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INTRODUCTION

The contract between UCAR and NSF for the operation of NCAR calls for the
production of "a report containing a description of all programs conducted by
NCAR staff and NCAR visitors during the previous year. This report will in-
clude a description of scientific and facility activities, accomplishments,
and a listing of papers published." In addition to fulfilling this con-
tractual requirement, the Annual Scientific Report is intended to be a refer-
ence document for the NCAR staff, visitors, and interested colleagues through-
out the scientific community.

This report is produced by NCAR division directors and their colleagues
and is designed to present, in scientist-to-scientist style, a recounting of
the activities of their divisions during fiscal year 1983. The broad scope of
NCAR research and facilities activities does not integrate easily into a
simple overall view. Yet we can identify some important themes of the past
year:

o The continuing intensity of NCAR's research interactions with the
atmospheric sciences community, as evidenced by the number of university col-
laborators mentioned in these pages, by the significant percentage of publi-
cations whose authorship is shared by NCAR and university scientists, and by
the intensive use of NCAR facilities by hundreds of scientists across the
country.

o The scientific advances realized in some of the most important and
intriguing problems in atmospheric science, including the climatic effects of
the El Nino phenomenon, in-cloud processes that lead to the formation of acid
rain, the manner in which regions prone to tornado formation can be modeled,
and new insights into the behavior of ocean circulations and into the differ-
ential rotation of the sun.

o Increased facility resources available to the community, including a
second CRAY-1A computer, extension of interactive remote access to NCAR's com-
puting systems, the second-generation portable automated mesonet, the inaugu-
ration of service of two King Air aircraft (the second leased from the
University of Wyoming), and the production of a new version of the NCAR com-
munity climate model, now used by more than 20 university research groups.

An annual report on basic research is, of course, a snapshot of an on-
going process, where progress toward important goals is made in a series of
annual increments, sometimes extending to a decade or more. Most areas of
atmospheric research are at a stage where the successful completion of a piece
of research reveals still more complex questions yet to be answered. Our
strategy is to produce a healthy mix of long-term progress and short-term
results.

The current state of excellence and vigor of atmospheric research, both
at NCAR and in the community, is well documented in this report. I am grate-
ful to all those on the NCAR staff and across the community whose contri-
butions make it so.

Wilmot N. Hess
Director





ATMOSPHERIC ANALYSIS AND PREDICTION DIVISION

The Atmospheric Analysis and Prediction (AAP) Division studies the
behavior of the atmosphere and the ocean on spatial scales ranging from
the microscale (for example, turbulence) to the global scale, and on
time scales ranging from seconds to millions of years. AAP explores
problems in climate (e.g., interannual variability and response of the
climate to increases in trace gases), large-scale atmospheric motions
(e.g., the theoretical predictability of synoptic-scale motions,
improvement of forecast models), mesoscale meteorology (e.g., severe
thunderstorms and tornadoes, turbulence), and oceanography (e.g.,
large-scale and mesoscale ocean circulations). In addition to these
specific areas, AAP scientists study problems in basic geophysical fluid
dynamics, which have relevance to all four areas.

AAP studies the physical processes governing atmospheric and
oceanic behavior using observational, numerical, and theoretical
methods. Observational studies provide analyses of actual atmospheric
structure ("ground-truth") for diagnostic studies and theoretical inter-
pretation. Numerical simulations provide more detailed and consistent
data sets for diagnostic and theoretical studies than are available from
direct observations and permit the investigation of complex circulations
and feedback mechanisms for which analytic methods are not suitable.
Theoretical research complements these observational and numerical
approaches by searching for fundamental principles that govern atmo-
spheric and oceanic behavior.

Although each of the above methods of research requires a degree of
specialization, the most productive scientific research generally occurs
when these methods are used together to attack scientific problems.

The activities of the research staff of AAP are complemented by the
work of university visitors at NCAR and by various joint undertakings,
as evidenced by the division's publications.

A notable achievement by AAP scientists in 1983 was the completion
of the development and extensive documentation of a second version of
the community climate model (CCM), designated CCMOB. This version has
the same physics and numerical aspects as the earlier version, CCMOA,
but its horizontal and vertical resolution can be changed. This
property makes it suitable for a variety of studies in addition to
climate, including stratospheric modeling and forecasting studies. A
nonlinear normal-mode initialization scheme was developed and docu-
mented. Together, the CCMOB and the initialization scheme have been
designated the community forecast model (CFM); it is now being used to
study medium- and long-range forecasting problems by scientists in AAP
and in several universities.
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AAP DIVISION OFFICE

Regional-Scale Numerical Modeling and Observational Studies

Richard Anthes, AAP director, continued research on a variety of
mesoscale atmospheric phenomena. Much of this work was carried out in
collaboration with scientists in the Mesoscale Research Section (MRS)
and Large-Scale Dynamics (LSD) Section. During the past year, Anthes,
Ying-Hwa Kuo (MRS), and John Gyakum (University of Illinois) completed
and published their work on the numerical simulation of a case of
explosive marine cyclogenesis over the North Atlantic. The modeled
cyclone (the QE-II storm) showed a large sensitivity to the initial
low-level static stability and to the parameterization of planetary
boundary layer (PBL) processes and latent heating effects. An analysis
of the modeled PBL fluxes showed values of heat and moisture fluxes into
the atmosphere that were close to the maximum observed values.

As adjunct professor at The Pennsylvania State University (Penn
State), Anthes supervised the completion of the graduate research of
three students, Daniel Baldwin (now of the Climate Section), Eirh-Yu
Hsie (now of the National Oceanic and Atmospheric Administration [NOAA]
Aeronomy Laboratory), and Kuo (now of MRS). Baldwin's M.S. and Hsie's
Ph.D. research concerned the effects of moisture on two-dimensional
frontogenesis. Hsie added prognostic equations for water vapor, cloud
water, and precipitation water to the two-dimensional model developed by
Daniel Keyser (National Aeronautics and Space Administration Goddard
Laboratory for Atmospheric Sciences [NASA-GLAS]) and Anthes. Hsie found
that condensation generated a much stronger front, both in terms of
baroclinity and circulation. Baldwin used the Sawyer-Eliassen
diagnostic equation to isolate the relative contribution of shearing
deformation, latent heating, and PBL processes in generating frontal
circulations. The results are being summarized for publication, in
cooperation with Keyser.

Kuo's Ph.D. work used the SESAME 10-11 April 1979 data set in a
study of the effect of moist convection on the large-scale thermodynamic
and moisture structure. While such studies have been fairly common in
the tropics, few have been done in the middle latitudes. Among several
interesting results was the large magnitude of convective-scale vertical
eddy fluxes of heat and moisture compared with the condensation terms in
the thermodynamic equation and the continuity equation for water vapor.
In addition, semiprognostic tests of several cumulus parameterization
schemes showed close agreement with diagnostic results.

As head of the meteorology group of the Acid Deposition Modeling
Project (ADMP), Anthes participated in adaptation of the Penn State/NCAR
mesoscale model to the acid-deposition modeling system. The two main
goals of the meteorology part of the ADMP are (1) to develop a meteoro-
logical model that embodies all physics relevant to the transport and
removal of acid products in the atmosphere and (2) to examine the

2
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theoretical uncertainties associated with predictions or simulations on
regional scales. Knowledge of this stochastic component to deter-
ministic predictions is important before such models are applied to
assessment problems.

Closely related to the question of uncertainty in mesoscale
predictions or simulations is the issue of mesoscale predictability.
Anthes collaborated with Kuo (MRS), David Baumhefner (LSD), Thomas
Bettge (LSD), and Ronald Errico (LSD) in initiating predictability
studies on the meso-a (200-2,000 km) scale. The main objective of these
studies is to understand the uncertainties associated with three-day
mesoscale model forecasts and to define the ultimate limit of forecast
skill a mesoscale model can achieve. Recent results indicate that
mesoscale forecasts are more sensitive to the lateral boundary condi-
tions than to small-scale details in the initial conditions. With
identical lateral boundary conditions, the growth of perturbations to
the initial conditions is very small. These results imply that better
mesoscale forecasts in the 24- to 72-h time range over the central
United States, for example, are more likely to stem from improved obser-
vations over the Pacific Ocean rather than from increased observational
density over the continental United States. In somewhat related work,
Anthes completed an invited review paper on regional numerical weather
prediction models, which was published in the Monthly Weather Review.
In collaboration with Edward Zipser (Convective Storms Divfsion), Robert
Serafin (director, Atmospheric Technology Division [ATD]), and many
other scientists in the community, Anthes continued to be involved in
the planning of the National Stormscale Operational and Research
Meteorology (STORM) Program. A major document, edited by Anthes, was
published in January 1983 (The National STORM Program--Scientific and
Technological Bases and Major Objectives). ince the publication-o f
this document, emphasis has focused, under the leadership of Zipser, on
planning the first major multiscale field program, designated STORM-
Central. A plan for this experiment, proposed for the late 1980s, will
be published early in 1984.

Land-Surface Processes

This research activity is concerned with developing theoretical
concepts and model parameterizations required to improve the descrip-
tions of land-surface processes in global and mesoscale models. A
detailed package of surface physics parameterizations has been completed
and documented by Robert Dickinson with assistance from Patrick
Kennedy. This package comprises a soil water model that includes snow
melting and a separate energy balance-physiological model for plant
transpiration. The program was tested for six widely different land
types using synthetic surface meteorological data. Further sensitivity
studies are under way with the surface physics package coupled to the
one-dimensional PBL model developed earlier by Dalin Zhang (Penn State)
and Anthes.
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Dickinson has been giving further consideration to the physical
processes and appropriate models defining plant canopy albedos as a
prelude to inclusion of more detailed land surface albedo descriptions
in the CCM. Data required for implementing models of surface param-
eterizations are now only obtained by combining available site-specific
measurements with detailed maps of vegetation land use (such as recently
provided by Elaine Matthews of Goddard Institute of Space Studies) and
soil maps. However, there is considerable potential for use of
satellite-based remote-sensing systems to provide better data sets and
to test the operation of surface process models.

For this reason, AAP, and Dickinson in particular, has taken an
active role in developing the International Satellite Land Surface
Climatology Project. The program was formulated this year through a
series of workshops, one hosted by NCAR. A report to the United Nations
Environmental Program (UNEP) of the workshop findings is in the final
stages of preparation.

MESOSCALE RESEARCH SECTION

The activities of the MRS span problems ranging from the structure,
dynamics, and parameterization of small-scale turbulence to under-
standing the evolution of severe convective storms. Its scientists use
numerical models, direct measurements, and theoretical approaches in
their studies of these smaller scale atmospheric motions, while main-
taining close working ties with colleagues in AAP, the Convective Storms
Division (CSD), ATD, and the Atmospheric Chemistry and Aeronomy Division
(ACAD), as well as in the outside community.

Noteworthy recent developments include a shift in MRS turbulence
research away from spectral and single-point closures and toward direct
and large-eddy computer simulations. Recent experience indicates that
the latter can be even more reliable than direct observations as tools
for probing turbulence structure and parameterizing its dynamics. In
the experimental area, MRS has joined with ATD and CSD in a research
program to study the effects of aircraft-induced flow distortion on
meteorological and cloud physics measurements. This is expected to aid
in the design and placement of instrumentation as well as in data
interpretation.

In the severe storm area, the coalition of our tornado dynamics and
convective storm studies continues to provide new understanding of
tornadogenesis through fine-mesh calculations within a simulated mature
convective storm. During fiscal year 1983 (FY 83), MRS has also begun
new programs in regional mesoscale modeling (in cooperation with
scientists in the division office, LSD, and ADMP) and in developing
methods for short-range forecasting of upper-level winds (in cooperation
with scientists in NOAA).

4
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Convective Storm Research

An important goal of MRS research is to understand the storm-scale
features that generate tornadoes. Joseph Klemp and Richard Rotunno
continued their earlier work on tornadic thunderstorms through intensive
analysis of what they believe is the "generic" supercell thunderstorm
produced under conditions of unidirectional mean shear by the three-
dimensional cloud model. The analysis of this somewhat simplified case
has produced a consistent explanation for the "wall cloud" (a distinct
lowering of the cloud base prior to tornado formation) and a further
understanding of how vorticity and circulation are generated by baro-
clinic processes. Many other features peculiar to the more general case
treated earlier are found to occur in the simpler generic storm.

Rotunno and Timothy Wilson (Los Alamos National Laboratory)
continued their numerical study of laminar-vortex boundary layers in
which they made comparisons with a companion laboratory experiment.
They have submitted a manuscript on this work for publication.

Morris Weisman and Klemp continued to study the influences of wind
shear and potential instability on numerically simulated convective
storms, in their attempt to obtain a better understanding of the
dynamical influences which produce the wide spectrum of convective
storms observed in nature. They studied the environmental factors and
the internal dynamic forcing that distinguish supercells from the more
ordinary multicellular storms. One significant result shows that
dynamically induced vertical pressure gradients, produced on the flanks
of a storm system in strongly sheared environments, contribute much more
strongly to overall updraft strength in supercell storms than in the
multicell storms. The displacement of this forcing to the flank of the
updraft may also help explain the observed deviate motion of supercells
with respect to the mean wind shear vector.

These controlled model experiments have also been useful in inter-
preting observations of real storms. In collaborative studies with CSD
and ATD, Weisman and Klemp have begun to simulate storms observed during
the Cooperative Convective Precipitation Experiment (CCOPE) and Joint
Air Weather Studies (JAWS) field programs. Preliminary simulations for
two supercell cases during CCOPE (11 July and 2 August) reproduced many
of the observed storm features and gave insight into the forcing
mechanisms which produced the storms' intensity, longevity, and deviate
motion. Through analyses of these cases, they proposed a new mechanism
to explain the formation of bounded weak-echo regions in supercell
storms. Numerical simulations of an intense downburst case observed
during the JAWS field program have reproduced and offered explanations
for the existence of meso(anti)cyclones, which are often observed in
conjunction with strong downdrafts.

5
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Convection Effects on Mesoscale Phenomena

Over the past year, we have improved and generalized the numerical
cloud model to make it highly suitable for both cloud-scale and meso-£
scale studies. Dale Durran (Advanced Study Program [ASP]) and Klemp
restructured the model code to increase its flexibility and to permit
variable terrain height. They also adapted their new radiative upper
boundary condition to the cloud model. Klemp and Rotunno rederived the
thermodynamic equation for moist processes and identified a new term
which accounts for the cooling effect of falling precipitation. They
are currently evaluating the influences of this previously neglected
effect on moist convection in the numerical cloud model.

Rotunno made a critical survey of the linear theory of the land and
sea breezes. He found that the linear theory predicts an internal
horizontal scale related to the stratification, the local component of
the earth's rotation, and the diurnal frequency. He also found that the
flow is radically different depending on whether the Coriolis parameter
is greater than or less than the diurnal frequency. Although these
concepts are familiar from the linear theory of motion in a rotating,
stratified fluid, their relevance to the interpretation of linear models
of the land and sea breezes had not been emphasized in the literature.

Kuo, a long-term visitor from Penn State since January 1982,
completed his Ph.D. research on aspects of the influence of mesoscale
moist convection on larger scales. After joining the MRS staff in June
1983, he assumed primary responsibility for the regional-scale meteoro-
logical model development within the meteorological group of the NCAR
ADMP. This model will provide the meteorological fields which will
drive the chemical transport model under development within the project.

Stanley Benjamin, who also joined MRS in June 1983 through a
cooperative agreement with Prototype Regional Operational Forecasting
System (PROFS) in NOAA/Environmental Research Laboratories (ERL), has
assisted the NCAR ADMP in their mesoscale model development. He has
also completed studies on the effects of surface heating and topography
on the regional severe storm environment, and on objective analysis in
curved flow.

Short-Range Forecasts of Upper-Level Winds

Benjamin has spent the majority of his time working in association
with Rainer Bleck (University of Miami) on the implementation and
initialization of barotropic and potential vorticity models on the PROFS
VAX computer. These models are used to forecast upper-level winds in
real time for the Minimum Energy Routing through Interactive Techniques
(MERIT) system, a NASA project designed to improve short-range wind
forecasts and thereby decrease fuel consumption by commercial airlines.
These models are relatively accurate for short-range forecasts, but are

6
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simple enough that new 12-h forecasts incorporating off-time observa-
tions (pilot reports, profiler and satellite data) may be run every
three hours on a VAX-type computer.

Turbulence Research

During FY 83 Jackson Herring divided his research activities among
four topics: (1) a continuation of the numerical simulation of thermal
convection, (2) an investigation of the nature of two-dimensional
turbulence, (3) a theoretical study of the predictability of quasi-
geostrophic flow, and (4) a theoretical study of passive scalar
diffusion in two-dimensional turbulence.

The thermal convection study, being done in collaboration with
Steven Orszag and Stephen Jackson (Massachusetts Institute of Technology
[MIT]), is directed toward obtaining valid information for turbulence
(as distinguished from transitional flow) for a range of Prandtl
numbers. One important use of this code will be in assessing the
validity of various statistical closure schemes, such as that being
developed by William Dannevik of the University of St. Louis (a Ph.D.
student at NCAR). An interesting aspect of the flow currently studied
is its sensitivity to subharmonic destabilization and the need for
large-aspect-ratio systems in generating statistics valid for hori-
zontally homogeneous cases.

The two-dimensional turbulence study by Herring (in collaboration
with James McWilliams of the Oceanography Section) explores the extent
to which the tendency of two-dimensional flows to form isolated vortices
invalidates moment closures which are the theoretical bases for many
hypotheses concerning the large-scale motion of atmospheric flows. They
found that certain randomly forced conditions for the flow are satis-
factorily predicted by closures, while spin-down of pure two-dimensional
flow appears to be poorly predicted by the closure. Errors of an order
of magnitude are typical of the small scales of the spectra. The
isolated vortices may--in forced flows--reside in the inverse cascade
range and seem to be a form of intermittency predicted by Robert
Kraichnan (Dublin, NH).

The predictability study by Herring investigated the difference in
predictability between quasi-geostrophic and two-dimensional turbu-
lence. The results of this study indicated, surprisingly, that the
quasi-geostrophic system is more predictable than the two-dimensional
flow, at least in the homogeneous case.

The two-dimensional scalar diffusion study by Herring, in
collaboration with Marcel Lesieur (Institut de Mechanique de Grenoble),
investigated the nature of the two-dimensional spectrum of a passive
scalar in a turbulent flow. They explored the scalar spectral shape in
an inverse cascade energy range, and the analog between the scalar and
the potential energy in quasi-geostrophic flows. They also treated the
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case of correlated scalar-vorticity fields and discussed parameter
ranges in which the spectral shape of the scalar is significantly
affected by such correlation.

Boundary-Layer and Trace-Species-Transport Research

During May 1983, Donald Lenschow carried out the Clear Air Boundary
Layer Experiment (CABLE) in collaboration with Richard Pearson (Colorado
State University) and David Raymond (New Mexico Institute of Mining and
Technology). They conducted nineteen flights over eastern Colorado, the
Texas Gulf Coast, and central Oklahoma. The major goals of this initial
program on the newly acquired NCAR King Air aircraft were:

(1) to investigate the mean and turbulent structure of the stably
stratified nocturnal boundary layer;

(2) to estimate photochemical transformations and surface
deposition of ozone over a variety of surfaces;

(3) to measure vertical turbulent fluxes of carbon dioxide and
aerosols over a variety of surfaces to assess instrument performance
and the magnitude of the fluxes; and

(4) to investigate the inflow/outflow regions of thunderstorm
complexes.

The data collected during CABLE will be analyzed during the coming
year; preliminary analysis indicates that the data set is useful.

Lenschow continued to apply micrometeorological techniques to
problems of atmospheric chemistry. In June 1983 he collaborated with
Anthony Delany (ACAD) and David Fitzjarrald (ASP) in a surface-layer
investigation of several trace reactive species at the Boulder Atmos-
pheric Observatory. They obtained both eddy-flux and profile measure-
ments of NO, NO2 , and 03 over uncut grass in a region that occasionally
underlies the Denver urban plume. They plan to compare the observations
with the predicted flux and mean profile relations developed by
Fitzjarrald and Lenschow. Lenschow has also collaborated with Anne
Thompson of ASP in modeling trace reactive species in a pristine marine
boundary layer. They showed that chemical reactions can significantly
modify the profiles of trace reactive species, particularly near the
surface, and that the mean profiles are sensitive to the eddy dif-
fusivity used. Lenschow has also worked with investigators at NASA
Langley Research Center in the development of a flux measurement
capability on a NASA Electra aircraft to be used for measurement of
fluxes of trace reactive gases in the boundary layer.

Leif Kristensen (long-term visitor from RisO National Laboratory,
Denmark) and Lenschow have developed a kinematic model of turbulence in

8



ATMOSPHERIC ANALYSIS AND PREDICTION DIVISION

a convective boundary layer. They have used the model to obtain the
spectral tensor from observed one-dimensional spectra, and to predict
the behavior of multipoint second-order velocity statistics from
single-point measurements. B. Boba Stankov has calculated integral
scale lengths from aircraft data, and will compare them with those
predicted from the model spectra. The results should be useful in
estimating averaging lengths necessary to measure velocity, temperature,
and humidity to specified accuracies. Zhou Ming-Yu, a visitor from the
People's Republic of China, is analyzing velocity and temperature
coherence functions with vertical displacement that have been calculated
from BAO data. He will then compare these with model predictions.

During the last year, Chin-Hoh Moeng developed a new large-eddy-
simulation model; it explicitly computes the more important part of a
turbulent flow (the large eddies) and parameterizes the less important
part (the small eddies). This new model uses the pseudo-spectral
(Fourier) representation in the horizontal directions and finite-
differencing in the vertical. With the same amount of grid points, the
Fourier representation gives better numerical accuracy than finite
differences. Furthermore, the periodic lateral boundary conditions can
be implemented exactly, and there is no phase error. Moeng is using the
model as an experimental tool to investigate PBL turbulence.

Another way to study PBL turbulence is through observations.
Single-Doppler radar is likely to become a popular operational tool in
the near future, and Douglas Lilly (University of Oklahoma) has proposed
a method in which all three components of the velocity field can be
retrieved by using the continuity equation and the vertical vorticity
equation as supplements. In collaboration with Lilly, Moeng is testing
the method with simple flow fields.

John Wyngaard and Richard Brost used large-eddy simulations to
study certain transport properties of the convective boundary layer.
They formally represented the diffusion of a passive, conservative
scalar species through the boundary layer as the sum of what they termed
"top-down" and "bottom-up" processes; these represent diffusion through
the boundary-layer top and bottom, respectively. They found that these
two component processes had considerably different eddy diffusivities,
the value for the bottom-up process being much the larger. Wyngaard and
Brost showed why this invalidates an eddy-diffusivity closure for scalar
transport in the convective boundary layer. Wyngaard subsequently used
the top-down and bottom-up results to develop a scalar transport module
for use in larger-scale meteorological models.

CLIMATE SECTION

The Climate Section is carrying out research on (1) the theory of
natural climate fluctuations on time scales of seasons to decades,
(2) the formation of clouds and their interaction with radiation to

9
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affect climate, and (3) the application of three-dimensional global
climate models (atmosphere and ocean) to examinations of the sensitivity
of the climate system to its various components and to external
forcing. The Climate Section is divided into three groups: The
Empirical Studies Group (ESG) is concerned mostly with observational
aspects of climate studies. The Cloud-Climate Interactions Group (CCIG)
is involved in the Earth Radiation Budget Experiment (ERBE), improvement
of cloud-radiation parameterization in the CCM, and development of
methods for inferring cloudiness and cloud-radiative properties from
satellite measurements. The Global Climate Modeling Group (GCMG)
works on the development and use of climate models in collaboration
with the CCIG and scientists in LSD. Two subprojects of GCMG are a
Department of Energy-funded study of climatic effects of enhanced C02
and a Geophysical Affiliates Program (GAP) paleoclimate study in
cooperation with 15 universities.

Empirical Studies Group

The ESG examines factual and physical aspects of the mean climate
and its short-term fluctuations, and also investigates analysis tech-
niques and dynamical processes. The past year's research has included
interconnections between latitudes, seasonal and interannual variations,
natural variability and potential predictability, fluctuations of large-
scale traveling waves, objective analysis of Global Weather Experiment
observations, and processes that change baroclinity in frontal zones.

Southern Oscillation and Global Teleconnections. The southern
oscillation (SO) concept, in which anomalous regional flow patterns are
correlated, is a framework for examining short-term climate changes.
Harry van Loon and Jeffery Rogers (Ohio State University) have estab-
lished a connection between the tropical easterly winds and the inten-
sity of the mean trough in the westerlies over the South Pacific, during
the development of a warm equatorial event in the SO. Normally, this
trough reaches its peak between April and July as the easterlies
weaken. A substantial increase of the amplitude of this seasonal cycle,
following a year when it was depressed, was found to be characteristic,
with considerable regularity among warm events. Separation of the
effect of the North Atlantic oscillation, from that of the SO on the
Northern Hemisphere in winter, is being investigated.

Annual Cycles and Interannual Yariability of Climate Characteris-
tics. Rogers and van Loon analyzed the yearly~and half-yearly compon-
ents of sea-level pressure and surface geostrophic winds in the Southern
Hemisphere, with emphasis on their interannual variations. Although the
half-yearly wave is prominent at middle and high latitudes, in single
years it is often surpassed by other waves that appear in the time
series. However, since the phases of the other waves vary and the
half-yearly wave is comparatively stable, the latter dominates in the
long run. The annual wave dominates over the subtropics and tropics
outside the central and eastern Pacific. Its phase is extremely stable

10
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near the continents; elsewhere it varies widely from one year to
another.

Roland Madden has extended his analysis (with Harald Lejenls,
University of Stockholm) of the annual cycle of the 500-mb height field
of the Northern Hemisphere to the Southern Hemisphere. He and Joseph
Tribbia are using the results to establish the amplitudes of model
normal modes projected onto these forced, stationary fields. This work
should shed some light on the partitioning of energy between traveling
and stationary waves and the predictability of the largest scales. (See
discussion under LSD.)

Dennis Shea is using long time series (>40 years) of daily tempera-
tures to describe the annual cycle and interannual variability over
North America. He is also using daily series to study the unconditional
probability of precipitation on a given day and transition probabilities
(of successive wet or dry days). He has also calculated the interannual
variability of the number of wet days for various seasons.

Natural Variability and Potential Predictability. The ratio of
actual interannual variability (of, say, monthly mean temperature) to
natural variability (the "climate noise" due to daily events) is a
measure of potential predictability (PPr). Shea and Madden are investi-
gating the natural variability of precipitation and temperature over the
United States and Canada, and have extended their estimates of PPr of
temperature to most of the Northern Hemisphere. The sensitivity of PPr
to statistical model parameters and assumptions is being investigated.
Recently acquired daily precipitation data for about 4,000 stations in
India will be the basis for studying the PPr of the Indian monsoon.
Shea continued exploratory efforts to incorporate ship data into the
surface climate atlas.

Large-Scale Traveling Waves. Madden has begun to search for varia-
tions in the mean zonal winds connected with the interference of large-
scale traveling and stationary waves. Associated variations in eddy
heat and momentum transports, established earlier, imply fluctuations in
the convergence of these fluxes and, in turn, changes of the mean zonal
wind. Madden and Peter Speth (University of Cologne) are publishing an
extensive summary of Northern and Southern Hemisphere data sets from the
National Meteorological Center and the Australian Bureau of Meteorology.

Global Weather Experiment Analyses. Paul Julian has formulated and
extensively est an objective analysis technique for the tropical wind
field, combining conventional and satellite observations. Comparison of
Global Weather Experiment analyses from the European Centre for Medium
Range Weather Forecasts (ECMWF) and the NOAA Geophysical Fluid Dynamics
Laboratory has begun. Further research in Omega windfinding techniques
in cooperation with the National Hurricane Research Laboratory should
improve results obtained in future uses of the aircraft dropwindsonde
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system in research programs. Work has begun in interpreting tropical
constant-level balloon trajectories.

Baroclinity-Change Processes in Jet Stream-Frontal Zone. Circula-
tions that altethe thermal and wind fields are different for con-
fluence in semigeostrophic flow, compared to a wave-shaped current as
Chester Newton reported last year. Newton has shown that these modes
are not mutually exclusive; rather, one or the other prevails depending
upon the degree of gradient-wind control. Newton has written first or
second drafts of almost all chapters for the revised edition of
Atmospheric Circulation Systems.

Cloud-Climate Interactions Group

Working to solve the cloud-climate feedback problem, CCIG completed
a first version of an automated objective analysis scheme for extracting
cloud properties from satellite imagery data. They added to the CCM a
reasonable link between cloud radiative properties and model-generated
liquid-water contents, and they also introduced a new cumulus param-
eterization which improves the moisture fields generated by the model.
In addition to pursuing their own research CCIG provided a substantial
boost to United States cloud-climate research by helping to plan the
First ISCCP (International Satellite Cloud Climatology Project) Regional
Experiment (FIRE).

Satellite Observations of Clouds. James Coakley and Baldwin
completed their objective analysis scheme for extracting cloud prop-
erties from high-resolution satellite data. To test its effectiveness,
they applied the scheme to a small but representative sample of NOAA-7
data.

They found that for (250 km)2 regions, the error in monthly mean
cloud cover would be approximately 3%, a level low enough to make
satellite studies of long-term cloud changes promising. Coakley and
Baldwin are now preparing the analysis scheme for the processing of
ERBE data.

Working with Coakley and Baldwin, Zhang Ming-san (graduate stu-
dent, University of Colorado) applied the analysis scheme to high-
resolution data from geosynchronous (GOES) satellites. He found that
the quality of the retrievals suffered as a result of the resolution,
sensitivity, and noise characteristics of the GOES high resolution
scanning radiometer. As GOES data are the mainstay of the ISCCP,
Coakley and Baldwin intend to study further the seriousness of the
limitations imposed by the GOES instruments.

CCM Experiments: Cumulus Parameterizations, Cloud Radiation, and
Aeroso. Bruce Albrecht Pennsylvania Stateniversity) ollaorated
with V. Ramanathan and Patrick Downey to test a cumulus scheme (in the
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CCM) that accounts for the transport of moisture and sensible heat by
shallow and deep cumulus. The cumulus transport of water and vapor
causes a substantial warming of the tropical middle to upper troposphere
that removes the cold bias of the CCM. In addition, an analysis of the
cumulus clouds shows that the CCM is able to successfully simulate the
climatological spatial distribution of frequency of occurrence of
shallow and deep cumulus clouds in the low latitudes.

Thomas Charlock and Ramanathan conducted CCM experiments using a
new solar-wavelength radiation routine for clouds. The cloud optical
properties were computed as functions of the cloud liquid-water
content, which in turn was generated by the CCM hydrological cycle.
The albedo fields produced by the new routine differed substantially
from those of the revised standard version, especially in the tropics.
Whether these results represent improvements in the models' radiation
scheme await further analyses of satellite observations.

Coakley and Robert Cess (State University of New York at Stony
Brook) introduced into the CCM the radiative perturbations expected for
the naturally occurring background aerosol. The model-generated climate
proved rather insensitive to these perturbations, and only the large-
scale features of a slight cooling could be with confidence attributed
to the aerosol forcing.

Radiation Sensitivity Studies: Narrow and Broad-Band Albedos, C02
Monitoring, and Stratospheric Heating by Aerosols. Bruce Briegleb and
Ramanathan developed a state-of-the-art radiation model that computes
planetary albedos in several narrow spectral intervals as well as the
broad-band albedo. Results show that an optically thick cloudy atmo-
sphere has a very different spectral signature from the clear sky. The
results suggest systematic errors in energy budgets and in cloud forcing
determined empirically from narrow-band satellite measurements. CCIG is
currently exploring collaborative studies with scientists from other
institutions (Edward Harrison, NASA Langley; Thomas Vonder Haar,
Colorado State University; Arnold Gruber, NOAA) to intercompare the
model-generated narrow and broad-band albedos with satellite
measurements.

Charlock performed additional radiation sensitivity studies to
determine: (1) the feasibility of using narrow spectral-channel
satellite observations to monitor C02-induced climate changes, and (2)
the dependence of volcanic dust-induced stratospheric warming on the
heights of the dust cloud and of tropospheric clouds.

FIRE. Coakley and Francic Bretherton (Oceanography) in collabora-
tion with Cess, Stephen Cox (Colorado State University), David Randall
(NASA Goddard Space Flight Center), and Verner Suomi (University of
Wisconsin) have prepared a research plan for the FIRE. The plan calls
for a broadly based five-year multi-agency experiment devoted to testing
and improving cloud/radiation parameterizations now used in general
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circulation models. The plan grew from discussions that took place at
the FIRE workshop at NCAR 4-6 May. Copies of the plan are available
through the National Climate Program Office.

Global Climate Modeling Group

The GCMG has been developing and using large-scale models of the
global atmosphere, oceans, and sea ice. These models have been used in
simulations of the effects of ocean temperature anomalies, the annual
cycle, blocking phenomena, stratospheric warmings, paleoclimate
reconstructions, climatic effects of increased C02 , and possible
climatic consequences of diverting the flow of Russian rivers to the
Arctic Ocean.

Sea-Surface Temperature Anomaly Experiments. Maurice Blackmon, in
collaboration with Eric Pitcher (University of Miami), John Geisler
(University of Utah), Gary Bates, and Salvador Munoz, has been examining
the sensitivity of the CCM to sea-surface temperature anomalies. In the
first experiment, they placed a sea-surface temperature anomaly in the
equatorial Pacific near the date line, and found a January climate
anomaly pattern (the so-called Pacific/North American pattern) that
agrees with observations. In a second experiment, they explored the
sensitivity of the mid-latitude response to the position of the
anomaly. The result is that sea-surface temperature anomalies along the
equator, but near the South American coast, are less likely to produce
mid-latitude climate anomalies than those near the date line. This is
perhaps why some "El Nino" winters, such as 1976-77, show large mid-
latitude anomalies, while others, such as 1982-83, show no large mid-
latitude effects. In a third experiment, it was shown that sea-surface
temperature anomalies in the North Pacific do not produce large atmo-
spheric anomalies.

Teleconnection Studies. Blackmon and John Wallace (University of
Washington) have also examined the structure of teleconnection patterns
of the 500-mb height field as a function of the frequency of the height
fluctuations. For periods of 60 days and longer, the teleconnection
patterns are geographically fixed and do not have a well-defined time
variation. For periods of 10-30 days the fluctuations have the
structure of two-dimensional Rossby waves. They propagate with near-
zero phase speed and disperse energy primarily from the mid-latitudes to
the tropics.

Stratospheric Modeling. Byron Boville is using the CCM to examine
the winter stratospheric circulation and the effect of that circulation
on the troposphere. Boville has shown that the form of the strato-
spheric simulation in general circulation models has many important
consequences for their tropospheric simulations. The vertical resolu-
tion of CCMO is inadequate to properly examine stratospheric flows,
however, and Boville has been working with versions of the model with
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several more layers in the lower and middle stratosphere. With the
high-vertical-resolution model, he has been studying the effects of the
radiative damping of planetary waves on the stratospheric circulation
and has also been examining the reasons for the substantial effects of
the horizontal diffusion parameterization.

Annual Cycle Version of CCM. Robert Chervin has developed an
annual cc version if CCM using observed distributions of ocean
surface temperature, sea ice, and ozone path lengths to provide the
appropriate "external" forcing. He completed a 20-year integration with
an identical prescription of time-varying boundary conditions each year
to assess the model's ability to simulate the observed annual cycle in
the atmosphere. Detailed analysis indicates that the model reproduces
many of the major features of the observed annual cycle such as vari-
ations in the Indian monsoon, the intertropical convergence zone, and
land-sea contrasts. This version of the model with the aforementioned
control run is being used by several groups in a variety of climate
change experiments. Chervin has used this base-line study to quanti-
tatively assess the contribution of unforced inherent variability of the
atmosphere (that is, internal dynamics) to the observed interannual
variability of various climate statistics. Because they distinguish
between unpredictable and potentially predictable variability, these
results will provide guidance for the use of dynamical models with
surface boundary-condition anomalies for monthly and seasonal climate
predictions on a regional basis.

Ocean Studies Related to Climate Modeling. Albert Semtner has been
carrying out numerical studies of sea ice and high-latitude ocean circu-
lation. He has developed a sea-ice model that gives an improved repre-
sentation of the seasonal thermodynamic cycle and includes ice transport
via an empirical rule derived from drifting-buoy data. The ice model
has been used in conjunction with an ocean circulation model to simulate
the state of the Arctic Ocean at present and with future Soviet river
diversions. The water masses of the Arctic Ocean and its marginal seas
are well represented in the basic simulation. Prescribed-change experi-
ments with reduced runoff from Russian rivers indicate smaller-than-
anticipated changes in the extent of Arctic sea ice. Changes in ocean
circulation provide a negative feedback mechanism that tends to minimize
effects on upper ocean stratification. Further Arctic studies are in
progress, including the addition of seasonal surface forcing using the
data of John Walsh (University of Illinois). The response of the Arctic
Ocean to increased atmospheric CO2 is also being examined. Plans have
been finalized for a similar study of the Antarctic Ocean in collab-
oration with a graduate student from the Catholic University of Louvain
(Jean-Pascal Van Ypersele). Here the emphasis is on C02-induced
changes in ocean circulation that could lead to melting of the Antarctic
ice shelves and destabilization of the marine ice sheet in West
Antarctica.
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Paleoclimate Studies. The Paleoclimate Studies Project continued
to work on a variety f resear ch aspects related to the long-term evolu-
tion of the earth's climate. Eric Barron with William Hay (University
of Colorado) and Starley Thompson (ASP) is investigating how the atmo-
spheric circulation responds to changes in geography using the CCM with
specified realistic paleogeographies and highly idealized geographies.
Barron and Warren Washington have completed the first CCM C02 experi-
ments with a simplified ocean for the Cretaceous Period (135 to
65 million years ago) to examine C02 as a potential explanation for
warm, ice-free paleoclimates. To better understand high-latitude
paleoclimates, Barron, Thompson, and Stephen Schneider (ASP) have used
the CCM to investigate whether continental interiors can remain below
freezing during polar night regardless of the specified ocean heat
transport.

An international research effort to produce an atlas of paleo-
climatic data for the Cretaceous Period, chaired by Barron, has resulted
in a series of 12 base maps including paleobathymetry, and the group has
begun to compile relevant data. Students James Sloan (University of
Miami) and Dale Beeson (University of Colorado) have joined Barron to
compile data from the Deep Sea Drilling Project as continental precipi-
tation indicators. The project also convened its first international
conference of Cretaceous climates in Florissant, Colorado, attended by
over 70 scientists.

Coupled Atmosphere/Ocean Model Experiments on C02 Effects.
Washington, Geraia mleeni, and Lynda Verplank have coupled the CCM with
variable surface hydrology to a hierarchy of ocean models: a simple
surface-energy-balance ocean (swamp), a mixed layer with seasonal cycle,
and finally a fully three-dimensional ocean model. The latter includes
effects of currents, salinity, bottom topography, vertical convection,
and interactive sea ice. A doubling of C02 yields a global warming of
surface temperature of approximately 4°C in a seasonal-cycle version of
the CCM coupled to a simple mixed-layer ocean model. This magnitude of
warming is larger than that found with the swamp model with annually
averaged solar forcing. This warming is caused to a large extent by
positive feedbacks between warming and decrease of sea ice. Work is
under way with the synchronous coupled CCM and ocean model.

LARGE-SCALE DYNAMICS SECTION

The general objective of the LSD Section is to contribute to our
understanding of the large-scale motions in the atmosphere. The spatial
scales of motions under consideration range from synoptic to global in
extent, and the temporal scales vary from a few hours to seasons. One
measure of the level of our understanding is the degree of improvement
in the numerical prediction of these scales of motion. The most
impressive gain in forecasting skill in recent years has been in
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prediction for the 1- to 5-day range. A number of factors have
contributed to this increase in skill. Foremost among these has been
the development of numerical prediction models, based on atmospheric
dynamics and physics, to forecast the formation and movement of the
large high- and low-pressure systems that govern day-to-day weather
changes in middle and high latitudes.

Despite the recent improvement in operational forecasting, we are
still finding various deficiencies in the data analysis, initialization,
and numerical aspects of prediction models. Our research activity has
been enhanced by the availability of high-quality data sets from the
FGGE conducted during 1979. FGGE data are being used to provide initial
conditions for numerical prediction models as well as to diagnose the
characteristics of atmospheric motions. One notable development in the
LSD Section during FY 83 was a consolidated effort by several staff
members to make a CFM available for general use. It is, therefore,
appropriate to start describing our accomplishments on the CFM.

Community Forecast Model

A core group, headed by David Williamson, of programmers consisting
of Linda Bath, Michael Dias, Richard Wolski (all of the AAP Division
Office), and Gloria Williamson (SCD) assembled a global model based on a
spectral model developed at the ECMWF, but with physical parameteri-
zation and numerical approximations matching those of the earlier
version of the NCAR community climate model (CCMOA) developed by the
Climate Section, which was based on the Australian spectral model. The
version completed by the core group is called CCMOB; it was shown to
produce the same long-term climate simulation as CCMOA. Documentation
of the model was completed and published in three NCAR technical
reports. Documentation of the climate produced by CCMOB is currently
being prepared and will be published in the form of an atlas. This will
allow comparison of the average fields produced by CCMOA and CCMOB as
well as comparison of CCMOB with various observational studies. In the
process of matching CCMOA with CCMOB, several aspects of the numerical
approximations were found to be very important. In particular, the
structure of the zonal averaged fields was found to be sensitive to the
vertical and temporal finite differences. David Williamson is working
to determine which aspects were most important and which had little
effect.

The CFM is adapted from the CCMOB. A variable-truncation nonlinear
normal-mode initialization package for the CFM has been completed by
Errico and James Vickroy Jr. The first version of the package, based on
the Machenhauer iteration scheme with a limited number of vertical modes
(with or without physics) and nonorthogonal vertical structure functions
adopted by other operational forecasting centers, is now available.
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Williamson and Baumhefner began examining the forecasts produced
by the model when run with finer resolutions than normally used for
climate simulations to develop a forecast version capable of producing
forecasts comparable to those of operational models. Baumhefner is
extensively testing various configurations of the CFM, with assistance
from Williamson and Errico. R15 and R30 resolutions, with CCM physics,
and systematic exclusion of specific physical terms in the R15 model
have been tested using a ten-case FGGE Special Observing Period 1 (SOP1)
data ensemble. Preliminary results show the high-resolution forecast is
superior until after 4 days, when both R15 and R30 resolutions become
similar. The addition of physical processes extends the limit of
forecast skill by nearly 2 days in the R15 model.

Errico investigated the type of balance that occurs in the CFM.
He found that modes whose natural periods are less than 24 h showed
significant balance, with modes of longer periods revealing no balance
of this type. That is, for the naturally slower modes, the prognostic
time-tendency term was of the same order as the largest forcing terms.
For the CFM, the only nonconservative physical process significant in
this kind of balance was the surface momentum flux terms. This work is
useful to determine which modes should be initialized and how that
should be done.

In connection with the ADMP, Errico developed a nonlinear normal-
mode initialization scheme, based on the CFM initialization formulation,
to be applicable to the Penn State/NCAR regional forecast model. The
package consists of several codes toanalyze CFM fields, to interpolate
those fields to mesoscale grids, and to determine spectra. The latter
will be used in conjunction with experiments relating the limits of
predictability in global and mesoscale models. These studies are being
conducted in cooperation with Anthes, Baumhefner, Kuo, and Bettge.

Vickroy has completed his development of normal-mode software for
the CFM and CCMOB. He also has developed an extensive library of soft-
ware tools for performing various tasks related to eigenvalue analysis,
normal-mode development, and utility programs on the IBM 4341.

Forecasting and Predictability Experiments

Baumhefner evaluted the forecast skill of various numerical models
using FGGE data. A direct comparison of GLAS, Australian spectral, and
high-resolution barotropic models was made for six cases. Error
normalization allowed comparison with present operational skill of the
National Meteorological Center (NMC) spectral model. Results indicate a
dramatic improvement in skill when FGGE data and global models are used,
with most of the improvement in the largest scales. Current limits of
forecast skill for the total field are 5-6 days, compared with the
ultimate predictability limit of 8-10 days. The most accurately
forecast scales are the large-scale baroclinic waves. However, sizable
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errors still reside in the zonal vortex. Baumhefner and Arthur Mizzi
have assembled additional forecasts from other models, such as those of
the ECMWF and British Meteorological Office.

Bettge has analyzed the systematic forecast error characteristics
from the GLAS model and from forecasts produced by the NMC operational
spectral model during the winters of 1982 and 1983. Both models show
gross systematic error features similar to those of other numerical
prediction models, and the NMC model continues to exhibit similar
systematic error patterns from winter to winter. The patterns at 24 h
may imply problems associated with the underestimation of forcing by
orography. Further analysis revealed that a large portion of the
"drift" of the GLAS model toward its own climatology occurred within
5 days, a time response that agrees with earlier studies by Cecil Leith
(now at Lawrence Livermore National Laboratory).

A maximum attainable forecast skill is obtained from predict-
ability studies of the nonlinear error growth in atmospheric models.
Baumhefner, assisted by Boville, has made estimates of this error growth
with the CCM (R15 version), using the classical random perturbation
technique on model simulations. Six independent pairs of experiments
were examined and growth rates for various spatial scales determined.
The total error growth was found to be nearly twice as fast (1.5-day
doubling times) as previously published estimates, but agreed with
recent results of Edward Lorenz (MIT) using the ECMWF forecasts. The
largest scales decay almost as rapidly as the smaller scales, reaching
their theoretical limit of skill at about 10-15 days, depending on
initial error amplitudes. The range of error growth between cases is
large, indicating some synoptic dependence of predictability. An
extensive comparison of these error growth rates with those of Jagadish
Shukla (NASA-GLAS) revealed several differences. Shukla's estimate of
the potential for 30-day forecasts is reduced to 15 days by correcting
the persistence estimate and using a model (CCM) that has an internal
variance closer to that of the atmosphere.

Joseph Tribbia has been studying the feasibility of extended-range
(up to one month) deterministic forecasting from the viewpoint of theo-
retical predictability and the dynamics of coherent structures. Tribbia
has investigated the loss of predictive skill in quasi-geostrophic
turbulent flow in both the two-dimensional spatial wave number and
temporal frequency domains. By analyzing the results of traditional
predictability experiments in this manner, he found that the existence
of a low-frequency (period greater than 10 days), large-scale (two-
dimensional wave number less than 4) component of the flow field could
be termed predictable for as long as 25 days. However, this predictable
component represented a very small fraction of the total transient
variance (less than 5%) in these experiments.
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Tribbia has also been studying coherent structures using filtered
prediction equations in spherical geometry to mimic long-lived atmo-
spheric phenomena such as persistent blocking patterns. He has
generated and examined the dynamical properties of modon structures in
spherical geometry, complementing the previous beta-plane studies of
McWilliams. In general, numerical experiments verify the stability of
spherical modons and agree with the beta-plane results; however, a
sensitivity is noted to the nonuniformity of numerical approximation
over the sphere.

Philip Thompson prepared an invited review paper on the predict-
ability problem. He gave the opening address at the Workshop on the
Predictability of Fluid Motions at La Jolla in February 1983. This
paper was organized around a statistical-hydrodynamical view of the
problem.

Objective Analysis and Initialization

The historical principle of meteorological analysis has been guided
by a faithful visualization of observed data in terms of weather maps,
assisted only by synoptic models and analysts' experiences. The real-
ization that we must change this traditional view came from the neces-
sity to modify the analysis products at the initialization step. One
difficulty is found in treating the objective analysis and the initial-
ization as two independent steps. Williamson and Roger Daley completed
their study of the unified analysis initialization technique they
introduced earlier. The technique consists of iterating multivariate
optimal interpolation and nonlinear normal-mode initialization. A test
shows that the linear errors of multivariate optimal interpolation
associated with geographically constrained covariances are eliminated by
the iterative procedure.

Daley was invited to visit the ECMWF for one year from September
1982 to August 1983 to review their objective analysis system. While
there, Daley examined four different aspects: spectral response of the
system, multivariate relationships, the analysis of tropical divergence,
and the analysis of tropical large-scale flow. For the ECMWF optimal
interpolation scheme, a more general weakly divergent prediction error
covariance model was developed. This procedure was shown in real-data
tests to improve the analysis of tropical divergence. Experiments with
a realistic observation network and synthetic, but realistic, observa-
tions demonstrated serious deficiencies in the ECMWF (and most other
centers') large-scale tropical analyses.

Errico investigated the effects of numerical time-integration
schemes on the structures of model normal modes and on nonlinear
normal-mode initialization. He studied several semi-implicit schemes,
including the scheme used in the CFM. Results indicate that the
numerical schemes affect gravity-mode frequencies and, except for fully
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implicit, forward, or centered schemes, affect mode structures as well.
The structure of rotational modes may also be affected, due to mis-
representation of geostrophic balance, although the frequencies are
hardly changed. Fortunately, in the typical cases examined, the effects
on structure are second order at most. This implies that the numerical
time integration scheme need not be considered in formulating a non-
linear normal-mode initialization procedure for most applications.

Thompson extended and tested a method for adjusting independent
analyses of observations taken at two or more times in such a way that
they are dynamically consistent with a prediction model and the
required adjustments are as small as possible. This is an extension of
a scheme that Thompson proposed in 1969; since then, it has become clear
that a spectral formulation of the problem makes it simpler from both
the analytical and computational standpoints. At the least, it will
reduce the root-mean-square initial analysis error by a factor of about
0.7. Even this small gain would significantly decrease prediction
errors in the range of 1-3 days.

Thompson and Mizzi are applying the Lagrangian integration method
(which Thompson developed in 1981), using aircraft wind reports on a
virtually real-time basis, in predicting winds for purposes of air
navigation and airway control. This work is being done in cooperation
with Project MERIT, a joint NASA-NOAA effort.

Diagnostic Studies with the FGGE III-b Analyses

One deficiency in the initialization of primitive-equation models
is the difficulty in properly accounting for the effects of various
physical processes, particularly heating and cooling, in the initiali-
zation procedure. In order to understand more about this source of
deficiency, Akira Kasahara and Mizzi conducted an evaluation of
heating/cooling rate using the ECMWF FGGE Level III-b analysis data
(taken at 6-h intervals) through the thermodynamic energy budget. While
the global distribution of the daily average heating rate thus obtained
appears to be credible, they found a rather large semidiurnal oscilla-
tion of the heating rate. This oscillation is apparently related to
rather large semidiurnal oscillations of the upper divergence field.
The cause of these large semidiurnal oscillations seems to be a
systematic bias in the ECMWF analysis procedure due to the differences
in the number of observations taken every 6 h, as pointed out by Julia
Paegle (University of Utah). The analyses at OOZ and 12Z, however, were
found to be consistent. Kasahara and Mizzi are repeating the same
calculations using the 00 and 12Z data only for two 15-day periods
during SOP1 and 2.

Daley, Williamson, and Thomas Mayer are using the ECMWF FGGE Level
III-b analysis data to diagnose the behavior of large-scale Rossby
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waves. Earlier, they used the normal modes of a barotropic model with a
basic state wind as an expansion function in an attempt to determine how
much linear behavior there was in the large-scale flow. It became clear
that a barotropic model, although it produced meaningful results, was
not really adequate for the task, and so they decided to use the normal
modes of a baroclinic model with a basic state wind. To this end, they
calculated the normal modes (with basic state varying meridionally and
vertically) of the quasi-geostrophic model developed earlier by Daley
and Grant Branstator. The normal modes of this model, which are
nonseparable, complex, and biorthogonal, have been found and the FGGE
data expanded in these modes. Several strong linear signals have been
discovered, particularly in the 16-day mode.

Application of Normal-Mode Techniques to Dynamics

Normal-mode techniques are useful not only for initializing
primitive-equation models, but also for understanding the dynamical
processes involved in these models. For example, Kasahara examined the
linear response of model normal modes in a stratified global atmosphere
to tropical thermal forcing in order to assess the importance of incor-
porating diabatic heating in the initialization of global primitive-
equation models. For a parabolic form of a heating function in the
vertical, it is shown that the vertical internal modes, whose vertical
structures exhibit a typical baroclinic vertical profile, are favorably
excited. The Kelvin modes play an extremely important role in the
response of a tropical atmosphere to both stationary and transient
thermal forcings.

Tribbia has been using normal-mode methodology for solving the
classical barotropic stability problem for the primitive equations in
spherical geometry. He noted a long-wave unstable regime first discov-
ered by Dickinson and investigated the effects of the nondivergent
approximation and the so-called pseudo-rotational approximation defined
by Ferdinand Baer (University of Maryland) and Tribbia on the stability
characteristics of the long-wave regime. The nondivergent approximation
altered significantly the phase-velocity and growth-rate character-
istics, while the pseudo-rotational approximation gave a faithful
representation of the complex dispersion relationship in the long-wave
region. Potentially, this pseudo-rotational approximation could be used
to solve the zonally asymmetric case; previously, it required a filter
approximation because of computational restrictions.

Also, Tribbia has been studying the seasonal variation of the
forced long rotational modes in a diagnostic analysis using 17 years of
climatological data. This work, carried out with Madden, will aid in
the diagnosis of model forecast errors caused by the erroneous parti-
tioning of forced and transient wave components.
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Dynamical Processes in Long-Term Variations of Atmospheric Flows

With the intention of understanding the dynamical processes that
may affect atmospheric motions on long time scales, Branstator investi-
gated two problems of horizontal energy propagation and barotropic
instability using a nondivergent barotropic model linearized about a
zonally varying basic state. The energy propagation study focused on
how local mean flow conditions (e.g., critical lines, jets) can
influence the path taken by energy emanating from local steady sources.
In the barotropic instability investigation, Branstator calculated the
normal modes of his barotropic model, which is linearized about clima-
tological mid-tropospheric flows. The fastest growing modes from this
calculation had very long periods and horizontal structures similar to
certain prominent teleconnection patterns.

Branstator is extending the above two studies in two directions.
Recent observational work by Blackmon has suggested that the character
of energy propagation in the atmosphere depends on the time scale
involved. Initial experiments indicate that some of this behavior may
be reproduced by a linear model if an oscillating energy source replaces
the steady source used in earlier studies. The second extension is
concerned with interpreting certain CCM simulations in terms of energy
propagation and barotropic instability. An eigenanalysis of the
resulting operator produces an eigenfunction that not only has a
structure much like a horizontal pattern produced in CCM sea-surface
temperature anomaly experiments, but is the fastest growing mode and is
resonant with steady vorticity sources.

Branstator completed an investigation of Rossby's proposed rela-
tionship between zonal mean flow and quasi-stationary eddies in the
mid-troposphere. This study combines an analysis of Northern Hemisphere
flow patterns with simulations using a linear barotropic model to deter-
mine if Rossby's relationship holds when the full two-dimensional vari-
ability of the flow is taken into account. Branstator concludes that
the relationship accounts for about 25% of the variance in monthly mean
flow.

Thompson has investigated another aspect of the dynamical processes
in long-term variations of the atmospheric flows in connection with his
development of a statistical-hydrodynamical approach to a class of
problems that, by their nature, have only probabilistic answers.
Examples are problems in two-dimensional turbulence theory, the theory
of climate and climate change, stochastic-dynamic prediction, and
the theory of predictability. The statistical-hydrodynamical methods
were gradually developed in the course of studying the statistical
response of an ensemble of nonlinear fluid systems to random forcing
with a specified, but arbitrary, power spectrum. The first application
was to the problem of finding the equilibrium probability distribution,
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kinetic energy spectrum, and energy transfer spectrum in randomly
forced, two-dimensional turbulence. Thompson approached this problem
from the standpoint of solving the equilibrium Liouville equation of
classical statistical mechanics. The theoretical predictions compare
favorably with the results of extensive numerical simulations of
1ow-order systems.

Subsequently, Thompson has extended those same methods to the study
of the "climatic" statistics of the atmosphere, for given external con-
ditions--such as topography, mean incident solar radiation, sea-surface
temperature, extent of semipermanent ice sheets, and other surface char-
acteristics. These methods offer a promising alternative to carrying
out many long time-integrations of the equations for general circulation
models. The first conceptual stage of this work has been completed.

OCEANOGRAPHY SECTION

The broad objectives of the Oceanography Section are to seek an
understanding of the important processes in the global ocean circulation
and to determine the relationship of these processes to the dynamics of
climate. The pursuit of these objectives involves the theoretical
interpretation and numerical modeling of the general circulation,
studies of the oceans' role in climate, geophysical fluid dynamics,
estimation theory, experimental design, and data analysis. The first
two categories have an obvious relevance to the stated objectives. The
study of geophysical fluid dynamics attempts to identify, in highly
idealized forms, important processes in the ocean and atmosphere in
order to better interpret their complex behavior in nature and in
general circulation models. Observations are necessary for assessing
and improving modeling skill and physical understanding of ocean
circulation and climate.

Progress in all of these areas has been rapid in recent years, both
within the Oceanography Section and in the larger research community.
With the advent of substantially increased computational capabilities
and unprecedented global observing systems (both remote and in situ)
during the remainder of this decade, we anticipate significant con-
tinuing progress in understanding the fundamental processes of ocean
circulation and ocean-atmosphere exchanges. Research projects within
the Oceanography Section during FY 83 are summarized below.

Numerical Models of Large-Scale and Mesoscale Ocean Circulations

Much of the work of the Oceanography Section continues to focus on
numerical studies of ocean circulations on the scale of basins and
smaller areas. This research requires the interplay of models having
eddy resolution with models that only parameterize the effects of
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eddies. It also involves models that are suitable for mid-latitude
problems (the Gulf Stream and Kuroshio Currents and the subtropical gyre
circulation) as well as the equatorial ocean circulation. Thus, the
development and exploitation of a variety of models are important
elements of the research within the section.

Numerical experiments in simple models (quasi-geostrophic, rectang-
ular basin geometry) have been performed to investigate several proc-
esses. William Holland has continued the analysis of multilayer ocean
models to understand the nature and extent of potential vorticity homog-
enization in mid-latitude gyres. The particular focus has been upon the
details of the eddy mixing processes that achieve this effect and upon
the vertical structure and horizontal extent of the well-mixed
regions. A variety of three-layer cases has been examined and new
eight-layer cases undertaken. Holland has written a paper with Thomas
Keffer and Peter Rhines (Woods Hole Oceanographic Institution) that
compares model results, observations, and simple theory has been
written. He is also analyzing other numerical experiments to show how
the zonal penetration of both the eddy and mean flows is accomplished by
the thin Gulf Stream jet after it leaves Cape Hatteras. There is a
subtle balance between the (very nonlinear) inertial tendency for the
jet to penetrate far to the east and a counter tendency for the
instability of the Stream to arrest this zonal penetration by tearing
the jet apart (thus confining the eddy kinetic energy and recirculation
zones to the western basin). A number of parameters (topography,
friction, vertical resolution) significantly affect this balance.

Dale Haidvogel has developed new versions of the quasi-geostrophic
basin model that include enhanced resolution in the western boundary-
layer region. With this improved definition of western boundary-layer
physics, several novel associated processes and features are intended
for future study, including local boundary-layer structure and dynamics
and shear dispersive effects in the boundary currents. Finally,
Haidvogel and Holland have implemented and tested diagnostic techniques
that provide particle-following capability in these eddy-resolving
models. The availability of particle trajectories and the associated
balances of potential vorticity allows an exploration of Lagrangian
dynamics and particle dispersal in turbulent wind-driven ocean gyres.
Comparison of these simulations with available sound fixing and ranging
(SOFAR) float and surface drifter data is under way.

Holland has completed a sequence of eddy-resolving general circu-
lation model experiments with realistic North Atlantic basin geometry,
steady wind forcing, 1/4° horizontal resolution, and three layers in the
vertical. These cases are being analyzed and the results are being
written up. In addition, this work is being extended to include
transient wind forcing and realistic bottom topography. Also, with
partial support from the Office of Naval Research, Haidvogel and Holland
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have undertaken the development and utilization of a sophisticated
numerical model of the South Atlantic Ocean, including adjacent regions
of the South Indian Ocean and Circumpolar Current. The model simul-
taneously incorporates the wind-, eddy-, and thermal-driven components
of the ocean circulation, thereby bridging the gap between presently
available high-resolution quasi-geostrophic and coarse-resolution
primitive-equation ocean models. In the future, the resulting model
will be used to assess the role of mesoscale eddies (and transience in
general) in these regions; to examine the novel features of the western
boundary currents (the Agulhas and Brazil Currents); and to study the
prevailing water mass formation processes, as related to the particular
basin geometry, and wind and thermohaline forcing.

Geophysical Fluid Dynamics

McWilliams has continued numerical investigation of the behavior of
isolated vortices in large-scale flow. Collisions of isolated vortices
often show quite orderly behavior: modons have been shown to pass
through each other with little induced change, much in the manner of
solitons; collisions of other types of vortices have been shown to
amalgamate, such that the collision product is yet a different type of
isolated vortex solution. In a turbulent-flow environment, isolated
vortices can, under some circumstances, emerge from random initial
conditions and grow in strength until they dominate the flow and
suppress the turbulence itself. Collectively, these results help to
establish the robustness of coherent vortex solutions, hence the greater
likelihood of their frequent occurrence and persistence in nature.

Peter Gent and McWilliams have continued their work on balanced
models. Papers have been published in the past year on consistent
initial value problems for, the regimes of validity of, and the
equatorial waves of balanced models. Further analytic work delineates a
family of three balanced models in isentropic coordinates and the
shallow-water equations, and a current judgment on which are the good
candidate intermediate models for large-scale geophysical flows (i.e.,
those models having physics intermediate between the primitive equations
and quasi geostrophy). The last year has also seen the development of a
multilevel, fully baroclinic numerical balanced model and corresponding
primitive-equation and quasi-geostrophic models that can be used for
comparisons. All three models are now developed, and we are presently
analyzing solutions for intense, isolated vortices. Preliminary results
indicate that significant changes occur in the vortex solutions as their
intensity is increased: the quasi-geostrophic solutions do not
accurately reflect all of these changes, whereas the balanced-model
solutions do so in a manner that mimics very well the low-frequency
behavior of the primitive-equation solutions. Among these changes are
vortex instabilities occurring only at large intensity and different
rates of vortex propagation and decay between strong cyclones and
anticyclones.
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In a series of recent studies, Haidvogel has examined the rate at
which, and the processes by which, a passive tracer is stirred and mixed
in a turbulent mesoscale eddy field. He computed ensemble-averaged
estimates of the effective rate of tracer diffusion in such an eddy
field and explored the relationship of gradients in planetary vorticity
(the B-effect) to anisotropic tracer dispersal. The resulting charac-
terization of particle motions, through the use of one- and two-
particle statistics, has made clear the anisotropic dispersal properties
of 8-plane flow and the associated departures from Taylor's result for
pure two-dimensional turbulence. A detailed examination of the dis-
persal of individual tracer realizations yielded a characterization of
tracer streakiness, including measures of equilibrium tracer streak
length and width. It has also been demonstrated that attempts to
determine the balance of potential vorticity by following individual
particle trajectories are subject to systematic and potentially large
errors (in analogy to the Eulerian predictability problem) caused by the
limitations of finite resolution.

The large-scale circulation below the main thermocline is believed
to be very slow, but it is of great importance to the distribution of
water masses in the world ocean. Superimposed on the circulation are
relatively large transient motions associated with mesoscale eddies and
probably also energetic mean flows on a wide variety of intermediate
scales. It is important to determine what information about the time
mean large scales can be extracted from the evolution of tracer dis-
tributions and from float trajectories. Simulations by Bretherton and
Charles Quon (Bedford Institute of Oceanography) show clear signatures
of Eulerian mean velocity fields in the Lagrangian information, but the
relationship is not simple.

Holland has performed some numerical simulations of barotropic
laboratory flows. Studies have continued with Andrew Bennett (Institute
of Ocean Sciences) using sliced-box geometry, and with Donald Boyer
(University of Wyoming) and Peter Davies (University of Dundee, United
Kingdom), examining flows over topography. Extensions of this work are
being pursued to look at effects of stratification on topographic
influences.

Design, Measurement, and Data Analysis

McWilliams has continued to analyze the data from the 1977-79
POLYMODE Local Dynamics Experiment. An analysis of the mean flow in
the Gulf Stream Recirculation Zone has been completed and published,
which demonstrates the significance of mesoscale eddy fluxes of heat
and momentum in the dynamical balances for the general circulation in
this location. Papers written during the past year in collaboration
with Colin Shen, Bruce Taft, and Curtis Ebbesmeyer (University of
Washington) describe various aspects of the hydrographic measuremients
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made during the experiment. Also, an objective analysis study of the
mesoscale eddy flow and its dynamical balance equations has been con-
tinuing, in collaboration with Brechner Owens (Woods Hole Oceanographic
Institution) and Lien Hua (Woods Hole Oceanographic Institution, NCAR
ASP postdoctoral fellow). Finally, a study has begun on intense sub-
mesoscale eddies, which were discovered in the experiment and which
appear to persist for years and cross entire ocean basins without being
destroyed by interactions with the more energetic mesoscale or mean
flow.

New instruments and measurement techniques are required for the
study of many processes and scales of atmosphere-ocean interaction.
McWilliams is coordinating a continuing cooperative effort among about
20 university scientists and engineers for the development and utiliza-
tion of surface drifting buoys (DRIFTERS); William Large is also a
participant. A particular element, the Climate Air-Sea Interaction
Drifting (CASID) buoy program initiated by McWilliams, Large, and Peter
Niiler (Scripps Institution of Oceanography) has now been deployed in
several experiments. The mesoscale thermal response of the North
Pacific during the fall and winter has been more completely investigated
than ever before using data from the deployments of the Storm Transfer
and Response Experiment (STREX) in 1980 and 1981. In addition, a method
of inferring the oceanic current profile from the two-dimensional shape
of the CASID thermistor line has shown promise. In order to pursue
these studies of dominant heat flux, an air-sea flux measurement
capability has been added to the third-generation CASID III buoys, with
designs and testing at Woods Hole Oceanographic Institution (Robert
Walden, Henry Berteaux, and Richard Payne). Three of these buoys were
deployed in conjunction with the Long Term Upper Ocean Study (LOTUS)
(Large and Niiler) in April 1983, and the data will be used to determine
the role of the daily thermocline in the evolution of the Sargasso Sea
seasonal thermocline. An analysis of the ambient acoustic noise at
120 m depth from CASID III hydrophones (David Evans, University of Rhode
Island) has shown that this is a viable technique for estimating wind
speed and possibly wind stress magnitude and precipitation. The com-
parison data set collected from a nearby ship and moored buoy should be
sufficient to critically evaluate the performance of the CASID III
meteorological sensors (wind direction, air temperature, and humidity)
and subsurface temperature sensors. All three of these CASID III buoys
were successfully recovered in August 1983, and Walden is evaluating
their electro-mechanical performance. In preparation for extensive use
in the Tropic Heat Experiment, three CASID buoys from earlier deploy-
ments have been refurbished and deployed in October 1983, along the
Pacific equator from 115° to 140°W.

The SEASAT-A scatterometer system, SASS, demonstrated that it could
provide the global wind observations required for research into a vari-
ety of climate and global-scale phenomena. However, several studies
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including an analysis of the winds from moored platforms of the Joint
Air-Sea Interactions (JASIN) project (Large, Robert Weller [Woods Hole
Oceanographic Institution], Walter Zenk [Institut fur Meereskunde,
Germany], and Payne) that were used to tune the final SEASAT algorithm,
have revealed a number of problems, including an apparent bias in the
JASIN winds. The net result could be very large errors in wind stresses
derived from SASS wind velocities. Large, Michael Freilich (Jet
Propulsion Laboratory), and Joost Businger (ATD) have started planning
an air-sea interaction experiment, using airborne scatterometers, with
the objective of solving these problems and possibly establishing a
direct relationship between surface wind stress and microwave
backscatter.

An analysis by Bretherton of the experimental requirements for
using satellite altimetry to determine globally the statistics of meso-
scale eddy fields disclosed some previously unrecognized possibilities,
and showed also the importance of the space-time spectrum in distin-
guishing mesoscale eddies from wave height bias. Satellite images of
cloud fields show a wealth of structure and characteristic patterns
that can often be interpreted by an experienced human observer yet can-
not be distinguished automatically by a computer. However, these cloud
fields greatly affect the radiation balance of the ocean-atmosphere sys-
tem in ways that are poorly documented and ill understood. Bretherton
continued research on cloudiness retrieval algorithms from AVHRR
satellite data, and was co-chairman of the planning effort for FIRE.
Bretherton also, under a UCAR contract with NOAA, had a leadership role
in the development of the International Plan for Ocean Observing Systems
in the World Climate Research Program.

Gent, Kathleen O'Neill (NOAA/Pacific Marine Engineering Laboratory;
NCAR/ASP), and Mark Cane (MIT) modeled the strong semiannual oscillation
in the equatorial Indian Ocean. As well as exploring some basic ques-
tions about low-frequency equatorial response to periodic forcing, the
linear frictional model reproduces the observations of Luyten and
Roemmich (J. Phys. Oceanogr., 1982) well in phase, but predicts ampli-
tudes that are somewhat too small. This discrepancy can be mostly
overcome by including the effect of the sloping African coastline in the
model. The model applies the general theory of reflections of low-
frequency equatorial waves from arbitrarily shaped western boundaries
worked out in the last year by Cane and Gent and is the only work to
date that gives quantitative answers to the reflection problem from
nonmeridionally orientated coasts. Thus, it is a step toward reality,
but it is only valid for western boundaries and low-frequency waves.

Bretherton, Large, and McWilliams are members of the U.S. Panel for
the World Ocean Circulation Experiment and have begun work on various
aspects of the experimental design.
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The goals 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 indus-
trial 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 atmospheric concentra-
tions of methane.

We consider a properly balanced scientific program consisting of
both theoretical and experimental efforts to be vital; without such a
balance the classical scientific method loses its potency. Thus, we
emphasize interaction between theorists and experimentalists. Addi-
tionally, because of the nature of our investigations, it is useful to
draw ideas, methods, and scientific personnel from disciplines other
than atmospheric science, for example, physics, chemistry, biology,
mathematics, oceanography, and soil science. Major channels of inter-
action include collaborations developing out of our visitor program and
cooperative research endeavors with university, government, and,
occasionally, private sector colleagues.

ACAD's organizational structure is designed to meet these goals.
It consists of four scientific and one support section. The scientific
sections are Precipitation Chemistry, Reactive Gases, and Aerosols;
Chemical and Aeronomical Modeling; Global Observations, Modeling, and
Optical Techniques; and Atmospheric Gas Measurements. Most research
activities are carried out within projects under the section and under
the overall guidance of the section heads. Research efforts frequently
involve members and resources from several projects. Meteorological,
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engineering, and technical advice and assistance are available in the
division from the support section, as is clerical assistance. In the
following pages, we review progress in each section of ACAD.

PRECIPITATION CHEMISTRY, REACTIVE GASES, AND AEROSOLS SECTION

ACAD research into the mechanisms and measurements of acid forma-
tion and other reactions in the troposphere, global halogens, and other
experimental atmospheric chemistry involving reactive gases and aerosols
takes place within the PCRGA Section. The section is headed by Jack
Calvert. The individual projects and their heads within PCRGA are as
follows: Reactive Gases and Particles (RGP) Project, Allan Lazrus;
Global Halogen Project (GHP), Walter Berg; Homogeneous Tropospheric
Chemistry (HTC) Project, Jack Calvert. The activities of each are
presented under the project titles which follow.

Reactive Gases and Particles Project

Our primary effort continues to be the investigation of oxidative
processes in clouds. Our work has encompassed laboratory kinetic studies,
analytical technique development, modeling, and field measurements. In
addition, we have continued making balloon and aircraft measurements to
determine the influence of volcanoes on the concentrations of sulfate
aerosol and halogen compounds in stratospheric air.

Laboratory Studies. Gregory Kok and Sonia Gitlin have continued
their kinetic study on the addition reaction of S(IV) and formaldehyde
at pH values of 4 and 5 in unbuffered solution. The formation of the
adduct is faster at pH 4 than at pH 5, but both of these rates are con-
siderably slower than the reaction of H202 and S(IV). The decomposition
of the adduct is relatively slow, with a half-life of several days. The
adduct has been shown to be completely resistant to oxidation by H202.

John Lind continued his study of the oxidation rates of sulfur (IV)
in water by H202, methylhydroperoxide, and peracetic acid as a function
of acidity and temperature.

Lind and Lazrus continued to investigate the rates of decomposition
of H202, methylhydroperoxide, and peracetic acid catalyzed by catalase
enzyme. These results were essential for characterizing our new H202
analytical technique.

Brian Heikes completed a study demonstrating the formation of
H202 by ozone, catalyzed by a glass surface.

Lind and Kok constructed a generator for providing H202 vapor
standards. They measured the Henry's Law Coefficient of H202 at low
aqueous concentrations (down to 250 Dpbm H20 2) at various temperatures,
and in solutions of H2SO4, NH4HS04, and (NH4)2S04 up to 5 molal con-
centrations of sulfate. This information was obtained in order to
evaluate the possible oxidation of S02 in atmospheric sulfate particles.
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Analytical Techniques. The development of a highly specific and
sensitive test for aqueous H202 in atmospheric samples was completed.
Kok, Gitlin, Lind, and Lazrus were the main contributors to this effort.
The method is based on the oxidation of p-hydroxyphenylacetic acid by
H 202, selectively catalyzed by peroxidase enzyme. The background signal
from other peroxides and interferences is measured in a second channel
in which the H 202 has been specifically destroyed by catalase enzyme.
The difference in the signals of the two channels represents the signal
due specifically to H202.

A major effort is being made to extend this technique to accommodate
H202 vapor measurements in air. This effort has been conducted mainly by
Richard Shetter, Kok, Lind, and Lazrus. This test, which is sensitive to
0.1 ppbv HzOz, is currently undergoing interference studies.

Kok and Gitlin have worked extensively on the reaction chemistry and
analytical procedures for S(IV). The pararosanaline-Schiff reaction as
modified by P. Dasgupta (Texas Tech University) and co-workers has
proven to be a sensitive and reliable method for S(IV) analysis. This
procedure has been automated for use on the Technicon Auto Analyzer system.
The procedure has a capability of 20 samples per hour and a detection limit
of 5 x 10-7M.

Kok, in conjunction with Kathleen Wilson (a summer student from
Rensselaer Polytechnic Institute) conducted an investigation of the
feasibility of collecting aqueous precipitation samples directly into the
fluorimetric reagent. This technique has the advantage of fixing the col-
lected peroxides as the fluorescent dimer and thereby eliminating the
problem caused by the decomposition of peroxides. The technique shows that
the dimer is very stable and that the derivitized peroxides can be stored
for several days with no loss.

To take the best advantage of this direct collection technique, Kok
has designed and constructed a refrigerated fractionating rain collector.
This unit can collect up to 40 fractions of precipitation and separate them
so that a portion of each fraction is fixed for peroxide analysis and the
remaining sample can be analyzed for conventional chemistry. The entire
unit is controlled by a small computer to record precipitation times and to
reset the collector after a precipitation event.

Bruce Gandrud, Maureen McCarthy (a summer student from Boston College),
and Lazrus have continued working on the selective preconcentration of
sulfur gases on denuder tubes. Gandrud is presently investigating chemical
interferences in the method.

Field Studies. Scott McLaren completed a study of H202 concentrations
in cloud water at Whiteface Mountain as a function of season, time of day,
and air parcel trajectory. This work was funded by the Environmental
Protection Agency (EPA).

Heikes and Lind conducted measurements of H202 formation in droplets
at the Desert Research Institute.
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In June, Kok measured H 202 as part of a field study comparing
fog/cloud water collectors. This study was sponsored by the Coordinating
Research Council of Atlanta, Georgia, and took place on Mt. Wilson in
southern California. Five types of fog/cloud water collectors were com-
pared and H202 analysis was conducted on approximately 80 samples from
these collectors. Kok observed that the H202 concentrations collected
by the different samplers varied. Additional data analysis will be
needed to determine the source of this variation.

Ronald Ferek (Florida State University), Gandrud, and Lazrus have
completed a study of the acidity of the aerosol comprising the Arctic
haze in late winter and spring, in cooperation with NOAA.

Balloon and aircraft studies in cooperation with the Department of
Energy (DOE) were carried out by Gandrud, Mark Kritz of NASA/Ames, and
Lazrus to study the enhancement of H2S04, HC1, and HF concentrations in
the stratosphere as a result of the El Chich6n volcano.

Modeling. Heikes, together with Anne Thompson, has completed his
theoretical models of nitrate production in clouds and of phase equilibria
of multicomponent systems. This model is useful for examining the
partitioning of constituents between aqueous and vapor phases in acidic
aerosols and droplets. Heikes has completed his research thesis toward
a joint degree between NCAR and the University of Michigan.

Global Halogen Project

Research emphasis in the GHP continues to be an expanding under-
standing of the geochemical pathways and atmospheric chemistry of
chlorine- and bromine-containing species. The research goal has been to
improve our knowledge of the movement of halogen-bearing species from
biospheric, oceanic, and anthropogenic sources to and through the tropo-
sphere and the stratosphere. During 1983 research efforts continued in
both the laboratory and field to meet this goal.

Most of the halogen-containing species that have been predicted to
form the backbone of the chlorine and bromine cycles have not been
detected in the atmosphere. The size and spatial variability of sources
for the enormous mass of halogens in the marine atmosphere are currently
unknown. During 1983 research efforts were focused on defining basic
source term magnitudes and processes necessary to account for the current
atmospheric loading of halogens in both the marine environment and in
the mid-stratosphere. From a practical viewpoint the expansion of
knowledge in this area is important because: chlorine, bromine, and
possibly iodine may play a significant photochemical role in the potential
destruction of the stratospheric ozone layer; acid chlorides are known
to contribute to acid precipitation on a mesoscale level, especially in
Europe; several prominent halocarbons have global infrared effects; and
halogenated pesticides and reaction intermediates significantly affect
global atmospheric chemistry.

A three-phase systematic approach to the study of global halogen
pathways was adopted in 1981. Phase three was begun in mid-1982 as
large blocks of halogen data became available and continued throughout
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1983. Emphasis in this last phase has been on data interpretation and
publication of results. This research effort forms the foundation for
the more detailed tropospheric and stratospheric measurement program
developed for 1984 and 1985. A systematic approach has been possible
because of strong cooperation with eight other research institutions:
the Los Alamos National Laboratory (LANL); the University of California,
San Diego; the National Bureau of Standards (NBS); the University of
Rhode Island; the University of Tokyo; the NASA Langley Research Center;
Florida State University; and the National Oceanic and Atmospheric
Administration (NOAA). A brief description of each joint research
effort conducted during 1983 follows.

A focus of the GHP research program during 1983 has been on mid-
stratospheric measurements of halogen-containing species groups in
collaboration with Ernest Gladney (LANL). Significant discrepancies
exist between theory and observation for several key chlorinated and
brominated species involved in stratospheric ozone destruction. Of
particular concern since 1977 has been the discrepancy between measure-
ments 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 been in the neighborhood of 0.2 ppbv. Recent
measurements, however, leave open the possibility for much higher con-
centrations for stratospheric C1X and BrX. Discrepancies such as these
have led to suggestions that (1) the chlorine and bromine chemistry in
current photochemical models is incomplete, (2) perhaps not all of the
stratospheric sources of chlorine and bromine have been taken into
account in the budget analyses and model calculations, or (3) the high
C10 measurements are not representative of average stratospheric con-
ditions. An accurate global measurement of the stratospheric total
chlorine and total bromine volume mixing ratio would resolve this
discrepancy, provide a test for current one- and two-dimensional photo-
chemical models, and increase our understanding of halogen photochemistry
in the stratosphere. For these reasons we continued our efforts to
obtain total chlorine and bromine measurements at the 35- to 40-km
level during 1983. A new 1,200 -lb balloon payload (started in 1982)
designed for these measurements was completed late in 1983.

The new balloon-borne platform is completely microprocessor-
controlled and incorporates multiple feedback circuits for continuous
checks on system status. A high-capacity cryogenic pumping system with
24 units to maximize sampling capabilities was completed and tested in
the spring of 1983. Because of previous problems encountered with the
telemetry units supplied by the Air Force, a new ground communication
and data acquisition system was also constructed. As soon as the NASA-
imposed launch moratorium is lifted this payload will be launched from
the National Scientific Balloon Facility in Palestine, Texas (probably
in the spring of 1984).

Three additional experiments have been integrated into the payload
design. Each of these subprojects represents a cooperative research
effort with a non-NCAR research group. The first experiment involves
the mid-stratospheric collection of meteoric ablation products by two
low-pressure cascade impactors. This is a joint project with James
Arnold's group (University of California, San Diego), and Takashi Onaka
and Toshihiko Tanabi (University of Tokyo, Japan). The basic goals of
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the project are: (1) to determine the absolute magnitude of the con-
tribution of ablation debris to the middle stratosphere, and (2) to
explore the possibility that stratospheric metal vapors and/or aerosols
from meteoric ablation play a significant role in halogen-ozone photo-
chemistry. A prototype test system was successfully flown in late 1981
and analyzed in November 1982.

The second payload subproject involves oxygen isotope measurements
at altitudes of 23 and 36 km. This is a cooperative effort with Mark
Thiemens (University of California, San Diego). The purpose of the
experiment is to test recent theoretical hypotheses that predict an
isotopically selective selective photolysis of molecular oxygen at
altitudes above 25 km. During 1982 and 1983 a mass spectrometer with a
separate high-vacuum gas chromatographic line was set up for measure-
ments of the 180160/160160 and 170160/16016 ratios. The detection of an
isotopic ratio other than the tropospheric value (6180 = 23.5 ± 0.3 per
mill) would be significant. An isotopic fractionation resulting from
the primary photochemical process with a concomitant altitudinal varia-
tion could be capable of serving as an isotopic tag through the strato-
spheric 02, 03, NOx, HOx, BrOx, and ClOx cycles. It should be noted
also that the measurement of the 170160/160160 ratio will represent the
first atmospheric measurement of this ratio at any level above ground.

The third payload subproject is a continuation of the research
effort begun in 1980 to measure HC1 at ambient concentration levels of
0.1 to 2 ppbv. Alan Fried, a laser spectroscopist with NBS in Washington,
D.C., has been working with the GHP staff to develop a detection system
for HC1 using a tunable diode laser coupled to a multipass White cell.
In late 1983, employing a 40-m path length, we demonstrated a detection
limit in the 200-300 pptv range at stratospheric pressures of 9 torr.
The goal of the HC1 experiment is to perform continuous, cell-less,
measurements of HC1 from ground level to 40 km with a sensitivity of
+ 100 pptv.

In addition to the stratospheric research program, the GHP continued
the tropospheric halogen studies begun in 1982. The oceans are a major
natural source for most atmospheric halogen-containing species, but the
production mechanism(s), magnitude, and chemical speciation of the major
participants remain unknown. Trace-level measurement techniques have
been developed and are continuing to be perfected to examine in detail
the production mechanism(s) of the major inorganic and organically bound
halogen species (e.g., for chlorine they are not known but are believed
to be HC1 and CH3C1). The techniques include application of the computer-
assisted NCAR gas chromatograph/mass spectrometer system for organic
halogen chemistry; continued use of ion chromatography, neutron activa-
tion analysis (NAA) for elemental determination of total C1, Br, I, and
F; and the field use of a tunable diode laser (an NCAR-NBS joint effort)
for tracking the highly reactive HC1 molecule.

As part of the tropospheric halogen research effort a measurement
program was started in the Arctic during 1982 with a base at the NOAA
Geophysical Monitoring for Climatic Change (GMCC) station at Pt. Barrow,
Alaska. The scientific objectives of the GHP Arctic program are twofold:
(1) to provide an upper limit, as a function of altitude, to the total

38



ATMOSPHERIC CHEMISTRY AND AERONOMY DIVISION

amount of bromine produced in the Arctic available for potential strato-
spheric injection, and (2) to explore the nature of any spatial and
diurnal variability in particulate and gas-phase bromine produced at the
air-sea interface in the Arctic. At present this is a joint research
project with Kenneth Rahn (University of Rhode Island). From strato-
spheric bromine data obtained in our ballooning program it became
evident that one or more large sources for bromine remained to be
identified in the troposphere. From aerosol data and a detailed litera-
ture search completed in 1982 it appeared plausible that the Arctic
Ocean, Greenland, and the Barents Sea, together with adjacent northern
seas, were probably the largest single source region for naturally
produced atmospheric bromine. Based on this supposition, we initiated a
bromine measurement program to set the boundary conditions on atmo-
spheric bromine in the Arctic. Initial results suggested that, in fact,
the Arctic may be a major global source region. The gas-phase bromine
levels measured during the late winter/early spring exceeded by a factor
of up to 10 all other published background tropospheric values. Based
on these results we expanded the program and build a modular aircraft
sampling system for use aboard the NOAA P-3 Orion research aircraft. In
March and April 1983 more detailed bromine measurements were made with
this unit as part of the NOAA Arctic Gas and Aerosol Sampling Program
(AGASP). Working closely with Leroy Heidt's group (In-Situ Measurements
Project), volume mixing ratios for CH3Br, CH2BrCH 2Br, CHBr 3, and CH2Br2
were also determined by gas chromatographic/mass spectroscopic (GC/MS)
analysis from samples taken Arctic-wide, including at the geographic
North Pole and during a tropopause folding event over Bafflin Bay near
Thule, Greenland. Results of these measurements have been submitted for
publication, and the initial Barrow study results were published during
the summer of 1983.

Homogeneous Tropospheric Chemistry Project

During fiscal year 1983 (FY 83) HTC made significant new progress
toward its goals. The project, now in its second year, was established
to provide needed new information on the properties of reactive transient
species that may be important in the transformation of common atmospheric
trace components, including SO2, NOx, the hydrocarbons, and their oxidation
products. During the past year this research group was composed of Jack
Calvert (project leader), William Stockwell (NCAR Advanced Study Program
[ASP] postdoctoral fellow), Edward Gardner (visiting scientist), and
Ranmali Wijayaratne (NCAR, ASP postdoctoral fellow). During the summer
months several scientific visitors were an active part of the HTC group:
Larry Anderson (University of Colorado, Denver), J. Alistair Kerr (University
of Birmingham, England), and Kerry Busarow (student, Wittenberg College,
Springfield, Ohio). Dieter Perner (Max Planck Institute for Chemistry,
Federal Republic of Germany) joined the group as a visiting scientist
for the year beginning in July 1983. Christopher Cantrell was a visiting
scientist with us during the spring of 1983 and began work with the HTC
project in early September 1983 as an NCAR ASP postdoctoral fellow.

A major part of the research work of this group centers on the
kinetic studies of seemingly important tropospheric transients through
the use of a long-path Fourier transform infrared spectrometer/chemical
reactor system. A major emphasis during the past year has been the
study of NO3 radical reactions anticipated to be important in the night-
time chemistry of the troposphere. Other simulation studies of the
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chemistry of the troposphere have allowed a theoretical assessment of the
importance of certain reaction pathways to generation of acids and other
important products in the troposphere.

Theoretical Studies of the NOX, S02 Chemistry in the Troposphere.
It is known that the NO3 radical is generated in the troposphere largely
through the reaction of ozone with nitrogen dioxide:

NO2 + 03 - NO3 + 02 (1)

Its major temporary sink is the dinitrogen pentoxide molecule which it
forms and from which it is also ultimately generated:

NO3 + NO2 = N2O0 (2)

In theory the concentration of the NO3 radical is low during the daylight
hours since fast photolysis and destruction by nitric oxide are its
dominant fates for these conditions:

NO3 + hv - NO3 + 0 (3)

NO + 02 (4)

NO3 + NO + 2 NO2 (5)

During the evening hours the existing tropospheric ozone oxidizes the
NO to NO2 effectively, and NO is not regenerated by NO2 photolysis, a
process important only during the daylight hours. Under these conditions
the concentration of NO3 rises after sunset in a polluted troposphere;
Platt and Perner, J. Geophys. Res., 85, 7453-7458, 1980, have observed
that the tropospheric NO3 concentration, maximizes shortly after sunset.

In one theoretical study of our group during the past year Stockwell
and Calvert (1983) combined the various N03-alkene and NO3-aldehyde
reactions with those of the polluted troposphere to model through computer
simulations the influence of the NO3 chemistry. They identified several
potentially significant new pathways to HONO 2, H202, and CH3CO002NO2(PAN)
in the nighttime chemistry involving the NO3 radical.

NO3 + CH2O - HON02 + HCO (6)

HCO + 02 - H02 + CO (7)

2H02 - H202 (8)

NO3 + CH3CHO - HON02 + CH3CO (9)

CH3CO + 02 + CH3C002 (10)

CH3COOz + NO2 + CH3C002NO2(PAN) (11)

The only experimental measurement of an NO3-aldehyde reaction rate con-
stant reported in the literature is that of Morris and Niki, J. Phys.
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Chem., 78, 1337-1338, 1974. This is based upon a very indirect kinetic
method in which acetaldehyde was the only aldehyde employed. They
determined the enhanced rate of N20 5 disappearance in mixtures with
acetaldehyde added over that in the absence of aldehyde. Attributing
the somewhat accelerated rate in the presence of aldehyde to the occur-
rence of reaction 9 and accepting estimates of the equilibrium constant
for reaction 2, Morris and liki estimated the value of kg.

Experimental Studies. In view of the seeming importance of reactions
(6) and (9) in nighttime chemistry, we have carried out a detailed kinetic
study of the N03-CH20 reaction and are deriving an estimate of k6. The
studies were made by following spectroscopically the time dependence of
the concentrations of all of the reactants, 03, NO2, and CH20 (ppm range)
in 700 torr of N2/02 mixtures (about 25°C) and the major products of the
reactions involving N20 5, HON0 2, CO, and HC02H. The infrared absorption
spectrum of the reacting mixture was determined as a function of time using
a long-path (170-m) Fourier Transform Infrared Spectrometer (FTIRS). The
spectra were analyzed to determine reactant and product concentrations using
three different methods of spectral analysis: absorption at characteristic
peaks together with extinction coefficients of the compounds involved, whole-
band subtraction using standard reference spectra, and band integration of the
absorbance spectra. The average of the three different estimates was accepted
as the best estimate of reactant and product concentrations. The most useful
absorption regions in this treatment were the following: CO (2,145-2,210 cm-l);
CH20 (2,725-2,835); HCO2H (1,075-1,130); N20 5 (725-760; 1,225-1,270); HON02
(840-930; 1,270-1,360); NO2 (1,580-1,650); and 03 (990-1,070; 2,070-2,135 cm-').
The reactant and product concentration-time data are now being compared with
results of computer simulations to define the best estimates of k6.

In other experiments with 03, N02, and CH20 reactants in air, Cantrell,
Stockwell, and Calvert have employed the "chemical amplifier" technique of
Cantrell and Donald Stedman (University of Michigan) to monitor the [H0 2]
in dark mixtures. As the reactions between N02 and 03 occurred in the
dark to form N03 and N 205, the generation of radicals, presumably H02, was
clearly evident, and the magnitude of the signals was in qualitative accord
with those expected theoretically assuming the appropriate reaction sequence
involving (1), (2), (6-8), and other necessary reactions in the simulation.
Further experiments are planned in which the H02-radical concentration will
be determined in these reacting mixtures.

During the past few months, Perner has planned experiments in which the
NO3-radical intermediate can be monitored directly (through its 620-nm band)
in the NO2, 03, and CH20 in 02/N2 mixtures. Cooperative efforts are under way
employing the NO3 detection system of Arthur Schmeltekopf (NOAA laboratories,
Boulder) and our long-path FTIRS-chemical reactor system. It now appears
possible to estimate the time dependence of the concentrations of each of
the many important reactants and products in this system by combining the
three independent analytical methods. For the first time an unambiguous
mechanism and rate-constant assignment for the NO3-aldehyde reactions seems
possible. The planned extension of this study to the 03, NO2, acetaldehyde
system will allow a test of the PAN-forming potential of the nighttime
troposphere predicted in theory.
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A second major research effort this past year in the HTC project
involves the determination of the primary quantum yield of acetone
(CH3COCH 3) photolysis at selected wavelengths of significance in the
troposphere. This work involves the major efforts of Gardner and
Wijayaratne. The preliminary results from studies at 3130 A and a variety
of 02 and 02/N2 pressures suggest that the quantum yield is sensitive to
the pressure of added gas. It is low (less than 0.1) at 3130 A and 1 atm
of air. This, coupled with the relatively low reactivity of HO radicals
with acetone, points to a much greater tropospheric lifetime of acetone
than that of the simple aldehydes. This work has been funded through EPA;
results of this project will be reviewed to judge whether further similar
studies should be attempted by Gardner or others.

CHEMICAL AND AERONOMICAL MODELING SECTION

The CAM Section is headed by Raymond Roble. It is composed of two
projects, the Chemical Modeling (CM) Project, led by Ralph Cicerone, and
the Upper Atmosphere Dynamics and Aeronomy (UADA) Project, led by Roble.
The presence of the two modeling efforts of the division in one section
encourages cooperative research in areas of overlap and the sharing of
resources as each project focuses on its primary responsibility--photochemical
modeling for the CM and aeronomical and dynamical processes for the UADA.

Upper Atmosphere Dynamics and Aeronomy Project

The primary goals of the UADA Project are to understand the global
structure and circulation of the atmosphere above the tropopause; to
examine the interactions among upper and lower atmospheric physical,
chemical, and dynamic processes; and to understand the interaction of
the aurora with the earth's atmosphere. To accomplish these goals the
project emphasizes numerical modeling and maintains close collaboration
with university, government, and foreign scientists to obtain the
necessary guidance for the numerical efforts and interpretation of the
measurements.

Work toward the long-range goals of this project, which are de-
scribed in the ACAD multiyear plan, progressed in five separate but
interconnected areas: (1) thermospheric dynamics, (2) ionospheric
dynamics and auroral processes, (3) electrical coupling between the
upper and lower atmospheres, (4) the study of minor and major neutral
constituents in the upper mesosphere and lower thermosphere, and (5)
chemical-dynamic modeling of the stratosphere and mesosphere.

In studies of thermospheric dynamics, NCAR's thermospheric general
circulation model (TGCM) has been modified to include the coupling of
dynamics and composition (0, 02, and N2). The TGCM uses a 5° latitude x
5° longitude grid and 24 vertical levels extending from 97 to 500 km.
The prognostic variables are horizontal winds, temperature, and the mass
mixing ratios of atomic and molecular oxygen, which are obtained using
hydrodynamic equations that include vertical transport by realistic
models of molecular diffusion. Realistic ion drag is included in the
model equations for horizontal winds, including the rapid polar drifts
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of magnetic field lines due to magnetospheric convection. During the
past year this model has been used to study the wind, temperature, and
compositional structures of the thermosphere for equinox conditions
during solar cycle minimum. The model has been used to derive a globally
averaged eddy diffusion parameter in the lower thermosphere that brings
the calculated compositional structure into agreement with observations
as predicted by NASA's mass spectrometer incoherent scatter empirical
model. The calculated variation of composition with latitude considering
only solar heating was found to be opposite to observed variation,
but reasonable agreement with observations was obtained with inclusion
of auroral heating. Calculated temperature variations in the upper
thermosphere were also found to be consistent with a tendency for the
coupled model to minimize the ratio of temperature to mean mass.

The TGCM was also used to calculate the thermospheric temperature,
composition, and winds at F-region heights over the Southern Hemisphere
polar cap for geophysical conditions appropriate to the October-November
1981 period. The Dynamics Explorer-2 (DE-2) satellite made measurements
of the temperature, winds, and compositional structures over the Southern
Hemisphere polar cap during this time period, and these measurements
were used for comparison with TGCM predictions. The measurements along
the 0900-2100 local time polar passes all display a Universal Time
dependence that is due to the displacement between geomagnetic and
geographic poles. The temperature and molecular nitrogen densities are
enhanced and the atomic oxygen density is reduced in the magnetic polar
cap compared with lower-latitude regions. The neutral wind pattern
follows the pattern of ion drift associated with magnetospheric convec-
tion. The TGCM model predictions were in good agreement with the DE-2
measurements, illustrating the strong control by magnetospheric con-
vection of high-latitude thermospheric dynamics.

The TGCM was also used to examine the solar cycle variation of
winds and temperature observed over Fritz Peak, Colorado, by Gonzalo
Hernandez (NOAA). It was found that during solar cycle minimum the
winds are primarily driven by global pressure gradients established by
solar heating and high-latitude heat and momentum sources at a large
distance from Fritz Peak Observatory. During solar cycle maximum, the
winds to the immediate north of the observatory come under the influence
of the magnetospheric convection pattern, whereas the winds to the south
of the station are driven primarily by pressure forces rather than the
ion-drag momentum source.

Other data used to verify TGCM predictions are obtained through
collaborations with Hernandez; Paul Hays, Timothy Killeen, and George
Carrignan (University of Michigan); Manfred Biondi (University of
Pittsburgh); and Nelson Spencer (NASA) and from various incoherent-
scatter radar stations.

In ionospheric modeling, work is continuing on the development of a
numerically fast global ionospheric-dynamo model for interactive use
with the TGCM. The first results from this model should be available
during the next year. The NCAR auroral model has been used to derive a
parameterization of the neutral gas heating rate due to auroral particle
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precipitation. The heating efficiency is about 60% in the lower thermo-
sphere up to about 200 km and decreases above that altitude. The model
has also been used to investigate auroral measurements made by the
EISCAT incoherent-scatter radar.

During the past year, a numerically fast auroral code has been
developed and used to calculate the properties of the high-latitude
ionosphere using measurements made by the DE-2 satellite. The satellite
measurements of auroral particle spectra, neutral gas properties, and
ionospheric properties at the satellite altitude are used as model
inputs for the calculation of the ionospheric structure from satellite
altitudes down to 80 km. The results are used to define the auroral
heating rates, electrical conductivity, NO production rates, and a host
of other ionospheric and thermospheric properties.

In studies of global atmospheric electricity and the electrical
coupling between the upper and lower atmosphere it was found that ambi-
polar diffusion in the atmosphere above 60 km has an important influence
on the electric currents and fields.

Since electrons are more mobile than ions, they diffuse more rapidly
through the neutral atmosphere. The electron diffusion polarizes the
medium, causing an electric field to develop that acts to retard the
electron diffusion and enhance the conduction current of ions. This
ambipolar diffusion in the presence of the earth's geomagnetic field
causes a significant departure from Ohm's law of electrical conduction
in the equalization layer of the global atmospheric electrical circuit.
It was found that ambipolar diffusion does not alter the total current
flowing in the global circuit. It is a local effect where above 60 km
enhanced conduction currents flow to balance the electron diffusion
current.

During the past year a limited-area electrical thunderstorm model
has been developed and used to examine the electrical interaction of a
thunderstorm with its immediate environment. It was found that the
current flowing in the atmospheric equalization layer is dependent upon
the geomagnetic field line orientation and electron density above about
60 km. This thunderstorm model is providing considerable insight into
the coupling of thunderstorm electrical processes into the global electric
circuit.

In studies of the constituents of the lower thermosphere and upper
mesosphere, the TGCM has been used to examine the transport of constituents
from low to high latitudes. It was found that Joule and auroral particle
heating at high latitudes results in upward motions in the lower thermo-
sphere that cause constituents heavier than the mean mass to increase
and constituents lighter than the mean mass to decrease. It was also
found that magnetospheric convection at high latitudes drives a lower-
thermosphere cold, low-pressure cyclonic circulation and a warm, high-
pressure anticyclonic circulation on the dawn and dusk sides of the
polar cap, respectively. The strong updraft within the cyclonic circu-
lation on the dawn side of the polar cap causes a compositional perturba-
tion that extends upward to F-region heights. The predicted compositional
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perturbations have been detected by the DE-2 satellite, indicating that
these compositional variations extend throughout the thermosphere.
These vortices in the lower thermosphere should have important influences
on the minor constituents of the lower thermosphere such as nitric oxide.

Chemical and Dynamical Modeling of the Middle Atmosphere. The
two-dimensional model developed by Rolando Garcia in collaboration with
Susan Solomon of NOAA has been used to study the chemistry of NO2
in the winter stratosphere. Previous results with the model indicated
that the combined effect of photochemistry and transport is to convert
much of the NO2 at high latitudes in the winter stratosphere to N20 5.
These findings motivated a new study by Solomon and Garcia in which the
chemistry of NO was calculated, following air-parcel trajectories under
conditions of zOnally asymmetric flow. The flow patterns were specified
from upper-air charts for a period in early February 1977, when a "cliff"
in NO2 had been observed by John Noxon (NOAA). Solomon and Garcia found
very good agreement between their calculations of NO2 content and Noxon's
observations, including a sharp decrease in NO2 column abundance at the
latitude where Noxon observed the February 1977 cliff.

The study of solar-cycle effects on the middle atmosphere started
during the previous year was completed. One of the more interesting
conclusions of this study is that large depletions in ozone in the high-
latitude stratosphere should occur at solar maximum as a result of
enhanced production of NO in the thermosphere and subsequent transport
to the stratosphere. Solomon and Garcia tested this prediction against
ozone observations taken by the BUV and SBUV instruments on the Nimbus
satellites. Although the data encompass only two solar maxima and one
solar minimum and the inherent variability is quite large, Solomon and
Garcia found that the observed behavior of ozone at high latitudes was
consistent in most respects with model predictions.

A parameterization of gravity-wave diffusion and momentum deposition
has been included in the two-dimensional model. It is found that momentum
deposition in the mesosphere by gravity waves can produce spatial and
seasonal variations in the mean zonal winds and meridional circulation
that are in good agreement with observations. In addition, studies of
the effect of gravity-wave diffusion on the chemical composition of the
70- to 100-km region indicate that seasonal variations in the vertical
profile of the diffusion coefficient can have important effects on the
distribution of a number of trace species. In particular, it appears
that the model can reproduce well the observed latitudinal and seasonal
behavior of the oxygen green line (5577 A) emission, which is a good
indication of the O-atom concentration at 90-100 km.

Work to incorporate a planetary wave model developed by Susan Avery
(University of Colorado) into the two-dimensional model is nearing
completion. Once the coupled model has been tested, it will be used to
study the effect of wave transience and dissipation on the distribution
of chemical constituents and on the mean meridional circulation in the
stratosphere.
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Chemical Modeling Project

The goals of the CM Project are to gain basic understanding and
ability to predict atmospheric chemical composition and its trends,
variations, and responses to chemical and physical disturbances. Research
has focused on tropospheric gas-phase chemistry, tropospheric heterogeneous
and aqueous-phase transformations, and stratospheric photochemistry.
Increasing emphasis is being directed to coupling meteorological motions
with the chemical reactions. Further, more attention is being given to
questions of regional air chemistry, as contrasted with the purely
global-scale research of the past.

In tropospheric chemical modeling attention has been devoted partic-
ularly to global-scale gas-phase constituents, heterogeneous processes
in the aqueous phase and in surface-deposition phenomena, vertical
profiles of gases in the boundary layer, and regional-scale acid deposition.
Cicerone and Anne Thompson (NCAR ASP postdoctoral fellow) are calculating
responses of tropospheric CO and OH to increased CH4 concentrations.
They are using one-dimensional models of the mid-latitudes and tropics.
The ability of CH4 and CO to suppress OH, thereby amplifying the ability
of sources to cause CH4 and CO increases is substantial. Thompson and
Heikes have completed studies of nitrate production in clouds and of
gas- and liquid-phase equilibria in multicomponent systems. In a related
study, Thompson has developed computer codes to evaluate the effects of
simple cloud layers on tropospheric photolysis rates and on ozone
production.

In an effort to calculate more realistic vertical profiles of trace
gases in the surface boundary layer (where most measurements are made).
Thompson and Donald Lenschow (Atmospheric Analysis and Prediction [AAP]
Division) have incorporated more realistic boundary-layer parameteriza-
tions in a one-dimensional model of the tropical marine atmosphere.
Shaw Liu and John McAfee (both of NOAA's Aeronomy Laboratory) and Cicerone
have examined the potential usage of natural radioactive radon gas as a
tracer of vertical motions above continents. They gathered measurement
data from many sources and obtained empirical measures of the effective-
ness of summertime convective mixing by comparing averaged vertical
profiles from different seasons. They also obtained empirical vertical
mixing coefficients for use in one-dimensional models.

ACAD scientists are also participating in a large team effort to
develop a model framework for application to regional acid deposition.
The effort is sponsored by EPA and is directed by Julius Chang, a long-
term visitor to the NCAR Director's Office. Calvert is leading a
subgroup to develop mathematical parameterizations of gas-phase and
aqueous-phase chemical reactions. Heikes is working on several aspects
of the model chemistry and on the scavenging of gases and aerosol
particles. Philip Haagenson is researching methods of model initializa-
tion and objective analysis of meteorological variables for regional-
scale models. Stacy Walters is developing a rather comprehensive
computer program to allow chemists to test and evaluate chemical reaction
mechanisms and rates. The program will permit the user to list the
reactions to be studied in a clear and natural way; it will solve the
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coupled differential equations of kinetics to the user's required
accuracies in his time domain, and it will allow output to be issued in
several different ways, e.g., graphically. This input-output processor
code will be used first in the acid deposition modeling effort but is
applicable in several other chemical modeling activities. Cicerone is
assisting in the acid-deposition modeling effort by providing informa-
tion on distributions of natural sources of sulfur, nitrogen, and carbon
compounds.

Cicerone and Walters have continued their studies of stratospheric
photochemistry. With Liu (NOAA), they published their report on the
nonlinearity of the response of the stratospheric ozone column to inputs
of chlorine. This effect, mentioned in NCAR's 1982 Annual Scientific
Report, makes it very difficult to ascertain ozone-column trends due to
chlorofluorocarbons. The effect arises in one-dimensional models through
the interactions of photochemistry and dynamical motions in the lower
and middle stratosphere. Some controversy has arisen about the effect,
which had not been noticed previously by stratospheric modelers. Details
of photochemical data, transport parameterizations, and branching in
reactions of several polyatomic species are now being investigated.
Cicerone and Walters have also added bromine gas reactions to the one-
dimensional stratospheric model and are calculating partition functions
that control the relative abundances of various inorganic Br species.
They hope to calculate the effects of these species on stratospheric
ozone and other photochemical reaction rates.

GLOBAL OBSERVATIONS, MODELING, AND OPTICAL TECHNIQUES SECTION

The GOMOT Section is headed by John Gille. It consists of a
Global Observations and Modeling (GOM) Project, which Gille also leads,
and an Optical Techniques (OT) Project led by William Mankin.

The goals of GOMOT are to understand the chemical composition,
dynamics, and radiation in the atmosphere by making and interpreting
observations. Emphasis is on global-scale processes and interactions in
the middle atmosphere, and tropospheric sources, sinks, transports, and
perturbations. The section's activities include data acquisition,
analysis, limited modeling, and instrument development.

Global Observations and Modeling_Project

Global Data Acquisition. The reinversion and validation of the
data from the Limb Infrared Monitor of the Stratosphere (LIMS) experi-
ment on board the Nimbus 7 spacecraft was largely completed. Gille and
James Russell III (NASA Langley Research Center) were co-leaders of the
science team, which had responsibility for the development of calibration,
inversion, and mapping algorithms. Other members were S. Roland Drayson
(University of Michigan), Herbert Fischer (University of Munich), Andrd
Girard (National Office of Aeronautical Study and Research, France),
John Harries (Rutherford Appleton Laboratory, England), Frederick House
(Drexel University), Conway Leovy (University of Washington), Walter
Planet (NOAA), and Ellis Remsberg (NASA Langley). Paul Bailey and Larry
Gordley (NASA Langley) headed the operational data reduction efforts at
NCAR and NASA Langley, respectively.
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LIMS obtained data from 25 October 1978, shortly after launch,
until 28 May 1979, when the solid methane cryogen used to cool the
instrument was expended. The instrument performed almost flawlessly
over this period, providing data of excellent quality with very low
noise levels.

The data reduction took place in three steps, resulting in three
different output products. Initially the instrument output voltages were
converted to calibrated radiances and located. In the second step, the
radiances from the six channels were inverted to yield vertical distribu-
tions of temperature,0O3, H20, NO2, and HNO 3, registered on a pressure
scale. The profiles were objectively analyzed in the third step to
yield coefficients from which maps and cross sections of the quantities
could be drawn.

The LIMS team made extensive efforts during the first part of the
year to develop methods for validating the LIMS data. They evaluated
the differences between the earlier retrievals, done on a minicomputer
at NCAR using the "first operational algorithm," and a later retrieval
done on a large computer at NASA Langley. The later algorithm incor-
porated many of the solutions discovered with the first algorithm, and
is considerably more complex and expensive to run. By many standards
the differences were small. However, the later results were generally
less noisy, with fewer artifacts related to the data processing. For
this reason the team recommended use of the results of the later, or
"current operational algorithm."

A series of manuscripts on the experiment and the validation of the
data are now in press, with others to follow. Gille and Russell have
described the instrument, its performance in orbit, and the types of
data products. Gille, Bailey, Lawrence Lyjak, and Sharon Beck have
calculated estimates of the accuracy and precision of the results through
comparisons with in situ measurements and error simulations. The
temperatures appear to be accurate to < 2 K below 1 mb; in the mesosphere
they are cooler than the rocket measurements, but there are indications
that the rocket values may be too warm. The constituent accuracies
range from 10-50%, depending on constituent and altitude. The precision
of a single profile is of the order of a few percent in the most important
altitude regions. The data have been archived in the National Space
Science Data Center (NSSDC) for use by the community. The high quality
of the data should make them applicable for a wide range of chemical and
dynamical studies.

Beck reinverted the Limb Radiance Inversion Radiometer (LRIR) ozone
using the LIMS first operational algorithm. The LRIR temperature data
have also been archived at NSSDC.

Steven Massie has joined NCAR to work with Gille, Bailey, Michael
Coffey, and Mankin on the collaborative program to develop the Cryogenic
Limb Array Etalon Spectrometer (CLAES). Aidan Roche of Lockheed Palo
Alto Research Laboratories is the principal investigator on this instru-
ment, which is scheduled to fly on the Upper Atmosphere Research Satellite
(UARS) in 1989. Massie has developed a heuristic model to calculate
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atmospheric spectra, in order to see the impact of different instru-
mental parameters. He has recently completed the first version of a
more exact model to calculate emission at a high resolution by over 30
stratospheric gases.

Analysis and Interpretation of Global Data. Four satellite
temperature sounders were flying in the early months of 1979. LIMS
produced temperature data of high accuracy and a higher vertical resolu-
tion than the others, but its seven-month lifetime was also shorter than
theirs. Intercomparisons among the research and operation observations
and between satellite and conventional data are desirable to provide
cross-checks, to detect spurious artifacts, to develop confidence in the
data, and to discover which atmospheric features can be seen in which
data sets. Following a workshop at NCAR in May 1982, further inter-
comparisons and discussions took place at Oxford and Hamburg. Gille and
Lyjak prepared LIMS data and derived products such as zonal winds, wave
amplitudes, and heat and momentum transports. In general, the LIMS and
Stratospheric and Mesospheric Sounder (SAMS) on Nimbus 7 agreed well; a
malfunctioning channel on the Tiros N Stratospheric Sounding Unit (SSU)
precludes good agreement with its results in the upper stratosphere.
Agreement with conventional data below 10 mb is generally good. Large
horizontal gradients may lead to some interesting systematic differences.
One clear finding is that the highly derived products, such as Eliassen-
Palm fluxes, are as dependent on the analysis procedure as they are on
the data themselves. A report is now in preparation.

Gille and Lyjak repeated their calculations of the zonal wind, wave
amplitudes, heat and momentum fluxes, and planetary wave refractive
indices for the revised data set. These were used to study wave-mean
flow interactions and the evolution of the atmospheric winds over the
winter of 1978-79. The conclusions were similar to those derived from
the earlier data, but the features are clearer in the new presentations.
The fields of EP flux convergence/divergence are good indicators of the
time and location of zonal wind deceleration/acceleration. The refrac-
tive index pattern loosely guides the planetary waves. Over the course
of the winter, wave interactions with the polar night jet reduce its
speed and shift the maximum to high latitudes. This preconditioned
state facilitates the onset of a major warming. A manuscript on these
results is in press. Very reasonable values for residual mean circula-
tions have also been derived.

Anne Smith (ACAD and ASP) has used these data to study interactions
among waves. She calculated the terms of the enstrophy balance for
January and showed that there was a period late in the month in which
the wave-wave interaction terms were as large as the wave-mean flow
terms. With Gille and Lyjak she extended this study to the entire data
period, showing that wave-wave interactions were important during several
periods and developing a set of criteria for their importance.

The question of ozone response to solar variations is one of long
standing. Gille and Charles Smythe used LIMS ozone data and Donald
Heath's (NASA Goddard Space Flight Center) measurements of 205-nm solar
ultraviolet radiation to establish such a relationship. From January
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through May 1979, there were two active regions on opposite sides of the
sun, which produced a 13-1/2-day modulation of the solar UV. Both data
sets were filtered to pass variations having a 10- to 20-day period, and a
cross-spectral analysis was performed. The two time series showed high
coherence in the tropics, with the amplitude ratio very close to one
recent prediction. The phase lag at 10 mb is not as large as suggested
by photochemical theory, but the theoretical value is within the error
bars. This is the clearest observation of solar control of ozone
variation seen to date. The conclusions are that we appear to under-
stand the response of stratospheric ozone to solar variations moderately
well and that to understand long-term ozone measurements, long-term
measurements of solar UV must also be made. The study is being extended
to the other LIMS species.

Several further studies have begun, including transports of ozone
from residual mean and Eulerian points of view, as well as by breaking
planetary waves, meridional transports in the disturbed winter atmo-
sphere, the temperature dependence of ozone, and traveling waves.

Optical Techniques Project

The OT Project uses spectroscopic methods to study the composition
of and chemical processes in the atmosphere. The primary efforts in
1983 have been in the collection and analysis of high-resolution infrared
spectra of the stratosphere for studies of the chemistry of the ozone
layer, and the development and use of fast, sensitive instrumentation
based on tunable infrared diode lasers for the measurement of trace
gases in the troposphere.

The stratospheric spectroscopy is done with a Fourier transform
spectrometer of 0.06 cm- resolution, which is flown on the NCAR Sabreliner
at an altitude of 12 km. Using the sun as an intense source, and observing
at sunset or sunrise when the path length through the atmosphere is
maximized, Mankin and Coffey are able to observe absorption by trace
species present at average concentrations less than a part per billion.
Many of the important species involved in the chemistry of the strato-
sphere can be observed, including water, ozone, methane, carbon dioxide,
carbon monoxide, nitrous oxide, nitric oxide, nitrogen dioxide, nitric
acid, fluorocarbons, hydrofluoric and hydrochloric acids, carbonyl
sulfide, and hydrogen cyanide.

A number of other groups in various nations have made such measure-
ments over the years; the results published have shown considerable
variability. We do not know to what extent this variation reflects
actual variability of the atmosphere and to what extent it is an indica-
tion of the errors in the various techniques. In an attempt to resolve
this question, Mankin and Coffey participated in an international inter-
comparison program which had two field periods this year. The purpose
was not only to assess the reliability of different measurements, but to
obtain as complete and accurate a data set as possible to describe the
stratosphere at one time and place for comparison with photochemical and
dynamical models. In the first campaign, four balloons were launched
carrying 14 remote sensing instruments provided by ten principal investi-
gators from seven nations. In addition, Mankin and Coffey observed from
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the Sabreliner flying under the balloons; they also flew over Kitt Peak
National Observatory to compare ground-based measurements made there
with the balloon measurements. The aircraft instrument acted as a
"transfer standard" to compare stratospheric measurements above the
observatory with those of the balloons.

The measurements were repeated in the spring with a larger com-
plement of balloon instruments, observing more species. Difficulties
with balloon reliability hampered the balloon flights, but again the
aircraft observations allowed comparison of the atmosphere between the
days the balloon flights took place.

Each investigator analyzed his data independently, without knowl-
edge of the results obtained by other investigators. Then a meeting
was held to discuss the results from the first campaign. There were
three or more instruments observing NO2, HNO 3, and HC1, the primary
targets, as well as four measurements of HF and two of NO. While the
agreement was not perfect, generally the various measurements agreed
within the estimated errors.

The time of the campaign was not a time of typical stratospheric
conditions; six months earlier, the volcano El Chich6n in southern
Mexico had produced a massive eruption, sending huge quantities of gas
and aerosol particles into the stratosphere. At the time of the inter-
comparison flights, Mankin and Coffey made several flights over the Gulf
of Mexico, observing the sun through the cloud of volcanic debris. They
observed a substantial increase in the HC1 content of the stratosphere
and were able to put upper limits on the amount of several sulfur gases
present. Since there are several earlier observations of large quantities
of S02 injected by the volcano, these observations give an indication of
the rate of conversion of gaseous S02 to particulate H2S04. The increase
of HC1 may result from the injection of chlorine into the stratosphere
by the volcano, or it may reflect changes of stratospheric chemistry,
such as the destruction of OH by S02, which affect the fraction of the
total chlorine that is in the form of HC1.

Work continued on analysis of the archive of spectra produced over
the last six years. Mankin and Coffey completed the analysis of the
latitudinal and temporal distribution of HC1 and HF (before El Chich6n).
In addition to showing a strong increase with latitude and a HC1:HF
ratio near 5 at all latitudes, it showed a temporal increase in the
global stratospheric concentration of 5% per year for HC1 and 12% per
year for HF. This is the first observation of these rates, predicted as
a result of the use of fluorocarbons.

Aaron Goldman (visitor from the University of Denver) continued his
participation in the analysis of the stratospheric spectra. Combining
the aircraft data with Denver University balloon data, he has determined
that the hydrogen to deuterium ratio in stratospheric water vapor is
higher than in tropospheric water vapor.

The second major effort has been the development of new instru-
mentation for measurements of trace species in the troposphere. Instruments
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are needed that are specific, versatile, and sensitive. Conventional
infrared spectroscopy is specific and versatile, but requires a very
long path, and hence a large sample, to measure concentrations of less
than a part per billion, measurements needed for many of the questions
of tropospheric chemistry. To increase the sensitivity, Mankin and
Coffey have used a tunable diode laser to provide a source of mono-
chromatic infrared radiation whose wavelength can be tuned rapidly
across the wavelength at which a target molecule absorbs. The slight
absorption produces a small fluctuation in the intensity of the radia-
tion at the detector which can be measured electronically. The laser
scans only over an individual rotation vibration line, and so the
instrument measures only one species at a time.

Mankin and Coffey have tailored the instrument for measuring
carbon monoxide with a small cell. With a response time of less than a
second and an air sample of 4 millimoles, the sensitivity is about one
part per billion. They flew the instrument on the Sabreliner, measuring
the vertical profile in clean air and also exploring the distribution of
CO above the Denver metropolitan area. The vertical profile showed a
sharp boundary at the tropopause between tropospheric and stratospheric
concentrations. The flights over Denver showed that even 400 m above the
ground, there is a marked increase in the CO concentration near the
major traffic routes. In the airborne configuration, such an instrument
can survey large areas quickly to determine the location and magnitude
of major sources. On the ground, a slight increase in speed will suffice
to measure flux by the meteorological correlation method.

Mankin and Coffey are also developing a similar instrument with a
cell with a longer path to measure sulfur dioxide. The S02 instrument
should be about ten times more sensitive because of the increased path
length. This will be used for ground-based or airborne studies of
sources and sinks of S02, a key source species in the chemistry of
acid rain. The system is currently being assembled, and will be ready
for field testing within a few months.

ATMOSPHERIC GAS MEASUREMENTS SECTION

The Atmospheric Gas Measurements (AGM) Section is composed of two
projects. The first, the In-Situ Measurements (ISM) Project, is led by
Leroy Hieidt; the second, the Biosphere-Atmosphere Interactions (BAI)
Project, by Patrick Zimmerman. Ralph Cicerone continues as temporary
section head.

The BAI Project is devoted to the study of both natural and anthro-
pogenic impacts of the biosphere on the atmosphere. During the past
year, there has been continuing emphasis on the contribution of methane
generated by termites to the worldwide budget of methane. The ISM
Project has emphasized the measurement of trace gases using high-
altitude balloons as observing platforms. Special attention was also
given to measuring temporal trends in several trace gases and to
identifying bromine-containing gases in the atmosphere.
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Biosphere-Atmosphere Interaction Project

The BAI Project explores interrelationships between biological
processes and the chemistry of the atmosphere. A better understanding
of some of the key interrelationships is needed to better predict human
influences on the atmosphere.

The BAI group continued to expend considerable effort to understand
trace gas production by termites. Laboratory work conducted by the BAI
group (reported in Science, November 1982) established the potential
importance of termites as a major source of atmospheric methane. However,
the global projections of methane emissions based on laboratory experi-
ments are highly uncertain. For example, it is possible that some
species of termites (notably fungus-growers and soil-feeders) might be
so physiologically different from the termite species used in the labora-
tory that their methane emission rates would be much different. Also,
methane produced in termite mounds may be oxidized by soil organisms,
thus allowing little methane to escape into the atmosphere. Another
major uncertainty is the consumption and carbon turnover by termites in
natural ecosystems.

For these reasons, the BAI group planned a field research program
with Shem Wandiga (University of Nairobi, Kenya) and Johanna Darlington,
an entomologist specializing in Kenyan termites. Darlington is affiliated
with the National Museums of Kenya and is a long-term NCAR visitor to
the BAI Project in 1983.

Intensive field work was conducted in various locations in Kenya in
August 1983. Field measurements were made of methane (CH4), carbon
dioxide (COz), temperature, humidity, and air velocity within the mound.
The research group also used a portable gas chromatograph to measure
sulfur hexafluoride (SF6). This compound is only produced anthropogenically
and has a background level in the atmosphere of less than 2 parts per
trillion (ppt). The portable gas chromatograph used for detection has a
sensitivity of about 10 ppt. SF6 therefore is an ideal tracer to aid in
the study of gas fluxes. In the field, a known amount of SF6 fluxes was
injected into selected termite colonies and CH4, C02, and SF6 fluxes
were measured. Since the amount of SF6 was known, flux rates of the
other gases could be calculated. The tracer also provided information
about air turnover rates inside the mound and the internal volume of the
nest.

The experiments showed that the air in most termite nests has a
relatively high turnover rate (from 100-500 Z/min). Also, all of the
termites studied emitted methane into the atmosphere. CH4/C02 ratios
of many different species of termites were similar to those of the
1 aboratory experiments.

By early 1984, the BAI team will have measured CH4 and COz fluxes
from some important termite species for a complete annual cycle. Some
of the nests studied have been fumigated and excavated so that population
counts could be completed. This work should give the BAI group the best
information to date on the cycling of carbon in selected termite ecosystems.
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Others who participated in the termite research included Peter
Bakwin (student assistant from the University of Rhode Island) and
Jenifer Serafin (student assistant from the University of Colorado).

Many of the lighter hydrocarbons (C2-C1) play important roles in
the photochemistry of the atmosphere. Hydrocarbon concentrations have
been characterized in urban areas; however, their short lifetimes and
low concentrations have made measurements in nonurban areas difficult.
Some hydrocarbons emitted by vegetation are also photochemically reactive
and can have a substantial impact upon the photochemistry of the region.
One of the most probable long-term decomposition products of biogenically
emitted hydrocarbons (for example, 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 atmo-
sphere. 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. Hydrocarbon data are therefore important in the
determination of regional photochemistry and its impact upon global
atmospheric chemistry.

The BAI group is therefore collecting samples for analysis from
various parts of the globe. Samples analyzed to date include air
samples collected over marine areas in the Pacific and air samples
collected in Brazil; Kenya; Niwot Ridge, Colorado; and Big Thicket
Preserve in Texas. Samples have been analyzed by chromatography and
mass spectrometry. The samples have shown that a few hydrocarbons,
thought to be produced by combustion (fires and fossil fuel burning),
are ubiquitous. They include benzene and toluene. Marine areas tend to
have the lowest hydrocarbon concentrations, although some samples from
Kenya were remarkably clean. In many samples, oxygenated hydrocarbons
seem to be dominant, although presently the BAI group is not able to
quantify oxygenated species with great accuracy. Results of these
analyses have been submitted for publication.

Researchers who have participated in the sampling program have
included: James Greenberg (gas chromatographic analysis), Walter Pollock
(gas chromatographic-mass spectrometric analysis) and Patrick Zimmerman,
all from NCAR. Collaborators from other institutions include Richard
Pearson (Colorado State University) and Raylan Roetman (graduate assistant,
Colorado State University); Frederick Fehsenfeld (NOAA), and James
Roberts (NOAA postdoctoral fellow).

In the past, the BAI group has used enclosures to measure trace gas
fluxes from representative ecosystem components. These methods are
simple and direct and are appropriate for many experiments. However, it
is difficult to apply this methodology to measurements from entire
ecosystems. The group is therefore developing expertise in coupling
chemical measurements in the atmosphere with micrometeorological tech-
niques. An integrated chemistry/micrometeorology experiment was carried
out in the summer of 1983. The experiment was designed to determine the
fluxes of an interactive set of atmospheric trace constituents includinq
03, NO, NO2, HN0 3, and water vapor. Other parameters necessary to
characterize the trace gas fluxes included vertical and horizontal wind,
temperature gradient, and solar flux.



ATMOSPHERIC CHEMISTRY AND AERONOMY DIVISION

The experiment was based at the NOAA Boulder Atmospheric Observatory.
This site provided excellent logistical support (power and the NOAA BAO
computer data system). It was also ideal with respect to topography,
ground cover, and proximity to Boulder and the Denver plume. The experiment
allowed direct comparison of fast eddy-correlation and gradient measure-
ments of NO and 03. In addition, the experiment showed that chemical
correlation measurements are valid from the surface of the ground to
2 km, i.e., inhomogeneities (such as those introduced by the tower
structure and nonuniform wind fetch and ground cover) do not seem to
create inconsistencies in the flux measurements. The experiment also
provided important information on the structure of the polluted Denver
air mass and how it is affected by the surface layer (ground cover),
boundary layer (mixing), and drainage flow in the Denver Basin. The
experiment was organized by Anthony Delany of the BAI Group. Participants
included David Fitzgerald (AAP, eddy correlation systems), Richard
Pearson (CSU, fast ozone measurements), Barry Huebert (Colorado College,
HN03 flux and heat), Donald Stedman (University of Denver, fast NO2),
John Gaynor (NOAA, BAO site director; fast water, fast temperature,
and humidity), and Brian Woodruff (CSU,.graduate student).

In-Situ Measurements Project

The ISM Project has, each year, been increasing its emphasis on the
relatively stable trace gases because they are the raw materials for
tropospheric and stratospheric chemistry and they have shown the potential
for temporal increases which affect those chemistry cycles. The observa-
tional efforts, therefore, have focused on spatial and temporal distribu-
tions as well as long-term concentration trends in both the troposphere
and stratosphere. The distribution of these trace gases in the strato-
sphere directly influences the earth's radiation balance and the ozone
budget as well as other chemical balances which in turn influence the
dynamics of the stratosphere and mesosphere.

The major geochemical roles of interest in tropospheric chemistry
are the distribution trends of naturally emitted and anthropogenic trace
gases which relate to source and sink strengths. Measurements are
intended to strengthen the understanding of these tropospheric chemical
cycles by establishing sources for chemical species in the troposphere,
indicating transport mechanisms and chemical transformations, isolating
removal processes from the troposphere, and monitoring long-term con-
centration trends globally which have an effect on the above cycles.

As part of this program, the ISM Project has participated in several
series of instrumental intercomparisons with other institutions both in
the laboratory and in the field, such as the international intercomparison
of stratospheric water vapor instrumentation conducted since 1981 with a
series of simultaneous balloon flights from the National Scientific Balloon
Facility (NSBF) at Palestine, Texas. Leroy Heidt, Richard Lueb, Walter
Pollock,and Jim Shetter used the ISM Project cryogenic whole-air sampler
to collect large stratospheric air samples for subsequent measurements of
H20 in the laboratory. Investigators from other participating institutions
included Dieter Kley, Arthur Schmeltekopf, and Daniel Albritton (NOAA
Aeronomy Laboratory, Boulder); Konrad Mauersberger (University of Minnesota);
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Nigel Swann (National Physical Laboratory, England); John Mastenbrook
(Naval Research Laboratory); Samuel Oltmans (NOAA); David Murcray
(University of Denver); and Wayne Evans (Atmospheric Environment Service,
Canada).

A second flight series (with all the above participants except
Swann and Mastenbrook) took place on 13 October 1983, and data are now
being analyzed. All data from both series will be submitted as one
group to the Journal of Geophysical Research for publication. The ISM
Project will also participate in a similar intercomparison for the trace
gases CFC13, CF2C12, N20, and CH4 in early spring, 1984--again with NASA
sponsorship.

A substantial effort has focused on the "background" troposphere.
In a collaborative program with the GMCC project of NOAA, the ISM
Project began in FY 82 to measure the CH4 baseline from samples collected
weekly at four GMCC sites (Pt. Barrow, Alaska; two sites in Hawaii; and
American Samoa). Bruce Henry has used samples collected at these sites
and measured by GMCC for C02 as the beginning of a new program to establish
possible seasonal and long-term trends for CH4.

With the support of the GMCC project (James Peterson, Richard
Gammon, Thomas Conway, Lee Waterman, and Dale Gillette), this program,
Trends in Atmospheric Constituents Study (TRACS), was expanded in FY 83.
Using ISM Project sampling containers to avoid possible contamination
and to improve sample integrity, NOAA personnel have been collecting
samples at the four sites and returning them to NCAR for analysis. In
addition, Vincent Lally and Marcel Verstraete of the NCAR Global Atmo-
spheric Measurements Program (GAMP) have been collaborating with Heidt
in collecting samples at a fifth site in New Zealand. Seasonal cycles
and trends are now being calculated for the nearly two years of data.

During FY 83 sample analyses were also expanded to include N20,
CO, C2H6, C2H4, C 3H8, CFC13, CF2C12, and CH3CC13. Work has also progressed
to include measurements of CH3C1, CC14, CH3Br, CH2Br2, C2H4Br 2, CHBr 3,
CF3C1, and CF4. These measurement techniques are now established and
are being added to the TRACS series in FY 84. A collaborative effort
with Brian Ridley (ACAD visitor) has also progressed well in establishing
a technique to measure peroxyacetyl nitrate. In-situ measurements of PAN
will begin in FY 84.

As part of the United States Antarctic Research Program sponsored
by NSF, the ISM Project equipped Russell Brainard (NOAA-GMCC graduate
student) with a field-unit gas chromatograph with which he has produced
approximately 300 days of CH4 averages at the South Pole Observatory.
This experiment will be continued through FY 84 to provide a sixth site
for the TRACS for pole-to-pole latitudinal coverage in the Pacific
quadri section.

The atmospheric chemistry of bromine has received renewed attention
recently because of the possible role of bromine compounds in the strato-
sphere. Presently, a major uncertainty in the stratospheric bromine
chemistry is the absolute concentration of bromine in both the troposphere
and stratosphere. Until recently, no measurements of individual bromine
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species in the stratosphere had been reported except for the anthro-
pogenically produced CBr 3F. Only CHsBr had been identified in the
troposphere.

As participants in AGASP (sponsored by NOAA), a study of the Arctic
haze problem in March and April, 1983, Pollock and Heidt succeeded in
producing the first measurements of four individual organic bromine
gases CH3Br, CHzBr2, CzH 4Bra, and CHBr 3. In collaboration with Berg
and Paul Sperry of the Global Halogen Project and division director,
Ralph Cicerone, these data have been submitted to Geophysical Research
Letters for publication.

ISM Project visitor Mary Anne Carroll (Ph.D. candidate working
under Ronald Prinn, Massachusetts Institute of Technology) completed her
thesis project, Sources and Fluxes of Reduced Sulfur Gases, and was
awarded her Ph.D. in June.

A three-month ISM Project visitor, Bernard Bonsang (Centre de
Faibles Radioactivit6s, France) developed sampling systems for collecting
and measuring tropospheric COS, H2S, CS2, and S02. These sampling
tubes, designed for use on aircraft, may also be adaptable for use on
balloons to sample the stratosphere.

In a continuing effort to determine why atmospheric methane con-
centrations are increasing with time worldwide, we are trying to quantify
the rate of emissions from rice paddies through direct field measurements.
Worldwide, rice paddies cover 145 million hectares (over 350 million
acres). This area grows about 1% annually, but its effective growth is
larger due to increased incidence of multiple cropping. Cicerone, Shetter,
and Constant Delwiche (University of California, Davis) are exploring
this large potential source. In 1983, they measured methane release
rates from rice paddies on the University of California, Davis, campus
during the entire 110-day growing season. They found that most methane
is released very late in the season. Emissions were smaller than in
their only previous study, and showed an apparent dependence on the
initial organic content of the soil under cultivation.

Separately, Ridley is performing research focused upon the measure-
ment of the abundance and distribution of odd-nitrogen species in the
nonurban atmosphere. At present there is only limited information
concerning these species even though they play a dominant role in atmo-
spheric photochemistry. Consequently, the validity of clean-air tropo-
spheric models is questionable.

Much of the activity during the past year has been directed toward
the development of instrumentation for measurements of NO and NO0
at the level of a few parts per trillion by volume to allow measurement
campaigns in the free troposphere and remote continental and marine
boundary layers. Other work has been directed towards developing measure-
ment capability for HN03 and peroxyacetyl nitrate (PAN).

Early in the year Ridley and the NOAA Aeronomy Laboratory made
joint simultaneous in-situ measurements of NO, NO2, and 03 in the
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stratosphere using balloon platforms. Two flights were made from the
Canadian balloon facility at Gimli, Manitoba, one of these in August and
one in December. The December flight was made to confirm and augment
(by measurements of NO2 as well as NO) earlier work by the author and
colleagues suggesting that the wintertime vertical distribution of NO
and NOz at high latitudes in winter is substantially different from that
in summer. All of this data has provided valuable input for models that
stress the interaction of photochemistry and dynamics (e.g., Solomon and
Garcia, J. Geophys. Res., 88, 5229-5239, 1983; Solomon and Garcia,
J. Geophys. Res., 88, 5497-5501, 1983). Several papers that summarize
the NOAA/NCAR results are in preparation, and a summary of the earlier
winter measurements has also been submitted for publication.

The ISM Project collaborated with the NOAA Aeronomy Laboratory to
participate in the NASA Global Tropospheric Experiment (GTE), a project
designed initially to validate instrument methods but further extended
to provide measurements of the abundance and distribution of many atmo-
spheric species. In the first phase, attention has been directed toward
instrument function intercomparisons of HO, NO, and CO. Our involvement
(Ridley, Chris Harris, and Carroll) was a one-month field program conducted
at Wallops Island, Virginia, in which our NO instrument, a similar
chemiluminescence instrument from NASA Wallops (Arnold Torres), and the
laser-induced fluorescence instrument from Georgia Tech (Douglas Davis)
were run simultaneously. A variety of atmospheric conditions was
encountered, and a large doped-flow system was also used. The inter-
comparison was quite good, and these data plus those from a variety of
other instruments (03, CO, aerosols, and nonmethane hydrocarbons) will
provide an extensive data base for modeling purposes.

The second phase of this project is currently under way. All of
the instrumentation has been installed in the NASA 990 jet for similar
instrument intercomparisons under a variety of atmospheric conditions.
Seven flights have been made from Moffett Field, California, and six
more are to be made from Hawaii.

A second instrument is presently being constructed to allow measure-
ments of total odd nitrogen and NO2 during the third phase of the GTE
aircraft flights in the spring of 1984.

Ridley, Shetter, and Heidt have nearly completed a third research
project, the development of instrumentation for PAN measurements in the
remote atmosphere. This instrument will complement the above-mentioned
aircraft instrumentation to further quantify the odd-nitrogen species
present in the atmosphere. PAN is detected using an electron-capture
gas chromatograph. An accurate calibration scheme has been developed
for the PAN instrument. At present, pre-concentration techniques are
being investigated, and it is hoped that routine measurements can be
made at a remote site (equipped for measurements of other odd-nitrogen
species) and on-board aircraft early in 1984.

Arthur Wartburg and Ridley are also conducting tests to determine
the feasibility of using denuder tubes for measurements of atmospheric
nitric acid. This work has progressed less rapidly than anticipated.
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Laboratory work, designed to test the specificity of the technique when
water, ozone, and NO2 are present in the gas sample, has been completed
or is under way. Further tests involving PAN, aerosols, and N20 5 have
yet to be conducted.
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Visitors

Larry Anderson, University of Colorado at Denver,
May to July 1983, Homogeneous Troposperic Chemistry
Project

Peter Bakwin, University of Rhode Island, May to
August 1983, Biosphere-Atmosphere Interactions
Project

Bernard Bonsang, National Scientific Research
Center (France), June to August 1983, In-Situ
Measurements Project

Guy Brasseur, Institute of Space Aeronomy (Belgium),
January to February 1983, Global Observations and
Modeling Project

Kerry Busarow, Wittenberg University, June to
August 1983, Homogeneous Tropospheric Chemistry
Project

Mary Anne Carroll, National Oceanic and Atmospheric
Administration, May 1983 to May 1984, Atmospheric
Gas Measurements Section

Johanna Darlington, National Museums of Kenya
(Nairobi), January 1983 to January 1984, Biosphere-
Atmosphere Interactions Project

Edward Gardner, California Institute of Technology,
July 1983 to June 1984, Homogeneous Tropospheric
Chemistry Project

Jean-Claude Gerard, University of Liege (Belgium),
July to August 1983, Upper Atmosphere Dynamics
and Aeronomy Project

Ernest Gladney, Los Alamos National Laboratory,
February to May 1983, Global Halogens Project

Aaron Goldman, University of Denver, September
1979 to September 1984, Optical Techniques Project

Brian Heikes, University of Michigan, October 1982
to April 1983, Reactive Gases and Particles Project

Mark Johnson, Carleton College, June to August
1983, In-Situ Measurements Project

J. Alistair Kerr, University of Birmingham (England)
July to September 1983, Homogeneous Tropospheric
Chemistry Project
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Scott McLaren, State University of New York at
Albany, September 1982 to August 1983, Reactive
Gases and Particles Project

Maureen MacCarthy, Boston College, June 1983 to
August 1983, Reactive Gases and Particles Project

Henry Nebel, Alfred University, June to August
1983, Global Observations and Modeling Project

Dieter Perner, Max Planck Institute for Chemistry
(Germany), July 1983 to July 1984, Director's
Office

Rolando Rael, New Mexico Highlands University,
May to August 1983, Atmospheric Gas Measurements
Section

Brian Ridley, York University (Canada), May 1982
to May 1984, Atmospheric Gas Measurements Section

Raylan Roetman, Colorado State University, May to
June 1983, Biosphere-Atmosphere Interactions
Project

Jenifer Serafin, University of Colorado, May to
August 1983, Biosphere-Atmosphere Interactions
Project

T.S.N. Somayaji, Andhra University (India),
October to December 1982, Homogeneous Tropospheric
Chemistry Project

Ramaswamy Venkatachalam, State University of New
York at Albany, January 1982 to August 1983,
Director's Office

Gregory Wendell, University of Michigan, June to
July 1983, Biosphere-Atmosphere Interactions
Project

Ranmali Wijayaratne, University of Maryland,
August 1982 to June 1983, Homogeneous Tropospheric
Chemistry Project

Kathleen Wilson, Rensselaer Polytechnic Institute,
May 1983 to August 1983, Reactive Gases and
Particles Project

Brian Woodruff, Colorado State University, May to
July 1983, Biosphere-Atmosphere Interactions
Project

Timothy Killeen, University of Michigan, June to
September 1983, Upper Atmosphere Dynamics and
Aeronomy Project

Gregory Kok, Harvey Mudd College, January 1981 to
December 1982, Reactive Gases and Particles Project

Shaw Liu, National Oceanic and Atmospheric Admin-
istration, January 1981 to September 1984,
Director's Office

Eric Lodge, University of Rochester, May to July
1983, Atmospheric Gas Measurements Section





ACID DEPOSITION MODELING PROJECT

The Acid Deposition Modeling Project (ADMP) is an interdisciplinary
project funded primarily by the Environmental Protection Agency with co-
funding by NSF/NCAR. The principal objective of this project is to de-
velop an Eulerian regional acid deposition model suitable for assessing
source-receptor relationships. The initial task is the construction of
a modeling framework integrating an existing and evolving mesoscale
meteorological model with a new transport and chemical transformation
model. All components of this modeling system are expected to include
state-of-the-art representations of the relevant physical and chemical
processes. Much of the required development will be based on contri-
butions from a broad cross section of the scientific community.

The project is a follow-up to an earlier ten-month study evaluating
existing modeling efforts and recommending a desirable design and man-
agement plan for a comprehensive modeling system. The findings of the
earlier study are contained in two companion reports, Regional Acid
Deposition: Models and Physical Processes (NCAR/TN-214+STR, ADMP-83-1)
and Regional Acid Deposition: Design and Management Plan for a Compre-
hensive Modelin System (NCAR/T-215+PPR, ADMP-8-2). The staff ofADMP
are mostly members of existing scientific divisions of NCAR--Atmospheric
Analysis and Prediction (AAP), Atmospheric Chemistry and Aeronomy
(ACAD), and Advanced Study Program (ASP)--assigned on a part-time ba-
sis. Technical collaborations with researchers from universities and
other institutions have been developed and are expected to increase
significantly in the coming year.

The administrative and scientific components of ADMP are:

(1) ADMP Project Office (Julius Chang, director)

* Overall project management

* Development of external interactions with universities,
Environmental Protection Agency (EPA), federal labora-
tories, and other institutions

(2) System Integration and Validation (Julius Chang, leader)

* Overall modeling system structure

* Techniques for analysis of source-receptor
relationships

* Concepts for model validation and sensitivity analysis
(with AAP and ASP)

* Database development (with ASP)
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(3) Mesoscale Meteorological Modeling (Richard Anthes, director
of AAP, leader)

* Mesoscale model development (with AAP)

* Selection of synoptic cases (with AAP, ACAD, and EPA)

* Model sensitivity studies (with AAP)

* Model initialization scheme (with AAP)

* Convective planetary boundary layer parameterization
(with AAP)

(4) Chemistry of Acid Transformation and Deposition
(Jack Calvert, section head in ACAD, leader)

* Gas-phase chemistry module development (with ACAD)

* Aqueous-phase chemistry development (with ACAD)

* Subgrid-scale processes (with ASP)

* Chemical kinetics simulation model (with ACAD)

This research and development program as detailed in the above-
mentioned reports was endorsed by the panel of reviewers at the August
1983 National Acid Precipitation Assessment Program Review Meeting. The
NCAR/ADMP scientific team was considered to be "very well qualified" and
NCAR to be "an ideal research environment for carrying out this work."

John Wyngaard (section head in AAP) coordinated the completion of
the assessment phase of NCAR/ADMP, leading to the two reports on region-
al acid deposition. These reports have been well received and requested
by colleagues across the world. They also serve as the basis of the
present project.

ADMP PROJECT OFFICE

The NCAR Eulerian regional acid deposition model is designed to be
the most comprehensive theoretical tool being developed for the United
States National Acid Precipitation Program. Almost all the current fed-
erally funded acid rain research projects are to contribute either sub-
models or databases for the inclusion or use of the NCAR model. There-
fore, the development of appropriate interaction becomes an essential
task of ADMP. The scientific steering committee--consisting of Anthes,
Calvert, Chang, Wyngaard, Ralph Cicerone (director of ACAD), and Shaw
Liu of the National Oceanic and Atmospheric Administration (NOAA)--has
been advising the project director, Julius Chang, on the direction and
pace of the project. Five technical working groups are being organized
with university faculty and other researchers to provide direct working
relationships in the following areas: dynamic modeling; clouds, radia-
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tion, and precipitation; gas- and aqueous-phase chemistry; heterogeneous
processes and deposition; and sensitivity analysis and databases. At
this time, joint work with Battelle Pacific Northwest Laboratories, Har-
vard University, Carnegie-Mellon University, Pennsylvania State Univer-
sity, the University of Kentucky, Brookhaven National Laboratory, and
the Canadian modeling effort (Ontario Ministry of the Environment) has
either begun or been planned.

SYSTEM INTEGRATION AND VALIDATION

As a first step in developing a suitable computational model for an
Eulerian regional acid deposition modeling system, Hsiao-ming Hsu and
Chang have investigated several numerical schemes for coupled transport
and chemical equations. Previous work has not focused on the effect of
including detailed nonlinear chemical interaction terms. Hsu and Chang
have applied six different schemes to several two-dimensional systems,
including linear and nonlinear chemical terms. They have found that
positivity of solution is an essential property for considering non-
linear chemical processes. The normally good or adequate schemes in the
absence of nonlinear coupling can lead to totally inaccurate solutions
for nonlinear interacting systems due to the presence of small negative
components. With strong chemical coupling, these small negative compo-
nents turn physical sources into sinks and vice versa. Further analysis
on programming flexibility for three-dimensional problems will determine
the choice of solution method for the ADMP acid deposition model.

Chang and Hsu are also investigating a modeling technique for iden-
tification of source-receptor relationships in pollutant transport and
deposition. They propose that distinct time-dependent carrier signals
be added to each source function and that the time-dependent solution at
receptor sites of interest can then be Fourier-analyzed to obtain the
relative contributions. In general, if the inverse operator of the ori-
ginal equation is linear, then the amplitude of this small time-varying
signal will be preserved in the solution. For nonlinear problems, this
is not necessarily so. Preliminary analysis indicates that if the indi-
vidual frequencies are sufficiently distinct and their beat frequencies
are sufficiently far away in the power spectrum, then it is possible to
identify the principal contributor at each receptor site. Further an-
alysis with higher-order interactions (larger number of chemical coup-
lings) are required to establish this technique as suitable for Eulerian
models.

Paulette Middleton has prepared an extensive database survey which
lists the project data needs in the categories of emissions, concentra-
tions, and deposition. Her input has been used widely by EPA in devel-
oping the next phase of database acquisition and organization. She has
also begun a joint project with Gregory McRae of Carnegie-Mellon Univer-
sity on acid assessment and the role of atmospheric models.



ACID DEPOSITION MODELING PROJECT

MESOSCALE METEOROLOGICAL MODELING

As head of the meteorology group of ADMP, Richard Anthes partici-
pated in adapting the Pennsylvania State/NCAR mesoscale model to the
acid deposition modeling system. The two main goals of the meteorology
group are (1) to develop a meteorological model that embodies all phys-
ics relevant to the transport and removal of acid products in the atmo-
sphere, and (2) to examine the theoretical uncertainties associated with
predictions or simulations on regional scales. Knowledge of this sto-
chastic component to deterministic predictions is important before such
models are applied to assessment problems.

Y.-H. Kuo (AAP), a long-term visitor from Pennsylvania State Uni-
versity beginning in January 1982, completed his Ph.D. research on as-
pects of the influence of mesoscale moist convection on larger scales.
After joining AAP in June of 1983, he assumed primary responsibility for
the regional-scale meteorological model development within the meteoro-
logical group of ADMP. This model will provide the meteorological
fields which will drive the chemical transport model under development
within the project.

In collaboration with Anthes, David Baumhefner (AAP), Thomas Bettge
(AAP), and Ronald Errico (AAP), Kuo has also been conducting numerical
experiments on mesoscale predictability. The main objective is to un-
derstand the uncertainties associated with mesoscale model forecasts
within a three-day period and to define the ultimate limit of forecast
skill a mesoscale model can achieve. Recent results indicate that meso-
scale forecasts are more sensitive to the lateral boundary conditions
than to small-scale details in the initial conditions. These results
imply that better mesoscale forecasts in the time range of 24-72 h over
the central United States, for example, are more likely to stem from
improved observations over the Pacific Ocean than from increased obser-
vation density over the continental United States.

Ronald Errico (AAP) developed a nonlinear normal mode initializa-
tion scheme, based on the Community Forecast Model (CFM) initialization
formulation, to be applicable to the Pennsylvania State/NCAR regional
forecast model. The package consists of several codes to analyze CFM
fields, to interpolate those fields to mesoscale grids, and to determine
spectra. The latter will be used in conjunction with experiments relat-
ing global and mesoscale model predictability limits. These studies are
being conducted in cooperation with Anthes, Baumhefner, Bettge, and Kuo.

E.-Y. Hsie from NOAA is a long-term visitor to the project. He has
been working with Kuo in improving the physics of the model. In an ef-
fort to improve the precipitation physics of the meteorological model,
he is adding the prognostic equations for cloud water and rain water
into the meteorological model. In collaboration with Kuo, Stanley Ben-
jamin (AAP), and researchers at Pennsylvania State University, Hsie has
been working on the recoding of the meteorological model. The purpose
of the recoding is to take advantage of the large core available on the
CRAY-1 computer and to transform the model into a modular format. The
essential physics and numerics will be the same as the previous code.
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It is expected that the new code will be more user-friendly and more
efficient.

Wyngaard has proposed a "mean gradient closure" for scalar trans-
port in the convective planetary boundary layer (PBL). This was moti-
vated by recent results from large-eddy simulations indicating that the
eddy diffusivity for scalar diffusion through the top of a convective
PBL is different from that through the bottom. This new formulation
then leads to an analytical parameterization which is computationally as
simple as the more traditional mixed-layer module, but is physically
more realistic. He believes it can accurately describe the profiles of
humidity, carbon monoxide, ozone, and other trace species distributions
in the convective boundary layer.

Philip Haagenson has derived a climatological base required for se-
lection of appropriate cases from the observed occurrences of "synoptic
types" in Ohio, Pennsylvania, New York, and southeast Canada during the
period 1975-1980. For wet deposition, synoptic types are stratified ac-
cording to precipitation amount, season, and the location of precipita-
tion relative to the frontal structure (air mass sector) of the weather
disturbance. For dry deposition, synoptic types were stratified by hu-
midity, surface winds, and season.

CHEMISTRY OF ACID TRANSFORMATION AND DEPOSITION

We have devoted major effort to the evaluation of the current
literature related to the SOx and NOx oxidation pathways. Calvert,
William Stockwell (ACAD), Brian Heikes (ACAD), Volker Mohnen (State
University of New York, Albany), and J. Alistair Kerr (University of
Birmingham, England) have jointly carried out this study. Kerr, in
particular, has focused on several of the gas-phase reactions which have
been identified as key processes in acid development, including the HO-
SO2 reactions and the H 202 formation reactions. In a joint paper, they
have attempted to identify the magnitude and potential significance of
the many gas-phase and solution-phase processes which occur to create
acids in the troposphere. This work stresses the many strong chemical
interactions among the different phases and discusses the importance of
each. Many processes have been reasonably well characterized, while
several remain highly uncertain. Among the seemingly important pro-
cesses are the rate constant for the N20 5-H 20 gas-phase reaction, the
striking coefficients for HO, HO2, NO3, and N205 on cloud droplets, and
the actual composition (both inorganic and organic components) of cloud
and rain water. The latter species influence strongly the rates of the
many potentially important cloud water reactions leading to acid genera-
tion.

Robert Chatfield (ASP) has initiated an important study on the role
of subgrid-scale transport and chemical reactions around isolated power
plants. He expects that grid-scale-averaged source functions introduce
errors that are as important as those due to uncertainties in selected
reaction rate coefficients for SO2 . Observations suggest the need for
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specialized smog chemistry different from the grid-scale-averaged chem-
ical descriptions.

Stacy Walters, in consultation with Chang, is developing a user-
friendly chemical kinetics simulation model to facilitate the evaluation
and construction of both the gas-phase and the aqueous-phase chemistry
modules. This model will allow the uninitiated user to experiment with
arbitrary chemical systems. It will help the user to choose the rele-
vant reactions, warning the user of potential inconsistencies, setting
up the differential equations, and then solving them under the condi-
tions set by the user. Chatfield is independently testing two schemes
for solving stiff chemical kinetics equations within the context of
mesoscale transport. He has found that both schemes need further de-
velopment; they are too slow to be of use in a full three-dimensional
regional acid deposition model.
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STAFF AND VISITORS

Staff

ADMP Project Office

Julius Chang (Director)
Daloris Flaming

System Integration and Validation

Julius Chang (Leader)
Hsiao-ming Hsu
Shaw Liu (NOAA)
Paulette Middleton

Mesoscale Meteorological Modeling

Richard Anthes (Leader)
David Baumhefner
Stanley Benjamin
Thomas Bettge
Ronald Errico
Philip Haagenson
Debra Hopkins
E.-Y. Hsie (NOAA)
Y.-H. Kuo
John Wyngaard

Chemistry of Acid Transformation and Deposition

Jack Calvert (Leader)
Robert Chatfield
Ralph Cicerone
Brian Heikes
Wi1 iam Stockwell
Anne Thompson
Stacy Walters

Visitors
,,

There were no long-term visitors to the project.
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Within the last few years the global nature of solar oscillations has
opened a new frontier in solar physics. For the first time, there is promise
that the properties of the solar interior may be revealed by self-consistent
models, fitted to the observed characteristics of the oscillatory spectrum of
the sun. If this promise is fulfilled, we may expect significant progress in
our understanding of the solar convective processes and their relationship to
the deep interior of the sun--and indeed, other stellar objects. Certainly,
developments in the area of solar oscillations have served to again emphasize
the context of solar physics in stellar astrophysics. As observational tech-
niques are expanded to include measurements of the oscillatory nature of other
stellar objects, we may anticipate a significant increase in our understanding
of the role of dynamo processes in the formation of the solar atmosphere. The
High Altitude Observatory's (HAO) current activity in this area has focused
upon the continued development of more realistic descriptions of the solar
convection-dynamo problem, currently including the properties of a compressi-
ble fluid, and the generation of a new observing instrument, the Fourier
tachometer (FT II), in collaboration with the National Solar Observatory
(NSO). The results from both efforts will begin to be felt in the next
several years.

In the outermost solar atmosphere--the solar corona--new results on
topics of solar activity have continued to illuminate our understanding of
coronal mass ejection transients. These events are not only an important form
of solar activity; they also provide an example of large-scale, rapidly
developing changes to magnetic fields and material in the solar atmosphere.
Recent interpretation of new (but indirect) observations of a coronal tran-
sient have allowed us to suggest that reconnection processes may be present in
the expulsion of material from the sun. If this is generally the case, it
offers guidance in our efforts to determine the nature of the expulsion forces
themsel ves.

The specification of the nature of the magnetic field structure in the
lower solar atmosphere remains a high priority in HAO studies, and significant
progress has been made in our understanding of the effects which govern the
formation of the spectral lines in the presence of magnetic fields in this
region of the atmosphere. Particularly, efforts to include magneto-optical
effects in the analysis of previously determined spectral profiles have proven
fruitful, and new techniques have been developed to interpret such profiles
under a variety of simulated conditions. Initial efforts to numerically model
the interaction of hydrodynamic flow, radiation, and magnetic fields in the
lower solar atmosphere have begun. Such studies are essential for the future
interpretation of the interaction between fluid flows and magnetic fields in
the solar atmosphere. Important data in this area will result from the next-
generation Stokes polarimeter, presently under detailed definition.

These efforts, and the others described in the following pages, are car-
ried out within the three scientific sections of HAO--Solar Variability,
Coronal/Interplanetary Physics, and Solar Atmosphere and Magnetic Fields.
They are part of an attempt by HAO to mount a balanced program of theoretical,
interpretive, and experimental efforts.
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The past year's efforts have resulted in 125 publications by HAO staff
members and their colleagues, representing broad and substantial progress in
solar physics, solar-terrestrial physics, and related stellar astrophysics.

SOLAR VARIABILITY SECTION

During 1983, progress was made by HAO staff and colleagues in a variety
of areas in solar variability. The solar differential rotation has been
predicted using the newly developed compressible global convection models, but
several new questions for the future have been raised by the results. The FT
II is now being subjected to final modifications in the optical train at
Sacramento Peak Observatory. A variety of data analysis routines for the
forthcoming tachometer data have also been worked out. Significant variations
have been found in the sunspot rotation rate as a function of phase in the
solar cycle. Challenges to the evidence for the existence of the Maunder
Minimum have been rebutted. Contrast values of spots and faculae have been
demonstrated to be the major uncertainty in interpreting the Solar Maximum
Mission (SMM) record of luminosity fluctuations. Further study has been made
of possible connections between solar variability and climate. A conflict has
been found between theory and observations of the modulation of cosmic rays by
the interplanetary medium. Differences between ionospheric current systems
induced by solar and lunar tidal forcing have been examined. An agreement has
been reached with Lowell Observatory and other collaborators to develop a new
stellar variability instrument and carry out cooperative observations. A sig-
nificant fraction of Pleiades stars have been shown to have luminosity varia-
tions of ±5% or greater. A very inexpensive special-purpose telescope has
been built to measure stellar scintillations, as a prelude to stellar acoustic
oscillations measurements.

Modeling the Global Circulation and Dynamo

In March of 1983, calculations were begun by Peter Gilman with the new
compressible version of the model for convectively driven global circulation
on the sun. This effort was aided significantly by the installation of the
second CRAY-1 computer at NCAR. Using this new version of the model, Gilman
is able to predict the observed surface differential rotation of the sun,
using as input only the solar luminosity, the solar rotation rate, and simple
assumptions about the small-scale turbulent transport of heat and momentum.
In many respects, the detailed solutions resemble those from the earlier
incompressible version of the model.

The model results point to a number of important scientific questions yet
to be resolved. For example, as with the incompressible version, the model
predicts that angular velocity decreases with depth in the convection zone,
being roughly constant on cylinders concentric with the axis of rotation.
Dynamo calculations using this profile predict that the toroidal magnetic
fields would migrate toward the poles, opposite to the observed migration of
the zone of sunspots through the solar cycle. This means that there is a
serious error either in the fluid dynamical calculation, which Gilman doubts,
or in the assumptions made for the dynamo calculation. In particular, if the
seat of the solar dynamo is not in the bulk of the solar convection zone but

72



HIGH ALTITUDE OBSERVATORY

rather in a thin layer just below it, then the dynamo models developed so far
may have to be modified in major ways. This possibility has led Gilman, in
part with Edward DeLuca (HAO graduate assistant), to look for new approaches
to the solar dynamo problem based on the concept of a thin-layer dynamo or
torsional oscillation residing at the interface between the solar convection
zone and the radiative interior.

Observations of Global Flows

Timothy Brown's main effort during FY 83 has been the development and
installation of the FT II, an instrument being built in collaboration with
Sacramento Peak Observatory (now part of the National Solar Observatory) to
measure velocity fields in the solar atmosphere. Although the traditional
"first light" milestone has been passed, a number of problems requiring signi-
ficant reworking have been discovered. These are currently being addressed,
with reassembly and subsequent testing expected in January 1984.

Brown has been engaged in a number of activities intended to facilitate
the analysis of FT II data when they become available. One of the greatest
problems with ground-based data on solar oscillations arises because there are
inevitable gaps in the data strings resulting from clouds and the diurnal
cycle. Brown has experimented with a number of ways of minimizing the effects
of these gaps using autoregressive (also called maximum-entropy) models to
reconstruct the data within the gaps. The most successful of these methods
appears to work exceedingly well provided that (a) the gaps are not too long,
and (b) the signal-to-noise ratio in the original data is high. In collabora-
tion with Jorgen Christensen-Dalsgaard (HAO visitor, Astronomisk Institute,
Denmark), Brown has done a series of blind experiments using this method on
synthetic data strings. These tests place quantitative limits on the quality
of the data that one might expect from the FT II, and provide quidelines for
the reconstruction of missing oscillations data. A similar analysis, in col-
laboration with Christensen-Dalsgaard and Barbara Mihalas (HAO visitor,
Sacramento Peak Observatory), has shown that plausible synthetic ground-based
observations with an 80% duty cycle can be interpreted to yield accurate
oscillation frequencies and rotational frequency splittings.

Another project of major importance for the analysis of FT II data is the
development of a computationally efficient method for applying spatial filters
to the observed two-dimensional velocity data. Brown and Christensen-
Dalsgaard have devised and tested a method for generating and applying such
filters, combining spline interpolation, Fourier transforms, and recursively
generated Legendre transforms to compute filter outputs that are near optimum.
Further, their technique is at least a factor of ten faster than other
methods.

In Gilman's collaboration with Robert Howard (Mount Wilson and Las Campa-
nas Observatory), the entire Mount Wilson white-light plate collection for
1921-1982 has now been measured to give positions and areas of individual sun-
spots. They have used a pattern recognition process to determine the next-day
returns of sunspots so that the rotation rates and latitude drifts of indivi-
dual spots could be calculated. The results indicate systematic variations in
rotation rate with phase in the solar cycle. They also find independent evi-
dence for all the rotation rate changes in north and south hemispheres. The
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amplitude of these oscillations is a factor of two to five larger than that of
the well known "torsional oscillations" found by Howard and Barry LaBonte
(Mount Wilson and Las Campanas Observatory) from the Mount Wilson doppler-
grams. They imply periodic exchange of angular momentum between the solar
photosphere and deeper layers of the convection zone. The physical mechanism
involved is as yet unknown. But since the oscillations are linked to the
solar cycle, the mechanism presumably is also, so understanding the origins of
these oscillations should provide important clues to the workings of the solar
cycle.

Observations of the Solar Cycle

One of the principal bases for long-term solar variability is the pur-
ported suppression of solar activity during the Maunder Minimum, between about
A.D. 1645 and 1715. In recent years a number of papers have called attention
to historical evidence that seemingly contradicts the claim that sunspots or
aurorae were unusually sparse at the time. John Eddy has reexamined these
reports in an attempt to judge them in the context of the evidence on which
the original claims for the Maunder Minimum were based. He finds that neither
these nor any other of the papers in question challenge the published descrip-
tion of the period. In one report in which 21 possible naked-eye sunspots are
reported, Eddy finds that 15 of the 21 new naked-eye sunspots fall outside the
years of the Maunder Minimum; three of the six remaining coincide with
telescopic reports from Europe of the same period. This leaves at most three
"new" old sunspot reports in the 70-year period to add to the 600 to 1,000
that were already known. Eddy feels that tree-ring radiocarbon is now a
well-founded proxy of solar activity during the Maunder Minimum and in prior
eras, and that it and the new measurements of beryllium-10 in Arctic and
Antarctic ice cores leave little room to question the reality of major secular
changes in the level of solar activity.

Luminosity Variations and Climatic Response

Precision measurements of the solar constant (S) from the SMM and Nimbus
spacecraft have amply demonstrated that this fundamental parameter is modu-
lated, at the level of about 0.1%, by surface activity on the visible hemi-
sphere of the sun. Most specifically, an excellent correspondence is found in
comparing projected sunspot area with obvious dips in the daily record of S,
implying that the outward flux of energy is in some way blocked by the pres-
ence of sunspots. The role of photospheric faculae in redistributing all or
part of this blocked energy is as yet unclear and controversial.

Eddy and Douglas Hoyt, with Hugh Hudson (University of California, San
Diego), have made a detailed examination of the uncertainty in the most dom-
inant and most easily measured parameter, projected sunspot area, for the 1980
test period of SMM ACRIM observations. They also examined the impact of this
uncertainty on published interpretations of solar constant observations for
the same period. They find that the daily measurements reported in the most
commonly used source of these data, the NOAA Space Environment Laboratory
reports, are consistent with the other sets to within about 9%, with the
greatest uncertainties at times of lowest sunspot numbers. The calculated
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visibility loss due to restricted seeing at the limbs of the sun is not more
than 13% of the reported sunspot areas. The resulting systematic error in
modeled values of S will be less than 0.007%. Their study implies that
knowledge of sunspot areas, though imperfect, is not the major cause of uncer-
tainty in interpreting accurate S values. Far less known are individual con-
trast values of sunspot umbrae and penumbrae, and the areas and contrasts of
photospheric faculae.

Ronald Gilliland, in collaboration with Stephen Schneider and Danny Har-
vey (both of the Advanced Study Program), has continued to pursue analysis of
historical records of climate to elucidate the roles of various external fac-
tors which influence climatic change. Use of an energy balance model with
land-sea, surface-air, and hemispheric resolution in conjunction with a new
data set of Southern Hemisphere mean surface air temperatures over the past
century has reinforced Gilliland's earlier claim of a solar luminosity forcing
of %0.3% over 80 years based on a much simpler analysis. Although responding
separately to Northern and Southern Hemisphere volcanic events, data from the
two hemispheres show evidence of comparable, in-phase forcing at the 80-year
time scale.

Gilliland and Eddy have found further evidence in support of an 11-year
signal in surface air temperatures through analysis of monthly temperatures
compiled on a grid of 5° latitude by 100 longitude. The present results con-
firm earlier work of Currie for the United States and find similar behavior
over the central Asian continent. However, Gilliland and Eddy find that for
the months of maximum signal (June and July for the United States and Asia,
respectively) a large phase shift as a function of longitude exists with the
same sign and amplitude over both continents. In the Southern Hemisphere less
reliable data suggests a longitude effect of the opposite sign. While not yet
understood, the existence of a longitudinal phase shift is suggestive of
dynamical feedback processes, and may explain why analysis of temperature
records averaged over longitude do not show a solar cycle dependence.

Solar Diameter Instrument

Brown has continued to oversee the collection of data with the solar
diameter monitor. On the basis of the first year's observations, it is
expected that this data set will be long enough to begin addressing astrophy-
sical questions by about mid-1984.

Galactic Cosmic Rays and the Heliospheric Current Sheet

Gordon Newkirk, in collaboration with John Lockwood and Lennard Fisk
(both of the University of New Hampshire), has been analyzing the gradient of
cosmic rays with respect to the heliospheric current sheet in the attempt to
clarify the mechanisms of cosmic ray propagation in the heliosphere. Using
the method pioneered by Arthur Hundhausen and Xue-Pu Zhao (Beijing University,
China) to determine the position of the coronal current sheet, and by exten-
sion the location of the current sheet in the inner heliosphere, they have
determined latitudinal cosmic ray gradients during the past one and one-half
solar cycles. They conclude that:
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1) 5-GeV cosmic ray fluxes decrease by 1-3% over the first X440° away
from the current sheet at 1 AU during relatively quiet periods of solar
activity.

2) During periods of high solar activity no consistent gradient is
apparent. However, it cannot be determined whether this situation
reflects the true gradients or the breakdown of the technique of locating
the current sheet.

3) During those years when the gradient can be determined (all but the
most active years), it appears to have the same value. There is no solar
cycle dependence in the latitudinal gradient even though the total flux
of cosmic rays varied by "10% and the interplanetary magnetic field
switched sign in 1969 and in 1980.

These empirical conclusions are at variance with the currently accepted
models of cosmic ray propagation and modulation. If, as many physicists
believe, propagation of cosmic rays of these energies are dominated by drifts
produced by the gradient and curvature of the magnetic field, a negative gra-
dient would be a natural consequence of the tilt of the current sheet to the
rotation axis of the sun. However, the gradient would be expected to change
markedly when the heliospheric magnetic field reverses sign near solar max-
imum. Although the early data are of poor quality, no evidence for such a
change was observed in 1969. The more recent high-quality data are being pro-
cessed as they become available. However, no signature of the expected
dramatic change in cosmic ray latitudinal gradient around 1980 has yet emerged
as solar activity gradually subsides.

Geomagnetic Response to Solar Variability

In order to investigate terrestrial responses to solar variability,
Sadami Matsushita and Wen-Yao Xu (HAO visitor, Academia Sinica, China) have
previously estimated equivalent ionospheric current systems of the solar daily
geomagnetic variations, S, in both high and mid-low latitudes during a solar
active period for three seasons (winter, equinoxes, and summer) and for the
yearly average. To compare the above results with those on lunar effects,
they have estimated equivalent ionospheric current systems of the lunar daily
geomagnetic variations, L, under the same condition as for the solar daily
variations. The current intensity of L is approximately 10% that of S. Clear
convective currents at high latitudes are found in addition to the well-known
mid-low latitude current system. They examine field-aligned electric
currents, as well as the wind dynamo effect, which produce the obtained elec-
tric current systems for the semidiurnal variation. They conclude that the
wind dynamo plays a basic role in producing the current system at high lati-
tudes, since lunar effects on the field-aligned current distribution are dif-
ficult to explain.

Matsushita and Xu have also examined seasonal variations of L-eauivalent
current systems. They find that the phase of the current in local winter fre-
quently shifts, to a large extent, relative to the yearly average current sys-
tem. This anomalous behavior during solstitial months, particularly in
winter, is caused by lunar tidal wind variations.
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Tomikazu Namikawa (Osaka City University, Japan) and Matsushita have
investigated propagation characteristics of hydromagnetic waves in a cold
plasma mixed with a hot plasma under a uniform magnetic field. The existence
of cold plasma seriously affects the polarization properties of the waves.
The results are applied to the interpretation of certain pulsations with
right-hand polarizations guided along the geomagnetic field line.

By means of the geomagnetic data at about 60 stations along six IMS
(International Magnetosphere Study) meridian chains in the northern polar
region, equivalent and real electric current systems, electric potential dis-
tributions, field-aligned currents, and joule heating rates have been
estimated by Matsushita and several colleagues--Yohsuke Kamide and Arthur
Richmond of the National Oceanic and Atmospheric Administration, Syun-Ishi
Akasofu of the University of Alaska, and others--for March 1978 and 1979. The
results have been compiled in the form of 16-mm computer-plotted color movies,
where substorm effects have been clearly exhibited.

Stellar Variability

Since the discovery by Olin Wilson at the Mount Wilson Observatory of
analogs of solar cycles in other solar-type stars, astronomers have realized
the potential great importance of systematic observations of stellar cycles to
the development of stellar dynamo theory. Subsequent intensive observations
at the Mount Wilson Observatory by a team of investigators led by Arthur
Vaughan demonstrated that it is also possible to determine stellar rotation
rates from the rotation-induced modulation of magnetically produced emission-
line fluxes. In principle, it is possible to reconstruct a plausible time-
history of the sun's magnetic cycle behavior from observations of solar-like
stars of various ages (ranging from very young to very old--some even older
than the sun).

In collaboration with Lawrence Ramsey (Pennsylvania State University), G.
Wesley Lockwood (Lowell Observatory), and Richard Radick (Air Force Geophysi-
cal Laboratory and Sacramento Peak Observatory), a team of HAO scientists
(Richard Fisher, Gilliland, Robert MacQueen, and Dimitri Mihalas) has begun
the development of an advanced fiber-fed spectrograph to monitor stellar
cycles and to measure stellar rotation rates. The observations will be car-
ried out at Lowell Observatory under the terms of a recently concluded
HAO/Lowell Observatory cooperative agreement. At present these astronomers
are attempting to resolve technical design issues; it is anticipated that the
design will be finalized and construction will begin in early FY 1984.
Software development and instrument integration will occur in late FY 1984,
with the goal of obtaining the first observations in calendar 1985.

In collaboration with D. Mihalas and Fisher, Gilliland has used the
existing Mount Wilson Observatory data set of stellar chromospheric emission
indices to examine the extent to which information on rotation rates, dif-
ferential rotation, and activity region properties can be obtained. Initial
results suggest that the observations planned for the stellar variability pro-
gram with Lowell Observatory could be degraded without compromising derivation
of rotational periods, but differential rotation determination and active
region modeling require higher-quality observations.
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Gilliland has also initiated a collaboration with John McGraw of the
University of Arizona to study broadband photometric variations in solar-type
stars on time scales from days to years beginning in FY 1984. A special pur-
pose transit telescope developed by McGraw will measure stellar intensities in
five color bands to a nightly precision of 0.2-0.5%. The primary goal is to
quantify the range of variations as a function of time scale and stellar spec-
tral type.

Eddy, in collaboration with Lee Hartmann (Harvard-Smithsonian Center for
Astrophysics), has continued his study of secular variations in young stars of
the Pleiades cluster using the historical plate collection of the Harvard Col-
lege Observatory (HCO). The goal of this year's analysis program was a one-
plate-per-year sampling of the Series AC plates in the HCO archives, to test
the degree of variability among stars of early spectral classification and to
refine the sensitivity of the densitometer analysis programs used in data
reduction. Material for both tests have now been reduced with encouraging
results: a significant fraction of the 150 stars sampled demonstrate signifi-
cant variation at the +5% luminosity level or greater. New efforts will
probe to lower levels of intrinsic stellar brightness, down to the 13th or
14th magnitude.

There is growing interest in the possibility of measuring acoustic oscil-
lations on other stars. One possible means for doing this is via differential
photometry: in integrated light a single oscillation mode causes relative
brightness variations of a few parts in 10 . The principal impediment to
observing such a signal is scintillation caused by the earth's atmosphere.
Brown, working with Tom Baur and Lee Lacey, built a special-purpose telescope
with an effective aperture of 2.4 by 0.2 m, designed to allow scintillation
measurements of Polaris. Observations with this telescope have now begun, and
should soon yield information on the validity of our current picture of scin-
tillation seen with large apertures.

CORONAL/INTERPLANETARY PHYSICS SECTION

The broad, long-range goal of the Coronal/Interplanetary Physics Section
remains that of understanding the physical properties and processes determin-
ing the state of the solar corona and its interplanetary extension, the solar
wind. Studies within the section have been pursued in 1983 in three arenas--
through observing programs using both ground-based and space-borne instru-
ments, through interpretive studies of solar and interplanetary data stemming
from our own observing programs as well as those from outside of NCAR, and
through a strong theoretical effort aimed at the basic understanding of
coronal and interplanetary physics. Some of our studies extend beyond the
coronal-interplanetary environment to closely related space and astrophysical
systems where similar physical processes play an important role.

Structure and Slow Evolution of the Corona and Interplanetary Medium

The structure of the solar corona and interplanetary medium is organized
by the large-scale solar magnetic field. The relatively slow variation of
this field leads to a time variation of several coronal and interplanetary
structures which is sufficiently slow that it can be described as a succession
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of stationary (time-independent) states. Stationary structures are much
easier to study, both observationally and theoretically, than are rapidly
evolving structures, and their study is necessary to provide an understanding
of the background medium in which rapidly evolving phenomena occur. It is
appropriate, therefore, that a great deal of attention has been and continues
to be devoted to such structures. Studies of coronal structures such as
long-lived holes, streamers, and rays, and of related interplanetary struc-
tures such as recurrent high-speed streams, magnetic sectors, and magnetic
neutral sheets, have led to some of the most significant recent advances in
coronal and interplanetary physics.

Both the coronagraph/polarimeter (C/P) on the Solar Maximum Mission (SMM)
and the Mark III K-coronameter at the Mauna Loa Observatory (MLO) provide
means of observing coronal density structures and their evolution over time.
Lewis House and Rainer Illing have made use of C/P data to construct a synop-
tic map of coronal density structure over a full solar rotation. This map has
allowed the identification and isolation of long-lived coronal streamers and
the determination of their evolution and rotation rate. Because the data were
obtained near solar maximum, several structures exist at high latitudes, and
some of these are actually visible over the entire solar rotation, which
should permit rather accurate phenomenological modeling. Such modeling will
be aided by a numerical code developed by House, which calculates the radia-
tion scattered and emitted by a specified three-dimensional coronal density
distribution.

Another synoptic study was carried out by Fisher, David Sime, and Paul
Seagraves, in collaboration with Marie McCabe and Donald Mickey (both of the
University of Hawaii), using data obtained during the summer of 1982 at both
MLO and Mees Solar Observatory. The period chosen for the study turned out to
be rather remarkable in that the level of the solar activity observed varied
over a range comparable to that usually characterizing an entire solar cycle.
The principal conclusion of this study was that there existed during that
period a significant correlation between the inferred mass of the solar corona
and the Ca II K-line plage area. If this result proves general, it offers the
possibility of using Ca II K-line observations of other stars as a proxy for
less readily obtainable coronal observations. A similar study carried out by
Sime, Fisher, McCabe, Mickey, and Eric Yasukawa in connection with the 11 June
1983 eclipse indicates that the relation between coronal polarization bright-
ness and Ca II K-line plage area holds a year later, during a period of more
usual solar activity. (See also the discussion in the Solar Atmosphere and
Magnetic Fields Section.) The eclipse expedition carried out in conjunction
with this second synoptic study used both a white-light eclipse camera and a
newer Fe XIV coronal camera, which provide the possibility of determining both
the large-scale density and velocity structure of the corona; the data from
this expedition are still being analyzed.

The development of three-dimensional phenomenological models of coronal
structures provides the opportunity for significantly improved physical under-
standing if theoretical models of such structures can also be developed.
Robert Rosner (Harvard-Smithsonian Center for Astrophysics), Boon Chye Low,
and Thomas Holzer have reviewed the recent theoretical progress in this area,
and Low has extended his own three-dimensional magnetostatic model of the
solar atmosphere by relaxing the constraint that the magnetic field lie in
parallel vertical planes, thus enabling treatment of more realistic field
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topologies. Using a new set of magnetostatic solutions characterized by uni-
form gravity, a vertical magnetic tension force, and a vertically varying
total pressure, Low has constructed a model suggestive of inhomogeneous quies-
cent prominence structure comprising local density enhancements and depletions
embedded in a sheared magnetic field. Low, Hundhausen, and You-Qui Hu
(Chinese University of Science and Technology, China) have an ongoing project
to study similar three-dimensional magnetostatic solutions. A different topo-
logical picture of quiescent prominences has been suggested by Gerald Pneuman,
who has considered the possibility that prominence material is contained in
the nested loops of the upper half of a "figure 8" magnetic topology, which is
presumably produced by the slow upward distension of a bipolar magnetic region
into the corona.

Coronal structures, of course, connect to interplanetary structures, and
an integrated view of the corona and interplanetary medium must take this con-
nection into account. The interplanetary counterparts of long-lived coronal
spatial structures (e.g., high-speed solar wind streams and the associated
magnetic sector structure) appear to an interplanetary spacecraft as time
variations 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 dur-
ing the past sunspot cycle, so the importance of obtaining an accurate global
view of coronal-interplanetary structure seems clear.

It appears that during much of the solar cycle (except near solar max-
imum) coronal-interplanetary structure is organized by a near solar-equatorial
neutral sheet, and because of the nearness of the ecliptic plane to the solar
equatorial plane, modest variations of the neutral sheet structure can produce
substantial variations in the solar wind structure observed by spacecraft
(whose orbits lie near the ecliptic plane) and felt by planetary magneto-
spheres. There is thus a need for an accurate determination of the inter-
planetary neutral sheet structure, and this is perhaps best accomplished by
considering solar coronal observations, as has been done in the past by Hun-
dhausen and his colleagues. Inferences of neutral sheet structure can be
drawn directly from K-coronameter observations or from the extrapolation of
the observed photospheric magnetic field to coronal heights with a potential
field model. Roberto Bruno (Istituto di Fisica, L'Aquila, Italy), Leonard
Burlaga (NASA-Goddard Space Flight Center), and Hundhausen have carried out a
much more extensive, careful, and quantitative comparison of these two methods
than was provided in their earlier paper, and they still find better agreement
of interplanetary observations with K-coronameter observations than with
potential field models. Hundhausen has further compared the interplanetary
sector boundaries associated with high and low neutral sheet inclinations
(relative to the solar equatorial plane) inferred from the near ecliptic
region of K-coronameter maps. He finds that each inferred high neutral sheet
inclination corresponds to a single, sharp sector boundary passage and a sec-
tor boundary normal lying nearly parallel to the solar equatorial plane,
whereas each inferred low neutral sheet inclination corresponds to multiple
crossings of the sector boundary and erratically inclined normals at these
crossings.

An earlier study by Zhao and Hundhausen of the variation of solar wind
speed with distance from the heliospheric neutral sheet has been expanded by
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Newkirk to cover the entire solar cycle. He finds that the typical profile of
solar wind speed has a minimum of 350 km/s at the neutral sheet and rises to a
plateau of 600 km/s at and beyond + 350 from the sheet. A review of inter-
planetary scintillation observations by Sime indicates that Newkirk's result
is consistent with these observations. Newkirk finds further that near solar
maximum a simple neutral sheet organizing the solar wind flow speed does not
seem to exist. During the remainder of the cycle the neutral sheet organiza-
tion is clear and the high-speed plateau lies nearest the neutral sheet at
solar minimum, when the polar coronal holes are largest.

If the solar wind speed varies as a function of solar longitude (e.g., if
the heliospheric neutral sheet does not lie exactly in the solar equatorial
plane), then high-speed solar wind streams will evolve nonlinearly as they
propagate out through the solar system. Victor Pizzo, who has studied this
stream evolution problem for several years, presented a review of his and oth-
ers' results. Using new calculations from his two-dimensional heliospheric
model, he demonstrated that by about 10 AU from the sun, large, corotating
velocity structures disappear, giving way to pressure waves bounded by shock
pairs, which continue to interact for many tens of AU and may play a signifi-
cant role in cosmic ray modulation. He also noted that modest temporal
changes in the near-sun solar wind associated with slow coronal evolution may
be the mechanism responsible for inhibiting corotating shock pair formation
inside 1 AU.

Coronal Mass-Ejection Transients

There are, of course, many observed coronal phenomena that are obviously
time-dependent and cannot be adequately described by a series of steady-state
coronal structures. The study of such phenomena is difficult, demanding
observations with adequate temporal resolution to delineate the time-
dependence, interpretive tools adequate to cope with temporal changes and the
implied volume of data, and theoretical models involving an additional
independent variable. A time-dependent coronal phenomenon of major importance
in the HAO research program is the coronal mass-ejection transient (CME). The
basic properties of CMEs have been described in previous Annual Scientific
Reports and have recently been reviewed by William Wagner.

During the past year, a number of statistical studies of CMEs have been
carried out. Hundhausen, together with the SMM C/P team (House, Illing, Con-
stance Sawyer, and Wagner), has reexamined (see last year's Annual Scientific
Report) the question of the relative rates of occurrence of CMEs during the
Skylab (near solar minimum) and SMM (near solar maximum) epochs, and he has
found that the increase in rate from Skylab to SMM is only about 20%, despite
the fact that there is a factor-of-six increase in solar surface activity
(flares and sunspot number) from Skylab to SMM. Wagner has suggested that the
lower than anticipated CME frequency observed by SMM could be due to the pos-
sible difficulty in detecting a CME in a coronal region recently disrupted by
a mass ejection. The question of detectability has also been addressed by
House and Illing, who suggest that the use of a so-called high-time-resolution
synoptic coronal map can increase one's ability to see a CME (such maps were
not available for the present study of CME rates). Evidently, there remain
questions to be resolved in this area,
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Another type of statistical study carried out this past year involves the
association of CMEs with other solar phenomena. The C/P team considered asso-
ciations with H a, X-ray, and radio events and found that a significant frac-
tion of CMEs was not associated with other energetic solar events--a result
consistent with that obtained in a similar study of the Skylab data. It is
not clear, however, just how sensitive the results of this type of statistical
study are to the criteria used in defining an association; further examina-
tion is required. Another type of association study was carried out by Fisher
using data from the Mark III K-coronameter. He found that ten of the 11 CMEs
considered originated in a region overlying a line-of-sight neutral line in
the photospheric magnetic field. These associations can be considered rather
more reliable, because of the low altitude at which the K-coronameter can
observe. Yet another association study, this time between CMEs and changes in
the orientation of the lower coronal magnetic field, has been undertaken by
Newkirk and Jean Arnaud (Advanced Study Program visitor, Observatoire de
Toulouse, France), who are using data from SMM, the Mark III K-coronameter,
and the HAO coronal emission line polarimeter (KELP).

Perhaps the most significant result obtained from a statistical study
this past year was found by MacQueen and Fisher, who studied the radial velo-
city profiles (between 1.2 Ro and 2.2 Ro) of several CMEs, some of which were
associated with solar flares and the rest of which were associated with erup-
tive prominences. MacQueen and Fisher discovered that those mass ejections
entering the field of view (at 1.2 R0 ) with relatively low speeds and
accelerating rapidly out to 2.2 RQ were associated with eruptive prominences,
while those entering the field of view with high speeds and showing no appre-
ciable change in speed before leaving the field of view were associated with
flares. It follows that the primary acceleration region for flare-associated
CMEs is very near the solar surface, and these mass ejections evidently
require a locally large, essentially impulsive energy input. In contrast, the
CMEs associated with eruptive prominences exhibited flow speed profiles quite
similar to that expected for a thermally driven solar wind, so that these CMEs
require a much more modest local energy input over an extended radial range,
much like the energy input corresponding to the conversion of internal energy
to flow energy through the action of a thermal pressure-gradient force, which
is largely responsible for driving the solar wind.

In addition to these statistical studies, there have been a number of
studies of individual CMEs. One of the more interesting of these involved an
event examined by Illing and Hundhausen, in which after most of the mass in a
relatively slow CME had passed out of the field of view, a concave-outward
loop structure passed through the field of view. This "inverted loop" was
interpreted as resulting from magnetic-field-line reconnection associated with
the pinching-off of the CME at its base and the consequent magnetic disconnec-
tion of the CME from the solar surface. If this interpretation is correct,
and if this sort of disconnection is a general property of CMEs, then a prob-
lem associated with Skylab CME observations can finally be resolved. MacQueen
has emphasized that the lack of disconnection of CMEs from the solar surface
(disconnection was not generally indicated by Skylab observations) would
imply a much larger magnetic flux in interplanetary space than is observed.
It seems likely that SMM is better able to detect disconnection events than
was Skylab because of better time resolution in the SMM observations. Even
with this improved time resolution, it is possible that disconnection events
will only be observable for the relatively slow CMEs.
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A new class of transients has been discovered both in the inner and outer
corona. Using the Mark III K-coronameter, Fisher and Charles Garcia have
found a class of very slow CMEs, which may remain for as many as 15-20 hours
in the K-coronameter field of view. A similar class of slow CMEs has been
noted by Hundhausen in the SMM data. Another class of CMEs, which is charac-
terized by a large depleted region transported outward as an integral part of
the CME, and which was discovered some time ago by Fisher in the Mark III
data, has now been found in the SMM data by Illing.

As noted above, theoretical modeling of CMEs is more difficult than
modeling of stationary coronal structures because it requires the solution of
the time-dependent, rather than steady, equations of magnetohydrodynamics.
Past attempts at such theoretical modeling have been reviewed by Rosner, Low,
and Holzer. Low has recently made substantial progress in this area by
extending his study of the expulsion of magnetized plasma from the sun based
on analytic exact solutions of the polytropic, time-dependent magnetohydro-
dynamic equations. The general class of self-similar solutions found earlier
were analyzed systematically and explicit examples were constructed to satisfy
appropriate boundary conditions to match them across contact surfaces and
shocks onto the forward ambient coronal medium. A class of models so con-
structed produced structures in axisymmetry that may correspond to loops,
voids, blobs, and other structures commonly seen in white-light coronal tran-
sient events. The point of view emerged that the observed white-light tran-
sient structures may be plasmas carried in a global, fully developed nonlinear
outflow in the corona, perhaps as the result of some gravitational instability
in the corona. In Low's interpretation, wave-forms lie far ahead of the tran-
sient structures and their density structures are not readily detected in
white-light. Low's self-similar solutions include a class of spherically sym-
metric, time-dependent gasdynamic flows obtained by setting the magnetic field
to zero. These analytic solutions are new, describing time-dependent expan-
sions of atmospheres into a vacuum and into an ambient medium.

Another theoretical approach to the CME involves Pneuman's application of
the Schluter/Parker treatment of diamagnetic structures in an expanding mag-
netic field. His picture here is similar to that described above in relation
to his prominence model, in that the diamagnetic structure is presumed to be
formed by the rise and pinching off through reconnection of a bipolar magnetic
structure. This same approach is taken on a smaller scale, lower in the atmo-
sphere, by Pneuman and Peter Cargill (Advanced Study Program visitor, St.
Andrews University, Scotland), in their attempt to explain the observations of
"coronal bullets."

Solar Wind and Other Stellar Winds

Although the basic dynamics of the coronal expansion have been understood
for more than two decades, there remain some fundamental problems with our
understanding of energy transport in the coronal expansion and solar wind. As
pointed out in the review by Rosner, Low, and Holzer, there is no adequate
description of energy transport by thermal conduction in the solar wind; the
mechanism of nonthermal energy transport into the region of supersonic flow,
which is required to drive high-speed solar wind streams, is not understood;
and the mechanism whereby energy is transported through the lower solar atmo-
sphere and into magnetically open coronal regions remains a mystery.
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One approach to resolving some of these outstanding problems involves the
observation of the solar wind acceleration region, which lies within a few
solar radii of the solar surface. Richard Munro, together with John Kohl,
George Withbroe, and Heinz Weiser (the latter three of the Harvard-Smithsonian
Center for Astrophysics), is continuing the analysis and interpretation of
data from white-light and Lyman-alpha coronagraphs flown on rockets in 1980
and 1982 and is continuing preparation for the flight of a similar experiment
package on Spartan 2. The 1982 rocket flight presented the first opportunity
to observe a polar coronal hole, and analysis of velocity and temperature pro-
files in this hole are currently being carried out, with the hope of obtaining
the best observations yet of the acceleration region of a high-speed solar
wind stream. One characteristic of the solar wind acceleration region which
is not currently observable is its detailed flow (or magnetic) geometry. Low
and Kanaris Tsinganos (HAO visitor, Harvard-Smithsonian Center for Astrophy-
sics) have approached this problem by constructing analytic solutions describ-
ing an axisymmetric hydromagnetic flow from polar coronal holes. They are
currently examining the physical properties of these solutions and hope,
through comparison with observation, to be able to infer something about the
detailed structure of the polar solar corona.

The solar wind, of course, provides us with a laboratory for studying
microscopic plasma processes, and Stefano Migliuolo has been working in this
laboratory. He has examined the production of a wide range of waves by velo-
city shear, which is found in the solar wind particularly at stream inter-
faces, and he has considered the growth of lower hybrid waves in the presence
of an electron beam, which one expects to find throughout the solar wind as a
result of thermal gradients in a plasma where the electrons are not fully
collision-dominated. Migliuolo has found that although velocity shears can
produce interesting effects, those shears characteristic of stream interfaces
are not strong enough to supply adequate local free energy for substantial
wave growth. Migliuolo and Bruno Coppi (Massachusetts Institute of Technol-
ogy), however, have found that lower hybrid wave growth from electron beams
can be significant in low-6 regions, such as coronal holes, and the question
now arises whether these waves might be able to transfer a significant amount
of energy from the subsonic region to the supersonic region of solar wind flow
and thus lead to an increase in the asymptotic solar wind flow speed.

Many of the physical principles governing the acceleration of the solar
wind are also applicable to the acceleration of winds from the other stars,
although the detailed mechanisms of wind acceleration may be different. Keith
MacGregor has continued his studies of winds from both early- and late-type
stars. In collaboration with David Friend (Advanced Study Program visitor,
University of Colorado), he has investigated the effects of including rota-
tional and magnetic effects in basically radiatively driven winds from hot
stars. The numerical solutions to this mathematically very complex problem
have produced several interesting insights. Both the mass loss rate and ter-
minal flow speed of the wind can be substantially affected by the inclusion of
magnetic and rotational effects, which may give a clue as to why values of
both these parameters, observationally inferred for stars of the same spectral
type and luminosity class, exhibit considerably more scatter than a purely
radiation-driven wind theory would predict. The inclusion of magnetic fields
in the winds of rotating hot stars also has the effect of reducing the e-
folding time for angular momentum loss and thus provides a possible oppDDortun-
ity to determine an upper limit to the field strengths in these stars.
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MacGregor, Friend, and Gilliland have studied the evolution of a rigidly
rotating 30 M star with mass loss and wind-related rotational braking and
have concludes that observational evidence on the evolution of such stars pre-
cludes the presence of magnetic fields as large even as 100 gauss.

MacGregor has also continued with his studies of winds from late-type
stars, in an attempt to identify the physical mechanisms responsible for driv-
ing the cool, massive, low-speed outflows from late-type giants and supergi-
ants. In collaboration with Lee Hartmann and Eugene Avrett (both of Harvard-
Smithsonian Center for Astrophysics), he has applied radiative and hydrodynam-
ical theoretical diagnostics to observations of winds from such stars in order
to strengthen the observational constraints on acceleration mechanisms.
MacGregor has also begun an investigation of the possibility that the observa-
tions reflect the presence of cool, dense condensations ("clouds") injected at
the base of the wind as a result of the motions of large convective elements
at the stellar surface. Finally, MacGregor and Holzer have initiated a study
of thermally driven winds in these late-type stars, in response to yet another
surge of theoretical speculation in this area, and it is expected that a care-
ful study will finally lay to rest the notion that cool, massive, low-speed
winds from late-type giants and supergiants can be thermally driven.

Holzer, in collaboration with Egil Leer (HAO visitor, University of
Tromso, Norway), has begun preparation of a book on the physics of the solar
wind, which is expected to be completed next year. It is intended that the
book will deal with all the areas of coronal-interplanetary research discussed
above, as well as other standard areas of solar wind research.

SOLAR ATMOSPHERE AND MAGNETIC FIELDS SECTION

The solar atmosphere can be characterized as a turbulent radiating plasma
permeated by magnetic fields. In the photosphere, where the gases are only
partially ionized, energy is supplied mainly by diffusion of radiation from
the interior; motions are of moderate amplitude with respect to the local
sound speed; and the magnetic field is compressed by the fluid motions into
small flux tubes at the borders of convection cells. However, in the overly-
ing chromosphere and corona, where the ionization becomes essentially com-
plete, dissipation of mechanical energy provides the main energy supply;
motions are frequently of an amplitude comparable to the local sound speed;
and the magnetic field is sufficiently strong with respect to local dynamic
forces to channel the fluid motions. The complex interactions between the
radiating plasma, its flow characteristics, and the local magnetic field are
evident over the entire solar surface but are especially pronounced in active
regions. The enhanced magnetic flux in active regions, for example, is accom-
panied by enhanced radiation output as well as sporadic violent upward ejec-
tions of matter and sudden dramatic releases of energy (both thermal and non-
thermal) in flares. Similar phenomena occur on a reduced scale in quiet-sun
areas.

A major long-range goal of the Solar Atmosphere and Magnetic Fields Sec-
tion is to develop three-dimensional magnetohydrodynamic models of such
quasi-steady solar features as sunspots, plages, supergranule cell/network
structure, and the coronal expansion into interplanetary space. These models,
as currently conceived, will include energy and momentum balance. Their
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development presents a formidable challenge that will require several years of
effort and a step-by-step approach involving both theoretical and observa-
tional programs. The effort will include other sections of HAO as well as
outside collaborators.

A second major long-range goal of the section is to understand energy
transport in the solar atmosphere, including heating of the chromosphere and
corona and the transport of heat by thermal conduction and enthalpy flow.
These, too, represent formidable tasks whose achievement will require colla-
borative effort involving both theoretical and observational programs.

The expertise of the current staff of the Solar Atmosphere and Magnetic
Fields Section includes an approximately equal balance between radiative
transfer and magnetohydrodynamics. Samples of the research programs conducted
within the section over the past year include studies of magnetic and velocity
shear in active regions, spectral diagnostics of magnetic fields, magnetos-
tatic and magnetohydrodynamic sunspot models, three-dimensional magnetostat-
ics, hydromagnetic stability, stellar chromospheres, stellar mass loss, spec-
tral diagnostics of waves, and radiation hydrodynamics. Although there is no
current program in solar observations within the section, HAO has joined with
NSO, the Institute for Astronomy of the University of Hawaii, and the Univer-
sity of Sydney in a consortium to construct an advanced Stokes polarimeter
(Stokes III) for the observation of solar vector magnetic fields. Also,
members of the section are actively involved in the Solar Optical Telescope
(SOT) program. The design and operation of the Stokes III instrument as well
as other research activities in the section during the coming years will be
strongly influenced by the SOT. Additional observing programs are planned,
employing the International Ultraviolet Explorer and the soon-to-be repaired
SMM instruments.

Polarimetry

The Stokes consortium held two meetings this year devoted to the identi-
fication of instrument specifications and observational goals. The conceptual
design of new instruments or of possible modifications to existing instruments
to achieve the desired specifications is under continuing study by an instru-
ment group headed by Fisher, and comprised of Donald Mickey, Frank Orrall
(both of the University of Hawaii), Ray Smartt, and John Harvey (both of NSO).
Progress has been temporarily slowed by the uncertainties incident to reorgan-
ization of two of the member institutions, NSO and the University of Hawaii.
Because of these uncertainties, most of the funds budgeted in FY 1984 at HAO
for Stokes III design and construction were released for other use in NCAR.
Efforts to resolve the outstanding technical and scientific questions that
need to be answered prior to a final instrument design are being carried out
at a reduced level at HAO. The 25-cm vacuum telescope, a guiding and pointing
system, and an image motion compensation system (IMC) have been installed to
help answer some of these questions. The IMC system has been used to remove
gross motions of the image in the temporal frequency range from 0.1 to 150 Hz.

A second phase of the joint solar dynamics observing program was con-
ducted with collaboration between HAO (Fisher and Sime) and the University of
Hawaii (McCabe, Mickey, and Jefferies) during a period of 14 days centered on
the 11 June 1983 total solar eclipse. This effort was successful in the
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collection of both longitudinal magnetic field data and full Stokes line pro-
file data. Transverse fields were observed, using the University of Hawaii
instrument on Haleakala, in the two large active regions found on the solar
disk during this period of time. Assisting with the observations, as well as
reducing the entire Stokes polarimeter data base from the first joint project,
was Joan Najita, an undergraduate student (Harvard-Radcliffe University) sup-
ported by HAO's summer undergraduate research assistant program.

Data from the second observation period are being used for a study of the
distribution of both coronal material and the longitudinal photospheric field
by Sime, Fisher, McCabe, and Mickey.

Andrew Skumanich has continued his work on the spectral diagnostics of
magnetic fields. He has developed a working computer code for the computation
of the spectral properties of theoretical sunspot models with an inhomogeneous
atmosphere and vertical velocity gradients. His code is a revision of a code
initially developed by Donald Landman and Jerry Finn (both of the University
of Hawaii), which was found to treat velocity gradients incorrectly. Using
the revised code, Skumanich has found that an observed excess circular polari-
zation in the blue wings of absorption lines is explained qualitatively by an
expanding atmosphere. Quantitatively, however, less polarization is predicted
than is observed.

Skumanich and Bruce Lites (NSO) are continuing to collaborate on the
improvement of Stokes profile analyses. They have found significant changes
in the field inclination resulting from the manner in which the field azimuth
is determined. Their new analyses determines the field azimuth by least-
squares fitting rather than by the customary maximizing of the linear polari-
zation amplitudes. In a separate study, they have analyzed simulated data of
the type anticipated from filter polarimeters with low spectral resolution.
This study indicates that appropriate analysis of such data can recover the
vector magnetic field satisfactorily provided the spectral profile of the
filter is accurately known.

Magnetostatic Models

Pizzo has developed a class of numerically derived, axisymmetric, static
sunspot models amenable to a much more general and realistic coupling with the
ambient atmosphere. The models are being tested by Pizzo and Skumanich by
computing their radiation properties for comparison with observational data.

Low has expanded his earlier analytic work on three-dimensional magnetos-
tatic problems to allow for more generality in the magnetic field topology.
The models are still constrained to the case of vertical magnetic tension and
vertical pressure gradient. An application of the models to quiescent prom-
inences suggests that the observed local density enhancements and depletions
may be the result of magnetic shear. Other applications to be attempted
include explorations of field topology, hydromagnetic stability, and three-
dimensional models of coronal mass ejections (in collaboration with Hundhausen
and Hu).

A study of stability of coronal arcades by Migliuolo, Cargill, and Alan
Hood (Napier College, United Kingdom) has shown that any equilibrium confi-
guration of a cylindrical arcade with a horizontal axis of symmetry and having
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no magnetic shear is unstable. The instability is unmodified by line-tying at
the photospheric surface.

Magnetohydrodynamic Models

In this section, we include both theoretical and interpretive studies
related to magnetohydrodynamic phenomena.

Pizzo and Jack Miller have successfully obtained solutions for sunspot
models with steady flow in the subsonic, sub-alfve1nic regime for a simplified
Cartesian geometry. When extended to cyclindrical geometries, the method will
be used to study the influence of flows on the equilibrium structure of sun-
spots.

Magnetic field topologies that evolve slowly in time as a result of their
fundamental hyperbolic properties (not dependent on viscosity) are being stu-
died by Pizzo and Gerald Browning (Scientific Computing Division). An immedi-
ate goal of this study is to gain insight into the physical causes of slowly
evolving solar features, including sunspots.

A joint project, originally including R. Grant Athay, Holzer, and MacGre-
gor, to construct a magnetohydrodynamic model of the mean solar atmosphere
extending from the photosphere into interplanetary space was continued during
the year but with limited activity within HAO itself. The discovery that the
essential ingredients of the radiative transfer portion of the project were
contained in a stellar atmosphere line-blanketing code developed by Lawrence
Anderson (HAO visitor, University of Toledo) led to a collaboration between
Athay and Anderson to adapt the code for application to the HAO modeling
effort. In the long-run, the use of Anderson's code will save approximately
one man-year of effort.

One of the interesting results from the SMM experiments was the discovery
of large-scale, quasi-steady flow patterns observed in active regions in tran-
sition region lines. Under the assumption that these flows are following mag-
netic lines of force, Athay, Harrison Jones (NASA-Goddard Space Flight Center)
and Harold Zirin (California Institute of Technology) are using the SMM data
in conjunction primarily with photospheric magnetograms and Ha intensity pat-
terns to search for evidence of magnetic and velocity shear in selected active
regions. The results for two active regions studied thus far indicate that
magnetic and velocity shear--defined simply as a strong component of B (or V)
paralleling the magnetic (or velocity) neutral line--are common features of
active regions with the shear being much more pronounced in the transition
region than in the chromosphere and photosphere. Although it appears that
flare activity and strong shear are sometimes related, there are cases in
which strong shear is indicated without notable flaring.

Radiation Hydrodynamics and Radiative Transfer

D. Mihalas and B. Mihalas completed their jointly authored book on Foun-
dations of Radiation Hydrodynamics to be published by Oxford University Press.
This comprehensive treatise on the dynamical properties of radiating fluids in
both astrophysical and laboratory regimes represents a major contribution that
will have a marked influence on this newly emerging field of study. The text
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is already serving as a basis for a graduate course in radiation hydrodynamics
at the University of Colorado through a series of 28 lectures by D. Mihalas
initiated in the fall of 1983 at NCAR.

One outgrowth of the book dealing with the propagation of acoustic dis-
turbances in a radiating fluid was prepared for publication as a separate
paper by the Mihalases. In this paper, the time-dependent and dynamical
effects of the radiation field are taken into account for the first time,
leading to a much clearer and more explicit understanding of the interaction
between the radiation and the fluid.

D. Mihalas has been awarded a fellowship from the Alexander von Humboldt
Stiftung to work at the Max Planck Institut fur Astrophysik, Garching bei Mun-
chen, where he will continue a collaborative project with Karl-Heinz Winkler
and Michael Norman (both of the Max Planck Institut, West Germany) on the use
of adaptive mesh grids in radiation hydrodynamics. The use of adaptive mesh
grids greatly increases the computational efficiency of the programs, thereby
increasing the scope of the problems that can be handled by existing comput-
ers. A second collaborative project on applications for radiation hydrodynam-
ics to stellar pulsations has been initiated with David Hummer (University of
Colorado) and Michael Seaton (University College, London).

In the more conventional areas of radiative transfer, D. Mihalas is work-
ing with Paul Kunasz (Joint Institute for Laboratory Astrophysics, University
of Colorado and Los Alamos National Laboratory) to complete a CRAY version of
a radiation transfer code for two-dimensional media that will be used in the
construction of models of solar prominences.

B. Mihalas conducted a study of the interpretation of phase information
in the spectral lines radiated by propagating waves in the solar atmosphere.
This work highlights the complexity of the phase information and outlines the
precautions required in using the information as a diagnostic. B. Mihalas is
collaborating with Brown and Athay to ascertain whether the Fourier tachome-
ter, operated jointly by HAO and NSO, can be used effectively in the study of
propagating waves.

Other work on radiative transfer is reported in the sections on Polar-
imetry, Magnetohydrodynamics, and Stellar Atmospheres.

Stell ar Atmospheres

Dynamo activity in the sun is intimately linked to rotation, and it is
logical to assume that stars of solar type whose rotation rate is much faster
than the sun's will exhibit a different dynamo activity. Since direct mag-
netic field observations are not generally available for such stars, plage and
spot indices are used as proxy indicators of the magnetic fields.

Most single-field stars of solar type are slow rotators, and examples of
fast rotators are usually found in close binary systems where the synchroniza-
tion between orbital and rotational periods prevents the normal evolutionary
spin-down of the individual stars. The discovery by Skumanich and Arthur
Young (HAO visitor, San Diego State University) of a single-field star (GLS
890) with a rotational period of approximately a half-day presents the first
opportunity to study such a star in the absence of the strong tidal forces and
other dynamic interactions present in close binaries. Preliminary
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observational results for rotational modulation associated with Ha plages and
sunspots for GLS 890 obtained by Skumanich and Young, in fact, suggest that
the plages lead the spots (in the rotational sense), which is opposite to the
solar case. In a similar study of a K-dwarf star in a close binary system
they found the plages to lag the spots. Also, they found evidence through
comparison with earlier observations of the same star that the activity may
remain fixed in longitude with respect to the stellar surface for periods of
at least a few years.

Studies of stellar mass loss in early- and late-type stars by MacGregor
are reported in the Coronal/Interplanetary Section material.
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ADVANCED STUDY PROGRAM

In its 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 visitors 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 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, and oceanography. The length of tenure for the
completion of a Ph.D. thesis is normally a maximum of two years and
for an M.S. thesis, one year. These periods are designed for students
who have finished their course work and qualifying exams and can
emphasize their thesis research. To make the program competitive,
applications are evaluated quarterly: in January, April, July, and
October. In FY 1983 eight new one-year appointees were named (two of
whom will not arrive until FY 1984), six assistantships were
continued, and two assistants received the doctoral degree. Two
examples of the work by ASP graduate research assistants are given
below.

Under the direction of her NCAR adviser (Stephen Schneider, ASP),
doctoral student Diana Liverman (University of California at Los
Angeles) evaluated a new method of analyzing the complex and
far-reaching social and economic effects of climatic change: world
simulation modeling.
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Climate variation and long-term change can cause fluctuations in
yields of major food crops. The interdependencies between global
environment and economy are such that changes in crop yield are
reflected in changes in food supply, price, trade, and consumption.
Liverman assessed the value of a simulation model for studying the
impacts of climate on the world food system.

She tested a prototypical global model (the International Futures
Simulation, IFS) for the sensitivity of major food system variables to
changes in crop yield. Crop yield was changed as a surrogate for
climate change and variation. The response of the model to pulse,
step, and trend changes in a crop yield factor was monitored and
compared to the results of a standard run. The overall food system
model was shown to be sensitive to changes in crop yields,
particularly to pulse and step changes in the United States, South
Asia, or all regions, as measured by global accumulated starvation
over the 1975-2000 time period.

Secondly, she compared the output of the model for a 1970-1980
simulation run with actual food system data for the same period. An
attempt was made to reduce the differences between simulation runs and
real events by providing to the model information on actual yield,
trade, or other variables. Although the model replicated starvation
quite well, it did not reproduce price and trade changes accurately
even when given data on production and stock fluctuations.

The results of the sensitivity and validation tests show that IFS
has limited value for assessing the impacts of climate on the world
food system. But such simulation models do have considerable value in
describing the complex links among physical and social systems and
among regions of the world and hence alerting us to areas needing
study. Liverman's study of the IFS model is an attempt to apply
quantitative methods to the social scientific approaches to climate
impact assessment, and her results indicate the types of cautions and
improvements required in order to use models for the analysis and
management of relationships between climate and food production,
resources and economy, and human needs and government policy. She
hopes to continue her work by making similar analyses of other world
models, using the similar techniques.

Glen Long (graduate research assistant from the University of
Texas at Austin) developed and tested an analytical urban
photochemical air pollution model for use in determining daytime
hourly volume-averaged ozone concentrations. The model, an analytical
spatially averaged photochemical (ASP) model, is specifically designed
for screening air pollution control strategies, especially in urban
areas in developing countries where data, computer, and monetary
constraints preclude using a more complex numerical simulation. The
ASP model is a non-steady-state box model that predicts user-specified
time-averaged urban ozone concentrations. Nitrogen oxide, nitrogen
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dioxide, and ozone reaction cycles as well as the major reactions of
hydrocarbons (ethylene and propylene) and carbon monoxide are
considered, and pollutant emission and transport are accounted for in
the model. Because the ASP model is a box model based on a simplified
representative chemical species system, only easily accessible
emission and meteorological data are required as input data.

ASP model predictions were compared with actual measurements,
using volume-integrated predictions from a three-dimensional
advection-diffusion-transformation model to interpolate and
extrapolate the observations. Eleven days of meteorological and air
quality observations from Denver, Colorado, during 1979-1980 were used
as primary data. The ASP model predicted daytime ozone
volume-averaged concentrations well, with an average bias of only
seven percent. Results show that the unique features of the ASP model
allow for accurate yet efficient analysis of urban ozone
concentrations under a wide variety of atmospheric conditions.

Postdoctoral Fellowships

The ASP fellowship program seeks to provide opportunities for
talented Ph.D. scientists with less than four years of applicable
experience to continue pursuing their recent research objectives
and/or to take advantage of NCAR's intellectual and physical resources
to gain expertise in other areas. The one-year fellowship
appointments may be extended for a second year. During the first
year, fellows are encouraged to pursue individual interests, including
exploration 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.

During FY 1983, 16 new postdoctoral appointments were made (six
of whom will not arrive until FY 1984), eight fellows completed their
terms and departed, and 15 continued from the previous year.
Particular examples of the studies of postdoctoral fellows follow.

Robert Chatfield (Colorado State University) has followed the
paths and transformations of reactive sulfur and nitrogen compounds
from their gaseous sources to their oxidized aerosol end products. He
concentrated on the clean troposphere and on the effects of pollution
on global scales. The study was designed to identify the sources of
background aerosols, which are important for cloud-droplet nucleation
in remote areas. Sulfur and nitrogen gases are very reactive, and the
interactions of meteorology with chemistry in determining their fate
are intricate. It is the significant progress of air chemists in the
last decade in measuring such processes that makes it necessary to
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re-evaluate certain simplifications and assumptions that work well
with long-lived gases like CO, methane, and the chlorocarbons, and
which have been used in the theory of the more reactive species. The
use of eddy-diffusion in air-chemical models is one of these
simplifications tested by Chatfield. For this test, he concentrated
on gases which are reactive near the surface, but more stable in the
middle and upper troposphere, specifically SO2.

He found that eddy-diffusion models give answers that are
qualitatively different from more sophisticated models that describe
pollutant transport. These latter descriptions include the intense
activity of cloud updrafts and surrounding downdrafts and subsidence.
(Suitable descriptions of the large-scale effects of clouds are
available for the tropics and subtropics, and so his initial
investigations were limited to these regions.) Since this rapid
transport of the reactive gases puts these materials in the upper
troposphere, he also studied the intercontinental transport by the
stronger, more organized upper winds. The unreactive nature and short
half-life of radon make it an ideal tracer with which to validate
these models of horizontal and vertical motions, and comparisons are
being attempted, but unfortunately data currently available from radon
soundings are quite limited.

OTHER ASP STAFF RESEARCH

There is no doubt that the direct effects associated with a
large-scale nuclear war would be disastrous beyond previous human
experience. But even if many hundreds of millions of people were to
die from the prompt effects of a war, the majority of the world's
population would probably survive initially. The question of
long-term global environmental effects and their consequences for
survivors is therefore a valid and important one for study, and this
has been pursued within ASP under the general direction of Schneider.

Postdoctoral fellows Jeffrey Kiehl and V. Ramaswamy (both of
the State University of New York at Albany) constructed a
one-dimensional, radiative-convective model which includes the
radiative properties of aerosols. This model treats the absorption
due to all of the major atmospheric gases, as well as the absorption
of many minor constituents (e.g., CH4, NO2, N20, CFC13, CF2C12)- The
surface temperature is determined from the condition of zero heat
capacity (swamp model) or by a mixed-layer model, depending on the
time scale of the problem under consideration. Thus, the model is
especially suitable for an initial study of the long-term climatic
effects of a nuclear war. In particular, Kiehl and Ramaswamy studied
the sensitivity of these climatic effects to changes in many of the
parameters used to define the nuclear war scenario. They have found
that the optical parameters used to describe the smoke and dust
resulting from such a war can vary considerably depending on the
composition and size of particles. Thus, for accurate evaluation of
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the radiative effects of a nuclear war, it is important that more
research be concentrated on determining the development of the smoke
and dust cloud composition. The distribution of solar heating within
the troposphere, but not the surface temperature, depends strongly on
the distribution of the smoke cloud. Changes in the planetary albedo,
which determine the energy balance of the earth's atmosphere, are very
sensitive to the composition of the smoke and dust and their vertical
distribution.

Kiehl and Ramaswamy also showed that for a globally distributed
smoke cloud the infrared properties of the smoke play a small role in
climatic response, but that the treatment of the radiative overlap
between the smoke and gases must be done accurately. Large optical
depths, occurring near the initial fire plumes, may have substantial
infrared effects and the infrared properties of stratospheric dust are
very important to estimating an accurate climatic response in the
stratosphere. These studies are helpful in pointing out which
parameters are most important in determining the climatic response to
a nuclear war.

Postdoctoral fellows Curt Covey (University of California, Los
Angeles) and Starley Thompson (University of Washington), along with
Schneider, have used a version of the (three-dimensional) Community
Climate Model developed by Robert Chervin (Atmospheric Analysis and
Prediction Division) to simulate the effects of a nuclear war in a
more detailed manner. The simulation procedure involved running the
model under normal forcing conditions for a period of time, then
placing a dense smoke cloud in the model atmosphere at the initial
perturbation time. More realistically, the atmospheric injection of
smoke should occur over many probable target locations and the model
winds should transport the smoke both horizontally and vertically.
However, the three-dimensional transport and removal of smoke is a
complex problem that has not been simulated in any climate model at
this time. Instead the researchers prescribed a fixed latitude-height
distribution of aerosols following a recent National Academy of
Sciences report. The smoke scenario assumes a total loading of 2 x
1Gl g of smoke aerosol evenly distributed between 1 and 10 km in the
vertical and between latitudes 30° and 70°N. The results are
therefore only partially interactive, i.e., aerosol heating affects
the atmospheric circulation and temperatures, but the model's winds do
not move the aerosols. The results should provide guidance for use of
the next generation of models having interactive radiation, aerosol
transport, and removal.

Sunlight reaching the surface beneath the smoke cloud was reduced
to less than 1% of its unperturbed value. As a result, the average
affected land cooling was 15 to 20°C in July after an initial rapid
drop. This was sufficient to cause subfreezing temperatures over a
wide area of the mid-latitude continents. The ameliorating effect of
the oceans was evident since temperature decreases of 30 to 40°C would
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be expected on an all-land planet. Profound changes in atmospheric
circulation accompanying the absorption of solar energy in the smoke
cloud would likely transport the smoke upwards and towards the tropics
and Southern Hemisphere, possibly bringing those areas into the severe
climatic disruption spawned by a Northern Hemisphere war.

Despite the admitted weaknesses of many aspects of these early
three-dimensional simulations, the basic conclusions seem robust. The
major effects of the smoke and dust generated by a nuclear exchange in
the 5,000 to 10,000 Mt range--strong land surface cooling,
mid-atmospheric warming, and profound changes in atmospheric
circulation--agree with lower-dimensional models and are consistent
with our theoretical understanding of the atmosphere.

Schneider, along with Ronald Gilliland (High Altitude
Observatory), used a seasonally resolved energy balance model having
air-surface, land-ocean, and Northern and Southern Hemisphere
resolution to elucidate the possible relative importance of several
external factors on the climate of the last century. This modeling
effort, using separate records of volcanic forcing and observed
temperatures in the two hemispheres, extends the results of earlier,
more aggregated investigations. Independent volcanic effects are
found in both hemispheres, while similar responses for the more
globally distributed CO2 and tentatively identified solar forcings are
found in the two hemispheres. The empirically derived C02 equilibrium
doubling response for air surface temperature in this model is 1.5 +
0.3°C.

ENVIRONMENTAL AND SOCIETAL IMPACTS GROUP

Members of ESIG have continued to focus their research activities
on multidisciplinary issues related to the atmospheric sciences. In
accordance with our long-range plan and with the recommendations of
the Advanced Study Program Review Panel, we have added to our group a
statistician, Richard Katz, whose research and collaboration with
other scientists at NCAR and at universities have served to strengthen
ESIG's existing research efforts. Ongoing ESIG research areas include
the use and value of climate- and weather-related forecasts,
environmental policy analysis, meteorological and climatological
aspects of desertification, perceptions of climatic factors, and
improving the use of scientific information.

Use and Value of Climate- and Weather-Related Forecasts

Katz, Schneider, and Linda Mearns (visitor from the University of
California, Los Angeles) assessed the effect of a shift in mean
temperature on the probability of extreme temperature events. The
results of this study indicate that assessments of the impact of
climatic changes on food production need to take into account changes
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in the probability of extreme events, rather than dwelling on changes
in the mean. This idea received rapid and disturbing confirmation in
1983 when corn yields dropped greatly in portions of the Midwest
following an extreme sequence of hot days. This study was undertaken
as part of a cooperative effort to analyze important biospheric
changes, involving research groups at the University of Toronto, the
University of Mexico, the Delft Hydrological Laboratory in the
Netherlands, the University of Sussex in England, and the Woods Hole
Oceanographic Institution. The study was initiated and partly
sponsored by the International Federation of Institutes of Advanced
Study, Stockholm, Sweden.

Katz worked with Allan Murphy and Barbara Brown (both of Oregon
State University) on a project, funded partially by the Climate
Analysis Center (CAC) of the National Oceanic and Atmospheric
Administration (NOAA), to quantify the economic value of long-range
weather forecasts (i.e., monthly or seasonal) in specific
decision-making situations. The first case study undertaken dealt
with the use of forecasts of growing season precipitation by a spring
wheat farmer in eastern Montana or western North Dakota in deciding
whether to plant a crop or to fallow. For this application, the
economic value of current forecasts provided by the CAC, as well as of
hypothetically improved forecasts, is quantified. The study showed
that the value of current forecasts is small (for example, only 5% of
the value of a perfect forecast at Havre, Montana), but rises rapidly
with hypothetical improvements in the forecasts.

Thomas Stewart and Katz, in collaboration with Murphy, completed
a study of the value of minimum temperature forecasts in protecting
fruit from frost damage. Stewart conducted a descriptive study of
growers' use of forecasts, and Katz and Murphy modified their earlier
prescriptive model to reflect Stewart's findings. Although the study
was not designed to provide a dollar estimate of the value of the
forecast, it did identify potential value in avoiding crop damage,
reducing overhead heating costs, and psychological comfort.

ESIG postdoctoral fellow Steven Rhodes and graduate research
assistant Daniel Ely, in association with John Dracup (University of
California, Los Angeles), conducted a study of the causes of the
Colorado River flooding of 1983. The recent flooding in the Lower
Basin of the Colorado River led to allegations by flood victims and
others that the Bureau of Reclamation, because of an inaccurate
short-term climate forecast, mismanaged the river's water resources in
the face of a very wet winter and spring in the Upper Basin. Rhodes
and Ely found that the flooding was the result of the convergence of
three factors; (1) the mode of operation of the river's reservoirs;
(2) physical encroachment into the flood plain in the Lower Basin; and
(3) the extreme climate variability of the entire Colorado River
Basin. They concluded that the reasons for the 1983 spring flooding
go far beyond the particular weather events of the year and extend to
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the principal management strategy for the river's water resources.
The Colorado River today is managed to fulfill demands, most of which
favor the retention of as much water as possible in storage, even in
an abnormally wet year. Thus it is unlikely that the procedures
currently in effect will be modified to increase flood control
protection for residents and business interests in the Lower Basin
flood plain.

Environmental Policy Analysis

Rhodes and Paulette Middleton examined the complex challenge of
controlling acid rain by addressing the following questions: (1) What
are the reasons for, and the extent of, public pressures for acid rain
controls in the United States? (2) What technical options to control
acid rain are being discussed and proposed in the current regulatory
debates? (3) Given present understanding of the physical processes of
the phenomenon, are there inadequacies in the measures being proposed
to control acid rain? They concluded that because the phenomenon is
so complex there are no simple regulatory or technical solutions.
Furthermore, the search for an effective acid rain control strategy
would be aided by at least two changes. First, the advocates of
immediate controls need to have a longer-range, several-step strategy,
since there is a possibility that the currently proposed first step
may be inadequate, or worse, in the short run, counterproductive.
Second, the issue of what fraction of the clean-up costs will be paid
by the polluters needs to be resolved for political progress to be
made.

In a separate investigation, Rhodes and Middleton found that the
pollutants which are responsible for acid rain are already regulated
to some degree because they are implicated in other adverse
environmental impacts such as visibility degradation and urban
photochemical smog. Despite the fact that the same few atmospheric
pollutants contribute to several environmental problems, the other
adverse impacts and the important relationships between pollutants
have not been strongly integrated into the ongoing public debate over
acid rain.

As part of their inquiry into acid rain impacts, Middleton and
Rhodes explored the issue of acid deposition-induced drinking water
degradation; its geographical extent and the potential for dealing
with this problem. They found that qualitative evidence from the
northeastern United States and Sweden strongly suggests the existence
of a linkage between these two environmental concerns. They argue
that careful and prompt study of this issue is needed, since this
possible linkage introduces direct human health impacts into the
discussions for the first time.

In another area of environmental policy analysis, Stewart,
Dennis, and Ely completed a case study of citizen participation in air
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quality planning. Their work highlights the importance of implicit
judgments made by the technical staff of a planning agency involved in
the policy analysis. Making such judgment processes explicit is
important both for meaningful citizen participation and for the
effective use of scientific information in the environmental policy
process. They describe examples of implicit judgments and ways to
avoid them.

Meteorological and Climatological Aspects of Desertification

Continued research related to meteorological and climatological
aspects of desertification took several forms in 1983. First, more
than one hundred definitions of the concept of desertification were
collected and assessed in order to understand, among other things, how
climate (especially drought) is perceived to be implicated in the
desertification process. This study, carried out by Michael Glantz
and coauthored by Nicolai Orlovsky (Desert Research Institute, Turkmen
Academy of Sciences, USSR), was prepared for publication in the
revised Encyclopedia of Climatology. It has also been published in
the United Nations Environment Program's (UNEP) Desertification
Control Bulletin (December 1983), in a volume edited by the American
Association for the Advancement of Science on multi-disciplinary
research related to natural resources, and in the Soviet publication
Problems in Desert Development.

In addition, Glantz was coeditor with Dr. Gringof (All-Union
Research Institute Of Agricultural Meteorology, USSR) of the World
Meteorological Oranization's (WMO) Special Report on the
Meteorological Aspect of Desertification and was involved in the
preparation of the UNEP-sponsored meeting of the Economic Commission
of Africa's Scientific Roundtable on Climate and Drought in Africa.
Glantz was also invited to organize a workshop on the societal impacts
of climate variability and climate change, and possible climate
changes due to increases in atmospheric C02. This workshop was part
of a study conference sponsored by WMO, UNEP, the International
Congress of Scientific Unions, and the International Institute for
Applied Systems Analysis (IIASA), which was held in Villach, Austria.

Perceptions of Climatic Factors

Stewart, Middleton, and Ely investigated the reliability and
validity of judgments of visual air quality (VAQ) obtained using the
procedure developed in ESIG over the last four years. Using data from
five extensive field studies conducted between 1979 and 1982, they
demonstrated a high correlation between judgments made by different
observers and high correlations between VAQ judgments and other
atmospheric properties that are theoretically related to VAQ. Their
results establish the reliability and validity of the procedure and
demonstrate that human judgments in the field are a useful measure of
VAQ.
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Drawing on the data base developed in the 1982 Winter Haze Study,
Stewart, Middleton, Mary Downton, and Ely conducted a thorough
analysis of the relations between judgments of VAQ made in the field
and judgments of VAQ from photographs. Although photographs are
widely used in studies of environmental perception and judgment, the
validity of photographs as surrogates for field observations has not
been thoroughly investigated. This study found that, with care,
photographs can serve as a surrogate for field observation.

Through their analysis of the extensive 1982 data base, the group
(Middleton, Stewart, and Ely) has been able to determine several
important properties of visual air quality judgments. Perhaps the
most important finding for potential regulatory measures designed to
protect visual air quality was that there are physical/chemical
measurements that are usefully correlated with human judgments of
VAQ. It was found, for example, that light scattering measured by a
nephelometer is a good indicator of VAQ throughout the day regardless
of direction or location of observation. Light extinction (a
combination of scattering and absorption) measured by a telephotometer
is an equally good indicator of VAQ, primarily during midday hours
when the telephotometer measurements are least sensitive to sun
angle.

The methods developed by ESIG are transferable to other
locations, both urban and pristine. Whether the numerical results are
also applicable to other locations will require further study. In a
broader sense, the methods used to develop the ESIG VAQ measurement
method, and to establish its reliability and validity, are applicable
to the development of other "perceived environmental quality indices."
Such indices could be used to measure the human response to other
environmental changes, such as increased acidity in rainfall.

Improving the Use of Scientific Information

Robin Dennis completed his research on methods of evaluating
urban air quality models. These were investigated through an actual
evaluation of the Systems Applications, Inc. (SAI) urban photochemical
model, which is used in federal regulation of ozone concentrations in
urban areas. The SAI model operates at a level of detail and
sophistication that seems appropriate for its use in regulatory
applications. The study showed, however, that the usual verification
of such models, in which model predictions of ozone level are compared
with field measurements, is inadequate. This comparison, which
usually employs data from one or two seasons, is actually a test of
whether or not the model responds correctly to changes in meteorology,
whereas in use the model is called on to forecast changes in ozone as
a result of changes in pollutant emissions. The study demonstrated
that these two model features were not necessarily interchangeable, so
that testing over a longer period during which the emissions changed
appreciably is desirable.
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State legislatures have required that reductions in ambient carbon
monoxide concentrations attributable to automobile inspection and
maintenance (I/M) programs be demonstrated. In other modeling
efforts, small I/M effects have been expected but the variability in
the data has been large and thus the results often have not been
statistically significant. A stochastic model is needed which can
accurately account for fluctuations in traffic and meteorological
conditions. Dennis and Downton have developed a nonlinear regression
model which improves on the modeling done by earlier researchers by
including estimates of vertical mixing of pollutants and by using a
more complex meteorological formulation developed by Long. In June
1983, they joined with George Tiao (University of Chicago) in leading
a national workshop for air pollution control administrators on
problems and methods of evaluating I/M programs.

Katz worked with Richard Adams (Oregon State University and the
University of Wyoming) and Thomas Crocker (University of Wyoming) on a
project, funded partially by the Environmental Protection Agency
(EPA), to quantify the economic value of information from
dose-response experiments, relating crop yield loss to pollutant
concentration, in setting air pollution standards. By relying on
Bayesian decision analysis, the methodology developed is able to
demonstrate explicitly how uncertainty about dose-response functions
produces uncertainty in estimates of economic benefits accruing from
various levels of pollution standards. But the analysis indicates
that, although the number of dose-response experiments is still small,
the information is sufficient to discriminate in terms of economic
benefit among a realistic set of pollutant standards.

In addition to the cooperative work mentioned in several of the
studies described above, ESIG members participated in a number of
other collaborative works with scientists from other divisions at NCAR
as well as from other universities and government agencies. Kellogg
is co-principal investigator with Warren Washington (Atmospheric
Analysis and Prediction) on a project funded by the Department of
Energy, studying the response of the Community Climate Model to a
doubling of atmospheric CO2 . Middleton has worked with NCAR
scientists Richard Anthes (Atmospheric Analysis and Prediction), Jack
Calvert, and Ralph Cicerone (both of the Atmospheric Chemistry and
Aeronomy Division) on the acid deposition modeling project. Middleton
is also collaborating on acid precipitation-related work with Greg
McRae from Carnegie Mellon University. Related to the visual air
quality research, Middleton has worked with Charles Lewis and Robert
Stevens of the Environmental Protection Agency, Jeryl Mumpower of the
National Science Foundation, Ron Henry of Environmental Research and
Technology, and John Leary of the Colorado Department of Health.
Middleton was also sponsor to Linda Ortiz (California State University
at Northridge) under NCAR's summer minority program. Middleton and
Dennis, in collaboration with Richard Miksad at the University of
Texas at Austin, worked with Long on the development of carbon
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monoxide and ozone scenario models for air quality management. Dennis
has worked with Jerry Gallagher and David Ross of the Colorado
Department of Health on air quality projections. He has also
collaborated with Joseph Tickvart, Office of Air Quality Planning and
Standards of EPA on model performance evaluation, and with Phillip
Lorang and Audrey Chijner of the Emissions Control Technology Division
of EPA on mobile source emissions factors. Dennis and Downton worked
with Jerry Walker from Colorado State University on an evaluation of
automobile inspection/maintenance programs. Dennis and Stewart
collaborated with the Center for Research on Judgment and Policy at
the University of Colorado. Stewart also worked with Thomas Leschine
of the University of Washington on a project assessing the risks of
oil spills, and with Barry Anderson of Portland State University on
urban climate perception research. Rhodes consulted with Donald
Wilhite (University of Nebraska) on a study of climatic and policy
aspects of land use practices in the Sand Hills region of Nebraska.
Glantz spent six weeks on a collaborative leave at IIASA, where he
worked with several scientists on various aspects of the societal
impacts of climate variability and climate change. He also
collaborated with Gary Sharp from the United Nations Food and
Agriculture Organization on the impact of climate on fisheries
management, and with Thomas Potter of the WMO on several projects
related to climate impacts. Glantz also worked with Jesse Ausubel of
the Climate Board of the National Research Council on the use of
climate forecasts, and with Linn Hammergren of Vanderbilt University
on societal impacts of oceanographic-meteorol ogical tel econnections
(especially those related to El Nino events).

In addition, ESIG members are serving on several national and
international scientific committees such as the UNEP World Climate
Impacts Program Advisory Committee, the AAAS Committee on Climate, the
AAAS Coninittee on Arid Lands, the International Climate Commission of
International Association of Meteorology and Atmospheric
Physics/International Union of Geodesy and Geophysics the Committee on
Polar Regions and Climate of the National Academy of Sciences, and the
EPA's Chemistry and Physics Review Panel.
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STAFF AND VISITORS

Division Staff

John Firor (Director)
Bernhard Haurwitz
Susan Henry
Barbara McDonald
Mary Rickel
Ursula Rosner
Walter Orr Roberts
Stephen Schneider (Visitors Program Head)
Betty Wilson

Environmental and Societal Impacts Group (ESIG)

Beverley Chavez
Robin Dennis
Mary Downton
Daniel Ely (to 31 March)
Michael G1antz
Richard Katz (from 1 July)
William Kellogg
Maria Krenz
Paulette Middleton
Jan Stewart
Thomas Stewart

Visitors

L. Danny Harvey, University of Toronto, Canada,
July 1982 to March 1983, Student Visitor;
climate modeling

Richard Katz, Oregon State University, July 1982
to December 1982, ESIG; statistical related
aspects of climate

Carlos LaTorre, Ministry of Agriculture and
Hydraulic Resources, Mexico City, Mexico,
June 1983 to December 1984, ASP/CSD
Scientific Visitor; environmental issues
involving atmospheric science

Thomas Leschine, Woods Hole Oceanographic
Institution, June 1983 to July 1983, ESIG;
decision analysis related to the marine
environment

Edward Lorenz, Massachusetts Institute of
Technology, July 1983 to August 1983, ASP/
AAP Scientific Visitor; dynamic meteorology

Linda Mearns, University of California, October
1982 to August 1983, Student Visitor;
climate impacts

Linda Ortiz, California State University, May
1983 to August 1983, Summer Employment
Program/ESIG; air pollution problems

Andrew Scott, University of North Carolina,
December 1982 to July 1983, Scientific
Visitor; integrated indicators of risks
associated with atmospheric change

Robert Kandel, National Scientific Research
Center, Verrieres la Buisson, France, June
1983 to July 1983, Scientific Visitor;
climate modeling

ASP GRADUATE RESEARCH ASSISTANTS
Name University Affiliation/Adviser Area of Thess Research NCAR Adviser

Penelope Boston University of Colorado/ Nitrogen budget of the High Alpine Region: Ralph Cicerone
William Segal microbiological and atmospheric processes (ACAD)

*Stephen Bougher University of Michigan/ Venus thermospheric circulation-an adaptation of the Raymond Roble
Andrew Nagy NCAR terrestrial thermospheric general circulation model (ACAD)

'Mary Anne Carroll Massachusetts Institute of Experimental study of the source of reduced atmospheric Ralph Cicerone
Technology/Ronald Prinn sulfur gases (ACAD)

*H. NUzhet Dalfes Rice University/ Climate modeling: stochastic parameterizations; Stephen Schneider
J.W. Chamberlain two-dimensional energy balance models (ASP)

Daniel Ely University of Colorado at Use of climate information in river-basin development: the Michael Glantz and
Denver/Robert Gage case of the Yakima Basin Thomas Stewart

(ASP)

Shun-Der Ko University of. Michigan/ Nonlinear normal-mode initialization as it relates to Joseph Tribbia
John Boyd numerical weather forecasting (AAP)

'Diana Liverman University of California at Los Modeling the socioeconomic impacts of climate variability Stephen Schneider
Angeles/Werner Terjung and change, sensitivity analyses, and verification of (ASP)

selected global food models

*Glen Long University of Texas at General and urban air quality modeling Paulette Middleton
Austin/Richard Miksad (ASP)

Jennie Moody University of Michigan/ Interactive chemical and physical phenomena in the Ralph Cicerone
Perry Samson transient environment of a cloud , (ACAD)

'Steven Mullen University of Washington/ Use of the NCAR Community Climate Model (CCM) to Maurice Blackmon
J. Michael Wallace understand further the dynamics of blocking (AAP)

Wendell Nuss University of Washington/ The effect of surface heat fluxes on cyclogenesis Richard Anthes
Robert Fleagle (AAP)

'Philip Rasch Florida State University/ Low-order model investigations and improvements to David Williamson
T.N. Krishnamurti model physics parameterizations (AAP)

Jennifer Robinson University of California, Santa Quantification of global biospheric parameters using Patrick Zimmerman
Barbara/David Simonett Landsat imagery; biomass burning and swamp areas (ACAD)

*Michel Verstraete Massachusetts Institute of Surface processes in arid and semiarid regions Robert Dickinson
Technology/Reginald Newell (AAP)

*Renewals
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ASP POSTDOCTORAL FELLOWS
Name Degree Institution Field of Interest Length of Stay

Jean Arnaud

"Alison Bridger

Garrett Campbell

Christopher Cantrell

Peter Cargill

*Robert Chatfield

'Curt Covey

'Andrew Detwiler

Leo Donner

Dale Durran

Cassandra Fesen

Brian Fiedler

*David Fitziarrald

'David Friend

'Timothy Fuller-Roweli

*Kevin Hamilton

*Lin Ho

Hsaio-Ming Hsu

'Jeffrey Kiehl

Gary Klaassen

Diana Liverman

'Kathleen O'Neill

*William Perrie

V Ramaswamy

'Steven Rhodes

'Anne Smith

Piotr Smoiarkiewicz

'William Stockwell

'Anne Thompson

Starley Thompson

Stanley Tyler

Ranmali Wiiavaratne

Harris Williams

Meudon University, France

Colorado State University

Colorado State University

University of Michigan

University of St. Andrews,
Fife, Scotland

Colorado State University

University of California,
Los Angeles

State University of
New York at Albany

University of Chicago

Massachusetts Institute
of Technology

University of Michigan

University of Colorado

University of Virginia

University of Colorado

University College,
London, England

Princeton University

Massachusetts Institute
of Technology

University of Michigan

State University of
New York at Albany

University of Toronto

University of California,
Los Angeles

Johns Hopkins University

Massachusetts Institute
of Technology

State University of
New York at Albany

University of Colorado

University of Washington

University of Warsaw,
Poland

Ohio State University

Bryn Mawr College

University of Washington

University of California,
Irvine

University of Maryland

Arizona State University

'Renewals (on second-year fellowship)

Structure of the solar corona, polarization of coronal lines
and coronal transients

Problems in dynamic meteorology

Analysis of the large-scale radiation budget and small-scale
radiation budget, cloud estimation from geosynchronous
observations, general circulation model-satellite
intercomparisons

Development of instrumentation for gas-phase pollutant
measurement, theoretical and experimental studies of the
chemistry of the atmosphere

Solar physics, concentrating on solar coronal loops

Geochemical transport, modeling and data analysis

Planetary atmospheres; climate modeling; sources, sinks,
and circulation of climatically significant substances

Evolution of ice particles in the anvil, relationship of the
anvil to overall ice budget of storms, cloud cover
modification

Cumulus friction into a Kuo-type cumulus parameterization
for a general circulation model

Effects of boundary-layer drag on mountain waves and
downslope windstorms, importance of nonlinearity and
wave-breaking in downslope windstorms

Tidal effects on themospheric general circulation and iono-
sphere models

Modeling of mesoscale meteorological phenomena and the
turbulent processes influencing them, synoptic-scale
problems and problems of climate, development of a
theory for evaporatively enhanced entrainment

Atmospheric boundary-layer structure and dynamics,
mountain valley winds and gravity flows

Stellar wind theory, application of radiation-driven wind
theory, X-ray binary systems, rotating magnetic winds

Neutral wind model data, response of global thermosphere
to changes in levels of solar and geomagnetic activity,
comparison of predicted compositional changes with ex-
perimental sources for differing energy inputs

Large-scale dynamic meteorology, theory of tides

Turbulence theory applied to climate modeling

Coupled dynamicai-chemical approach to regional air
quality

Coupled radiative-convective-chemistry model

Numerical methods for the solution of fluid-dynamical
problems of atmospheric relevance

Modeling impacts of climate on human activity

Modification or development of a numerical model of
equatorial waves in a mean vertical shear flow, extraction
of additional information from profiling data using a maxi-
mum entropy method

Nonlinear aspects of geophysical fluid dynamics, turbu-
lence theory

Terrestrial infrared radiative transfer processes in parti-
culate layers in the atmosphere

Relationship between atmospheric phenomena and human
socioeconomic welfare, the politics and administration of
acid precipitation abatement policies

Geophysical fluid dvnamics, dynamical interactions In the
stratosphere

Influence of the dynamics of convective clouds on the
evolution of precip tation, nitialization of cloud model
from network data

Modeling of sulfuric acid oxidation data

Coupling of chemical and dynamic effects in simulating
typical synoptic episodes In the troposphere

Climate theory and modeling

Atmospheric pollution and circulation, climate and weather
modification, Interactions among the ocean, natural land
biosphere, and atmosphere

Methodology for sampling and detecting nitrate polycyclic
aromatic hydrocarbons in urban air particles

Climate change as it relates to precipitation variabiliry and
runoff variations
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CONVECTIVE STORMS DIVISION

The Convective Storms Division (CSD) studies convective clouds and
storms, placing special emphasis on how precipitation forms and on the
ways storms interact with their mesoscale environment. Basic problems
include (1) the entrainment of dry environmental air into clouds, affect-
ing their gross thermodynamic properties; (2) the influence of such
entrained air on the evolution of droplet spectra; (3) the formation and
dispersion of ice particles and their subsequent role as precipitation
embryos; (4) the stimulation of new convective cells resulting from out-
flows from older ones; (5) the incorporation of sufficiently realistic
microphysical parameterizations in a three-dimensional cloud model, and;
6) the use of a two-way interactive nested-grid model to study penetra-
tive downdrafts in cumuli.

Because dynamical and microphysical processes interact so strongly,
CSD has adopted the "whole cloud" approach, in which we attempt to
acquire comprehensive, coordinated measurements. Our field programs
employ extensive facilities, and the analysis of the interrelated data
sets obtained is a lengthy task. Thus, field programs must be spaced
several years apart. At present, the division is mainly preoccupied with
analyzing data from CCOPE (the Cooperative Convective Precipitation
Experiment, Montana, 1981) and will continue to do so for some years to
come; our next field program is not planned until 1987. We have been
concerned with how this pattern would affect our field support group of
engineers and technicians. This group plays an absolutely vital role in
CSD, interacting closely with scientists over the two- to three-year
period during which we lay plans and make preparations for a major field
program. We thought that intervals of several years between programs
might leave the group under-utilized, but this has not proven to be the
case: after CCOPE they substantially improved the accuracy and reliabil-
ity of the multiple aircraft positioning system (MAPS), and soon after
became involved in providing communications support for the Joint Airport
Weather Studies (JAWS) and the Program Regional Observing and Forecasting
Services (PROFS). Currently, we plan to have them deploy both CSD's
instrumented sailplane and MAPS in support of the Thunderstorm Research
International Program (TRIP) 1984 in New Mexico. Future plans also
include providing MAPS for T-28 flights in Oklahoma, and field support
for observations coordinated with the May Polarization Experiment
(MAYPOLE) II (Colorado, 1984).

By seeking such continuing involvement in a sequence of projects,
the field support group of CSD remains fully occupied in productive ways
and also extends its range of capabilities, as for example in a current
project to provide a microwave link for transmitting CP-2 data for
PROFS. In this project they will also acquire skills and experience
highly relevant to the needs of the Stormscale Operational and Research
Meteorology (STORM)-Central program, which will require data from several
rddars in a central operations room.
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LABORATORY EXPERIMENTS

In the past, the work of the small ice physics group has been pri-
marily directed toward analyzing hailstone crystal and air bubble struc-
tures and applying the results to determine hailstone trajectories by
integrating radar and aircraft data and conceptual and numerical models.
The ultimate practical goal of the work was understanding hailstone
formation and growth in severe convective storms and how they might be
prevented from forming or growing through intervention in these
processes.

In the attempts to integrate observations and models, we found that
the literature contained few reports of measurements of the properties of
natural hailstones needed in models, such as density, fall velocity, and
mass. A fortuitous fall of low-density hail at the laboratory provided
CSD scientists Nancy Knight and Andrew Heymsfield with the opportunity to
measure several of these properties and to use the results in a one-
dimensional model (Journal of the Atmospheric Sciences, 1983).

Integration of the results of aircraft measurements, particularly
those from particle-measuring probes, has also at times been difficult
because of discrepancies between what was measured and what was expected
and because of complications associated with interpretation of the parti-
cle images obtained from the probes. Knight and Heymsfield are presently
involved in a series of laboratory experiments using various aircraft
particle-measuring probes and photographic methods to determine the fall-
velocities, mass, and density of naturally falling snow crystals and to
compare the photographic images with those from the probe.

Heymsfield and Stanley Mossop (Commonwealth Scientific and
Industrial Research Organiation [CSIRO], Sydney, Australia) conducted
laboratory experiments to investigate secondary ice-crystal production
mechanisms. In analyzing the data collected by the T-28 aircraft in
Oklahoma during the Severe Environmental Storrs and Mesoscale Experiment
(SESAME), Heymsfield found little evidence for "secondary" ice-crystal
production in the high-liquid-water regions; previous studies suggested
maximum production in these regions. The apparatus used for these
experiments has been described in a landmark paper written by John
Hallett and Mossop. A supercooled cloud is generated within a chamber
enclosed in a cold room. A rod rotating in a circular path about a ver-
tical axis gathers supercooled drops that freeze as rime on the front
face. Secondary ice crystals produced during riming growth are detected
by eye in a light beam and are counted over fixed time intervals. These
experiments were designed to investigate the dependence of secondary
crystal production on the liquid-water content.

Heymsfield and Mossop performed two sets of experiments. In the
first, they determined the rate of secondary ice-crystal production when
rime was accreted on the moving rod at constant cloud temperatures
between -2 and -9°C. Liquid water content was about 1 g m-3. During
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8 min of growth the rime reached a thickness of approximately 1 mm. Ice
crystal counts over the last 4 min were substantially constant,

The second series of experiments differed only in that the rod was
heated by an internal electric heater of 0.7-w output during rime
growth. The heater raised the surface temperature of the rime suffici-
ently to produce a substantial change in the rate of splinter production.
The latter experiments attempted to simulate the increased warming
experienced by particles as they grow in a region of higher liquid water
content.

Heymsfield and Mossop compared the results of the experiments by
deriving the number of secondary ice crystals produced per mg of rime on
the rod as a function of cloud temperature. The constant heat input to
the riming rod for the second set of experiments displaced the entire
splintering curve to cloud temperatures approximately 1°C lower. From
this they concluded that the heating of the rod raised the surface
temperature of the rime approximately 1°C. They also concluded that the
surface temperature governs secondary ice production, rather than the
temperature of the cloud.

Increasing the liquid-water content thus shifts secondary ice-
crystal production to lower cloud temperatures. In natural clouds, the
extent to which the surface temperature of a particle is elevated above
that of the environment depends upon the liquid-water content and the
particle terminal velocity and diameter. In high liquid-water regions in
the Oklahoma clouds, secondary crystal production was likely to have
occurred at ambient temperatures around -8°C. Platelike crystals form at
these temperatures rather than needlelike crystals, which have in the
past been used as indicators of secondary crystal production. The high
concentrations of platelike crystals found in the high liquid-water
regions of the Oklahoma clouds can now be interpreted as originating from
a secondary ice-crystal production process.

PROCESSES OF PARTICLE GROWTH IN OKLAHOMA THUNDERSTORMS

Heymsfield and Mark Hjelmfelt (Atmospheric Technology Division,
Field Observing Facility, [ATD, FOF]) investigated the the processes of
hydrometeor growth in Oklahoma thunderstorms. They collected data during
the SESAME field season in 1979. The cloud types sampled on the six pri-
mary research days ranged from cumulus congestus embedded within cloud
layers to large cumulonimbus associated with intense squall lines. They
obtained data on hydrometeor size distributions, particle habits, and the
associated liquid-water content and state parameter data from the pene-
trations into these storms. Heymsfield and Hjelmfelt used the data and
particle growth calculations to investigate the processes of drop forma-
tion, graupel and hail growth, and secondary ice-crystal production in
the Oklahoma storms.

Production of the drops they observed in the updrafts was mainly due
to shedding from graupel and hail; drops were shed mainly in updrafts of
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7.5-15 m/s. The found that graupel in the weak updrafts developed pri-
marily from vapor-grown crystals and in the strong updrafts from frozen
drops. The embryos of hailstones developed in updrafts from 5 to 15
m/s. They concluded that the hail embryos in Oklahoma storms are initi-
ally frozen drops, planar crystals, and aggregates of planar crystals.

They found that secondary crystal production was responsible for the
relatively efficient conversion of liquid water to ice in some regions
and that exceedingly high concentrations of secondary crystals (>100/a)
existed in the low liquid-water region from -2 to -8°C. These crystals
apparently formed through riming of small graupel. Few secondary
crystals were found in the high liquid-water regions.

THE ELECTRICAL-MICROPHYSICAL DEVELOPMENT OF A SMALL THUNDERSTORM

One of the objectives of CCOPE was to study the early electrical
evolution of growing cumulus clouds and relate it to the dynamic and
microphysical development of the cloud. We hoped to identify the region
within the cloud where charge generation was occurring and, based on the
cloud particles found in that region, deduce information about possible
mechanisms of charge generation. On 19 July 1981 four powered aircraft,
an instrumented sailplane (operated jointly by NCAR and the National
Oceanic and Atmospheric Administration [NOAA]) and several radars
initiated their measurements of a cumulus congestus in which a radar
return had not yet appeared and the electric field was negligible.

Time-lapse cameras on the University of North Dakota Citation air-
craft gave excellent documentation of the visual history of the cloud
throughout its 55-min life cycle. The coverage started when the cloud
was a small cumulus in the middle of a field of cumulus; continued
through the rapidly evolving stage of a cumulus congestus with cloud-top
rise rates of up to 5 m/s, and ended when only a light trail of precipi-
tation was seen falling from the anvil of a small dissipating
cumulonimbus. The ten penetrations by the University of Wyoming King Air
at about 6 km* (-14°C) were initiated just as the cloud was beginning to
show rapid development and continued until there was only a trail of ice
remaining. The King Air's first penetration, which was about 5 min
before the appearance of the first radar return of 5 dBZ, showed
ice-crystal concentration of only 0.2/R and sizes of less than 0.5 mm
diameter. By the time the first echo appeared, the ice-particle concen-
trations had increased to 0.6/A with graupel of 1-2 mm present in
concentrations of about 4 m- 3. Seven minutes later graupel of 4-5 mm
were observed and the total ice concentration had increased to about
5/j.

The ascent of the NCAR/NOAA sailplane in the updraft from cloud base
at 3.7 km (2°C) to about 7 km (-20°C) started about 3 min prior to the
appearance of the first 5 dBZ radar return and continued until about
10 min after the first echo. Ice was not observed by the sailplane until
it had ascended to 6.5 km. The highest observed ice concentration was
about 3/i near 7 km with sizes up to 7-mm diameter. The absence of

xAII altitudes are referenced to mean sea level.
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drizzle or precipitation-sized water drops, the abundance of ice in the
later stages of cloud development, and the continental nature of the
cloud-droplet spectrum suggest that the ice process was the dominant
mechanism of precipitation formation.

The electric field observed at the sailplane during most of the
ascent was very small, less than 100 V/m. Five minutes after first echo
formation, as the sailplane reached about 6.5 km, the field began to
increase. Shortly after the sailplane left the cloud at 7 km the field
strength had increased to 800 V/m. At this time the observed field was
predominantly horizontal. Thus, the charge distribution that was creat-
ing this field was located at about the same altitude as the sailplane,
7 km.

After leaving the cloud, the pilot flew away from it, turned and
flew along its very edge at 5 km about 15 min after first echo formation
and 5 min after leaving the cloud at 7 km. At the time of this pass the
field had increased to 8,000 V/m and a sudden discontinuity characteris-
tic of lightning was observed. The presence of lightning implies a very
strong field of the order of 300 to 400 kV/m somewhere in the cloud.
This occurred only 10 min after the cloud first started becoming electri-
fied and 15 min after the appearance of the first 5 dBZ radar return.
This lightning discharge was not observed by the ground-strike lightning
locator network installed by Richard Orville (State University of New
York at Albany), hence the discharge must have been intracloud. The
radar history shows the cloud to have been at the peak of its development
at this time with a radar top of 10 km, a diameter of about 7 km, and a
maximum reflectivity at 7 km of 45 dBZ. Field strengths at the sailplane
give rates of increase of at least 1.5 kV/min, and the detection of
lightning suggests increases even larger.

The electric field observations at all altitudes from the sailplane
are consistent with the location of charge at about the 7-km level. Dur-
ing the later stages of the electrical development the region of charge
appeared to be near the region of highest reflectivities. However, in
the earlier stages there also is evidence of the charge distribution
being in the region of weak reflectivities where the sailpane was flying.
Graupel had already grown to a diameter of 4-5 mm by the time the cloud
was beginning to show signs of electric field intensification.
Millimetric graupel in concentrations of a few per cubic meter, total ice
particle concentrations of a few per liter, and supercooled liquid water
were all present in the cloud at the 7-km level during the stage of field
intensification.

Additional analysis of this case is being pursued by James Dye
(CSD), William Winn and Daniel Jones (New Mexico Institute of Mining and
Technology), and Todd Cerni (University of Wyoming).
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MIXING AND THE EVOLUTION OF CLOUD-DROPLET SPECTRA

It has long been recognized that the rate of precipitation formation
through the water phase is sensitive to the width of the cloud droplet
size spectrum produced by diffusional growth, and that diffusional growth
calculations in a rising, homogeneously mixed air parcel result in a
narrower spectrum than is commonly observed except within a few hundred
meters of cloud base. Attempts to produce a broader droplet spectrum
have led to a number of microphysical models employing a variety of
physical assumptions and mixing parameterizations, and presently there is
disagreement over which sets of assumptions are more realistic. Ilga
Paluch and Charles Knight of the CSD Microphysics Section examined cloud
data from a vigorous continental cumulus cloud to try to compare various
model assumptions and mixing parameterizations with present
observations.

The data were collected during CCOPE in southeastern Montana on
9 June 1981 in a towering cumulus that grew in a dry, strongly sheared
environment. The cloud was 4-5 km wide, 5-7 km high (from cloud base to
the 0 dBZ radar top), and contained updrafts up to about 17 m/s. The
cloud base was at 4°C, 790 mb, 2 km (MSL). Data from the nearest sound-
ing and aircraft cloud-base measurements from NCAR Queen Air 306D
indicate that the cloud adiabatic temperature excess could be as high as
5°C. However, no adiabatic cloud regions were observed from the Wyoming
King Air flying 2.3-3.6 km above cloud base.

The cloud-droplet spectra was measured with the forward-scattering
spectrometer probe (FSSP) on the Wyoming King Air, averaged over 100 m
(1-s) intervals. The cloud droplet spectra were predominantly bimodal in
shape. Spectra with two or more peaks were observed more frequently at
higher altitudes. During the highest cloud pass, at about -21°C, none of
the observed spectra had a single mode.

In numerical models, droplet spectra with more than one peak some-
times result from activation of new droplets when the supersaturation in
an air parcel exceeds the peak supersaturation it had experienced ear-
lier. Seeking evidence of activation of new droplets within cloud,
Paluch and Knight examined the data for correlation between the presence
of large concentrations of very small droplets and an estimate of a kind
of conditional supersaturation--one that would have been attained if the
small cloud droplets were not present. When the updraft velocity and the
droplet size spectra are known, supersaturation can be computed using a
steady-state assumption that the condensation rate just balances the
tendency for supersaturation to increase during ascent. For the present
data, this equilibrium condition typically would be reached within a few
seconds; less than 20 s even in the extreme cases of very low droplet
concentration. Paluch and Knight calculated the cloud supersaturations
using the measured vertical velocities, assuming that the updraft had not
changed too much since the hypothetical droplet activation occurred. The
supersaturations calculated neglecting the smaller droplets (<6 dn in
radius) showed prominent peaks that were well correlated with the highest
peaks in the concentrations of small droplets. It is difficult to
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account for this correlation except by relating it to recent droplet
activation. Estimates indicate that in the regions of high supersatura-
tion, the small droplets should have grown rapidly, so that the measured
vertical velocity there could be expected to be a rather good approxima-
tion of the vertical velocity at the time the droplets were activated.
In regions of low supersaturations, this may not be the case, and the
data there show no significant correlation between the small droplet
concentration and the estimated supersaturation.

Paluch and Knight found the highest supersaturations in mixed cloud
regions where low concentrations of large cloud droplets and relatively
high vertical velocities coexisted. The cloud air had strong positive
buoyancy, and even in highly mixed cloud regions the potential tempera-
ture was only a few tenths of a degree below that of the environment,
whereas in the less mixed cloud regions the potential temperature excess
was sometimes as high as 2-2.5°K. In clouds with less buoyancy mixing
would tend to decrease or destroy the updraft, and thus the creation of
high supersaturations, with concomitant activation of new droplets, would
be less likely.

Aside from new droplet activation there are other processes that
could produce bimodal droplet spectra. For example, numerical simula-
tions show that bimodal spectrum can be produced when droplets sediment
into dry air. At the cloud and dry-air interfaces the droplets only
partially evaporate because as their fall speed slows down they are over-
taken by larger, faster-falling droplets, which in turn evaporate and
raise the humidity. The sedimentation process could be disrupted by
small turbulent eddies, on scales of a meter or less. It is conceivable
that such eddies exist only intermittently, and that they would not dis-
rupt the sedimentation process everywhere, but it is not clear whether
this process is quantitatively significant. Bimodal spectra could also
distinctly different spectral mode. Such mixing should produce high con-
centrations of small droplets when the large droplet concentrations are
low, and vice versa. However, no such simple relationship was observed
in the present data.

The small cloud droplets in the secondary peaks contained very
little cloud water, at most .05 g m-3, and usually much less. Thus the
small droplets cannot be expected to have had a large influence on the
growth or evaporation of the larger droplets. Examination of the large
droplet spectral peak shows that at any given altitude the radius at this
peak remains nearly constant regardless of droplet concentration. This
result is inconsistent with the homogeneous mixing parameterization that
predicts a shift towards smaller sizes at low concentrations. The nearly
constant radius and the low droplet concentrations suggest that mixing
may have taken place with already premoistened entrained air. However,
the lack of variation in the droplet size at low concentrations is sur-
prising because in this situation small adiabatic changes in altitude
following mixing could be expected to produce large changes in droplet
size.
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A possible explanation for the striking lack of change in the drop-
let size at low concentrations is that the measured concentrations, which
are 100-m averages, may not be representative of the local concentrations
that determine the supersaturation and the droplet growth rate. The
local concentrations could be much higher and the droplet growth rates
much lower if the turbulent eddies had not homogenized the mixed-cloud
regions down to the scale where molecular diffusion can operate effec-
tively (which is on the order of a cm). This situation could occur if
turbulence had not fully developed down to smaller scales, or if the
small-scale eddies were highly localized and not very efficient in
homogenizing the mixed-cloud regions.

STUDIES OF CONVECTIVE STRUCTURE AND ITS INTERACTION WITH PRECIPITATION
GROWTH AND THE MESOSCALE ENVIRONMENT

A main objective of CCOPE was the study of the structure and evolu-
tion of cumulonimbi of various intensities and types, and the influence
of the storms' dynamical characteristcs on the formation and growth of
precipitation. The approach taken in the field experiment was, of
course, to make coordinated measurements of individual storms and storm
systems using a diverse set of instruments. The field phase of CCOPE was
highly successful and many comprehensive data sets were collected using
instrumental aircraft, Doppler radars, and other fixed surface networks.
Data analysis has progressed well on three severe storms for which data
were collected.

The most intense storm observed during the season occurred on 2
August 1981. It developed in the late afternoon to the northwest of
Miles City and moved rapidly southeastward across the experimental area.
The storm was observed for more than two hours by a network of seven
Doppler radars, each one measuring a radial component of the winds within
the volume of precipitation. L. Jay Miller has been analyzing these data
in order to synthesize the storm's internal flow structure. These motion
fields then allow one to study growth trajectories of precipitation
(especially those trajectories that lead to large hailstones) to deter-
mine the air, moisture, and momentum transport processes, and to study
the production of vorticity. In related work on this storm Dennis Musil
and Paul Smith (South Dakota School of Mines and Technology), and
Heymsfield are looking at measurements from the armored T-28 aircraft,
which penetrated this storm late in its lifetime. Aircraft observations
will be used to determine the sizes and types of precipitation at middle
levels in the large updraft as well as in its immediate vicinity.

Analysis of the Doppler radar measurements reveals that the storm
had an internal kinematic structure very similar to the classical de-
scription of supercells. Features included low-level relative inflow
speeds as large as 30-40 m/s, cyclonic rotation of the horizontal winds
within an intense updraft whose vertical speed attained 45 m/s, a bounded
weak-echo region or reflectivity vault that was coincident with the
updraft, and strong, divergent upper-level outflow in excess of 50 m/s.
A modest downdraft was detected within the high reflectivity region of
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the low-level hook echo behind the outflow boundary. The storm updraft
propagated continuously to the right of the cloud-layer environmental
winds as the updraft interacted with these veering winds. Simplified
precipitation trajectory calculations indicate that some ice particles
falling out of the updraft from above 10 km MSL followed cyclonic paths
around the south and east flanks of the updraft and fell out on its north
side.

Morris Weisman and Joseph Klemp (Atmospheric Analysis and Prediction
Division, Mesoscale Research Section [AAP, MRS]) have obtained results
from a numerical convective storm model that compare favorably with these
observed features. Encouraged by the similarities of these preliminary
results Weisman, Klemp, and Miller are pursuing a more in-depth study of
this storm using both numerical model results and experimental observa-
tions. The model will be "tuned" to improve the similarities between its
results and those observed; the model will then be used to portray the
storm in more detail than is possible using only observations. This
study is expected to help clarify the roles of environmental wind shear,
vorticity production and boundary-layer forcing by organized outflow in
the production and maintenance of intense, nearly steady convection.

A storm that occurred on 11 July 1981 also was observed by the net-
work of Doppler radar. Although the environmental wind shear through the
cloud layer (thought to be one of the important controls on storm struc-
ture, severity, and steadiness) was similar in direction and magnitude to
the one on 2 August, the observed storm structure was distinctly differ-
ent. For example, the 11 July storm had only a small vault associated
with the updraft and much slower relative low-level inflow speeds. In
fact the storm was characteristically smaller and less intense than the
2 August storm. Even with these differences the two storms produced com-
parable maximum radar reflectivities and large hailstones. Miller is
studying the Doppler-derived winds to compare the structures of these two
storms and to identify the conditions that led to their differences and
similarities.

A number of intense thunderstorms that produced damaging wind and
hail developed in eastern Montana on the afternoon and evening of
1 August 1981. The storms were observed by conventional and Doppler
radar, research aircraft, and the surface network for more than seven
hours. The environmental wind hodograph on this day was quite different
from that of 2 August, and indeed, this difference was reflected in the
storm's evolution. Both right- and left-moving storms were documented on
this day, with characteristics similar to those observed in recent model
simulations involving a similar straight-line hodograph. On-going
analysis by Hal Frank of the wind fields derived from Doppler measure-
ments should help to clarify the reasons for this bifurcated behavior.
One right-moving storm showed an abrupt increase of updraft vorticity,
coincident and consistent with a change in the low- to middle-level winds
in the storm environment. Tilting of vorticity on the south flank of the
updraft appears to be a major factor leading to the observed change of
the airflow pattern.
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The on-going analysis by Frank will address the vorticity budget in
more detail and explore the ramifications with regard to hail production
(giant hail was observed) and severe wind phenomena. The contrasting
situation observed later in the day, when a line of storms formed adja-
cent to still-active isolated storms, affords an unusual opportunity to
compare storms with similar cloud-layer environments but vastly different
subcloud forcing.

Charles Wade has been examining the problem of the interaction be-
tween the storms on 1 August and their mesoscale environment. Although
the storms developed under roughly similiar environmental conditions,
they exhibited evolutionary characteristics that varied significantly
from storm to storm. Early afternoon storms remained relatively isolated
and moved in an east to northeasterly direction. Later storms developed
initially in a cluster, then evolved into a rather extensive squall line
and finally moved across the Dakotas as a mesoscale convective complex.
The early afternoon storms produced relatively weak cold-air outflow
regions that were unable to move away from the storms. As a result the
cloud base updraft regions remained very close to the precipitation core
of the storms (leading to a number of inadvertent hail encounters by the
subcloud aircraft). It appears that the weak outflow region beneath the
early storms was due in part to a lack of evaporating precipitation in
the storm's downdraft. By contrast the later storms had an extensive
outflow region that spread southward across the research network and
initiated an extensive squall line.

EVOLUTION OF THE MESOSYNOPTIC PRESTORM ENVIRONMENT

One of the goals of CCOPE was to gain an increased understanding of
the factors that lead to the development of deep convection over the
northern and central High Plains of the United States. Previous work in
the National Hail Research Experiment and elsewhere has clearly shown
that the availability of low-level moisture is frequently the critical
factor in the formation of storms in this normally arid region. In
recent analyses Wade has identified an important mechanism that is
responsible for the development of easterly low-level winds over eastern
Montana and Wyoming that can transport higher humidities into the region.
The mechanism is tied to the influence of elevated terrain west of the
area in question. Because of strong diurnal heating over this terrain
during the summer months a thermal ridge forms in the lower and middle
troposphere. Near the northern edge of the thermal ridge is a surface
low-pressure pattern (the surface pressure is near 850 mb). When the
low-pressure center develops in northern Wyoming the cyclonic circulation
around the low draws high qw air from the Dakotas westward into eastern
Montana. A severe storm environment develops when the high ow air
passes beneath the thermal ridge and becomes confined to the lowest 1 or
2 km of the troposphere. The development of storms then depends on the
relative strengths of the moist low-level air mass and the capping
thermal ridge. Major thunderstorm outbreaks occurred in eastern Montana
on 11 July and 1 and 2 August 1981. This mesosynoptic mechanism is
believed to have contributed to the development of a favorable
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environment on all three days. These were, in fact, the most severe
cases of thunderstorm outbreaks during the CCOPE field program.

RESEARCH WITH THE DUAL-WAVELENGTH TECHNIQUE FOR STUDYING HAIL GROWTH

The theoretical foundation for detecting hail by using the radar
back-scatter at two wavelengths dates back to the early 1960s when David
Atlas and Frank Ludlam demonstrated the ability of such systems to yield
useful information about hail properties. It was not until fairly
recently, however, that certain limitations in this capability caused by
the radar systems themselves became clear. In particular, Ronald
Rinehart and John Tuttle showed how mismatched antenna beam patterns
between the two radars and inadequate corrections for attenuation could
lead to highly spurious results. This work has been discussed in
previous reports.

Before the 1981 CCOPE field season in Montana, the Field Observing
Facility of NCAR replaced the old M33 X-band antenna on the NCAR CP-2
dual-wavelength radar with a newer Cassigrain reflector antenna. This
new antenna has a main lobe that is matched to the beamwidth of the
S-band antenna to within about 1% (compared to a 13% difference between
the M33 X-band and the S-band main lobes). Thus, data collected during
the CCOPE field season have much better capablility for dual-wavelength
hail detection than any other previously collected data sets.

Using these new data sets, Rinehart and Tuttle have been studying
the dual-wavelength hail signals determined from some of the larger
storms sampled during CCOPE. On two days during 1981 (11 July and
2 August) hail of baseball size and larger was produced over fairly large
areas. Both of these storms had radar reflectivities in excess of 75 dBZ
and exhibited supercell characteristics during their lifetimes (3-4 h).
Dual-wavelength hail signals from these storms often exceeded 20 dB, sug-
gesting that much of the hail was falling with monodisperse or nearly
monodisperse size distributions and that the hail was likely wet or
spongy.

Because of the extremely large size of the hail associated with
these storms and the fact that earlier theoretical investigations of the
radar properties of hail had been limited to diameters of about 5 cm or
less, Tuttle and Rinehart undertook the calculation of the backscattering
cross sections of spherical hail up to diameters of 10 cm for various
conditions. These conditions included various size distributions (mono-
disperse, semimonodisperse, and exponential), water-coating thicknesses,
densities, and spongyness values.

The results of these calculations showed that theoretical hail sig-
nals for a 3-cm/lO-cm dual-wavelength radar system for large hail will
vary between a few to as many as 45 dB, depending upon the attendant
conditions and size distribution present. The presence of even a very
thin water coating or a small amount of water within the ice structure
increases the hail signal from a couple to as much as 20 dB over that of
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dry hail. Hail signals in excess of about 16 or 17 dB can only be pro-
duced by the presence of a water coating or by spongy hail, regardless of
the size distribution.

Another area of progress in dual-wavelength analyses has been the
implementation of a new attenuation-correction scheme, This scheme auto-
matically examines each ray of radar data, looking for dips in the dual-
wavelength ratio that are indications of the possible presence of
non-Rayleigh scatterers, and determining the attenuation along each por-
tion of the ray between successive dips. The attenuation between dips is
calibrated using a power-law relationship in proportion to the radar
reflectivity factor at each individual range gate. This attenuation-
correction scheme is currently being used in all dual-wavelength process-
ing done with the CP-2 CCOPE data and seems to adequately account for
attenuation under nearly all situations,

In addition to the work mentioned above that is aimed at a better
theoretical treatment of the dual-wavelength hail detection problem and
at better measuring techniques, Tuttle has been carrying out empirical
comparisons between dual-wavelength measurements and T-28 aircraft
measurements made during penetrations into mature storms. Using the
hailstone size distributions measured by the T-28 hail spectrometer, the
theoretical hail signal (ratio of the S-band reflectivity to that of the
X-band) and S-band reflectivity have been calculated for the aircraft
measurements using Mie theory. In the calculations, spherical hailstones
of three different types are assumed: dry, wet, and spongy.

Rinehart and Tuttle compared the T-28 hail signals with the radar
data along the flight path of the aircraft. Preliminary results from the
1 and 2 August 1981 storms have shown that there is general agreement
between where the T-28 measured hail and where the CP-2 radar indicates
hail. There are some instances however, where the T-28 measured hail,
but the radar shows no hail and vice versa. In the 1 August data set,
the magnitude of the calculated hail signals are generally within 3-4 dB
of those measured by the radar. For 2 August, however, the calculated
hail signals have a tendency to be 6-8 dB higher than those measured by
the radar. Such discrepancies may be a result of sampling volume differ-
ences between the two systems (the radar samples a volume of about
108m 3, whereas the hail spectrometer only samples about 102 m 3 along a
1-km flight path), but many other explanations dre also possible.
Further work and comparisons over a larger number of storms will be
necessary to resolve the issue.

Concomitant with these evaluative studies, Tuttle has also started
preliminary analysis on the 1 August storm using dual-wavelength tech-
niques. The storm provides an excellent dual-wavelength case study as it
developed and matured within the radar network and it caused little
attenuation of the X-band radar beam. Even though the storm had peak
reflectivities of about 75 dBZ, the total two-way X-band attenuation
through the storm was generally less than 4 or 5 dB, even at the lowest
levels. The area of the storm containing hail, as indicated by the CP-2
dual-wavelength system, is extensive, being some 15 km in the east-west
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direction and 10 km in the north-south direction. This hail region of
the storm, with dual-wavelength ratios in excess of 25 dB, shows very
little attenuation. This indicates that this part of the storm contains
hail with little or no rain. The area of higher attenuation coincides
with a region of low hail signal values, which contains mostly rain.
However, the ratio of the hail area to the rain area for this storm is
high and it seems that the storm produced relatively little rainfall.
The lack of appreciable rainfall and the attendant subcloud evaporation
may be the principal reason for the absence of a strong surface outflow
and gust front. If so, this is an example of microphysical processes
strongly modulating the overall dynamic behavior of the storm.

WATER BUDGETS OF CONVECTIVE CLOUDS

The evaluation of water budgets of cumulus and cumulonimbus clouds
was one of the principal research objectives of CCOPE. A fairly complete
accounting of the primary sources and sinks can be made by computing the
water budget in some known volume containing the bulk of a cumulonimbus
cloud. For a fixed volume having its base at cloud-base level, vertical
sides enclosing the active vertical transport region of the storm, and a
horizontal top near or above tropopause level where water content of the
air and vertical air motion can both be regarded as negligible, the water
budget can be partitioned as follows:

1. The upward flow of water vapor through cloud base in convective-
scale updrafts

2. Downward flow of water vapor through cloud-base level in
precipitation-associated, negatively buoyant downdrafts

3. Surface rainfall

4. Evaporation of rainfall between cloud base and the surface

5. Net increase in water substance aloft as a result of the
convection

6. Net flux of water substance across vertical boundaries

By making use of the diverse and comprehensive measurements avail-
able from the CCOPE data base, James Fankhauser and Miller have attempted
the practical evaluation of the individual water-budget components.
Terms 1 and 2 may be assessed by using the fields of vertical velocity in
updrafts and downdrafts at cloud-base height, calculated from multiple-
Doppler radar radial-velocity measurements. Representative values of
values of cloud-base mixing ratio and air density are chosen after con-
sideration of aircraft, surface mesonetwork and rawinsonde observations.

No reliable measurements are available for evaluating the rate of
evaporation of precipitation between cloud base and the ground (term 4).
Though in principle it should be possible to compute evaporation rates
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from the reflectivity profile below cloud base, it appears that necessary
accuracies cannot be attained. Since the mass of downdraft air can be
estimated from Doppler radar measurements, it may be possible, however,
to determine the amount of water required to maintain saturation (or some
appropriate humidity less than 100%) in moist adiabatic descent and so
estimate the evaporation.

Relationships between radar reflectivity factor and the associated
size, number, and type of reflecting particles provide a means for evalu-
ating terms 3 and 5, the surface rainfall and the rate of storage of
water substance aloft. As a first approximation, it may be assumed in
the case of the storage term that all of the water vapor transported
vertically upward through cloud base is condensed, and that any depletion
caused by entrainment or phase changes aloft is constant. In this
situation it is then necessary only to take account of accumulation or
loss of water in liquid and/or solid state within the volume.

By considering the vertical profile of the net horizontal air-mass
flux divergence derived from Doppler-radar winds within the volume en-
closing a storm it is possible to arrive at crude estimates of water sub-
stance lost or gained in passing across vertical boundaries. For the
budget of water vapor environmental mixing ratio may be incorporated
where a net influx exists, and some fraction of the saturation mixing
ratio can be used where a net outflux occurs.

As regards the budgets of cloud and particulate matter, the greatest
uncertainties exist at higher levels where the size of ice crystals pass-
ing horizontally through vertical walls may be small but their numbers
large. Associations between radar reflectivity factor and equivalent
water mass also may be useful in this sector, but valid in-situ measure-
ments that relate the two are sparce and show a great deal of variability
from storm to storm and case to case.

Initial efforts at quantifying the water budget components from con-
ditions observed in conjunction with a large cumulonimbus (11 July 1981)
indicate that individual terms can be evaluated with an accuracy of about
a factor of two. It may be possible to improve the estimates of some
critical parameters by referring to benchmark data collected by subcloud
and penetrating aircraft flying in various sectors of the storm.

MODELING THE EVOLUTION OF A FIELD OF CUMULUS CLOUDS USING
SURFACE FORCING BASED ON MESONET DATA

The CCOPE experiment provided a wealth of data that can be used to
further our understanding of convective clouds. Terry Clark and Piotr
Smolarkiewicz (visitor, University of Warsaw) started a modeling effort
that uses a portion of this data set to simulate an early daytime popula-
tion of clouds. They chose 20 June 1981 as the study case because the
surface network and the rawinsonde measurements seemed to indicate suit-
able conditions with which to initiate and force a model. These
conditions involved a nearly constant westerly wind throughout the
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troposphere for most of the day and very little horizontal variability
within the CCOPE region. Thus, they used the rawinsonde data to supply
the initial fields of wind, temperature, and moisture throughout the
model domain prior to sunrise. Subsequent to model start-up they used
the sounding data to supply inflow boundary conditions on wind, tempera-
ture, and moisture to the model. The surface mesonet data were used to
supply surface fluxes of heat, moisture, and momentum. Such a simulation
is useful not only in furthering our understanding of cumulus clouds but
also in assessing the strengths and weaknesses of the data set. By com-
paring the model results with the observations and by performing
sensitivity tests, one can suggest where refinements or additions to
future data acquistions might be considered. Clear disagreements between
the observations and the model results are useful in pointing out weak-
nesses in the model design.

Clark and Smolarkiewicz developed a surface-layer model based on the
energy- and moisture-balance equations and basic equations provided by
surface-layer similarity theory. Most of the equations used in the model
have analytical solutions; this is important in their efficient
application to three-dimensional modeling. Due to the availability of
CCOPE network data the surface-layer model is almost independent of the
hydrodynamical model except at the initial time. The initial surface
temperature and mixing ratio have been evaluated from the sounding data.
The independence of the surface-layer model means that the evaluated
surface fluxes of momentum, heat, and moisture are not affected by the
hydrodynamical model, i.e., they are specified. Such a specification of
surface fluxes is possible because of the existence of surface network
winds, temperature, pressure, and water-vapor mixing ratio under condi-
tions where precipitation and sky cloud coverage can be assumed to have
little affect on the surface-layer model. Using sensitivity tests Clark
and Smolarkiewicz found that the final results only weakly depend on the
values of the climatological constants that appear in the energy and
moisture balance equations. This insensitivity may not be universal and
may occur because of the constraints imposed by the network data on the
surface-layer model.

The hydrodynamical model used in this study was developed by Clark
(1977, 1979, 1982) and Clark and Gall (1982). In the model the deep
anelastic equations of Ogura and Phillips (1962) are used where the
acoustic waves are filtered by making the local time derivative of air
density equal to zero. The cloud physics parameterization employed is
based on the following assumptions;

1. Only liquid water is considered (i.e., there is no ice in the
model).

2. Liquid water is subdivided into cloud water and rainwater.

3. The raindrops are assumed to exist in a Marshall-Palmer distri-
bution (Marshall and Palmer, 1948) and fall with their mass-weighted mean
terminal velocity.
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4. A threshold cloud-water content must exist before autoconversion
from cloud water to rain water can take place.

The model equations have been described in Cartesian coordinates
whereas in order to accommodate irregular surface terrain features the
equations are solved in a transformed nonorthogonal coordinate space.

The integration domain used in the model covered an area of
50 X 50 X 10 km with the position of the CP-2 radar near Miles City in
the southwest corner or the (0, 0, O) point of the domain. The resolu-
tion was AX = AY = 1.0 km and AZ = 0.2 km. The data for the topography
used in the study was obtained from high-resolution data tapes available
from the National Cartographic Information Center. All of the available
environmental soundings from Baker, Colstrip, Glendive, Knowlton, Miles
City, and Powderville were used to evaluate the environmental conditions
for this day.

Clark and Smolarkiewicz analyzed the model results for the main
experiment from 43 sets of three-dimensional fields stored on permanent
data sets, with a time increment of 10 min for the 7 h of simulation.
They organized the data this way so they could perform sensitivity
experiments and restart the model at any of the 43 stored-time levels and
avoid the repetition of costly calculations. They compared the model
results with the available radar and aircraft data, the record of hourly
surface observations for Miles City, and available cloud photographs.
In the current stage of the project their interest has been focused on
the global characteristics of the cumulus field, i.e., geometrical struc-
ture, type of clouds, sky cloud coverage, and time evolution of the whole
field. They found that using a realistic surface-layer forcing leads to
results which, with respect to these global features, are in a close
agreement with the observations. Their numerical experiments suggest
that dynamical inhomogeneities imposed by the flow over the terrain may
play a leading role in the development of a field of convective clouds.
The thermodynamical inhomogeneities generated by the type of soil and
vegetation coverage are equally important in the early stage of the cloud
field formation, while later they primarily affect the local properties
of the cloud field. The global characteristics of the cloud field,
including the geometrical structure of the field, cloud-size distribu-
tion, and sky cloud coverage, are determined more by the dynamics of the
flow within the boundary layer than by the thermodynamics of the surface
layer.

MODEL DEVELOPMENT OF INTERACTIVE NESTING AND SIMULATIONS

During the past year in the CSD modeling group Clark has emphasized
interactive (two-way) grid nesting development. The main advantage of
such model nesting is that it allows for greater spatial resolution than
a fine-resolution single model. Using a fully interactive framework
between the fine- and coarse-mesh models, CSD modelers have greatly
improved boundary conditions at the common interface of the models from
parasitic nesting (one-way interaction). The development work in nesting
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has progressed to the point where Clark has used the model to study moun-
tain waves, and Gary Klaassen (visitor, York University, Toronto, Canada)
and Clark have used the model to study penetrative downdrafts of cumulus
clouds. Robert Gall (University of Arizona at Tucson) also plans to use
it soon in a study of multiple vortex generation within dust devils.

Clark originally developed the basic three-dimensional numerical
finite-difference model at the Atmospheric Environment Service in
Toronto. It is nonhydrostatic and uses second-order finite differences
for the temporal and spatial operators. The model's terrain-following
coordinate transformation allows researchers to accurately treat the
effects of topography. A recent paper by Clark and Richard Farley (South
Dakota School of Mines and Technology) describes a series of experiments
that tests the accuracy of the nesting design. The paper also presents
results from an experiment on downslope windstorms that used three
spatial dimensions. The testing experiments showed that if one forces
the extrapolation and averaging formulae used between any two models to
be reversible, a large reduction in intermodel boundary noise results.
This reversibility constraint has been used by possibly only one modeler
in the past, and only while using linear interpolation formulae. This
paper describes a general procedure involving variational principles that
permit the use of higher-order formulae. Clark and Farley use a quadra-
tic interpolation formula in their paper and show that if the consistency
constraint is not used then an order of magnitude increase in intermodel
boundary noise results. Other modelers have used these inconsistent
quadratic interpolation formulae and obtained results with considerable
noise. Another experimental test was to show the importance of two-way
versus one-way interaction. This topic was addressed earlier by Phillips
and Shukla (Journal of Applied Meteorology, 1973) for the hydrostatic
shallow-water equations. Clark and Farley found an even more dramatic
improvement in the anelastic framework of vertically propagating
gravity waves when the fully interactive boundary conditions were used.
Boundary reflections were virtually undetectable between the upper
models' upper interface when the fine-mesh solutions were allowed to
modify the coarse-mesh solutions in the common overlapping domain. Thus,
this procedure leads to a very good nonlinear radiation boundary
condition.

The first three-dimensional experimental framework chosen to test
the nesting was the well-known problem of the down-slope windstorm.
Using two interacting models Clark and Farley were able to include the
third spatial dimension for the first time. Because the flows are so
strongly sheared and nonlinear this problem provides a strong test of the
model performance. The model worked well and provided some interesting
new physical results on the problem of strongly forced mountain waves.
This experiment showed that turbulence is generated in the convectively
unstable wave-breaking region. This turbulence eventually works its way
to the surface and leads to quite strong gustiness there. This is the
first model simulation of a windstorm to produce gustiness similar to
actual observations.
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Another on-going series of experiments using the interactive nesting
framework addresses the problem of turbulent entrainment in small cu-
muli. Clark and Klaassen have been carrying out numerical simulations in
two and three spatial dimensions with a grid resolution as fine as 25 m
inside the cloud. This level of resolution allows for a direct simula-
tion of the turbulence of the cloud. More important, such a resolution
allows them to simulate how the top boundary of the cumulus cloud inter-
acts with the unstable dry air directly overhead. Preliminary experi-
ments indicate that the cauliflower shapes observed in cumuli are a
result of a cloud-top instability caused by heavy dry air overlying
lighter moist air. This instability is in many respects similar to the
well known Rayleigh-Taylor instability. Their experiments have already
resulted in a numerical simulation of a penetrative downdraft within a
small cumulus cloud.

MICROPHYSICAL MODELING

One of the major goals of the CSD modeling effort is to incorporate
detailed simulations of cloud microphysical processes into the three-
dimensional cloud model. William Hall and Clark have used two signifi-
cantly different but parallel approaches to determine the solutions of
the microphysical equations that govern the time evolution of the hydro-
meteor spectra (water and ice). The two approaches are the detailed
model and the parameterized model.

In the detailed model the hydrometeor spectra are divided into a
large number of categories in which the governing microphysical equations
are cast into a finite difference form and solved using established num-
erical methods. Though this approach is cumbersome and requires large
numbers of field variables to describe the hydrometeor spectra, the model
represents a strightforward solution to the physical equations. The
accuracy of the solutions can be tested by increasing the size category
resolution. Thus this model provides the guidelines and bench-mark solu-
tions for the testing and construction of a nonformalistic parameterized
model.

The parameterized model being developed first assumes that the solu-
tion of the microphysical equations is represented by a series of empiri-
cal distribution functions (the current work employs two log-normal
functions). This ad hoc assumption is necessary to minimize the amount
of variables that define the hydrometeor spectra. A system of equations
describing the time tendencies of the distribution function variables is
then derived using a variational least-squares procedure. The procedure
minimizes the errors between the parameterized solution and the governing
physical equations by incorporating a general weighting function and
Lagrangian multipliers to improve the accuracy and guarantee that the
number and mass concentrations obey the physical equations precisely.

A paper published by Clark and Hall (1983) in the Journal of the
Atmospheric Sciences illustrated the feasibility of the parameterized
model of treating stochastic coalescence processes. The major advantages
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of this model are that it requires fewer variables and it is computation-
ally efficient and flexible. Unlike previous parameterizations, which
were based on scale analysis of the microphysical equations, the present
model is based on approximate solutions of the microphysical equations.
This allows one to make straightforward modifications to incorporate
future improvements in our knowledge of hydrometeor growth characteris-
tics and to include other physical processes such as nucleation, conden-
sation, and sedimentation.

The disadvantage of the parameterization is that it is only an
approximation of the physical equations, and convergence to the true
solutions is not guaranteed. Under some circumstances the inaccuracies
of the first or basic form of the parameterization lead to unstable or
ill-conditioned solutions. The main cause of this problem is that the
distribution functions are very nearly independent of each other for
cases of wide separation and the parameterization attempted to take these
weak interactions into account. Under such circumstances a more indepen-
dent treatment of the distribution functions has proven to be useful
where these very weak interactions are eliminated.

Over the past year the physical processes of nucleation, condensa-
tional growth, and evaporation have been successfully added to the stoch-
astic coalescence model. Both the full interacting and independent
treatments of the distribution functions have been developed to incorpo-
rate all major physical processes required for a general cloud model.
However, the general conditioning problem has not been completely solved
and remains a current research effort.

In cooperation with Hans Pruppacher and doctoral student, Andrea
Flossmann (Johanness Gutenberg University, Mainz, Germany), Hall applied
the detailed model to the problem of aerosol scavenging. During a period
of four months when Flossmann was visiting NCAR, she formulated the
required equations within the detailed cloud model framework, completed
the model construction, and obtained some preliminary results. The cal-
culations dealt with in-cloud warm-rain aerosol scavenging while the pro-
cesses of nucleation, condensation, and coalescence were simultaneously
occurring. The major scavenging processes considered were Brownian dif-
fusion, thermo- and diffusio-phoresis, and inertial impaction of aerosol
particles onto cloud droplets and rain. Future work with Flossmann will
add gass scavenging processes to the model.

IMPROVED NUMERICAL METHODS: A MULTIDIMENSIONAL, POSITIVE-DEFINITE
ADVECTION ALGORITHM

The approach of the simple positive-definite advection scheme (S1)
developed previously by Smolarkiewicz (Monthly Weather Review, 1983) has
been extended and improved for the multidimensional case and presented in
a generalized format. The recent development shows how by using an
iterative approach one can construct from the upstream method a class of
nonlinear, multidimensional, positive-definite advection algorithms with
small implicit diffusion. In comparison to other positive-definite
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advection algorithms of a higher order of accuracy (hybrid schemes), the
general iterative principle of the algorithm is simple and can be easily
developed from the Taylor series expansion applied to the upstream
scheme. In the first iteration an upstream ddvection step is used in its
classical sense. Then each following corrective iteration reapplies the
upstream scheme but with a specially defined "antidiffusive" velocity
field. The number of iterations is optional, and each additional itera-
tion increases the solution's accuracy. Such a procedure had been
applied successfully in S1 to one-dimensional advection problems and to
multidimensional problems when the scheme has been used in a "time-
splitting" form. In the multidimensional case when the scheme was
applied to a combined form (non-time-splitting) only the first corrective
iteration gave improved results. The second corrective iteration
deformed unrealistically the solution and in some cases even resulted in
instability of the scheme. In S1, it was suggested that this error was
caused by an effect due to the cross-derivative terms (also in
Smolarkiewicz [Monthly Weather Review, 1982]). Introducing cross-terms
to the antidiffusive velocities eliminates this problem and results in a
fully multidimensional unified algorithm that strictly maintains the
positive definiteness of the transported quantity. The proposed
algorithm represents an open family of schemes of varying levels of
accuracy, complication, and computational efficiency. The simplest
version of the scheme is second-order accurate in both space and time.
As was shown in S1, it gives results that have an accuracy comparable
with that obtained from more complicated hybrid schemes while consider-
ably reducing computational time. The most accurate and complicated
version presented in the paper is third-order accurate in time and fifth-
order accurate in space. In principle it is possible to construct the
algorithm with an optional order of accuracy.

The results of the numerical test suggest that there exists a general
connection between the distribution of the truncation error of any advec-
tion scheme and the dimensionality of the problem. It is suggested that
to ensure that the numerical solution of the advection equation be free
of strong artificial deformations it is necessary to use schemes of at
least the same order of accuracy in both time and space as the dimension-
ality of the problem.

MOMENTUM FLUX IN CONVECTIVE LINES

In a case study of the 14 September 1974 convective band of the
Global Atmospheric Research Program Atlantic Tropical Experiment (GATE),
Margaret LeMone found that the component of horizontal momentum normal to
the line was systematically transported so that front-to-rear momentum
was increased higher than about 5 km, and rear-to-front momentum
increased at lower levels, where "front" is the direction in which the
line is moving. If one defines the wind component u as positive in this
direction, the momentum u'w' was negative, the opp.Aite of that pre-
dicted by simple mixing theory, which states that u'w' should be of
opposite sign to dU/dz. The vertical transport of the along-line

126



CONVECTIVE STORMS DIVISION

component of horizontal momentum did follow simple mixing theory, having
a sign opposite the vertical shear of that component.

The 25-km band of convection was only the leading edge of the sys-
tem, which had a trailing zone of stratiform cloudiness of approximately
70-km. The average leading surface of the convective zone resembled a
wedge, with a slope of 30° from the horizontal momentum. Aircraft
measurements revealed virtually all of the flux concentrated in the con-
vective zone. It was achieved primarily by convection about cloud base,
toward the rear of the convective zone. Acceleration of downdraft cores
accounted for only a small fraction of u'w'. The low-pressure area was
primarily hydrostatic, the result of increasing depths of buoyant air
overhead with increased distance into the convection. Cooler air toward
the rear of the convective region resulted in a slight displacement of
the low in front, where the convection reached maximum altitude.

The following results of this case study have been generalized by
close examination of eight other convective-line cases, and two cases of
smaller groups of cumulonimbus clouds, in a study recently completed by
LeMone, Gary Barnes, and Edward Zipser.

Momentum Flux

In all but two of the convective-line cases, the momentum flux u'w'
was negative, where u is positive in the direction of line motion. In
some of these cases, mixing theory predicted positive u'w'. The smaller
cloud groups transported the momentum flux down the vertical gradient,
following the simple mixing theory. One of the convective lines that
that had positive u'w had only isolated towers; the other was dissipat-
ing and surrounded by isolated clouds, which may have accounted for much
of the measured flux. It appears then that more three-dimensional sys-
tems and isolated clouds have momentum transport of the sign predicted by
simple mixing theory.

Pressure Field

All of the convective lines with well-defined leading edges had
pressure fields qualitatively resembling that of 14 September. That is,
there was a field of low pressure, tilting roughly parallel to the lead-
ing edge, and centered 10-15 km behind the leading edge at the level of
cloud base. The pressure minima ranged from -120 Pa (-1.2 mb) for the
intense lines that moved at speeds greater than 10 m/s, to only -20 Pa,
for the shallower lines of intermediate speed. Again, the pressure
appeared to be approximately hydrostatic. At the surface, the storm
outflow was associated with a mesohigh, centered below and to the rear of
the mesolow.

Leading-Edge Slope

The qualitative appearance of the pressure fields in the convective
bands is easy to explain if the leading edge slope is shallow. Thus the
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pressure decreases gradually with the increasing depth of buoyant cloudy
air overhead. The leading-edge slope was defined as the slope, averaged
along the line and, in time, defined by the convection making up the
line's leading edge. The slopes varied between 25-35° with no clear
relationship to line speed or intensity. LeMone, Barnes, Zipser, and
Edward Szoke did an exhaustive survey of the convective bands in GATE to
determine their leading-edge slopes. As in LeMone's earlier work, the
leading edge of the line was defined in terms of increased turbulence
that continued for more than a minute, and abrupt changes in wind,
temperature, dew point, or liquid-water content. By combining these
criteria, we attempted to identify the cumuliform clouds making up the
leading edge. Occasionally, however, heavy clouds not clearly associated
with the leading edge were encountered. The ambiguity was removed by
examination of leading-edge locations at earlier and later times.

The slope of the line's leading edge is given by w/(u-c), where c is
the leading-edge speed, u is the horizontal speed of an air parcel that
rises to form part of the leading edge, and w is the parcel vertical
velocity. Using the convective cores to represent the parcels and sub-
stituting their horizontal and vertical velocities, the leading-edge
slope for 14 September was successfully predicted.

The momentum flux u'w' is accomplished primarily by updraft cores.
For 14 September, LeMone showed that the flux was primarily due to
updraft cores, accelerated in to the low-pressure area at the back of the
convective zone. She showed that the typical deviation of the u-velocity
measured in the cores was close to that predicted by a simple momentum
equation, and that the product of the horizontal and vertical velocity
deviations and the fractional core coverage was within 25% of the
measured flux.

Individual cores were not examined for all the days with convective
bands, so a way had to be developed to predict the core horizontal and
vertical velocity. Zipser and Barnes had already shown that the mass
flux by a band was proportional to the airflow into the band, and Zipser
and LeMone had shown that much of the mass flux was by cores. The hori-
zontal velocity of the cores would be a function of the pressure minimum
and the time the cores have to be accelerated by the pressure field.
Accounting for all these factors in a normalization scheme, the momentum
fluxes are collapsed to within 50% (the original measurements varied by
two orders of magnitude).

It is somewhat surprising that a normalization scheme that takes no
account of the inflow U shear would successfully collapse the data to a
single curve. It implies that the assumption that updraft cores dominate
the momentum transport is approximately correct. Since the updraft cores
have their origins within the boundary layer, and since they are
"insulated" from the environment as they rise, the environmental shear
does not signficantly affect the flux.

But what happens to the mid-to-upper level air? In the storms
studied, all of the air was entering the storm from the front. Much of
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this air probably passes between the convective cores and joins the
trailing stratiform anvil. Some of this air will form downdrafts, but
the relative moistness of the mid-level air plus trajectories that take
it through a largely cloudy leading convective zone, reduces the poten-
tial for negative buoyancy. Indeed, Zipser and LeMone, in a survey of
convective updraft and downdraft cores in GATE found the latter to be
weaker by a factor of two in mid-levels.

THE PRESTORM ENVIRONMENT OF TROPICAL CONVECTIVE CLOUD LINES

The mesoscale interactions group within CSD has been analyzing
organized convection in the equatorial trough (GATE). One characteristic
of these phenomena is their variation of speed and direction. Aircraft
composites of the squall- and slow-cloud lines show that the squall has a
mass flux through the lower cloud layer that is three to four times
greater than that observed in the slow-cloud line cases. Barnes and Kent
Sieckman have applied a composite technique on rawinsonde data to iden-
tify the differences and similarities in the prestorm environment ahead
of the leading edge of active cumulonimbi. Fast-moving squall lines
(>7 m/s) were found to have their leading edge normal to the low-level
wind shear; slow-moving cloud lines (<3 m/s) had their leading edge
parallel to the wind shear. The wind component normal to the squall line
increased to a height of 4 km. At this level the wind and squall speeds
were nearly equal. Above 8 km the hodographs of the prestorm environment
for the fast and slow lines were similar. The thermodynamic structure in
the subcloud and lower cloud layers and the convective available poten-
tial energy were also alike for the two types of convective cloud lines.
However, in the mid-troposphere (800-500 mb) the squall line showed a
more pronounced minimum of equivalent potential temperature.

The combination of shear and the drier air in the mid-troposphere
may allow a system to develop strong but spatially separated updrafts and
downdrafts and thereby reach squall-line status.

ACTIVITIES RELATED TO STORM

Last year, in response to a broad and growing consensus that the
time was right to mount a national program in mesoscale meteorology, UCAR
conducted an extensive planning exercise. The proposed program, entitled
STORM, was designed to advance both basic understanding and applications
to short-range weather forecasting, involving both the research and oper-
ational communities. The first major field phase of the program is to be
in the central United States in 1988, followed by intensive programs in
the East and West at intervals of two or three years.

In order to take the first tangible steps toward defining the
specific goals of STORM-Central, an interagency team was formed, with
Zipser as chairman. The development of the draft plan began in July when
about 40 scientists from universities and federal agencies gathered at
NCAR to make provisional identification of research and operational
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objectives, observational requirements, and experiment design. The group
agreed that STORM-Central will focus on mesoscale convective systems,
their associated weather, and improved forecasting, and will contain
major basic and applied research opportunities.

A first draft of the STORM-Central plan was prepared by Zipser based
on the inputs of the group, and was distributed widely in September. An
open workshop at the University of Wisconsin at the end of October
brought about 110 scientists together for two days to discuss the major
issues that needed resolution before the "final" draft plan could be
produced by Zipser in December.

Many scientists from AAP, ATD, and CSD made substantial contribu-
tions to the development of the draft plan. Within CSD, major interest
centers on the inner network suitable for observing convective storms and
their associated mesoscale systems. Fankhauser, LeMone, Miller, Brant
Foote and Patrick Squires have contributed to multiagency discussions
leading to a provisional design of the Doppler radar network. This had
been a difficult and controversial subject because of the conflicting
requirements of observing a large domain and at the same time having the
radars spaced closely enough that the horizontal and vertical resolution
be fine enough to measure convective-scale contributions to the mesoscale
systems. The Doppler radars are, of course, only one component on a
composite observing system, and the group also made progress in defining
the needs for surface mesonetwork data, aircraft data, vertical structure
through profiler and sounding data, and special boundary-layer observing
systems,

Other CSD scientists have begun to concern themselves with the ques-
tion of how such a network of Doppler radars and aircraft can be
controlled effectively in real-time in the field. This is a problem that
CSD has dealt with on an smaller scale during CCOPE in 1981. Cleon
Biter, Peter Johnson, and Charles Knight have joined scientists from ATD
in developing some design criteria for the field control center that
will be needed for STORM-Central.

Early in 1984, the final draft plan for STORM-Central is due for
review by a subcommittee of the National Academy of Sciences' Board on
Atmospheric Science and Climate, as well as by the government agencies.
Assuming a positive set of reviews, and the committment of appropriate
resources, the meteorological community will be able to move forward with
more specific plans for participation in STORM-Central.

INSTRUMENT DEVELOPMENT

Our knowledge of cloud behavior and the development of precipitation
comes both from theoretical models and field measurements. Aside from
radar, most measurements are made by instruments mounted on research
aircraft that penetrate the clouds and make detailed, in-situ observa-
tions. In recent years there has been a growing interest in noncontact
and remote-sensing measurements in order to extend the range of
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measurement beyond the path of the aircraft and to avoid some of the
problems that result from direct measurements from an aircraft
penetrating a cloud at high velocity.

During the past year NCAR contracted with Ophir Corporation (in
Denver) for a design study of a technique of in-cloud measurement of
temperature based on the emission of carbon dioxide in the 4.3 pjn band.
Jack Warner and Don Lenschow (AAP) monitored this study on a monthly
basis. Shortly before the completion of the work, prototype equipment,
originally developed for ground use, was installed in the NCAR Queen Air
aircraft, and some flight testing, including comparison with existing
aircraft temperature sensors was done. Since this testing, significant
modifications have been suggested for the ground-based prototype
equipment. These suggestions, together with the results of the flight
tests, a discussion of the plan for the proposed airborne equipment, and
a description of how it would be constructed are contained in the
contractor's final report, which was submitted at the end of fiscal year
1983, The report will be studied early in FY 84, and a decision will be
made regarding a new contract for the development of an airborne
instrument.

A completely new technique for remotely sensing liquid water in a
cloud is under investigation by Warner and James Drake. The idea for
this technique arose during discussion last year between Warner and Paul
Krehbiel (New Mexico Institute of Mining and Technology). The technique
determines the liquid-water content from a cloud's microwave absorption
or emission and is independent of the size distribution of the droplets
provided that they are small in comparison to the wavelength. For a
wavelength of 1 cm this means that there should be few or no water drop-
lets greater than 1 mm, Hence the technique is limited to the
preprecipitation stage of cloud development or to a stage when the cloud
is producing less than about 1 mm/hr of rain. Since ice is a poor
absorber or emitter at centimeter wavelengths in comparison to liquid
water, the technique detects the liquid water in the cloud and not the
ice.

These facts have been known for decades, and the Wave Propagation
Laboratory of NOAA has developed a ground-based scanning radiometer that
measures the integrated value of liquid water in the direction that the
radiometer antenna points.

The novelty in the idea being investigated by Warner and Drake lies
in their use of mathematical inversion techniques to determine the dis-
tribution of liquid water throughout the cloud from a large number of
intersecting ray paths obtained from a pair of radiometers that simul-
taneously scan the cloud under investigation. Extensive computer
simulations have been made to determine how many intersecting rays are
required to reconstruct the original field to a given accuracy and to
investigate the effects of antenna beamwidth and receiver noise on the
errors in the reconstructed field. Since water vapor also emits and
absorbs microwave energy it has been necessary to investigate by
mathematical simulation how accurately the in-cloud and environmental
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water vapor concentration and temperature structure need to be known
for a given accuracy in retrieval of the liquid-water distribution. The
effect of fluctuations in the vapor field has also been studied.

Although the simulation studies are not yet complete, the technique
can be used to determine in-cloud liquid-water distribution to an
accuracy of 0.1-0.2 g m -3 with a spatial resolution of a few hundred
meters, using a pair of ground-based scanning radiometers about 10 km
apart. The spatial resolution depends upon the number of intersecting
beams that pass through the cloud, which is determined by the time the
radiometer spends looking in each direction, and on the integration time
of the signal received. The integration time in turn affects the
received signal-to-noise ratio and hence the errors in the reconstructed
field. The latter are also affected by the amplitude of the fluctuations
in the vapor field though not, apparently, by the dimensions (at least
over a range of 200-1000 m). These effects can best be studied by com-
puter simulation techniques so that when equipment is used in the field
its limitations are fully understood.

During the past summer CSD used two scanning radiometers (con-
structed by the Wave Propagation Laboratory [WPL])for a field trial of
this technique. Jack Snider of WPL was instrumental in making these
radiometers available and in supervising their operation. The processed
data from the radiometers should be available early in FY 84 and an
attempt will then be made to determine the liquid-water content of any
clouds that were fully scanned. We also hoped to make in-situ aircraft
measurements to verify the calculations from the radiometer data; how-
ever, during the field trials no suitable clouds formed over the line
between the radiometers. Unfortunately, few suitable clouds appeared
over the test site, which was determined by other than meteorological
needs, during the whole period of the trials.

Because a ground-based system has limitations, Warner has designed
an airborne configuration. This design will be the subject of simulation
studies in the future, and we anticipate that such a system will be built
in the not-too-distant future.

LIQUID-WATER SENSOR CALIBRATION AND EVALUATION

During the past few years Dye in collaboration with Darrel
Baumgardner (ATD, Research Aviation Facility [RAF]) and Walter Strapp
(Atmospheric Environment Service of Canada, Toronto) have used the high-
speed icing tunnel of the Canadian National Research Council (NRC),
Ottawa, to calibrate and evaluate several Johnson-Williams (J-W) liquid-
water-content meters. They also recently evaluated the King liquid-water
content meter developed in Australia at the Commonwealth Scientific and
Industrial Research Organization (CSIRO), and now being marketed by
Particle Measuring Systems ([PMS], Boulder, Colorado). Both of these
instruments measure the liquid-water content by determining the power
required to evaporate the water impacting on a heated wire.
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The continuing studies have shown a number of shortcomings of the
J-W instrument. Although some of the J-Ws have a calibration that is
very close to that given by the manufacturer, for many of them the use of
the manufacturer's calibration yields a much lower liquid-water content
than the actual value--sometimes less than half. Several of the units,
tested as many as four or five times in the icing tunnel, have shown
unpredictable changes in calibration. A large part of this variation is
due to changing of sensor heads. Different sensors used with the same
set of electronics often give different calibrations. However, changes
in calibration have also been observed when the same sensor-electronic
combination is tested at different times.

It is difficult to identify the source of these problems. Undoubt-
edly, part of the problem is associated with the very low resistances, a
few tenths of an ohm, for the sensing and compensating wires, which allow
stray resistances from connectors and leads to be a significant part of
the total resistance. Also, until recently the ground return for older
probes was made through the anodized connector, creating a source of
variable and unpredictable resistance. As a result of these tests Cloud
Technology, the manufacturer of the probe, is now providing sensors with
proper ground returns for the heaters and sensing wires within the con-
nector. Although this has improved the performance of the J-W, problems
of shifting calibrations still occur. It appears that frequent calibra-
tions, independent of the manufacturer's, are necessary before a reliable
measurement from an individual J-W can be made. Calibration in the NRC
icing tunnel or comparisons of measured values with adiabatic liquid-
water contents in clouds, in which adiabatic regions have been identified
by other measurements, can be used for this purpose.

The tests have also identified icing characteristics of the J-W.
The shield heater has been found to provide sufficient heat to prevent
the build-up of rime ice on the shield at true airspeeds of 100 m/s,
liquid water contents of 1-2 g m-3, and temperatures less than -20°C.
However, under these same conditions, the majority of probes begin to
collect ice on the forward support for the compensating wire at about
-15°C. As the support collects ice the signal decreases for a period of
5-20 s until aerodynamic forces blow the ice away and the signal then
increases to its original value. This observation was first reported by
Strapp and Schmenauer in 1982 in the Journal of Applied Meteorology. We
now have performed enough tests to know that this is a very common prob-
lem at -15°C, and that by -20°C almost all of the J-Ws show this
behavior, one that would be impossible to distinguish from in-cloud
variations,

The studies done so far on the King-CSIRO liquid water sensor are
encouraging. In principle, one might expect the King probe to be more
accurate than the J-W since it is designed to operate at constant
temperature and its response in dry air can be calculated, thus removing
the need for a compensating wire to correct for the dry-air heat loss,
such as is done with the J-W. However, prototypes of the King probe,
built and operated by the University of Wyoming on their aircraft, had a
relatively high frequency of breakage of the sensing wire when operated
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in ice and icing conditions. In order to try to overcome this limita-
tion, Dye in cooperation with PMS constructed some sensors with a smaller
sensing area and others with a shield placed over the fine copper
windings.

These prototypes were tested by Dye, Baumgardner, and Strapp in
studies conducted in the NRC icing tunnel during April 1983. Two of the
standard King probes manufactured by PMS were also evaluated. The tests
showed that the two standard probes and the unshielded one with smaller
sensing area gave calibrations within 15-20% of the expected calibra-
tion. The shielded sensor, which was operating at a temperature of 160°C
inside the sheath, gave a lower calibration and began to visibly shed
water near 1.5 g mn . For the standard PMS probes, unlike the J-W, the
calibration voltages did not depend upon the sensor head being tested.

Although the tests were encouraging, calibration differences between
the various probes were evident and some of the probes showed possible
saturation effects above 1.5 g/m. Warren King, the originator of the King
probe, and presently a scientific visitor at NCAR, suggested that some of
the differences might be due to shortcomings in the electronic
construction and design. Consequently, another series of tests were con-
ducted in late October of 1983 to evaluate these modifications and also
to perform more tests at high liquid-water contents. The analysis of
these tests by King, Dye, Baumgardner, and Strapp is currently underway.
The early results suggest that the King probe is a viable instrument for
the airborne measurement of liquid-water content.

HIGH-SPEED DATA LINK

In field projects, it is occasionally necessary or desirable to
separate the research radar from the operational displays that are used
by scientists to conduct operations. Such is the case for the PROFS
facility, which is separated by several miles from the CP-2 research
radar. In cooperation with PROFS, CSD is designing and building a high-
speed data link to allow up to 800 Kbytes of data per second to be trans-
mitted from CP-2 to the PROFS facility. A microwave link will be used to
transfer the data. Special equipment will be designed and built by CSD
staff to interface both the CP-2 data system and a PROFS computer system
to the the microwave equipment. This system will be installed for field
testing in the summer of 1984. The tests are expected to yield valuable
information as to the reliability of such a link and its usefulness in
providing radar data at distant locations.
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STAFF AND VISITORS

Administration

Toni Biter
Sharon Blackmon
Carol Brown
Edwin Crow (long-term visitor)
Jan Rosinski (long-term visitor)
Patrick Squires (director)

Cloud Physics and Instrumentation Group

Cleon Biter
James Dye
Walter Grotewold
Warren King (long-term visitor)
Brendan Ruiz
John Warner (project leader)

Macrophysics Group

Jose Alvistur
Terry Clark
Patricia Cochran
Timothy Douglas
James Drake
James Fankhauser
G. Brant Foote (project leader)
Harold Frank
William Hall
L. Jay Miller
Carl Mohr
Paul Poulsen
Ronald Rinehart
Piotr Smolarkiewicz (long-term visitor)
John Tuttle
Charles Wade

Mesoscale Interactions Group

Gary Barnes
Yi-Leng Chen (20 May 1983)
Lesley Julian
Margaret LeMone
Kenton Sieckman
Edward Szoke
Edward Zipser (project leader)

Microphysics Group

Robert Bawn
Jeffrey Bogen
Daniel Breed

Darrol Draper
Jack Fink
Timothy Fredrick
Vincent Glover
DeWitt Harrison Jr.
Andrew Heymsfield
Fran Huth
James Johnson
Peter Johnson
Charles Knight (project leader)
Nancy Knight
Carlos Latorre (long-term visitor)
Larry Oolman
Ilga Paluch
Joanne Parrish
Michael Spowart
Robin Vaughan
James Weber

Visitors

Alan Betts, Unaffiliated, 1 January to 31 March
1983, administration

Petr Chylek, State University of New York at
Albany, 17 June to 14 October 1983, microphysics

Richard Farley, South Dakota School of Mines and
Technology, 6 June to 9 September 1983, macro-
physics

Andrea Flossmann, University of California at Los
Angeles, 24 January to 31 May 1983, macrophysics

Brigradan Gupta, Banaras Hindu University, India,
17 June to 15 August 1983, microphysics

Bruce Morton, Monash University, Australia,
21 April to 30 June 1983, cloud physics instru-
mentation

David Raymond, New Mexico Institute of Mining and
Technology, 1 November to 30 December 1982,
macrophysics

Vandana Srivastava, State University of New York at
Albany, 17 June to 27 August 1983, microphysics
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SCIENTIFIC COMPUTING DIVISION

The primary mission of the Scientific Computing Division (SCD) is to pro-
vide large-scale computing facilities to the national community of university
and NCAR scientists who perform basic research in the atmospheric and related
sciences. Atmospheric sciences research depends upon large-scale computing,
primarily in the areas of simulation modeling and analysis of very large data
sets. The computational power required for such studies is generally not
available at universities. Hence, the principal mission of SCD is to provide
computing power of a magnitude sufficient to support computations for exten-
sive modeling and data analysis, as well as storage and archive capacity for
major data collections. The division employs the best available high-
performance equipment and supplies support services tuned to this research.

CURRENT SYSTEMS

To meet these goals, SCD is equipped with two CRAY-1A computers each
capable of executing 80 million instructions per second for very-high-speed
computational power; tw IBM 4341 computer systems, which provide interactive
access to the major computing engines; an Ampex Terabit Memory System (TBM)*
which provides mass storage for archived data as well as significant on-line
data storage; and a national network service for asynchronous communication
from UNINET Inc., an operation of United Telecommunications, Inc. SCD also
has a Dicomed graphics systems; a Network Systems Corporation (NSC) high-speed
data network to connect the various systems; and a Gandalf port contention
device, which permits selective user access to the machines within the divi-
sion.

The demand for SCD services has grown dramatically in the last five years
as atmospheric science has advanced rapidly along several fronts. The CRAY-1A
has provided the opportunity for atmospheric research to pursue many important
topics in its research, and substantial gains have been made in the under-
standing of complex weather, climate, ocean, and solar systems. In fiscal
years (FY) 1982 and 1983, the demand for the CRAY-1A caused excessive delays
in the research, and immediate relief was sought as well as a long-term solu-
tion. To deal with this problem, in the spring of 1983 SCD replaced the Con-
trol Data Corporation (CDC) 7600 with a second, used, CRAY-1A. The CRAY-1A is
a machine of greater capacity and more moder architecture than the CDC
machine. In addition to a very important 50% increase in computing capability
that became available to researchers, this acquisition has provided modern
architecture, compatibility, redundancy and homogeneity in NCAR's current sys-
tem, efficiency of use, and improved cost effectiveness.

Early in FY 33, SCD installed the national network service for asyn-
chronous communication (UNINET), which allows university users to make a local
phone call to the network and be connected to SCD. This service can be

* TBM is a registered trademark of the AMPEX Corporation.
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quickly enhanced to include synchronous service as demand dictates. At the
time of installation, the funding for this service was unclear. SCD paid the
cost from its budget as an experiment to see what the demand would be. The
experiment proved to be an overwhelming success, and funding will now come
from the National Science Foundation (NSF) through project grants. For non-
NSF projects UNINET is now a billable item.

SERVICES

During FY83, SCD provided comouter support for 499 proiects at 80
universities, involving 795 scientists, students, and programmers. Computer
resources were also made available to 489 NCAR projects serving 637 scientists
and programmers. In addition, 98 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, 18%; astrophysics, 6%; upper atmosphere, 8%; climate, 37%;
oceanography, 5%; basic fluid dynamics, 11%.

A summary of actual and estimated CRAY charging units (CCU) used for
years 1981-1986 is as follows:

Table 1. Use of the CRAY-1A

in CCUs

------ Actual ------- ---- Estimated-----
1981 1982 1983* 1984 1985 1986

Non-NCAR 1235 1119 1677 2400 2400 2400
Joint University-NCAR 346 382 638 1200 1200 1200
NCAR 1305 1299 1468 2400 2400 2400

Total 2886 2800 3783 6000 6000 6000

*2nd CRAY-1A introduced to service in June 1983

ORGANIZATION

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 and maintenance of high-quality meteorological and climatological data
sets, and for their distribution to the atmospheric science community. It
also participates in national and international planning of data archives,
data exchanges, and field experiments.

The Advanced Methods Section conducts research into numerical algorithms
widely used in atmospheric research and provides consultation on the best
methods and software for numerical problems.
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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 numeri-
cal and utility tools.

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

The SCD administrator is responsible for managing the division budget and
the management reporting system. The Clerical Support Group provides clerical
services to about 104 members of 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. It
also provides assistance to users in locating data appropriate to their
research needs, interfacing their programs with DSS data sets, and accessing
utility routines for manipulation of the data. Users can access the data from
remote terminals, in addition to using the data at NCAR or obtaining data
tapes from NCAR.

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 Climate Data Center (NCDC),
the U.S. Navy (USN), and the U.S. Air Force (USAF). Other countries and
laboratories also provide data. Supporting data such as land elevation, sur-
face vegetation, 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 data sets is
also available.

The section emphasizes acquiring data sets that have potential for multi-
ple 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 archive to meet a specific request. More often, data are acquired in
anticipation of research needs through assessment of the general needs of the
research community in combination with specific current and past requests.
The section also strives to improve the quality and accessibility of data in
the archive. In addition, significant efforts are required simply to update
and maintain the data archive and to serve user needs.

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

The DSS staff is available to answer questions about data handling, mag-
netic tape usage, and related subjects. Consulting assistance and utility
routines are also available to aid users with a wide spectrum of general data
handling problems such as reading tapes formatted for other computer systems
and efficient storage methods for data archives.

Surface Marine Data Set, 1850 to Present

The section has been heavily involved in a joint project with the
National Oceanic and Atmospheric Administration (NOAA) and with the Coopera-
tive Institute for Research in Environmental Sciences to prepare a merged set
of surface ship data and statistics for the period 1850 to 1980. The major
data collections included were: (1) the Asheville "Atlas" data, which were the
input data for statistics in NCDC marine atlases, (2) historical ship data
prepared for 1861-1960 under the International Decade of Ocean Exploration
(IDOE) supported by NSF, (3) data obtained through the international exchange
of ship-log data starting in 1960, and (4) a data set prepared by the NCDC at
Asheville with 95% of the data available being from the 1970-79 decade. In
addition, the new merged data set includes about ten other smaller ones, such
as from whaling ships, permanent ships, and telecommunications data, that help
to make it more complete. The large volume of data was taken through several
computer-processing steps in this project. In order to successfully convert
the ship data from various character formats to the standard binary format, it
was necessary to resolve a number of inconsistencies and errors in the origi-
nal data.

NCDC at Asheville supplied most of the data. NCAR and CIRES staff con-
verted the information to a regular binary format, sorted it to bring dupli-
cates together, eliminated duplicates, prepared statistics, and made other
necessary changes. The largest amount of processing was accomplished in May
1983 when 104 hours of CRAY processing units (CPU) totalling 45 CCUs were
used. Most of the remaining statistics calculations and other alterations
were accomplished during the fall of 1983.

Other Additions to Scientific Data Archives

Global surface observations from the Navy for July 1971 through December
1981 were made available for cloud statistics calculations. NCAR reduced 426
tapes to 142. Because of these efforts, the calculations on 10.5 years of
global surface data can be made today from 25 archive tapes. NCAR also
received much of another set of global surface synoptic observations (NCDC
TD13) on 97 tapes (6,250 bpi) prepared by the USAF that cover periods between
1931 and 1965. Gregg Walters prepared tape backups, and Ann Gayton is helping
to convert the data to a more compact format. Similar processing has begun on
a set of U.S. surface synoptic data (NCDC TD14) which were received on 180
tapes. Both of these sets will also be used for cloud calculations.
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Wilbur Spangler improved the set of world monthly surface data. He
decoded, reformatted, and merged world weather records from 1961 until 1970
(for North America, Europe, Central and South America, West Indies, and
islands of the world) with existing world monthly surface-station climatology,
and he added updates provided by Dennis Shea.

Several new data sets were added to the DSS data archive during FY 83,
including, for example, a revised version of the USSR long-term gridded tem-
perature anomalies, and the Matthews vegetation, land-use, and albedo data.
There have already been several data requests for both of these. In addition
DSS routinely updates approximately 30 data sets.

Conversion to the CRAY-1A Computer

In preparation for the removal of the CDC 7600, Dennis Joseph worked with
the User Services Section to insure a smooth transition for 1/2-inch tape
users. A tape-copy facility has been developed and documented for the IBM
4341. The DSS staff also worked extensively with User Services on procedures
for handling the somewhat unusual types of problems such as long tape blocks,
etc. Spangler converted and documented various routines as wel as the pro-
gram which archives NMC line data to execute and run on the CRAY-1A. Work on
converting DSS programs to the CRAY-1A continues. A large number of programs
used for updating and accessing various data sets have been converted.
Conversion of routines involving multiple data volume access from the TBM or
from 1/2-inch tapes has been particularly time-consuming. Programs relating
to less frequently used data sets remain to be converted.

Other Activities

Projects supported through programming and extensive consulting help
included Harry van Loon's climate studies and Stephen Warren's cloud climatol-
ogy work. Spangler served on the File Strategies Committee which addressed
the problem of file handling on the NCAR Local Network. Jenne worked with
Paul Rotar to prepare an analysis of the use of the mass storage equipment and
to prepare projections through 1993.

National and International Planning

The United States and India are defining research tasks for a cooperative
monsoon research program. Jenne is a leader for one of the tasks, "Develop-
ment of long-term records of data," and he has been named the program's U.S.
contact for data management and exchange. This involved preparing preliminary
write-ups about necessary data and then helping to prepare the text of the
agreements. Dennis Joseph was also involved in some of the discussions of
needed data and computing resources and methods.

Jenne attended an international meeting at Goddard Institute for Space
Studies in New York in December 1982 to help plan various data aspects of the
International Satellite Cloud Climatology Project (ISCCP). The project
involves gathering data from five geosynchronous satellites and at least one
polar orbiter. A data test was accomplished in the spring of 1983 and the
five-year project began in July 1983. A paper on data for the ISCCP was
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presented by Jenne at the International Union of Geodesy and Geophysics meet-
ings in Hamburg. He also worked on precipitation data planning in Geneva for
the World Climate Programme.

There is a cooperative agreement between the U.S. and China to study the
North China Plain and the North American Great Plains. Jenne is a task leader
for a data advisory function, and he helped prepare a program during meetings
held 20-23 March in Boulder, Colorado.

Meetings of a National Academy of Science's data panel in April and June
were attended by Jenne. This panel, which has been organized under the Com-
mittees for Solar and Space Physics, and the Committee for Solar-Terrestrial
Research, is considering problems of handling data for a one-satellite Upper-
Atmosphere Research Satellite mission in about 1988 and for a proposed four-
satellite "open" mission starting about 1989. A combination of distributed
and centralized data processing by many principal investigators is being con-
sidered. Many types of correlative data that are not gathered by these satel-
lites are also needed and are therefore included in the planning.

NCAR is looking ahead to acquisition, with funding beginning in 1985, of
an Advanced Vector Computer (AVC). UCAR prepared a document, "Scientific Jus-
tification for an Advanced Vector Computer," to which Jenne contributed a sec-
tion on scientific data processing. Jenne also presented a paper entitled
"Global Data for Climate Diagnostic Research" at the annual Climate Diagnos-
tics Workshop meeting held in October 1982.

Requests for Data

During the period October 1982 through September 1983, the Data Support
Section filled 190 requests for data. Over the past year, 452 magnetic tapes
were sent out to university, government, and other research groups. The data
for these tapes were selected from 979 archival volumes. Microfilm, micro-
fiche, and printer output were also created for some users. Many other users
obtained access programs to use the data directly on the NCAR computers
instead of getting tapes.

Filling data requests requires documenting data sets, writing reports,
answering letters that request data or information, and coordinating with
other organizations. This could not be accomplished without the expert and
very dedicated help of a small secretarial staff supervised by Betty Thompson.
Frieda Garcia worked most closely with the Data Support Section in completing
a major portion of these miscellaneous tasks.

ADVANCED METHODS SECTION

The Advanced Methods Section (AMS), headed by Paul Swarztrauber, has
three main functions. First, it provides users of the NCAR computing resource
with consulting in a variety of technical areas that are described below.
Second, it is responsible for the development of general and special-purpose
scientific software, and third, it is responsible for computer-related
research that is applicable to the atmospheric sciences.
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Software Development

Russell Rew implemented and tested the Micro Relational System (MRS),
a relational data base system which he obtained from the University of Toronto,
and demonstrated its capabilities on a small data base for the NCAR library.
He organized and modified SEED, a data base management system, source
files and wrote a conversion guide for a new version of the UNIX shell. He
also installed a new version of REDUCE, a symbolic algebra package, on the IBM
4341.

James Curry made updates to mathematical software which were required by
the removal of the CDC 7600. He also tested the various fast Fourier
transform (FFT) routines and reported his results in the software notes. In
addition, he prepared a software notes update article on Bessel functions.
This article included timing runs of the various packages so that the user
could choose the most efficient one for his problem. He also implemented
several programs for solving tridiagonal linear systems of equations that were
obtained from Livermore National Laboratories.

Swarztrauber and Akira Kasahara (AAP) wrote a manuscript that described
the computational methods and software for computing the normal modes of the
linearized shallow water equations (Hough Functions). A unique component of
this work was the computation of an orthogonal set of zonal modes. These
modes were computed as the limit of non-zonal modes and as such they exhibit
characteristics that are consistent with previously determined modes. The
package consists of approximately 1,500 lines of code which is fully docu-
mented.

John Adams and Swarztrauber have initiated an extensive software project
that will provide users with programs for the spectral analysis of scalar and
vector functions on the sphere. In this project they will expand and organize
the software that was described in Swarztrauber's talk entitled "Software for
the spectral analysis scalar and vector functions on the sphere" that was
presented at the conference on Large-Scale Scientific Computing at the Univer-
sity of Wisconsin in Madison.

Adams and Cicely Ridley were also involved with the allocation of
resources to the universities. Adams created a "reviewer data base" on unix
to automate and streamline the process of selecting reviewers for outside
requests resulting in a 6,000 line file containing all current reviewers.

Research

Adams is collaborating with Ray Roble on an effort, called SEPLI, to
demonstrate the usefulness of the high-order code for solving elliptic partial
differential equations for solving an atmospheric electricity problem.
SEPLI's purpose is to understand the effect of satellite-measured, intense
horizontal electric fields at 100 km on measurements at ground stations, and
whether this effect explains electric field reversals at the ground.

Adams is also working with Israel Tzur, Atmospheric Chemistry and Aeron-
omy Division (ACAD), to model the earth's fair-weather electric field. This
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involves solving three coupled, two-dimensional, nonseparable and nonlinear
elliptic partial differential equations. The equations have been artificially
decoupled by incorporating two of the unknowns in each equation into the
right-hand side, linearizing them, and iteratively solving the resulting non-
separable PDE with the direct method-solver LIPTIC. On simple but realistic
test cases convergence was achieved. The next step is to go on to two-
dimensional problems with more complex physics. This could allow Tzur to
examine untested hypothesis to explain the charging mechanisms in the earth's
electric field and in cloud lightning. More immediately, Tzur and Adams
intend to incorporate mountains into the solution region and examine their
affects.

Gerald Browning continues to collaborate with Thomas Holzer and Arthur
Hundhausen, High Altitude Observatory (HAO), on the development of a two-
dimensional magnetohydrodynamic model of the solar corona. They have been
directing their efforts in the cylindrical star model toward the resolution of
a small region where the current sheet intersects the lower boundary. In this
region the diffusion terms can result in a boundary layer in the magnetic
divergence unless care is taken in the formulation of the boundary conditions.

Browning also completed initial tests of the time-dependent numerical
model of sunspots. The model develops a sunspot-like structure without any
dissipative terms. He is currently writing a joint paper with Victor Pizzo
(HAO) describing the application of the bounded-derivative principle to the
magnetohydrodynamic equations to derive the reduced system of equations used
in the model.

Cicely Ridley continued her collaboration with Ray Roble (ACAD) on the
Thermospheric General Circulation Model. She included code in order to simu-
late the effects of the 11 June total eclipse of the sun upon the solar heat-
ing of the upper atmosphere. This involved calculating at each time-step the
proportion of the sun's disk not obscured by the moon as viewed from each grid
point. This factor was then applied to the solar heating for the the model.
The model was run through the eclipse time and then for eight hours more.
Histories were recorded at hourly intervals. A control run with no eclipse
enabled difference fields to be plotted. A temperature drop of up to 30° was
observed coupled with convergent winds up to 30 m/s.

Much of Swarztrauber's work this year was centered on a particular class
of problems that confront the geophysicst. Most problems in geophysics are
formulated on the surface of a sphere where their solution is complicated by
the discontinuous spherical coordinate system. For example, even though a
vector function such as the wind is smooth in local coordinates, it can be
discontinuous in spherical coordinates. These discontinuities induce singu-
larities in the surface derivatives, with the result that many of the indivi-
dual terms in a partial differential equation on the sphere are unbounded at
the poles. This does not create a problem from a theoretical point of view;
however, it becomes a significant problem from a computational point of view.
Unlike the situation in Cartesian coordinates, harmonic analysis in spherical
coordinates is complicated by the fact that the interpolation problem on the
sphere does not have a solution. These concepts and others have been dis-
cussed in several papers, but most recently they appear in the proceedings of
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the conference on Large-Scale Computing that was held at the University of
Wisconsin in Madison this spring.

Consulting

Ginger Caldwell assisted Jack Calvert (ACAD) with the statistical
analysis portion of the National Academy of Sciences report entitled "Acid
Deposition, Atmospheric Processes in Eastern North America, A Review of the
Current Scientific Understanding", published on 30 June. During this year
Caldwell has assisted over 50 individuals from six NCAR divisions and several
universities with statistical consulting.

Stephen Bougher, a graduate student in the Advanced Study Program (ASP),
has consulted with Ridley in connection with converting to the CRAY the two-
dimensional model of the Venusian thermosphere originally developed on the CDC
7600 by Dickinson and Ridley. Bougher has repeated a number of the original
experiments incorporating the results of more recent observations. He has
added helium as a perturbation to the species already included in the model.
Ridley was involved in working out the formulation involved. Timothy Fuller-
Rowell, ASP, consulted with Ridley concerning the formulation for including
more than two molecular species in his model of the terrestrial thermosphere.

USER SERVICES SECTION

The User Services Section provides both local and remote users of NCAR
computing facilities with assistance and support to facilitate their use of
various computing systems and resources.

Managed by Richard Sato, the section offers consulting services, training
assistance, and documentation support for all computing services and opera-
tional procedures of the Scientific Computing Division. The User Services
Section acquires, manages, and maintains software libraries of numerical pack-
ages and utility tools; develops modeling, data processing, graphics, and
other software utilities and systems to enhance the user's computing environ-
ment; and has responsibility for the interface between the remote user comnun-
ity and the communications facilities which allow remote access to NCAR.

The section remains active in many areas to ensure continuing improvement
of services provided to users. Its members research new developments in
mathematical software as well as in other areas; participate in standards com-
mittees; attend and participate in meetings of relevant computing related
organizations such as CUG, SHARE, USENIX, SIGUCCS, and SIGGRAPH; work with the
scientific community on collaborative projects; and are involved in SCD pro-
curement processes for acquiring new or improved facilities.

Organization

The section's assistant manager, William (Buck) Frye, works with the
manager in coordinating projects between User Services groups, and meets regu-
larly with other assistant managers of the division to coordinate daily
activities among the SCD sections. The remaining 26 staff members of the User
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Services Section are organized into four groups, each with related projects,
which reflect the diverse needs of SCD's computer users.

The four groups within User Services are:

* Data Communications, headed by David Fulker, provides the interface between
the remote user community and the communications facilities maintained by
SCD. The group also has major responsibility for planning enhancements to
and future directions of the communications facilities provided by SCD.

* Information Services, headed by Ann Cowley, formerly called User Interfaces,
is responsible for consulting, documentation, and training support for SCD
users.

* Ilti-User Software, headed by Robert Lackman, has responsibility for
development of software systems and utilities to support the user comnunity.
The group may work with particular user groups on cooperative efforts to
develop software that will benefit a large community of users.

* Software and Libraries, headed by Benedict Domenico, is responsible for the
acquisition, management, and maintenance of software libraries. The group
also has primary responsibility for the development of NCAR graphics software
and for management of SCD's Digital Equipment Corporation (DEC) PDP 11/70
computers running under the UNIX operating system.

Overview of Achievements and Accomplishments

A subscription to UNINET, a national packet switching network, was
announced in November 1982. This new facility provides interactive access to
NCAR's computing resources at reasonable overall costs and, except for a local
call, at no cost to users. David Fulker assumed major responsibility in
establishing this access facility for users.

From October 1982 through April 1983 the efforts of virtually the entire
User Services staff centered around preparation for the decommissioning of the
CDC 7600 and commissioning of the second CRAY-1A computer. Coordination of
efforts was an important factor during this transition. Frye coordinated
efforts of User Services staff and Robert Lackman worked closely with the user
community to ensure that the transition would be smooth. Ann Cowley directed
the overall documentation effort and, in particular, the writing of a 'Conver-
sion Handbook' which proved to be very important in aiding users to switch
from the CDC 7600 to the CRAY-1A computers.

Richard Valent, Benedict Domenico, and Harsh Passi were responsible for
converting the maintenance of over one million lines of code of supported
software libraries from the CDC 7600 to other systems. Major software pro-
ducts were developed by Herbert Poppe (PSTORE) and David Kennison (EDITOR).
Fulker and Donald Morris worked closely with the Systems Section to provide
remote job entry (RJE) access through the IBM 4341. Barbara Horner and the
Consulting Project provided critical consulting assistance and the majority of
the Section's staff contributed to documentation and training efforts. Con-
tributions of others are denoted in this report. The second CRAY-1A was made
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available for the general user in early June 1983.

The Third Annual SCD Users Conference was held in mid-September 1983 with
120 participants from NCAR and member universities. It included a talk
presented by Sato on the recommendations from an SCD committee to investigate
strategies for developing a system for storage and management of files on the
NCAR system. This committee was organized by Walter Macintyre, SCD director,
in conjunction with a separate committee to write a request for proposal (RFP)
for the acquisition of a new mass store device in fiscal year 1984.

Two major software systems, developed as cooperative efforts between
scientific divisions and User Services staff, were announced to the user com-
munity. The two systems are GENPRO (a GENeral scientific data PROcessing sys-
tem) developed under the direction of Lackman with collaboration from the
Research Aviation Facility; and CCMOB, the community climate model for climate
and forecast simulations developed in collaboration with the Atmospheric
Analysis and Prediction (AAP) division.

Data Communications Group

The Data Communications Group (DCG) has overall responsibility for remote
access to SCD computing systems. This responsibility includes planning and
design of the network environment for university users as well as providing
documentation and consultation on communications issues, on-going upgrading of
associated communication facilities, and a user-oriented overview of the
access methods available for NCAR computing. DCG also managed two DEC PDP
11/70 minicomputer systems which serve SCD staff members, providing environ-
ments for program and document development.

DCG staff members participated in the annual SCD Site Visit Program, pro-
viding lecture materials and conducting visits. Morris went to Oregon State
University and the University of Washington. Staff members also attended the
two UNIX user group meetings during the year and participated in several pro-
fessional development seminars on advanced data communication and local area
networks.

User Assistance and Documentation (Communications). Throughout the year
assistance was provided on a variety of communications problems arising from
the use of the MODCOMP and IBM 4341 remote batch entry computer systems, the
UNINET packet switching network and other forms of computer access. Most of
this assistance and user consulting was provided by DCG staff member Morris
with contributions from Marie Working and Dennis (Duke) Smith. Requests for
this service occurred at an average of 30 per month (though with high varia-
bility) some five of which required extensive follow-up (e.g. datascope
analysis).

Various comnunications-related documentation was prepared, including
guides on the use of UNINET and the IBM 4341 Remote Spooling Communications
Subsystem (RSCS). Morris is combining the various guides with tables, charts,
and other detailed documentation to create a user's guide on NCAR data
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communications and remote access. The guide is expected to be printed in
December of 1983.

Terminal configuration tables (for use by the IBM 3270 emulation systems)
were maintained and a few important changes were implemented. Problems in the
use of certain terminals were explored at length by Working.

UNINET. Early in the year a contract was signed with UNINET Inc. to pro-
vide nationwide access to NCAR computing via a packet switching network. Con-
tractual arrangements and implementation details were overseen by Fulker and
service was begun in November 1982. From an initial rate of 300 hours per
month, use of UNINET grew to over 1,600 hours per month of user connect time
during the time period covered in this report.

Improvements to the UNINET service included transition to an X.25 stan-
dard network (with noticable improvements), addition of access nodes in
several university communities (at NCAR's request), and changes in IBM 4341
software to permit the transmission of graphics via UNINET to a user's termi-
nal (currently limited to 1200 bits per second).

Remote Batch Communication Services. Use of IBM 4341 RSCS began early in
the year and about a dozen sites were assisted in obtaining access via this
system. During the year a number of problems were identified and documented
(largely by Morris) for attention by SCD Systems Section personnel.

Use of the MODCOMP system has leveled off. Some 80 sites were determined
to be presently inactive (leaving about 80 active sites). Morris provided
technical assistance during the transition from MODCOMP/CDC 7600 connection to
MODCOMP/CRAY-1A connection. Few user problems were encountered, but the col-
lection and processing of use statistics required considerable effort.

Communications Statistics. Watching the pulse of the communications
environment requires the collection and processing of use statistics from
various sources. Information gleaned from these statistics was used to deter-
mine the inactive MODCOMP sites and provided the following facts concerning
UNINET usage: (1) most of the traffic originates from about 40 metropolitan
areas; (2) the typical user averages nearly 20 characters of data (input and
output) per second of connect time; and (3) costs average about $5 per hour of
user connect time.

High Speed Transmission. A research and feasibility effort was begun
toward providing high speed (56 kbit/s) communications services for university
users, possibly using satellite transmission techniques. The most promising
approach for the short term turned out to be an asymmetric system in which the
universities own inexpensive, small-dish, receive-only stations, and NCAR
operates an up-link which transmits data to a geosynchronous satellite tran-
sponder. Thus, the data would be broadcast to all users, and the receiving
systems would select only pertinent information.
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An invited paper on the topic was presented by Fulker at the Phoenix
Conference on Computers and Comnunications. The concept was an integral part
of the UNIDATA Workshop at the University of Wisconsin in Madison, and it was
reviewed at the Third Annual SCD Users Conference in Boulder, Colorado.
Further plans are being developed with an eye toward upward compatibility with
higher speeds and greater symmetry.

UNIX Systems. Two DEC PDP 11/70 systems running UNIX provide the office
automation and proqramming environment for all SCD staff and perform various
other tasks including management of the resource accounting data base,
software library maintenance, and support for the meteorological data archive.

In addition to routine system maintenance and user assistance during the
year, each system was augmented with a new 300-Mbyte disk (mainly handled by
Smith), and subsequent system debugging and procedure revisions were performed
by Edward Arnold with assistance from Working.

A large amount of system reorganization and cleanup work was performed,
much of it in anticipation of conversion to a newer version of UNIX, spear-
headed by Arnold. The newer version will bring the systems into greater con-
formity with the general UNIX user comnunity, will facilitate the use of new
software (such as network packages and data base managers), and will ease the
transition to other computing hardware as that becomes necessary. Among the
required precursors to change were implementations of a new "shell", editing,
and FORTRAN utilities, and a comprehensive conversion planning document was
prepared.

Information Services

The Information Services Group changed its name from User Interfaces late
in the third quarter to reflect more accurately the scope of activities under-
taken by the three projects within the group. Collectively, the Consulting,
Documentation, and Training Projects support and assist SCD users by providing
information needed to work within SCD's computing environment. By design, the
three projects work together and share information about users' needs (both
local and remote), new enhancements to software (either vendor-supplied or
developed at NCAR), and modifications to the hardware configuration in the
machine room.

Consulting Project. The Consulting Project with Barbara Horner as Project
Leader and eight regular and three student assistant programmers provides
SCD users with personal assistance with their computing problems. This assis-
tance includes: (1) handling a substantial number of user telephone calls
which require imnediate response; (2) responding to electronic mail inquiries
on the IBM 4341 system; (3) working with users one-on-one" when they walk
into the Consulting Office; (4) following up on queries for which an imnediate
answer cannot be given; (5) maintaining and operating the Consulting Office on
a regular schedule five days a week; and (6) providing a forum for user
suggestions and/or complaints to SCD.
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The smooth operation and management of the Consulting Office continues to
be one of the major achievements of the project. The Consulting Office is
open Monday through Friday, eight hours a day, from 8:30 to 12:30 in the morn-
ing and from 1:00 to 5:00 in the afternoon.

A typical month in the Consulting Office will have the consultants
assisting an average of 495 walk-in users, answering nearly 390 phone calls,
following up on 26 documented problems relating to SCD computing systems, and
preparing at least one trouble report. Table 2 lists the statistics for the
period covered in this report.

Table 2
Consulting Office Statistics

October 1982 - September 1983

Phone-in

288
272
249
375
353
501
437
456
579
378
371
354

4,613

384

Fol 1 ow-up

34
32
14
25
28
41
32
13
28
24
19
25

315

26

Trouble Reports

0
0
2
0
0
2
3
0
0
0
1
1

9

.75

The Consulting Project is also called upon to teach courses and provides
much of the staff for the annual SCD site visits. Project members visited 34
different universities and institutions affiliated with UCAR. They also gave
several seminars at NCAR both prior to and after the site visits.

This year has been particularly demanding because of the removal of the
CDC 7600 computer. A substantial consulting effort was involved in helping
the users convert from the CDC 7600 to the IBM 4341 and CRAY-1A machines.
Kennison produced a batch editor (EDITOR) to run on the CRAY-1A computers that
looks very much like the batch editor that formerly ran on the CDC 7600.
Kennison continues to provide useful utilities as the need for them becomes
apparent through his wrk in the Consulting Office. In addition to their reg-
ular duties, all of the consulting staff were involved in the conversion
effort from the CDC 7600. This included special consulting, writing docu-
ments, and converting program codes.

Month

Oct 82
Nov 82
Dec 82
Jan 83
Feb 83
Mar 83
Apr 83
May 83
Jun 83
Jul 83
Aug 83
Sep 83

Totals

Average

Walk-in

472
440
447
454
518
663
534
455
578
495
502
384

5,942

495

_ ___ __L
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Documentation Project. Linda Besen is Project Leader of the Documenta-
tion Project, which is responsible for producing all SCD-generated user docu-
mentation. The staff includes three writer/editors, one programmer/technical
editor, and one programmer, who is responsible for document distribution and
the maintenance of the distribution data base. With the assistance of other
members of the section and the consulting staff in particular, this small
group is able to provide a significant amount of user documentation in a
timely fashion. This includes creating Technical Notes (User's Guides) that
document important SCD software and/or hardware features; producing Consulting
Office documentation, which consists of documentation that, for one reason or
another, is not available elsewhere and describes particularly volatile
(changing) software or system modifications; providing users with daily infor-
mation (in the Daily Bulletin) about system changes or occurrences that may
affect their computing efforts; and producing a monthly newsletter (The
Record), which is distributed nationally to approximately 1,500 subscribers.

Additionally, the Documentation Project produces the Proceedings for
SCD's annual Computer Users Conference, the draft of SCD's annual report to
NSF and a multitude of other projects that turn up each year.

The goals of the Documentation Project are to keep SCD users apprised of
the changes within SCD with respect to software, hardware, and personnel, and
to provide written information required to make effective use of SCD. In the
past year the group has written or revised 8 User's Guides and 30 documents
for the Consulting Office. The Consulting Office documents are particularly
well received by users since they are the initial vehicle for documenting
changes/modifications in important features of SCD hardware and software.
Over time, the information contained in Consulting Office documents is incor-
porated into User's Guides when they are revised, thereby reducing the number
of separate documents which must be monitored and updated for accuracy. Four-
teen issues of the monthly newsletter, The Record, were published, including a
special edition to announce the installation of the second CRAY-1A computer
and another announcing special conversion aids attendant with the removal of
the CDC 7600. The Daily Bulletin is published each weekday morning and made
available both electronically and in hard copy form. In addition to this
documentation effort, a glossy pamphlet entitled "Scientific Computing at the
National Center for Atmospheric Research" was published in June with Linda
Besen as editor.

During the annual SCD Site Visit Program, it became clear that many
remote users have failed to request current documentation and, in many
instances, had no updated documentation at all. A few sites had documents
that were so out of date as to be useless. In response to this situation the
Documentation Project sent letters to all remote sites requesting that a site
representative be named to receive periodic mailings of current SCD documenta-
tion. The project will continue to send the site representative any new
releases, revisions, and/or support documentation at roughly six-month inter-
vals. The first mailing is scheduled for late November 1983.

An on-line HELP facility has been made available on the IBM 4341 comput-
ers called DOCAVAIL. This facility lists each document and its latest revi-
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sion date. Users may also send messages on-line to request the most current
documentation.

Training Project. Gregory McArthur is leader for the Training Project,
which provides instructional support for SCD users (both local and remote) to
help them learn about specific attributes of SCD that cannot be realistically
addressed by the Documentation or Consulting projects. The project designs
and produces tutorials (both on-line and hard copy), coordinates seminars and
lectures given by SCD personnel, and provides logistic support for the annual
SCD Site Visit Program.

The Training Project set up a series of lectures to be given by members
of SCD. Nine seminars took place before the annual site visits were initiated
this year. These were open to all users, but were designed specifically to
cover the topics that SCD site visitors would be addressing. From these lec-
tures, packets of instructional aids (transparencies, slides, etc.) were
prepared for use on the upcoming site visits. An additional four seminars
were given through the summer and fall. The Training Project continues to
plan and schedule seminars and training sessions on a regular basis for the
next fiscal year.

The responsibility of coordinating the site visits was a major focus of
the Training Project for several months. Letters were sent out to determine
interest in a site visit as well as the focus of topics to be covered at each
site. A follow-up questionnaire was mailed to each site to determine the
effectiveness of the visits. SCD representatives visited 34 institutions.

Interactive (on-line) and hard copy tutorials have been prepared by the
project. The interactive tutorials have been written in full-screen and line
mode versions so that both remote and local users may have access to them.

Finally, the Training Project has become involved in a mentor program
(ideas, logistics, cooperative input, etc.) between the User Services Section
of SCD and the Boulder Valley School District. This program is a public ser-
vice activity by SCD to promote computer literacy programs among junior high-
school students. David Maxey and Salvatore Farfan have participated in this
program as mentors.

Multi-User Software Group

Although many good software libraries and other software products are
available and have been acquired (primarily by SCD's Software and Libraries
Group and the Advanced Methods Section), there is always a need for local
software products tuned to the needs and computing equipment of a particular
institution. Addressing this need to create special software products is one
of the primary functions of the Multi-User Software Group (MUS) which contains
six programmers.

A second function of MUS is to maintain and strengthen communication with
the scientific community. Collaborative projects with scientific groups keep
SCD attuned to the needs and problems of its user base. Joint software
development projects, such as the CCMOB community climate and forecasting
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model and GENPRO, combine the computing science and software engineering
skills of SCD staff with the scientific and engineering expertise of UCAR/NCAR
col 1 aborators.

Finally, MUS helps meet the software needs of SCD itself.

Local Software Products. Three major software products and a number of
software utilities were completed and announced during the time period covered
in this report. These products span the fields of general scientific data
processing, modeling, local file management, and user interfaces. The three
products are discussed below.

(1) GENPRO. GENPRO is an extremely flexible, modular, and portable
software system designed for efficient time series and spectral analysis pro-
cessing on large computer systems such as the CRAY-1A. The atypical approach
of stacking multiple functions upon the data into a single job can signifi-
cantly reduce the number of passes through the data thereby eliminating the
input/output (I/O) bottleneck usually associated with data processing on large
computers. The production processing of the Research Aviation Facility (RAF)
aircraft data often has a central processing unit to I/O wait ratio of up to 3
to 1 on the CRAY-1A. In contrast some out-of-core atmospheric models have
produced ratios on the order of 1 to 1.

Charles Knight, Peter Johnson, and Robin Vaughan of the Convective Storms
Division (CSD) became the first users of GENPRO in December 1981. Their
application of GENPRO read the data sets of nine different aircraft systems
involved in the Cooperative Convective Precipitation Experiment (CCOPE) proj-
ect, generated common graphical and tabular displays for all systems, and
produced a standard output format for all systems. These scientists also pro-
vided useful feedback on inadequate or additionally needed options within the
functional modules that they used, including tape input (INPUT), tape output
(OUTPUT), tabular printing (PRINT), and graphical displays (PLOT).

With the removal of the CDC 7600 in March 1983, the nonportable predeces-
sor to GENPRO was also retired. At this point, RAF switched all of their pro-
duction processing of aircraft data to the new software. RAF processing of
turbulence data uses 13 different functional modules in the areas of
input/output, signal processing, statistics, and data display. RAF also
discovered a number of improvements that could be made in the software as well
as uncovering some additional bugs. Based upon the successful completion of
the CCOPE aircraft project and the successful conversion of RAF to the new
processor, the new GENPRO system was announced in the August issue of The
Record, SCD's monthly newsletter, as being available for general use. Since
that announcement there has been a growing number of new users both within and
outside of NCAR. The software is currently running on SCD's two CRAY-1A com-
puters and on the Atmospheric Technology Division's (ATD) VAX 11/780. There
also have been a number of inquiries into sending the code to other installa-
tions that have CDC, IBM, and Harris systems.

A GENPRO User Guide (NCAR Technical Note TN-208+IA, May 1983) was pub-
lished and additional reference, programmer, and system manuals are at various
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stages of development. The code of version 01 has been released for use and
is not undergoing any further development, except for the correction of any
detected bugs.

(2) CCMOB Model. The community climate and community forecast model
(CCMOB) was announced during this fiscal year for general use by the UCAR com-
munity. This major project is a collaborative effort between the Atmospheric
Analysis and Prediction (AAP) Division and SCD, begun in early 1981. The
scientific and interpretive work was contributed by the core group of AAP,
headed by chief scientist David Williamson, and has been utilized by a number
of universities. Software engineering and operational support has been pro-
vided by Sato and Gloria Williamson of SCD and both divisions have shared the
documentation effort, resulting in four documents: Users' Guide to NCAR CCMOB
(TN-211+IA, July 1983); Documentation of NCAR CCMOB Program~MouTEs~TTN-
212+IA, July 1983); Description of NCAT-CommunityC'limate odel (CCMOB) (TN-
210+STR, May 1983); and Users' GuTde -or the NCAR CCMModular Processor (TN-
216+IA, August 1983).

The CCMOB model is derived from an experimental spectral model developed
at the European Centre for Medium-Range Weather Forecasting (ECMWF). Major
physical parameterizations developed at NCAR have been incorporated into the
model. The modular code is flexible enough to be used in both climate studies
and forecasting through changes in model initialization and parameterization.
The three-dimensional model has an out-of-memory design that gives users the
flexibility to select the resolution in the modeling domain.

(3) PSTORE. A third major software product of the MUS Group is the per-
manent file storage system, PSTORE. The replacement of the CDC 7600 computer
at NCAR by a second CRAY-1A meant the loss of a permanent file system (PLIB)
for NCAR users. (PLIB was only available on the CDC 7600, and most users had
stored all of their programs and data sets on that machine via PLIB). Herbert
Poppe designed and developed a replacement permanent file system to provide
similar capability on the two CRAY-1A computers. Development began in
December 1982 and the initial software release on 1 February provided per-
manent file storage on the AMPEX TBM.

The system was designed to be extendable to existing (or added) network
nodes with similar software interfaces for all such nodes. Work is currently
progressing on PSTORE Version 02.00. This version will implement PSTORE
access from the IBM 4341 front-end systems. This enhancement should occur
during the first quarter of fiscal 1984.

PSTORE currently has a user base of over 300 users on the TBM. The tran-
sition from PLIB to PSTORE has been notably free of difficulties.

Software and Libraries

The Software and Libraries Group (SLG) develops, acquires, implements,
and supports software for the scientific user community. SLG also has taken
responsibility for administering the interactive computing systems used by the
SCD staff.
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The on-going SLG support effort includes the development and maintenance
of a sophisticated software System for methodically monitoring, augmenting and
updating one of the largest scientific software collections in the world.
This software is supported by a small staff of dedicated programmers in NCAR's
complicated and nonhomogeneous computing environment.

Major activities and accomplishments of the group diring the period
covered by this report are given below.

Mathematical Software. Working closely with the Advanced Methods Group,
SLG insures that NCAR continues to offer users the best available mathematical
software. This collaboration extends to such topics as testing different
packages that solve the same problem, as well as updating the data base of
available software and the catalog that describes it. Harsh Passi served as
the primary consultant on mathematical and statistical software for User Ser-
vices and as liaison with Advanced Methods.

Under the direction of Richard Valent, Harsh Passi and Michael Pernice
implemented, checked out, and in some cases corrected the following libraries
and packages: the Statistical Analysis System (SAS), an interactive statisti-
cal analysis package running on the IBM 4341 computers; SLATEC, a general pur-
pose library that is a superset of several others that we already have; the
Lanczos Algorithm with Selective Orthogonalization (LASO), an eigenpackage for
sparse systems; VMCON, a constrained optimization package from the National
Energy Software Center (NESC); CYCRDLL, a new tridiagonal system solver; the
Temperton FFT package for the CRAY-1A computers from the European Centre for
Medium-range Weather Forecasting (ECMWF); and the CODY Bessel function pack-
age.

Program Development Tools. SLG continues to investigate and implement
portable packages and operating systems that aid users in the production and
maintenance of their own software. To stay in touch with the main sources of
such tools, SLG actively participates in the local and national UNIX User's
Group (USENIX) and Software Tools User's Groups.

Library Maintenance. Most users took for granted the fact that all the
scientific software libraries were readily and, in many cases, more con-
veniently available after the CDC 7600 was replaced by a second CRAY-1A com-
puter. Because the transition went so smoothly for users of the public
software libraries, most people were unaware of the fact that all of the moni-
toring and maintenance procedures had to be revised or rewritten since they
were dependent upon the CDC 7600 operating system and utilities. This is an
excellent example of the crucial (but often unseen) work performed by SLG
members.

Anticipating the departure of the CDC 7600 and the arrival of a second
CRAY-1A computer, Richard Valent directed a crash project to eliminate the
dependence of library maintenance procedures on nonportable software, (such as
PLIB and the CDC 7600 Editor). Toward that end, Valent (working with Passi
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and Stuart Henderson and coordinating with the Systems Section and Information
Services Group) converted all of the SLG automated maintenance procedures to
use the Cray UPDATE system in place of PLIB. Now that SCD has developed a
portable permanent file storage system (PSTORE), a further conversion to the
use of PSTORE is underway to avoid repeating the problem of dependence on
software that runs only on a single vendor's hardware.

Master copies of software (for which SCD maintains the source code) are
being moved to the division's DEC PDP 11/70 computers to further automate the
library support system using UNIX utilities. Simplified user access to source
code and documentation have been provided with the GETSRC and GETDOC pro-
cedures on the CRAY-1A machines and the additional GETCON for getting the con-
tents of a library. The ISORE (Inventory of Software Resources) catalog is
maintained on the IBM 4341 HELP facility for interactive use.

Software Distribution. SLG and Sue Long of the Operations Section dis-
tributed 15 to 20 tapes per month containing locally developed software on a
direct cost chargeback basis. Stu Henderson converted the software distribu-
tion procedure to use the Data Management Support Processor (DMSP) facility
for writing tapes on the IBM 4341, so the SLG software distribution to sites
outside NCAR could be continued after the CDC 7600 and its tape drives were
removed. A second conversion was done to use direct tape access from the
CRAY-1A computers when it became available. In the process, Henderson cleaned
up the disribution system and is now expanding it so that additional, fre-
quently requested software, such as the SLG Software Tools implementation and
GENPRO packages, can be distributed.

Graphics. In addition to the usual, heavy load of specialized graphics
consulting, the Graphics Project, led by Lofton Henderson, focused most of its
attention on the new international Graphical Kernel System (GKS) standard.
Henderson participated in the ANSI committee developing the standard. The
project as a whole made an in depth review of the details of the GKS standard
and recommended that SCD adopt GKS as a replacement for our own System Plot
Package. The decision was explained and discussed publicly in SCD Users'
Group meetings and in articles in The Record. An experimental implementation
of the lowest (OA) level of GKS is underway. A plan was formulated for con-
verting the NCAR upper level graphics utilities to conform to both the FORTRAN
77 and GKS standards and this wrk will begin shortly.

Fred Clare and John Humbrecht provided graphics capabilities for a
variety of terminals used on the IBM 4341 front-end systems. In addition,
Clare implemented a graphics metacode translator for the Calcomp, ported the
Typographic system and the Hershey fonts to the CRAY-1A computers, and wrote
batch metafile editors for the CRAY-1A and IBM 4341 computer systems.

OPERATIONS AND MAINTENANCE SECTION

The SCD Operations and Maintenance Section, managed by Gary Jensen, is respon-
sible for providing a wide variety of services to all users of NCAR computing
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resources, both within NCAR and at University sites.

Hardware Changes

The most significant hardware change during 1983 was the installation of
the second CRAY-1A computer and the removal of the CDC 7600 computer. Con-
struction activity required that a large temporary room be built within the
computer machine room to prevent contamination of the production equipment.
Modifications began 7 February, and installation was completed, on schedule,
24 March. Major electrical and mechanical modifications were scheduled in a
manner that required only two days shutdown.

Other hardware changes included the installation of the Uninterruptable
Power Supply (UPS) system delivered in late 1982 that provides power to the
IBM 4341 computers, the Gandalf PACX port selection device, and all communica-
tions equipment. SCD continues to add new users to the Gandalf PACX system.
The TBM mass storage tape initialization process was brought on-line. The CDC
7600 was officially shut down on 8 April and physically removed on 6 October.
A second IBM 4341 was delivered on 8 May and acceptance was completed on 1
July with an effectiveness level of 98.4%. A VAX 11/780 system was installed
in the computer machine room for use by the AAP Division. A second 300-mega-
byte disk was installed on the DICOMED system and two additional 300-megabyte
disks were installed on the SCD PDP 11/70 systems. The SEL 32/55 tape drive
and printer were modified to operate on the AMPEX Terabit Memory System (TBM)
NCAR's mass storage device.

Computer Operations

The Computer Operations staff, managed by Robert Niffenegger, provides
computer service 24 hours a day throughout the year. Fifteen full-time
employees are assigned to operate and manage NCAR computer resources. Per-
sonnel are scheduled so that reasonable turnaround of computer jobs is always
available. Fewer jobs are submitted on weekends and holidays allowing a
reduction of staff during those periods. Using offset-week work schedules
among the Operations staff provides for personnel coverage with a mininum of
overtime pay. Overtime is used only in emergency situations. The Operations
supervisors are responsible for the activities of the computer machine room
during their respective shifts. The staff assists users in solving minor
problems that arise in the day-to-day submission of jobs and assists in major
solutions during the hours when User Services staff are not available. This
includes over-the-counter jobs as well as those submitted from remote termi-
nals.

Data Entry

The Data Entry staff, headed by Mary Buck, provides data entry, verifica-
tion, and documentation services to NCAR staff, and when possible, to the
University community. The work principally consists of unformatted source
data representing computer programs, results of field experiments, and sta-
tistical information. The staff handles some textual information such as
papers and technical reports. Data are entered onto the DEC PDP 11/70 comput-
ers or the IBM 4341 computers for visitors to SCD. The Keypunch Room used to
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contain only card punching equipment, but has been updated with various types
of CRT terminals.

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

Computer Graphics

The Computer Graphics Group, headed by Andrew Robertson, is responsible
for the processing and distribution of computer-generated microfilm and micro-
fiche output. Film is created on two DICOMED D-48 COM devices. The capabili
ties of both DICOMED systems and the Computer Graphics Group include 35-mm
raster and vector microfilm, 105-mm microfiche, and 16-mm roll film. Additional
capabilities of the group include creating movies, movie duplication, and
color enhancement of black and white movies.

Film output is developed, processed and distributed tD users on an hourly
basis during prime shift hours and at two-to-three hour intervals during the
night and week end shifts. An additional service available is the duplication
of microfiche using an off-line microfiche copier/duplicator. This has
improved DICOMED service by making it unnecessary to regenerate microfiche on
the DICOMED machines.

Other functions of this group include the service and maintenance of
seventy-five microfilm/fiche reader/printers located throughout NCAR, both at
the Mesa Lab and at other NCAR sites. This year the staff was increased tD
four full-time employees. Movie duplication has been contracted to outside
vendors due to the high cost of hardware to provide this service. The quality
of service from these outside vendors has been less than adequate. This year
the problem was solved by Robertson when he found that another NCAR division
had in its inventory a digital film duplicator which had been part of an
experiment. While the other NCAR division still has need of the machine, an
arrangement was made (through the efforts of Robertson) to produce high qual-
ity, high resolution copies of DICOMED movies in-house.

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 monitor and control the use of the various computers, and to provide gui-
dance for the resource allocations of SCD users.

RAG produces a variety of reports that track and record accountability
for these systems, providing visibility to the user comnunity as well as NCAR
management and the NSF. These reports not only show statistics necessary for
day-to-day operations, but those required to plan both short- and long-range
computing needs. Status reports are posted daily outside the computer machine
room and are available on-line through the IBM 4341 computers. These reports,
identified by project number, include the following: daily computer use,
resource units allocated, units used to date, and number of units remaining in
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each account. Other reports provided include computer activity broken down by
NCAR, non-NCAR and joint use, by area of 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 the ability to log onto
the IBM 4341 computers.

During the past year this group not only maintained the normal level of
activity but has been heavily involved in the inmplementation of a new account-
ing system that will account for resources used on most systems and services
provided by SCD. This activity required the inplementation of numerous new
databases and accounting programs. This new accounting system will be fully
implemented during 1984.

File Management Services

The File Management Services group, headed by Mary Trembour, manages the
various data libraries kept at NCAR. The amount of data maintained by SCD on
tape media is substantial. Physically, the data reside on 650 AMPEX TBM mass
storage tapes and 30,000 1/2-inch magnetic tapes of various formats. Each of
the mass storage tapes holds 44 gigabits of data spread along 3,800 feet of
two-inch wide video tape. It is essential that NCAR's inventory of data tapes
be managed carefully and accurately.

The File Management Services staff routinely performs a variety of func-
tions, including the assignment, release, and maintenance (i.e., cleaning and
certification) of 1/2-incf magnetic tapes. It also manages the data volumes
on mass storage tapes used by SCD's mass storage device. One of the major
responsibilities of the staff is to devise unique solutions to the problems
posed by users who have different storage needs. The solutions are often
individually tailored to meet the specific media needs of the user.

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

Additional services include shipping and receiving tapes to and from out-
side users, preparing monthly library update information, processing and dis-
tributing semi-annual tape memos to more than 350 users throughout the coun-
try, processing and filling requests for NCAR-developed software, and process-
ing and mailing tape invoices and RJE terminal output, listings and film.

SCD Computer Maintenance

The SCD Computer Maintenance Group (CMG), headed by Michael Ward, is
responsible for 222 terminals on the Mesa Lab and 22 at other NCAR locations,
of which 112 belong to SCD and 107 are under contract to other NCAR divisions.
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The CMG contracts with other NCAR divisions to perform preventive maintenance
and emergency maintenance on computer terminals that fall within brands and
models about which they are knowledgeable, provided that spare parts are
available. This service gives the user more access to his terminal by
preventing long waits for service or long repair times.

CMG also has total responsibility for the initialization of tapes for the
AMPEX TBM. The group maintains all of the DEC equipment on the AMPEX TBM and
other DEC equipment within SCD. It also installs all wiring for terminal con-
nections within the NCAR Mesa Lab, and maintains all SCD communications equip-
ment and remote entry hardware.

CMG maintains the Gandalf PACX port selection device and during this
year, installed 88 new terminal connections and 76 new port connections to the
PACX. It also performs all maintenance for the DICOMED D-48 COM systems.
This includes both calibration of the cameras and the DEC 11/34 that drives
them.

This group does not maintain the CRAY-1A computers or the IBM 4341
machines, but maintenance of all other SCD hardware falls within its area of
responsibility. Through in-house maintenance, hardware downtime is kept at a
minimum, providing maximum computing resources to the user comnunity. In-
house maintenance is the only choice with some of NCAR's older hardware, since
none is available from the vendors. In some cases, parts that are no longer
available from any source are made by the CMG.

CMG must research and evaluate new communications equipment and CRT ter-
minals as they are offered by vendors in order to be able to provide service
to the remote users as they upgrade or add new hardware. In modems there is a
certain amount of capability matching that must go on. This research makes
that matching possible.

CMG maintains the spare parts inventory for the AMPEX TBM system. These
spare parts are now owned by NCAR instead of AMPEX Corp. Currently, the
highest concern of CMG is to continue providing the parts required to keep the
system up and running. This is particularly difficult because the TBM is get-
ting older and parts are becoming very difficult to find. Even if a mass
storage replacement were found in the next year or two, it would take another
two-to-three year period to copy over the data currently stored on the TBM.
This means that the TBM must run at least another four or five years. Opera-
tions still has a TMS-1 system acquired from the National Security Agency in
storage and already has used many parts to keep the AMPEX mass storage system
up and "alive."

SYSTEMS SECTION

The Systems Section, led by Paul Rotar, provides software design, imple-
mentation and maintenance for computer operating systems and subsystems within
SCD. It also develops and maintains network and communication software to
link the various elements of the NCAR computing system. The section plans,
develops, and enhances system software to provide better service to users, and
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assists vendor customer engineers in identifying hardware faults in and
between the various computer systems. The Systems Section also provides ser-
vices in support of activities to other sections of SCD and, when required, to
other divisions within NCAR.

During 1983, the Systems Section consulted with users on problems with
systems features and advised them on the use of system software. They also
assisted users having input/output problems with large data-processing codes.
Software assistance was given to those divisions that have nodes (machines)
connected into the NCAR Local Network. Software assistance was also provided
to divisions connecting new nodes into the NLN.

The Systems Section maintained operational software, i.e., repairing
problems in production systems code and making modifications as needed to pro-
vide for various user requirements. The section consulted with Operations
personnel on systems problems, such as determining whether machine failures
are caused by hardware or software. They also consulted with customer
engineers from CDC, Network Systems Corporation (NSC), AMPEX Corporation, Cray
Research, Inc. (CRI), Modular Computer Systems, IBM, and Storage Technology
Corporation (STC) on inter-related hardware/software problems.

The Systems Section is divided into three subsections: Large-Scale Sys-
tems, Small-Scale Systems, and Documentation.

Large-Scale Systems

Large-Scale Systems, headed by Bernard O'Lear, are those computing sys-
tems within SCD that provide advanced computing capability in response to
research needs in the atmospheric sciences. There are currently two systems
areas for which Large-Scale Systems provides operating system software sup-
port: the two CRAY-1A computers and the AMPEX Terabit Memory System (TBM). An
advanced vector computer and a mass storage system (MSS) currently being pro-
cured will also be supported by this group.

The Systems staff continued the enhancement of software to support the
NCAR Local Network utilizing the NSC Network adapter boxes and HYPERchannel (a
registered trademark of NSC) data trunks. Software was also developed to sup-
port major user-requested features, performance improvements, operational
improvements, statistics gathering, accounting, and general system enhance-
ment.

CRAY Group

Major developments provided by the CRAY Systems Group were in the follow-
ing areas:

Resource Allocation and Control Software. A resource allocation study
was performed and a recommendation made to the SCD Advisory Panel as well as
the SCD Users Group. Software was developed whereby jobs would be allowed to
run in a CRAY-1A only if all of the job's required peripheral resources (TBM,
DICOMED, 1/2-inch tape, etc.) were available and on-line. The advantage of
this software is that jobs not requiring resources on machines which were busy
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(or down) could proceed through the system without monopolizing resources,
such as control points and disk space.

Job Queue Management Subsystem. To facilitate the requirements of the
resouce allocation software and t provide job queueing functions previously
performed by the CDC 7600, it was necessary to develop a job queue manager
(JQM). The function of the JQM is to provide automatic job flow into each of
the CRAY-1A machines from all of the distributed front-end machines while
managing this flow based upon resource availability. As a result of JQM
installation, there was a significant reduction in machine 'idle' time. This
reduction was possible because the system's control points were no longer
encumbered by jobs waiting for peripheral devices that were unavailable.

Statistics Gathering and Analysis Software. Several packages have been
written to gather, monitor, and report on various aspects of the CRAY-1A com-
puters' system behavior. The results gathered from this activity have been
used to make various system changes and correct other software deficiencies.

Daily performance statistics have revealed perturbations in the behavior
of the CRAY-1A machines (e.g., CPU time decreasing, I/0 wait time increasing)
and can identify particular programs and/or users who may be making ineffec-
tive use of their computer resources. Using this information, the SCD Con-
sulting Office can assist users in inproving inefficient code. The daily
statistics also show the number and types of calls that are made between the
operating system tasks and the executive control routine.

By watching the behavior of various job classes on the CRAY-1A, it was
decided to create and implement the 'express' job class for the user who does
not want to use any external resources, such as the DICOMED or the IBM 4341,
but only the CRAY-1A machines. This express class expedites the processing of
the user's job for which certain resources are not required by the user. A
user can now load files from the TBM with a normal foreground class run and
then make repeated express class runs while the data remains on the disks
between runs. Prior to the implementation of the express class, the data
would most likely disappear from the disks between runs due to length of
residency and size.

Often, total user time on the CRAY-1A machines was low due to long-
running background jobs that did not terminate. As a result, the jobs'
accounting record was not produced for several days. To circumvent this prob-
lem, a new command Uas developed to capture a 30-minute "snapshot" of execut-
ing jobs. The reports produced by this command show time periods when back-
ground jobs are executing, even though the daily statistics reports do not yet
show these jobs. The reports also indicate time periods when the machine's
memory was dominated by programs that were not computing. It can now be shown
why some time periods look idle (for example, if all executing jobs are wait-
ing for the TBM, or the JQM is not functioning).

Peripheral Interface Software. The CRAY Group developed a unique set of
operating system routines for NCAR CRAY-1A computers that allows these com-
puters to be directly interfaced to other manufacturers' computers and periph-
eral storage systems. No other CRAY-1A computing environment has a direct
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connection of CRAY-1A computers to these supporting peripherals and front-end
systems. These devices are always attached to either front-end systems or to
the CRAY-1A I/O subsystem which then communicates with the CRAY-1A machines.

The most important benefit of these routines to date is that they have
allowed the smooth removal of the CDC 7600 in April 1983 without reducing the
service levels to which NCAR's computing community has been accustomed. In
addition, an extensive programming effort was undertaken to build service rou-
tines using this set of operating system routines, which included the TBM
driver, the standard 1/2-inch magnetic tape driver, and the MODCOMP interface
routines.

The interface routines permitted the vast majority of the newly developed
peripheral attachment software to operate at user levels in the Cray Operating
System (COS). This has the net effect of enhancing overall system stability.
If a user-level package fails to perform properly, the underlying operating
system continues to function normally. Therefore, the operating system
remained stable even though large amounts of enhancement code was inserted,
tested, and modified on a daily basis for many months.

The interface routines have been developed and refined over a three-year
period. They have enabled the following events to occur:

* The connection of the CRAY-1A, Serial #3, to the TBM in 1980.

* The connection of the CRAY-1A, Serial #14, to the TBM in 1983.

* The connection of the CRAY-1A, Serial #3, to the NCAR Local Network
in 1981.

* The connection of the CRAY-1A, Serial #14, to the NCAR Local Network
in 1983.

* The connection of both CRAY-1A machines to standard 1/2-inch
magnetic tapes in 1983.

o The connection of the CRAY-1A, Serial #3, to the MODCOMP Remote
Job Entry (RJE) system in 1983.

The interface routines allowed for the smooth transition from a single
CRAY-1A configuration (front-ended by a CDC 7600) to a nultiple-CRAY-lA config-
uration with distributed front ends. Each CRAY-1A is independent of front-
end computers for high-performance peripheral support, resulting in a much more
stable arrangement.

Before the CDC 7600 was removed, a majority of remote jobs entered the
machine by way of the MODCOMP. When the CRAY-1A replaced the CDC 7600, 17% of
remote jobs entered the machine by way of the MODCOMP. The remaining 83% of
the incoming jobs accessed the computer via the IBM 4341. If a direct
MODCOMP-to-CRAY-1A connection had not been provided, all of the
MODCOMP/CRAY-1A users would have found it difficult to enter their jobs to the
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CRAY-1A computers. Many users would have had t purchase different equipment
or reprogram their remote job entry access packages. This connection saved
the many years of work that it took to establish the paths between the remote
sites and the SCD computing center.

Tape Attachment to the CRAY-1A Computers. Vendor-delivered CRAY-1A
software and hardware systems provide for the attachment of standard 1/2-inch
magnetic tapes to CRAY-1A systems. This is done either by way of front-end
computer software (running on a variety of small- to medium-scale machines) or
by CRAY-1A I/O subsystems. In both cases, attaching 1/2-inch tapes to the
CRAY-1A computers represents a significant expenditure. At first glance, the
front-end attachment of peripheral devices (e.g., tape drives) appears to be a
very good arrangement since it removes these duties from the CRAY-1A. How-
ever, the user soon discovers that there are rather severe performance penal-
ties. Tape performance, when using front-end machines such as the IBM 4341,
was rather poor, often running at 10% to 30% of the tapes' nominal data rates.
Tape I/O functions also required very large CPU resources on the front-end
machines when tapes were active, thereby degrading performance for users
engaged in job preparation on these systems. Since NCAR's CRAY-1A computers
do not have the hardware to physically support the I/O subsystem, they cannot
be retrofitted for such a connection. By using the interface routines, the
CRAY Systems Group was able to provide a high performance, simplified magnetic
tape attachment to the CRAY-1A machines. In addition, much less cost was
involved than in the I/O subsystem method of connection. However, when suit-
able CRAY-1S series mainframes are available, an I/O subsystem (costing $0.7
million each) would be needed, one for each CRAY ($1.4 million). If one sub-
tracts salary over the development years and the related machine time to per-
form the checkout, it can easily be shown that these routines have saved NCAR
$1.0 million over the I/O subsystem cost.

Mass Storage Systems Group

A $260,000 upgrade to the TBM system was negotiated with the AMPEX Cor-
poration and will provide for significant system redundancy in hardware de-
vices and on-line capacity The arrival of hardwarecomnents-was ceduled
through AMPEX during late 1982 and early 1983. The upgrae proceeded in a
carefully phased schedule that avoided, as much as possible, service interrup-
tions. Considerable software was developed by the MSS group to expand system
capabilities to allow new hardware to be used. The group was able to install
the new software and hardware without affecting the normal operation of the
system. The system was out of service only to make power connections.

Utilities for maintenance of the TBM Master File Directory (MFD), the
Journal, quarterly purge, and user MFD query facilities were converted to run
on the CRAY-1A in anticipation of the removal of the CDC 7600. The coding
project was critical since all MFD recovery procedures had to be completely
re-verified. The MFD and Journal had t be acked up onto 1/2-inch tape
through new tape software between the CRAY-1A and the IBM 4341.

The removal of the CDC 7600 and the installation of the second CRAY-1A
required software changes in the TBM system. The MSS group prepared this
software on the TMS-3 system and was able to install a working system
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concurrent with the installation of the second CRAY-1A. During this installa-
tion, the software ran without a problem and both CRAY-1A computers were
immediately able to access the TBM.

Hardware, System Procurements, and Upgrades

CRAY-1A. A major system installation occurred in April 1983 with the
addition ot a second CRAY-1A to the NCAR Local Network. Members of the CRAY
Systems Group performed pre-acceptance tests on the machine early in December
1982 at the Cray Research, Inc., facility in Chippewa Falls, Wisconsin.

A Data Management Support Package (DMSP), which provided users with 1/2-
inch tape capability, was installed. This package, developed by CRI, had to
be installed on each CRAY-1A and on the IBM 4341 that supported tape drives.
The hardware connection between the CRAY-1A computers and the IBM 4341 was
accomplished through NSC adapters. The purchase of four additional adapters
was required to make the connections from both CRAY-1A machines to the IBM
4341.

DMSP was intended to provide an interim solution to the problem of pro-
viding access to data on 1/2-inch tapes, since moving data through DMSP was
faster than moving the same amount of data by way of the NCAR Local Network.
However, there was still an improvement to be made: a direct link between the
CRAY-1A machines and 1/2-inch tape. In addition to replacing the tape capa-
bility lost with the removal of the CDC 7600, the ability to access 6,250-bpi
tapes by the CRAY-1A machines was provided.

An extensive software project was begun to enable the reading of tapes
directly into the CRAY-1A machines. To provide the best possible tape capa-
bility to all divisions of NCAR, an advisory committee was formed in February
1983 to generate and review specifications for this software. Initial ver-
sions of the software were tested by members of this comiittee using CRAY-1A,
Serial #14, starting in the summer of 1983. The new direct tape software will
be installed on CRAY-1A, Serial #3 in November 1983, and the DMSP connection
will be disabled.

Decommissioning the CDC 7600 required extensive planning, preparation,
and code generation to compensate and provide for functions on the CRAY-1A
machines that users were accustomed to having on the CDC 7600. A brief sum-
mary of the tasks that were performed by Large-Scale Systems to prepare for
the installation of the CRAY-1A, Serial #14, and the removal of the CDC 7600
included: generating MODCOMP/CRAY-1A connection software; installation of COS
1.11 Bugfix 2 software on Serial #3; rewriting the Queue Management software;
checking the Queue Management SAVE/RESTORE procedures, the queue entry manipu-
lation facilities, and queue content display facilities; testing and verifying
the TBM Master File Directory SAVE procedures; checking the new TBM and IBM
hardware interfaces from CRAY-1A, Serial #14; building and installing the sys-
tem software to run on CRAY-1A, Serial #14; running a 30-day certification
test on the CRAY-1, Serial #14; generating software to ACQUIRE/DISPOSE between
CRAY-1A, Serial #14, and the CRAY-1A, Serial #3; generating enhanced console
operator facilities; writing and checking the direct tape connect software;
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and generating code to move DICOMED files to the TBM if the DICOMED is down or
off-line.

TBM Mass Storage System. The TBM has undergone a series of hardware
enhancements over the last three years. Major enhancements increased com-
ponent and data path redundancy while increasing on-line capacity. Special
cabling and switch-drawer configurations were also required.

The AMPEX Corporation had a $60,000 contract to provide engineering sup-
port for the installation and connection of major system subcomponents. This
enabled NCAR to engage confidently in the upgrade, knowing that all components
would work together as a complete system.

Features provided by the TBM upgrade are as follows:

1. The addition of two transport drivers and a third data channel provided
the redundancy necessary to prevent service losses for both the off-line
and on-line systems. Off-line operations, such as data compression, now
occur during production without degrading TBM turnaround. Compressing
data reduces the total number of TBM tapes needed to hold active data,
resulting in more on-line capacity.

2. The addition of the second Storage Control Processor (SCP) and the third
Channel Interface Unit (CIU) provided for the off-line testing of channel
interface unit modifications and provided the backup mechanism for the
on-line SCP/CIU interface.

3. The addition of the disk controller, disk drives, and channel simulator
provided equipment redundancy in maintaining the master file directory
(MFD).

Since the future of the AMPEX component supply is not clear, a decision
was made to obtain as much of the hardware as possible from the National Secu-
rity Agency, which had a surplus AMPEX TMS-1 system. The system was delivered
to NCAR late in 1982. Some TMS-1 components are in the computer room awaiting
installation; the remainder of the components are in storage.

Optical Disk Drive. A new effort has begun in Large-Scale Systems to
attach the Storage Technology Corporation (STC) Optical Disk Drive to the
CRAY-1A, Serial #14, machine. This project has been underway for over a year
and has resulted in the designation of SCD as the first test site for an STC
optical drive. The goal of the test is to investigate the capability of the
new optical recording technology in a high data use environment.

A direct connection of the CRAY-1A to the STC optical drive through the
use of NSC HYPERchannel adapters is provided. This connection required close
cooperation between SCD, STC, and NSC, since there was a requirement for NSC
to design and build a new, high-speed adapter. This adapter will be capable
of running at the nominal optical disk data rate of three megabytes per
second.
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Negotiations and test design have been completed. Installation of hardware in
the NCAR computer room is expected in December 1983.

Small-Scale Systems

Small-Scale Systems, headed by Gilbert Green, are those computing systems
within SCD that provide front-end capability for Large-Scale Systems. Small-
scale systems is currently providing software development and maintenance sup-
port for the following computer systems: two CRAY-1A machines running COS
1.11, tw IBM 4341 computers (a Group II and a Model 10) running VM/CMS and an
IBM Series/1, three DEC 11/70 computers and two VAX machines (a 11/730 and a
11/750) running various versions of UNIX, the MODCOMP, a SEL 32/75 running MPX
2.1A, and a DEC PDP 11/34 running RSX-11M (attached to two DICOMED D48
microfilm/microfiche cameras). During 1983, a CDC 7600 running a locally
written operating system and a SEL 32/55 running RTM 7.0 were added, utilized,
and finally retired.

The Network. The NCAR Local Network (NLN) became fully operational dur-
ing 1981-983.-Connected with a Network Systems Corporation HYPERchannel, the
network currently includes two CRAY-1A computers, two IBM 4341 machines, three
DEC PDP 11/70 computers and tw VAX machines, a SEL 32/75, and a DEC PDP
11/34. In addition, the effort to add a VAX 11/780 running VAX/VMS to the NLN
was initiated.

The above interconnections emphasize how crucial the network is to the
functioning of NCAR's computing facility. During a typical week, about 50,000
files, consisting of 50 gigabits of data, were transferred between various
computers on the NLN. About 98% of all files and data were transferred into
or out of the two CRAY-1A computers. About 61% of the total data was
transferred from the two CRAY-1A computers to the DEC PDP 11/34-DICOMED, and
22% of the total was transferred between the two CRAY-1A machines and the IBM
4341.

These figures illustrate the primary use of the NLN: preparing of
CRAY-1A jobs and reviewing the resulting output on the IBM 4341. Recording
CRAY-lA-produced data on the DICOMED microfilm and microfiche cameras is yet
another use of the NLN.

The NLN has achieved two major goals: (1) to provide for convenient user
access to a functionally diverse group of computing systems, offering more
services than could be provided by any single system or system vendor, and (2)
to allow the timely addition and removal of arbitrary computing systems, thus
providing current computing technology relevant to atmospheric research.

In 1983, a second CRAY-1A, a second IBM 4341, a VAX 11/730, and a VAX
11/750 were added to the NLN; the CDC 7600 and the SEL 32/55 were removed.
(The new CRAY-1A and IBM 4341 each took one day to add to the NLN). A major
new function that allows operator control of all NLN nodes from an arbitrary
one was also added. Except for future enhancements, network improvements have
been completed on all existing nodes except the two VAX machines running UNIX,
and the DICOMED. User documentation regarding use of the NLN has been com-
pleted for all NLN nodes.

167



~~~~~~~~~168 ~SCIENTIFIC COMPUTING DIVISION168

Future of the NLN. Plans are in progress to add a centralized NLN log-
file and statistics function as well as an NLN node to monitor HYPERchannel
trunk level activity. There are also some desirable protocol changes that, if
made, would significantly reduce certain protocol overhead. In addition, even
though the NLN utilizes a file transport protocol, it will be possible to
include a datagram-type facility to allow for some types of transaction-
oriented functions.

Currently, a VAX 11/780 running VAX/VMS is being added to the network.
In the future, it is expected that an advanced vector computer node and a mass
storage system node will be added to the network. Some NCAR divisions are
acquiring their own interactive, super minicomputers and adding these to the
NLN. The NLN will facilitate the distribution of interactive services into
the NCAR divisions, with SCD providing communication, large-scale computing,
large-scale data-storage services, and the attendant software and user service
needs.

MODCOMP. Until the addition of the IBM 4341 in mid-1981, the MODCOMP II
computer supplied NCAR's only remote job entry (RJE) function, which was to
provide the CDC 7600 with jobs originating off-site and to return the output
to the originating site.

When it was known in 1982 that the CDC 7600 was to be replaced by another
CRAY-1A, work began to connect the MODCOMP to the existing CRAY-1A instead of
to the CDC 7600. A channel-to-channel connection, spanned by two NSC
adapters, was chosen over an NLN connection because of the difficulty of
software development on the MODCOMP and the lack of adequate memory space for
the network programs.

It was necessary to first rewrite the MODCOMP cross assembler and link
loader to run on the CRAY-1A instead of the CDC 7600 in order to provide MOD-
COMP software support. With the completion of this effort in 198, the
MODCOMP-to-CRAY-1A communication software was instituted. This was completed
in time to be in an advanced stage of checkout when the CDC 7600 was shut down
on 7 April 1983. By the end of the second quarter of 1983, this connection
was fully operational. The connection was particularly helpful to users who
were forced tD move off the CDC 7600 when it was retired, since the RJE func-
tion did not change.

Though the MODCOMP is still currently useful, it will be gradually phased
out in the future as the IBM 4341 systems assume all RJE functions.

DICOMED. The DICOMED system consists primarily of a DEC PDP 11/34 com-
puter, two- 0O-megabyte disks, and two DICOMED D48 microfilm/microfiche
computer-output devices. The operating system is RSX-11M. NLN software pro-
vides the mechanism for transferring graphical data to the DICOMED system.
This grapical data, called metacode, is a device-independent code translated
into D48 camera instructions by a component of the DICOMED On-line Operating
System (DOOS), called the Camera Driver.

Until the fourth quarter of 1982, the Systems Section handled only the
NLN software and hardware-related functions, such as the installation of the
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two 300-megabyte disks. Since then, the Systems Section has assumed total
hardware and software responsibility for the DICOMED system. Occasionally,
however, the section still seeks and receives assistance from the DOOS authors
in the User Services Section.

In 1983, the Camera Driver portion of DOOS was upgraded to output 20,000
bytes per second instead of the previous 7,000 bytes per second rate. This
upgrade was the result of several months of study on how to improve the
DICOMED's performance so that it could handle the load of 2 CRAY-1A computers.
As a result of this enhancement, time was gained to determine the next steps
needed to further improve the service. Many other improvements and enhance-
ments were also made to DOOS during 1983.

Significant hardware upgrades to the DOOS system are planned for the
future. Another processor will be added to this system due to the severe
memory and CPU constraints of the existing DEC PDP 11/34 processor. Major
software enhancements to the NLN software and DOOS have been instituted to
implement a multiprocessor DICOMED system that will allow the cameras to be
driven closer to their rated speeds, rather than the speeds that now occur.

In the future, an additional pair of cameras and larger processors may be
needed. Ultimately, a greater reliance will have to be made on high-
resolution graphics workstations because projected increases in computer power
on the main machines will overwhelm any reasonable upgrades to the microfilm-
type graphics equipment.

IBM 4341. The IBM 4341 systems, which run a VM/CMS operating system,
provide a variety of services to NCAR users, primarily interactive CRAY-1A job
preparation and interactive CRAY-1A output review, as well as the RJE function
described above. These systems provide all interactive services for most NCAR
users as well as direct-access permanent file storage. Interactive review of
graphical information, in addition to tape I/O and unit record equipment, are
also available on the IBM 4341 computers. The IBM 4341 printers represent the
majority of printing capacity at NCAR. These machines, which connect into the
NCAR Local Network, provide a gateway into the rest of the NLN.

The following sections address all aspects of the IBM 4341 systems,
except for NLN development.

The Group II IBM 4341 was installed in April 1981, with the NLN connec-
tion established in October 1981. The Model 10 IBM 4341 was installed in
April 1983. Significant, on-going software development and maintenance has
been necessary since the first IBM 4341 was installed.

(1) Communications: A protocol converter was implemented on a DEC PDP
11/34 to enable attached ASCII terminals to appear to both the user and the
IBM system as 3270-type terminals. The software was written in the "C" pro-
gramming language and compiled and downloaded from a UNIX system running on a
DEC PDP 11/70. An IBM Series/1, running the Yale ASCII system, was purchased
prior to the demonstrated success of the protocol converter to perform the
same function. Both ystems function well. Work is continuous on the termi-
nal controller emulator systems. Effort was devoted to the stabilization of
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the DEC PDP 11/34. Now an attempt is being made to improve its operational
speed and increase the number of terminals it manages. The Series/1 has been
very difficult to maintain because similar work must be done directly on the
machine. Software has been identified that would permit the maintenance to be
moved to the IBM 4341. This allows interactive editing, assembling and load-
ing of the modules without taking the Series/1 out of service.

The IBM 4341's RJE software, Remote Spooling Communications Subsystem
(RSCS), was modified to support dial-up users. A UT200 protocol line driver
was added to RSCS, and modifications to the 3705's EP software were made to
support UT200 lines. Major additions were made to RSCS to simulate the MOD-
COMP user-interface commands that would facilitate users transferring from the
MODCOMP to the IBM 4341. It was also necessary to build a system's connection
between RSCS and NLN.

COMPRO's X.25 packet switching software was added to the 3705's EP
software to allow connection of the 3705 to the UNINET value-added telecommun-
ications network.

The IBM 4341 operating system, Control Program (CP), was modified to sup-
port transparent output to ASCII graphics terminals which could not be used
for graphics without such modification.

Two channel-to-channel connections spanned by NSC adapters were made
between the Group II IBM 4341 and each of the two CRAY-1A computers. The Data
Management Support Processor, developed by Cray Research, Inc., to talk to COS
in the SCP protocol, was installed on the IBM. This hardware/software link
enabled interactive access to the CRAY-1A machines, but was provided primarily
to enable users to perform direct magnetic-tape access from the CRAY-1A com-
puters. This was completed just prior to the removal of the CDC 7600 and was
used as an interim method of accessing tapes on the CRAY-1A computers. Since
tapes are now channel-connected to the CRAY-1A computers, DMSP has been with-
drawn from the users. One link was eliminated completely and the other was
moved between the Model 10 IBM 4341 and the new CRAY-1A to provide the Systems
Section with a powerful, interactive software-development and maintenence
tool.

A printing subsystem was built to allow simplified use of the printers by
CRAY-1A users. In addition, print limits were established so that overly
large files would automatically be forwarded via the NLN to the DICOMED system
for output to microfiche.

(2) Accounting: Major modifications to CP were made tD provide for
sophisticated resource accounting, account validation, and resource limita-
tions, very little of which could be done by the System as supplied by IBM.

Additional user identification information has been included by con-
structing a System Log File from the System User Directory and the NCAR User
Master File. New system services were also added to interrogate this user
defi nition information.
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The system was modified tD automatically route print files to different
class queues based on the size of the files.

(3) Future: A major system upgrade to install Single System Image is
planned tor the first half of 1984. This hardware and software system will
tightly couple the two IBM 4341 computers so that they appear as only one sys-
tem to all end users.

Documentation

Karen Friedman, responsible for all documentation activities in the Sys-
tems Section, writes, edits, and gathers information to support production of
all Systems Section documents. This work is generally done in collaboration
with Systems Section personnel. Friedman also works with other SCD sections
and groups.

Major Systems Section documentation projects include the Mass Storage
Request for Proposal (RFP), the Generic Accounting Record (GAR) documentation,
several technical papers published in trade journals and conference proceed-
ings, the 1983 Scientific Annual Report (Systems Section contribution), and
the 1983 SPEC Review Materials. Other responsibilities include:

* providing contact between the Systems Section and NCAR's Graphics
and Photographics Departments and the Copy Center to produce multimedia
materials and conference proceedings

* preparing special multimedia presentations for
Systems Section personnel designated as meeting speakers
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STAFF AND VISITORS

Administrative Section

Mary Bartels
Debbie Brennan
Margaret Drake (Deputy Director)
Frieda Garcia
Kathy Lucero
Walter Macintyre (Division Director)
Pete Peterson
Betty Thompson

Data Support Section

Roy Jenne (Manager)
Dennis Joseph
Paul Mulder
Wilbur Spangler
Gregg Walters

User Services Section

Daniel Anderson
Edward Arnold
James Randolph Back
Linda Besen
Frederick Clare
Ann Cowley
Astrik Deirmendjian
Benedict Domenico
Mike Ernst
Salvador Farfan
William Frye
David Fulker
Bonnie Gacnik
Kenneth Hansen
Lofton Henderson
Stuart Henderson
Barbara Horner
John Humbrecht
David Kennison
Robert Lackman
David Maxey
Gregory McArthur
Donald Morris
Harsh Passi
Michael Pernice
Herbert Poppe
Richard Sato (Manager)
Erich Thanhardt
Richard Valent
Gloria Williamson
Marie Working

Advanced Methods Section

John Adams
Gerald Browning
Ginger Caldwell
Russell Rew
Cicely Ridley
Paul Swarztrauber (Manager)

Systems Section

Barbara Bateman
Phylecia Brandley
Joseph Choy
William Faulkner
Karen Friedman
Gilbert Green
Gene Harano
Darrell Holley
B. Lynn Irwin
Louis Jones
David Kitts
John Merrill
Marc Nelson
Bernard O'Lear
Deidra O'Neil
William Ragin
Paul Rotar (Manager)
Duke Smith
Eugene Schumacher
Sandra Walker

Operations Section

Donna Barday
Julia Bartram
Melissa Breedlove
Mary Buck
Steven Chapel
Sylvia Darmour
Randy Eastin
George Fuentes
Marlene Furmanek
Nancy Go dstein
Delbert Harris
Sue Hartter
Rita Hemsher
Gary Jensen (Manager)
Richard Lindenmoyer
Cynthia Martin
Sue Long
Stan McLaughlin
Rosemary Mitchell
Pamela Moore
Robert Niffenegger
Sharon Phillips
Vickie Pinedo
Andrew Robertson
Susan Schemel
Larry Scott
Valerie Shanahan
Steven Storm
Dave Strayer
Mary Trembour
Nancy Waldron
Ken Walton
Michael Ward
Wesley Wildcat
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Visitors

Albert Barcilon, Florida State University, July
and August 1983

Christopher Bock, NASA Goddard Space Fliqht
Center, February to April 1983

Pat Bornmann, University of Colorado, June 1982
to June 1983

Douglas Boudra, University of Miami, Aucust to
October 1983

Gary Gislason, University of Alaska, June to
Auqust 1983

Sharon Gould-Stewart, Colorado State University,
May 1983 to May 1984

Richard Grotjahn, University of California at
Davis, June to Auaust 1983

Michael Kalb, University of Wisconsin, November
and December 1982

Steven Lanqer, University of Illinois, December
1982 to January 1983 and Auaust to September
1983

Minq-Sen Lin, Colorado State University,
December 1982 to January 1983

Norman Marstad, Joint Institute for Laboratory
Astrophysics, October 1982 to February 1983

Peter Mullen, University of Washinaton, July
to September 1983

Sharon Nicholson, Clark University, October
and December 1982 and February, March, and
June 1983

Mohan Ramamurthy, University of Oklahoma,
June to Auqust 1983

Sandra Rucker, Morris Brown Colleoe, May to
August 1983

Henry Selkirk, Massachusetts Institute of
Technology, November and December 1982

Jerry Steffens, University of Arizona, June to
August 1983

Arnold Tafferner, University of Miami, August to
October 1983

Mitzy Thomas, Jackson State University, May to
Auaust 1983
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ATMOSPHERIC TECHNOLOGY DIVISION

The Atmospheric Technology Division (ATD) of NCAR provides 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. In addition, as a result of advances in color graphics and
interactive computers, ATD is increasingly involved in techniques of data
processing and analysis.

The division consists of three facilities: the Research Aviation
Facility (RAF), the Field Observing Facility (FOF), and the Global
Atmospheric Measurements Program (GAMP). 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 is available; among them are instrumented aircraft,
Doppler radars, surface networks, sounding systems, and balloon platforms.
The operational staff and expertise for deploying these capabilities are
routinely provided in support of the community's field research programs.
Within the facilities, ATD provides outstanding research and development
capabilities, particularly for remote and immersion sensors, tracking
systems, data processing, interactive computing, and displays. Through its
Design and Fabrication Services group, ATD also provides mechanical design
and machine shop services to all of NCAR.

ATD's continuing strategy is to balance its program appropriately
between providing support to the atmospheric sciences through its existing
facilities and developing new systems. Development is aimed at providing
the capabilities required to meet the longer-range needs of the community.
Most evident are those for the major initiatives planned in mesoscale
meteorology (for example, the National Stormscale Operational and Research
Meteorology [STORM] Program), global and regional chemistry, air-sea
interactions, and coastal meteorology. From these plans it is immediately
apparent that the areal extent of the observing networks required will be
increased greatly over the coverage provided by those deployed in the
past. The need for small-scale measurements over larger areas suggests a
heavy reliance on aircraft with enhanced remote-sensing capability. Larger
experimental domains will also call for longer-range aircraft and for
improved communications systems. ATD's long-range development plans
reflect these community plans.

ATD's accomplishments in fiscal year 1983 are in consonance with this
strategy of balance between support and development of new systems. The
year was highlighted by the operational introduction of the new King Air
and the PAM II (portable automated mesonet) system. The King Air supported
two programs in the second half of the year, fully living up to the high
expectations of its capabilities. PAM II was used for the first time in
early summer in a study in Oklahoma. Both PAM II and the King Air have
been heavily used by the community in this, their inaugural year, and will
remain significant factors in ATD's support of field programs in the
indefinite future.
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Meanwhile, the demand for ATD's other facilities remained strong
throughout FY 83. In the midst of developing the new PAM II system and
upgrading the Doppler radars further, FOF supported six field programs.
RAF performed the remarkable feat of supporting an average of one program a
month while bringing a new aircraft system on line. GAMP continued to make
good progress in the development of the Safesonde system and in further
refinement of the Automated Shipboard Aerological Program (ASAP)
containerized sounding system, and gave operational support to the
Electrodynamics of the Middle Atmosphere (EMA) program in the form of
balloon launches from New Zealand. In addition, FOF completed an expansion
of the Research Data Support System (RDSS) that improves multiple-user
access to the system, with full color graphics capability.

ATD has continued to emphasize interaction with universities and other
divisions. During the past summer, senior staff of the division conducted
a two-week colloquium entitled "Teaching of Meteorological
Instrumentation." Twenty-three faculty members from 18 universities
attended. We are presently involved in the May Polarization Experiment
(MAYPOLE), a program to enhance the capability of the CP-2 dual-wavelength
radar, in cooperation with Ohio State University and Colorado State
University. We are collaborating in planning for the Phoenix 2 program
with the University of Oklahoma. Like its predecessor Phoenix 1, this
experiment is to be conducted near the Boulder Atmospheric Observatory
tower of the National Oceanic and Atmospheric Administration (NOAA). We
are cooperating with the Convective Storms Division (CSD) in a program to
upgrade airborne cloud physics instrumentation and in another program with
the Atmospheric Analysis and Prediction Division (AAP) and CSD to
investigate the ways in which distortions in airflow caused by an aircraft
may influence the measurements made from the aircraft.

The impressions of a year ago that the Joint Airport Weather Studies
(JAWS) field program had been an outstanding success have been borne out by
the results of this year's analysis of the field data. At the 21st
Conference on Radar Meteorology, there were eight papers based on the 1982
JAWS field program. The results have also been presented in the format of
a training film for pilots on downbursts and their threat to aviation
safety.

FY 83 was characterized by optimism stemming from the favorable
reception of the STORM initiative and the incremental funding promised for
FY 84 and projected for 1985. Reactivation of the Electra was based on the
decision to support the Global Tropospheric Chemistry Programs and the need
for the aircraft in mesoscale and in air-sea interaction studies.
Refurbishment of the Electra's avionics and data processing systems began
in FY 83 in order to make the aircraft available in FY 84. FY 84 budget
reductions have subsequently limited the refurbishment to the avionics
only, and the aircraft will not be flown in FY 84 as earlier planned.
Despite this negative ending to the year, FY 83 was a successful and
productive one for the division.



ATD/Research Aviation Facility 185

RESEARCH AVIATION FACILITY

RAF Mission and Strategy

RAF is a common-use facility organized and staffed to develop and
operate instrumented research aircraft for the broad atmospheric science
community. Scientists apply for the use of aircraft and are allocated
specific aircraft flight hours following review and recommendation for
support by RAF's Advisory Panel. Generally, over the past several years,
RAF has supported a considerable fraction of the requested programs despite
scheduling, staffing, and budgetary limits.

At the same time and also in support of the user communities' needs,
RAF maintains an active development effort that recognizes its
responsibility for leadership in the design, development, and testing of
new airborne measurement systems and techniques. In an attempt to balance
its aircraft program support with new capability development, RAF maintains
a scientific staff who foresee future research measurement needs and keep
abreast of advanced technologies which can be applied to meet those needs.
During the year, RAF's instrumented King Air has become operational, adding
a significant new capability for research. The King Air, with its new
on-board data display system, is an example of the need for long-term
commitment to development. Only through this commitment can facilities
keep pace with the research needs of the community.

The RAF development focus is presently in transition. The future will
see a substantially increased application of remote-sensing techniques that
will dramatically enhance our research capabilities. Airborne Doppler
radar and radiometers are clearly necessary for the large-scale STORM and
atmospheric chemistry programs now planned. Development of these systems
aboard aircraft platforms requires immediate community-wide efforts. At
the same time, the remote-sensing requirements point to new aircraft that
are capable of carrying the antennas and on-board receiver-transmitters,
added data systems, and observers.

Summary of Accomplishments

During FY 83, 18 programs were supported with a total of 736 flight
hours in 301 flights. These totals do not include the additional hours
necessary for pilot proficiency and aircraft maintenance tests. Programs
supported during FY 83 included studies in air-sea interaction, the
boundary layer, storm dynamics, atmospheric chemistry, cloud physics, and
instrumentation development. One program was flown for the Federal
Aviation Administration in support of that agency's research on aviation
vertical separation standards.

In addition to the extensive support provided, RAF made significant
headway in research and development. Highlights of the more significant
developments include: the new Beechcraft King Air aircraft; research that
has contributed further to the design of a new airborne Doppler radar for
RAF aircraft; continued work toward developing and testing a new radome
gust probe system for air motion sensing; refurbishment of the Electra
avionics; and developmental studies in the use of remote-sensing infrared
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radiometers for near-field measurements of air temperature in and out of
clouds. Several software developments and theoretical studies were
important: the transfer of GENPRO II data processing software to the CRAY
(GENPRO stands for general processing), the installation of new Aircraft
Data System software, the completion of software for users for editing and
analyzing data from the two-dimensional Particle Measuring Systems (PMS)
spectrometer probes, and the addition of a research aircraft data bank
compiled and stored on the NCAR IBM 4341 system for use by scientists
needing aircraft for field programs. Theoretical analyses were made to
evaluate sensor performance, and airflow and particle trajectory (around
the aircraft). These were combined with wind tunnel tests, with the
combined purpose of providing more accurate measurements and an improved
understanding of the accuracies and limits of our varied probes.

These support, research, and development efforts illustrate RAF's role
in serving the scientific community and RAF's dedication to improving its
service through increased knowledge of existing measurements and through
the development of new airborne systems.

Aircraft Fleet

During FY 83 RAF's fleet of research aircraft consisted of:

* A Beechcraft twin-turbocharged piston-engine Queen Air 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 Air normally
supports lower-altitude research.

* 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 for upper-troposphere
and lower-stratosphere air chemistry and atmospheric dynamics research.

* The new Beechcraft twin-turboprop King Air modified and
instrumented for research, which has an altitude capability of 35,000 ft
MSL, a range of greater than 1,500 n mi, and payload capacity of 2,000 lb
including crew. The new aircraft was delivered from Beechcraft in December
1982, was instrumented, and has supported research programs during
May-September 1983. (See section on RAF Research and Development: King
Air Research Aircraft, which follows later in text.)

* A Beechcraft twin-turboprop King Air equipped for cloud physics
measurements, which is leased from the University of Wyoming for six months
per year--April through September--through FY 86. The leased King Air has
an altitude capability of 30,000 ft MSL and a range of greater than
1,500 n mi and can carry a payload of 2,000 lb including crew.

* RAF's four-engine Lockheed Electra was on standby status and has
not seen service during FY 83. Refurbishment of avionics and the data
system was begun in FY 83.
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Programs Supported

The research support activities are listed in the table titled
Summary of Aircraft Utilization, toward the end of the section on RAF. The
summary lists principal investigator, institution, major research
objectives, and hours flown (including program-related ferry time, tower
fly-by, and calibration flights). Brief descriptions of a few programs
showing the level of operational and scientific support provided by RAF
during FY 83 are given below:

Project #3-677, New England Winter Storm Study. Richard Passarelli
(Massachusetts Institute of Technology). The major goal of Passarelli's
research was to make observations of the kinematic, thermodynamic, and
microphysical structure of the New England coastal front and New England
pre-warm-frontal mesoscale bands. Six of the flights concentrated on
mesoscale precipitation bands, and the remaining three examined the coastal
front situations. These flights were successful, but flight operations
were restricted during other promising meteorological conditions by the
limitations in Queen Air range and endurance.

Project #3-788, Upper Tropospheric Sulfur Chemistry. Alan Bandy
(Drexel University.Bandy invesigated the chemistr of sulfur gas in the
upper troposphere and lower stratosphere. The primary objective was to
measure concentrations of various gases (carbonyl sulfide, sulfur dioxide,
carbon disulfide, ozone, and water vapor) in and near the vicinity of
stratospheric folds. These measurements are expected to provide insight
into the exchange of sulfur gases between the stratosphere and the
troposphere.

Project 3-212, Clear Air Boundary-Layer Experiment. Donald Lenschow
(AAP). Lenschow was aided in this project by David Raymond (New Mexico
Institute of Mining and Technology) and Richard Pearson (Colorado State
University). In addition, equipment for sensing carbon dioxide at high
sample rates was supplied by Gail Bingham (Lawrence Livermore Laboratory).
The goals of CABLE were to delineate both the mean and the turbulent
structure of the boundary layer, including fluxes of ozone, carbon dioxide,
and aerosols. This first NCAR King Air project appears to have been very
successful from the standpoints of both the operation of the
instrumentation and the data system, and aircraft performance. The new
systems proved so reliable, that the investigators requested additional
flight hours during the assigned experimental period.

Project #3-674, OPUS II Experiment. David Stuart (Florida State
University). Stuart used the Queen Air for continued studies of the
Organization of Persistent Upwelling Structures (OPUS) off the coast of
California between Piedras Blancas Point and Point Conception. The
aircraft measurements are needed to establish the local wind stress, to
determine the three-dimensional characteristics of the synoptic-scale
structure, and to determine the sea surface temperature distribution
throughout the study area. This program was a part of a large physical
oceanography plan. The aircraft flights appeared to be very successful,
and no limiting problems were encountered with the instrumentation, which
included a newly installed Loran-C navigation system for more accurate
aircraft navigation and more accurate location of drifting buoys.
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Project 3-611, Cloud/Boundary-Layer Interaction. Roland Stull (Uni-
versity ot Wisconsin). Stull used the NCAR Queen Air aircraft to
investigate interactions between the boundary layer and the tropopause
through fair weather cumulus cloud. The aircraft measured updrafts in the
cloud base, the percentage of dynamically active clouds, the kinematic
characteristics of other clouds, and aspects of the compensating subsidence
between clouds which penetrate into the mixed layer. In a piggyback
experiment, Richard Doviak and Robert Rabin of NOAA's National Severe
Storms Laboratory (NSSL) obtained microwave refractometer measurements and
related these measurements to observations obtained from the NSSL 10-cm
Doppler radars.

Project #3-361, CP-2 Polarization Tests (MAYPOLE). Thomas Seliga
(Ohio State University), V.N. Bringi (Colorado State University), and
Richard Carbone and Paul Herzegh (FOF) used the leased University of
Wyoming King Air to obtain microphysical and hydrometeor measurements from
convective and stratiform clouds in their CP-2 Polarization Evaluation
Study. This cooperative research program established the utility of
multiparameter measurements. The differential reflectivity (ZDR)
measurement was successfully tested with the CP-2 radar during this
experiment. The aircraft data are expected to provide for significant
advances in interpreting the dual-polarization data set. A follow-on
experiment has been planned for FY 85, again with in situ measurements by
the Wyoming aircraft.

Project #3-214, Atmospheric Forcing of Circulation in the Gulf of
Caliornia. Clinton Winant (Scripps Institution of Oceanography). inant
and Antoine Badan-Dangon (also from Scripps) successfully conducted a
series of flights over the Gulf of California during July and August 1983,
to perform research on the variability of atmospheric forcing of gulf
circulation. The main goal of the study was to document the magnitude of
momentum, heat, and moisture fluxes between the atmosphere and the ocean
over that region. This experiment, flown out of Guaymas, Mexico, was the
second research program for the newly instrumented N312D King Air. The new
data system on board the King Air allowed the investigators to obtain
graphic output of their measurements in real time. They were able to
observe, for example, the spatial variability in sea surface temperature
measured with the aircraft PRT-5 radiometer and compare it with infrared
satellite images of the gulf. This observation confirmed internal wave
activity around the islands (Angel de la Guarda and Tiburon), providing
additional information about the structure of fronts that satellite images
cannot resolve. The capability of viewing the data in real time, with the
resulting assurance of data quality and the evaluation of the physical
processes taking place, has allowed Winant to alter his future research
plans, which called for a second summer program in 1984, and instead move
directly into an earlier spring program in March 1984. Winant and
Badan-Dangon were aided in their investigations by Nancy Bray and Myrl
Hendershott (Scripps Institution of Oceanography) and by Lorenzo Rojas
(University of Mexico).

Project #3-313, Great Plains Low-Level Jet. Thomas Parish and Alfred
Rodi (University of Wyoming). Parish and Rodi's research was to study the
Great Plains nocturnal jet. They used closely tied observational and
theoretical analyses in order to study the effect of ageostrophic
accelerations in producing the diurnal variation of the low-level jet.
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Research flights were conducted at low levels over northern Oklahoma and
southern Kansas, during evening, nighttime, and early morning hours under a
variety of summertime synoptic conditions. Four complete case studies were
obtained, requiring about 15 h of flight time for each episode. In all
cases studied, the low-level jet had maximum wind velocities between 30 and
40 kt.

Project #3-765, Lidar Cirrus Studies. Kenneth Sassen (University of
Utah). Sassen used the abreliner for air-truth measurements of cirrus
cloud microphysics. These data will be used to help understand his
ground-based polarization-diversity lidar measurements.

Project #3-252, Cloud Water Content by Tomography. John Warner
(CSD). Warner used the King Air aircraft to make in situ measurements of
the distribution of liquid water content in small cumulus clouds to be used
for comparison with measurements obtained from two ground-based scanning
radiometers operating at a wavelength of 1 cm. The data set was limited
because of the lack of meteorological conditions appropriate for the
measurements.

RAF Research and Development

King Air Research Aircraft. The newly acquired Beechcraft Super King
Air Model B200T was delivered on 6 December 1982. During December,
January, and February the RAF team installed specialized research
instruments, including a newly developed, sophisticated data collection and
display system. This new aircraft's instrumentation includes a nose boom
gust probe, inertial and radio navigation systems, and extensive state
parameter, cloud physics, and radiation sensors. The cloud physics probes,
which include PMS spectrometers for aerosol and hydrometeor spectra
measurements and sensors to measure liquid water content and supercooled
water concentration, are carried on wing-tip pylons.

During March and April, the sensors were calibrated and a series of
shake-down flights was conducted, including tower fly-bys, to insure that
the aircraft was fully ready for use in atmospheric research. The first
research program supported by the King Air was the Lenschow-Raymond-Pearson
CABLE program conducted 2 May to 7 June 1983. A total of 30 sensors and 53
housekeeping channels was active for the first research program. Two other
programs, the Winant (Scripps Institution of Oceanography) Gulf of
California program flown out of Guaymas, Mexico, and the Warner (NCAR)
tomographic cloud water content program, were flown during FY 83. In all
of these programs, the King Air system performance was excellent. The
aircraft versatility, range, comfort, and data quality (with the real-time
data displays) have already firmly established the King Air as an important
observational tool.

Airborne Doppler Radar. Airborne Doppler radar data collected during
the Cyclonic Extratropical Storms (CYCLES) and JAWS experiments in 1982
have now been analyzed. The CYCLES data, collected in broad-scale
precipitation, and the JAWS data, collected in a strong convective storm
environment, both have illustrated that airborne Doppler radar can be used
alone and in conjunction with ground-based Doppler radars to provide
detailed observations of storm structure. The joint use of airborne and
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ground-based Doppler radar data to describe convective storm structure is
very promising with obvious applications in planned programs (such as the
STORM Program).

The scientific needs for airborne Doppler radar within the UCAR and
national research community have been assessed through questionnaires and
meetings with scientists throughout the country. These scientific
measurement needs are currently guiding the engineering plans for an NCAR
airborne Doppler radar. The NCAR radar will be at either K-band or X-band
frequency. It will be capable of scanning in a direction nominally
orthogonal to the flight path in a range-height indicator mode. The
planned radar will have real-time Doppler displays and sophisticated
real-time signal processing for removal of velocity ambiguities, if funded
at proposed levels. (See the FOF section for further details on design.)

Radome Gust Probe Tests. A 1/10-scale model of the King Air radome
was fabricated and tested in the low-speed wind tunnel of the Air Force
Academy. Test objectives and results were as follows:

1. Determine the sensitivity coefficient for attack and sideslip
angles of up to +100. The empirical coefficients for low Mach numbers are
within 3% of those predicted by potential flow theory.

2. Develop a data set to evaluate a correction method for dynamic
pressure errors of the radome total pressure orifice for angles of -20° to
20°. The preliminary analysis suggests that the correction procedure will
adjust 97-98% of the error; this finding assures that the relative wind
angles measured by a radome system will be linearly related to the attack
or sideslip differential pressures and not significantly influenced by
errors in the local dynamic pressure.

3. Determine the effects of surface distortions on 1/2-scale radome
model. Various orifice inlet shapes and/or deposits on the surface near
the pressure orifices composed a test plan of Warner, which is discussed in
detail elsewhere in this report. These models were to simulate the effect
of surface disturbances that could develop because of surface erosion or
the impact of insects or water droplets. The results suggest that small
disturbances do not invalidate this air motion sensing technique.

With these wind tunnel results, RAF will install the radome
on aircraft N312D in August-September 1984 and subsequently conduct a
complete evaluation of the system in an icing environment.

Wind Tunnel Studies of Liquid Water Content and Icing Probes. In
April 1983 wind tunnel studies were conducted at the National Research
Council of Canada's icing wind tunnel in Ottawa, Ontario. During this
period, several Johnson-Williams liquid water content meters were
calibrated and tested. These tests established the minimum temperature and
maximum liquid water content at which the Johnson-Williams is functional at
several airspeeds. Also tested were several King liquid water probes.
These probes were tested for sensitivity to temperature and airspeed
changes, attitude changes, wire temperature changes, and maximum liquid
water contents. During this period a Rosemount model 871 icing probe was
calibrated in the tunnel to measure its response to changes in airspeed,
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temperature, and liquid water content. The results of the icing probe
tests are currently being analyzed and will be submitted for publication in
the Journal of Atmospheric and Oceanic Technology.

Wind Tunnel Tests of Airborne Housings. Tests of two rain-shielded
housings, which could contain Lyman-alpha or other sensors, were conducted
at the Air Force Academy wind tunnel. The tests showed that the sample
inlet probe generated unacceptable vortices. The cross-flow Lyman-alpha
housing looked better but showed a discontinuity of flow with attack
angle. Plans are for further tests of a modified cross-flow housing and
for fabrication of an operational unit for project use.

Time Response of Temperature Sensors. In October of 1982, flights
were conducted on N306D to test various meteorological sensors being
developed. During this period, three types of temperature sensors were
flown: a Rosemount model 102E probe, a reverse-flow probe, and two K-probes
(0.5 and 1.0 mil). During one of the flights the aircraft experienced a
short period of severe turbulence. There were rapid changes of temperature
during this period, producing almost step changes in the fast-response
K-probes. Using the 0.5 mil K-probe as a reference, the other probe
responses were measured and the time constants estimated. The results of
this experiment were reported during the American Meteorological Society's
(AMS) Meteorological Observations and Instrumentation Conference in April
1983.

GENPRO II. The GENPRO II data processing software package, a joint
development project between ATD and Scientific Computing Division (SCD),
was completed and has been adapted for use on the NCAR CRAY computer for
batch-processing RAF aircraft data. The software is also available on the
ATD VAX 11/780. It is completely documented and available for non-ATD
users through SCD. GENPRO II is a modular processing package with modules
available for tape handling, signal processing, calibration and derivation,
plotting, statistics, and spectral analysis.

Two-Dimensional Particle Editing and Analysis Package. In a
cooperative effor t, is eveoping a so are package for
editing and analyzing data recorded with 2D probes. This software will
allow a user to selectively edit 2D data for artifacts, to automatically or
manually classify 2D images, and to perform various statistics on the 2D
particle data. The edited 2D data will be output to files of magnetic tape
in a standard format for future easy access. Built into the software will
be a library of common 2D images to allow users to compare their data with
frequently seen image types. Meteorological data can be stored with the
image data for more sophisticated analysis at a later time. The purpose of
this development is to create a standardized program which permits
examination of multiple data sets for comparison and to provide the most
current pattern recognition techniques while, at the same time, giving the
flexibility needed when analyzing the complex information that the 2D probe
can provide. Concurrent with this development, RAF and CSD are compiling a
catalogue of 2D images which will show how cloud particles look normally
and then how they look as imaged by the 2D probe when the particle is in
different orientations and at different magnifications.
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Electra. The long-range four-engined Electra was placed on standby
status following the Alpine Experiment program in February-May 1982. Plans
were developed to refurbish the aircraft with needed new avionics and
instrumentation, including a new data system, prior to use of the aircraft
in support of the Bandy-Lenschow Dynamics and Chemistry of Marine
Stratocumulus (DYCOMS) program scheduled for August 1984. RAF needed to
begin the refurbishment in FY 83 in order to assure completion prior to the
summer 1984 program. A contract was let for the new avionics, and work was
begun both on this contract and on RAF's internal task of developing the
Electra data system and instrumentation packages. Reductions in FY 84
funds available for the Electra became known to RAF in late September
1983. At that time, it became necessary to discontinue the internal RAF
Electra development efforts but to complete the avionics contract as
scheduled. A result is that the Electra will not be able to support the
research program planned for August 1984.

Particle Preferred Orientation Studies. On the invitation of
John Marwitz (University of Wyoming), an intercomparison of two 2D-C probes
was conducted while the Wyoming King Air 2UW was on a project in
Sacramento. The impetus for this study was the observation that columnar
crystals imaged by the 2D probe were oriented in a preferred direction 45°
from their normal horizontal fall-orientation. This indicated that the
flow field around the wing and probe was affecting the particle sample.
The results from these tests have been combined with data from MAYPOLE
(Carbone, Seliga, Herzegh, and Bringi, principal investigators), which used
four 2D probes in horizontal and vertical orientations. These data are
currently being analyzed. Preliminary results indicate that planar and
columnar ice crystals are being rotated by the disturbed airflow around the
wing pylon under some conditions.

An additional study was conducted in August of 1983 to investigate the
deceleration of water drops in the disturbed air in front of the wing
pylon. This experiment consisted of flying the aircraft through virga and
measuring raindrop data with a 2D-C probe operating in enhanced resolution
along the direction of flight. The preliminary results from this
experiment are inconclusive.

Lidar. A preliminary design was completed for an airborne incoherent
lidar system for boundary-layer and cloud-boundary structure studies. The
development will be a joint effort between RAF and Edwin Eloranta
(University of Wisconsin). The next steps will be to conduct engineering
studies of the system and the means for its installation on the aircraft
and to test feasibility using a borrowed laser.

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 meteorological
experiments. In meeting its mission requirements, FOF engages in the
following major activities:
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*Operation of advanced remote- and immersion-sensing systems to
support the research of atmospheric scientists in universities and
NCAR

Development of new measurement systems in cooperation with RAF,
GAMP, CSD, and various university collaborators

*Development and maintenance of a data-delivery system including
data archival, applications software development, and operation of
an interactive computing facility

*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 sensor
calibration, 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 cy-
clonic 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 previous 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 is likely to be preempted or
delayed. While supporting some of the smaller field programs in the
hiatuses between large programs, FOF must increase its emphasis on the
development of the next generation of observing systems. The FOF capacity
to render field support should be consistent with the minimum requirements
of the National STORM Program. This implies sharply reduced field support
in the three years prior to STORM Central.

FOF plans to focus its developments on essential hardware and software
systems, with the expansion required to meet the most pressing demands.
These demands consist of advanced Doppler radars, polarization diverse
radar, more PAM remote stations, more types of sensors available for use
with the PAM system, expanded interactive computing facilities, an
experiment control center (Mesoscale Experiment Center for Control and
Analysis), and participation in the development of a marine surface
network. 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.

There is no other management unit within NCAR which is likely to be
impacted as heavily as FOF if STORM Central is to be conducted with a
critical mass of observing facilities. The planning process has
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considerable momentum and is likely to result in a firm experiment design
in the months ahead. During the past ten years, FOF has developed

* Three research radars

* 60 PAM remote stations

* The Research Data Support System (RDSS).

STORM Central, merely four years hence, will require vastly expanded
observing systems both in number and in kind. It is likely that FOF will
bear a substantial burden for some of these developments. While the future
institutional distribution of facility development responsibilities is
presently unclear, FOF developments have been planned to be responsive to
the most urgent STORM Central facility requirements. Given the limitations
on staff resources, emphasis will be placed on the more advanced
developments that require longer lead times, rather than on mere
replication of existing observing facilities.

Field Program Support

Six field programs were supported by FOF during 1983. The portable
automated mesonet (PAM) I system was provided to G. Garland Lala and James
Jiusto (State University of New York at Albany) for use in the Fog Program
during September and October 1982. The primary objectives of this program
were to better understand radiation fog mechanisms through field
measurements. More than 25 fog and haze cases were observed. Results of
this work are being used to improve fog forecasting techniques and fog
modeling. The PAM I system was used specifically to measure horizontal
fields of temperature, relative humidity, winds, and barometric pressure at
ground level. This information, with data from rawinsondes, a laser
transmissometer, cloud-physics-instrumented towers, and laser-optical
drop-size imaging probes, provided the data base for recognizing and
explaining five distinct stages of fog evolution. Also participating in
this experiment were scientists from Colorado State University, the U.S.
Army Atmospheric Sciences Laboratory, the Naval Research Laboratory, the
University of Nevada, the California Institute of Technology, and the
National Research Council of Italy.

Stull and Eloranta conducted a Boundary-Layer Experiment (BLX-83) in
May and June. The debut of the new satellite-linked PAM II stations
occurred in BLX-83, with 13 stations operational during the field program.
A GMD rawinsonde unit was also provided by FOF. BLX-83 used the PAM II
stations along with rawinsonde, aircraft, radar, sodar, lidar, and kytoons
to better understand the atmospheric boundary-layer processes responsible
for cumulus cloud triggering and growth. Of particular interest were the
feedback mechanisms between the clouds and the mixed layer in early stages
of cloud growth. Details on NCAR aircraft observations during BLX-83 may
be found in the RAF section of this report.

CP-2 radar support was provided to the NOAA Program for Regional
Observing and Forecasting Services (PROFS) during the spring and summer of
1983 (about 120 days). The radar was primarily operated to simulate a
future Weather Service radar (next-generation radar, or NEXRAD) to permit
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testing of NEXRAD processing and display alogrithms. There was special
interest in improving techniques for integrating Doppler data with other
information for presentation to the forecaster. Numerous convective
events, including several hailstorms, were observed.

During July and August the CP-3 radar supported studies by the New
Mexico Institute of Mining and Technology (NMIMT) at the Langmuir
Laboratory near Socorro, New Mexico. William Winn and Charles Moore
(NMIMT), James Dye (CSD), and Peter Ray (NSSL) used the radar to study the
kinematic structure in thunderstorms that form over South Baldy Peak.
Associated observations were made with aircraft to study electrical
properties of the storms and the hydrometeor types and size distributions.
The elaborate facilities on South Baldy Peak permit the triggering of
lightning from the ground. While convective activity was slightly below
normal, several interesting cases were observed late in the field program.

Six PAM II stations were deployed in Mexico in September 1983 in
support of Winant and Badan-Dangon with cooperation from the Center for
Scientific Investigation and Higher Education of Ensenada in Baja
California. The purpose of this program is to observe the atmospheric
forcing (wind and ocean/atmosphere heat and moisture fluxes) and the
resulting circulation in the Gulf of California waters. Observations with
the PAM II stations will continue until November 1984.

A cooperative experiment between FOF, Colorado State University
(Bringi), Ohio State University (Seliga), and NOAA's Wave Propagation
Laboratory (William Moninger, Robert Kropfli, and Fausto Pasqualucci) was
undertaken in May and June 1983 under partial sponsorship of the U.S. Army
Research Office. MAYPOLE centered on system tests of the differential
reflectivity (ZDR) measurement capability incorporated into NCAR's CP-2
radar earlier this year. Extensive radar measurements were obtained in
rain, snow, and hail. Data obtained by the University of Wyoming King Air
aircraft (operated by NCAR) are being used to provide in situ hydrometeor
characterization measurements. Preliminary evaluation of the data suggests
that ZDR will be a powerful and potentially reliable hail detector. The
measurements also reveal numerous artifacts as a consequence of
polarization switching.

PAM II Development

The development of the PAM II remote stations progressed on schedule
in 1983 with the construction of 60 stations. The initial test of the
first stations in BLX-83 was remarkably trouble-free. However, some
problems still remain with base station data acquisition and real-time data
access at the remote sites.

The Boulder base station satellite hardware was completed by George
Saum and provides access to any of the Geostationary Operational
Environmental Satellites (GOES) via three independent antenna receiver
systems. In addition to collecting PAM data, the Boulder base station has
been acquiring data collection platform data for the GAMP ASAP and
providing NOAA PROFS with the GOES visible and infrared spin-scan
radiometer signals. PAM data perusal software resides on the RDSS. Users
may dial up various graphics displays and listings of PAM information.
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This arrangement will continue to be the only source of real-time PAM data
until a field base station is completed in 1984. By late 1984 PAM II will
have reached completion of its first phase of development.

Immersion Sensor Development

The concept of the integrated sensor was brought to fruition with
completion of the PAM II barometer and psychrometer due to the dedicated
efforts of Julian Pike and Brian Lee. The microprocessors in these
integrated sensors eliminate all adjustable components; compensate for the
effects of temperature, time, and supply voltage on the sensitive
electronics; and apply the complete sensor calibration. This concept will
be expanded to include the PAM II anemometors.

Radar Developments

Rapid Scan Doppler Radar. Today's Doppler radars are severely limited
in cloud-scale research since important spatial and temporal scales of
motion may not be resolved in many circumstances. Improved antennas and
data acquistion systems will extend their lifetimes for meso-P programs but
will do little for cloud/turret-scale studies. Faster-scanning radar can
open up new areas of research in cumulus dynamics and precipitation
initiation. In April 1983, FOF sponsored the Rapid Scan Doppler Radar
Workshop in Boulder. The two-pronged workshop evaluated FOF's preliminary
design proposal for technological feasibility (Richard Strauch [NOAA],
chairman) and attempted to assess scientific justification (Peter Ray,
chairman) in view of realistic system limitations and other potential radar
developments. A select, but diverse and representative, gathering of
engineers and mesoscale scientists participated. The workshop findings
were definitive with respect to technological feasibility. Faster-scanning
radars using high-performance antenna technology can be built for $3-4
million. While the workshop findings showed broad-based support for a
faster-scanning radar capability, most participants emphasized that such a
development should not be restricted to faster-scanning capabilities
alone. Clutter rejection, removal of range-velocity ambiguities, high
spatial resolution, and polarization capabilities were also stressed. A
final report on the workshop will appear in 1984.

Polarization Diversity Radar. The CP-2 radar presently includes a
10-cm differential reflectivity (ZDR) capability which was implemented
during FY 83. During the MAYPOLE field program in May-June 1983, Seliga,
Bringi, Carbone, and Herzegh tested the CP-2 ZDR measurement. In some
instances they were able to discriminate hydrometeor phase in real time.
Being able to determine hydrometeor phase and (perhaps) size distributions
may have a strong impact on quantitative precipitation estimates and cloud
physics research. These preliminary measurements will provide the base of
knowledge required to implement a permanent, routinely deployable
polarization diversity capability.

Airborne Doppler Radar. The major FY 83 efforts on airborne Doppler
radar included formulation of a preliminary plan for the design of such a
radar, the design and evaulation of a questionnaire which assessed
scientific needs, and evaluation of Doppler data collected by NOAA's P-3
aircraft during the JAWS project. The efforts were led by Peter Hildebrand
(RAF) and Charles Frush.
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A preliminary radar design for a general-purpose system was developed
early in the fiscal year. The plan calls for a 1.6-cm wavelength and
assumes an aperture of about 0.7 m, which allows a 2° beam. Good
sensitivity to weather targets can be achieved. With a 100-kW transmitter,
O-dBZ signals would be observed at a range of 20-25 km. A pulse repetition
frequency of 2,000 to 4,000 Hz would allow an unambiguous velocity range of
+8 to +17 m/s.

In June a questionnaire was sent to the scientific community (-100
investigators) to poll the anticipated research needs for airborne Doppler
radar. The questionnaire was designed to emphasize scientific design
criteria and to deemphasize specifics concerning equipment. Among other
things, the questionnaire asked about the spatial and temporal scales of
the phenomena, the required resolutions, the measurement accuracy, and the
flight characteristics of the aircraft (e.g., range, altitude, endurance).

Approximately 50 responses were received, and these are being analyzed
to ascertain the scientific needs for airborne Doppler radar and the
relationship between the spectrum of specific needs and various design
options. A report is currently being formulated which will provide a
revised preliminary plan based on the results of the questionnaire.

Airborne Doppler capabilities were evaluated during FY 83, principally
by means of data collected during JAWS in June 1982. Two papers concerning
the analysis were presented at the 21st Radar Meteorology conference in
Edmonton, Alberta, Canada, by Hildebrand, Frush, and Cynthia Mueller.
These papers evaluated the capabilities of airborne Doppler used alone and
in conjunction with ground-based radars. While results are preliminary,
the addition of an airborne Doppler radar may substantially improve the
accuracy of multiple Doppler analyses in some cases.

RDSS

In the past year a RAMTEK color display system (with two independent
work stations) has been interfaced to the VAX-11/780 and the radar data
editor and perusal software. A new 456-megabyte disk was installed on the
PDP 11/60, and this resulted in improved reliability and capacity. The
11/60 is now used primarily for PAM data archival and user access.

The VAX computer is now functioning as a user-oriented system with
three interactive color raster graphics work stations, three 6,250 tape
drives, 1.25 gigabytes of on-line disk storage, and four megabytes of
memory. Use of the RDSS was particularly heavy during the summer of 1983,
with people working on the Cooperative Convective Precipitation Experiment,
CYCLES, JAWS, and MAYPOLE data sets.

The staff associated with the RDSS has been reorganized into the
Research Data Support Group (RDSG) under Richard Oye. Besides Oye, the
group is composed of three programmers (Michael Spratte, Michael Carpenter
and Jonathan Corbet). A technican will be added to the staff in FY 84 for
the purpose maintaining computers and peripheral devices in RDSS and the
PAM II base station.
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Research and Technique Development Highlights

The JAWS project, led by John McCarthy and James Wilson, published
The JAWS Project Operations Summary 1982, which describes the types of data
available from JAWS and presents daily operation and weather summaries from
the field program. Data from 70 microburst cases have been examined, and
multiple Doppler analyses have been completed for 20 periods. Numerous
conference papers (presented at the AMS 21st Radar Meteorology and 13th
Severe Local Storms Conferences) and two journal articles were based on the
data. The preliminary findings suggest a very high frequency of
microbursts, strong outflow asymmetry, and strong rotation of the flow
aloft. Cases are being evaluated for both dynamical and microphysical
initiation mechanisms. In addition, JAWS produced a training videotape for
pilots, The Probable Cause, which outlines the hazards of microbursts. The
tape was distributed to over 100 airlines and is being used by airlines and
safety organizations to increase pilot awareness of the danger of wind
shear encounters.

In September, JAWS sponsored a Wind Shear Simulator Workshop in
Boulder for representatives of airlines and simulator manufacturers. A
document, Preliminary Data Description, which provides three-dimensional
wind fields based on the 5 August microburst case, was distributed at the
workshop. Two major reports were submitted to the Federal Aviation
Administration and the National Aeronautics and Space Administration
(NASA), JAWS' sponsoring agencies. They were (1) Statistics from the
Operation of the Low-Level Wind Shear Alert System (LLWSAS) during the JAWS
Project: An Interim Report from the JAWS Project at NCAR, and (2) I
Microburst Wind Structure and Evaluation of Doppler Radar for Airport Wind
Shear Detection,..

MAYPOLE during the spring of 1983 provided the opportunity for several
university investigators to observe differential reflectivity measurements
techniques being developed and participate in the development. Seliga,
Kultagin Aydin (Ohio State University), Bringi, Herzegh, and Carbone
jointly conducted the experiment. Jacques Fornet-Fayard and Roland
Cordesses (Institute and Observatory of the Physics of the Globe associated
with the University of Clermont-Ferrand, France) and Paul Amayenc (Center
for Research in the Physics of the Terrestrial and Planetary Environment,
France) visited during the operations and held discussions on polarization
Doppler radar developments. While the preliminary results on hail
detection appear to be exciting and other ice particle identification data
are encouraging, there remains a problem of artifacts induced by the radar
(specifically, the illumination function). This problem was quantitatively
investigated by means of detailed antenna pattern measurements (beginning
in late FY 83) by Jeffrey Keeler, Frush and Herzegh. Results will be
forthcoming in early 1984, and adjustments to the CP-2 antenna/feed system
will be made accordingly.

Wilson made excellent progress on research in the operational
application of Doppler radar data in deep convection initiation (in
conjunction with the PROFS/NEXRAD field tests). Mesoscale air mass
boundaries and storm outflow boundaries have been shown to intersect during
the course of their lifetimes and frequently initiate explosive
thunderstorm development. While the statistics are presently incomplete,

200



ATD/Field Observing Facility

intersection of boundaries presents a high probability of storm initiation
due to enchanced boundary-layer convergence, whereas movement of one
boundary alone initiates convection far less frequently.

Other Activities

A two-week colloquium entitled "Teaching of Meteorological
Instrumentation" was held in July-August 1983. The instructors were Fred
Brock, Pike, and Harold Cole (GAMP). It was attended by 23 members of the
teaching faculty of 18 universities who had a common interest in improving
the teaching of meteorological instrumentation.

The fundamental subject matter of instrumentation courses, including
sensor performance characteristics, calibration and standards, measuring
devices, field environment, and typical measurement systems, was reviewed.
In addition, the participants wrote an instructor's manual as a teaching
aid. Everybody participated, with some key people taking the lead for each
chapter. The chapters and the leaders are as follows:

1. Introduction
James Kimple (University of Oklahoma)

2. Performance Characteristics of Sensors
Albert Pallmann (St. Louis University)

3. Calibration and Standards
Anders Daniels (University of Hawaii)

4. Measuring Devices
Eugene Takle (Iowa State University)

5. Field Environment
G. Garland Lala (State University of New York at Albany)

6. Meteorological Measurement Systems
John Hirsch (South Dakota School of Mines and Technology)

7. Digital Signal Processing
Dennis Thomson (Pennsylvania State University)

Other tangible products of the colloquium were an annotated bibliography of
instrumentation literature and a list of miniumum recommended equipment for
a teaching laboratory.

McCarthy and division director Robert Serafin participated as members
of the National Academy of Sciences Committee on Low-Altitude Wind Shear
and Its Hazard to Aviation, which consisted of two panels, one on
Low-Altitude Wind Variability and one on Aircraft Performance and
Operations. The committee completed its final report in August 1983
entitled Low-Altitude Wind Shear and Its Hazard to Aviation. Throughout
the year, McCarthy presented over 40 speeches, briefings, and presentations
on results from the JAWS project. These include four hours of testimony in
August 1983 concerning the hazards of low-altitude wind shear to the
aviation community delivered before the U.S. House of Representatives
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Committee on Public Works and Transportation Subcommittee on Investigations
and Oversight with T. Theodore Fujita (University of Chicago). Many of
McCarthy's presentations were designed to increase safety awareness within
the aviation community.

Wilson taught a short course on the operational applications of
Doppler radar. The course was given to National Weather Service personnel
in Marseilles, Illinois, during May 1983.

Carbone, Herzegh, and McCarthy served on several Ph.D. student
committees at several UCAR universities in 1983.

Carbone served as an editor of the Journal of Climate and Applied
Meteorology during 1983.

Miriam Blaskovich (AMS Howard H. Hanks Scholar from McGill University)
spent the summer with FOF as a student assistant in MAYPOLE.

FIELD OBSERVING FACILITY - USERS, FY 83

Observing Systems

Name

G. Garland Lala/James Jiusto

Roland Stull/Edwin Eloranta

Clinton Winant/Antoine
Badan-Dangon

Ronald Alberty

Thomas Seliga/V.N. Bringi/
Paul Herzegh/Richard Carbone

Charles Moore/William Winn/
James Dye/Peter Ray

Robert Clark

David Call

System(s) Used

PAM I

PAM II; rawinsondes

PAM II

CP-2 radar

CP-2 radar

CP-3 radar

Sensor Dev. Lab.

Sensor Dev. Lab.

Affi1 iati on-Program

SUNYA-Fog

Univ. of Wisc.-BLX-83

Scripps Inst.-Gulf of
Calif. Study

NOAA/PROFS-PROFS

Ohio St. U.; Colo.
State U.; NCAR-MAYPOLE

New Mexico Inst.; NSSL;
NCAR

NOAA/PROFS

AIR, Inc.

ATD Staff Sensor Dev. Lab.

Name

Thomas Arnold, William Mahoney, John Marwitz

V.N. Bringi, V. Chandrasekhar, J. Vivekanandan

Thomas Seliga, Kultegin Aydin, H. Direskeneli

Miriam Blaskovich

Gregory Byrd, Peter Ray

Affiliation

Univ. of Wyoming

Colo. State Univ.

Ohio State Univ.

McGill Univ.

Univ. of Oklahoma;
Univ. of Oklahoma
and NSSL

RDSS

NCAR
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Hans Richner Lab. for Atmos. Phys.,
Zurich, Switzerland

Donald Perkey Drexel University

Francis Fujioka U.S. Forest Service

Fernando Caracena, Robert Kropfli, David Parsons,
Patricia Walsh, William Roberts, Bonnie Weber NOAA

Owen Hertzman, Steven Businger Univ. of Washington
Paul Krehbiel, William Winn New Mexico Inst. of

Mining and Technology
Michael Schoenberger, Brian Smith,

Ramesh Srivastava Univ. of Chicago
Staff of ATD, CSD, SCD, AAP NCAR

GLOBAL ATMOSPHERIC MEASUREMENTS PROGRAM

Missions and Goals of GAMP

GAMP is internationally known for its innovative stratospheric and
upper-tropospheric global balloon system developments. During the 1970s,
these activities were integral and essential parts of the Global
Atmospheric Research Program. The increased emphasis on mesoscale research
in the 1980s and 1990s will require vastly improved tropospheric sounding
systems. For this reason, GAMP has directed the majority of its effort in
the past year into the development of new sounding systems for deployment
over land and sea.

Strategies

The atmospheric sounding system development effort will continue
through the mid-1980s, and GAMP will assume responsibility for the
operation of these new and improved tools in support of the scientific
research programs planned for the future.

Accomplishments of the Past Year

Safesonde. The Safesonde is a new sounding system that provides
accurate fine-scale measurement of the winds, pressure, temperature, and
humidity from the surface to the lower stratosphere. It is designed to be
mobile and operable by one person. A production prototype including mobile
shelter and automatic launcher was completed and tested in FY 83. The
Safesonde system consists of three simple translator stations, separated by
3 to 5 km from a base station. The sonde location is determined by
measurement of the difference in arrival time of the radiosonde-transmitted
signal at the translator site and the base station.

During the past year the system software has been improved and we are
closer to an operational design. This work was done using the data from
the Wallops Island tests of September 1982. In October and November 1983
additional system tests will be made at Wallops Island using the NASA
precision tracking radar for reference.
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The Wallops test flights have provided evidence that the Safesonde
will exceed all of its design goals. The ability of this system to provide
fast-response measurement of temperature and humidity, as well as
fine-scale wind structure, will provide new insight into mesoscale
phenomena.

Automated Shipboard Aerological Program. The objective of ASAP is to
provide upper-air sounding data from the data-sparse North Pacific by using
a portable, low-cost system that can be placed on ships-of-opportunity.
During FY 82 and FY 83, GAMP developed a prototype system which was
installed on a Japanese car-carrier--M.V. Friendship--sailing between the
west coast of North America and Japan. The self-contained,
upper-air-sounding system was fitted into a standard sea container 2.4 X
2.4 X 6 m, which can be mounted on the ship's deck using standard mounting
hardware. The unit is built around a commercial, automatic,
upper-air-sounding system that uses Omega navigation signals for determing
wind speed and direction. The container also houses a semi-automatic
balloon launcher, developed at NCAR, and a balloon inflation system.
Twenty-two successful crossings were made, 15 soundings per crossing, with
an over 90% success rate (successful launch, good data, transmission of
sounding data to the Global Telecommunication System via the GOES
satellites and the NCAR link to Canada). The success of this program has
led to the development of an operational system (ASAP-Phase II) with an
improved container and launcher, and a cheaper electronic system that can
be used with several different radiosonde types rather than the single type
used in Phase I. Plans include expanded operation in the North Pacific
(two or more systems) and possible operation in the Atlantic. The World
Meteorological Organization has shown considerable interest in an ASAP-type
system for replacement of the remaining weather ships located off the west
coast of Europe.

Electrodynamics of the Middle Atmosphere. EMA is being sponsored by a
consortium of program offices at the National Science Foundation and NASA.
The specific goals of the program include: investigation of the global
electrical response to a solar-flare/polar-cap-absorption event, study of
the global current systems, study of the diurnal and longer-term variations
of the atmospheric electric field, and investigations of planetary-scale
turbulence in electric parameters. Scientists from the University of
Washington, Cornell University, Utah State University, the University of
California at Los Angeles, and the University of Otago in New Zealand are
involved.

GAMP provides balloons, launch technology, launch facility, gondola,
and logistics, as well as power, telemetry, electrical interfacing, and
first-line data processing. The first test flights were conducted in March
1983, with the main series of six flights scheduled from October 1983 to
February 1984.

MicroGHOST (GHOST stands for Global Horizontal Sounding Technique).
This is a joint program of NASA Goddard Space Flight Center and GAMP
leading to the development of an improved location and telemetry system for
balloons and other low-cost mobile platforms. Prototypes of the low-cost,
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frangible designs were flown in March 1983 from Christchurch, New Zealand,
to demonstrate the feasibility of an operational system with balloon and
electronic costs of $500 or less per flight. The basic balloon design, the
"tetrasphere," was tested in 1980 and performs in laboratory tests as well
as the spherical superpressure balloon at a cost of 20% of the sphere's.
Additional test flights of the electronic system will be made in early
FY 84 using the EMA balloons as a test bed. The directors of the
Australian and New Zealand Weather Services have endorsed the concept and
plan to contribute to its development and operational deployment. The
operational system would be used for determining tropospheric winds,
temperature, and moisture in the data sparse Southern Hemisphere. This
system can also provide measured reference points for satellite sounding
systems. The World Meteorological Organization's World Weather Watch has
shown an interest in such an operational system.

Other Accomplishments

GAMP also assisted Bruce Mate (Oregon State University) in his
development of an Argos satellite telemetry and location system for tagging
whales. A test was conducted this summer in the Newfoundland area in which
dive information was obtained from a humpback whale for the first time. A
new transmitter/tagging package is being readied, which will provide dive
profiles from humpback and gray whales located off the West Coast.

DESIGN AND FABRICATION SERVICES

Missions and Goals

The primary goals of Design and Fabrication Services are to provide
engineering design service through the Mechanical Design Group and
fabrication service through the Machine Shop to all of NCAR. The
Mechanical Design Group often renders assistance by contributing
development team members to major project efforts. The Machine Shop
performs machining, welding, sheet metal work, cleaning and anodizing, and
assembly services. It typically handles over 200 projects annually.

Accomplishments of the Past Year

Major developments that involved both the Mechanical Design Group and
the Machine Shop included:

PAM II (FOF/Fred Brock)
Global Halogens Gondola (Atmospheric Chemistry and Aeronorny

Division/Walter Berg)
EMA Hardware (GAMP/Justin Smalley)
Pt. Mugu Balloon Launcher (GAMP/Sigvard Stenlund)
UV Aircraft Hygrometer (RAF/Arden Buck)
Terminate Package (National Scientific Balloon Facility/Earl Smith)
Fluorescence Cell (ACAD/Gregory Kok)
NOx Reaction Vessel (ACAD/Anthony Delany)
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Machine Shop support was distributed among the various NCAR divisions
and other groups as follows:

Atmospheric Chemistry and Aeronomy Division
Atmospheric Technology Division
High Altitude Observatory
Advanced Study Proqram
Administration Division
Scientific Computing Division
Atmospheric Analysis and Prediction Division
National Scientific Balloon Facility
National Oceanic and Atmospheric Administration

Percentage
41.6
41.8
8.1
0.1
0.5
1.0
0.1
2.6
4.2



ATMOSPHERIC TECHNOLOGY DIVISION

STAFF AND VISITORS

Director's Office

Harold Baynton
Regina Gregory
Carol Nicolaidis (Documentation)
Robert Serafin (Director)
Diane Wilson
Shelley Zucker

Research Aviation Facility

Lawrence Abbott
Harold Barber
Darrel Baumgardner
Edward Brown
Arden Buck
Robert Burris
Robert Carl
Celia Chen
William Dawson
Richard Friesen
Keith Griffith
Mary Griffith
Peter Hildebrand
Gerald Kallinen
A. Alexander Kennel
Dennis Knowlton
Donald Lenschow
James Lundahl
David McFarland
Thomas McQuade
Clay Orum
Byron Phillips (Manager)
Charles Purdy
Reiko Raese
Annabelle Robinson
Ronald Ruth
Estevan Salazar
Stephen Skinner
Paul Spyers-Duran
Janet Stone
Gilbert Summers
George Tate
Margaret Taylor
Richard Taylor
Craig Walther
Lester Zinser
M. Norman Zrubek

Field Observing Facility

Dave Albo
Gerald Albright
Robert Barron
Richard Bobka
Robert Bowie
William Bragg
Fred Brock
Chris Burghart
Richard Carbone (Manager)
Michael Carpenter
Jon Corbet
Tony Darnel
KIim Elmore
Don Ferraro
Charles Frush

Patrick Grundmeier
Mark Hjelmfelt
Paul Herzegh
Kenneth Hite
William Irwin
Cathy Jirak
Jeffrey Keeler
Cathy Kessinger
Errol Korn
Debbie Lawrence
Bryan Lee
Brian Lewis
Jonathan Lutz
Robert McBeth
John McCarthy
John Militzer
Maggie Miller
Cynthia Mueller
Randy Olson
Phyllis O'Rourke
Richard Oye
Julian Pike
Guy Poly
Isaias Quizar-Gomez
Steve Ramsden
Rita Roberts
George Saum
Wendy Schreiber
Steven Semmer
Mike Spratte
Evan Templeton
Joseph Vinson
John Wagner
Billie Wheat
James Wilson
Wes Wilson
Shelley Zucker

Global Atmospheric Measurements Program

Edgar Aden
Neil Carlson
Phyllis Carlson
Edward Chamberlain
Harold Cole
Sue Dryg
Terrence Hock
Vincent Lally (Manager)
Dean Lauritsen
Nancy Leach
Ernest Lichfield
Dale McKay
Claude Morel
Fred Navarro
Ranjit Passi
Aubrey Schumann
Justin Smalley
Sigvard Stenlund
Jack Tefft
Marcel Verstraete
James Ziese
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Design and Fabrication Services

Page Baptist
John Beeby
Jack Fox
H. Paul Geisert
Gilbert Granger
Michl Howard
Paul Johnson (Manager)
Edward Lambdin
Ivan Lee
Hayden Mathews
Mark Molner
James Nielson
Alvin Sapp
Dale Smith
Russell White
William Zelt
Frederick Zimmer

Visitors

Kultegin Aydin, Ohio State University, May 1983 to
June 1983, FOF.

V. Balaji, Ohio State University, June 1983 to
July 1983, FOF.

Mariam Blaskovich, McGill University, May 1983 to
August 1983, FOF.

V. Bringi, Colorado State University, May 1983 to
June 1983, FOF.

Joost Businger, University of Washington,
January 1983 to January 1986, ATD/FOF.

Steve Businger, University of Washington,
August 1983 to September 1983, FOF.

V. Chandrasekhar, Colorado State University,
May 1983 to June 1983, FOF.

H. Direskeneli, Ohio State University, May 1983 to
June 1983, FOF.

Jacques Fournet-Fayard, Institute and Observatory
of Geophysics, Clermont-Ferrard, France, May 1983
to June 1983, FOF.

Tzvi Gal-Chen, University of Oklahoma, July 1983
to August 1983, FOF.

Owen Hertzman, University of Washington, June 1983
to September 1983, FOF.

Warren King, Commonwealth Scientific and
Industrial Research Organization, Epping,
Australia, August 1983 to April 1984, FOF/CSD.

Hans Richner, Laboratory for Atmospheric Physics,
Zurich, Switzerland, August 1983 to July 1984,
ATD/RAF.

Mario Schaffner, Institute of Atmospheric Physics,
Rome, Italy, December 1982 to April 1983, FOF.

Thomas Seliga, Ohio State University, April 1983
to June 1983, FOF.

Ramesh Srivastava, University of Chicago,
October 1983 to September 1984, FOF.

Robert Steinberg, NASA Goddard Space Flight
Center, February 1982 to January 1983, FOF.

Jose Vasquez, University of Texas at El Paso,
May 1983 to August 1983, RAF.

J. Vivekanandan, Colorado State University,
May 1983 to June 1983, FOF.

Michael Voss, New Zealand Meteorological Service,
Christchurch, New Zealand, September 1983 to
November 1983, GAMP.

Wes Wilson, University of Colorado, December 1982
to December 1983, FOF.
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PUBLICATIONS
.

Publications of NCAR staff and visitors that either
appeared or were in press between 1 January and
31 December 1983 are listed below. Co-authored pub-
lications whose authors are affiliated with more
than one NCAR division are listed only once, ac-
cording to the division of the first author. An
asterisk indicates a non-NCAR co-author. Each divi-
sion's list is divided into refereed publications
and other publications.

ATMOSPHERIC ANALYSIS AND PREDICTION DIVISION

Refereed Publications

ANTHES, R.A., 1983: A review of regional models of
the atmosphere in middle latitudes. Mon.
Weather Rev. 111(6), 1306-1335.

- , Y.-H. KUO, and *J.R. GYAKUM, 1983: Numerical
simulation of a case of explosive marine
cyclogenesis. Mon. Weather Rev. 111,
1174-1188.

BARRON, E.J., 1983: Climate models: A frontier in
petroleum exploration. Weatherwise 36(5), 230-
232.

----- , 1983: A warm, equable Cretaceous: The nature
of the problem. Earth-Sci. Rev. 19, 305-338.

--- and W.M. WASHINGTON, in press: The role of
geographic variables in explaining paleocli-
mates: Results from Cretaceous climate model
sensitivity studies. J. Geophys. Res.

*BENNETT, A.F., and D.B. HAIDVOGEL, 1983: Low reso-
lution numerical simulation of decaying two-
dimensional turbulence. J. Atmos. Sci. 40(3),
738-748.

BETTGE, T.W., in press: A systematic error compari-
son between the ECMWF and NMC prediction
models. Mon. Weather Rev.

-- , in press: Weather records--The case of the
Bennett, Colorado, maximum temperature.
Weatherwise.

BLACKMON, M.L., Y.-H. LEE, and *J.M. WALLACE, in
press: Horizontal structure of 500 mb height
fluctuations with long, intermediate and short
time scales. J. Atmos. Sci.

---. , -----, *---, and *H.-H. HSU, in press:
Time variation of 500 mb height fluctuations
with long, intermediate, and short time scales
as deduced from lag-correlation statistics.
J. Atmos. Sci.

*BOYER, D.L., *P.A. DAVIES, and W.R. HOLLAND, in
press: Rotating flow past disks and
cylindrical depressions. J. Fluid Mech.

BRANSTATOR, G., 1983: Horizontal energy propagation
in a barotropic atmosphere with meridional and
zonal structure. J. Atmos. Sci. 40(7), 1689-
1708.

BROWN, E.N., C.A. FRIEHE, and D.H. LENSCHOW, 1983:
The use of pressure fluctuations on the nose
of an aircraft for measuring air motion.
J. CZim. AppL. Meteorol. 22, 171-180.

*CARLSON, S.G. BENJAMIN, *G.S. FORBES, and *Y.-F.
LI, 1983: Elevated mixed layers in the
regional severe storm environment: Conceptual
model and case studies. Mon. Weather Rev. 111,
1453-1473.

COAKLEY, J.A. Jr., in press: Properties of multi-
layered cloud systems from satellite imagery.
J. Geophys. Res.

-, *R.D. CESS, and *F.B. YUREVICH, 1983: The
effect of tropospheric aerosols on the earth's
radiation budget: A parameterization for cli-
mate models. J. Atmos. Sci. 40, 116-138.

DALEY, R., 1983: Linear non-divergent mass-wind
laws on the sphere. Teltus 35A, 17-27.

DICKINSON, R.E., 1983: Land surface processes and
climate--Surface albedos and energy balance.
In Theory of Climate (B. Saltzman, Ed.),
Advances in Geophysics, Vol. 25, Academic
Press, New York, N.Y., 305-353.

---- , in press; Modeling evapotranspiration for
three-dimensional global climate models. In
Proc. Fourth Ewing Symposium on Climate
Processes: Sensitivity to Solar Irradiance and
C02, Vol. 4, Maurice Ewing Series, Palisades,
N.Y., 24-27 October 1982. AGU, Washington,
D.C.

----- and B. HANSON, in press: Vegetation-albedo
feedbacks. In Proc. Fourth Ewing Symposium on
Climate Procesess: Sensitivity to Solar Irra-
diance and C02, Vol. 4, Maurice Ewing Series,
Palisades, N.Y., 24-27 October 1982. AGU,
Washington, D.C.

--- , E.C. RIDLEY, and R.G. ROBLE, in press: Ther-
mospheric general circulation with coupled dy-
namics and composition. J. Atmos. Sci. 104.

ERRICO, R.M., in press: Convergence properties of
Machenhauer's initialization scheme. Mon.
Weather Rev.

-- , in press: The statistical equilibrium solu-
tion of a primitive-equation model. TeZlus.

*FEHSENFELD, F.C., *M.J. BOLLINGER, *S.C. LIU,
*D.D. PARRISH, *M. McFARLAND, *M. TRAINER,
*D. KLEY, *P.C. MURPHY, *D.L. ALBRITTON, and
D.H. LENSCHOW, in press: A study of ozone in
the Colorado mountains. J. Atmos. Chem.
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GENT, P.R., and J.C. McWILLIAMS, in press: Balanced
models in isentropic coordinates and the shal-
low water equations. TeZlus.

--- and ---- , 1983: Consistent balanced models
in bounded and periodic domains. Dyn. Atmos.
Oceans 7, 67-93.

----- and ----- , 1983: The equatorial waves of bal-
anced models. J. Phys. Oceanogr. 13, 1179-
1192.

-and ---- , 1983: Regimes of validity for bal-
anced models. Dyn. Atmos. Oceans. 7, 167-183.

- , K. O'NEILL, and *M.A. CANE, in press; A
model of the semiannual oscillation in the
equatorial Indian Ocean. J. Phys. Oceanogr.

HAIDVOGEL, D.B., 1983: Periodic and regional
models. In Eddies in Marine Science (A.R.
Robinson, Ed.), Springer-Verlag, New York,
N.Y., 404-436.

and *T. KEFFER, in press: Tracer dispersal by
mid-ocean mesoscale eddies. I. Ensemble
statistics. Dyn. Atmos. Oceans.

- and P.B. RHINES, 1983: Waves and circulation
driven by oscillatory winds in an idealized
ocean basin. Geophys. Astrophys. Fluid
Dyn. 25, 1-63.

, *A.R. ROBINSON, and C. ROOTH, 1983: Eddy-
induced dispersion and mixing. In Eddies in
Marine Science (A.R. Robinson, Ed.), Springer-
Verlag, New York, N.Y., 481-489.

HOLLAND, W.R., D.E. HARRISON, and A. SEMTNER Jr.,
1983: Eddy-resolving numerical models of large
scale ocean circulation. In Eddies in Marine
Science (A.R. Robinson, Ed.), Springer-Verlag,
New York, N.Y., 379-403.

*-T. KEFFER, and P.B. RHINES, in press; Dy-
namics of the oceanic general circulation: The
potential vorticity field. Nature.

KASAHARA, A., 1983: Book review of Intense Atmo-
spheric Vortices (L. Bengtsson and J. Light-
hill, Eds.). WMO Bull. 32, 355.

- and Y. SHIGEHISA, 1983: Orthogonal vertical
normal modes of a vertically staggered discre-
tized atmospheric model. Mon. Weather
Rev. 111, 1724-1735.

KLEMP, J.B., and D. DURRAN, 1983: An upper boundary
condition permitting internal gravity wave ra-
diation in numerical mesoscale models. Mon.
Weather Rev. 111, 430-444.

- and R. ROTUNNO, 1983: A study of the tornadic
region within a supercell thunderstorm.
J. Atmos. Sci. 40, 359-377.

KOERMER, J.P., A. KASAHARA, and *S.K. KAO, 1983:
Numerical studies of major and minor strato-
spheric warmings caused by orographic forcing.
J. Atmos. Sci. 40, 1552-1570.

KUO, Y.-H., 1983; Studying the mesoscale: More ac-
curate weather forecasts. Weatherwise 36(5),
234-235.

- - and R.A. ANTHES, in press: Accuracy of diag-
nostic heat and moisture budgets using SESAME-
79 field data as revealed by observing system
simulation experiments. Mon. Weather Rev.

----- and ----- , in press: Mesoscale budgets of
heat and moisture in a convective system over
the central United States. Mon. Weather Rev.

--- and ----- , 1983: Numerical simulation of a
Mei-Yu system over southeastern Asia. Papers
in Meteorol. Res. 5(1), 15-36.

----- and ----- , in press: Semi-prognostic tests of
Kuo-type cumulus parameterization schemes in
an extratropical convective system. Mon.
Weather Rev.

LARGE, W.G., *T.A. GUYMER, J.A. BUSINGER, *K.B.
KATSAROS, *W.J. SHAW, *P.K. TAYLOR, and *R.EF
PAYNE, 1983: Transfer processes at the air-sea
interface. Phil. Trans. R. Soc. 304, 253-273.

--- , *R.A. WELLER, *R.E. PAYNE, and *W. ZENK, in
press: Wind measurements from oceanographic
moorings and F.S. Meteor during JASIN 1978.
J. Geophys. Res.

LENSCHOW, D.H., in press: Aircraft measurements in
the boundary layer. In Probing the Atmospheric
Boundary Layer (D. Lenschow, Ed.), AMS,
Boston, Mass.

MADDEN, R.A., 1983: The effect of the interference
of traveling and stationary waves on time
variations of the large-scale circulation.
J. Atmos. Sci. 40, 1110-1125.

--- , 1983: Reply. Mon. Weather Rev. 111, 586-589.

McWILLIAMS, J.C., 1983: Interactions of isolated
vortices. II: Modon generation by monopole
collision. Geophys. Astrophys. Fluid Dyn. 24,
1-22.

---- , 1983: On the mean dynamical balances of the
Gulf Stream Recirculation Zone. J. MIar.
Ree. 41, 426-460.

---, in press: On the relevance of two-dimen-
sional turbulence to geophysical fluid
motions. J. Mec.
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*E.D. BROWN, *H.L. BRYDEN, *C.C. EBBESMEYER,
*B.A. ELLIOTT, *R.H. HEINMILLER, *B.L. HUA,
*K.D. LEAMAN, *E.J. LINDSTROM, *J.R. LUYTEN,
*S.E. McDOWELL, *W.B. OWENS, *H. PERKINS,
*J.F. PRICE, *L. REGIER, *S.C. RISER, *H.T.
ROSSBY, *T.B. SANFORD, *C.Y. SHEN, *B.A. TAFT,
and *J.C. Van LEER, 1983: The local dynamics
of eddies in the western North Atlantic. In
Eddies in Marine Science (A.R. Robinson, Ed.),
Springer-Verlag, New York, N.Y., 92-113.

*MILLER, R., *A.R. ROBINSON, and D.B. HAIDVOGEL,
1983: A baroclinic quasigeostrophic ocean
model. Comput. Phys. 50(1), 38-70.

MIZZI, A.P., and *R.A. PIELKE, in press: A numeri-
cal study of the mesoscale atmospheric
circulation observed during a coastal
upwelling event on August 23, 1972, Part
I. Sensitivity studies. Mon. Weather Rev.

NEWTON, C.W., 1983: Book review of Mesoscale Atmo-
spheric Circulations, by B.W. Atkinson. Bult.
Am. Meteorol. Soc. 64(7), 802-803.

*NICHOLSON, S.E., and R.M. CHERVIN, 1983: Recent
rainfall fluctuations in Africa--Interhemi-
spheric teleconnections. In Variations in the
Global Water Budget (A. Street-Perrott et al.,
Eds.), D. Reidel Publishing, Hingham, Mass.,
221-238.

PITCHER, E.G., R.C. MALONE, V. RAMANATHAN, M.L.
BLACKMON, *K. PURI, and *W. BOURKE, 1983:
January and July simulations with a spectral
general circulation model. J. Atmos. Sci. 40,
580-604.

RAMANATHAN, V., E.J. PITCHER, R.C. MALONE, and M.L.
BLACKMON, 1983: The response of a spectral
general circulation model to refinements in
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