be an
extremely flexible one which will also allow us to develop a similar
treatment for the ice phase processes. We hope that this approach will
provide a new tool to aid other researchers in areas like cloud electri-
fication, cloud chemistry, and aerosol physics.

COMPARISON OF A TROPICAL AND A MIDLATITUDE SQUALL LINE

Both in the tropics and in middle latitudes, recent field programs
have resulted in improved data sets which can be used to analyze meso-
scale systems such as squall lines. It is natural to ask, What are the
essential similarities and differences between squall lines in these two
environments?

Edward Zipser, who is familiar with data from the Global Atmospheric
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Research Program's Atlantic Tropical Experiment (GATE), working together
with Thomas Matejka (University of Chicago), who is familiar with the
data collected during the Northern Illinois Meteorological Research on
Downbursts experiment, chose one example of a squall line from each
experiment to compare. Cross sections of radar reflectivity and the wind
component normal to the squall line were constructed for each and
compared on the same scale.

The radar and normal wind component cross sections showed more simi-
larities than differences. The active convective cloud echoes near the
leading edge merge into extensive stratiform precipitation echoes,
including well-marked bright bands in each case. In each case, a strong
shear in the normal wind component in the midtroposphere advects
saturated air laden with hydrometeors (old anvils) from the convective to
the stratiform precipitation area. This precipitation then falls into dry
and potentially cool air of the mesoscale downdraft region moving with
the squall line or with a slight component from the rear. This configu-
ration--a sloping updraft over a sloping mesoscale downdraft, with the
melting level in or near the shear zone--appears to be a preferred and
efficient arrangement tending to maintain the mesoscale circulations in
the stratiform precipitation area.

Although most tropical squall lines which have been analyzed reveal
similar structure, all midlatitude squall lines do not. In particular,
many midlatitude events include supercell thunderstorms which tend to
dominate the mesoscale line structure, and many of those squall lines
fail to develop stratiform precipitation areas. These seem to be more
characteristic of systems in the High Plains. Analysis of storms from
CCOPE, held in Montana during 1981, should help to shed light on the
reasons for these differences.

THE ENVIRONMENT OF TROPICAL CONVECTION

One of the primary goals of GATE was to study the interactions
between large-scale fields and cumulus convection. A specific question
was, To what extent could precipitation, basically of convective origin,
be related to events on a larger scale? Several GATE synoptic-scale
studies have emphasized easterly waves, which moved across the GATE ship
array and appeared to control convective activity. Others have empha-
sized the role of the convergence associated with the equatorial con-
fluence zone. Yi-Leng Chen and Yoshi Ogura (University of Illinois)
demonstrated that what actually controlled the location and intensity of
convective outbreaks in GATE was low-level convergence asociated with the
large-scale circulation resulting from a combination of these two fac-
tors. The easterly waves moved westward from the African continent and
interacted with the equatorial confluence zone. Chen and Ogura's study
isolated these two large-scale effects and showed how they worked
together to produce the convective patterns in GATE.

Chen and Ogura also extended the work on mean synoptic patterns and
easterly waves from Phase III to all three phases of GATE. They showed
clearly that the Phase III results are not entirely representative of the
whole GATE period. The differences in large-scale circulation explained
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the differences in precipitation characteristics among the three phases,
and thus clarified the relative roles of waves and the confluence zone.
In contrast to Phase III, the low-level trade-wind flow was independent
of the easterly waves in the midtroposphere in Phase I. As a result, the
position of the surface confluence line did not vary with the passage of
easterly waves in Phase I, whereas it moved significantly in the north-
south direction with the passage of an easterly wave in Phase III.
Generally, rain occurred in the equatorial confluence zone, even when the
position of the surface confluence line moved northward with the passage
of the easterly waves. Precipitation in the equatorial confluence zone
was enhanced ahead of and near the wave troughs.

Some cloud clusters formed several degrees south of the equatorial
confluence zone in the cross-equatorial flow regions most frequently
during Phase III. Low-level convergence was also found in the
cross-equatorial flow region before convection began. In those cases,
the intertropical convergence zone exhibited double-cloud-band
structure. One possible mechanism responsible for the formation of cloud
clusters several degrees south of the surface confluence line is inertial
instability, or symmetric instability. The other possibility is that the
cross-equatorial flow is responding to the rapid change of the Coriolis
parameter as the flow crosses the equator, as discussed by Mahrt, L.J.,
A numerical study of the influence of advective accelerations in an
idealized, low-latitude planetary boundary layer, J. Atmos. Sci. 29,
1477-1484, 1972.

EVALUATION AND INTERCOMPARISON OF GUST-PROBE AIRCRAFT IN GATE

Analysis of data from coordinated aircraft missions requires a
knowledge of the differences in the respective data systems and data
reduction techniques. It also requires some feel for the atmospheric
variability which would cause scatter in measurements by even perfect
sensors. GATE was the first experiment which brought together three
gust-probe aircraft developed by three separate groups: the
Meteorological Research Flight Center of the United Kingdom, the
Meteorological Research Flight Facility of the National Oceanic and
Atmospheric Administration (NOAA), and RAF. An intercomparison of these
gust-probe data was completed by Margaret LeMone and William Pennell
(Battel le Northwest).

LeMone and Pennell focused on the quantities most likely to be used
by investigators: the eddy-correlation heat, moisture, and momentum
fluxes, and the variances of wind and thermodynamic variables. By
cross-checking between formal intercomparison runs and noting any unusual
behavior of individual aircraft in actual case studies, they isolated
instrument or data-reduction problems for each of the aircraft, along
with strategies to deal with the problems.

The most general problem which surfaced was salt contamination of
the temperature sensors, which resulted in spuriously high heat (and
thereby buoyancy) fluxes near cloud base, where humidities of close to
100% caused condensation and release of latent heat. As would be
expected for turbulence measurements, inteeraircraft biases could not be
simply reduced to a constant or percentage difference. Rather, the dif-
ferences between aircraft could be determined from examining spectra or
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cospectra--spurious spikes at a given frequency, or relatively high vari-
ance at low frequencies resulting from a simplified method of data reduc-
tion. Fortunately, except for momentum fluxes, with which one of the
aircraft had problems, interaircraft differences were small compared to
differences resulting from atmospheric variability.

ICE-FORMING NUCLEI

Members of the Empirical Studies Group (Jan Rosinski, Griffith
Morgan, Alice Lecinski) recently published (Rosinski et al., A study of
the population of ice-forming nuclei in New Mexico, U.S.A., and its
possible dependence on meteorological processes, Meteorol. Rundsch. 34,
77-90, 1981) the results of a field study of the variations in time and
altitude of the concentrations of natural ice nuclei (IN) in New Mexico.
Samples of the atmospheric aerosol were collected on membrane filters at
a mountaintop station (3,240 m) and at the airport that serves Socorro,
New Mexico (1,800 m). Air was sampled for one hour per filter (sampled
volume 0.6 m3), and the sampling covered approximately 12 h each day dur-
ing the period 7 July-19 August 1979.

The results of the study show that there is an average vertical gra-
dient in IN concentration, the concentrations at 3,240 m being higher
than those at 1,800 m. The gradient is greater at -16°C than at -20°C.
But the slope of the ice-forming-nucleus (IFN) spectrum, as indicated by
the ratio between concentrations at -20°C and -16°C, is in general much
less than has been comnonly thought for a temperature difference of 4°C.
(The concentration at -16° has been thought to be an order of magnitude
higher than at -20°C.) The lower slopes (flattest spectra) are found
along with the higher overall concentrations at the higher-altitude sta-
tion. Concentrations (at -20°C) at the upper observing site often exceed
5 X 103/m 3 on a daily average basis, and on one day the daily average
exceeded 104/m 3.

Examination of meteorological data has revealed a correlation be-
tween high concentrations of IFN at the upper observing site and insta-
bility of the lower-to-middle troposphere as indicated by the temperature
lapse ratio between the surface and 500 mb.

The resulting picture is that there is a source of rather warm-
acting IFN aloft over the study area and that the downward transport of
these is controlled by the strength of turbulent mixing of a deep atmo-
spheric layer. This picture is further supported by a finding that thun-
derstorm downdrafts, which are fed by air from the middle or upper tropo-
sphere, often contain IFN in concentrations exceeding 104/m 3 (and on
occasions 10 /m 3).

THE COOPERATIVE CONVECTIVE PRECIPITATION EXPERIMENT

The major activity of CSD during 1981 was CCOPE: its final planning,
operation in the field, and the initial data organization and reduction.
The field phase was 18 May to 7 August 1981. The planning, which
commenced in the fall of 1978, has been mentioned in previous Annual
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Scientific Reports. However, since the operation was in 1981, it seems
appropriate to review the entire program here, even though a very similar
report describing CCOPE is to appear in the April 1982 Bulletin of the
American Meteorological Society.

The primary impetus for CCOPE, a program to study individual convec-
tive storms using several aircraft and several Doppler radars within an
area densely instrumented with ground meteorological stations, came from
two organizations that were involved in separate, similar, but less ambi-
tious field programs. The Bureau of Reclamation (BuRec) High Plains
Cooperative Program (HIPLEX) had been carrying out a formal, statistical
seeding experiment (HIPLEX I) at Miles City, Montana, to test the chain
of physical events caused by ice embryo seeding for microphysical effects
by seeding small, supercooled cumulus clouds with dry ice. These tests
were done in the summers of 1979 and 1980, with studies during the years
1976 through 1978 as background for establishing the experiment design.
A final report of HIPLEX I results is in preparation. However, the
scientists involved in HIPLEX realized that the eventual, practical
application of any resulting seeding technology could only rest upon sub-
stantially improved understanding of convective clouds, especially those
larger than were seeded in HIPLEX I, as well as on improved forecasting.
They also realized that these improvements could only come about through
advancement of basic knowledge of convective clouds and their environ-
ment.

The other major motivating group was CSD, which had evolved from the
group that coordinated NHRE. NHRE included a hail suppression test in
1972 through 1974, combined with storm research, culminating in a coor-
dinated Doppler radar and aircraft research study in the summer of 1976.
The seeding test proved inconclusive, and the NHRE staff also felt that
more basic knowledge was needed for progress. An extensive analysis of
the seeding experiment has been published as nine consecutive articles in
the Journal of Applied Meteorology (1979, pp. 1526-1639), and a final
report of the research results is being prepared in two volumes.

The joining of the two groups provided a natural nucleus for CCOPE,
both because they had similar attitudes toward the kind of data that were
needed to bring about progress and because the resources of each comple-
mented the other's nicely. Since HIPLEX I was being carried out during
the planning phase of CCOPE, the coordination of the CCOPE planning fell
largely to CSD, but the planning itself included all interested partici-
pants. A number of groups and individuals made important contributions.

The basic philosophy behind CCOPE was that more comprehensive, coor-
dinated, and complete data sets on convective clouds and storms were
needed to provide the basis for testing ideas about storm processes and
for initializing and verifying model studies. These data sets could be
obtained in a program including surface and upper-air meteorological
measurements and the coordinated use of a number of Doppler radars and
instrumented aircraft. Participating organizations are listed in Table
1, with the major elements of the field measurement program that they
operated.
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PARTICIPATING ORGANIZATIONS
TABLE 1. CCOPE FIELD PARTICIPANTS

FIELD EQUIPMENT OR RESPONSIBILITIES

NATIONAL CENTER FOR ATMOSPHERIC RESEARCH

Convective Storms Division
P. Squires

Atmospheric Technology Division
Field Observing Facility
R. Carbone

Atmospheric Technology Division
Research Aviation Facility
B. Phillips

Comrnuni cati ons
Aircraft Track (MAPS)
Operations Center
Logistics
Sai plane (H-9**)
Towplane (H-3) (Contract from D. Younkin)
Chaff Aircraft (H-13)(Contract from Miles City Aero Service)
Hail Chase Vehicle
Operations and Coordination

Radars
- CP-2 (10 cm Doppler and 3 cm)
- CP-3 and CP-4 (5 cm Doppler)
Master Display Design and One Unit for Operations Room
PAM Mesonet

Queen Airs (H-4, H-6)
Sabreliner (H-7)

BUREAU OF RECLAMATION

Office of Atmospheric Resources Research
B. Silverman

Skywater Radar (5 cm)
Weather Room Equipment
Rawinsonde System (RD-65A)
Hangars, Briefing Rooms, Office/Lab Space
Logistics
Operations and Coordination

* The funding was in some cases a little more complicated than can be indicated conveniently.
**The H designation for the aircraft (H = HIPLEX) was inherited from the HIPLEX experiment, and

was continued in CCOPE because the FAA controllers were familiar with it.

FUNDING*

NSF

BuRec C-)
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m
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m
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--A
C)

rCA

C)

CD
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CD
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TABLE 1. (Continued)
PARTICIPATING ORGANIZATIONS

MONTANA DEPARTMENT OF NATURAL RESOURCES
AND CONSERVATION
R. Moy

WESTERN WEATHER CONSULTANTS
C. Hartzell

COLORADO STATE UNIVERSITY
Department of Atmospheric Science
T. Vonder Haar

UNIVERSITY OF NORTH DAKOTA
Department of Aviation
T. Grainger

UNIVERSITY OF WYOMING
Department of Atmospheric Science
W. A. Cooper
A. Auer and G. Vali
(separate projects)

NATIONAL AERONAUTICAL ESTABLISHMENT AND
NATIONAL RESEARCH COUNCIL OF CANADA
I. MacPherson and R. Schemenauer

TEXAS A M UNIVERSITY
Department of Meteorology
J. Scoggins

UNIVERSITY OF NEVADA
Desert Research Institute
d. Hallett

FIELD EQUIPMENT OR RESPONSIBILITIES FUNDING* C

m

BuRec -

m

PROBE Mesonet

Weather Room Operation, Forecasts, Soundings,
Partial Operation of Skywater Radar

Satellite Data Support

Citation II (H-5)

King Air (H-2)
Queen Air (H-1O)

Twin Otter (H-l)

Soundings, 5 Sites

Aerocommander (H-14) (Contracted from Aerosystems)

BuRec

VA
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,Jo

CA
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TABLE 1. (Continued)

PARTICIPATING ORGANIZATIONS FIELD EQUIPMENT OR RESPONSIBILITIES FU

NATIONAL AERONAUTICS AND SPACE
ADMINISTRATION

Goddard Space Flight Center
T. Wilheit, R. Curran

Marshall Space Flight Center
G. Fichtl

NATIONAL OCEANIC AND ATMOSPHERIC
ADMINISTRATION

Wave Propagation Laboratory
R. Kropfli

ILLINOIS STATE WATER SURVEY
Atmospheric Sciences Section
G. Mueller

ALBERTA HAIL PROJECT
G. Strong

COLORADO STATE UNIVERSITY
Department of Atmospheric Science
R. Pearson

NEW MEXICO INSTITUTE OF MINING AND
TECHNOLOGY

Department of Physics
W. Winn

WB-57F (H-l1)

Convair 990 (H-12)

Two X-band and One K-Band Doppler Radars

CHILL S-band Doppler and X-Band Radars

RD-65 Rawinsonde and "Airsonde"

Rapid-Response Airborne Ozone Measurements

Electric Field Mill on Sailplane

INDING*

NASA

NASA

NOAA

BuRec

Alberta
Research

Council

NSF

C)

C)
m
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TABLE 1. (Continued)
PARTICIPATING ORGANIZATIONS

STATE UNIVERSITY OF NEW YORK AT ALBANY
Atmospheric Sciences Research Center
V. Mohnen

R. Orville

FIELD EQUIPMENT OR RESPONSIBILITIES

Aiborne Cloud and Precipitation Samplers
for Chemical Studies

Cloud-to-Ground Lightning Locater and Counter

FUNDING* m
CD

<-
m
--H

NSF

NSF 3

UNIVERSITY OF NEVADA
Desert Research Institute
J. Hudson

OHIO STATE UNIVERSITY
Atmospheric Sciences Program
T. Seliga

F ISBAT-CNR
P. Mandrioli

UNIVERSITY OF MANCHESTER
Department of Physics
A. Illingsworth
C. Saunders

Aerosol and CCN Measurements

Rapid-Switching, Dual-Polarization Measurements with
the CHILL S-band Radar

Pollen Sampling Equipment Used on Towplane

Particle Charge, T-28
Fields and Particle Charges, Aerocommander

NSF

NSF

CNR,
Italy

NSF
NSF

I.-
Un
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Experiment Design

The scientific objectives of CCOPE evolved through two large, formal
meetings hosted by NCAR, 28-30 November 1978, at Winter Park, Colorado,
and 10-12 December 1979, in Denver, Colorado, as well as a number of
smaller meetings. Four documents resulted, and were printed in limited
quantities at NCAR. They are: 1980 Field Season Workshop Report, NCAR
Technical Note NCAR/TN-133+PROC, March 1979, 52 pp.; A Program Pro-
spectus for a Convective High Plains Experiment on Convective Precipi-
tation, NCAR Technical Note NCAR/TN-145+PPR, October 1979, 37 pp.; Report
of a Workshop to Plan a Cooperative Convective Precipitation Experiment,
CSD, January 1980, 74+ pp.; and CCOPE Preliminary Experimental Design,
CSD, March 1980, 94+ pp.

For both planning and operations, different scientific objectives
had to be delineated. However, we recognized in writing the CCOPE
objectives that the several major categories of problems in the
understanding of convective precipitation are mutually dependent. A
major reason for a large coordinated effort was the need to examine
interrelations between the "separable" scientific problems. Smaller,
more focused field experiments had a necessary role, but they inevitably
ignored interconnections that are important. This was the spirit in
which the following scientific goals were framed.

Hydrometeor Evolution. In the broadest sense, hydrometeor evolution
encompasses all of the objectives. In the narrower sense intended here,
however, it means the determination of the trajectories and growth
environments of the growing hydrometeors: the graupel, rain, and hail.
One fundamental problem has been thought to be the difficulty of forming
precipitation within the strong updrafts of the vigorous, continental
convective clouds of the High Plains. The process (usually graupel
growth from vapor-grown ice crystals) is too slow, especially at first,
to have time to operate effectively within its possible altitude range (0
to -40QC) in the strong updrafts often encountered. It has been sus-
pected, therefore, that the delivery of seed particles into the strong
updrafts is an important, or possibly even dominating, factor in the pre-
cipitation efficiency of convective clouds. Testing the several ways
that such natural "seeding" may occur requires measuring the dynamical
and microphysical histories of convective clouds with the best available
time and space resolution. This objective constituted the major justifi-
cation for the coordinated radar and aircraft missions that formed the
core CCOPE experiment.

Precipitation Efficiency. As in the case of hydrometeor evolution,
precipitation efficiency is a theme that easily encompasses much of the
CCOPE program. The differences between the two themes are partly a
matter of scale and partly of emphasis. Predicting precipitation effi-
ciency is, of course, an ultimate objective. Measurement of precipita-
tion efficiency emphasizes the several fluxes of water substance into and
out of a cloud, which can call for different types of flight plans those
used to study hydrometeor evolution, which concentrates on mechanisms
within the clouds.
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Major factors involved in the overall moisture budgets of clouds are
thought to be as follows. In the lower region of larger storms the
vertical flux can be treated as being composed of two principal compo-
nents: an updraft containing most of the influx of water vapor, and a
downdraft associated with the region of precipitation. Evaporation in
downdrafts is an important factor in the moisture budget. The conversion
of cloud droplets to precipitation is inefficient, so that the direct
transport of cloud droplets or small ice particles into the upper tropo-
sphere and anvil by strong updrafts often represents an important sink
for water substance. Entrainment dilutes the liquid water content, but
probably does not by itself represent a major term in the moisture budget
of large storms. This point, however, deserves further checking.

Cloud Lifetime. A major factor in precipitation formation in
smaller cumuli is the cloud life span itself. Particularly in the case
of convective shower clouds, the cloud lifetime may be shorter than, or
comparable to, the time needed for the microphysical processes to form
precipitation. In planning flight operations, a major objective was to
start measurements very early in a cloud's history and continue them
through its entire active period, defined in terms of appreciable updraft
and supercooled water content. The very early data often were confined
to quantitative cloud photography from the Citation II aircraft.

The Origins of Ice. Diffusional growth of ice crystals followed by
riming has been shown to be the dominant mechanism of precipitation
formation in certain regions with high cloud bases and continental aero-
sol characteristics, such as northeast Colorado and the CCOPE site in
eastern Montana.

In spite of a general knowledge of the precipitation growth process,
there is little knowledge of where, at what temperatures, or in what con-
ditions ice first forms in clouds. Modelers have repeatedly pointed out
that the lack of this knowledge seriously hinders a quantitative
assessment of precipitation formation via the ice process. Since it is
very unlikely that this information could be deduced from first prin-
ciples, a large, coordinated field project stressing coordinated dynamic
and microphysical measurements at the finest time and space scales
achievable appeared to be the most useful approach.

Entrainment. The liberation of latent heat of condensation plays an
important part in the development of convective clouds. Correspondingly,
when dry environmental air mixes into a cloud, further development tends
to be suppressed since the net release of latent heat is reduced. This
crucial role of entrainment has long been recognized even though the
nature of the entrainment process itself is not well understood.

Precipitation forms slowly in convective clouds over the High
Plains, because liquid coalescence is usually unimportant and the ice
process is inherently slow. As recent work has indicated, measurements
of temperature and liquid water content in the phase of a cloud's evolu-
tion before precipitation forms can be used to determine the source of
entrained air,
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One of the main current hypotheses concerning the entrainment
mechanism is that penetrative downdrafts are a major factor. Testing
this hypothesis requires observations near cloud top, an interesting
region also in terms of the origin of ice. Again, coordinated aircraft
missions, sometimes accompanied by Doppler radar data on chaff released
into the clouds, constituted the approach to obtaining data sets for the
entrainment objective.

Storm Structure and the Environment. A general goal for research on
storm structure and the environment is to understand the relationship
between the dynamics of cell genesis, growth, and interaction on the one
hand, and the efficiency of precipitation mechanisms within convective
cells on the other. Specific experimental objectives were defined as
discriminating among various mechanisms of cell generation, growth, and
interaction: for example, the role of boundary-layer forcing versus
buoyancy in cell initiation and growth, the role of downdrafts in cell
decay, and also their role and that of gravity waves in the organized
initiation of new cells. Work toward this general, larger-scale objec-
tive had higher priority when storms formed over or moved into the meso-
network of surface measuring stations, which was within the network of
sounding stations.

Storm Initiation. Forecasting storms 30 min to a few hours in
advance is not only an important scientific objective but an operational
need. As will be discussed, an important practical objective in CCOPE
was to have aircraft "on the spot" as storms did form (an endeavor that
was not often successful). Another objective was to study the planetary
boundary layer in the prestorm period with aircraft and radar to look for
identifiable storm precursors. Several specific objectives, from inves-
tigating local topographic or albedo effects to using clear-air echoes to
identify convergence zones, were identified for investigation and/or ten-
tative operational use as signals to bring aircraft to certain areas.

Atmospheric Chemistry. These studies were ancillary; they benefited
by being done within the CCOPE data framework without detracting from the
main objectives. Several aircraft carried samplers for cloud water, ice,
and/or rainwater, to be analyzed later for pH and a number of chemical
species. In addition, a rapid-response ozone analyzer was flown for
studies of the ozone budget of the boundary layer, studies of entrainment
in small cumuli, and exploratory studies. Several aerosol and nucleus
measurement programs were also carried out, using aircraft and ground
sampling.

Atmospheric Electricity. Several of the cloud physics aircraft in
CCOPE carried field mills, instruments for measuring the charge on hydro-
meteors of precipitation size, or both. The study of the mechanisms of
electric field development within cumuli and the correlation of electric
field development with precipitation development were the major objec-
tives here. A ground-based cloud-to-ground lightning locator and detec-
tor was installed and operated, and the data are to be analyzed in cor-
relation with the detailed radar data.
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Hailstone Studies. A single vehicle obtained timed, quenched hail-
stone samples within the Doppler radar network, for hailstone trajectory
studies.

The translation of these scientific objectives into a coherent set
of operational procedures was a major task before the field season,
involving many meetings, and culminating in the CCOPE Operations Plan,
printed in April 1981. Apart from deciding rawinsonde release schedules,
almost all of the daily operational decisions concerned the aircraft and
radar coordination.

As a starting point, the aircraft operational plans were broken into
four categories: prestorm (PS), early storm (ES), mature storm (MS), and
special purpose (SP). The numbers of flight plans finally detailed in
the four categories were five, four, four and 16, respectively. No
attempt was made to define precise boundaries between the PS, ES, and MS
missions. Rather, the appropriateness of changing missions from one to
another was judged case by case. The 29 flight plans detailed in the
Operations Plan are given in order below, with fairly detailed discussion
of only one, the Coordinated Early Storm Experiment ES-1. This experi-
ment and Hydrometeor Evolution in Cumulonimbi, MS-1, given in very abbre-
viated form, were the core experiments of CCOPE. ES-1 in particular was
designed to fulfill many of the scientific objectives with the same
flight plan. Each particular objective had its own set of priorities,
and different missions were given different emphases depending upon the
nature and location of the cloud, the particular aircraft available, and
other factors. MS-1 was also multipurpose, but not quite so much as
ES-1. Some of the following plans are sufficiently self-explanatory from
their names only, but others will be given very brief explanations.

PS-1. Mapping Planetary Boundary Layer (PBL) Properties.

PS-2. Convergence - Storm Initiation was designed to measure the
structure and evolution of convergence areas and the features
initiating convection.

PS-3. Terrain Effects on the PBL Mean and Turbulent Structures.

PS-4. Ozone Flux within the PBL.

· PS-5. Midlevel Storm Initiation.

ES-1. Coordinated Early Storm Experiment (see Table 1 or 2 for
the key to identifying the aircraft designated HIPLEX 1, 2,
etc.).

Objective: Obtain coordinated data sets useful in studying
precipitation efficiency, entrainment, hydrometeor evolution,
origin of ice, and cloud lifetime.

Aircraft: HIPLEX 1, 2, 4, 5, 6, 7, 9, 10, 14 (in various
combinations).
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Aircraft Measurements: Three-dimensional wind, state param-
eters, liquid water content, droplet size spectra, ice particle
concentrations and size, and precipitation below cloud.

Coordinated Measurements: Mesonet, Doppler radars, cloud
photography.

Desired Weather: Isolated cumulus that evolved from the early
stages of convection through cumulus congestus producing pre-
cipitation or into the cumulonimbus stage.

Number of Cases Desired: As many as possible.

Flight Description: Fly a cross pattern as frequently as
possible below cloud base and at fixed temperature levels with-
in the cloud.

Flight Discussion: The Coordinated Early Storm Experiment was
performed in the following manner.

1. Emphasis was placed on obtaining coordinated measure-
ments as early as possible in the cloud life cycle. Clouds
containing a radar echo were not considered for study, though
some cases involving new turrets very close to a preexisting
radar echo were studied. Any aircraft could select the study
cloud. The higher-flying aircraft had the advantage of
observing a large area of clouds and could visually rate, in a
relative sense, the potential of various clouds. The subcloud
aircraft had the advantage of checking for a suitable updraft.
If both HIPLEX 4 and HIPLEX 6 were flying, they both flew near
cloud base (perhaps 500 and 1,000 ft below cloud base alti-
tude), each checking different clouds within the area of
interest, for suitable updrafts. Operations room personnel
also assisted by watching PAM observations and clear-air radar
returns for indications of convergence.

2. If the cloud was within 15 n mi of the K-band radar,
the first leg of the cross pattern was aligned along a radial
from the radar; otherwise, if the cloud was asymmetrical, the
legs were aligned along and across the axis of symmetry. The
first aircraft to reach the cloud determined the leg heading
and relayed it to the other aircraft,

3. If HIPLEX 2 or 14 was the first cloud physics aircraft
to reach the cloud, the aircraft would begin penetrating 1,000
ft below cloud top, ascending with the top until it reached the
desired temperature level.

4. Penetrating aircraft flew legs long enough to insure
instrumentation stability prior to entering the cloud. Sub-
cloud aircraft flew legs that extended 2 n mi beyond the
visible cloud edge or the updraft boundary.
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5. The first subcloud aircraft to arrive measured cloud
base conditions, then descended and flew at 500 ft below cloud
base. The second subcloud aircraft flew at an altitude midway
between the surface and cloud base.

6. Investigations continued until no supercooled water
remained and there was no updraft below and within the cloud.

7. If another good study cloud was available, the experi-
ment was started again; otherwise, the aircraft performed a
sounding to obtain wind and thermodynamic parameters. The
highest-level cloud physics aircraft (HIPLEX 2 or 14) sounded
from its altitude down through the altitude block of the
lowest-level cloud physics aircraft (HIPLEX 1 or 10), and the
lowest-level cloud physics aircraft sounded from its altitude
down midway into the boundary layer. The highest subcloud air-
craft sounded from its altitude to as near the surface as
possible.

Following are three variations to the basic Coordinated
Early Storm Experiment.

1. If a subcloud aircraft was not available, HIPLEX 1
flew the cross pattern alternating its altitude between 500 and
1,000 ft below cloud base to just above cloud base.

2. If the experiment appeared to be a good precipitation
efficiency study; a) At the first appearance of a radar echo
below cloud base, HIPLEX 1 descended to 500 ft below cloud base
and flew reverse heading legs centered on the precipitation
radar echo. HIPLEX 1 continued to fly this pattern until pre-
cipitation stopped. b) If HIPLEX 6 was one of the subcloud
aircraft, it descended to the 10°C level and flew reverse head-
ing legs through the precipitation. The same pattern was flown
at successively lower levels through the precipitation, step-
ping downward in 1,000-ft increments.

3. If HIPLEX 9 was involved: a) A nonstandard formation
clearance was obtained from the Federal Aviation Administration
for the cloud physics aircraft. b) HIPLEX 9 entered the cloud
at m-5°C and spiraled upward in the updraft. While the air-
craft was in the cloud, a vertical separation of 3,000 ft was
maintained between HIPLEX 9 and the other aircraft, with the
powered aircraft leaving the cloud as necessary to provide sep-
aration.

ES-2. Cloud Electrification. This plan was similar to ES-1,
except that it emphasized the coordination of all or most of
the aircraft with electrical measurement capability (HIPLEX 8,
9, 10, and 14) within single clouds.
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* ES-3. Ozone Measurements. A single-aircraft (HIPLEX 4) mis-
sion, penetrating small cumuli to evaluate cloud effects upon
ozone and the use of ozone as a natural tracer in entrainment
studies.

* ES-4. Evolution of the Cloud Droplet Size Spectrum.

. MS-1. Hydrometor Evolution in Cumulonimbi. The MS-1 flight
plan covered many pages with options according to storm charac-
teristics and aircraft availability. In this plan, HIPLEX 8
(the T-28) penetrated the main storm core as well as the line
of "feeder cells," while HIPLEX 2 or 14 penetrated the feeder
cells only at about 6-7 km MSL and HIPLEX 1 or 10 did the same
at about 4-5 km MSL. HIPLEX 4 and 6 mapped the storm inflow
below cloud base, HIPLEX 13 dispensed chaff in the inflow,
HIPLEX 5 photographed the storm from the best vantage point,
and HIPLEX 8 measured the water flux out the anvil. HIPLEX 11
overflew the storm with its remote sensing gear, and HIPLEX 12
flew at low levels parallel to the gust front for a Doppler
lidar study.

MS-2. Water Budget. This plan was used when flanking turrets
were not visible, so that MS-1 was not practicable. The pur-
pose was to determine the major components of the mass and
water budgets of cumulonimbi, including precipitation
efficiency. Box patterns were emphasized more than in MS-1.

MS-3. Widespread Precipitation Study, from merged thunderstorm
anvils or otherwise.

MS-4. Squall Line. Flight plans here were altered to adapt to
the two-dimensional case.

SP-1. Quantitative Cloud Photography (HIPLEX 5).

SP-2. Chaff (HIPLEX 13), a flight plan to fill a large region
of the PBL with chaff.

SP-3 and SP-4. Dual Polarization Radar Studies, with NOAA-E
(K-band) and CHILL (S-band), respectively. These plans
involved coordinating microphysical measurements from aircraft
with special radar scan modes.

SP-5. Cloud and Precipitation Chemistry. Sampling for later
analysis, usually not involving alteration of flight plans of
other experiments.

SP-6. Cloud and Radiation Properties (HIPLEX 11). The WB-57
flight plans with desired supporting data to verify remote
sensing techniques.
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SP-7 through SP-12. (HIPLEX 12). Boundary-layer turbulence,
feeder flow, lateral entrainment, anvil flow, gust front, and
cloud top experiments, with the side-scanning Doppler lidar on
the Convair 990.

* SP-13. Tower Flyby. Absolute calibration of aircraft state
parameter and wind measurements.

* SP-14. Interaircraft Comparison.

* SP-15. Instrument Intercomparisons within Cloud. Compared
cloud water, droplet, and precipitation measurements either
with side-by-side flights or with in-trail penetrations of
clouds.

· SP-16. Instrument Tests. Flight plans using the melting layer
as an absolute reference temperature for testing in-cloud tem-
perature measurements.

The radar operations were somewhat less complex than those of the
aircraft. The HIPLEX Skywater 5-cm radar near the Miles City airport
routinely recorded 360° scans at 1° elevation-angle increments to 12°
during CCOPE operations. The seven Doppler radars of the network were
coordinated from the operations center, at the CP-2 radar site, also near
the airport. The scan parameters, including azimuth limits and elevation
angle steps and limits, were given to all of the radars by the Doppler
coordinator in the operations room.

In the coordinated missions, the objective was to obtain Doppler
data from at least three radars to enable determination of three-
dimensional wind fields, with the finest possible spatial and temporal
resolutions. In a typical case, the azimuth and elevation limits from
each radar were selected to cover the storm of interest (or area of
interest if less than the whole storm), and the elevation steps and scan
rate were then adjusted to allow the volume to be covered in 2-4 min.
Within and near the Doppler radar array, this time the sampling increment
was compatible with scan parameters that produced measurements spaced
within a few hundred meters of 500 m, depending upon range from a par-
ticular radar.

A usual procedure was to relay a set of scan parameters to all
radars with instructions to complete two to five scans in rapid succes-
sion (about 6 to 15 min total). Then, perhaps after some 360° low-level
scans for boundary-layer data and/or some RHIs, a new set of parameters
were relayed and all radars started a new series of volume scans at the
same time. In very large storms and squall lines, it was common for the
nearer radars to "zero in" on a particularly important portion, such as
the inflow sector of a large supercell or one cell within a squall line,
while farther radars scanned larger volumes.

Good coverage, meaning that the resolution was approximately 3 min
and 0.5 kin, was obtained on approximately eight mature storms and two or
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three early storms within the radar nework. On several days the evolu-
tion of the planetary boundary layer was studied by recording radar data
at low elevation angles about twice every 20 min for several hours before
cumulus formation. These studies relied sometimes on natural, clear air
targets--presumably insects or index of refraction fluctuations--and
sometimes on widespread dispersal of chaff. About four good boundary-
layer data sets with clear-air return were obtained, including rolls,
convective streets, and gravity waves.

Operations

The surface mesonetwork was a mixture of two systems. The portable
automated mesonet (PAM) of FOF consisted of 27 stations that collected
1-min-average data telemetered every minute to the PAM base, where they
were immediately accessible through computer terminals. The new Portable
Remote Observation of the Environment (PROBE) system, developed by the
Bureau of Reclamation and operated by the Montana State Department of
Natural Resources, collected 5-min-average data, which were transmitted
to a satellite every hour and retrievable within an hour, from 96 surface
stations.

At the airport were located the HIPLEX office complex, meeting
rooms, the weather room with standard equipment as well as a Laserfax
terminal for satellite photos, hangars for all the CCOPE aircraft except
the two NASA planes (which were based elsewhere), the PAM base station,
the PROBE service facility, a rawinsonde station (operated by Texas A&M
University and Western Weather Consultants), offices and laboratories for
most CCOPE participants, all the aircraft ground stations for data reduc-
tion, and a lunch facility in a large tent.

The operations center at Sunday Creek, several kilometers from the
airport, comprised the CP-2 radar, the aircraft tracking 'center and
computer, the communications center, and the operations room. The setup
of the operations room and its display capabilities are central to the
success of a field operation like CCOPE. In brief, it was designed for
at least six people during an operation, each at a station with a radar
display and a communications console. The six were the Doppler radar
controller, who coordinated the scanning of the seven Doppler radars
through the seven radar operators; the CP-2 operator, who controlled the
CP-2 scan; three aircraft coordinators, who coordinated different groups
of aircraft depending upon the mission; and the operations director, who
coordinated the entire operation through the other five coordinators and
made operational decisions on overall mission priorities. During the
two-and-one-half-month season, each coordinator job alternated between
two people, and the operations director job rotated among three. We pur-
posely kept the number of people in these jobs small so that the teamwork
necessary for successful coordination of the more coiplicated missions
could have time to develop. The operations room also contained a display
that repeated a 360° PPI, at one elevation angle, from the 5-cm Skywater
radar several kilometers away; a terminal from which PAM data could be
displayed in "real-time"; status displays of all aircraft positions and
altitudes at each console; and the display for the cloud-to-ground light-
ning locator. The aircraft track information was mixed with the radar
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data in the radar processor. Each display had a number of options of
different radar images, aircraft tracks, and coordinate system overlays.

Among the many factors that were important for successful opera-
tions, three that were perhaps especially vital were the operations room
itself, the multiple aircraft track overlay capability, and the reliable,
high-quality communications system. CSD designed, installed, and
operated these systems, with the exception of the design of the "master"
display console and the construction of another, which was done by FOF.

Routine, daily procedures consisted of a series of three morning
meetings before operations themselves commenced. At 0930, a 30-min
planning meeting was held, among a relatively small group (15-20
people). All three operations directors usually attended, along with one
person representing each observing system. A brief weather forecast and
an equipment status summary preceded a discussion to establish the day's
experiment priorities.

At 1015, when appropriate, a debriefing of the previous day's
mission was held and was open to all participants. Operational problems
were always discussed, and the potential of the data set for future
analysis was also often discussed.

A full briefing for all participants was held every day at 1100,
with a more complete weather synopsis and forecast, a presentation of the
operational plans and aircraft standby status, and any general announce-
ments or discussion. Status update times were usually also announced in
this meeting.

Twice during the field season the participants met to evaluate the
overall progress of CCOPE toward its objectives. The consensus was that
CCOPE by and large took advantage of the available weather just about as
well as it could (and the weather itself was very cooperative), so that a
major shifting of priorities during the season was not warranted. It was
agreed that it would never be wise to sacrifice one of the major coordi-
nated missions for the sake of a special purpose experiment, since
the coordinated missions provided the raison d'etre of CCOPE. However,
as experience in operations increased later in the season, simultaneous
missions were attempted and accomplished.

Results

The quality of the CCOPE results will start to become apparent only
when the analysis is well under way. However, a preliminary assessment
of quantity and potential (barring presently unexpected major diffi-
culties in data retrieval) can be made. Table 2 gives a rough measure of
the quantity of data from the major systems: the aircraft, radars, meso-
net and upper-air network. Table 3 lists the number of missions of the
various types, with a subjective rating of potential in terms of CCOPE
objectives given only for the MS-1 missions.
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Table 2. Data From the Major CCOPE Systems

Approximate
Time per Tape

Radars No. of Tapes (min) Hours of Data

CP-2 540 20-25 180-225

CP-3 275 15-20 69-92

CP-4 170 30-35 85-100

NOAA/WPL (all three) 580 15-20 145-193

CHILL 151 55-60 138-151

Skywater 24 (compressed) 1,300 525

Aircraft CCOPE F *ight HoursAircraft CCOPE Flight Hours

H-1 (Twin Otter)

H-2 (King Air)

H-4 (NCAR Queen Air N304D)

H-5 (Citation II)

H-6 (NCAR Queen Air N306D)

H-7 (Sabreliner)

H-8 (T-28)

H-9 (Sailplane)

H-1 0 (Wyoming Queen Air)

H-11 (WB-57)

H-12 (Convair 990)

H-13 (Cessna 182)

H-14 (Aerocommander)

66

151

89

124

158

62

75

91

72

36

21

48

77

TOTAL 1,070
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Table 2 (Continued)

Upper Air Soundings Location No. of Soundings

Western Weather Consultants Miles City 133

Texas A&M University Miles City 160

Baker 156

Powderville 160

Knowlton 151

Glendive 136

Alberta Hail Project Colstrip 43

~~~~~***~~ ~Approximate Percent
Mesonet No. of Stations Data Interval of Good Data

PROBE 96 5 min 90

PAM 27 1 min 90

* Note that the tapes had widely differing capacities and the data
recording rates varied widely according to the mission.

** These are the total hours flown in CCOPE, for research, instrument
tests, getting to and from storms, etc.

*** In the 81 days of CCOPE, there are thus about 2.0 X 106 individual
station data sets from PROBE and 2.8 X 106 from PAM.
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Table 3. CCOPE Aircraft Missions*

Mission No. of Missions Flown

PS-1 PBL Mapping 10

PS-2 Convergence-Stonn Initiation 3

PS-3 Terrain Effects 4

PS-4 Ozone Flux 7

PS-5 Midlevel Storm Initiation 0

ES-1 Coordinated Early Storm Experiment 35-40

ES-2 Cloud Electrification 1*

ES-3 Ozone and Entrainment 5

ES-4 Cloud Droplet Spectra 4**

MS-1 Hydrometeor Evolution 15; 6 very good

MS-2 Water Budget 4

MS-3 Widespread Precipitation 1

MS-4 Squall Line 8

SP-3 Dual-Polarization Experiment, NOAA-K 3

SP-4 Dual-Polarization Experiment, CHILL 7

SP-6 Cloud and Radiation (H-1l, WB-57) 5

SP-7-12 H-12, CV990 Mission 4

SP-13 Tower Fly-Bys 22

SP-14 Aircraft Intercomparison >40

SP-15 Aircraft Intercomparison within Cloud >13

SP-16 Melting Layer Tests 5

* The numbers given are for successful missions, usually multi-
aircraft, not flights, and are approximate for several reasons. The
distinctions between some missions were often nearly arbitrary,
especially ES-1 and ES-2, MS-1 and MS-2, and MS-3 and MS-4. Listing
required "some degree" of operational success, a difficult and often
arbitrary judgment before analysis of data. Finally, many missions
contained transitions (PS to ES, ES to MS) or were combinations of
missions simultaneously. SP-1, 2, and 5 are omitted as being never, or
virtually never, independent. The data in this table are collated from
the "Daily Field Operations Log, CCOPE 1981", available from CSD.

** A lot of cloud electrification and droplet spectrum data were taken
within ES-1 missions. The few listed here were especially useful for the
stated goals.
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The primary weather patterns over southeastern Montana changed dur-
ing the period of CCOPE. Upper-level flow during the last half of May
was split over western North America; a high-pressure ridge was posi-
tioned over western Canada with some flow going up over the ridge and a
second flow passing to the south of Montana across the United States. A
series of troughs and low-pressure centers moved in the southern stream
under the ridge, resulting in frequent periods of rain for Montana. Dur-
ing early June the upper-level weather pattern changed slightly, becoming
basically strong zonal flow over the project area. Short wave troughs
and ridges moved rapidly across Montana, resulting in frequent periods of
cloudiness and rain, similar to conditions observed during May. On 25
June a significant change in the zonal flow pattern began as the jet
stream shifted northward to Canada and summer finally arrived. By early
July high pressure with associated fair weather dominated over eastern
Montana. This weather continued until 10 July, after which the jet
stream occasionally moved southward into Montana; short wave troughs
associated with these intrusions of stronger upper-level flow triggered
periods of convective activity over the CCOPE project area during the
remainder of the field season.

Considering the area within 150 km of Miles City, 46 days of CCOPE
were convective (57%) and 35 days were not. Convective here is defined
as the presence of towering cumulus (TCU) or cumulonimbus (CB) between
1200 and 2100 MDT. TCU were observed on 37 days and CB on 30, with the
relative proportion of CB increasing later in the season. The ratio of
TCU to CB days in June was 16/9, and in July 11/14. "Good" convective
days (that is, vigorous and suitable for the CCOPE objectives) were rare
early in the season. Only three occurred in the first month. After 18
June, however, there were 12 such days, making 15 in all.

CCOPE was fortunate in having mature storms occur within and near
the Doppler radar and surface network. Six mature storms were studied in
a well-coordinated way by many aircraft as they were scanned by most or
all of the network radars. The cases of 1 and 2 August were perhaps out-
standing, in that very large, severe storms that produced large hail
formed within the Doppler network (1 August) and moved through the middle
of it (2 August) while being investigated with most of the aircraft. The
11 July case involved another very large storm just south of the radars,
studied by many aircraft, and several smaller thunderstorms were thor-
oughly studied. All of these cases were worked as MS-1 studies. It is
interesting that typically the aircraft penetrating the "feeder turrets"
found great difficulty in performing more than two successive penetra-
tions in the same turret, because of the very rapid increase of reflec-
tivity. (The aircraft in this role had on-board radar.) In many cases
the reflectivity grew so fast that only one penetration in a promising
feeder turret was possible.

As Table 3 shows, there were many ES-1 studies. They have varying
potential as individual case studies; some are similar to the planned
ES-1 described above, and others are rather sketchy in any overall sense,
but often germane to one or two of the restricted objectives nonethe-
less. The smaller cumuli appropriate for the ES studies were typically
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highly sheared, a factor that contributed to a dearth of good sailplane
ascents in CCOPE. Participants had the distinct impression that the ES
clouds during the first month or so of CCOPE had more maritime micro-
structures than most of the July cases. They appeared to precipitate
more easily and have generally higher ice contents sooner in their
lives. Such impressions can be misleading, but this will be an interest-
ing analysis topic.

An important goal of the ES studies was to start getting cloud data
very early, well before first radar echo in the lifetimes of convective
showers. This related importantly to several of the scientific objec-
tives, especially the cloud lifetime objective. It was anticipated that
this would be difficult and it turned out to be so. Few of the ES
studies commenced as early as was desired. We hope that the cloud pho-
tography from HIPLEX 5 (the Citation) will fill part of this gap in some
cases.

The surprisingly cool and wet weather in late May and much of June
gave rise to a number of weakly convective, rather diffuse, linear preci-
pitating systems that moved across the CCOPE area from west to east.
These systems were worked as MS-3s or MS-4s when they were studied by
aircraft at all, but they were not the kind of storms envisioned in the
CCOPE planning. Unfortunately, radar equipment problems prevented any
SP-4 studies until the very end of the season, and intermittent difficul-
ties with the K-band radar foiled most early SP-3 opportunities as well,
though these weak, widespread storms would have been ideal for such
studies.

The prestorm and boundary-layer work was very exciting because of
the greatly enhanced sensitivity of the radars, especially CP-2. Rolls
and convective bubble patterns were often visible in the PBL to ranges of
50 km from CP-2 as clear-air reflectivity patterns at about -10 dBZ, and
aircraft in the PS missions were flown in particular ways with respect to
these patterns. Convergence lines were visible as reflectivity features
in the PBL on several occasions for several hours before first echoes
from hydrometers were observed. Storms were observed to form on these
lines and, in at least one case, a storm traveled right along such a line
of clear-air echo that had been there for an hour or two. These PBL
reflectivity features were typically linear and very slow-moving, and
will be an interesting subject of analysis, either as parts of case
studies or as a general topic.

Both before and during CCOPE considerable attention was paid to cal-
ibration and intercomparison of liquid cloud water measuring devices and
the PMS cloud droplet spectrometers. Wind tunnel calibrations, ground
calibrations in the field, aircraft intercomparisons in cloud, and abso-
lute checks in adiabatic cloud updrafts were made. These results will be
collated, analyzed, and presented as soon as possible, but, as expected,
this important and difficult measurement area was far from problem-free.

Data Management and Status

All of the "core" CCOPE data are archived either at the BuRec office
in Denver or at NCAR in Boulder. Access to these data, in one form or
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another, is unrestricted, though duplication charges may be assessed,
especially for large requests. In some cases the only available form of
data may be computer tape; in others, the medium may be microfilm, micro-
fiche, or hard-copy listings or plots. A field operations log and a pre-
liminary data inventory are available; and the final data inventory is to
be available from the BuRec office by June 1982.

The need for survey data to find cases that are promising for spe-
cific analyses is filled in the following ways. The operations log gives
for each day brief notes on the missions, a weather forecast summary, and
data on aircraft flight times, radar operations, and upper-air sound-
ings. The soundings are available on microfilm through CSD, as plots and
listings. Survey mesonet data are also available on microfilm through
CSD, in the form of two maps for each 30 min throughout the CCOPE field
season, from the coarse PROBE network only. One map provides a wind vec-
tor, temperature, dew point, and 30-min rainfall at each station loca-
tion, and the other lists e, Ee, water vapor mixing ratio, and 30-min
pressure change. No graphics products other than the vectors are given.

Routine, survey radar data are available from the Bureau of Reclama-
tion, in the form of maps (PPIs) of maximum echo top height, maximum
reflectivity over a point, and 1° elevation angle reflectivity. These
data are from the Skywater radar, and are produced about every 5 min
throughout the field season.

Aircraft locations are available through CSD from the Multiple Air-
craft Positioning System and through BuRec from the Federal Aviation
Administration. The CSD product is probably more accurate, but is less
comprehensive, with some flights in "blind spots" of the system and some
missing data from power failures and other causes. Position listings (x,
y, and z) and maps of track segments at 40 X 40 and 80 X 80 km scales are
available on microfilm. The 40 X 40 and 80 X 80 scales are also standard
(insofar as possible) for detailed radar data requests.

Aircraft data are more voluminous and complicated, with different
formats for different aircraft. CSD has been working to help make avail-
able a relatively simple means of plotting the data from the different
aircraft at uniform scales, using a basic program developed by the Scien-
tific Computing Division at NCAR. The aircraft data archived at BuRec
are from HIPLEX 1, 2, 5, and 10; at CSD they are from HIPLEX 4, 6, 7, 8,
9 and 14. (Table 2 is a convenient key to these designations.)

The success of CCOPE was due in part to the long planning period.
At first, with the large number of participating people and organiza-
tions, considerable time had to be spent reaching a consensus on the
general plan for the experiment. This involved a second meeting of all
interested participants about one year after the first meeting. Follow-
ing this, but a year or more prior to the experiment, a number of
specific decisions had to be made. These included decisions by some
participants to seek funding and decisions concerning physical
preparations, such as selecting and leasing sites for radars, mesonet
stations, etc.; preparing sites and buildings; obtaining radio and
telemetry frequency authorizations; and preparing and testing equipment.
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The northern locale dictated that some site preparation had to be done
the previous summer. As a result, two and one-half years was none too
long to plan a field program of the scale of CCOPE.

The long planning period also gave the major participants an oppor-
tunity to start working together. This was probably a factor promoting
what participants felt was a remarkably amicable and cooperative field
effort. The teamwork that developed, coupled with the rarity of major
equipment failures and the excellent weather, made it possible to collect
a number of high-quality, coordinated data sets on convective clouds of
different sizes.

A first analysis planning meeting was held in Boulder on 20-21
October 1981. Attendees submitted abstracts of first, tentative analysis
plans (63 in all), copies of which were distributed. The analysis topics
were organized both by problem area and by case study day, and were dis-
cussed both in smaller groups and among the whole gathering. Data avail-
ability was discussed, and desires for forms of data other than those
already planned were aired.

The initial plans are weighted somewhat more toward topical studies
than toward case studies. However, the pursuit of several of the major
topics, such as the origin of ice and hydrometeor evolution, will prob-
ably need to involve almost complete case studies because the phenomena
are so interconnected. MS-1 case studies for the 12 June, 11 July, 1
August, and 2 August storms, and ES-1 case studies for the 19 July and 6
August cases will start as soon as data availability permits.

The present analysis plans represented by the abstracts divide more
or less evenly among mature storms, early storms, and special topics.
CSD is producing an occasional communication called the CCOPE Newsletter,
of which No. 8, November 1981, reports the analysis planning meeting in
some detail and includes a list of the abstracts. In terms of fulfilling
the objectives for which CCOPE was designed, there do not appear to be
any glaring gaps. In fact, the unusually stormy weather during CCOPE
produced more good descriptive data sets than the presently identified
analysts will be able to exhaust in the next several years, so there is
ample opportunity for more participants in the analysis effort.
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STAFF AND VISITORS

Administration

Toni Biter
Sharon Blackmon
Michael Haldeman
Leslie James
Richard Sanborn (Deputy Director)
Patrick Squires (Director)
Susan Stippich
Susan Thomas

Empirical Studies Group

Edwin Crow
Liese Dall
Alice Lecinski
Griffith Morgan Jr. (Project Leader)
Jan Rosinski

Macrophysics Group

Jose Alvistur
Terry Clark
Mary Davis
James Drake
James Fankhauser
G. Brant Foote (Project Leader)
Harold Frank
William Hall
L. Jay Miller
Karen Miller
Carl Mohr
Ronald Rinehart
John Tuttle
Charles Wade

Mesoscale Interactions Group

Gary Barnes
Yi-Leng Chen
Margaret LeMone
Kent Sieckman
Edward Szoke
Edward Zipser (Project Leader)

Microphysics Group

Cleon Biter
Jeffrey Bogen
Daniel Breed
Carol Brown
Timothy Douglas
James Dye
Jack Fink
Vincent Glover
Walter Grotewold
DeWitt Harrison Jr.

Andrew Heymsfield
Guy Jeffries
James Johnson
Peter Johnson
Charles Knight (Project Leader)
Nancy Knight
John Murino
Ilga Paluch
Joanne Parrish
Philip Roskowski
Frederick Sellers
Sandra Sommers
Michael Spowart
Robin Vaughan
James Weber

Visitors

Lance Bosart, State University of New York at
Albany, 7 July - 20 August 1981, Mesoscale
Interactions Group.

Norman Donaldson, University of Toronto, Canada,
1 January - 30 June 1981, Macrophysics Group.

Hsiao-Ming Hsu, University of Wisconsin at
Milwaukee, 8 June - 31 August 1981, Macrophysics
Group.

Wei-Kuo Tao, University of Illinois, 6 May -
6 June 1981, Mesoscale Interactions Group.

Jack Warner, Commonwealth Scientific and Indus-
trial Research Organization, Australia, 7 June -
30 June 1981, Administration.

Jia-Liu Xu, University of Lanzhou, People's
Republic of China, 3 August 1980 - 31 December
1981, Macrophysics Group.

CCOPE Participants

August Auer, University of Wyoming

Marcia Baker, University of Washington

V. N. Bringi, Ohio State University

William Cooper, University of Wyoming

Robert Curran, NASA Goddard Space Flight Center

Arnett Dennis, Bureau of Reclamation

George Fichtl, NASA Marshall Space Flight Center

Anthony Grainger, University of North Dakota
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John Hallett, University of Nevada

James Hudson, University of Nevada

George Issac, Atmospheric Environment Service,
Canada

Arthur Jameson, Illinois State Water Survey

David Johnson, Illinois State Water Survey

Robert Kropfli, National Oceanic and Atmospheric
Admi nistration

John Latham, University of Manchester, England

Ian MacPherson, National Aeronautical Establish-
ment, Canada

Paolo Mandrioli, FISBAT-CNR, Bologna, Italy

Thomas Matejka, University of Chicago

James Metcalf, Georgia Institute of Technology

Volker Mohnen, State University of New York
at Albany

Eugene Mueller, Illinois State Water Survey

Dennis Musil, South Dakota School of Mines and
Technology

Harold Orville, South Dakota School of Mines
and Technology

Richard Orville, State University of New York
at Albany

Richard Pearson, Colorado State University

Wayne Sand, University of Wyoming

Robert Schemenauer, Atmospheric Environment
Service, Canada

James Scoggins, Texas A&M University

Thomas Seliga, Ohio State University

Bernard Silverman, Bureau of Reclamation

Paul Smith, South Dakota School of Mines and
Technology

Ramesh Srivastava, University of Chicago

Geoff Strong, Alberta Research Council

Roland Stull. University of Wisconsin

Arlin Super, Bureau of Reclamation

L. Ucelline, Laboratory for Atmospheric Sciences,
NASA Goddard Space Flight Center

Gabor Vali, University of Wyoming

Donald Veal, University of Wyoming

Thomas Vonder Haar, Colorado State University

Thomas Wilheit, NASA Goddard Space Flight Center

William Winn, New Mexico Institute of Mining
and Technology
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SCIENTIFIC COMPUTING DIVISION

The Scientific Computing Division (SCD) provides significant, state-of-the-art
computing services to the national atmospheric research community. These ser-
vices cover a wide variety of activities and include computing support for
independent research by NCAR or university scientists, joint projects between
NCAR and university scientists, and national or international programs that
involve university and NCAR scientists.

Most broad and innovative research in the atmospheric sciences depends upon
large-scale computing, primarily in the areas of simulation modeling and the
analysis of very large data sets. The computational power provided by the SCD
enables atmospheric scientists and researchers to pursue the studies needed to
qualitatively advance the science. These activities typically demand comput-
ing resources that are not generally available at universities. Hence, the
principal mission of the SCD is to provide large computing power, the magni-
tude of which is sufficient to support computations for extensive modeling and
data analysis as well as storage and archive capacity for major data collec-
tions. The emphasis is on best-available, high-performance equipment and sup-
port services to be used for this research. The SCD is equipped with a CRAY-
1A, capable of executing 80 million instructions per second for very high
speed computational power, a Control Data Corporation (CDC) 7600 for fast data
analysis and file manipulation, an IBM 4341 for interactive access to the
major computing engines, an Ampex Terabit Memory System (TMS) for mass storage
of archived data as well as significant on-line data storage, and a remote job
entry system that communicates with 75 universities across the country. The
SCD also enjoys a DICOMED graphics system, a Network Systems Corporation (NSC)
high-speed data network to connect the various systems, and a Gandalf port
contention device that permits selective user access to the machines within
the division.

During calendar 1981, the SCD provided computer support for 373 projects at 75
universities involving 352 scientists, students, and programmers. Computer
resources were also made available to 322 NCAR projects serving 338 scientists
and programmers. In addition 53 joint projects, involving both NCAR scien-
tists and university colleagues, were supported. These resources were divided
among the following broad areas of scientific interest: cloud physics, 15%;
weather prediction, 19%; astrophysics, 13%; upper atmosphere, 9%; climate,
31%; oceanography, 5%; basic fluid dynamics, 8%. The research being supported
by the SCD has continued to expand. The development of more complex and
refined models has made the need for even greater computational power a real
concern. With the increase in model sophistication, a corresponding increase
in the amount of data which must be archived, analyzed, and manipulated has
been observed. To a great extent expansions in the use of the SCD's computing
machines have been predictable. The rapidity of the expansion, however, par-
ticularly with respect to data archiving, has been surprising. Indeed, both
of these developmental trends seem to be only touching the scientific oppor-
tunities that are realizable; the further development of hardware and software
promises real qualitative, as well as quantitative, advances in the science.
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OVERALL STRATEGY AND ACCOMPLISHMENTS FOR 1981

As understood in the SCD, the scientific range of the computations required by
the atmospheric science community includes basic atmospheric physics and fluid
dynamics and the dynamics of the oceans and solar physics. Calculation of the
chemistry of the atmosphere also puts a heavy demand on computing resources
and is an area of steadily increasing importance to NCAR's mission. To these
study areas must be added some elements of the biology and chemistry of the
land and seas, since there is a clear interaction between biology and atmo-
spheric science in agriculture and in the study of acid rain and urban smog.

The SCD has attempted to provide for the computer needs of a variety of users.
The First Annual Computer Users Conference (held in January of 1981) gave the
SCD an opportunity to assess user needs and desires. It was clear that users
desire NCAR and the SCD to continue to provide them with facilities and ser-
vices that may not be available on the various campuses.

With the expanding need for computational power, large archives, communication
links to universities, graphics tools, and software libraries, the SCD is
experiencing major growth in user demand for these facilities. University use
has expanded rapidly this year and has now reached the allocation percentage
(45%) prescribed by the UCAR Board of Trustees. (45% is used by the NCAR
resident and visiting staff, and 10% is reserved for joint NCAR-university
projects.) The CRAY-1 system has continued to be very popular with our users
as a computational engine and is fully used.

The TMS has also received wide acceptance as an archive and contains well over
two trillion bits of users' data. The number of data sets in the archive grew
80% this year, and we see no reduction in this rate of increase in demand. In
July of 1981, 1.8 trillion bits of data were transferred by the TMS, even
though one of its two data channels had failed for about six weeks.

The remote job entry (RJE) system for communication with universities and
other remote sites is currently at saturation. The new IBM 4341 system was
installed in the spring of 1981. This system not only performs the RJE task
but also provides a modest level of interactive service to the NCAR user com-
munity.

Augmentation of user access to the various computing machines within the SCD
has been enhanced by the acquisition of a Gandalf PACX port selection device
(PSD). This system was installed in June and became operational in July of
1981.

The SCD has developed a high-speed network to tie its major systems together
and provide each component independence from other components on the network.
During 1980 many systems were integrated onto the network and the network
software was tested for speed and reliability. This work has continued into
1981, and, with the integration of the IBM 4341, the network has become the
principal communication link between the computer systems, providing the high
speeds demanded to accomplish the large file transfers of the workload. NCAR
recognized the importance of this work by nominating the network designers for
the 1981 Technology Advancement Award.
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Organization

The SCD is organized into four sections and several staff functions that
report to the director. The Data Support Section is responsible for the col-
lection, maintenance, and distribution of high-quality meteorological and
climatological data sets to the atmospheric science community. It also partic-
ipates in national and international planning of data archives, data
exchanges, and field experiments.

The User Services Section offers consulting services to users, provides for
the creation of all user documentation including user guides, tutorials, and
information on all services and operational procedures of the division, and
provides for the creation and maintenance of software libraries of numerical
and utility tools. The User Services Section also conducted a modest training
course for users of the new IBM 4341 system.

The Systems Section develops network, communication, and mass storage systems,
and maintains operating systems and language compilers supplied by the ven-
dors. The Operations Section operates and maintains the systems of the facil-
ity and provides digital data library services, use statistics,
microfilm/microfiche, and movie capabilities.

In addition to these four sections, the SCD has an Advanced Methods Group to
conduct research into numerical algorithms widely used in atmospheric research
and to provide consultation on the best methods and software for numerical
problems. The SCD administrator is responsible for managing the division
budget and the management reporting system. The Clerical Support Group pro-
vides clerical services to about 93 members of the SCD.

DATA SUPPORT SECTION

The Scientific Computing Division's Data Support Section (DSS), headed by Roy
Jenne, maintains a large archive of computer-readable research data and
assists users in locating data appropriate to their research needs, interfac-
ing their programs with the data sets, and gaining access to utility routines
for manipulation of the data. In addition to using the data at NCAR or
obtaining data tapes from NCAR, users can access the data from remote termi-
nals.

As the owner of the largest collection of data in the NCAR archives, the DSS
maintains many large sets of analyzed grid data and observed data from the
National Meteorological Center (NMC), the National Climatic Center (NCC), the
U.S. Navy (USN), and the U.S. Air Force (USAF). Other countries and labora-
tories also provide data. Supporting data such as land elevation and ocean
depth are included. The archives are largely described in Data Sets for
Meteorological Research, by Roy Jenne (NCAR-TN/IA-111, 1975. A more recent
brief summary listing of many of the datasets is also available.

Emphasis is placed on acquiring data sets that have potential for multiple
uses, continuity in time, and sufficient information to monitor some of the
changes in the global atmosphere and ocean. Some data are obtained for the
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archive to meet a specific request. More often, data are acquired in antici-
pation of research needs by assessing the general needs of the research com-
munity including specific current and past requests. There are also continu-
ing efforts toward improving the quality and accessibility of data in the
archive. Significant efforts are required to simply update and maintain the
data archive and to serve user needs.

When the DSS receives requests for data to be used on NCAR computers, it sup-
plies users with catalog information, access programs for reading the data,
and general information about data content and quality. The access programs
read in the data, unpack it when desired, and present the user with data
arrays ready for calculations. A selection of subroutines is also available
to help the user with such tasks as grid interpolation and transformation and
geostrophic wind calculation. Users do not have to be at NCAR to use data on
the NCAR computer. A program to use the NCAR data can be sent to the NCAR
computer by telephone from a university. Use of NCAR data by remote access is
increasing.

The staff of the Data Support Section is available to answer questions about
data handling, magnetic tape usage, and related subjects. Consulting assis-
tance and utility routines are also available to aid users with a wide spec-
trum of general data-handling problems such as reading tapes formatted for
other computer systems and efficient storage methods for data archives.

Additions to Scientific Data Archives

The Data Support Section (DSS) added a number of new data sets to the archive
during 1981. New sets included most of the First GARP Global Experiment
(FGGE) IIb observed data, all Indian time-series raob (rawinsonde) data,
high-resolution (30 s, or about 1 km) elevation data for North America, and a
tape of ice age climatic boundary conditions for 18,000 years before the
present. Other new data sets include five-minute ocean depth data for the
Northern Hemisphere from the National Geophysical and Solar-Terrestrial Data
Center (NGSDC), Boulder, and daily grid analyses from South Africa (August
1977 to October 1980). Previous ocean depth data had a resolution of only one
degree, which is not good enough for present and future models. Seasonal
ocean currents (prepared by Gerald Meehl, Atmospheric Analysis and Prediction
Division) were also archived. Work progressed on making these sets more
easily available to users. Also, a set of ship raobs was extracted from the
time-series raob set.

Sets with data now available at least through 1980 include the U.S. con-
trolled time-series rawinsonde (raobs), sea-leVel pressure time-series grids,
500-mb height time-series grids, and tropical grid time series. The FGGE
III-b set from the European Center for Medium-Range Weather Forecasting
(ECMWF) is now complete and includes data for December 1978 through November
1979. A reduced-volume 3.75 degree version of this set has been prepared on
18 tapes. The German set of stratospheric analyses was updated. Other data
sets that are continuously updated include: NMC observed data, NMC analysis
data, limited fine-mesh analysis, and world monthly surface climatology.
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Several on-going projects received active support. Processing of upper-air
and raob (rawinsonde) data collected by India continued, and a preliminary
reformatted version of the set is available. Processing also continues on the
African monthly rainfall set collected by Sharon Nicholson of Clark Univer-
sity, which has about 1,000 stations with long periods of record. Diagnostic
time-series plots of the data have been sent to Nicholson for analysis. The
set has been merged into one consistent data set and corrections and additions
applied to the data.

Processing of the U. S. summary-of-day surface data was accomplished, reducing
the total volume from the original 163 tapes to 16 tapes (6,250 bpi). The
actual data volume was reduced to one-third that of the original by using a
more efficient format. Access routines and documentation were developed for
this set. Data from Alaska and Hawaii and updates for 1979 and 1980 will soon
be added.

The DSS has begun to acquire the entire set of observed upper-air and surface
data collected by the Navy (Navy spot data 1966-81). DSS currently has par-
tial holdings from this set. It is particularly valuable because it has data
coverage by ships and is compact compared with other synoptic sets. The entire
set will be received on about 60 6,250-bpi tapes.

Dean Frey finished the processing of MONEX aircraft data in February 1981. A
good deal of work has been done on plans for processing aircraft data from
ALPEX. Jenne and others have been attempting to resolve issues for archiving
satellite data during the five-year International Satellite Cloud Climatology
Project. This involves finding the ways and means to cope with the 100 tril-
lion bits of data per year from the satellites and defining much smaller
archives that contain most of the information.

Some of the older DSS data sets have undergone refurbishing. Tapes were
recopied and/or documentation updated for a mesoscale satellite set, tropical
wind analyses, and older time-series raob data.

An undetected tape read error condition on the CDC 7600 computer was finally
pinned down, and repeatable failures were found to occur on certain tapes.
This situation has likely existed on the 7600 for several years, but the error
occurred so rarely that it was only detected after careful analysis of unex-
plained failures in DSS processing programs. When the NCAR Systems Section
and Control Data engineers can determine a method for fixing it without
affecting other procedures, a change will be made. This problem further
emphasizes the importance of using independently calculated checksums to
insure the integrity of the data archive.

Data and Programming Support Provided

Continuing programming efforts included gathering statistics on access to the
data archive, improved plotting packages and data interpolation routines, and
on-line access to DSS documentation for users.

More summarized information was prepared about key data holdings. A short
text gives the content and number of tapes in major sets. Another text gives
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the status of major sets of surface ship data in the United States and the United
Kingdom. Other texts describe the status of subsets of FGGE data and NMC
grids.

DSS directly supported Harry van Loon (Atmospheric Analysis and Prediction
Division) and the National Scientific Balloon Facility. They calculated various
grid statistics for van Loon, and helped the balloon facility to access grid
data transmitted via the NMC data line. Other scientific programming support
included computation of zonal indices of sea-level pressure and 500-mb heights
for California State University at Fresno and mean monthly zonal averages of
Southern Hemisphere sea-level pressure, 500-mb temperatures, and 200-mb winds
for Meehl.

The DSS has created and improved tape input/output (I/O) and data-handling
routines for the IBM 4341 this year. They detected and corrected several
minor bugs, added the tape unblocking routine RPTIN to the I/O programs avail-
able, and developed routines for simple tape staging to allow debugging tape
read programs without the need for a mounted tape. SBYTES is now available,
and several tape I/O routines for procedures not requiring significant CPU
activity have been adapted for the 4341. These now allow some data request
processing and archive updating and maintenance to take place on the IBM 4341.
A large class of the DSS functions requires more central processing unit (CPU)
power or better disk speed than is available on the IBM 4341 and has not been
considered for 4341 conversion. Consulting on 4341 tape I/O, data sets, and
general I/O continues to be a major DSS function.

National and International Planning

Jenne sent notes on his trip to China (December 1980) to about 35 researchers.
They include information about China's observing network, meteorological data,
research activities, and 500 years of climate information from historical
records.

In August Jenne attended the IAMAP meetings in Hamburg, West Germany, and
presented a paper, "Global Data Bases for Climate Forecasting Research." He
then attended a meeting to resolve a number of issues in planning for the
International Satellite Cloud Climatology Project. In September he talked
about the handling of large research data bases with a Control Data group in
Minneapolis.

Jenne attended two meetings sponsored by the World Climate Program Office in
Geneva. The first meeting regarded inventorying the world's data concerning
climate. Jenne had been at the World Meteorological Organization (WMO) during
January and February 1980 and was involved for a portion of the time in this
problem. Aside from the meeting, information was exchanged about climate mon-
itoring, Australian data holdings, FGGE hydrology progress, and regional cli-
mate activities in Southeast Asia.

The second meeting was the first major one to set directions for Data Manage-
ment aspects of the World Climate Program. Jenne chaired one of the groups
that integrated statements of data requirements and considered selected
aspects of what specific data sets need further preparation. He also attended
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another meeting, sponsored by United Nations Environmental Program-WMO, con-
cerning climate monitoring.

A meeting was held in Washington, D.C., in December to plan the preparation of
a combined set of surface marine data (prepared for 1850 to 1980) during the
coming year. Jenne outlined the status of different component data sets.
NCAR will be involved in major sorting and merging tasks with the data set,
while NOAA (Environmental Research Laboratories and NCC) is performing other
large tasks.

Jenne has started preparing a chapter about data for a book on applied
meteorology.

Data Support Provided

During calendar 1981, the Data Support Section filled 186 data requests in
addition to many more requests for using data on-line. University and other
research groups in seven foreign countries received a total of 550 magnetic
tapes from the section. Data for these tapes were selected from 1,045
archival volumes. Printer and microfilm output were also created for some
users. A complete list of requests for data filled by the DSS during calendar
1981 is available from the DSS.

COMPUTER OPERATIONS SECTION

The SCD Computer Operations Section, managed by Gary Jensen, is responsible
for providing a variety of services to all users of NCAR computing resources,
both within NCAR and at university sites.

The current configuration of the computer center includes the CRAY-1, the Con-
trol Data Corporation 7600, two Digital Equipment Corporation 11/79s, one
Modular Computer Systems MODCOM II, two Ampex Terabit Memory (TBM ) Systems,
one Systems Engineering Laboratory 32/55, one IBM 4341 with an attached IBM
Series/I and a DEC 11/34, the DICOMED COM (Computer Output Microform) device
with an attached DEC 11/34 (used as an asynchronous communications editor), a
loosely coupled network consisting of Network Systems Corp. adapter boxes, and
a Gandalf Dual PACX IV port selection device. This is a very complex combina-
tion of hardware for any single computer center.

The Computer Operations staff provides computer service 24 hours a day,
throughout the year. Fifteen and a half full-time employees (FTE's) are
assigned to direct computer operations. Personnel are scheduled so that rea-
sonable turnaround of computing jobs is always available. During weekends and
holidays, a reduced workload permits a reduction in staff. The Operations
supervisors are responsible for the overall operation of the computer room.
The staff assists users in solving minor problems that arise in the day-to-day
submission of programs, over-the-counter as well as from remote terminals
(RJE), and in helping prepare program and data decks on a limited basis.

1. TBM is a registered trademark of the Ampex Corporation.
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The work characteristics of the shifts are as follows:

8:00 a.m. - 6:00 p.m.: The emphasis is on check-out and debugging runs.

6:00 p.m. - 12:00 midnight: The larger (production) jobs are run.
Check-out and debugging jobs are run periodically.

12:00 midnight - 6:00 a.m.: The larger (production) jobs are run. Spe-
cial scheduled runs for short-term users are processed. Check-out and
debugging jobs are run periodically.

6:00 am. - 8:00 a.m.: Monday through Friday this period is reserved for
preventive maintenance and systems software check-out. On Saturday and
Sunday this time is set aside for systems software check-out.

All shifts engage in the following activities, which are not necessarily visi-
ble to users: they monitor all systems for efficient and reliable perfor-
mance; schedule job flow; diagnose equipment malfunctions, notify appropriate
SCD personnel and customer engineers when problems arise and take corrective
action; read in program decks; remove, sort, and shelve program paper listings
and punched output; mount both half-inch and mass storage (TBM) tapes on
drives; perform TBM volume maintenance; clean tape drives; change printer rib-
bons and paper; clean and certify tapes; process and distribute microfilm and
microfiche, on other than prime shifts; maintain liaison with and assist
users, keeping them updated on the status of the system; assist remote termi-
nal users by phone; and keep system and hardware performance logs and update
manuals.

Computer operators are each assigned prime responsibility for a particular
system, for example, the CRAY-1A, CDC 7600, Ampex TMS-4, DICOMED, PDP 11/70s,
SEL, the MODCOMP, and the IBM 4341. This includes assisting in training other
operators; system documentation; and writing, compiling, and updating on-line
instruction manuals for each system.

Shift supervisors provide on-the-job training for operators on a year-round
basis. In addition, operators attend courses in supervisory skills, as well
as computer hardware classes offered by computer vendors. Videotaped classes
in computing principles were also offered to all operators.

During 1981, Operations management personnel acquired and tested various new
pieces of equipment, including the IBM 4341, a port contention device, modems
for new terminal lines, a 300 megabyte disk for added storage for the DICOMED
computer output microform (COM) device. They also participated in plans for a
CDC 7600 replacement.

Operations managers were responsible for computer and associated equipment
installation and arrangement related to the various remodeling projects com-
pleted in 1981.

The activities of the Operations staff during 1981 can be summarized by the
following average monthly production statistics:
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35,540 CDC 7600 jobs run
15,680 CRAY-1A jobs run
18,900 Ampex mass store volume stage number (VSN) or data set requests filled
696,000 computer output pages printed
630,000 frames of DD80 microfilm processed
90,500 computer cards punched
4,255 half-inch tapes mounted
1,891 mass storage (TBM) tapes mounted
400 packages of computer output (film, paper and tape) mailed
17 sets of available software processed and mailed

Data Entry

The data entry staff, headed by Mary Buck, is responsible for providing data
entry, data verification, and documentation services to SCD and other NCAR
divisions and, when possible, to university visitors. The work principally
consists of unformatted source data representing computer programs, results of
field experiments, and statistical information. Data entry staff also handle
some textual information such as books and technical reports. Data entry is
performed on the PDP 11/70s using the Interactive System/One text editor as
well as the IBM 4341 computing system. The staff also operates IBM 129
keypunches.

The data entry staff closely monitors the operational status of the Perkin-
Elmer 1200 series terminals, INCOTERM and Diablo printers located in the data
entry room, and the Decision Data 8010 data recorders. Preventive maintenance
on the machines is performed on a routine basis, including minor repairs as
needed.

The staff is also responsible for maintaining the IBM 026, 029, and 129
keypunch machines located throughout NCAR. This includes maintaining adequate
supplies of punch cards and other materials needed by users.

The staff provides advice and suggestions to users on efficient preparation of
technical data formats, correct machine use, and preparation of program cards.

Computer Graphics

Another component of the Operations Section is the computer graphics section,
composed of one supervisor (Andrew Robertson) and two technicians. The
responsibilities of this section include the processing of microfilm and
microfiche generated by a DICOMED COM device and an on-line DD80 35-nmm micro-
film camera. Capabilities of the system include production of 35-mm raster
and vector microfilm, 105-mm microfiche, as well as 16-mm roll film.

Output from these devices is developed, processed, and distributed to users on
an hourly basis during prime shift hours and at two-hour intervals on night
and weekend shifts. On other than prime shifts, operations supervisors accom-
modate urgent film processing needs of users, depending upon the workload. In
order to better facilitate the advent of heavy usage on the DICOMED fiche sys-
tem, a microfiche copier/duplicator was purchased. This service will greatly
enhance the throughput of the DICOMED system, since the user will no longer be
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required to run computer jobs to get additional fiche copies.

The quality control program initiated in 1980 has assured stabilization of the
chemistry in the Allen film processor and allowed quick diagnosis of problems
with film or chemicals.

Seventy-five microfilm reader/printers, located throughout the NCAR establish-
ment in various sites in and near Boulder, are serviced and maintained by the
computer graphics staff.

Resource Accounting

Through the development, maintenance, and use of a computer accounting data-
base, the resource accounting group (RAG), headed by Julia Bartram, archives
computer accounting and computer user data. This information is used to moni-
tor and control computer use of the various mainframes at NCAR and also the
resource allocations provided to our users.

RAG produces a variety of reports that track and record accountability for
these systems, providing visibility to the user community as well as NCAR
management, and the National Science Foundation. These reports not only show
statistics necessary for day-to-day operations, but those required to plan
short- and long-range computing needs. Status reports are posted daily for
all users and list the following by project number: daily computer use,
resource units allocated, units used to date, and the amount remaining in each
account. Similar information is sent monthly to the remote sites. Other
reports provided include computer activity broken down by NCAR and non-NCAR
use and by area of scientific interest.

Interaction with the computer user community is another function of this
group. RAG receives information about the user population, validates new
users into the system, and answers inquiries about current account status.
The group assigns passwords allowing RJE access and assigns Programmer LIBrary
(PLIB) volume names.

File Management Services

Within the Computer Operations Section of the SCD, the file management ser-
vices staff, headed by Mary Trembour, manages the various data libraries kept
at NCAR.

The amount of data maintained by the SCD on tape media is considerable. Phys-
ically, the data reside on 400 Ampex TrlS video tapes and 45,000 half-inch
magnetic tapes. Each of the video tapes holds 44 billion bits of data spread
along 3,800 ft of 2-in.-wide tape. It is essential to carefully and accu-
rately manage NCAR's inventory of data tapes.

The file management services staff routinely performs a variety of functions,
including the assignment, release, and maintenance (i.e., cleaning and certi-
fication) of half-inch magnetic tapes. It also manages the data volumes on the
video tapes used by the SCD's mass storage device. One of the major responsi-
bilities of the staff is to devise unique solutions to the problems posed by
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users who have different data storage needs. The solutions are often individ-
ually tailored to meet the specific media needs of the user.

The group maintains a "no-growth" half-inch tape library, recycling tapes and
tape numbers to accomplish this goal. There is an off-site tape library to
store archival tapes.

Two systems to accommodate visitor tapes allow either temporary storage for
small data sets or long-term large block maintenance for scientists' data
tapes. The staff takes charge of tape storage and archiving of data for users
not located at NCAR by responding to their requests for assistance in storing
and retrieving their data and by assuring that the data libraries are kept
physically in order.

Additional responsibilities include shipping and receiving tapes to and from
outside users, preparing monthly library update information, processing and
distributing semiannual tape memos to more than 650 users throughout the coun-
try, processing and filling requests for NCAR-developed software, and process-
ing and mailing tape invoices and RJE terminal output.

SCD Computer Maintenance

The SCD computer maintenance group (SCDMG), headed by Jesse James III, is
responsible for more than 70 terminals within the SCD as well as about 75 ter-
minals owned by other NCAR divisions. Also, the group has total responsibil-
ity for the TMS-3, which is a small Ampex Terabit Memory System used to ini-
tialize tapes for TMS-4, the SCD mass storage system. The group initializes
over 250 tapes a year to be used in the mass storage system. They also main-
tain all of the Digital Equipment Corporation (DEC) equipment on the TMS-4.
In addition, they do most of the terminal wiring within NCAR and have respon-
sibility for all RJE hardware and communications equipment located within the
SCD.

This group installed and maintains the Gandalf Dual PACX IV port selection
device, as well as the modems and telephone equipment associated with the
PACX. The time-consuming task of wiring all of the terminals in the SCD to
the PACX was handled with efficiency by the SCDMG. Terminals wired to the
PACX give the user what amounts to a smorgasboard selection of computing
machines. The PACX also handles most of the dedicated and dial-up telephone
lines in conjunction with the MODCOMP RJE computer. Through the use of a
Spectron 901 data scope, the SCDMG is able to trouble-shoot user problems
with the communications systems and devices.

The SCDMG has complete maintenance responsibility for the DICOMED D48 COM
machine. This includes calibration of the DICOMED system, maintenance of the
cameras, both fiche and 35-mm, and total responsibility for the DEC PDP-11 and
associated peripheral devices.

It is rare for a computing facility to have an in-house group like this, made
up of high-caliber engineers and technicians, but then the NCAR computing
center is not a "plain vanilla" facility. It is an integration of equipment
manufactured by a list of vendors that reads like "Who's Who" in the computing
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industry. It has become very complex over the years, and this group, along
with others within the SCD, can take the credit, from a hardware standpoint,
for keeping the center operating smoothly and with minimum interruptions.

This group does not maintain the CDC 7600, the IBM 4341, or the CRAY-1.
Everything else falls within its area of responsibility. This arrangement is
advantageous because dealing strictly with vendor-supplied maintenance is
sometimes difficult when vendors do not respond quickly and long downtimes
result. Furthermore, some of the equipment that the SCDMG maintains is old
and costly to maintain. In some cases, the purchase of maintenance may even
be impossible.

The SCDMG evaluates new modems, CRT terminals, and communication advances as
they are offered by the vendors and then work with the SCD Data Communications
Policy Committee on the purchase of devices that they feel will best support
the user community. As an example, in response to the need to offer better
interactive capabilities to users as a result of the acquisition of the IBM
4341 computing system, the SCDMG has installed 28 VT-100 terminals (six of
which have graphics capabilities), 30 SOROC terminals, and 16 ADM3A+ termi-
nals. These new terminals greatly enhance user interaction with the computers
in the machine room.

SYSTEMS SECTION

The Systems Section, led by Paul Rotar, provides software maintenance for the
operating systems and subsystems in the SCD and helps isolate hardware faults
when necessary. It also develops and maintains network and communication
software to link the various elements of the NCAR system. It plans, develops,
and enhances system software to provide better service on the systems.

The Systems Section also provides services in support of activities in other
sections of the SCD.

During 1981, the Systems Section consulted with users on problems with sys-
tems' features as well as advised them on the use of system software. They
also assisted users having input/output problems with large data-processing
codes.

The Systems Section maintained operational software, i.e., repairing problems
in production systems code and making minor modifications as needed to provide
user satisfaction.

They consulted with Operations personnel on systems problems, for example,
determining whether machine failures were caused by hardware or software.

They consulted with customer engineers from CDC, Network Systems Corporation
(NSC), Ampex Corporation, Cray Research, Inc., Modular Computer Systems, and
International Business Machines Corporation on interrelated hardware and
software problems.
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The Systems staff continued the development of software to support the2NCAR
local network utilizing the NSC network adapter boxes and HYPERchannel data
trunks. The IBM 4341, the DICOMED II microfilm unit,and HAO's PDP 11/70 were
added to the network. Software was also developed to support major user-
requested features, performance improvements, operational improvements,
statistics gathering and general system enhancement.

They participated in the drafting of technical specifications for hardware
additions to the TMS-4 mass storage device.

The Systems Section interfaced with vendors' representatives during equipment
installation, for example, on the IBM 4341, as well as on hardware upgrades,
such as those on the MODCOMP II RJE computer.

CRAY Group

The CRAY group provides system software support for the CRAY-1A computer. The
members of the group are Barbara Bateman, Sandra Fuller, David Kitts, Jamia
Oliver, Robert Mitchell, and Eugene Schumacher. Schumacher, as group head, had
overall responsibility for the group, but also worked on software related to
CRAY disk flooding as well as CRAY-to-7600 link problems. Kitts performed and
maintained the major system modifications needed to create an interface
between the mass storage device and the network. Bateman worked on perfor-
mance monitoring and user validation. Fuller worked on accounting and statis-
tics gathering. Oliver focused on system generation. They have performed
well as a team, and each contributed to our success with the CRAY.

The CRAY Operating System (COS) generates periodic records of the performance
and usage of the CPU, I/O subsystems, and the COS software. Utility routines
have been written to gather and summarize these performance statistics on both
a daily and monthly basis. Some of the parameters examined are the user
times, I/O times, and system task times, the number and types of system
failures and restarts, counts of system service calls from both the system and
user-level programs, and the execution times for all jobs.

These performance statistics are extracted on a daily basis from the CRAY's
log files. Monthly summaries are maintained and daily performance is moni-
tored for variations caused by changes in the operating system or user pro-
gramming practices. In order to observe the impact of these changes and
enhancements to the operating system, job failure statistics are monitored
both daily and on a long-term basis.

These statistics are used to find methods of reducing system overhead and to
provide the users with the greatest amount of computing time possible.

Modifications were made to COS to improve performance. The COS job scheduler
previously provided for job time slicing among users in order to supply a fair
share of the CRAY's CPU at the expense of considerable job swapping, i.e.,
jobs were swapped periodically between memory and the disks. The disk times
needed for the job's swapping activity, as well as the CPU overhead time

2. HYPERchannel is a registered trademark of Network Systems Corporation
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needed to evaluate the priority functions, were considerable. The removal of
the algorithm that causes the swapping resulted in fairly dramatic increases
in CPU utilization. Program swapping times and multiprogramming capabilities
were improved by changes in the memory size handling and defaults. Programs
that execute in a minute or less now use an average of 56% less memory than
before.

Before the network was in use, all CRAY accounting was performed on the CDC
7600. The use of the network necessitated moving the CRAY accounting from the
CDC 7600 to the CRAY to prevent loss of accounting information. Daily
accounting that matches the format and structure of the CDC 7600 accounting
procedures has been implemented on the CRAY. This procedure preserves unifor-
mity and provides continuity for ongoing analysis of performance. As a back-
up, the accounting is still gathered by the CDC 7600 for non-network jobs.

The latest CRAY operating system, COS 1.09, by Cray Research provided methods
of maintaining a file of account numbers and of checking these numbers before
allowing a user job to run. Prior to this system release, job validity was
checked on the CDC 7600 only. For our accounting needs, NCAR's COS was modi-
fied to be compatible with the existing CDC 7600 accounting structure. The
CRAY accounting file contains all of the information currently available on
the CDC 7600. Each job that enters the CRAY is now validated for an active
project/user number. Its CRAY Charge Unit (CCU) allocation and usage are com-
pared with the amounts needed by the job to verify that there are CCUs remain-
ing. If insufficient CCUs remain, the user will not be permitted to submit
further jobs. At the end of each CRAY job, the system prints the project/user
allocation, its past usage, and the current job usage for this particular job.
The implementation preserves the format and structure of the CDC 7600 pro-
cedures.

Another major programming effort has been to provide the resource accounting
group with daily accounting of AMPEX TBM usage.

NCAR computer system components are coupled by either direct channel links or
by a connection to the network, with some components connected in both ways.
This causes some interdependence among the software systems of the various
computers. As an example, it is occasionally necessary to alter the CDC
7600-to-CRAY direct link support software in response to changes in the CRAY
system. Since the CDC 7600 performs a major front-end function to the CRAY,
system upgrades on either machine must be carefully coordinated to avoid
incompatibility problems.

The CRAY group worked to upgrade the CRAY software maintenance and development
procedures, developing consistent naming conventions. This involved coordi-
nating file names for previous, current, and experimental versions of system
procedures and utilities. Every group member now follows specific procedures
for local modifications of system routines. Generation of a new version of
the CRAY operating system was condensed into a single procedure. The direc-
tories and files for the CRAY group's on-line development and storage were
also condensed, coordinated, defined, and documented.
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We also revised tasks performed by computer operators and developed consistent
new procedures for them to follow in the initialization and back-up for the
operating system. Projects included developing new disk pack initialization
procedures, daily and weekly disk pack back-up procedures, and CRAY start-up
procedures.

Considerable documentation, which is used by the SCD Operations Section as
well as the other groups within the Systems Section, accompanied all revisions
and new procedures.

As of January 1981, the NCAR network software was in production on both of
SCD's PDP 11/70s, the SEL 32/55, and on the SEL 32/35 belonging to the Atmo-
spheric Chemistry and Aeronomy Division. The network orograms were working on
the CRAY and CDC 7600 but were not yet in production.

Over the course of the year, we made a major effort to bring the CRAY network
code into production and improve its operation. The network code was reduced
in size and fine-tuned to make it run faster, minimizing the network's impact
on CRAY performance.

We added code to the CRAY to enable it to send its job status file to the
other machines on the network. This allows users of interactive systems, such
as the IBM 4341, to determine their jobs' status on the CRAY. The CRAY net-
work code has also been modified to generate accounting information.

Code was written to perform a statistical analysis of network traffic to and
from the CRAY. This information pinpointed some specific performance prob-
lems, most of which were corrected once the statistics were analyzed. These
statistics have given us some idea of how much data moves over the network.
For the last two months of 1981, the average amount of data shipped to and
from the CRAY by way of the network increased from 0.610 billion bits per day
to 1.196 billion bits per day.

The need to control CRAY resource allocation became apparent during 1981. In
particular, saturation of on-line disk storage became a serious problem. A
six-phase solution to the problem has been planned and is being implemented.
The approach includes an improved disk purging technique that removes excess
data sets from the disks to provide sufficient space to insure the operating
system can process jobs. In later phases, users will be limited by project to
a restricted amount of disk space, and individual jobs will not be allowed to
exceed specified amounts of this space.

A generalized input queue management routine will be implemented to control
the flow of jobs into the system based on system loading and job resource
requirements. Jobs will not be allowed to enter the system until sufficient
resources are available for their successful processing. Predeclaration by
the user of some job resource requirements will be needed to further protect
the system and the job itself from abnormal terminations because of lack of
disk space or nonavailability of files on the system.

Major software revisions are received semiannually from Cray Research. Addi-
tional corrections, called bug-fix releases, are received periodically between
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the major version changes. This software, which includes the operating system
for the CRAY, the FORTRAN compiler, the assembler, and numerous support and
utility products, must be integrated with extensive locally developed modifi-
cations. The resulting new versions undergo testing and analysis for their
impact on the NCAR installation, and are installed for general use when they
have been tested.

Local modifications to CRAY software releases fall into three categories:
those required to adapt the operating system to the NCAR equipment configura-
tion, temporary fixes needed until official corrections are received from Cray
Research, and enhancements that improve the utilization and performance of the
system at NCAR.

The third category is the largest and includes:

* The direct connection of the CRAY to the Ampex mass storage system

* The inclusion of the CRAY in the local networking system

* The extension of the job class structure routines to allow more flexibil-
ity in defining and controlling job class priorities

* Adaptation of CRAY accounting routines and log file outputs to be compat-
ible with local accounting programs

* Enhancements to the system's statistics-gathering capabilities to produce
a more complete picture of system performance

* Various utility routines provided for user convenience.

Network Group

The network group has the responsibility to develop and maintain the NCAR
local network. The group was formally composed of three persons, but several
others made special contributions to the network software during 1981. Net-
work group members are B-Lynn Irwin, Darrell Holley, and Marc Nelson. Irwin
was group head and primary implementor of the IBM 4341 network software. Hol-
ley worked on the installation of the network software on the DICOMED II
microfilm device. Nelson installed and maintained the network on the CRAY.

The NCAR local network provides a connection mechanism for attaching addi-
tional gateway/front-end systems to the SCD computing facility machines. The
major connection constraints are the candidate systems' ability to accept the
network software, the proximity to existing network trunks and a network
adapter, or an available port on an existing adapter. Complete software pack-
ages exist for the following hardware/software systems: CRAY under COS 1.10,
CDC 7600 under NCAR's system, PDP 11/70 under UNIX, PDP 11/34 under RSX11M,SEL
32/35 under RTM, SEL 32/55 under RTM, and IBM 4341 under VM/SP-CMS.

We can incorporate other systems as gateways into the local network with six
to nine months of effort, depending on the implementor's knowledge of both the
network and the candidate system. The "core" network software is a fairly
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portable, high-level program. Many system-dependent routines support it. The
network software runs at user level. To conserve resources, the network con-
trol portion is swapped out of memory in the absence of user activity and only
a short routine to start up the process is needed in memory.

Microwave radio equipment is available from the network hardware vendor and
could extend the NCAR local network to the NCAR facilities at the University
of Colorado east campus.

The analysis of the problems involved in the installation of the NCAR network
software on the IBM 4341 VM/SP-CMS computer system was completed late in Janu-
ary 1981. Problems existed in the areas of program-to-program communication,
disk file handling, disk space usage, and in interfacing the high-level net-
work routines to the conversational monitor commands. We adopted compromises
that reduce performance in the disk handling areas, but felt that these
compromises could be corrected after the network was fully functional.

Implementation began by coding and testing some of the IBM system-dependent
software on an IBM 4331 computer system made available to us in Denver by IBM
until NCAR's 4341 computer could be installed in April. By June, the 4341
network software package could communicate with the other network nodes. In
July, a selected group of users began transferring files between the IBM 4341
computer and the CRAY, the CDC 7600, and two DEC 11/70 computers running UNIX
software.

Since July, a continuing effort has been made to improve the 4341 network
software. As a result, reliability has increased and utility programs stream-
line the user's use of the network. It is now very simple for the user to
ship job files to the CDC 7600 and CRAY, to receive the resulting job print-
outs on the IBM 4341, to determine the status of jobs on the CRAY and CDC
7600, and to determine the status of the IBM 4341 network software.

User utilization and network traffic on the IBM 4341 is still rather light
compared with traffic on some of the other network nodes. On a typical day,
the IBM 4341 users transferred approximately 540 files containing close to six
million bytes of data. About 64% of these file transfers occurred with the
CRAY computer, 30% with the CDC 7600 computer, and the rest with the other six
network nodes. The transfer rate averaged 600,000 bits per second for medium-
to large-sized files.

The above transfer rate is disappointing relative to the various hardware
capacities. The reason for the problem has been identified as the poor per-
formance of the FORTRAN disk I/O software. Replacing the FORTRAN-level disk
I/O software with NCAR-developed software is expected to increase performance
by a factor of six. Therefore, medium- to large-sized files can be expected
to transfer at rates of up to 3.6 million bits per second sometime in 1982.

In addition, because of the architecture of the operating system, an enormous
amount of permanent disk space is required by the IBM 4341 network package. A
non-vendor supported enhancement to the operating system has been obtained
that will allow a different network strategy to be implemented, so that almost
no disk storage need be permanently allocated to the network software.
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Several new IBM 4341 network functions have also been requested by the user
community. Thus, in the near future, the network group's attention will be
focused on performance and functional enhancements.

During 1981, the PDP 11/34 DICOMED network package became fully operational.
This enabled users on any network node machine to send plot files to the PDP
11/34 and have them queued and plotted. Three elements were involved in this
effort: the 300 megabyte BRAEGEN disk drive had to be incorporated into the
software, interfaces to the DICOMED Online Operating System (DOOS) were gen-
erated, and operators' communication modules were written.

The key to obtaining satisfactory Network performance was the integration of
the BRAEGEN disk drive software into the already existing network code, then
improving its performance to provide an acceptable data rate as well as
storage capacity. This required extensive PDP 11/34 software modifications,
plus debugging of the BRAEGEN disk hardware. Under optimal conditions, a
transfer rate in excess of 900,000 bits per second was achieved. In normal
daily use, a data rate between 750,000 and 850,000 bits per second was sus-
tained.

The network package was also modified to allow users the option of having FOR-
TRAN print files automatically output as microfiche.

Several classes were taught to Operations staff on the use of the PDP 11/34
operator commands.

The network logfile was improved to record the file name, user name, scientist
number, and disposition of each file shipped to the PDP 11/34. A system task
was added to allow operators to examine this logfile and offer users a status
report on their network transfers.

Raw timing information included in this file was processed to measure daily
transfer rates and data flow.

Network status routines on the PDP 11/34 allowed Operations to monitor network
activity and see which network node was "ON" (linked to) and which machine, if
any, was currently transferring a file.

From November 1981 to February 1982, the average daily amount of data handled
by the PDP 11/34 network node steadily increased from 687 megabits to 1,960
megabits.

During 1981, the network programs were made operational on HAO's PDP 11/70.
This effort consisted of installing the code that was running on SCD's PDP 11/70s
on HAO's computer and then working with HAO's programmers to tailor the net-
work routines to meet their users' needs.

3. Network data rates include times required to open files, read the file,
transmit the file across the Network, take the file out of the CRAY
dataset format and store it on the recipient's disks.
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MODCOMP

The MODCOMP computer system is the RJE front-end computer that processes jobs
intended for the CDC 7600 or the CRAY from more than 150 user sites. MODCOMP
support activity consists of making site changes (additions and deletions),
upgrading software and fixing software problems, and providing user assis-
tance. William Ragin is responsible for the maintenance and development of
the MODCOMP software.

The MODCOMP communication interface hardware was upgraded to the latest level
available. This upgrade was required because the existing hardware was
obsolete, not expandable, not very maintainable, and it did not provide the
extended capability users needed to improve system throughput. This upgrade
was complicated by the fact that the vendor first sent NCAR incorrectly
designed interface boards. After consultation, the boards were eventually
redesigned, and the upgrade was completed in October of 1981.

The MODCOMP will be integrated into the NCAR local network in 1982. The
MODCOMP-to-CDC 7600 interface code will be replaced with the network software.
The existing support software that now runs on the CDC 7600 (26 different pro-
grams) is being rewritten to run on the CRAY. This major software upgrade is
being undertaken to prepare for the replacement of the CDC 7600.

In 1981, 40 site change requests were processed, resulting in 29 new sites.
The MODCOMP communication software was modified to incorporate changes for
limiting the number of pages that a site may print at the MODCOMP printer,
expanding the site display of the CRAY background queue, eliminating the
automatic resubmitting of jobs lost because of CDC 7600 failures, and expand-
ing the "drop job" command so that the operators may drop a job regardless of
its status in the system.

Mass Storage Group

Two persons maintain and enhance the mass storage software. Joseph Choy
served as group head while working in all areas. John Merrill wrote and main-
tained the utility software, worked on system enhancements, provided utiliza-
tion statistics, and consulted with users and other SCD groups. A third per-
son is needed to allow us to maintain and upgrade the current software and
hardware and prepare for the eventual TBM replacement.

The group's duties involve maintenance of the following: the software system
for TMS-4 and TMS-3, the mass store I/O handler on the CDC 7600, the statisti-
cal and informational utilities on the CDC 7600 and the CRAY, and the utili-
ties that monitor and restore the master file directory that describes the
mass store contents. The group analyzes the usage and performance of the sys-
tem and develops enhancements that are useful to the operators and users and
increase the throughput and reliability of the system.

The documentation of the TMS-4 software, support utilities, and procedures
were reorganized to make them easier to find and update. The group is con-
tinually modifying and adding new documentation for system changes, new
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software, and newly developed procedures for the operators and the file
management support services group.

Study of the usage patterns and performance statistics of the TBM continues.
We are trying to ascertain the best methods to manipulate the overall data
base to secure the best possible equipment performance and the greatest
throughput. Statistics are also used to project the maximum capabilities of
the system and NCAR's needs for future mass storage devices. The graphs in
Figure 1, below, display the considerable growth of usage and the volume of
data on the TBM. We need to look ahead to determine how to handle future data
storage needs.

Figure 1. Total VSNs on the TMS-4 System and Total Bits Moved Between
the 7600, CRAY, and TMS-4 (total of bits read and written)
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Due to the nature of the hardware and the very low level at which the TMS-4
and TMS-3 operating systems interface with the hardware, the group is fre-
quently involved in detecting, analyzing, and locating failing hardware com-
ponents.

The group's responsibility to give the users the best possible service and use
of the TBM requires that new features and streamlining of the TMS-4 system be
a year-round consideration. Several improvements were made this year: the
management of the stored data is more efficiently performed, the field
engineers now have data on hardware errors, the operator's job has been sim-
plified, and throughput has improved.

Besides adding new features to the TMS-4 system, a few software errors and
problems were identified and corrected. Most of these errors had manifested
themselves as the usage of the TBM increased with the addition of the direct
link to the CRAY. The result of these errors was that the TBM would deadlock
and stop functioning, or that an abnormal condition would be detected by the
software and halt the system.

Link problems from the TBM to the CDC 7600 and the CRAY, as well as system
timing problems, have surfaced because of the increased usage of the mass
store. Most of the problems were resolved by changing the communication pro-
tocol and the error retry logic.

In early 1981, it was decided that the master file directory maintenance and
utility programs for the TMS-4 system should be moved from the CDC 7600 to the
CRAY, as a safeguard against the possible removal or replacement of the CDC
7600. We moved the programs that saved and restored the master file directory
(which is run daily as a system back-up), as well as a package of utility pro-
grams that provides information for the TMS-4 users and the Operations staff.
Some new features and improvements were also added to several of these pro-
grams.

In 1980, NCAR obtained the TMS-3 system from the Computer Corporation of Amer-
ica. In 1981, the TMS-3 system was brought up as a stand-alone system for
tape testing and initialization. The original software supplied with TMS-3
was found to be incomplete (partially because of a damaged disk pack) and also
was inadequate for our needs. Thus, a modified TMS-4 system had to be created
that would run on TMS-3 and provide the field engineers with the necessary
diagnostics.

The demands for data throughput and capacity in the TBM system are continuing
to grow at an increasing rate. During 1981, the mass storage group was able
to integrate some of the TMS-3 components into NCAR's TMS-4 system, increasing
the on-line capacity by about 20%. A plan was developed with Ampex Corpora-
tion to integrate the rest of TMS-3 and obtain additional hardware to upgrade
the data throughput, capacity, and redundant data paths in TMS-4. Extensive
changes to the current software will be required to handle the maze of data
paths and the addition of a third host computer interface.

We provided consulting to identify the source of errors or to isolate a prob-
lem with the TMS. The group advised users on how to best manage their data
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and was involved in recovering data that the user lost, overwrote, or allowed
to expire.

IBM 4341 Group

The system software for the new IBM 4341 and its supporting Series/1 and PDP
11/34 terminal controller systems is maintained by three persons. Marie Work-
ing is the group head and also maintained the Series/i software. Phylecia
Brandley maintained the control program and system software. Louis Jones main-
tained the PDP 11/34 software and was generally knowledgeable about the sys-
tem. Mitchell was on loan from the CRAY group to provide support on a multi-
tude of problems encountered in starting up.

Before the IBM 4341 was delivered in mid-March, the group members attended
software classes, organized the documentation, assisted with some of the sub-
routines needed for the network, and began a 3270 terminal controller emula-
tion project.

This latter item has proved to be one of the more interesting and successful
endeavors for the year. The SCD wished to be able to use the existing termi-
nals, Perkin-Elmer 1100s and Lear Siegler ADM3s, in full-screen mode as
opposed to single-line teletype mode. To accomplish this, we took two courses
of action. The first was to order an IBM Series/i computer and its supporting
software from IBM. The second was to use a spare DEC PDP 11/34, order an
interface board, and then write a program that emulates the needed terminal
controller. By summer this had provided a back-up system to the somewhat fas-
ter Series/1. The in-house system has proved to be more stable and trouble
free than the commercial package.

Following the machine's installation, several weeks were devoted to installing
the operating system software and educating the group in the details of this
lengthy procedure. We spent many hours consulting and assisting new users
with the fine points of the IBM 4341 operation. As the use increased, two
problems became evident. A disk back-up procedure was needed so that the
files could be reloaded if lost. A purge program was required for printer and
console files that were not erased by users. These were written and put in
place as quickly as possible.

The Series/1 software was installed and terminal tables were put in place for
our terminal types. Software problems manifested themselves in communication
failures between the IBM 4341 and the Series/I. In an effort to isolate
these, the Series/1 was moved from one IBM 4341 channel to another and exten-
sive debugging was performed to no avail. By year's end, these communication
problems had proved very difficult to identify and correct and have seriously
interfered with access to the system. We expect to resolve these problems
early in 1982.

To allow the IBM 4341 to serve as an RJE gateway machine and eventual MODCOMP
replacement, it was necessary to modify the vendor software so that each phys-
ical port on the system could serve an arbitrary user instead of a per-
manently attached user. This reduced the number of phone lines and dial-up
access ports required. Additionally, a routine is needed that would interface
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programs that arrived from RJE sites to the network routines on the IBM 4341
so that these jobs can migrate to other nodes on the NCAR local computer net-
work where actual processing is to occur. This work progressed well during
1981, but remains to be completed in 1982.

Software routines to monitor IBM 4341 performance were installed, and their
output is being analyzed. Several staff members attended classes on perfor-
mance monitoring, and we expect performance to improve during 1982.

CDC 7600

The CDC 7600 support effort in 1981 was reduced from the levels in previous
years because the CDC 7600 was scheduled for replacement by the end of fiscal
year 1982 (FY 82). However, considerable effort was devoted to the network,
I/O performance, priority issues,and general maintenance on the CDC 7600.
Only one person, Betsey Chen, is now assigned to support the CDC 7600 system,
but personnel are used from other System sections when necessary.

The CDC 7600 network routines that form part of the operating system have been
extensively modified. Extensions were put In place to permit very general CDC
7600-to-remote file movements. These are now operational but not completely
reliable. Reliability issues will be addressed in 1982.

Studies conducted in 1979 and 1980 indicated that the short record I/O perfor-
mance of the system could be greatly improved. These changes, which were com-
pleted in 1981, allowed much better throughput for people using the CDC 7600's
editor to prepare jobs for the CRAY-1.

In the spring, changes were made to the queuing algorithms to give higher
priority to university users. These priority changes were kept in force
through the summer in an effort to accommodate the needs of the university
community for better turnaround during these months.

Problems were addressed that arose on the system because of changing workload
conditions.

Documentation

Karen Friedman is responsible for all documentation activities in the Systems
Section. Documentation responsibilities included writing, editing, and
information-gathering assignments, as well as production of all documents in
collaboration with Systems Section personnel.

Additional activities included serving as the local arrangements chairperson
for workshops and conferences such as the Seventh Cray User Group (CUG) Meet-
ing, held in Boulder, Colorado, 21-23 April, and hosted by NCAR. Proceedings
from this meeting were compiled, edited, and published.

She was also appointed to serve as local arrangements chairperson for the
Fifth IEEE Symposium on Mass Storage Systems to be held 27-28 October 1982 in
Boulder, Colorado.
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She served as publications editor on various professional society steering
committees such as the Cray User Group Steering Committee. In this capacity,
she attended the Eighth Cray User Group Meeting held in Schliersee, West Ger-
many, 28 September - 1 October, for which she edited, compiled, and published
the meeting proceedings and assisted in writing the CUG Bylaws. She was also
appointed publications editor for the Steering Committee of the IEEE Mass
Storage Systems and Technology Technical Committee and Editor of the Digest of
Papers for the Fifth IEEE Symposium on Mass Storage Systems.

She provided an interface between the Systems Section and NCAR's Graphics and
Photographics departments and the Printshop in producing multimedia materials
and conference proceedings and preparing special multimedia presentations for
Systems Section personnel slated as meeting speakers.

As well as assisting the Systems Section, Karen performed editing and organi-
zational work for other groups within the SCD such as Administration and
Operations.

Other Activities of the Systems Section

Visitors from China. Since the normalization of relations between the United
States and mainland China, cooperation between the two countries in the fields
of computer science and meteorology has continually developed. Under agree-
ments between NOAA and the Central Meteorology Bureau (CMB) of the People's
Republic of China, several computer scientists from China are visiting NCAR
and are working with personnel from SCD's Systems Section.

Zhu Lin is Deputy Chief of the Numerical Weather Prediction Division, Insti-
tute of Synoptic Meteorology and Climatology, Academy of Meteorological Sci-
ences, CMB. She has been engaged in computer software research since 1966.
Tan Daoyuan, an engineer at the same institute, is interested in hardware and
diagnostics.

Zhu Lin is performing a survey of the FORTRAN compiler used on the CRAY and
evaluating its ability to perform optimization and vectorization of FORTRAN
source code. This evaluation covers the following machine-independent capa-
bilities:

* Vectorization of the following classes of do loops:

- inner, nested, containing conditional jumps and implied loops within
do's

* Residual optimization when vectorization of do loops is inhibited

0 Optimization of constant subexpressions not delineated by parentheses

* Optimization of IF statements

e Identification of entities inhibiting optimization.
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Machine-dependent capabilities include an evaluation of the compiler's use of
the available hardware registers, functional units, and memory and its
avoidance of conflicts in their use.

Tan Daoyuan will write CRAY hardware diagnostics that will execute under
operating system control and test for errors occurring on the disks, data
channels, central processor registers, and functional units. His first effort
in this area is the integration of already available diagnostics into a pack-
age able to execute under COS multiprogrammed with normal user work.

NCAR's Summer Program. The Systems Section participated in the 1981 Summer
Employment Program. James Fuller Jr., from the University of Texas at El
Paso, was placed in the CRAY group under the supervision of Robert Mitchell.
Fuller was trained in CRAY assembly language programming and assigned to pro-
duce optimal versions of GBYTE, GBYTES, SBYTE, and SBYTES that are used to
manipulate data quantities of less than a CRAY word. These routines are used
extensively by programs that manipulate data at NCAR. Fuller's routines
facilitate high-speed execution and preserve storage space. In doing this
practical piece of work, he became acquainted with the CRAY hardware and the
concepts of pipelining and vectors.

Professional Society Activities. Members of the SCD Systems Section partici-
pated in various professional computer society activities during 1981 to keep
current in their field of interest and to be source people to these societies
when expertise is required regarding some of the special systems installed at
NCAR.

Several members of the Systems Section have been heavily involved in the IEEE
Computer Society Technical Committee on Mass Storage Systems. NCAR is one of
the few national laboratories that has a mass storage system (the Ampex TMS),
and it is therefore called upon to contribute expertise in this area.

Two Systems Section members have submitted papers on mass storage system
software for publication in the August 1982 issue of Computer magazine.
O'Lear was nominated as chairperson of the Technical Committee on Mass Storage
Systems by the IEEE Computer Society (named to the chair in January 1982).
O'Lear and Friedman are making plans to have this technical committee hold the
Fifth IEEE Symposium on Mass Storage Systems in Boulder, Colorado, in October
1982. The symposium is a meeting to bring together users, vendors, and
designers of mass storage systems and to provide a forum for the mutual
exchange of needs, concerns, and applications of mass storage systems. The
mass storage system market covers a wide spectrum, from the office environment
to the medium- and large-scale users, each with its own set of problems.
Often the potential user, the vendor, and the hardware/software system
designer are not sure what is expected of the other in the specification and
delivery of a mass storage system. This conference will provide a forum for
all concerned parties to state requirements, provide insight into future
needs, survey the state of the art, and present the future direction of mass
storage systems. Technology surveys will cover current and future techniques.
Invited speakers from government and industry will address users' needs at
various levels. Vendors and systems designers will address requirements, as
well as present state-of-the-art and future mass storage system designs.
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Classes, Meetings and Conferences. In 1981, Systems Section staff both
attended and organized meetings, conferences, and classes all over the world.

Staff attending classes are listed below:

Person Place Date
_,

Purpose

David Ki tts

Robert Mitchell

Louis Jones

Marie Working

Minnesota

Minnesota

Virginia

Virginia

4/6-4/17

4/6-4/17

9/14-9/17

9/14-9/17

Class on CRAY operating
system

Class on CRAY operating
system

IBM VM performance class

IBM VM performance class

Marie Working New York 3/81 IBM systems programmers
class

Those attending special interest meetings and conferences are listed below:

Person Place Date Purpose

Joseph Choy

Phylecia
Brandley

Robert Mitchell

Colorado

Illinois

Illinois

5/11

8/23-8/28

8/23-8/28

Meeting of American National
Standards Institute (ANSI)
X3H1 Committee on common JCL

Society to Help Avoid
Redundant Effort (SHARE)
Conference

SHARE Conference

Bernard O'Lear California 7/19-7/21 Conference sponsored by
Institute for Graphic
Communication

Certain Systems Section staff attended meetings organized by central core
groups that have in common the use of one particular computer or machine com-
ponent. These groups are commonly referred to as users' groups. Systems Sec-
tion staff attended users' group meetings in 1981 concerning use of NSC net-
work adapter boxes and the CRAY computer. Marc Nelson attended a NEXUS (Net-
work Systems Corporation Users' Group) meeting in California in March as an
observer. Other Systems staff members attended users' group meetings in a
capacity other than participant. For example, the Systems Section has two
representatives who are members of the Cray Users' Group Steering Committee:
Schumacher, group head of the Systems Section CRAY group, is a member-at-large
on the Steering Committee, as is Friedman, mentioned previously. At the April
1981 Cray Users' Group Meeting, Kitts gave a presentation and chaired a
workshop on connecting non-CRAY supported devices to the CRAY-1A under COS.



SCIENTIFIC COMPUTING DIVISION

Kitts and Nelson submitted a paper to be included in the Proceedings entitled
"NCAR Modifications to COS: The Terabit Memory System (TBM) and the NSC Net-
work Connections."

Schumacher attended the Eighth Cray Users' Group Meeting and participated in
the formation of the group bylaws. Nelson also attended this meeting to
present a paper entitled "Implementing the NCAR Network Under COS," which was
included in the Proceedings.

USER SERVICES SECTION

Functions of User Services within the SCD

The User Services Section of the SCD is a highly visible group within the
division. Users expect high-quality services from the nation's principal com-
puting center for atmospheric research, and we make every effort to ensure
that they receive those services. The section attempts to anticipate users
needs and to respond to their suggestions for additional or improved services.
Thus, a substantial effort to listen to and communicate with the whole user
community is part of the unstated mission of the User Services Section.

The User Services Section performs two principle functions. One is to facili-
tate effective user contact with the hardware and operating system software
for all scientists who use the SCD. Services are distributed among several
separate groups and distinct projects, including consulting, documentation,
and training. Documentation is geared toward user needs and provides vendor
manuals as well as special descriptions on how to use the various computer
and/or software systems within the NCAR environment. Consulting is provided
for mathematics, utility, and graphics software that is acquired or developed
and maintained by the section.

The other primary function is to provide a strongly supportive liaison with
scientific users of the SCD, ensuring that effective and efficient computing
tools are available to facilitate their research. The activities that serve
these functions are quite diverse. They include the determination of communi-
cation methods for the variety of NCAR computer systems, an extensive library
of scientific software, the provision for multiuser application software, and
consultation and collaboration on a number of projects including a community
climate model used by the atmospheric research community.

In addition to these functions, the User Services staff routinely participates
in the planning and procurement of new computer systems and services.

Organization of the User Services Section

User Services is organized into functional groups and projects, each designed
to meet specific user needs. The principal groups and projects are the data
communications group, multi-user software group, planning and collaboration
project, software and libraries group (including the graphics project), and
the user interfaces group (including the documentation project and consulting
project).
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Data Communications Group. The data communications group, headed by David
Fulker, has principal responsibility for setting up new remote sites for users
entering the NCAR computing environment via the RJE system.

A large proportion of the SCD users rely on the RJE system for accessing their
computer resources. At the end of 1981 there were 152 RJE sites accessing SCD
computers via dial-up, leased, and private data communication facilities.
This is a 20% increase over the 1980 figure and reflects the same rate of
growth as the previous year. Of the RJE sites, 130 are non-NCAR and represent
86 universities and research organizations. The data communications group
resolved approximately 350 problems during the year through specialized con-
sulting.

The acquisition of the IBM 4341 began a major change in the focus of the data
communications group, with large numbers of users preparing to compute
interactively from terminals. In conjunction with this change, the group has
prepared documents on the various modes of terminal access to the 4341 and the
associated data communication options, prepared terminal tables for the
Series/I, helped users in the selection and operation of terminals, and helped
plan the integration of the 4341 into the SCD user environment, including
acquisition and use of the PACX port selection device (see below).

Since several SCD sections are involved in data communications activities, the
data communications policy committee provides a mechanism for coordinating
efforts toward meeting the needs of all users. Related work performed by the
data communications group included surveying users on high-speed communication
needs, and maintaining and analyzing statistics on data communications
traffic. The group also manages the PDP 11/70 systems that meet SCD staff
needs for program development, word processing, database management, and gen-
eral office automation.

(1) Port Selection Device. The Gandalf Dual PACX IV data communications con-
trol system arrived during late June. The device was installed between July 6
and 11. During that time, Gandalf personnel held classes on the operation and
maintenance of the PACX IV.

Trunk cables linking all of the existing terminals in the SCD to the PACX were
laid during the next several months. Users can now interact with nearly all
of the machines in the SCD computing room that support interactive operations.
Dial-up lines to the IBM 4341 via the 3705 were connected through the PACX
to allow access to ports on the Series/I and PDP 11/34. Port and terminal
connections were specified and tested.

The current connections to the PACX are as follows:

Total number of terminals 162
Total number of ports 120
Dial-up lines (strictly 4341) 16
Dial-up lines (SCD 11/70s, 4341) 4

Multi-User Software Group. Comprehensive software tools are needed to provide
an effective liaison with scientific users in NCAR's computing environment.
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Although many fine application software packages are commercially available
and are reviewed for acquisition by the User Services software and libraries
group, there is always the need for a certain amount of local or specialized
software to meet specific user needs. The multi-user software group (MUSG)
attempts to fill this need through software development efforts that vary from
machine-dependent utilities to general, portable packages. Recent efforts
have included a series of programs (termed "Execs') to improve the IBM 4341-
to-user interface, and an initial study of the creation of a "top down"
software approach to a uniform job control language for interfacing to the
diverse hardware systems of the NCAR computing network.

Because data processing has become an increasingly important part of the
research designs created by NCAR scientists, the multi-user software group
under Robert Lackman, in collaboration with the data management group of the
Research Aviation Facility (RAF), under Richard Friesen, has undertaken the
work of generating a general-purpose data management software system (GENPRO)
for handling numerous kinds of scientific and engineering data. Work on this
program constitutes the single largest effort of the MUSG in 1981. It is dis-
cussed briefly below.

(1) GENPRO. The development phase of the GENeral PROcessor, GENPRO, is near-
ing completion. A series of twelve functional modules has been created that
are tuned for time-series processing of aircraft data; however, there are no
restrictions within the program on the type, or dimensionality, of data that
could be processed. These extensions of capability depend only upon the crea-
tion of other functional modules tailored to the unique requirements of the
data or the scientific research.

Several features of GENPRO rarely found in similar software packages are high
portability, operation on unlimited amounts of data in a continuous 'window-
ing' fashion, provision of past and future data for functions such as filter-
ing, and decoding of data of diverse formats.

Portability has currently been demonstrated by running a four-function bench-
mark case on the CRAY-1A; CDC 7600, 203, and 205; IBM 4341 and 3081; and DEC
11/70. This case involves reading and merging data from two tapes, printing
the data, computing and displaying statistics of the data, and writing two new
tapes.

The GENPRO modules for aircraft data processing are currently undergoing a
year of shakedown analysis with two "friendly user" groups. The first group
is the RAF data management group. They will use it in production and
analysis. The second trial group is the Convective Storms Division (CSD).
They are currently making use of GENPRO's capability to read data of diverse
formats, by reading the data gathered by nine different aircraft in the recent
CCOPE field experiment.

While GENPRO is being flexed in a controlled environment, fine tuning of the
code continues, and documentation for the user is being written. We hope that
this package (designed for multiuser distribution and maintenance by the SCD)
will be only the first of such community efforts in software design and
development for atmospheric scientists.
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The current set of functional modules provides capabilities for accessing,
archiving, creating, editing, calibrating, and displaying an arbitrary number
of scientific or engineering variables. It also provides a wide array of sta-
tistical, spectral, and signal processing capabilities.

(2) Software Utilities. Some of the more useful software utilities created by
the MUSG during 1981 include:

* PORTPAK - A code porting utility. PORTPAK is a card-driven FORTRAN
preprocessor that enhances code portability. This program is useful for
transporting codes to systems such as the IBM 4341 that do not support
encode/decode or Hollerith literals.

* SPECFT ULIB program on the CRAY-1. The SPECFT spectral analysis program
was ported to the CRAY and tested. The documentation was updated to
include the changes.

* The PP1 preprocessor. A low level of maintenance was provided on this
software even though it was never released as an official MUSG product
because a number of users have acquired it and are finding it useful.

(3) IBM 4341 Related Activities. The second largest activity of the multi-
user software group in1981 revolved around software development, training,
documentation, and consulting support of the IBM addition to the NCAR comput-
ing network.

* IBM 4341 Training and Documentation: The User Services Section helped
users of the NAK computing system to become familiar with and begin to
use the 4341 in the NCAR network environment. Since this was the first
IBM machine at NCAR, SCD staff had much to learn. Three of the members
of the MUSG were involved in this training. Two members of the MUSG also
participated in an intensive documentation effort on this system.

* Student Training Program: The MUSG conducted a computer orientation class
for the Summer Lmpioyment Program of the NCAR Personnel Office. Seven
undergraduate students participated in a concentrated series of classes
on the use of NCAR computing facilities including both the 7600 and
CRAY-1.

* Consultation Support of Scientific Data Processing: The MUSG provided
consultation support on dropwindsonde and aircraft data processing to the
First GARP Global Experiment (FGGE), Storm Transfer and Response Experi-
ment (STREX), and Alpine (ALPEX) experiments in 1981. In addition, the
MUSG was involved in internal activities including planning for the 1982
SCD Users' Conference, participating on an advisory panel for the selec-
tion of a statistical analysis package that culminated in a purchase
recommendation, and assembling a data processing benchmark program and
aiding in its use on multiple systems.

(4) Discontinued MlUSG Activities. Some functions performed in 1980 were ter-
minated in 1981. Part of the reduced role of MUSG functions has been due to
budget considerations; the remainder is due to a changing emphasis within NCAR
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and UCAR as to the proper role of SCD in the support of atmospheric and
oceanographic research. The MUSG hopes that the SCD will continue to be
directly involved in collaboration on scientific research projects at some
level so that the services and products provided to the atmospheric community
can continue to be relevant ones.

Projects discontinued in 1981 included FLOTRAN, a software system intended to
simplify the development of modeling codes; the PROFS collaboration in meso-
scale objective analysis; a meteorological software library; and Drogramming
and operational support of the NCAR aircraft, radar, and PAM systems. In
addition, three FTE staff positions of direct programming support to the
Atmospheric Technology Division (ATD) were discontinued in 1981. Three FTEs
were transferred from the SCD to the ATD.

Planning and Collaboration Group.

ECMWF Model Development. The development of a Community Climate Model (CCM)
that would be made available to NCAR and university scientists as a research
tool is a very important part of the Atmospheric Analysis and Prediction
(AAP) Division's climate program. The SCD is working with AAP to provide such
a model. The basis for this model was chosen to be the spectral model from
the European Center for Medium-Range Weather Forecasting (ECMWF). The effort
included originating the model at NCAR, incorporating the NCAR radiation cal-
culation package, modifying other physical parameterizations as required,
thoroughly analyzing model results, adding code necessary to provide an opera-
tional model (history, tape management, processing connections, and
save/restart capabilities), and providing documentation of the model.

The general source code of the spectral model (along with available documenta-
tion) was obtained early in 1981 from the ECMWF. The original model code has
been brought up and tested. The NCAR radiation physics code has been incor-
porated into the model, some modifications to the parameterizations have been
made, and extensive testing has been done. Although the ECMWF model is to be
the CCM that is supported in the long term by AAP, results from the model are
being compared with those from the Australian model (CCMO), which produces
very reasonable simulations.

Basic model parameters such as time step, midlevel sigma values, and diffusion
coefficients were changed in the ECMWF model to match those of CCMO.
Surface-temperature computation, the order of computation of some physical
parameterizations, vertical and horizontal diffusions, and treatment of nega-
tive moisture values were changed to match CCMO. Long (200-day) runs with
both models have been compared to demonstrate that the two models are compar-
able.

Further model testing is in progress, documentation is being written, opera-
tional aspects of the model are being refined and enhanced, and strategies for
making the model accessible to users are being developed.

Software and Libraries Group. The software and libraries group, headed by
Russell Rew, provides support for graphics, utilities, and mathematical
software required by scientific users. The trend in recent years has been to
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acquire software that various vendors, users, and software houses supply,
because acquisition of existing general-purpose software packages is far more
cost-effective than developing them locally.

After the software and libraries group evaluates candidate packages, it makes
appropriate selections, followed by acquisition and implementation. In sup-
port of any given acquisition, the staff installs the library or package,
prepares articles and announcements of the new software, provides maintenance
services, revises routines as needed, and consults with users on the best rou-
tine to use for a given problem. A library catalog containing over 100 sub-
ject areas is maintained on-line. When new software is added, entries are
made in this catalog; a hard copy is kept in the Library and Consulting
Office for the convenience of users.

(1) Software Acquisition. Some of the newer software obtained this year is
the NAG ibrary for eRAY-1, MINPACK-1, which is a collection of routines
for function minimization from the National Energy Software Center (NESC), two
partial differential equation packages (also from NESC), LSODE and LSODI from
Lawrence Livermore Laboratories, and six new packages for boundary-value prob-
lems from Sandia Laboratories. Other recent software acquisitions include
CFFT99, SCPACK, NL2SOL, and the IMSL library for the CRAY-1. A complete list
of software acquired during calendar 1981 is available from the software and
libraries group.

With the arrival the the IBM 4341, extensive efforts were made to incorporate
many of the IBM EXECs into an on-line catalog. Two interface designs for the
4341 on-line software catalog were completed, and a requirements specification
for a 4341 mail system was written. Interfaces to other users' EXECs (both
NCAR-generated and IBM) were documented and improved.

Finally, the implementation of the LINPACK software packages on the CRAY-1 was
completed during calendar 1981 as were the CRAY-1 and 7600 versions of IMSL's
Edition 8.1. New and more reliable restoration and back-up procedures for
CRAY-1 libraries were implemented during this time.

(2) Library Maintenance. A total of 375 public library files were updated
during the course of the year. The standard update procedure was modified to
substitute microfiche listings for printed listings in the consulting office.
New and more reliable back-up procedures for restoration of CRAY-1 libraries
were implemented. In addition, the names for all library back-up volumes were
changed to allow easier access to library sources from the CRAY-1.

NCAR served as a test site for a CRAY-1 version of the IMSL library, in
exchange for a waiver of the initiation fee and free use of the minimal test
set package.

The library update procedure was converted to use the network instead of RJE.
It pointed up the total dependence of the entire procedure on the 7600 file-
handling capabilities. Some of the tools being implemented now should serve
very well to insulate us from becoming so dependent on the facilities of any
one operating system in the future--e.g., a portable editor and file archiver
are two that come to mind.
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(3) Graphics Project. The graphics project, headed by Lofton Henderson, is
responsible for providing SCD users with state-of-the-art computer graphics
tools. These tools are used for the graphical representation of scientific
data, and provide users with a variety of techniques for visualizing their
data.

During 1981, the graphics project was involved in a number of significant proj-
ects, the major features of which are discussed below.

* DICOMED COM Film Recorder System. The DICOMED COM system provides SCD
users with flm of grapca output in a variety of formats. The DICOMED
has been the planned successor of the DD80s for several years; the
increasingly frequent failures of the DD80s during 1981 added some
impetus for bringing the DICOMED on-line.

The culmination of the work to connect the DICOMED system to the NCAR
local network for on-line film service was by far the greatest staff com-
mitment (and the largest accomplishment) of the graphics project in 1981.
The principal result at the end of 1981 was the completion of a system
suitable for replacement of the aging on-line DD80s. A valuable secon-
dary result was the detection of a large number of errors in the vendor-
supplied off-line operating software, and correction of same for on-line
users.

The advancement of the project to operational status has produced two
original results: the first on-line operation of a DICOMED system any-
where, and apparently the first DICOMED system capable of driving multi-
ple film transports simultaneously. The project had four major mile-
stones during the year:

1. Completion of design, beginning and completion of coding, and first
successful demonstration of on-line operating software

2. Successful interfacing of the operating software to network system
software, after a joint development effort with the Systems Section
of programmer interface software for the network

3. Completion of user documentation and operator training, and opening
of limited on-line service to adventurous users

4. Continued development and debugging, finally leading to full on-line
service to all users by the end of the year.

* Development and Installation of Graphics Software and Tools. Graphics
tools were implemented on the UNIX and IBM systems to aid in the disposi-
tion of plot and print files to the DICOMED film recorders.

The first-generation metacode translator was produced for the IBM 4341 to
enable viewing plots on VT100 graphics terminals.

Portability problems with the system plot package were investigated. As
a part of this effort, the plot package was implemented on the SCD UNIX
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system, and a document "Implementing the NCAR System Plot Package on
Byte-addressable Machines" was prepare d A revision to he system-plot
package was begun that would eliminate the need for a presently required
routine that cannot be properly implemented on some machines. A portable
driver was written to test all plot package entries.

Utilities were produced on the SCD UNIX system to produce and maintain
fiche listings of all public library files.

The text formatter for the DICOMED film recorders was implemented on the
IBM 4341 system.

* Maintenance and Documentation. A paper on NCAR graphics was presented at
the irst Annual S;u users' conference. New articles were produced and
all old documentation was reviewed for technical accuracy for the new
graphics manual. User documents were written for new graphics tools as
they were completed and installed on NCAR's various computer systems. A
steady level of effort was devoted to maintenance and correction of any
serious problems reported in the graphics software and associated tools.

The article "Generating and Plotting Graphics Characters" was produced
for The Record. c

* Graphics Standards Work. A significant amount of time and work were con-
tributed to the national and international computer graphics standards
efforts through active participation on the ANSI X3H3 technical commit-
tee. Effort was devoted particularly to the subcommittee on graphics
metafile standards, as NCAR is a leader in the development and use of
metafiles.

* Software Distribution. A total of 158 requests for the NCAR graphics
software package were filled during the year. This represents a decrease
over the approximate level of 200 in previous years and undoubtedly
reflects the full effect of the $100.00 charge initiated in October of
1980.

User Interfaces Group. User interfaces is managed by Ann Cowley, with respon-
sibility for overseeing both the consulting and documentation projects. These
two projects are described below.

* Documentation Project. The documentation project has overall responsi-
bility for providing SCD users with the necessary manuals, user guides,
and instructions sets to aid them in effectively using the SCD computers
and services.

With the acceptance of the IBM 4341 system, the documentation project was
faced with a substantial task: to collect, organize, and prepare large
amounts of information for a definitive user's guide covering the most
important aspects of the new computer system. It was imperative that new
users be able to make effective use of the IBM 4341 in as short a time as
possible in order to increase their productivity on both the CRAY-1A and
CDC 7600 systems. This task was complicated further by the fact that
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most users had not worked with virtual machine concepts and/or were
unfamiliar with IBM operating systems and protocols and that the documen-
tation project was understaffed for such a large writing task.

Hence, in order to create the document, many individuals from other
groups and sections within the SCD wrote separate chapters for the user's
guide. Each author provided the documentation project staff with infor-
mation on a portion of the overall IBM 4341 system. The responsibility
to organize the information, provide editorial assistance, and recast the
draft text into a uniform style fell to the documentation project staff.

The NCAR Scientific Computing Division User's Guide (as the 4341 user's
guide is now called) was actually five separate manuals, each created
especially to reflect the use of the 4341 system within the SCD's overall
mix of computing hardware and software. The guide was completed in Sep-
tember of 1981. Copies were distributed locally and mailed to all out-
side users of record along with log-on instructions for the IBM 4341 sys-
tem. The user's guide represents one of the largest undertakings for
which the User Services Section as a whole had a major responsibility.
Its availability has assisted users in becoming familiar and frequent
users of the new computing system at NCAR.

As an adjunct to the user's guide, the documentation project created a
series of six tutorials designed to bring new users onto the new system
as rapidly as possible. These tutorials have been well received by both
In-house as well as remote users of the SCD facility.

Documentation was responsible for completing several revisions of older
manuals to keep the users abreast of new developments on older systems
brought about by the acquisition of the IBM 4341. All publications com-
pleted by the documentation project in 1981 are listed at the conclusion
of this report.

The documentation project has also created an on-line inventory to keep
track of all manuals (use, distribution, number available, etc.), begun
the development of an inventory of software resources at NCAR for the
software and libraries project, maintained and updated the UNIX manual
pages on-line, and provided for the collection and distribution of trou-
ble reports from the consulting office (see below).

In addition to these activities, the documentation project continued to
produce two Important publications, The Daily Bulletin and The Record.
The former publication is circulatedaily within the SCD an-dsent via
the RJE newsfile program to over 70 remote locations. The bulletin con-
tains timely information of interest to users of the SCD computers and
updates operational, systems, and general user information on a daily
basis. The Record contains feature articles of interest to the general
user community, as well as regular reports on computer usage, computer
resources granted, trouble reports, and suggestions and comments. The
circulation is currently 550 copies.
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Consulting Project. The consulting office, as part of the consulting
project, is managed by Barbara Horner. It is one of the primary, highly
visible services provided for users. It is staffed eight hours each
weekday with at least one consultant. During peak hours and in the sum-
mer months when many scientists visit NCAR, additional staff members are
assigned or placed on call. Many referrals are made to specialists
within the SCD for special assistance on the best routines to use from
among mathematical, graphics, and utility software, or for help in the
diagnosis of hardware and software problems.

During 1981 there were 7,058 in-person requests for help from the con-
sulting office. In addition, the staff answered 2,943 telephone queries.
These contacts average one every twelve minutes, and many involved exten-
sive documented follow-up (287 over the course of the year). From these,
30 reports on verified problems were published. Clearly, it was a busy
year for the consulting office. The volume of user inquiries demon-
strates once again the value of this project within User Services.

Trouble reports and network error codes have been set up using the HELP
facility on the IBM so that for the first time all the trouble reports
and their status and error codes will be available to the users on-line.

*Meetings and Conferences. "Planning for the 1980's" was the title of the
first SCD Annual Computer Users' Conference held 5-6 January 1981. Plans
and arrangements for this conference were made by a User Services commit-
tee. The conference consisted mainly of workshops on future research
goals and computing needs. This first conference was well received and
the workshops supplied ample evidence that a substantial increase in com-
puting power will be needed by the mid-1980s to support the advance of
atmospheric science. The proceedings from this conference were published
in February and are available from the documentation project. A second
conference was scheduled for early January, 1982, and the documentation
project prepared the pre-conference information packet and displays.

Ann Cowley, head of user interfaces, attended the semiannual Cray User
Group Meeting in Schliersee, West Germany, from 28 September - 1 October.
She was part of a larger SCD contingent that attended this meeting. She
was elected a member of the User Group Steering Committee and chairwoman
of the "Wishlist" Committee. It is clear the impact of the user who is
"known" is more significant than that of the "unknown" user. Hence, as
chairwoman of the Wishlist Committee, Cowley is in the position of ensur-
ing that NCAR users have a direct pipeline to Cray, In this way users of
the SCD may influence the development of systems and, in particular,
software.

Benedict Domenico of the libraries and software group, and John Donnelly,
systems manager for the data communications group, attended the USENIX
Winter Conference in San Francisco from 27-30 January. In addition,
Domenico also took part in the Software Tools User Group Winter Meeting,
20 January. Donnelly was further involved in two other meetings: the
USENIX Summer Conference, held in Austin, Texas, from 23-26 June, and the
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User Group Conference and USENIX Board of Directors meeting in Boston
from 10-11 December.

Russell Rew, head of the libraries and software group, attended the
Conference on the Computing Environment for Mathematical Software held in
Pasadena, California, 29-31 July, and the third Department of Energy
Workshop on Numerical Software Libraries in Oakridge, Tennessee, in
October.

Lofton Henderson, John Humbrecht, and Frederick Clare, all of the graph-
ics project, attended the SIGGRAPH Annual Meeting in Dallas, Texas, from
5-7 August. In addition, Henderson attended four ANSI meetings in Janu-
ary, May, August, and October.

* Training. Once again, training programs for the SCD during the past year
have been limited by staffing constraints. Nevertheless some noteworthy
training sessions have been conducted. Two short courses were held in
August and September to familiarize users with the new 4341 system.
Other training activities have been planned for 1982, and users are
encouraged to suggest additional areas where user education and training
would be desirable.

ADVANCED METHODS GROUP

The Advanced Methods Group has been in existence for about six years, and dur-
ing this period its goals have evolved to include research, consulting, and
the production of quality mathematical software. Until quite recently the
only two full-time members of the Advanced Methods Group were Paul
Swarztrauber (manager) and Gerald Browning. Another member, John Gary, has
been employed as a part-time consultant. More recently, with the addition of
John Adams and Cicely Ridley, the responsibilities of the group have expanded
to include the processing of requests for computing time that are received
from university users throughout the country. Adams and Ridley each spend
about half their time on these requests, which account for a major portion of
NCAR's computing resource. All requests are subject to peer review, and large
requests are also reviewed by the SCD Advisory Panel, which meets twice a
year. Adams and Ridley have the responsibility for selecting appropriate
reviewers and preparing materials for the panel meetings. It is a key func-
tion within the division to which they bring years of experience in computa-
tional mathematics and scientific computing.

Adams continued work on several partial differential equation (PDE) software
projects. He modified CROSEL, a code written earlier, to solve a nonseparable
elliptic PDE with a cross derivative term and fully mixed boundary conditions
on a region that consists of three sides of a rectangle and an irregular
fourth boundary. This was done by transforming the irregular region into a
full rectangle, solving the PDE there, and transforming the solution back to
the original region. He developed a three-dimensional PDE solver for the
CRAY-1 that uses successive line over-relaxation. This solves a nonseparable
self-adjoint and general linear elliptic PDE on the cube using vectorized tri-
diagonal solvers on the CRAY.
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Adams and Raymond Roble (Atmospheric Chemistry and Aeronomy Division - ACAD)
began a preliminary investigation of the problem of solving a singular elec-
tric potential PDE on the sphere. The "correct" way to solve it is to compute
a least-squares approximation. This can probably be done by modifying one of
the nonseparable direct-method codes that Adams has written. He tracked down
and corrected logical errors in CROSEL/LIPTIC discovered by Rolando Garcia
(ACAD) while using them in a marching problem. Time dependency in the coeffi-
cients was not properly handled. Adams is continuing the development of a
two-dimensional multigrid code. Although the code is basically written, some
test cases are giving problems. He is also investigating, in collaboration
with Gary, the correct" formulation of the multigrid algorithm for problems
with Neuman boundary conditions (e.g., red-black versus ordinary Gauss-Seidel
method of discretizing at the boundary, weighted versus unweighted residual
projection). Adams also prepared materials for, attended, and implemented the
directives of the SCD Advisory Panel meeting in October.

The paper entitled "Initialization of the Shallow Water Equations with Open
Boundaries by the Bounded Derivative Method" by Browning and Heinz Kreiss
(accepted for publication in Tellus) has been revised and returned to Tellus.

Browning and Kreiss are continuing their work on a replacement system for the
primitive equations. They have proven that the reduced system derived from
the Eulerian equations is well-posed for limited areas and are now writing a
paper on the new system. Browning is concurrently coding a numerical model of
the new system in order to demonstrate its accuracy and stability for analytic
initial data. Then the model will be applied to Akira Kasahara's (Atmospheric
Analysis and Prediction Division - AAP) FGGE real data set.

Paul McKenna (Advanced Study Program/graduate research assistant) has con-
sulted with Browning on boundary conditions and numerical methods for the
two-dimensional magnetohydrodynamic equations for the solar corona. The model
is currently being used to demonstrate that the helmet streamer is a smooth
solution of the equations as predicted by the bounded-derivative principle.
Browning has derived the reduced system for the equations. This system will
reproduce the smooth solutions mentioned above, but is more efficient to run
on a computer.

Browning is working with Hsiao-ming Hsu (University of Wisconsin) on the
development of boundary conditions for his anelastic model. From work on the
reduced system of the shallow-water equations it is possible to prescribe
rigorous open boundary conditions for the anelastic equations in place of the
ad hoc Sommerfeld radiation boundary conditions.

Browning directed Luis Reyna, a graduate student from the California Institute
of Technology, in the development of a code that applies the composite mesh
method to a circular ocean basin. The code has successfully duplicated ear-
lier results obtained by R. C. Beardsley (Massachusetts Institute of Technol-
ogy) for the same problem by a different method. This demonstrates the feasi-
bility of the new method. The advantage of the new method is that it can be
applied to more general regions, whereas Beardsley's method cannot. A package
by Barbro Kreiss applying the method to first-order hyperbolic systems is now
available at NCAR. The package will be extended to include elliptic equations
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and then can be used for oceanographic problems.

Gary assisted Israel Tzur (ACAD) in the design of a model that uses a two-
dimensional solver for stiff systems written by Adams. He also helped Roble
troubleshoot another model that uses a different version of this stiff solver.
Adams worked with Richard Sincovec (University of Colorado at Colorado
Springs) to modify a two-dimensional PDE solver so that it could be applied to
problems in the atmospheric sciences. He also helped Julianna Chow (AAP) with
an application of the multigrid method to an ocean model. He completed the
development of two benchmarks for Systems head Rotar (one a multigrid code and
one that calls a sparse matrix solver) and analyzed some old benchmarks based
on GCM algorithms.

Ridley continued on a half-time basis to process user requests for computing
resources. She supervised the review process as well as the preparation of
panel materials and statistics describing computer usage. Following each
meeting, the panel's decisions concerning requests for large amounts of com-
puter time were implemented. Requests for small amounts continued throughout
the year.

During December, Ridley checked the data base to insure accuracy of funding
information. She has introduced an automated scheme for notifying each month
those users whose grants are about to be terminated. She is also serving on
SCD director Walter Macintyre's Ad Hoc Committee on Accounting and Alloca-
tions.

Cicely's work with Ray Roble continued using the thermospheric general circu-
lation model (GCM), which they have developed. She has written a driver for
the model so that Roble can run simple cases. It has minimal input but will
handle various auroral situations and experiments using a tidal input at the
lower boundary. Similar drivers were produced for the program that prepares
the input fields and for the processor of model output.

In September, Paul Swarztrauber returned to NCAR after a year in the Scien-
tific Computing Division at the National Bureau of Standards. Swarztrauber's
research has centered on the spherical vector harmonics. Many problems in
geophysics can be formulated on the surface of a sphere. The analysis of
these problems is complicated by the fact that many of the tools for the spec-
tral analysis of problems on the plane and in Cartesian coordinates are not
available on the sphere. For example, on the plane, a vector function such as
the wind is smooth and can be represented by a trigonometric series in x and
y. However, on the sphere, even though the vector field may be smooth in
local coordinates, it can be discontinuous in spherical coordinates.

The discontinuities in the vector functions on the sphere Induce singularities
in certain surface derivatives on the sphere, even though the function is
bounded and differentiable in Cartesian coordinates. Many of the individual
terms in a partial differential equation on the sphere are unbounded at the
poles; however, the cancellation between these terms is sufficient to yield a
bounded result. This does not create a problem from a theoretical point of
view; however, it becomes a significant problem from a computational point of
view. Indeed, the finer the grid the more pronounced the difficulty becomes
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near the pole, where the computation fails completely. The bounded expres-
sions can be evaluated when applied to the spectral representation of the vec-
tor function without evaluating the individual unbounded terms.

In other work, Swarztrauber developed a custom software package for computing
the stream function and velocity potential corresponding to a specified hor-
izontal velocity field. The current approach differs from previous work in
that a solution is obtained without having to specify either the stream func-
tion or the velocity potential on the boundary. This work will have immediate
application to the wind fields being analyzed by Paul Julian (AAP).

Finally, some difficulty was encountered with the EISPACK subroutine TINVIT
which is used to compute the eigenvectors of a symmetric tridiagonal matrix.
The convergence test could fail if the eigenvalues are not sufficiently accu-
rate. Swarztrauber rewrote part of the program and used a Rayleigh correction
to improve the eigenvalues whenever the convergence test failed. With this
modification, TINVIT worked on all cases where it had previously failed.
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ATMOSPHERIC TECHNOLOGY DIVISION

The Atmospheric Technology Division (ATD) addresses one of the two
prime foci of NCAR by providing unique, centrally administered facilities
for use in atmospheric science research. ATD's capabilities encompass
high-quality aviation, ballooning, and field observing facilities,
augmented by strong internal research and development activities. In
addition, advances in color graphics and interactive computers are
contributing to an increased involvement by ATD in techniques of data
processing and analysis.

Fiscal year (FY) 1981 was the first year cost recovery policies were
applied to users of NCAR facilities not funded by the National Science
Foundation (NSF). There were no significant funds recovered through user
charges in calendar year (CY) 1981 and therefore ATD experienced minimum
impact. This situation will change substantially in CY 1982 since several
agencies are expected to provide funds for facility use in the coming year.

ATD's leadership and organization have changed somewhat in 1981.
Robert Serafin was appointed division director in January. Harold Baynton
was appointed deputy division director and Richard Carbone became manager
of the Field Observing Facility in early spring. The number of facilities
in ATD was reduced from five to four when the Research Systems Facility was
disbanded and its projects and staff assigned to other facilities. The
division is now composed of the Research Aviation Facility (RAF), the Field
Observing Facility (FOF), the Global Atmospheric Measurements Program
(GAMP), and the National Scientific Balloon Facility (NSBF). The
fabrication services of the machine shop have been combined with the
associated mechanical design team into the Design and Fabrication Services
group, reporting to the division director. These facilities provide the
community with measurement capabilities that extend from the earth's
surface through the troposphere and into the stratosphere. A wide variety
of instrument systems are available; among them are instrumented aircraft,
Doppler radars, surface networks, sounding systems, and balloon platforms.
Within each facility ATD provides outstanding research and development
capabilities, particularly in sensor development, tracking systems, data
processing, interactive computing, and displays. And each facility also
provides the operational staff and expertise for deploying these
capabilities in support of the community's field research programs.

CY 1981 has been a year of transition for NSBF. In October 1981, we
learned that NSF will be unable to provide support for NSBF after FY 1982.
Since then, NCAR has been working with NSF and the National Aeronautics and
Space Administration (NASA) to transfer funding and operational
responsibility to NASA. These negotiations have gone well and, despite the
potentially traumatic impacts, NSBF has continued to provide superb support
to its community of users. It is expected that NSBF will become a national
center, reporting directly to the UCAR President's office, beginning in
FY 1983. Until then, ATD will continue to provide management oversight of
the facility on behalf of NCAR and UCAR and will do whatever it can to make
the transition as smooth as possible.
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All of the traditional meteorological disciplines make use of ATD
facilities (major users of NSBF include researchers studying the middle
atmosphere and astronomers). ATD contends that service to each scientific
community must be complete and must consist of several or all of the
fol lowing components:

o Competent technical staff
o High-quality instruments
o Data processing
o Data archiving
o Strong scientific staff
o Active development programs

With these components ATD ensures that it will remain at the forefront of
technology for atmospheric research.

In 1981, facility support to science was at a very high level. In
addition to supporting its traditional number of smaller programs, ATD
participated in the Cooperative Convective Precipitation Expert (CCOPE)
which stressed the division's support capabilities to their limits. During
CCOPE, ATD provided three Doppler radars, three aircraft, and the PAM
system -- the most extensive level of support ever provided by the division
to a single program. Nearly 60 ATD staff (engineers, pilots, programmers,
technicians, mechanics, scientists, and students) took part in the field
program for a period of three months. ATD's preparations for CCOPE began
more than a year earlier with renovation of and new developments related to
the CP-2 radar and the development of new ground-based and airborne data
systems. People who observed CCOPE during its field phase have praised it
highly. There is no doubt that this program exemplifies the large
cooperative efforts with which NCAR is often identified. CCOPE's great
success provides ample testimony to NCAR's capabilities for leading and
coordinating programs of this scope. ATD is pleased to have been an
important part of the effort.

ATD continues to plan for the future. The King Air replacement for
one of the RAF Queen Airs has been ordered. This new aircraft, with
state-of-the-art instrumentation and data system, will be available for
research use in the spring of 1983. NCAR is also negotiating now with the
University of Wyoming for summertime use of its King Air for the community
beginning in the summer of 1982. Recent tests of airborne Doppler radar
have been very encouraging. At year end RAF was completing plans for a
workshop in February of 1982 in which the participants will address the
long range needs of the research aviation community and the role that RAF
should play in meeting those needs. In FOF the PAM II development is
proceeding smoothly. Supplemental funds from the Bureau of Reclamation,
combined with ATD's budgeted development funds, will permit completion of a
100-station network by mid-1984. In GAMP there are exciting developments
of land and shipboard based tropospheric sounding systems.
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ATD participates with the community in a host of planning meetings and
structures its development program so as to meet the most pressing needs
as voiced by the community in its planning for the future. The
developments mentioned above and those described in more detail in the
succeeding sections are responsive to those plans. We believe that our
program is well balanced and comprehensive and will lead to important
advances in atmospheric science.
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DESIGN AND FABRICATION SERVICES

Missions and Goals of DFS

The group provides engineering design service, often as development
team members, to all of NCAR. DFS includes the Mechanical Design Group and
the Machine Shop. The Machine Shop is staffed with a variety of machinists
and instrument makers who fabricate most of the specialized equipment and
instrumentations built at NCAR.

Accomplishments of the Past Year

Major development efforts that were undertaken by the Mechanical
Design Group were as follows:

PAM II Remote Station Development (FOF - Brock)
CSD Equipment Trailer (CSD - Glover)
Racoon Ballast Dispenser (GAMP - Stenlund)
Electra Nose Boom Modifications (RAF - Friehe)
CP-2 Radar Modifications (FOF - Frush)
Air Motion Vanes (RAF - Lenschow)
Turbine Flowmeter (ACAD - Berg)

The Machine Shop provides additional services to a wide variety of
customers throughout NCAR, and typically handles more than 200 projects
per year.
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RESEARCH AVIATION FACILITY

RAF Objectives

The primary objectives of the Research Aviation Facility are two-
fold:

o To support the atmospheric science community by
operating state-of-the-art instrumented research
aircraft with the necessary operational and
data-processing ground-support capabilities

o To undertake the technical development necessary to
maintain and to improve this capability.

Aircraft Fleet

During 1981 RAF's fleet of four research aircraft consisted of:

o Two Beechcraft twin turbocharged piston engine Queen Airs, with a
range of 800-1,000 n mi and an altitude capability of 25,000 ft msl, which
can carry a payload of 1,000 lb, including crew. The Queen Airs, over the
years, have been the workhorses of the RAF, flying 350 to 700 hours per
year in a broad spectrum of research programs.

o A North American Rockwell twin-jet Sabreliner, with a maximum
flight altitude of 44,000 ft msl and a range of 1,300 n mi with an 1,800
lb payload. The Sabreliner has been used extensively in support of upper
troposphere/lower stratosphere air-chemistry and atmospheric-dynamics
measurements.

o RAF's four-engine turboprop Lockheed Electra, which can cruise at
speeds of around 275 kt and climb to above 25,000 ft msl, with a range of
2,600 n mi carrying a normal payload of 10-15,000 lbs. The aircraft is
especially advantageous for large chemistry experiments and long over-
ocean research.

Support and Development Levels

Programs supported by RAF are generally in three principal areas:
atmospheric chemistry, cloud and precipitation physics, and turbulence and
air motion. Some programs involve measurements in all three areas; com-
monly programs are flown involving two of the areas. The RAF support for
programs includes research and operational planning, aircraft instrumenta-
tion, pre- and post-flight calibrations, program field execution, and
final data processing.
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RAF supports the atmospheric sciences at four levels: 1) at the
project-engineer level described in the paragraph above; 2) at the
co-investigator level--usually when the assigned RAF project scientist's
interest and expertise are closely associated with the science of the
program; 3) at the principal-investigator level--usually in multi-
organizational programs where the aircraft measurements comprise one of
several data sets and where an RAF scientist is clearly expert; 4) at
the consultant level--often in areas of instrumentation, aircraft
modification, etc.

In support of the atmospheric sciences, the RAF necessarily must
engage in a broad scale of development for research, including the acqui-
sition and modification of better aircraft and data systems, improved
data-analysis techniques, and remote and in-situ instrumentations. RAF's
development role has increased over the past two years in response to
urgent scientific needs for the application of state-of-the-art technol-
ogies to present research and also as the result of organizational changes
within NCAR. During the period 1980-1982, RAF's priorities have been to
acquire a twin-turboprop aircraft to replace the outmoded Queen Air and to
develop new on-board and ground-support data systems. These goals are
presently being accomplished, and RAF's emphasis will swing more strongly
to new and improved aircraft instrumentation, both remote and in-situ.
RAF already has a good start in these areas; therefore, the transition to
the more specific instrumentation developments and to improvements in
calibration capabilities and techniques should proceed smoothly in the
years ahead.

CY 1981 was a year of great activity and accomplishment for RAF.
With respect to program support, research flights were flown in each month
of the year except November and December, when preparations were in full
swing for support of the Alpine experiment program with the Electra. With
respect to research and development, there were programs in airborne
Doppler radar, new aircraft data systems, a new technique for air-motion
sensing, and cloud physics. Finally, culminating an effort begun in
earlier years--an effort calling for the highest levels of commitment on
the part of the management and staff of the RAF--in September NCAR was
authorized by NSF to proceed with the procurement of a Beech King Air
(twin turboprop). Details of these activities and accomplishments follow.

Programs Supported in Calendar Year 1981

Programs supported by RAF in CY 1981 include studies in cloud and
precipitation physics, atmospheric chemistry, and turbulent air motions.
The RAF support for these programs included research and operational plan-
ning, aircraft instrumentation, pre- and post-flight calibrations, program
field execution, and final data processing. For most Queen Air programs,
at least three experienced RAF crew members were assigned: a pilot, a
technician, and a project manager who is responsible to the user for
achieving the defined program goals. Sabreliner projects were supported
with the staff of two pilots, a technician, and a project manaQer. (Elec-
tra programs normally require a much larger support crew of seven to
ten RAF staff members. No Electra research programs were flown during
CY 1981.)
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Table 1 lists the principal investigators and the programs which were
supported by RAF during 1981. The program field period, hours flown, and
data delivery date are given. Program-related ferry time and tower fly-by
and calibration flights are included within the program research hours.
It will be noted that RAF's CY 1981 support was predominantly to meteoro-
logical and ocean-atmosphere boundary-layer studies. This contrasts with
recent years when nearly half of the RAF's support went to programs relat-
ed to atmospheric chemistry.

Brief descriptions of a few of the programs which emphasize the level
of operational and scientific support provided by the RAF during CY 1981
are listed below.

Lake-Effect Snow Storms. Principal Investigator: Roscoe Braham,
University of Chicago. RAF supported Professor Braham's Lake-Effect Snow
Storm study during December of 1980 and January of 1981. This study is a
continuation of research begun in 1977 with NCAR aviation and radar sup-
port. The experiment investigates the dynamical and cloud physics aspects
of lake-induced storms over Lake Michigan. The program was supported by
the RAF Queen Air N306D, the University of Wyoming's King Air, and FOF's
CP-4 Doppler radar. This program has produced excellent data sets for a
variety of lake-effect storm types. The Braham program represented a
particularly good example of excellent field program management. The
participating individuals from four different groups operated as a cohes-
ive team to make some exciting measurements of lake-effect snow storms.

Coastal Ocean Dynamics Experiment. Principal Investigators: Clinton
Winant, Russell Davis, Scripps Institution of Oceanography, and Carl
Friehe, NCAR. The Coastal Ocean Dynamics Experiment (CODE) is a four-year
study to determine the dominant physical processes which govern wind-
driven currents over the California continental shelf. Principal investi-
gators from Scripps, Woods Hole Oceanographic Institution, University of
New Hampshire, and Oregon State University designed the experiment to mea-
sure all the relevant physical variables needed to construct kinematic and
dynamical balances. The data are obtained from ship hydrographic sec-
tions, arrays of moored current meters, bottom stress and pressure gauges,
surface weather buoys, tracked drifter buoys, satellite imagery, and the
NCAR Queen Air research aircraft. The experimental area is a 100 km x 50
km region between Bodegea Bay and Pt. Arena, California, which is charac-
terized by a relatively straight coastline and shelf.

The use of a research aircraft adds greatly to the study of coastal
oceanographic problems. NCAR has a long successful history of supporting
such programs in the past. For CODE, Carl Friehe (RAF) participated in
the program as a co-principal investigator--a step in RAF's plan to join
the scientific effort as well as the support effort of a few selected pro-
grams. The crucial atmospheric variable that drives ocean shelf currents
is the stress (tangential force per unit area) that the wind exerts on the
sea surface. This stress is a result of the turbulent eddy motions in the
atmospheric layer which efficiently transfer momentum from the air to the
sea surface. The NCAR Queen Air is capable of measuring the stress (and
associated heat and water vapor flux exchanges) near the sea surface from
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an altitude of 30 m. One of the primary goals of the CODE experiment was
to map surface wind, wind stress, and sea surface temperature over the
experimental area from the aircraft. In addition, the mesoscale meteoro-
logical features in the area can be determined from vertical soundings and
direct measurement of the pressure gradient from the aircraft. A goal of
CODE is to relate the surface variables to the mesoscale meteorology for
long-term estimation of the wind input at the sea surface.

The first CODE experimental phase was 1 April to 1 August 1981, and
the NCAR Queen Air participated from 22 April to 22 May. Several inter-
esting features were immediately apparent from the aircraft data during
the field phase; the wind field in the spring along the coast is driven
by the Pacific high to the west and a building thermal low inland. Near
the coast, and at low levels, a strong baroclinic pressure gradient is set
up as a result of a strong low-level inversion which slopes down toward
the coast. Winds of 20-25 ms-1, at a few hundred meters altitude, blowing
parallel to the shore were not uncommon. Within 10-15 km of the shore,
the wind is strongly modulated by the diurnal land-sea temperature con-
trast. The low-level jet has been detected in some previous coastal
experiments, but not measured as intensively as in CODE.

During the middle of the aircraft phase, strong winds blew down the
coast for a period of many days, which is conducive to Ekman transport of
surface waters offshore and upwelling of cooler subsurface waters. From
the infrared radiation thermometer on the aircraft, significant cooling of
the surface waters was observed during the high-wind period. Spatially,
the temperature became very uniform. Upon cessation of the wind forcing,
the upwelling immediately stopped, and warmer surface-temperature patterns
very similar to those before the strong wind forcing were measured. Thus,
the picture that emerges is that of a resident circulation pattern gov-
erned by large-scale currents, pressure gradients, etc., which is de-
stroyed or modulated by strong surface wind events but immediately is re-
established upon the cessation of the wind.

The NCAR Queen Air provided valuable support to the first CODE
experiment, and several important meteorological and oceanographic
features were observed. The scientific collaboration has proved most
beneficial for both NCAR and the other institutions.

Cooperative Convective Precipitation Experiment. Principal Investi-
gator: Patrick Squires (NCAR), plus numerous co-principal investigators
from various universities throughout the country. During the summer of
1981, RAF participated in the Cooperative Convective Precipitation Experi-
ment (CCOPE). CCOPE was a multi-institutional program involving a large
number of universities and government research groups. NCAR and the Water
and Power Resources Service of the U.S. Department of the Interior led and
managed the experiment. Centered in Miles City, Montana, CCOPE investi-
gated the initiation, cloud physics, structure, and kinematics of moist
convection. Specific research goals included the investigation of hydro-
meter evolution, the origin of ice, precipitation efficiency, entrainment
mechanisms, storm dynamics, and storm-initiation mechanisms. RAF actively
participated in the design and planning of CCOPE and supported the experi-
ment with both Queen Air aircraft and the Sabreliner. During the CCOPE
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operation, RAF personnel participated in many phases of CCOPE, from design
of the experiment to aircraft operations and participation in the scien-
tific operation. Peter Hildebrand of RAF served as coordinator of the
pre-storm portion of CCOPE.

Development Programs

Aircraft Doppler Radar. During FY 1981, RAF and FOF staff completed
some computer simulations of the effects of beam width and attenuation on
airborne Doppler-radar systems and presented the findings of these studies
in an article in the Journal of Applied Meteorolo and at the weather
radar conference in Boston. These studies made use of real data recorded
on the NCAR ground-based C-band radars. These data were processed on
ATD's research data support system in order to simulate the effects of
beam width and attenuation for different types of airborne radars. The
studies have indicated that considerable degradation of the radar depic-
tion of severe storms is to be expected for X-band radars because of beam
attenuation. The use of C-band aircraft radars for surveillance and storm
navigation appears clearly indicated. The effects of beam width and
attenuation are also obvious in the simulated Doppler data. It appears
that the narrowness of the beam is an important factor in measuring turbu-
lence scales which may be of interest to aircraft. For measurements of
mean velocity, both attenuation and beam width related effects were
observed. The study suggested that final determination of the trade-offs
between beam width and attenuation for airborne Doppler radars will have
to take into account the designed use of these radars.

During FY 1981, a considerable amount of effort was put into design-
ing an airborne Doppler radar test aboard NCAR and National Oceanographic
and Atmospheric Administration aircraft. The NOAA X-band airborne Doppler
radar, which is aboard their P-3 aircraft, has been made available for
testing on the NCAR Sabreliner during FY 1982. During FY 1981, plans for
these tests were formulated and presented to the RAF panel. The RAF panel
approved these plans and allocated research flight time aboard the Sabre-
liner for testing the airborne Doppler radar. In addition, plans were
made for flying the radar on the NOAA P-3's with NCAR staff participating
and collecting some supporting data with ground-based radars. The goals
of these joint NCAR-NOAA tests of the airborne Doppler radar are to make a
field evaluation of the capabilities of airborne Doppler systems, to
investigate strengths of these systems, and to investigate the problems
that will be encountered when they are used to collect meteorological
data. While some comprehensive tests were flown aboard the P-3 in December
of 1980, these tests proved to be fruitless due to malfunctioning of the
radar. The tests were repeated in early CY 1982 when RAF, with the sup-
port of NOAA staff, was able to collect airborne radar data aboard the
NOAA P-3 while simultaneously observing storms with the ground-based
NCAR/FOF CP-3 and CP-4 radars. Preliminary results from these tests are
promising, although there were extensive ground clutter and side lobe
effects. These effects can be expected to degrade the quality of aircraft
Doppler radar data in many situations and will have to be accommodated.
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Fleet Improvement. Fleet improvement has been a top priority item of
the present RAF management since 1979. By 1980, the Beech King Air turbo-
prop had been identified through user surveys as an appropriate replace-
ment for the Queen Air. Finally, after extended study and negotiation,
NCAR was authorized by the NSF in September 1981 to proceed with the
acquisition of a Beech Aircraft Super King Air B-200T aircraft. The new
aircraft will replace the older of the two existing Beech Queen Air air-
craft and will provide increased payload, range, endurance, altitude, and
research electrical power capabilities and greater crew comfort.

The Super King Air B-200T is a light twin turboprop capable of opera-
ting up to 14,500 lb gross weight with a payload of 2,000 lb and full
fuel. It can operate to 35,000 ft. altitude with an endurance of about
8 h and a range of 1,800 n mi. Normal research missions will have some-
what narrower flight limits.

Manufacture of the basic aircraft is scheduled to be completed by
April 1982; Beechcraft modifications to the aircraft to provide for
research requirements (i.e., wing wiring, air sampling and camera ports,
research electrical provisions, antenna mounting structures, etc.) are to
be completed with delivery of the aircraft to NCAR by November 1982. Fol-
lowing delivery, NCAR will outfit the aircraft with instrumentation and
data systems and will embark on an intensive period of testing the air-
craft and calibrating its instruments. The aircraft will be available to
the scientific community for research in April of 1983.

Radome Air-Motion-Sensing Technique. All past air-motion sensing at
RAF has been made using either differential pressure of fixed-vane systems
mounted on booms extending ahead of the radome or attached (in the case of
the Queen Airs) in place of the radome. These boom installations serious-
ly degrade or eliminate radar capabilities and have presented an "either-
or" situation for good air-motion and radar measurements. In 1981, a
novel air-motion technique was tried on the NCAR Sabreliner. It consists
of five pressure orifices installed in the tip of the standard radome on
the aircraft. (The concept of using the radome for differential-pressure
measurements originated with NASA, which needed yaw-and-pitch measurements
for spacecraft reentering the atmosphere.) Initial tests indicate that
the technique works well; in fact, because of the shorter pressure lines
used in the radome, the frequency response is better. This technique may
be especially important to RAF's instrumentation of the King Air since it
may provide for simultaneous high-quality radar and air-motion measure-
ments.

Aircraft and Ground Quick-look Data Systems. In a review (during
early 1980) of RAF's existing capability for collecting, displaying, and
processing aircraft data, it was apparent that improved data systems were
needed to meet even the current requirements for aircraft and ground data
processing at RAF. The decision was made in 1980 to undertake the design
and construction of an integrated set of data systems. The effort has
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continued through 1981. These systems include airborne data collection
and display equipment and ground-based data processing and display equip-
ment and are designed for maximum commonality of hardware and software.
The airborne systems are specifically designed to provide for high-
accuracy sampling, high reliability for both data acquisition and data
logging, and good on-board graphics. The ground systems are designed for
quick-look data processing and data display-output. During CY 1981, the
primary ground station reached operational staus at Jefferson County air-
port, two variations of the system were used as a mobile ground station in
support of field programs away from Jeffco (CCOPE and Marine Stratus Pro-
gram), and major components of the airborne aircraft data systems (ADS)
were used in hybrid ARIS IV-ADS systems in support of programs. The first
installation of the airborne ADS is scheduled on the Sabreliner in mid-
1982. The Electra and King Air ADS's are near completion. Again, these
systems represent major improvements in quality and in RAF's support capa-
bility for scientific programs.
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RAF FLIGHT SUPPORT - 1981

Date of Program
Hours
Flown

Date Data Sent
to Investigator

Queen Air N304D

Stuart Ocean Upwelling
Winant Coastal Ocean

Dynamics Exper.
Squires CCOPE
Pearson CCOPE
Telford Marine Stratus

Studies

18-31 March
22 April- 22 May

1 June-10 August
1 June-10 August
22 September-14 October

63
91

11 June
15 July

105
*

60

20 December
24 November
15 February 1982

Queen Air N306D

Braham Lake-Effect Snow
Storms

Squires CCOPE

1 December 1980-
23 January

13 May-10 August

34**

193

1 April

6 January 1982

Sabreliner N307D

Stratospheric NOk
RAF Radome Test
Jet Stream 1981
CCOPE
CCOPE

5-30 January
15 February-2 March
1 April-15 May
15 May-10 August
15 May-10 August

8
4

47
71

*

1 April

17 July
15 December
1 November

Electra N308D

Lenschow Boom Test 1-20 February

Total Hours Flown for Support and Development

6

682

* Hours allocated within the CCOPE total for this aircraft
** CY 1981 Flight hours only

Table 1

P.I.
Project
Title

Mankin
Friehe
Shapiro
Squires
Pearson

%F
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FIELD OBSERVING FACILITY

Mission and Goals of FOF

The mission of FOF is to provide surface-based measurements and specialized
interactive computing capabilities in support of experimental meteorological
programs. In meeting its mission requirements, FOF engages in the following
major activities:

1. Operation of advanced remote- and immersion-sensing systems to support
the research of atmospheric scientists in universities and NCAR.

2. Development of new measurement systems in cooperation with the RAF,
GAMP, the Convective Storms Division (CSD), and various university collaborators.

3. Maintenance and development of a data-delivery system including data
archival, applications software development, and operation of an interactive
computing facility.

4. Development of operational and analytical techniques for optimum use
of its facilities, and transfer of these techniques to the atmospheric sciences
community. These techniques include instrument deployment, data collection,
scientist-machine interaction, and data analysis methods.

Although FOF's charter is broad, its emphasis in recent years has been
on supporting mesoscale and boundary-layer meteorology in accordance with the
growing national scientific interests in convective storms, winter cyclonic
storms, boundary-layer processes, and air pollution as it is coupled to boundary-
layer turbulence, transport, and diffusion.

Strategies Adopted for Current Operations

The overriding strategy described in the past two Annual Scientific Reports
remains essentially unchanged. Large cooperative programs will be carefully
planned at the national level. These programs will take place at three- to
four-year intervals and thereby provide ample time for analyses. Since large
programs will require most of FOF's field observing resources, support of some
smaller field experiments are likely to be preempted or delayed. In the hiatus
between large programs, while supporting some of the smaller field programs, FOF
must increase its emphasis on the development of the next generation of observing
systems.

FOF plans to focus its developments on essential hardware and software
systems, with limited expansion to meet the most pressing demands. These
demands consist of rapid-scan Doppler radars, polarization diverse radar, an
improved Portable Automated Mesonet (PAM), expanded interactive computing
facilities, and an experiment control center (MECCA). These developments require
a strong parallel commitment to data processing and development of interactive
analysis techniques. A final observation is that collaborative university
programs and interagency programs may be desirable and/or necessary to realize
some of the development objectives. FOF expects to pursue such opportunities
when they appear to be of clear benefit to the community's needs.
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Accomplishments of the CY 1981

Field Program Support. Four field programs were supported during 1981.
CCOPE was the most ambitious development and support effort ever undertaken
by FOF. CCOPE was conducted from May through August in Montana. The CP-2,
CP-3, and CP-4 radars were deployed as part of a seven-Doppler-radar network.
The newly developed CP-2 system made its debut in CCOPE and provided the principal
radar support to the operations control center. PAM was deployed as a high
time/space resolution mesonet, imbedded within the larger U.S. Bureau of
Reclamation network. FOF staff also assisted with training for sounding systems
and sounding-equipment modifications. FOF scientists participated substantially
in the planning stages of CCOPE and in daily planning meetings throughout the
field project. John McCarthy was the co-architect of the pre-storm experiment.
The total effort severely strained the capacity of FOF staff since the field
residence time was nearly six months. All systems performed very well,
despite the prevalence of many untested new subsystems in the radars. CP-2
performance was particularly rewarding. It provided a state-of-the-art
Doppler, dual-wavelength capability with real-time integrated color displays
of radar data and aircraft tracks (from the Multiple Aircraft Position
System [MAPS]). Collaborative aspects of this combined display were led by
Charles Frush (FOF) and Peter Johnson (CSD). The overall system performance
was outstanding. CP-2 provided extraordinary sensitivity, with routine
monitoring of the clear boundary layer. Density differences marking air-mass
boundaries were observed in real time. Longitudinal roll structures and
superimposed thermals were observed and recorded on a routine basis. Precipi-
tation events were detectable from the earliest stages, and quality dual-
wavelength observations were obtained from CP-2 with matched sample volumes.
After ten years of dual-wavelength research there now exists a data set which
does not suffer from fundamental sampling deficiencies.

Roscoe Braham (University of Chicago) received CP-4 radar support
during January as part of a lake-effect snow study. The program was conducted
in the vicinity of Muskegon, Michigan, in conjunction with the CHILL radar,
an NCAR Queen Air, and the University of Wyoming King Air. The CP-4 perform-
ance was virtually flawless. Nature was not as cooperative as possible with
respect to the intensity of the cases captured. Nevertheless, significant
cold-air outbreaks and land-breeze interaction snowbands were observed.

The CP-3 radar was used on a limited basis during January and February
to observe upslope snow near Boulder for Douglas Lilly (Atmospheric Analysis
and Prediction Division). The dry winter of 1980-81 did not afford many
opportunities, but observations that were made have resulted in significant
advances. Lilly has deduced roll structures in the cold air mass and a sharp
layer of intense mixing from strong westerlies aloft.

During December, FOF deployed CP-3 and CP-4 on the Pacific coast of
Washington state for Peter Hobbs (University of Washington) and his CYCLES
Project. This will be the first dual-Doppler operation for CYCLES after
rive previous campaigns by FOF with single Doppler observations. CYCLES will
begin on 4 January 1982 and will include a NOAA P-3 and the University of
Washington B-23 aircraft. Joint ATD/NOAA tests of an airborne Doppler radar
will be conducted aboard the P-3 by Charles Frush and Peter Hildebrand.



ATD/Field Observing Facility

PAM II Development. Design and development of the second-generation
mesonet progressed substantially during 1981 under the direction of Fred
Brock. A PAM II workshop was held in February to further delineate system
requirements from a diverse user group. A new format for data communication
through the GOES satellite has been developed. This breakthrough required
negotiations with the National Earth Satellite Service (NESS) and will satisfy
most real-time data-reporting requirements. The necessary GOES downlink
hardware will introduce a new concept to the data communication platform
industry with separation of the data processing and communication functions.

The concept of the integrated sensor unit has been developed. Under
this design all of the factors that affect sensor calibration are controlled
and applied by a small microcomputer (as part of each sensor). Improved
performance and reduced maintenance over the eight-year life of each instrument
will result from implementation of this technique.

The Boulder base station is now under construction and will be operational
in late 1982. The base station will be tied to the research data support system
(RDSS) for display and real-time analyses. The Boulder base station, as well
as the field base, will have color graphical displays of measured and derived
quantities in station model format as well as analyzed isopleths and time plots.

Major supplemental funding of PAM II by the U.S. Bureau of Reclamation
combined with the NCAR/NSF funds, ensures a large number (up to 98) of remote
stations. It will be possible to support large multi-scale experiments.
Simultaneous support of multiple independent experiments, distributed from
New England to New Zealand, will also be possible.

Radar Developments. The CP-2 radar system was completed in April and
immediately deployed in CCOPE. Major developments were conducted under the
overall direction of Charles Frush and included:

* The RP-6 acquisition system for real-time Doppler and dual-wavelength
signal processing

* A new X-band non-coherent radar with a polarization twist Cassegrain
feed antenna

* 6250 cpi tape recording

* Antenna control hardware

* Antenna-control and data-acquisition software

* A color master display.

These developments, combined with basic transmitter and receiver developments
completed in 1980, constitute an extremely valuable resource for the meteoro-
logical community for years to come. Innovative analog signal conditioning
on CP-2 achieves sensitivity close to theoretical limits. This sensitivity
permits routine observation of precipitation at the earliest stages of
formation and year-around Doppler measurements in the optically clear boundary
layer. Detection of elevated layers of refractive-index turbulence (including
the tropopause) may also be achieved. Provisions have also been made for the
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addition of polarization diverse measurements at both 10-cm and 3-cm wave-
lengths. Once these capabilities are realized, the CP-2 system will be a
multiparameter measurement facility with broad applications to microphysical,
dynamic, electrical, hydrological, and weather modification studies.

Other radar developments include:

9 CP-4 6250 cpi tape recording

* CP-4 analog signal conditioning

* CP-3, -4 antenna-control software improvements

* CP-3, -4 antenna-control hardware design

* Construction of a software-development facility.

Research Data Support System. As a result of ATD reorganization,
responsibility for the continued development and operation of the RDSS was
assumed by FOF in October 1981. Based on previous user demand and because of
the development of applications software for radar-data processing, a major
expansion of the system is now in progress. The principal emphasis of the
expansion is to accommodate several users simultaneously. A VAX-11/780 was
delivered in 1981 and a highly user-oriented system with adequate multiuser
capacity is now being assembled. An RDSS development team was formed from
scientific, programming, and engineering staff in ATD and CSD. The primary
purpose of this group is to help establish user requirements and priorities
for the core system. By the end of 1981, the VAX system had been made operational
with 4 megabyte memory, 1.5 gigabyte disc, two 6250 cpi tape drives, and remote
job entry capabilities to SCD computers. Applications software, installation
of links to other computers, and interactive color-image displays will be imple-
mented in early 1982. Increased space for users and more terminals for program
development are also scheduled for 1982. The PDP 11/60 portion of the RDSS
was used heavily by the Doppler radar community in 1981. This will continue
to function as a stand-alone system until the hardware link with the VAX is
operational. The principal scientific use of RDSS continues to be perusal
and editing of Doppler radar data and processing balloon data from the Equatorial
Wind Experiment.

Applications Software Development. A number of major software initiatives
were begun in 1981. Richard Oye has led the development of several radar-
data programs. Radar-data archival techniques have been totally revised, which,
with the new digital cataloging system, will eliminate costly proliferation
of tapes. Several codes associated with this development have been completed
and more coding remains to be developed. This new system has resulted in some
temporary delays and inconveniences to CCOPE users, but the long-term effect
will be highly beneficial to the scientific community. A faster radar-data-
perusal (color-display) program was developed for the RDSS, including the older
FOF archive tape formats as well as the common Doppler universal tape format.
The interactive Doppler editing software (IDES) was upgraded in several respects.
Use of this software has generated an enthusiastic nationwide response for
similar capabilities at other institutions and FOF will be providing them with
documented code.
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Michael Carpenter has made major advances with PAM software development.
Numerous quantities, derived from the basic measurements, can now be displayed
in real-time. This includes station model, analyzed isopleth, and time plot
formats. Software upgrades to PAM I have been implemented in such a way as
to be directly transferable to PAM II's Boulder and field base stations.
This software will also be transferable to the RDSS as part of a larger radar-,
mesonet-, and aircraft-data synthesis package.

Immersion Sensor Development. The immersion-sensor calibration facility,
developed by Julian Pike, became fully operational in 1981. This facility
provides for calibration of pressure, temperature, and humidity sensors.
Related work on development and documentation of reference standards has
also progressed. Pike has begun pressure-capsule testing and development
of the PAM II barometer as an integrated sensor unit.

Research and Technique Development. The Joint Airport Weather Studies
(JAWS) Project progressed through the final planning stages in 1981. John
McCarthy, James Wilson, and Theodore Fujita (University of Chicago) have led
this effort. The field observations will be made near Stapleton Airport in
Denver during the spring and summer of 1982. A wide array of sensors, including
three NCAR Doppler radars, two Doppler lidars, PAM, two NCAR aircraft, and other
measurement systems, will be deployed. The principal scientific objectives
concern convectively driven wind shear and the fine-scale dynamic structure ofconvective clouds with emphasis on "microburst" downdrafts. The objectives
are both basic and applied in nature with emphases on aviation wind-shear
hazards and aircraft performance deterioration in shear conditions. JAWS
will be funded by NSF, NASA, and the Federal Aviation Administration. Related
numerical simulation work was jointly conducted by McCarthy and Walter Frost
(University of Tennessee) in 1981. McCarthy also completed an important study
on dryline initiation of severe storms with Steven Koch (NASA).

In addition, a number of FOF staff members conducted research and
development work in areas related to real-time signal processing, display of
mesonetwork data, the operational use of Doppler radar, rapid scanning Doppler
radar, and the use of radar polarization diversity.

Scientific Interactions

Several cooperative and/or collaborative associations between FOF and
other institutions have been developed in the past year. Thomas Seliga
(Ohio State University) collaborated with FOF on the development of polarization
diversity capabilities on the CP-2 radar and negotiations to include Viswanathan
Bringi (Colorado State University) were in an advanced stage by year end. These
developments and exploratory research efforts are both theoretical and experi-
mental and will provide for hydrometeor phase-discrimination capabilities on
CP-2.

Iowa State University transferred a large quantity of FPS-18 radar
equipment to FOF in 1981 in exchange for a lecture program to be given at
Iowa State University by FOF scientists. One or two short intensive courses
on modern meteorological instrumentation and several special seminars on FOF
research topics will be conducted. A similar lecture series is also being
arranged with St. Louis University.
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Close cooperation with the U.S. Bureau of Reclamation and NOAA's Prototype
Regional Observing Forecast Service (PROFS) has also come to fruition in 1981.
BuRec has made a major contribution to the development of PAM II which will
lead to scientific interactions when that development has progressed. PROFS
and FOF have entered into cooperative agreements on technique development for
use of interactive computing systems, operational Doppler radar applications,
and GOES satellite downlink facilities.

The combined effect of these interactions will be to strengthen university
research efforts and improve research facilities for the meteorological community,
and it is hoped that the lecture programs will also stimulate greater interest
in the field of atmospheric technology.
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TABLE 2. FIELD OBSERVING FACILITY - USERS, 1981

Observing Systems

Name

Patrick Squires

Roscoe Braham

Douglas Lilly

Peter Hobbs

Cleon Biter

David Call

Robert Clark

Gordon Ellis

Thomas Engel

William Harrison

David Stuart

Aylmer Thompson

System(s) Used

3 radars, PAM, RDSS

Radar, RDSS

Radar, RDSS

2 radars

Sensor Dev. Lab.

Sensor Dev. Lab.

Sensor Dev. Lab.

Met. Inst.

Sensor Dev. Lab.

Sensor Dev. Lab.

Met. Inst.

Met. Inst.

Affili ation

CCOPE

Univ. of Chicago

NCAR

Univ. of Washington

NCAR

AIR, Inc.

NOAA

Mesa School, Boulder

Montana Dept. of Natural
Resources & Conservation

Bureau of Reclamation

Florida State University

Texas A & M

RDSS

Nathan Funk

Eugenio Gorgucci

Robert Green, Jim Purdom

Bruce Johnston, Brooks Martner, John Marwitz

Robert Kelly, Tom Matejka

Robert Kropfli, Bill Moninger, Fausto
Pasqualucci, Mario Schaffner, J. Schmidt

Peter Ray

Vince Wickwar

Staff of AAP, ACAD, ASP, ATD, CSD, HAO

Univ. of Washington

Istituto di Fisica
Dell'Atmosfera,
Rome, Italy

NESS

Univ. of Wyoming

Univ. of Chicago

NOAA

National Severe Storms
Laboratory

NSF

NCAR
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GLOBAL ATMOSPHERIC MEASUREMENTS PROGRAM

Mission and Goals

The primary functions of GAMP have been the innovation, development,
and feasibility demonstration of in-situ meteorological sensing systems and
cooperation with the atmospheric scientific community in utilizing these
techniques in research endeavors. Principal emphasis is centered on
systems employing balloons as sensing platforms. Beginning in October
1981, GAMP's scope of activities was broadened by its assumption of
responsibility for providing tropospheric sounding support for the
community.

Strategies

With the completion of the Global Weather Experiment, emphasis has
shifted away from development and deployment of major systems for global
measurements of tropospheric meteorological variables. In the future, GAMP
will be concentrating on a radiosonde system of unsurpassed accuracy for
mesoscale research programs; a means for obtaining rawin soundings over the
Pacific, sponsored by Environment Canada and NOAA; a radiation-controlled
balloon, RACOON, to provide a vehicle for vertical soundings in the
stratosphere of winds, gases, and aerosols; and a balloon vehicle and
associated electronic systems to permit long-term measurements of the
electrodynamics of the middle atmosphere on a global basis. Work continued
on a microGHOST system to provide wind data at low cost over the southern
hemisphere oceans, supported in part by NASA.

Accomplishments of the Past Year

Safesonde. The development of an accurate, low-cost, easily
transportable, frangible radiosonde system has been a primary goal for the
ATD for many years. The initial system tests were made in 1976 using a
concept, METRAC, developed by Control Data Corporation. The system was of
unexcelled accuracy, but required such care in operation to avoid
undetectable slippage errors that it was deemed unusable as an operational
system.

The initial system was of the long-base-line interferometer type. A
series of new designs was developed using short-base-line systems in
various combinations of angle-angle and range-angle configurations.
Problems in critical antenna location or in sonde complexity led to the
rejection of several configurations.

Final system design was completed in 1981 after extensive design
review. The system now includes pressure, temperature, and humidity
sensors, a base-station and three short-base-line (2- to 5-kn)
translators. Tests of the complete system will be made in mid-1982.
Successful tests will pave the way for development of a Portable Automated
Sounding System (PASS) consisting of 20 or more tropospheric sounders for
mesoscale research.

Atmospheric Sounding Aerological Program (ASAP). Late in 1980,
381 balloon soundings were made from the Oceanographer and Vancouver in the
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Gulf of Alaska using an Omega wind-finding system redesigned by GAMP for
NOAA and Environment Canada. The success of the program led Canada to
propose the development of a system, known as ASAP, to make atmospheric
soundingsatmospheric soundings across the Pacific. The soundings are to be
made on Japanese container vessels or car-carrying ships as a substitute
for the soundings made by the weather station, Papa, before its
abandonment. Environment Canada and NOAA are jointly supporting the
development by GAMP of this sounding capability.

Two containers are being outfitted with a prototype system for the
initial phase of the ASAP. The prototype consists of an automatic balloon
launcher, liquid-helium inflation system, and electronic hardware to
determine optimum designs for an operational system. The design includes
transmission from sonde to ship via VHF links to eliminate the need for
complex antennae, a stabilized antenna for transmission of sounding data
through the GOES and Japanese synchronous satellites, and use of the
Finnish microCORA sounding system for shipboard computations.

During CY 1981, launcher and container mechanical designs were
completed, arrangements were made for container sailings on Japanese car
carriers, and fabrication of all systems was begun. Ship tests will be
conducted in 1982, and will include a mapping of Omega signal quality
across the Pacific.

Electrodynamics of the Middle Atmosphere (EMA). A group of scientists
from Aerospace Corporation, the Universities of California, Utah, and
Cornell University have received grants from NSF and NASA to conduct an
experiment to study the electrical properties of the upper atmosphere.
This research project, titled EMA involves the design of a
microprocessor-controlled payload and the launch of up to eight small
superpressure balloons in 1983 and 1984. The primary payload instruments
will measure the vector electrical field from dc to 10 kHz, and the
payloads will include instruments to measure local ionization, electrical
conductivity, magnetic field, pressure and temperature fluctuations, and to
provide optical records of lightning. Measurement of these variables in
the stratosphere will permit the study of electrical coupling between the
atmosphere and magnetosphere, global current systems, and global response
to solar flares and magnetosphere storms. Flights of two to three months
duration at 28-km altitude will be made in the southern hemisphere from New
Zealand.

GAMP will provide balloons, launch systems, logistics support, a
special gondola configuration, interface electronics, a number of the
sensors, and the location, tracking, and initial data processing (using the
ARGOS system as the location and telemetry vehicle). The team has prepared
detailed plans for the flight program. System integration and first
flights will take place in 1982 and 1983. It is expected that this
minimum-cost, long-duration flight capability will be widely used in the
future for flight programs where the experiment can be designed to operate
within severe weight and communications limitations.

Radiation-Controlled Bal oon (RACOON). The RACOON is a low-cost
polyethyene alloon fying at 35-40 km during the day and at 20-25 km at
night for 30 days or longer without ballast. Soundings of winds and
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temperature, as well as stratospheric gases and aerosols, can be made
during the dawn ascent and sunset descent.

After a successful demonstration of the principle in 1980 with three
long-duration flights from French Guiana, a test was made of a larger
balloon and heavier payload from Brazil on 2 February 1981, in a joint
program with the National Scientific Balloon Facility. The balloon was
117,000 m3 in volume of 15 pm polyethylene film. The capped balloon
weighed 282 kg and carried a payload of 200 kg, including ballast.
Because of a problem with temperature control of the gondola, no ballast
was released, telemetry through NOAA polar-orbiting satellites was
intermittent, and no locations were obtained. The balloon flew for 26
days. Fourteen days after launch, it passed a few miles north of the
launch area at San Jose de Campos. (This strong zonal flow is a usual
condition for stratospheric flight at latitudes from 20° to 30° during the
summer months.) From the limited data obtained during the flight we
obtained the following information:

1) The balloon vented all of its free lift on the first day.

2) By the end of the second day the balloon was 5 % heavy. No
further major venting occurred.

3) Gas loss through leakage was 0.16 % per day for the last 24
flight days. (Diffusion losses are less than 1 % per year.)

4) Warmest daytime balloon temperatures varied from 253 K to 241 K
during the flight.

5) For the one day that data are available, the day-night
temperature differential was 30°.

The maximum balloon altitude during the daytime hours varied from 26-
32 km after the original gas loss. A ballast consumption of 50 kg
throughout the entire flight would have kept the balloon floating near
design altitude of 38 km during daytime hours.

MicroGHOST. A joint program was instituted with NASA's Goddard Space
Flight Center in 1980, leading to the development of an improved location
and telemetry system for balloons and other low-cost mobile platforms.
Frangible structures were designed in 1981 and a number of thin-film
batteries tested.

Twelve tetrasphere balloons were procured in 1981 and are undergoing a
rigorous test program at GAMP's Christchurh flight station. Production
balloons have not tested as well as initial models, but all provide
adequate performance in flight. The polyester-laminate materials are now
being investigated as the possible cause of the performance degradation.

Transmitter designs, using oscillators with temperature drift
compensated by telemetry of crystal temperature, have been bench tested.
Flight tests of balloons and electronic system will be made in October
1982.
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GAMP has been assisting Bruce Mate (University of Washington) in the
design and testing of a "tag" for whales using the technology under
development for microGHOST. First "tag" tests are planned for the summer
of 1982.

As part of the GAMP contribution to the Global Weather Experiment in
1979, 313 superpressure balloons were flown from tropical launch sites.
The data from these flights have been analyzed and is now a part of the
First GARP (Global Atmospheric Research Program) Global Experiment
archives. In order to investigate the utility of the trajectories as an
independent data set in a Lagrangian system, a film was produced using the
balloon data. Trajectory and temperature data from these flights were
computerized and a color motion picture was constructed showing the
circulation in the upper troposphere at tropical latitudes. Air
temperature is depicted as the color of the trajectory lines. The film
permits the viewer to study many scales of atmospheric motion. The film
has been widely shown and studied during 1981.

207



208

NATIONAL SCIENTIFIC BALLOON FACILITY

Mission

The mission of the NSBF is to:

o Provide the scientific community with the most efficient
and reliable operational balloon support possible

o Through research and development programs, anticipate
and meet the changing scientific requirements of its
users.

Strategy

The NSBF occupies a position of leadership in scientific ballooning. It
has achieved this position of leadership through an appropriate mix of opera-
tional support and research and development. Top priority is given to full
competence in the latest operational methods of ballooning. At the same time,
the NSBF recognizes the principle constraints that delimit payload, flight
duration, data acquisition, and reliability and directs its research efforts
against these constraints.

Operational Highlights

NSBF flew a total of 52 flights in 1981. Forty-seven of these were in
support of scientific experiments and five were test flights. Eleven flights
were flown from remote locations, two from Brazil, two from Kauai, Hawaii,
one from Greenville, South Carolina,and six from Alice Springs, Australia.

Three balloons carried five instrument packages from U.S., Canadian, and
British institutions. The first carried a cryogenic sampler from NCAR's
Atmospheric Chemistry and Aeronomy Division (ACAD); principal investigator
Leroy Heidt, together with ACAD's Richard Lueb and Walter Pollock, saw the
package airborne for almost 22 h, taking whole-air samples for later analysis.
(All other instruments madein-situmeasurements during descent.) The second
launch took place less than 2 h after the first; aboard for 10 h were a
University of Minnesota mass spectrometer and an infrared emmission radiometer
from England's National Physical Laboratory (NPL) and the principal investiga-
tors were Konrad Mauersberger and Nigel Swann, respectively. The third bal-
loon lifted off 2 h after the Minnesota launch and carried for 4 h an ultra-
violet fluorescence instrument from the NOAA's Aeronomy Laboratory (Dieter
Kley, principal investigator). An emission radiometer similar to the NPL
instrument was mounted by Canada's Atmospheric Environment Services on the
same flight (Wayne Evans, principal investigator). A fourth, much smaller
balloon carrying a frost-point hygrometer was launched separately by John
Mastenbrook (U.S. Naval Research Laboratory) and Samuel Oltmans (NOAA). David
Murcray was the principal investigator for a University of Denver instrument
which suffered a prelaunch malfunction but was launched later. James Rogers
(FAA) served as the experiment coordinator for all the launches, while Robert
Watson provided NASA support. The NCAR, Minnesota, and Denver groups also
made comparative measurements of methane, chlorofluoromethanes, carbon dioxide,
and nitrous oxide.
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Early in the fall (spring in the Southern Hemisphere) a 12-man crew from
NSBF headed for Australia. Their destination was Alice Springs, a remote
railhead in the interior. Their mission was to launch a total of six balloons
in October and November. The worst weather in 40 years contributed to delays
and it was December before the last balloon was successfully launched. In all,
the crew achieved three successful flightsfor NASA-supported scientists and
two for Australian scientists.

Research and Development

In September the NSBF conducted a test flight from Greenville, South
Carolina, of a long-duration balloon system, dubbed Sky Anchor, capable of
carrying a 1200 lb payload. It was successful and stayed aloft for approxi-
mately 42 h before being terminated over western Oklahoma. In addition to
proving the load carrying capability of Sky Anchor, the flight proved the
feasibility of transcontinental flights.

Two wind-sounding balloons constructed of a new linear, low-density poly-
ethylene were flown successfully. These new sounding balloons are part of a
program intended to provide better high-altitude wind information for flight-
trajectory forecasts. The flights were the first to use the new material,
which is being investigated for possible future use in all zero-pressure
balloons.

A cooperative NASA/NSBF engineering flight was flown in November to check
the feasibility of a balloon-film strain gage developed by James Rand of South-
west Research Institute. Five strain gages were installed on the balloon, which
had a 0.5 mil wall and 0.5 mil cap. All transducers produced quality data
throughout the flight.

During the year, a series of three test flights were conducted with a
balloon designed to provide controlled rapid descent using a stub-duct gas-
release procedure. These tests were conducted in an effort to achieve imme-
diate high rates of descent from float altitudes. The third test flight on
8 December resulted in a successful valve down from 134,000 ft to 60,000 ft.
The balloon, with a 950 lb scientific payload, made the descent in 60 min
at an average rate of 1233 ft/min.

Meetings and Conferences

As a recognized leader in the technology of scientific ballooning, the
NSBF participates regularly in various international meetings. During the
year Alfred Shipley attended international meetings in Buenos Aires, Argentina,
and Rome, Italy. The former, held in March, was a conference on Southern
Hemisphere ballooning. The second meeting, sponsored by the Italian National
Research Council, dealt with international coordination for long-duration bal-
loon flights. Representatives from ten countries attended. The need for long
flights was strongly reaffirmed and the demand is expected to remain strong
in the foreseeable future. The opportunities for long duration balloon flights
in both Northern and Southern Hemispheres were reviewed and some of the technical
developments needed in order to achieve this goal were discussed. One of the
important points to emerge from this meeting was the evident need to establish
international cooperation in the field of ballooning technology.
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The NSBF is a regular participant in the affairs and deliberations of
the International Committee on Balloons and Related Technology. The purpose
of this committee is to foster cooperation in research and development in the
field of scientific ballooning and to provide a frequent forum for discussing
mutual balloon problems. Representatives from Argentina, West Germany, Italy,
the United Kingdom, and the United States attended a regular meeting of the
committee in Palestine on 17-18 September. The committee identified for imme-
diate attention and possible collaboration on a global telecommand system for
balloon operations, on-board digital data recording, a global navigation system,
future prospects for data retrieval via satellites, microprocessor standards
for on-board control, and balloon materials and designs. A number of countries
were unable to send representatives but expressed a strong desire to continue
participating in the group; the next meeting datais tentatively scheduled to
coincide with the meeting of the Committee on Space Research of the Inter-
national Council of Scientific Unions in Ottawa, Ontario, Canada, in May 1982.

Late in September, UCAR hosted a workshop on scientific ballooning in
Washington, D. C. Participants included a cross-section of users of the NSBF,
as well as representativesfrom the NSF, NASA, and UCAR. The principal topics
of discussion were the proposed changes in the sponsorship of the NSBF and
the technical thrust required to meet the known ballooning requirements of
the scientific community.

Near the end of the year, R. Stephen White, an astronomer who regular
uses the NSBF and is on the facility's advisory panel, chaired a workshop
on long-duration ballooning at Palestine. The purpose of the workshop was
to review scientific requirements and progress of the present NSBF long-
duration program and to plan future actions. The workshop participants
agreed to solicit broader inputs via a users' questionnaire before develop-
ing a final report.

Listsof users of the NSBF in 1981 and staff members follow:
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NATIONAL SCIENTIFIC BALLOON FACILITY USERS, 1981

James G. Anderson
Brian Bates
Wayne Evans
Peter Fenton
Flippio Frontera
Leo Haser
Leroy Heidt
Richard Jennings
Vernon Jones
Dieter Kley
Marvin Leventhal
Konrad Mauersberger
Mack McFarland
Peter Meyer
Dave Murcray
Walt Nagel
Tom Parnell
David Ramsden
Howard Roscoe
Clay Seaman
Ravi Sood
Rudiger Staubert
Bonnard Teegarden
Michael Thompson
Reinder van Duinen
Joe Waters
Rainer Weiss
R. Stephen White
David Wilkinson
Rudolph Zander

Harvard University
Queens University, England
AES, Canada
University of Tasmania, Australia
TESRE, Italy
Max-Planck Institute, Germany
NCAR
University College,London, England
University of Louisiana
NOAA
Sandia Labs
University of Minnesota
NOAA
University of Chicago
University of Denver
NASA/Goddard Space Flight Center
NASA/Marshall Space Fight Center
University of Southampton, England
Jet Propulsion Laboratory/Oxford University, England
Jet Propulsion Laboratory
University of Melbourne
Astronomisches Institute, Germany
NASA/Goddard Space Flight Center
University of Durham, England
University of Groningen, The Netherlands
Jet Propulsion Laboratory
Massachusetts Institute of Technology
University of California, Riverside
Princeton University
University of Liege, Belgium

Table 3
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STAFF AND VISITORS

ATO Director's Office

Harold Baynton
Robert Serafin (Director)
Diane Wilson
Shelley Zucker

Research Aviation Facility

Lawrence Abbott
Harold Barber
Darrel Baumgardner (long-
Edward Brown
Jacques Brun
Arden Buck
Robert Burris
Robert Carl
Celia Chen
Mary Dick
Carl Friehe
Richard Friesen
Sandra Fritz
Keith Griffith
Peter Hildebrand
A. Alexander Kennel
Dennis Knowlton
Donald Lenschow
James Lundahl
David McFarland
Rodger McIntosh
Thomas McQuade
Clay Orum
Byron Phillips (Manager)
Charles Purdy
Reiko Raese
Annabelle Robinson
Ronald Ruth
Paul Spyers-Duran
John Stone
Gilbert Summers
George Tate
Margaret Taylor
Richard Taylor
Craig Walther
Lester Zinser
M. Norman Zrubek

Field Observing Facility

-term visitor)

Dan Harris
Ginny Hayden
Paul Herzegh
Kenneth Hite
Catherine Jirak
R. Jeffrey Keeler
Cathy Kessinger
Arthur K ittnick
Errol Korn
Bryan Lee
Brian Lewis
Jonathan Lutz
Robert McBeth
John McCarthy
John Militzer
Margaret Miller
Michael Moxey
Cynthia Mueller
Richard Oye
Phyllis O'Rourke
Jullan Pike
Isaias Quizar-Gomez
Bruce Ramsay
George Saum
Steven Semmer
William Veach
Joseph Vinson
Billie Wheat
James Wilson
Shelley Zucker

Visitors

Tzvi Gal-Chen, NASA Goddard Space Flight Center,
1 August 1981 - 8 September 1981

Global Atmospheric Measurements Program

Edgar Aden
Edward Chamberlain
Neil Carlson
Phyllis Carlson
Harold Cole
Vincent Lally (Manager)
Dean Lauritsen
Nancy Leach
Ernest Lichfield
Dale McKay
Claude Morel
Kenneth Norris
Randal O1son
Ranjit Passi
Aubrey Schumann
Justin Smalley
Sigvard Stenlund
Jack Tefft
Marcel Verstraete
Peter Von Clemm
James Ziese

Visitors

Gavin Fisher, New Zealand Meteorological Service,
September 1981 - September 1982

Gerald A1bright
Robert Barron
Richard Bobka
Victor Borgogno

ObLe t Bowie
wi1 iam Bragg
F -ed Bruck
Marvin Brown
Richard Carbone (Manager)
Michael Carpenter
Jonathan Corbet
Kevin Daberkow
Don Ferraro
Charles Frush
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University of Tennessee Cooperative Engineering
Student Program:

David Davidson

Jerry Stooksbury

University of Tennessee at
Knoxville, September 1981 -
September 1982
University of Tennessee at
Knoxville, September 1981 -
September 1982

National Scientific Balloon Facility

Danny Ball
Carolyn Booker
Charles Burris
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PUBLICATIONS

Publications of NCAR staff and visitors that
either appeared or were accepted' between 1 January
and 31 December 1981 are listed below. Coauthored
publications whose authors are affiliated with more
than one NCAR division are listed only once,
according to the division of the first author. An
asterisk indicates a non-NCAR coauthor.

ATMOSPHERIC ANALYSIS AND PREDICTION DIVISION

Refereed Publications

ANTHES, R.A., 1981: Tropical cyclones: Structure,
computer simulation models, and operational
procedure. Contemp. Phys. 22, 643-680.

----- , in press: Tropical cyclones--Their evolu-
tion, structure, and effects. Meteorol.
Monogr. 41.

- , *D. KEYSER, and *J.W. DEARDORFF, in press:
Further considerations on modeling the sea
breeze with a mixed-layer model. Mon. Weather
Rev. 109.

.-, *J.J. CAHIR, *H.A. PANOFSKY, and *A.B.
FRASER, 1981: The Atmosphere, third ed.
Charles E. Merrill Publishing Company,
Columbus, Ohio, 531 pp.

BARRON, E.J., and W.M. WASHINGTON, in press: The
Cretaceous atmospheric circulation. A com-
parison of atmospheric simulations with the
geologic record. Pataeogeogr. Palaeoclimatol.
Pataeoeco .

BAUMHEFNER, D.P., and D.J. PERKEY, in press:
Evaluation of lateral boundary errors in a
limited domain model. Accepted for publication
in Tettus.

BETTGE, T.W., D.P. BAUMHEFNER, and R.M. CHERVIN, in
press! On the verification of seasonal climate
forecasts. Accepted for publication in BulZ.
Am. Meteorol. Soc.

BLACKMON, M.L., and *G.H. WHITE, in press: Zonal
wave number characteristics of Northern Hemi-
sphere transient eddies. J. Atmos. Sci.

BOVILLE, B.A., 1981; Amplitude vacillation on a B-
plane. J. Atmos. Sci. 38, 609-618.

----- , in press: Strongly nonlinear vacillation in
baroclinic waves. J. Atmos. Sci.

BRETHERTON, F.P., 1981: Climate, the oceans, and
remote sensing. Oceanus 24, 48-55.

.----, in press; Ocean climate modeling. In Ocean
Climate (E.B. Kraus, Ed.), Pergamon Press,
Inc., Elmsford, N.Y.

BRIEGLEB, B.P., and V. RAMANATHAN, in press:
Spectral and diurnal variations in clear sky
planetary albedo. J. Appt. Meteorol.

BROST, R.A., in press: Comments on "A numerical
study of a marine subtropical stratus cloud
layer and its stability." J. Atmos. Sci.

-----, D.H. LENSCHOW, and J.C. WYNGAARD, in press:
Marine stratocumulus layers. Part I: Mean con-
ditions. J. Atmos. Sci.

----- , J.C. WYNGAARD, and D.H. LENSCHOW, in press:
Marine stratocumulus layers. Part II: Turbu-
lence budgets. J. Atmos. Sci.

*CESS, R.D., J.A. COAKLEY Jr., and *P.M.
KOLESNIKOV, 1981: Stratospheric volcanic aero-
sols: A model study of interactive influences
upon solar radiation. Tetlus 33, 444-452.

CHARLOCK, T.P., in press: Cloud optical feedback
and climate stability in a radiative-
convective model. Tellus.

CHEN, T.-C., *A.R. HANSEN, and J.J. TRIBBIA, 1981:
A note on the release of available potential
energy. J. Meteorol. Soc. Jpn. 59, 355-360.

CHERVIN, R.M., 1981: On the comparison of observed
and GCM simulated climate ensembles. J. Atmos.
Sci. 38, 885-901.

COAKLEY, J.A. Jr., 1981: Impact of stratospheric
aerosols on tropospheric energy budget: Theory
vs. ground-based observations. J. Geophys.
Res. 86, 9761-9766.

.--- and F.P. BRETHERTON, in press: Cloud cover
from high resolution scanner data: Detecting
and allowing for partially filled fields of
view. J. Geophys. Res.

DALEY, R.,, 1981: Book review of Numerical Pre-
diction and Dynamic Meteorology, by
G. Haltiner and T. WiTliams. Butt. Am.
Meteorol. Soc. 62, 510-511.

---- , 1981: The normal mode approach to the
initialization problem. In Dynamic Meteo-
rology: Data Assimilation Methods
(L. Bengtsson, M. Ghil, and E. Kallen, Eds.),
Springer-Verlag, Heidelberg, West Germany, 77-
109.
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-- -, 1981: Normal mode initialization. Rev.
Geophys. Space Phys. 19, 450-468.

----- , 1981: Predictability experiments with a
baroclinic model. Atmos.-Ocean 19, 77-89.

----- , J. TRIBBIA, and D.L. WILLIAMSON, 1981: The
excitation of large-scale free Rossby waves in
numerical weather prediction. Mon. Weather
Rev. 109, 1836-1861.

DICKINSON, R.E., 1981: Convergence rate and sta-
bility of ocean-atmosphere coupling schemes
with a zero-dimensional climate model.
J. Atmos. Sci. 38, 2112-2120.

--, in press: Effects of tropical deforestation
on climate. In Studies in Third World
Societies, Department of Antropology, College
of William and Mary, Williamsburg, Va.

, in press: Land surface processes and
climate--Surface albedos and energy balance.
Adv. Geophys.

---- , in press: Modeling of climate changes due to
carbon dioxide increase. In Carbon Dioxide
Review 1982, Institute for Energy Analysis,
Oak Ridge, Tenn.

-, E.C. RIDLEY, and R.G. ROBLE, 1981: A three-
dimensional general circulation model of the
thermosphere. J. Geophys. Res. 86, 1499-1512.

--- , J. JAGER, W.M. WASHINGTON, and R. WOLSKI,
1981: Boundary Subroutine for the NCAR Global
Climate Model. Technical Note NCAR/TN-173+IA,
NCAR, Boulder, Colo., 75 pp.

ERRICO, R., 1981: An analysis of interactions
between geostrophic and ageostrophic modes in
a simple model. J. Atmos. Sci. 38, 544-553.

---- , in press: The importance of ageostrophic
effects on climate and turbulence. Accepted
for publication in J. Atmos. Sci.

-. , in press: Normal mode initialization and the
generation of gravity waves by quasi-
geostrophic forcing. Accepted for publication
in J. Atmos. Sci.

FREDERIKSEN, J.S., 1981: Disturbances and eddy
fluxes in Southern Hemisphere flows: Linear
theory. J. Atmoe. Sci. 38, 673-689.

, 1981: Growth and vacillation cycles of
disturbances in Southern Hemisphere flows.
J. Atmos. Sci. 38, 1360-1375.

----- , in press: Scale selection and energy spectra
of disturbances in Southern Hemisphere flows.
J. Atmos. Sci. 38.

GARRATT, J.R., in press: Observations in the noc-
turnal boundary layer. Boundary-Layer
Meteoro .

-and R.A. BROST, 1981: Radiative effects
within and above the nocturnal boundary layer.
J. Atmos. Sci. 38, 2730-2746.

----- , J.C. WYNGAARD, and *R.J. FRANCEY, in press:
Winds in atmospheric boundary layer--
Prediction and observation. J. Atmos. Sci.

GENT, P.R., 1981: Forced standing equatorial ocean
wave modes. J. Mar. Res. 39, 695-709.

----- and J.C. McWILLIAMS, in press: Intermediate
model solutions to the Lorenz equations:
Strange attractors and other phenomena.
J. Atmos. Sci.

GROSSMAN, R.L., in press: An analysis of vertical
velocity spectra obtained in the BOMEX fair-
weather, trade-wind boundary layer. Boundary-
Layer Meteorol.

*HARRISON, D.E., and W.R. HOLLAND, 1981: Regional
eddy vorticity transport and the equilibrium
vorticity budgets of a numerical model ocean
circulation. J. Phys. Oceanogr. 11, 190-208.

HERRING, J.R., 1981: Theoretical investigation of
the decay of scalar variance injected into
homogeneous turbulence. In Preprint Vol.,
American Society of Mechanical Engineers,
Fluid Mechanics Sessions, Boulder, Colo.,
22-24 June. The American Society of Mechanical
Engineers, New York, N.Y., 1-6.

----- and R.M. KERR, in press: Comparison of direct
numerical simulations to predictions of two-
point closures for isotropic turbulence
connecting a passive scalar. J. Fluid Mech.

-- , *D. SCHERTZER, *M. LESIEUR, *G.R. NEWMAN,
J.-P. CHOLLET, and *M. LARCHEVEQUE, in press:
A comparative assessment of spectral closures
as applied to passive scalar diffusion.
Accepted for publication in J. Fluid Mech.

HOLLAND, W.R., 1981: Numerical models. In
Encyclopedia of Science and Technology, fifth
ed., McGraw-Hill Book Co., New York, N.Y.

- and *D.B. HAIDVOGEL, 1981: On the vacillation
of an unstable baroclinic wave field in an
eddy-resolving model of the oceanic general
circulation. J. Phys. Oceanogr. 11, 557-568.

---- , *D.E. HARRISON, and A.J. SEMTNER Jr., in
press: Eddy-resolving numerical models of
large-scale ocean circulation. Chapter in
Eddiee in Marine Science (A.R. Robinson, Ed.),
Springer-Verlag, Heidelberg, West Germany.

JULIAN, P.R., and R.A. MADDEN, 1981: Comments on a
paper by T. Yasunari, "A quasi-stationary ap-
pearance of 30 to 40-day period in the cloudi-
ness fluctuations during the summer monsoon
over India." J. Meteorol. Soc. Jpn. 59, 435-
439.
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*KAIMAL, J.C., *R.A. EVERSOLE, D.H. LENSCHOW, B.B.
STANKOV, *P.H. KAHN, and *J.A. BUSINGER, in
press: Spectral characteristics of the con-
vective boundary layer over uneven terrain.
J. Atmos. Sci.

KASAHARA, A., in press: Nonlinear normal mode
initialization and the bounded derivative
method. Accepted for publication in Rev.
Geophys. Space Phys.

----- and K. PURI, 1981: Spectral representation of
three-dimensional global data by expansion in
normal mode functions. Mon. Weather Rev. 109,
37-51.

KERR, R.M., 1981: Theoretical Investigation of a
Passive Scalar Such as Temperature in Iso-
tropic Turbulence. Cooperative Thesis No. 64,
NCAR, Boulder, Colo., 128 pp.

KLEMP, J.B., *R.B. WILHELMSON, and *P.S. RAY, 1981:
Observed and numerically simulated structure
of a mature supercell thunderstorm. J. Atmos.
Sci. 38, 1558-1580.

KUETTNER, J.P., *Z. LEVIN, and J.D. SARTOR, 1981:
Thunderstorm electrification--Inductive or
non-inductive? J. Atmos. Sci. 38, 2470-2484.

LARGE, W.G., and *S. POND, 1981: Open ocean momen-
tum flux measurements in moderate to strong
wind. J. Phys. Oceanogr. 11, 324-336.

and *-----, in press: Sensible and latent
heat flux measurements over the ocean.
Accepted for publication in J. Phys. Oceanogr.

LENSCHOW, D.H., and *P.L. STEPHENS, in press: Mean
vertical velocity and turbulence intensity
inside and outside thermals. Atmos. Environ.

.---, *R. PEARSON Jr., and B.B. STANKOV, 1981:
Estimating the ozone budget in the boundary
layer by use of aircraft measurements of ozone
eddy flux and mean concentration. J. Geophys.
Res. 86, 7291-7297.

, *---, and ----- , in press: Measurements of
ozone vertical flux to ocean and forest.
J. Geophys. Res.

LILLY, D.K., 1981: Wave-permeable lateral boundary
conditions for convective cloud and storm
simulations. J. Atmos. Sci. 38, 1313-1316.

*LIU, W.T., and W.G. LARGE, in press: Determination
of surface stress by SEASAT-SASS: A case study
with JASIN data. J. Phys. Oceanogr. 11.

MADDEN, R.A., 1981: A quantitative approach to
long-range prediction. J. Geophys. Res. 86,
9817-9825.

----- and *K. LABITZKE, 1981: A free Rossby-wave in
the troposphere and stratosphere during
January 1979. J. Geophys. Res. 86, 1247-1254.

McPHADEN, M.J., 1981: Continuously stratified
models of the steady state equatorial ocean.
J. Phys. Oceanogr. 11, 337-354.

, in press: Variability in the central equato-
rial Indian Ocean, Part I: Ocean dynamics.
J. Mar. Res. 40.

, in press: Variability in the central equato-
rial Indian Ocean, Part II: Oceanic heat and
turbulent energy balances. J. Mar. Res. 40.

--.- and A.J. SEMTNER Jr., in press: The effects
of zonal shear flow on equatorial basin modes.
J. Phys. Oceanogr. 12.

McWILLIAMS, J.C., and J.H.S. CHOW, 1981: Equilib-
rium geostrophic turbulence: I. A reference
solution in a a-plane channel. J. Phys.
Oceanogr. 11, 921-949.

----- and *N.J. ZABUSKY, in press: Interactions of
isolated vortices. I. Modons colliding with
modons. Geophys. Astrophys. Fluid Dyn.

-. , *G.R. FLIERL, *V.D. LARICHEV, and *G.M.
REZNIK, 1981: Numerical studies of barotropic
modons. Dyn. Atmos. Oceans 5, 219-238.

MEEHL, G.A., W.M.. WASHINGTON, and A.J. SEMTNER Jr.,
in press: Experiments with a global ocean
model driven by observed atmospheric forcing.
J. Phys. Oceanogr.

National Academy of Sciences Ad Hoc Panel on Meso-
scale Processes (including R. ANTHES, chair-
man, and D. LILLY), 1981: Current Mesoscale
Meteorological Research in the United States.
National Academy Press, Washington, D.C.,
33 pp.

NEWTON, C.W., 1981: A fifty-book library and
journal selections for a certified consulting
meteorologist. Butl. Am. Meteorot. Soc. 62,
71-77.

-----, 1981: Jacques Van Mieghem 1905-1980. BulZ.
Am. Meteorot. Soc. 62, 530.

---- , in press: Lagrangian partial-inertial oscil-
lations, and subtropical and low-level monsoon
jet streaks. Mon. Weather Rev. 109.

-----, 1981: Pseudo-cold-fronts in the U.S.A. Pure
Appl. Geophys. 119, 594-611. (Reprinted in
Weather and Weather Maps, Contributions to
Current Research in Geophysics 10, Birkhauser-
Verlag, Basel, Switzerland.)

*NORTH, G.R., *R.F. CAHALAN, and J.A. COAKLEY Jr.,
1981: Energy-balance climate models. Rev.
Geophys. Space Phys. 19, 91-122.

RAMANATHAN, V., in press: Response to Chamberlain
et al.'s essay on climatic effects of trace
constituents. In Carbon Dioxide Review 19.82
(Clark et al., Eds.). Institute for Energy
Analysis, Oak Ridge, Tenn.



218

.---- , 1981: The role of ocean-atmosphere
interactions in the C02 -climate problem.
J. Atmos. Sci. 38, 918-930.

*RAY, P.S., *B.C. JOHNSON, *K.W. JOHNSON, *J.S.
BRADBERRY, *J.J. STEPHENS, *K.K. WAGNER, *R.B.
WILHELMSON, and J.B. KLEMP, 1981: The
morphology of several tornadic storms on
20 May 1977. J. Atmos. Sci. 38, 1643-1663.

*ROGERS, J.C., and H. van LOON, in press: Spatial
variability of sea level pressure and 500 mb
height anomalies over the Southern Hemisphere.
Accepted for publication in Men. Weather Rev.

ROTUNNO, R., 1981: On the evolution of thunderstorm
rotation. Mon. Weather Rev. 109, 577-586.

----- and J.B. KLEMP, in press: The influence of
the shear-induced pressure gradient on
thunderstorm motion. Mon. Weather Rev.

SARTOR, J.D., 1981: Induction charging of clouds.
J. Atmoe. Sci. 38, 218-220.

*SCHMITZ, W.J. Jr., *P.P. NIILER, *R.L. BERNSTEIN,
and W.R. HOLLAND, in press: Recent long-term
moored instrument observations in the Western
North Pacific. J. Mar. Res.

*SEAMAN, N.L., and R.A. ANTHES, 1981: A mesoscale
semi-implicit numerical model. Q.J.R.
Meteorol. Soc. 107, 167-190.

*SETHIAN, J., D. DURRAN, D. DEE, and D.L.
WILLIAMSON, 1981: Normrl Modes of an Atmo-
spheric Prediction Model. Technical Note
NCAR/TN-186+STR, NCAR, Boulder, Colo., 47 pp.

*TARBELL, T.C., *T.T. WARNER, and R.A. ANTHES,
1981: An example of the initialization of the
divergent wind component in a mesoscale
numerical weather prediction model. Mon.
Weather Rev. 109, 77-95.

*TEMPERTON, C., and D.L. WILLIAMSON, 1981: Normal
mode initialization for a multi-level grid-
point model. I. Linear aspects. Mon. Weather
Rev. 109, 730-743.

THOMPSON, P.D., in press: Nonequilibrium proba-
bility distributions for randomly forced two-
dimensional flows. Accepted for publication in
Phys. Fluids.

*TOUTENHOOFD, V., and J.B. KLEMP, in press: An
isolated cumulonimbus observed in northeastern
Colorado: Comparison of field observations
with results of a three-dimensional simula-
tion. Mon. Weather Rev.

*TRENBERTH, K.E,, and H. van LOON, 1981: Comment on
"Impact of FGGE buoy data on Southern Hemi-
sphere analyses." Butt. Am. MeteoroL. Soc. 62,
1486-1489.

TRIBBIA, J.J., 1981: Nonlinear normal mode
balancing and the ellipticity condition. Mon.
Weather Rev. 109, 1751-1761.

----- , in press: On variational normal mode
initialization. Accepted for publication in
Mon. Weather Rev.

Van LOON, H., and R.A. MADDEN, 1981: The southern
oscillation. Part I: Global associations with
pressure and temperature in northern winter.
Mon. Weather Rev. 109, 1150-1162.

----- and *J.C. ROGERS, 1981: Remarks on the cir-
culation over the Southern Hemisphere in FGGE
and its relation to the phases of the southern
oscillation. Mon. Weather Rev. 109, 2255-2259.

----- and *-----, 1981: The southern oscillation.
Part II; Associations with changes in the
middle troposphere in the northern winter.
Mon. Weather Rev. 109, 1163-1168.

-, *C.S. ZEROFOS, and *C.C. REPAPIS, in press:
The southern oscillation in the stratosphere.
Accepted for publication in Mon. Weather Rev.

*WARNER, T.T., and R.A. ANTHES, 1981: Forecasting
by computer--Numerical weather prediction
modeling. Earth Miner. Sci. 50, 37-47.

*WILHELMSON, R.B., and J.B. KLEMP, 1981: A three-
dimensional simulation of severe storm
development on 3 April 1964. J. Atmos.
Sci. 38, 1581-1600.

WILLIAMSON, D.L., 1981: Storm track representation
and verification. Tellus 33, 513-530.

-.-- and *C. TEMPERTON, 1981: Normal mode
initialization for a multi-level gridpoint
model. II. Nonlinear aspects. Mon. Weather
Rev. 109, 744-757.

----, R. DALEY, and T.W. SCHLATTER, 1981: The
balance between mass and wind fields resulting
from multivariate optimal interpolation. Mon.
Weather Rev. 109, 2357-2376.

WYNGAARD, J.C., in press: Comments on "Flow dis-
tortion by supporting structures." Boundary-
Layer Meteorol.

---- , 1981: Cup, propeller, vane, and sonic ane-
mometers in turbulence research. Ann. Rev.
Fluid Mech. 13, 399-423.

, 1981: The effects of probe-induced flow
distortion on atmospheric turbulence measure-
ments. J. Appl. Meteorol. 20, 784-794.

, in press: Planetary boundary layer modeling.
Chapter 3 of Atmospheric Turbulence and Air
Pollution Modeling, D. Reidel Publishing Co.,
Hingham, Mass.
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.- , *J.A. BUSINGER, *J.C. KAIMAL, and *S.E.
LARSEN, in press: Comments on "A reevaluation
of the Kansas mast influence on measurements
of stress and cup anemometer overspeeding."
Boundary-Layer Meteorol.

*ZEREFOS, C.S., H. van LOON, and *C.C. REPAPIS, in
press: Possible evidence of the southern
oscillation in total ozone at Arosa. Arch.
Meteorot. Geophys. Bioklimatot. Ser. A 31.

Other Publications and Presentations

ANTHES, R.A., 1981: Impact of data and initiali-
zation procedures on variations of vertical
motion and precipitation in mesoscale models.
In Nowcasting: Mesoscate Observations and
Short-Range Prediction, ESA SP-165, Hamburg,
West Germany, 25-28 August. European Space
Agency, Paris, France, 245-257.

*BALDWIN, D.G., *E.Y. HSIE, R.A. ANTHES, and
*D. KEYSER, 1981: A numerical study of the
influence of the planetary boundary layer and
moisture on frontal structure. In Proc. Fifth
Conference on Numericat Weather Prediction,
Monterey, Calif., 2-6 November. AMS, Boston,
Mass., 191-197.

*BARNES, S.L., and C.W. NEWTON, in press:
Thunderstorms in the synoptic setting. In
Thunderstorms: A Social, Scientific and Tech-
nological Documentary, Vol. II (E. Kessler,
Ed.), NOAA Environmental Research Labora-
tories, Washington, D.C.

BARRON, E.J., and W.W. WASHINGTON, 1981: Modeling
cretaceous climate using realistic geography:
Simulations with the NCAR global circulation
model. Paper presented at Annual Meeting, Geo-
logical Society of America, Cincinnati, Ohio,
1-4 November.

BAUMHEFNER, D.P., and T.W. BETTGE, 1981: Charac-
teristics of atmospheric planetary circu-
lations and associated model forecast skill
during FGGE case studies selected by WGNE. In
Proc. International Conference on Early
Results of FGGE and Large-Scale Aspects of the
Monsoon Experiment, Tallahassee, Fla., 12-
17 January. WMO, Geneva, Switzerland, 2-26 to
2-31.

BETTGE, T.W., 1981: An examination of the charac-
teristics of planetary-scale systematic fore-
cast errors. In Proc. Fifth Conference on
Numerical Weather Prediction, Monterey,
Calif., 2-6 November. AMS, Boston, Mass., 109-
114.

BRANSTATOR, G.W., A. KASAHARA, and *H. NAKAMURA,
1981: Numerical studies of atmospheric flows
over and around large-scale mountains. In
Proc. Fifth Conference on Numerical Weather
Prediction, Monterey, Calif., 2-6 November.
AMS, Boston, Mass., 139-142.

BRETHERTON, F.P., 1981: The ocean surface
energetics--a need for climate understanding.
In Applications of Existing Satellite Data to
the Study of Ocean Surface Energetics
(C. Gautier, Ed.), Report NAS W-57380,
University of Wisconsin Press, Madison, Wis.

BROST, R.A., D.H. LENSCHOW, and J.C. WYNGAARD,
1981: Budgets of stress and turbulence kinetic
energy in a stratocumulus-topped mixed layer.
In Preprint Vol., Fifth Symposium on Turbu-
lence, Diffusion, and Air Pollution, Atlanta,
Ga., 9-13 March. AMS, Boston, Mass., 80-81.

*BURKHART, R.P., and R.A. ANTHES, 1981: Low-level
circulations induced by an upper-level jet in
a fine mesh numerical model. In Proc. Fifth
Conference on Numrical Weather Prediction,
Monterey, Calif., 2-6 November. AMS, Boston,
Mass., 198-202.

CHARLOCK, T.P., 1981: Energy balance scale analysis
of solar radiation, upper ocean structure and
seasonal climate. Paper presented at IAMAP
Third Scientific Assembly, Hamburg, West
Germany, 17-28 August.

*CURRY, J., and J.R. HERRING, 1981: Stochastic
behavior in thermal convection. Paper pre-
sented at Workshop on Mathematical Methods in
Hydrodynamics and Integrability in Related
Dynamical Systems, La Jolla, Calif., 7-
9 December.

DICKINSON, R.E., in press: Stratospheric pertur-
bations--The role of dynamics, transport, and
climate change. In Causes and Effects of
Stratospheric Ozone Depletion: An Update,
National Academy of Sciences, Washington, D.C.

DURRAN, D., and J.B. KLEMP, 1981: The effects of
moisture on the dynamics of mountain lee
waves. In Preprint Vol., Second Conference on
Mountain Meteorology, Steamboat Springs,
Colo., 11-13 November. AMS, Boston, Mass.,
106-113.

GENT, P.R., 1981: Forced and free trapped equato-
rial standing modes. In A Report of the Final
Meeting of SCOR Working Group 47, Venice,
Italy, 26-39 April, Nova University Ocean
Sciences Center, 349-352.

HERRING, J.R., 1981: Some results in the numerical
simulation of slip-boundary Boussinesq thermal
convection utilizing spectral codes of high
resolution. Paper presented at Workshop on
Numerical Aspects of Turbulent Flows, Nice,
France, 31 August - 4 September. _m

JULIAN, P.R., 1981: Data assimilation for the FGGE
Tropical Observing System. In Proc. ECMWF
Seminar on Data Assimilation Methods, Reading,
England, 15-19 September 1980. European Center
for Medium-Range Weather Forecasts, Reading,
England, 375-398.
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-, 1981: An evaluation of the FGGE Tropical
Observing System. In Proc. Conference on Pre-
liminary FGGE Data Analyses and Results,
Bergen, Norway, 23-27 June 1980. WMO, Geneva,
Switzerland, 239-246.

-- , 1981: The Tropical Observing System in FGGE:
An analysis of results. In Proc. International
Conference on Early Results of FGGE and Large-
Scale Aspects of the Monsoon Experiment,
Tallahassee, Fla., 12-17 January. WMO, Geneva,
Switzerland, 2-2 to 2-9.

*KAIMAL, J.C., and D.H. LENSCHOW, 1981: A study of
spatial and temporal spectra over uneven ter-
rain. In Preprint Vol., Fifth Symposium on
Turbulence, Diffusion, and Air Pollution,
Atlanta, Ga., 9-13 March. AMS, Boston, Mass.,
230-231.

KERR, R.M., and J.R. HERRING, 1981: Three-
dimensional simulation of temperature in
turbulence. Paper presented at Third Symposium
on Turbulent Shear Flows, University of
California at Davis, 8-11 September.

KLEMP, J.B., and R. ROTUNNO, 1981: High resolution
numerical simulations of the tornadic region
within a mature thunderstorm. In Topics in
Atmospheric and Oceanic Sciences, Springer-
Verlag, Heidelberg, West Germany.

- and ---- , 1981: High resolution numerical
simulations of the tornadic region within a
mature thunderstorm. In Preprint Vol., 12th
Conference on Severe Local Storms, San
Antonio, Tex., 11-15 January 1982. AMS,
Boston, Mass., 532-535.

LEITH, C.E., 1981: Dynamically stable nonlinear
structures. In Seminar 1981 Problems and
Prospects in Long and Medium-Range Weather
Forecasting, Reading, England, 14-
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