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Dedication

Kendall R. Peterson
1929-1988

On December 4, 1988, Ken Peterson died suddenly while “tuning up” the bicycle he rode to
work every day. Ken joined Lawrence Livermore National Laboratory (LLNL) as an atmospheric
physicist in 1969, after working for the National Oceanic and Atmospheric Administration (NOAA)
(formerly the U.S. Weather Bureau) for 15 years.

Throughout his scientific career, Ken was primarily interested in the transport, diffusion, and
deposition of radioactivity and other pollutants on scales from hundreds of meters to global. His
studies focused on the atmospheric nuclear weapons tests in the Pacific in the 1950s and the crater
tests conducted at the Nevada Test Site in the 1960s as part of the Atomic Energy Commission’s
Plowshare Program. Ken was still working io refine this work at the time of his death. Working
through the U.S. Department of Energy, Atmospheric Release Advisory Capability (ARAC) oper-
ated by LLNL, Ken was the primary person responsible for developing guidance for the Federal
Aviation Administration regarding potential radiation doses to nussengers and crew on aircraft
flying near debris clouds produced by the Chinese atmospheric nuclear weapon tests conducted in
the 1970s. During the accident at the TMI-2 nuclear reactor in 1979 and the purge of **Kr from
the containment vessel in 1980, Ken’s extensive experience in dealing with atmospheric dispersion
processes played a key role in providing guidance to on-scene emergency response managers. He
also played a major role for ARAC in developing estimates of the consequen-es of the U.S.S.R.
Chernobyl nuclear reactor accident as the radioactive cloud was approaching the U.S. At the time
of his death, Ken was working on developing models for esti mating the internal radiative dose from
nuclear war fallout. ‘

In addition to his scientific expertise, Ken was a good friend to many of his colleagues and was
always willing to help in every way he could. He was an excellent writer and reviewer, and many
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of his colleagues called on him to help improve their draft articles. In recognition of his writing
skills, Ken received the “Distinguished Authorship Award” in 1969 from the Environmental Science
Services Administration, the predecessor to NOAA,

Ken has been and wiil continue to be missed by his colleagues, both as & scientist and as a
good friend.
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Program Report for 1988 and 1989
Atmospheric and Geophysical Sciences Division
of the Physics Department

Abstract

In 1990, the Atmospheric and Geophysical Sciences Division begins its 17th year as
a division. As the Division has grown over the years, its modeling capabilities have ex-
panded to include a broad range of time and space scales ranging from hours to decades
and from local to global. Our modeling is now reaching out from its atmospheric focus
to treat linkages with the oceans and the land. In this report, which is intended to serve
as a complement to the May—-June 1990 combined issue of Energy and Technology Re-
view* that focuses on atmospheric sciences researcl, we describe the Division’s goal and
organizational structure. We also provide tables and appendices describing the Division’s
budget, personnel, models, and publications.

Introduction

The goal of the Atmospheric and Geophysical Sciences Division (G-Division) of the Physics
Department at Lawrence Livermore National Laboratory (LLNL) is to contribute to advancing
and improving the understanding and resolution of atmospheric and geophysical science issues of
broad national and international significance. Our rc ‘e includes the development, application, and
interpretation of results from carefully formulated ar | verified numerical models of the atmosphere-
geosphere system, We study the effects of energy- a*«d defense-related emissions on the environment
and apply state-of-the-art emergency response modecls to the consequence assessment and mitigation
of high-impact, technological accidents involving atmospheric releases of nuclear or toxic materials.
Our research efforts are primarily focused (1) on studying the perturbing effects of carbon dioxide,
chlorofluorocarbons and other trace gases, and aerosol emissions on climate and long-term atmo-
spheric composition and (2) on exploring the role of the atmosphere-geosphere system in dispersing,
transforming, and depositing radionuclides, particles, trace gases, and toxic and heavier-than-air
gases. To pursue this research and meet our Division goal, we combine a highly experienced and
diversified professional staff (often involving collaborative efforts with university students and sci-
entists), a broad range of atmospheric models covering scales from microphysical to global, and
participation in field programs and exercises to aid in model verification.

The breadth and strength of our program continues to grow. G-Division’s programs now involve
about 90 scientists, engineers, and technical and supporting stafl’ (see Appendix A). In addition,
we work with an extended family of researchers from universities, other laboratories, and private
organizations who enhance the quality and scope of our research (see Appendix B for a listing of
collaborative activities).

Energy and Technology Review, Lawrence Livermore National Laboratory, Livermore, CA, UCRL-52000-90-5/6
(May-June 1990),



Table 1. FY 1989 G-Division Budget by Sponsor.

Sponsor Organization Funding® Percentage
(K8) (%)
DOE
Energy Research (ER) $6,117 43.0
Defense Programs (DP) 2,777 19.5
Naval Reactors (NR) 247 1.7
Environmental Safety and Health (EH) 245 1.7
Policy, Planning, and Analysis (PE) 150 1.1
Other : 211 1.5
Non-DOE Federal
‘ U.S. Department of Defense (DOD) 2,723 19.2
National Aeronautics and Space Administration (NASA) 800 5.6
Environmental Protection Agency (EPA) 160 1.1
National Oceanic and Atmospheric Administration (NOAA) 20 0.1
Nuclear Regulatory Commission (NRC) 15 0.1
LLNL ‘
Institutional R&D Program 250 1.8
LLNL Physics Department/Weapons Supporting Research 125 0.9
Other Departments 194 1.4
Nongovernment Organizations 184 1.3
TOTAL $14,218 100.0

®  Excludes equipment funding,.

G-Division’s activities range from research-oriented efforts involving the development of new,
more comprehensive process models of local- to global-scale domains, to the real-time application
of models as part of the Atmospheric Release Advisory Capability (ARAC), which is the desig-
nated national response center in the event of potential or actual releases of radionuclides to the
environment. During FY 1989, about two-thirds of the support for our research came from the
various parts of the U.S. Department of Energy (DOE); the rest came from the U,S. Department
of Defense (DOD), the National Aeronautics and Space Administration (NASA), the Environmen-
tal Protection Agency (EPA), and other agencies and industrial concerns, and from within the
Laboratory (see Table 1 and Appendix C, which lists each funded project for FY 1989).

We actively participate in workshops, meetings, and programs at the national and internaticnal
level, report on our studies in articles in popular and professional publications, and invite others to
visit and work with us. (See Appendix D for a list of special outside activities by our staff members,
Appendix E for a list of our publications and meeting presentations, and Appendix F for a list of
invited speakers for the Division.)
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In our research, we use models to improve our understanding of the atmosphere-geosphere

system, These models:

Provide a basis for investigating and understanding causes, feedbacks, and responses and for

testing hypotheses on how the atmosphere behaves,

Are an essential tool in the design of experimental programs and provide the fl‘amcwork within
which to interpret and understand observations,

Can assist in determining the optimal locations for observations to be taken and in developing

an observational strategy for investigating issues of importance.

Can be used to estimate the accuracy required for instruments and their potential value for

measuring variables of interest,

Provide the basis for generalizing localized results and for prOJectmg future conditions.,

G-Division maintains a suite of atmospheric models capable of simulating the complex set of

dynamic, physical, and chemical interactions that occur upon release or injection of energy-related
species into the environment, These models have been and continue to be applied to problems of
national and international importance. Table 2 summarizes the set of core modeling capabilities
now available in the Division; these capabilities provide the basis for the research conducted by our
various thematic groups. Appendix G provides a short description of the models being used in the
Division, with points of contact listed as references for further information, A list of acronyms and
abbreviations is included as Appendix H.



Table 2. Core Modeling Capabilities.

Transport, Diffusion, Deposition, and Hydrodynamic Models
3-D models of local-, regional-, and global-scale dispersion and deposition of radionuclides,
2-D and 3-D global fallout models of the consequences of occurrences such as nuclear war and
power plant accidents,
2-D and 3-D cloud scavenging models.
2-D and 3-D heavy-gas dispersion models, including phase change and complex terrain,
2-D and 3-D general viscous, incompressible flow, and thermal convection modvls
2-D and 3-D heavy-gas dispersion models,
2-D and 3-D nonhydrostatic planetary-boundary-layer models using finite-element methods,
1-D (quasi-3-D) model for heavy-gas dispersion in flat terrain.

Cloud Dynamics Models

3-D nonhydrosuatic, compressible plume, storm, and mesoscale simulation system,
Dry version
Warm cloud version
Ice-bearing cloud version
Aerosol physics module for all three versions

3-D nonhydrostatic, compressible cloud model with boundary layer physics,

2-D nonhydrostatic, compressibie cloud model with terrain,

3-D hydrostatic mesoscale model with cloud processes,

Atmospheric Chemistry, Microphysics, and Radiation Models
3-D regional photochemical-transport model.
3-D tropospheric chemistry and deposition model.
3-D aerosol, chemistry, and climate model.
2-D and 3-D global tracer models.
1-D and 2-D global chemical-radiative-transport models with coupled feedbacks.
Detailed microphysics model of aerosol and warm rain processes.
Detailed gas-to-particle formation model with aqueous chemical interactions,
1-D solar and infrared radiative transfer models.

Climate
3-D general circulation models of the global atmosphere.
3-D general circulation model of the troposphere.
3-D general circulation model of the global ocean.
3-D two-layer dynamic model of the global ocean.
1-D and 2-D simplified climate models of the atmosphere and oceans.




Division Organization: Thematic Roles,
Capabilities and Accomplishments, and Key Issues

|

The Atmospheric and Geophysical Sciences Division (G-Division) is administratively part of
the Physics Department at LLNL. G-Division is also involved in research and application studies
for and with many other parts of the Laboratory and other governmental agencies. To meet these
broad programmatic efforts, the Division is organized into seven thematic groups (see Iig. 1). The
following sections summarize the roles, capabilities and accomplishments, and key issues for each
of the groups, followed by a more detailed description of cach thematic group’s focus, Figure 2 is
a piechart showing the relative funding for each group.

Associate Director
for Physics
C. Bruce Tarter

Management and Administrative Support

Administrator _
Floy L. Worden Howard J. Zangari

' ( Division Leader ]
Michael C. MacCracken
Resource Manager/] [Facility Manager

Deputy Division Leader
Marvin H. Dickerson

Research and Application Groups

4 Climate and Climate \
™~ Change —

( Atmospheric Release \_ Michael C. MacCracken Y, Program for Climate Model
Advisory Capability Diagnosis and Intercomparison
\ Thomas J. Sullivan 4 (Atmospheric Microphysich W. Lawrence Gates
e and Chemistry
Mesoscale Modeling ) \_ Joyce E. Penner Global Radiation, Chemical,
and Heavy Gas Dispersion and Dynamical Interactions
\ Donald J. Wuebbles

Marvin H. Dickerson, Acting / Model Applications and

Nuclear Effects
Paul H.Gudiksen

Figure 1. Orvganizational chart showing the seven thematic groups of G-Division.



FY90 Funding by Group
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Figure 2. Piechart showing the relative funding for each group in G-Division.

Atmospheric Release Advisory Capability (ARAC) Group

Role

The ARAC group is responsible to the DOE, the DOD, and other national agencies under the

auspices of the Federal Radiological Emergency Response Plan (FRERP) for developing and
providing real-time assessments of the atmospheric transport, dispersion, and deposition of ra-
dionuclides in the event of potential or accidental releases of radionuclides into the atmosphere.
ARAC serves as a key emergency preparedness training resource for more than 70 of the DOE

and DOD facilities,

Capabilities and Accomplishments
o Currently serves more than 70 DOE and DOD sites.

o Timely responses to more than 300 exercises and all major accidents, including Three Mile

Island, Titan II missile, Soviet satellite reentry, and Chernobyl,



Key Issues

o Expand services to include remaining DOE sites within two years and off or outside the conti-
nental U.S. (OCONUS) DOD sites.

Growth to 24-hour immediate response (<30 minutes),

Develop new-technology site workstations,

Provide meteorological prediction Instead of assumption of persistence,

Extend capabilities to include the relcase of classes of nonradiological toxics.

Provide international connections and technology transfer,

e © & o o

Focus

ARAC is responsible to the DOLE, the DOD, and other national governmental agencies for
providing real-time assessments of the transport, dispersion, and deposition of radionuclides in
the event of potential or accidental releases of radionuclides into the atmosphere, In addition to
the DOE and the DOD, ARAC provides the major assessment capability for the Nuclear Regula-
tory Commission (NRC), the Environmental Protection Agency (EPA), and the Federal Aviation
Administration (FAA) when radioactive material has been released into the atmosphere.

The major focus of this group is to provide an emergency planning, response, and assessment
service to the various government agencies. A considerable amount of ARAC’s time is devoted
each year to supporting emergency response exercises conducted by the individual sites and var-
ious federal agencies, Currently, the sites consist of more than 70 DOE and DOD facilities and
military bases that are connected directly to the ARAC center via modems and computers. As
a result, a large part of ARAC’s effort involves dealing with the various individual client needs
and requirements. At this time, the center is staffed 40 hours per weck for an immediate response
(<30 minutes), and the off-hours are covered by a callout of available stafl (~90-minute response).
ARAC currently has about 25 staff members, Their experience encompasses meteorology, health
physics, computer science, engineering, and computer utilization and support. Within two years,
we expect that growth in the ARAC service and support will lead to an increase in staff and will
provide the capability for an immediate response on a 24 hours-per-day basis using “al home”
workstations and a quick-recall stafl program, '

The ARAC center is connected to Air Force Global Weather Central (AFGWC) to provide
on-demand access to near real-time meteorological data from virtually every place in the world
that reports measurements of wind speed and direction, temperature, pressure, etc. For particular
locations in the U.S., these data are automatically transmitted every hour to the ARAC computers,
where they are stored and are readily accessible if needed. As previously stated, more than 70 DOE
and DOD facilities are connected directly to the ARAC center with computers, which transmit
accident or event parameters and site meteorological data to the center and receive assessment
products from the center.

For locations not initially specified as possible accident sites (e.g., Chernobyl), site-specific
databases can be rapidly developed by the skilled ARAC staff and can be incorporated in the
assessments, For example, the terrain data for the continental U.S. is on-line and accessible in
about two minutes, with a horizontal resolution of 0.5 km, These data are used direcily in the
assessment models; colored and shaded graphical images visualize topographical details such as
mountains and valleys. Assessment models on-line in the cenier are capable of addressing a wide
range of accidents, varying from nuclear power plants and atmospheric tests (c.g., Chinese) to
nuclear weapons accidents and accidents at DOL facilities, The main computers are the Digital
[iquipment Corporation’s VAX-class machines configured to provide real-time data assimilation,
model calculations, and analysis, Approximately 1.2 million lines of computer code have been
written during the past six years to form the basis for this real-time system.
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In addition to providing the base service to the DOE and the DOD, this group also focuses
on improving and extending its capabilitics, For example, our respouse to the Chernobyl accident
led us to expand the scale of modeling from regional to global, and to assemble hemispherie wind
ficld data sets from AFGWC every 12 hours, ARAC is now prepared to address in near real-time
any accident in the Northern Hemlsphere north of 20° latitude, As time and resources permit,
this capability will be extended to the Southern Hemisphere and tropical r(\gju»ns to complete the
development of a global response capability,

On the international scene, ARAC has participated directly with other countries and the Com-
mission of European Communities (CEC) to help improve their emergency response systems and has
worked with the nuclear safety directorate within the International Atomic Energy Agency (IAEA).
Stafl members have helped review emergency response systems for developing countries and have
participated in developing and writing Safety Series documents, which are guides (published in
six languages) that recommend procedures to follow in order to meet certain safety standards.
These particular Safety Series documents are used by countries throughout the world as guides for
planning and implementing emergency respouse systems for nuclear facilities,

We have begun to investigate toxic-chemical emergency response capabilities and to determine
how they might be integrated into the ARAC structure. Consolidation into G-Division of the
Laboratory’s research project on spills of heavier-than-air gases is permitting us to accelerate our
cflforts to e,\tend ARAC to treat accidental releases of toxics and heavier-than-air gases, both of
which pose serious potential public health threats as the result of accidents involving the storage
of such materials at federal facilities or transport on trains, on highways, and in harbor arcas, In
addition, G-Division’s modeling and microphysics expertise are being used to further expand heavy-
gas modeling capabilities, particularly as they relate to the complex physical characteristics of gases
such as UFg, These combined resources will provide a powerful tool for expanding the ARAC service
to include toxic-chemical and heavy-gas emergency planning, response, and assessment activities,

Model Applications and Nuclear Effects Group

Role

The Model Applications and Nuclear Effects Group is responsible for the development and ap-
plication of computer models that simulate the release, atmospheric dispersion, and deposition
of radionuclides. The functional capabilities of these models, which range from the generation
of source terms to the estimation of environmental impacts, are presently being extended to
toxic chemicals,

Capabilities and Accomplishments

e Maintains the technical expertise and the advanced numerical modeling framework required to
assess the environmental impact of atmospheric releases of radioactivity,

¢ Developed a suite of models for the treatment of local- to global-scale dispersion and fallout of
radioactivity.

o Performed detailed evaluation of the source term, atmospheric dispersion, and dose estimation
resulting from the Chernobyl reactor accident.

o Performs risk assessment studies of weapons-related operations and dose assessments related
10 various nuclear war scenarios.

¢ Performs meteorological field experiments to acquire the data needed for model development
and evaluation,



o Evaluates the performance of dispersion models against data from both local- and long-range
field studies.

o Performs modeling studies on the scavenging of acrosols by cloud droplets due. to electrical
attachment processes.

Key Issues

¢ Integration of modeling capabilities across spatial and temporal scales,
¢ Extension of modeling capabilities to include the dispersion of toxic chemicals.
o Collaboration with other laboratories in meteorological field experiments.

Focus

The focus of the Model Applications and Nuclear Effects Group is on the development of models
that are capable of accurately assessing the environmental impacts resulting from the release,
atmospheric dispersion, and deposition of radionuclides. This group, which is composed of physical
and computer scientists, is supported by consultants from outside the Division.

The development of dispersion models involves participation in multilaboratory research pro-
grams designed to increasa our knowledge of the physical processes responsible for pollutant dis-
persion. This includes performing joint field experiments in complex terrain areas, data analysis,
and model development. These efforts are currently focused on supporting DOE’s emergency pre-
paredness plans at specific DOE facilities. In the maodel applications area, we applied our models
to (1) the simulation of the global-scale dispersion of the radioactivity released from the Chernobyl
reactor accident, and the estimation of the radionuclide specific source terms, (2) the dispersion
over Europe of the radioactive material vented from underground nuclear weapon tests within the
Soviet Union, and (3) risk assessments associated with operations at nuclear facilities.

The models are currently being improved by the inclusion of improved wind fields, a more
realistic diffusion scheme, and a localized rainout module. Upon inclu:ion of these improvements,
the models will be evaluated against experimental data acquired from tri.cer experiments, as well as
from the Chernobyl reactor accident. Techniques for improving the source term and dose estimation
processes through integration of measurements with the model predictions are currently being
explored. Another task involves the direct incorporation of dose models into a chain of calculations
that would enable us to estimate the dose-to-humans through a variety of pathways. Based on
our experience with nuclear materials and the experimental data acquired from DOE’s Liquefied
Gaseous Fuels { LGF) program, we plan to extend our modeling capability to the dispersion of toxic
chemicals.

Mesoscale Modeling and Heavy Gas Dispersion Group

Role

The Mesoscale Modeling and Heavy Gas Dispersion Group is responsible for developing, ex-
perimentally evaluating, and applying advanced fluid dynamical models for use in mesoscale
and heavy gas dispersion studies and for investigation of specialized problems.

Capabilities and Accomplishments

o Hierarchy of one-, two-, and three-dimensional, finite-element, hydrostatic and noubydrostatic
models,

e Model application to: stably stratified flows, gravitational spreading of heavier-than-air gases,
flows around buildings, and atmospheric flow in complex terrain (ASCOT).

9

L AT



Key Issues

Development of a mesoscale forecast model for ARAC.

Support for continued numerical method advancement.

Incorporation of more physics and chemistry into the heavy gas model.,
Development of a new representation for turbulence.

Interface heavy gas research results into ARAC emergency response capability,
Application of research results to federal, state, and local problems.

Focus

The goals and activities of this group are threefold: development of new and better fluid
mechanics (and transport and diffusion) models; application of existing models to current areas of
interest and concern; and specialized support to other groups in the Division, to LLNL, to DOE,
and to other federal agencies.

The mesoscale modeling efforcs are divided into two major areas: nonhydrostatic and hydro-
static; and, because hydrostatic models are less expensive to run on the computer, part of the
charter of the group is to better understand and describe those conditions under which the hydro-
static approach is an acceptably accurate approximation of the actual nonhydrostatic conditions.
Our current mesoscale model is a nonhydrostatic finite-element model that is useful for simulating
small-scale and/or locally driven phenomena such as drainage flow in compiex terrain.

Several current fluid dynamics models that solve either the incompressible Navier-Stokes or
Boussinesq equations, or the anelastic equations, also exist. These are also finite-element models
and are (or have been) used to accurately compute isothermal flows (e.g., vortex shedding behind a
cylinder), thermal convection flows (both in air and in other fluids, some a bit more exotic such as
liquid uranium), and stably stratified flows. These models are curx(,ntly being used to mvest]gate
flows around buildings, with pollutants embedded in the flow fields.

Hydrostatic mesoscale models are currently under construction, based on both finite-element
and finite-difference techniques. One of these models will be tailored tc meet ARAC’s needs and will
be delivered to them as a forecast model to replace their ~*::.cut persistence forecast assumption.
Other versions of these models should find uses both in larger-scale studies of flows in complex
terrain and in studies of toxic releases that are of neutral or near-neutral buoyancy.

Over the last few years, our efforts in the model development area have produced two widely
recognized heavy-gas dispersion models, FEM3 and SLAB. The addition of a detailed description
of the thermodynamics associated with two-phase (liquid aerosol and vapor) release to the atmo-
sphere is planned for the SLAB (one-dimensional, quasi-three-dimensional) heavy-gas dispersion
model. Improvements planned for thec FEM3 (three-dimensional finite-element) model will consider
improved two-phase thermodynamics and a more advanced turbulence parameterization. All model
improvements are tested thoroughly using field data taken from our various field tests.

Planned support activities of this group for other groups in the Division are directed toward,
but not limited to: ARAC Group, Mc el Appiication and Nuclear Effects Group, and Atmospheric
Microphysics and Chemistry Group. The Mesoscale Modeling and Heavy Gas Dispersion Group
has also been called on in the past to provide computational fluid dynamics support to other
(nonatmospheric/geophysical) programs at LLNL, and it expects to continue to do so in the future.
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Atmospheric Microphysics and Chemistry Group

Role

The Atmospheric Microphysics and Chemistry Group is responsible for advancing the under-
standing of the physical, radiative, and chemical interactions of species injected into the lower
atmosphere—generally short-lived, photochemically active species that impact the boundary
layer and troposphere on regional to global scales. Recently two areas within this broader
scope have been emphasized. One is the improvement of global climate models through the
development of coupled climate models and chemistry-transport models to study tropospheric
trace gas and aerosol distributions and their effects on climate. The second is through the
development of dynamical cloud models with the capability to treat trace species and aerosol
interactions. These models are used to study the dynamics and microphysics of convective and
stratiform clouds and aerosol-cloud interactions with the aim of improving the parameterization
of clouds and cloud processes in general circulation models (GCMs).

Capabilities and Accomplishments

Detailed gas-to-particle formation model with aqueous- and gas-phase chemistry.

Detailed size-resolved aerosol/water drop microphysics model.

Three-dimensional regional photochemical air-quality model.

Global tropospheric model of atmospheric chemical transformation and budgets.

Coupled global climate, chemistry, and aerosol model.

Three-dimensional, nonhydrostatic, dynamic and microphysical cloud /mesoscale model includ-
ing ice physics.

Three-dimensional, nonhydrostatic aerosol-cloud interaction model.

o Three-dimensional, hydrostatic dynamic and microphysical mesoscale planetary-boundary-layer
model.

Key Issues

¢ Development of three-dimensional global tropospheric chemistry, aerosol, and climate model.

e Study of the interaction of aerosols and cloud microphysics.

o Study of the effects of regional atmospheric chemical transformations on global tropospheric
chemistry.

o Study of the dynamics and microphysics of postnuclear-exchange smoke plumes.

o Parameterization of the life cycle and radiative effects of stratus, cirrus, and convective clouds
in general circulation models.

Focus

A major research focus of the Atmospheric Microphysics and Chemistry Group is studying the
fate of aerosols (and gases that form aerosols) that are injected into the atmosphere. A detailed
microphysical model has been developed that simulates the evolution of the size distribution of
particles injected into the atmosphere (for example, smoke from biomass fires) as they rise into a
cloud. The group is also using a variety of models to study the role of anthropogenic and natural
emissions of sulfur in the atmosphere, the transformation of gas-phase sulfur to aerosol, and the
impact of aerosols on climate. '

The group is also concerned with changes in the gaseous composition of the atmosphere. A
global, three-dimensional photochemical transport model has been developed to treat nitrogen
oxide (NOy) transformation to nitric acid and to evaluate the long-term transport and impact of
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anthropogenic NO, emissions. Expansion to treat more complex photochemical cycles is underway
so that prediction of global Oy fields and OH will be possible very soon, In the future, we plan to
investigate the role of regional atmospleric chemical transformations as sources of Oy and OH in
the global atmosphere.

A unique, state-of-the-art, three-dimensional, dynamic and microphysical cloud/mesoscale
model has also been developed by the group. This model has been used to study the atmospheric
circulations and microphysical processes above large, postnuclear-exchange fires in order to better
define the smoke source term for our Environmental Effects of Nuclear War program. The model
simulates the complex interactions of smoke particles with the liquid and ice hydrometeors formed
in fire-induced convective clouds, The model is applicable to a wide range of cloud and mesoscale
atmospheric problems and will be used to assist in the development of improved cumulus, stratus,
and cirrus cloud representations and their parameterization in global climate models.

Global Radiative, Chemical, and Dynamical Interactions Group

Role

The Global Radiative, Chemical, and Dynamical Interactions Group works to advance our
understanding of the radiative, chemical, and dynamical processes that determine the state of
the global atmosphere, particularly with respect to the troposphere and stratosphere. Emphasis
is on modeling the basic processes and the interactions of these processes, comparing our
modeling results with observations, and determining the potential impacts of human influences,

Capabilities and Accomplishments

e Provide reference simulations for international assessments of the effects of chlorofluorocar-
bons, supersonic transports, nuclear weapons, and other human-induced perturbations on at-
mospheric ozone,

o Perform analyses to be used in assessing how the changing composition of greenhouse gases
will affect climate.

¢ Develop integrated measures of the relative effects of various trace gas emissions on ozone and
climate.

e Provide science team members for Upper Atmosphere Research Satellite (UARS) project.
Develop one- and two-dimensional global chemical-radiative-transport models of the tropo-
sphere and stratosphere.

¢ Develop one-dimensional radiative transfer models.

Key Issues

Coupling of two-dimensional chemical-radiative-transport models with climate models.
Increased funding for chemistry-climate interactions studies.

Improving the capabilities of radiative transfer models for atmospheric chemistry and climate
studies.

Development of three-dimensional chemical-radiative-transport modeling capabilities.
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Focus

Rescarch in the Global Radiative, Chemical, and Dynamical Interactions Group is aimed at
studying the radiative, chemical, and dynamical processes that determine the state of the global
atmosphere, particularly with respect to the troposphere and stratosphere on global scales. Much
consideration is given to studying the interactions between the various processes. The one- and
two-dimensional models developed to date to study these processes and their interactions have been
extensively used in national and international assessments of the effects that trace gases emitted into
the atmogphere may have on the global distributions of ozone and temperature. Scientists in this
group, as well as their research accomplishments, have also played major roles in the consideration
of potential regulatory actions of trace gas emissions at both national (e.g., FAA, EPA, and DOL)
aud international (e.g., United Nations Environmental Programme, Organization for Economic
Cooperation and Development (OECD), and World Meteorological Organization) levels,

For these studies, we have developed and are applying one- and two-dimensional radiative-
chemical-transport models to study tropospheric and stratospheric processes. Dur two-dimensional
model is a state-of-the-art tool for the study of atmospheric physical and chemical interactions; it
includes the capability of analyzing the effects of longer-lived trace constituents emitted at the
Barth's surface or the effects of gases injected directly into the atmosphere. To aid in these studies,
we are developing radiative transfer models to determine absorption and scattering properties of
the atmosphere and their resultant effect on atmospheric temperatures, Analyses using the above
models are being conducted to study the impacts that trace gases, including chlorofluorocarbons,
('Hy, COy, and NOy, will have on the global atmosphere, Past, present, and possible future states
of the atmosphere are being examined with the models in an attempt to better determine existing
lim'*ations in our understanding of atmospheric processes and interactions. In support of the
DOE’s Carbon Dioxide Research Program, we are conducting studies, using the above models in
collaboration with models of climatic processes, to examine the effects of trace gases on climate.

We are also beginning the devclopment of a next generation, three-dimensional, chemical-
radiative-transport model, with the intention that this model can be fully coupled with global
climate models. ‘

To assist in observational studies, we are serving as science team members (as theoretical
investigators) in the preparations for launching NASA’s UARS. After this satellite is launched
(expected in mid-1991), we will use the incoming satellite data in conjunction with our models to
improve our theoretical understanding of stratospheric and lower mesospheric processes.

Climate and Climate Change Group

Role

The Climate and Climate Change Group is responsible for advancing our understanding of
the mechanisms and nature of climate change (primarily those changes resulting from factors
affecting atmospheric composition) by using climate models and comparing the results from
these models with observational data.

Capabilities and Accomplishments

o One-, two-, and three-dimensional models of the atmosphere and three-dimensional models of
the ocean,

e Interactive simulations of climate and composition changes, including treatment of perturba-
tions resulting from sulfur emissions, postnuclear smoke, and volcanic eruptions.
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o Participation in the University of California Institute for Collaborative Research (InCoR) on
Atmospheric and Oceanic Modeling for Climate Change with Los Alamos National Laboratory
and the Scripps Institution of Occanography.

o Lead responsibility for preparing the DOE multilaboratory report on Energy and Climate
Change and the U.S./U.S.S.R., report on Prospects for Future Climate.

Key Issues

¢ Development of coupled two- and three-dimensional ocean-atmosphere models for use in tran-
sient climate studies.

¢ Organization of and participation in DOE’s Computer Hardware, Advanced Mathematics, and
Model Physics (CHAMMP) Initiative to develop an advanced generation climate model.

o finhancement of collaborative research programs on Earth System Modeling within LLNL, with
other campuses of the University of California, and with the wider university community,

Focus

The Climate and Cliinate Change Group studies the mechanisms that control climate change.
Research ranges from study of the role of interactions between individual processes as they aflect
the climate (e.g., cloud interactions with solar and infrared radiation) to integrated studies of the
effects of gaseous and aerosol changes on atmospheric and oceanic conditions,

One current objective is to reduce the uncertainty in projections of future climate change that
would result from changes in atmospheric composition, Because the reliability of current atmo-
spheric models is limited by insufficient understanding of cloud feedback effects, we are analyzing
the role of clouds and their effects on radiation using available climate models, In particular, we are
determining whether better treatments of cloud radiative properties (as determined by the cloud
liquid water content and the abundance of cloud condensation nuclei) significantly improve the cli-
mate simulations, This work is being coordinated with the new DOE Atmospheric and Radiation
Measurement (ARM) Initiative, which will provide data for model validation,

A second goal of our research is to sharpen our understanding of the rate of climate change,
that is, to determine how quickly the climate responds to changing atmospheric composition. This
involves the use of a simplified zonally-averaged atmosphere-ocean model and full three-dimensional
ocean models; the latter will eventually be coupled to our existing suite of three-dimensional at-
mospheric models,

We also provide scientific advice and support to the headquarters staff of the DOI's CO, re-
search program. This effort, which began about ten years ago, includes editing and co-authoring
state-of-the-art reports on projecting and detecting COy-induced climate change, preparing a
DOE multilaboratory report on Energy and Climate Change, and co-editing and co-authoring the
U.S./U.S.S.R. report on Prospects for Future Climate,

Since the initial suggestion in 1982 that smoke from postnuclear fires could affect the climate,
we have been using our models to estimate the potential climatic effects of massive smoke injections
from fires started by a nuclear war, We were the first group to treat moving smoke, to simulate the
sharp reduction in precipitation over land, and to extend interactive ocean-atmosphere calculations
to study potential effects the year following the war,

The Physics Department’s Institutional Rescarch and Development (IR&D) program has pro-
vided support for modifying and adapting atmospheric and oceanic general circulation models for
our use in studies of COz-induced climate change, “nuclear winter,” and other atmospheric per-
turbations, These efforts are intended to help build the underlying framework for the continued
growth of our global change studies,
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Program for Climate Model Diagnosis and Intercomparison (PCMDI)

Role

The PCMDI is charged with the design and execution of a systematic program of diagnosis
and intercomparison of global climate models and with the establishment and promotion of
advanced standards in climate model experimentation, validation, and visualization,

Capabilities and Accomplishments

Global atmospheric and oceanic models for climate simulation,
Diagnostic software for radlation/energy balances.

Storage and retrieval system for very large databases.

Visualization software for database diagnosis,

Model-consistent observational climate database,

Leadership of international climate model intercomparison activities,

Key Issues

o Climate simulation with the Buropean Centre for Medium Range Weather Forecasts (BCMWTF)
model at T106 (about 100 km) resolution,

o Development of strategies for model dlagnosis, including cloud/radiation feedback.

o Preparation for extended simulation with oceanic GCMs,

Focus

The Program for Climate Model Diagnosis and Intercomparison (PCMDI) was established in
1988 in response to the need for increased understanding of the differences between the simulations
of climate and climate change produced by current GCMs.

These simulations involve the extended iterative solution of the coupled nonlincar dynami-
cal equations governing the atmospliere, the realistic parameterization of important subgrid-scale
processes such as cloudiness/radiation, convection and surface hydrological effects, and the pre-
scription of realistic boundary conditions. Over the past decade or so, approximately a dozen
models have met these requirements and have demonstrated an ability to simulate the observed
large-scale structure of the mean seasonal climate with reasonable accuracy, When applied to the
problem of simulating the likely climatic eflects of increased atmospheric COy, however, such mod-
els show significant disagreements on local and regional scales and display a marked sensitivity
to the treatment of clouds, Closer examination reveals that the simulated climate, especially on
smaller scales, is sensitive to virtually all of the physical and numerical processes in the model. It
is also increasingly recognized that there are serious systematic errors in the reference or control
climates of all models, and that extant climate simulations have not been made (or verified) under
comparable conditions,

In an attempt to bring some order to the practice of climate modeling and to lay a basis
for systematic model improvement, the PCMDI was established by the Atmospheric and Climate
Research Division of the DOE Office of Health and Environmental Lkesearch (OHER). As the
initial steps in a long-range strategy of numerical experimentation to establish the sensitivity of
simulated climate to model formulation and parameterization, the PCMDI is focusing on the effects
of horizontal model resolution and on the role of clouds, In the former arca, the PCMDI, in
cooperation with the ECMWTI, whose model has been selected as the first of an eventual suite of
models, is undertaking a set of parallel simulations with four different resolutions that span (and
increase by about a factor of three) the resolution of current climate models. These simulationy are
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the first to be made under standard conditions as recommonded by the World Climate Research
Program, and they will be systematically examined with comprehensive dlagnostic and visualization
software now belng developed. A model-orlented climate database and a climate model {nformation
system are also under construction,

In cooperation with the international modellng community, the PCMDI s also undortaking
detailed analyses of cloud/radlative feedback In climate models under a DOE-sponsored model
intercomparison project. Prellminary results show a three-fold varlation {n the sensltivity of current
models to the effects of clouds, New simulations are underway with a high resolution version of the
ECMWF model and the results are being compared with climatic data on the Earth’s radiation
budget provided by satellites, -

The PCM DI's long-range program is designed to: carry out systematic numerical experimen-
tation with representative climate models in order to establish the modeled climate’s sensitivity to
formulation, parameterization, and forcing; promote standards In climate model design, simulation,
validation, diagnosis, documentation, and Intercomparison; develop innovative software for visu-
alization and diagnosis; devn‘up a comprehensive model-oriented climate database; and promote
increased coordination and coopemtion in the climate modeling community,
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Appendix A. Division Scieutists and Supporting Staff

G-Division Sciontific Staff

Natne Rescarch Interests Highest Degroe School

Cyithia S, Atherton almospheric chemisiry M.8, MIT

Michael M. Bradley cloud dynamics, microphyasics, PhD. U, Itlinols, Urbana
and mesoscale meleorology

Stevens T, Chan computalional fluid dynamics, PhD, U, of Callf,, Davis
heavy-gas dispersion

Peter S8 Connoll photochemical kinelics Ph.D, U, of Callf,, Berkeley

Curtls €, Covey Suid-dynamical simulation Ph.D, U, of Callf,, Los Angeles

Marvin H, Dickerson real-time dose modeling, Ph.D, Florida State U,
model evaluation

Leslle L., Bdwards numerical modeling; atmospheric M.A. U, Orogon
microphysics, hydrodynamics

James S, Ellis remote sensing of climalic Ph.D. Colorado State U,
change

Dunald L. Ermak turbulence, atmospheric Ph.D. U, of Calif,, Davia
heavy-gas dispersion

Kevin T. Foster boundary leyer meteorology M.S, U, of Calif,, Davls

W. Lawrence Gates climate dynamics Ph.D. MI'T

Steven J. Ghan® climate dynamics Ph.D, MIT

Kelth K. Gram radiation {ransporl, uncerfainty Ph.D. U. of Calif,, Davis/Livermore
analysis, transport-kinetics models

Gearge 1D, Greenly, Ir, planetary houndary layer M.S. U, Oklahoma
meleorology

Phitip M. Gresho computational fluid mechanics, Ph.D, U, lMinols, Urbana
numerical methods, finite elements

Stanley L, Grotch dala analyais PhD. MI'T

Paul H, Qudiksen radiological impact studies, Ph.D, U, Washington
meteorological measurements

Ted F. Harvey aerosol science, environmenlal Ph.D, U. of Calif,, Davls
radiation, source lerms

Joseph B, Knox! almospheric sciences, climate change Ph.D. U, of Calif,, Los Angles

Ronald Koopman®* heqvy gas disperajon, Ph.D. U, of Calif,, Davis
accidental release of toxics

Raolf Lange turbulence and diffuaion Ph.D, U, of Calif., Davis

Robert 1, Lee planetary boundary layer medeling Ph.D, U, of Calif,, San Diego

John M. Leone, Jr, atmospheric numerical modeling Fh.D. lowa State U,

¢ Current aflillation: Battelle Pacific Northwest Laboratory
! Primary aliliation: U, of Calif,, Davis

** Current alliliation: Fnergy Program, LLNL



G-Division Scientific Staff (Continuod)

Name

Research Interests

Highest Dogree

School

Michael C. MacCracken

John W. McClure
Mary K, Meyer
Connee S, Mitchell

Charles R. Molenkamp

Joyce E. Penner

Linda G, Peters
Thomas J, Phillips

Gerald L. Potter

Danlel J. Rodriguez

Leonard C. Rosen

Thomas J. Sullivan

Karl E. Taylor

John J. Walton

Donald J, Wuebbles

global climate studies,
climate modeling

physics

climate dynamics

almospheric dispersion modeling,
emergency response

cloud microphysics, precipilation
scavenging, cloud and

meaoscale modeling

microphysica, ntvvao.;pheric chemistry,
and climale change

physics

climate dynamics, numerical
modeling, stalistical diagnostic
analysis

climate change and model

sensitivily studics

model evaluation and boundary
layer studies
atmoaspheric optics, wave

propagation, radialion (ransport

mesoscale melcorology, air:

pollution, emergency assessment

climate dynamics,

atmospheric dynamics

modeling and code development,
global transport and dispersion

almospheric chemisiry, chemical-
climate interaciions, numerical

modeling

Ph.D,
B.S.
M.S.
M .S,

Phh.

Ph.D.

M.S.
Ph.D,

Ph.D.

M.S.

Ph.D.

Ph.D.

Ph.D.

Ph.D.

Ph.D,

U, of Calif,, Davis/Livermoro

U. Southern California
U, of Wisconsin, Madlson
Oregon State U,

U, Arjzona

Harvard U,

Colorado School of Mines
U. of Wisconsin, Madison

U. of Calif,, Los Angeles

San Jose State U,

Columbla U,

U. of Calif., Davls

Yale U.

U. Kansas

U. of Cziif,, Davis
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G-Division Administrative and Tochnical Supporting Staff

Nanie

Position

Julla J, Bagorlo
Marilyn B, Borton
Raylene Cooper
Pamela M, Drumtra
K. Patrick Bllis
Dorls Q. Qresho
Pearline Hassan
Linda S, Kennedy
Broox L, McLemare
Mabel K. Moore
Lonnette L, Robinson
Floy L. Worden
Howard J. Zangarl

Asslstant Hesource Manager

Admindstrative Speclallst

Information System Spoclalist

Administrative Speclaliat
Fleld Support
Adminlstrative Speclallst
Librarian
Adininlstrative Speclalist
Administrative Speclallst
Administrative Speciallst

Information System Assistant
Resource Manager/Administrator

Facilltles Coordinator

Affiliatod Staff

Name

Highest Degroe

School

Rosemary O, Abriam
Ronald L. Backett
Richard D. Brlles
Diane I, Bonner
Sharon C. Braley
Richard T, Cederwall
Stephen P. Cooper
Thomas G, Corsetti
J. Daryl Crew

Dee Ann B, Davi
Robert S, Drach

Harold E. Eddleman

Robert P. Freia
Donald A. Qarka
Yolanda, G, Glaeser
Glenn L. Hage
Anthony T. Hoang
John K. Hobson
Leonard A, Lawson
Ambroslo R, Licuanan
Mary Aun Mansigh
Rose C. McCallen
Robert L. Mobley
R. Mikl Moore

Affillatlon  Dlscipline
1 computer science, biology
4 almospheric sciences
1 applied science
1 mathematics
1 general education
3 meteorology
1 compuler science
1 almospheric science
1 mathematics
4 mathemaltics
1 mathematics
1 electronic engineering
1 engineering science
2 electronics engineering
4 general education
1 nmathematics
4 compuler science
1 mathematica
1 mathematics
1 computer acience
1 mathematica, chemistry
2 meghanical engineering
1 mathematica/physics
1 computer acience

B.8.
M.S,
M.S,
B.S,
AA.
M8,
B.S.
M.S.
M.S,
B.A.
M.S.
B.S,

M.,
B.S.
AA.
B.A,

M.S.
A B.
AA,
B.S.
M.S,
B.S,
M.A.

Callf, State U, Hayward

U, of Calif,, Davls

U, of Calif,, Davla

State U, of N.Y., Albany

Chabot College

San Jose State U,

Purdue U,

State U, of N.Y., Albany

Calif, State U., Hayward

Westmont College

Ohlo University

U.S. Naval Postgraduate
School, San Dlego

U. of Callf,, Berkeley

Devry Inst, Tech.

Ohlone College

San Jose State U,

San Jose State U,

U. of Calif., Berkeley

Calif, State U,, Chico

Ohlone College

U. Minnesota, Duluth

U. of Calif,, Davis

N.E. Missouri State U,

U. of Calif., Berkeley
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Affiliatod Staft' (Continuod)

Name AlftHatign Discipline Highest Dogroo  School
Loulse K, Morrls | mathematics B.S, U, of Calif,, Davla
John 8, Nasstrom 4 atnospheric aciences M.S, U, of Calif,, Lavis
Charles J. O'Connor 1 | compuler seience M.S, Calif, State U, Hayward
Walter W, Schalk, 111 4 meteorology M.S, Florfda State U,
Debta R, Sparkman 1 compuler seience B.S, U, of the Pacifie
John L. Stout b geological engineer M.S, Colorado School of Mines
Denlse A, Sumlkawa { comptler seience M.S, U, of Callf,, Davly
Raymond L. Tarp 1 mathemalics B.A, San Joso State U,
Sandra 8, Taylor 1 computer science, stalistics B.S. lowa State U,
David P. Turner 1 math/compuler acience B.S, Wostorn Washington U,
Hoyt Walker 1 compuler acience, M.8, U, of Callf., Davls

geography M.A, San Jose State U,
Jon G, Welch 2 electronic techn logy Dolta Collego/Chabot
Conrad A. Wilgus 1 applied mathematics M.S, Callf, State U,, Sacramento
Dean N. Willlams 1 compuler science M.S. Callfy State Uy, Chico
Carolyn D. Whuple H compuler science B.< Callf, State U, Sacramonto
1. Computations Departiment, Applications Development Division (LLNL)
2. Englueoring Departinent (LLNL)
3. Bnvironmental Sciences Division (LLNL)
4, BEd&d
5, KMI :

Participating Guoests

Name Research Interests Degroe School
Hugh W, Ellsaesser atmospheric dynamics, Ph.D, U, Chilcago

(retived)

Howard C. Rodean

(retired)

Charles R, Veith

(retirod)

elimate change

turbulence, thermodynamics

emergency response

M.S.

Purdue U., Southermn
Methodist U,

Post-Doctoral Appointoes

Name

Research Interests

Schoaol

Hung-Neng S, Chin
Chien-Hua C. Chuang

Jane E. Dignon

Dougles FiL Kinnison
Kenneth R. Sperber

almospheric sciences

cleud physics, computational fluid dynamics

almoespheric chemislry, trace gas emissiona,
global change

{race-gas chemistry inleraclions

air aca interactions, intevrannual variability

U, Of Hlnois, Urbana
U, Of Hlinols, Urbana
State U, of N.Y., Stony Brook

U, of Calif,, Borkeloy
State U, of N.Y,, Stony Brook
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Consultants

Nato

Diselpline

Organlzation

Jamos I' Barblerl
Alfrod K. Blackadar

Robert D, Closa

Jullus 8, Chang
Robert M, Chervin
Terry L, Clark

Robert d. Bllingson
Rudolph J. Engelmann
Sultan Hameod

James R, Tpser

Juseph B. Klomp
Sonla M, Kreldenwels-Dandy
Steven K. Krueger
Cllen Rawson

Robert L. Sani

Charles 8, Shapiro!

Julia M. Slingo

Ciregory “Taylor

Robert B, Wilhelmson

Morton G, Wurtele

database management
meleorology

mechanical engineering,

atmospheric modaoling
almospheric modeling
computer modeling
mesoscale modeling
meleorology
atmospheric sciences
almospheric physics
thearetical astrophysics
fluid mechanics
aereaol nucleation
atmospheric seiences
geology
chemical engineering

dose assessment and

effects of fonizing radiation
meleorology

clowd physics and

almospheric chemistry
cloud dynamics

atmospheric dynamics

" Naval Weapous Centor

Self-employed

State U, of N.Y,, Stony Brook

State U, of N.Y., Albany
NCAR

NCAR

Unlversity of Marylaad
Self- enmiployed

State U, of N\Y., Stony Brook
UL of Flovida

NCAR

San Jose State U,

U, of Utah
Self-employed

U. of Colorado

Callf, State U,, San Franclsco

NCAR

Calif, State U,, Chico

U, of Hlinels, Urbana

U, of Calif,, Los Angeles

I Also sumumer employee
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Interest Areas of Scientific, Affiliated, and Technical Staff

Rosomary O, Abriam is interested in user interface issues and in artificial intelligence, specifically expert
sysbemns,

Cyuthia 8. Atherton is interested in computer modeling of the chemistry and physics of the atmosphere,
with emphasis on the troposphere, Her work encopasses regional to global scales, and includes the almo-
spheric chemistry of the natural and polluted troposphere.

Ronald L. Baskoct is interested in dispersion models on local and regional scales as applied to emergency
response and air quality problems. He also works on integrating meteorological measurement systems into
ARAC aud evaluating the MATHEW/ADPIC models against tracer experinents,

Richard D. Bellos has a broad range of interests including scientiflic visualization, data communications,
and model development and optimization, The images on the front and back covers of the accompanying
issue of Energy and Technology Review*® were produced by his PERSPEC program, which was described in
the Laboratory’s January/February issue of the same publication,

Diane F, Bonner is interested in user interface design and VAX software engineering tools.

Michael M. Bradley has a broad range of interests, including numerical cloud and storm modeling,
cloud microphysics, aerosol-hydrometeor interactions, and mesoscale modeling, especially in interactions of
mesoscale and cloud-scale dynamics and flow over complex terrain, He is also interested in the parameteri-
zation of cloud processes in gencral circulation models.

Sharon C. Braley is interested in the arcas of user interface, 4GL, and UNIX.

Richard T. Cederwall is interested in modeling turbulence in the planetary boundary layer; a topic he
is pursuing in his Ph.D. dissertation research at Stanford University. He is also interested in atmospheric
transport and diffusion phenomena at local and regional scales.

Stovens T. Chan has worked in the areas of fluid dynamics, thermal convection in liquid metals, and the
atmospheric transport and diffusion of heavy gases. His recent research activities and interests include the
development and applications of two- and three-dimensional computer programs for modeling incompressible
flows, mesoscale atmospheric flows, and the atmospheric dispersion of heavy gases.

Hung-Neng (Steve) Chin is interested in the mesoscale aspects of convective storm dynamics, especially
the representation of the dynamic and radiative effects of clouds in general circulation models and the

coupling of cloud- and global-scale motions. His interests also include the regional impact of global climate
change,

Chien-Hua (Cathy) Chuang is primarily interested in the microphysics of clouds and precipitation,
the parameterization of these processes in mesoscale and global models, and the effects of pollutants on
microphysics and consequently on climate. She is also interested in atmospheric electricity.

* See footnote on p.l1.
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Peter S. Connell is interested in the trace composition and photochemistry of the troposphere and strato-
sphere and in the related areas of gas phase kinetics and spectroscopy. He has modeled the effects of chilo-
rofluorocarbons (CFCs) on the atmosphere and is involved with the Upper Atmogpheric Rescarch Satellite,
to be launched by the space shuttle in 1991,

Stephen P. Cooper is interested in data communications and networking as applied to distributed computer
applications.

Thomas G. Corsetti is interested in clitnate modeling and climate model analysis.

Curtis C. Covey is interested in the role of the oceans in clitmatic change. As part of the PCMDI, he
is creating a database on ocean general circulation models and evaluating selected OGCMs for possible
future model diagnosis and intercomparison. He is preparing to use an OGCM to examine the rate of global
warming in response to human-produced greenhouse gases.

J. Daryl Crew is interested in developing application software involving applied mathematics and computer
graphics.

Marvin H. Dickerson has been Deputy Division Leader of the Atmospheric and Geophysical Sciences Di-
vision since 1987. His research interests include atmospheric dispersion, emergency response to atmospheric
releases of nuclear and toxic material, and atmospheric numerical modeling in general.

Jane E. Dignon is interested in the modeling of atmospheric chemical processes, Her research focuses on

development of global trace gas emissions inventories from natural and anthropogenic sources, and the effect,
i

these emissions have on ambient trace gas concentrations and climate.

Robert S, Drach is interested in scientific database development, artificial intelligence, scientific program-
ming, and applied mathematics.

Harold E. Eddleman is interested in supporting the atmospheric chemistry group’s studies of smoke and

black carbon with GRANTOUR and CCMI/GRANTOUR coupled mode.

Leslie L. Edwards is interested in numerical solutions of physics problems and has expericnce in compress-
ible fluid dynamics, reactor safety, waste disposal, and detailed microphysics of the atmosphere. His current
work is in the areas of atmospheric fallout phenomonology, pollutant transport, and predictor/corrector
integration of measurements with models.

James S. Ellis is interested in satellite remote sensing of the Earth-atmosphore system and model evalua-
tion.

K. Patrick Ellie is the Atmospheric Release Advisory Capability (ARAC) Meteorological Tower Coordi-
nator, and in this capacity, oversees the purchasing, installation, and maintenance of meteorological towers
at various ARAC Sites. As Atmospheric Studies in Complex Terrain (ASCOT) Coordinator, he oversees the
purchasing, installation, and maintenance of ASCOT meteorological towers, and also performs tethersonde
experiments, recording data for use by G-Division modelers.

Hugh W. Ellsaesser, a participating guest with G-Division, is interested in understanding the factors
controlling terrestrial climate, air pollution, the ozone layer, the cycles and budgets of trace atmospheric
species, and the elucidation of past cycles and trends of parameters bearing on these issues.
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Donald L. Ermak is interested in the study of the atmospheric boundary layer, turbulence, and the
atmospheric dispersion ol denser-than-air and toxic gas releases,

Kevin T, Foster is interested in modeling of the boundary layer, especially as applied to operational
emergency response; and the regional transport and diffusion of atmospheric pollutants.

Robert P. Freis is interested in several categories of computer science and computational physics: numerical
modeling of physical processes, numerical analysis, user interface, numerical solutions of PDIs and ODIs,
graphics, and visualization.

W. Lawrence Gates is interested in a broad range of subjects in atmospheric dynamics and numerical
modeling, with a particular interest in the dynamics of climate, ocean-atmosphere modeling, the climatic
effects of increased greenhouse gases, and climate model validation, diagnosis, and intercomparison.

Donald A. Garka is interested in computer system management, network management, and database
systems.

Steven J. Ghan specializes, as a climate modeler, in the interaction between clouds, aerosols, and climate.
Ile has investigated the “nuclear winter” hypothesis using general circulation models (GCMs) adapted to
treat transport and removal of acrosols and their radiative impacts. More recently, he has used a GCM to
evaluate the cloud liquid water feedback on climate sensitivity to simulate the global distribution of cloud
condensation nuclei using an aerosol transport model.

Yolanda G. Glaescr is interested in effective management o data and communicatious for emergency
response and in efficient procedures for running models in support of complex assessment studies.

Keith E. Grant is interested in radiation transport, especially modeling and parameterization cf radiative
physics and photochemistry. He is also interested in atmospheric data analysis and displ: y.

George D. Greenly, Jr. is interested in tl.e modeling of transport and dispersion processes in the atmo-
spheric boundary layer.

Philip M. Gresho is interested in numerical methods in general and f{inite element methods for fluid
mechanics in particular. He is especially interested in the physics and mathematics of viscous incompressible
flow and its numerical simulation. Buoyancy-coupled flows is another area of interest.

Stanley L. Grotch is interested in the development and application of statistics and graphics to meteoro-
logical data with particular emphasis on greenhouse-induced climate change,

Paul H. Gudiksen is interested in nuclear and toxic chemical emergency response modeling. His rescarch
focuses on boundary layer medeling in complex terrain, analysis of ineteorological and tracer measurements,
and nuclear accident assessments.

Ted F. Harvey is an expert in local and global fallout and rainout. He is interested in integration of
measurements into emergency response models; optimization of sampling networks; nuclide transport from
the reactor core to and through the environment and on to man; nuclear waste management; numerical
model inversion; probabilistic risk analysis; and stochastic modeling,

Anthony T. Hoang is interested in VAX- and UNIX-based system management and administration.

John K. Hobson is interested in numerical analysis, fluid dynamics, and computing environments,
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Douglas E. Kinnison is interested in global atmospheric chemical and physical processes. His research
focuses on trace gas emissions {rom natural and anthropogenic sources and au the effect of these emissions on
trace gas concentrations (e.g., stratospheric ozone distribution) and climate. He has researched the trends
in orone from 1950 to present using the LLNL chemical-radiative-transport model of the troposphere and
stratosphere. In addition, he is studying the effect on global ozone distributions from emissions of NOy by
proposed fleets of High Speed Civil Transports (I1SC'T's).

Ronald P. Koopman is interested in planning and conducting heavy-gas fleld studies and in modeling the
dispersion, chemical, and physical properties of these gases. This work is focused on defining the hazards
associated with heavy toxic gases and on improving the safety of their transport and storage.

Rolf Lange is interested in atmospheric fluid dynamics, specifically, turbulent diffusion of atimospheric
pollutants. His emphasis is on numerical modeling of the transport and on diffusion of pollutants in the
planetary boundary layer.

Leonard A. Lawson is interested in numerical methods with respect to atmospheric transport and diffusion
models,

Robert L. Lee is interested in the development and application of numerical models for the atimospheric
boundary layer, particularly those that are based on the finite clement method. He has also developed finite
clement techniques for solving the Maxwell equations, His current activities include radiation parameteri-
zation for finite element-based, atmospheric, boundary layer models, and higher-order turbulence modeling
with application to flows around buildings.

John M. Leone, Jr. is interested in the numerical simulation of incompressible fluid flows, with special
emphasis on mesoscale meteorological flows. He has concentrated his efforts on the application of finite
element methods to the simulation of planetary boundary layer flows driven by interactions between the
atmosphere and local complex topography.

Ambrosio R. (Beb) Licuanan is interested in UNIX Local Area Network (LAN) management, autotasking
large application codes, and 1nteractive graphic .nalysis tools.

Michael C. MacCracken has been Division Leader of the Atmospheric and Geophysical Sciences Division
since 1987. His research focuses on the study of climate change, with interests including puleochmate
variations, greenhouse gas-induced change, and changes induced by volcanic aerosols, soot, and nuclear
smoke. '

Rose C. McCallen is interested in the numerical modeling of fluid flow. Currently, she is developing
a model for predicting the turbulent flow around buildings using a large-eddy simulation approach. ‘This
research serves the dual purpose of supplying LLNL with a tool for accurately predicting the near-field
dispersion of ground spill and stack pollutants and of fulfilling her research requirements for a Ph.D. from
U. of Calif., Davis.

Mary Ann Mansigh is interested in software tool prototyping and development for efficient computer
model analysis. She also has interests in chemical-radiative-transport modeling.

Mary K. Meyer is interested in surface processes and how they are parameterized in general circulation
models. She is also interested in the biosphere and how changes in it affect climate.
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Connee S. Mitchell is interested in boundary layer micteorology and atmospheric dispersion modeling,
with emphasis on application to emergency response and preparedness.

Robert L. Maobley is interested in fluid dynamical modeling, graphics, networking, very large databuase
miethods, and parallel computing,

Charles R. Molenkawmp is a cloud physicist interested in cloud modeling, parameterization of microphysics,
precipitation scavenging, and parameterization of scavenging microphiysics. Ile has done numerical modeling
of fog and cloud formation in mesoscale regions, and he is interested in interactions between clouds and
radiation,

R. Miki Moore is interested in the analysis, design, and implementation of computer modeling systems on
UNIX-bused Sun workstations. ‘

Louise K. Morris is the computer scientist assigned to the Liquefied Gaseous Fuels (LGF) Program where
she develops software tools for maintaining LG Program databases, for analyzing these data, and for
preparing input to technical reports on experimental results.

Jolin 8. Nasstrom is interested in the development and application of real-time dispersion modeling
systems, automated model parameter preprocessing, model validation, boundary layer meteorology, and
atinospheric diffusion,

Joyce E, Penner is interested in modeling of global tropospheric chemistry and its interactions with climate.
Her current emphasis is on modeling the nitrogen and sulfur cycles. She is also devoloping the capability to
predict acrosol concentrations, tropospheric ozone, and acrosol--cloud interactions.

Linda G. Peters. is interested in developing and applying numerical models to simulate dispersion and
deposition of radionuclides. Her current research focuses on probabalistic risk analysis and particle model
development.

Thomas J. Phillips is interested in investigating climate models’ predictions (on seasonal to decadal time
scales) when driven by satellite-derived observations of surface temperatures over thie oceans/sea ice.

Gervald L. Potter is interested in climatic feedback mechanisms, regional climate change, cloud radiative
forcing, and the general climatic cffects of greenhouse warming.

Howard C. Rodean is a recent LLNL retiree and a Participating Guest in the Mesoscale Modeling and
Dense Gas Dispersion Group. He has contributed to the development of the FEM3A model for gas transport
and dispersion, particularly the material phase-change submodel. He has extended this phase-change work
to a generalized structure for modeling complex material behavior. His present major effort is in applying
the Langevin (random walk) model for turbulent dispersion to the ADPIC model used in the ARAC system.,

Daniel J, Rodriguesz is interested in techniques for numerically modeling the atmospheri: transport and
diffusion of trace species over continental to hemispheric distances, His modeling is geared teward providing
a real-time response capability.

Leonard C. Rosen has a wide range of interests in atmosheric physics. He has recently performed calcu-
lations on Mie scattering and laser- aercsol interactions. Curreutly, he is performing rescarch in radiation
theory—the modeling of IR and UV with biological consequences (action spectra).
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Walter W, Schalk, IIT is interested in the use of atmosphetic models for real-tinie assessment of hazardous
material accidents, with a special interest in accidents occurring in severe weather (e.g., thunderstorms,
hurricanes). He is also involved with the assessments for Safety Analysis Reports and Environmental Impact
Statements,

Charles S. Shapiro is a G-Division consultant and professor of physics, San Francisco State University.
His primary research interest is in radioactive contamination from weapons, reactors, and other nuclear fuel
cycle facilities, He has participated in G-Division’s “nuclear winter” program and in the SCOPE-ENUWAR
study; he is now focusing on the study of pathways of radionuclides through the environment and is actively

participating in a new SCOPE international study on this subject titled “RADPATH.”

Debra R. Sparkman is interested in the design and implementation of UNIX computer systems including
object-oriented methods, requirements development, C programming language, X-windowing environment
and hardware components.

Kenneth R. Sperber is interested in the simulation of interannual variability with coupled ocean-atimo-
sphere global climate models. His research has shown that coupled models are useful tools for the study of
time-dependent phenomena in addition to their current use for studying equilibrium properties of climate.

John L. Stout is interested in the visual display of simulated data from the general cireulation models for
the best utilization of that data. He is developing techniques for computer-generated database queries to
browse large data sets for sensitive features of both observed and simulated data for this purpose.

Thomas J. Sullivan is interested in the application of atmospheric models to real-time consequence assess-
ment of hazardous material accidents; primary emphasis is on the local to regional scale but extends also to
the global scale. A significant part of his interests focus on the integration of evolving computer technologies,
databases, and communications with advanced dispersion models to support emergency-response decision
processes.

Denise A. Sumikawa is interested in computer user interfaces and software engineering methodologies.

Karl E. Taylor is interested in a wide range of scientific issues related to global climate. His recent research
activities have included climate model studies of the effects of clouds on climate and climate change, and
the potential importance of sea-ice albedo feedback.

Sandra 8. Taylor is interested in design and development of computer systems, software engineering,
project management, and software development tools,

David P. Turner is interested in numerical methods, parallel processing, and graphics.

Charles R. Veith is interested in real-time processing of meteorological data, systems availability, and
the numerous elements of building and maintaining reliable emergency response capabilities for atmospheric
releases of hazardous materials.

Hoyt Walker is interested in computer cartography, geographic information systems, and the characteristics
of spatial databases. He is also interested in the application of these fields to spatial modeling and emergency
response,

John J. Walton is interested in modeling global-scale atmospheric transport and removal processes and in
the inclusion of chemical reactions in these models.
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Jon G, Welch is interested in' PC workstations for ARAC site systems/hardware and communications for
ARAC users,

Conrad A. Wilgus is interested in numerical modeling, languages, software engineering, and scientifle
visttalization.

Carolyn D. Wimple is interested in computor graphics standards; specifically GKS, COM, IGES/PDES,
and geographical information systems. She is also interested in the X-windowing system and promoting the
use of software engineering methodologies.

Donald J. Wuebblaos is interested in interactions of atmospheric chemical, radiative, and dynamical pro-
cesses; modeling of global atmospheric chemical and physical processes; tracer transport in the troposphere
and stratosphere; perturbation to the global atmosphere; and changes in atmospheric composition affecting
climate,
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Appendix B. University, Laboratory, and
Institute Interactions by Sponsor

DOE

Environmental Consequencos of Nuelear War (DI?)
Desert Resoarch Institute and University of Nevada (John Hallet), estimation of smoke/
cloud inferactions
University of Utah (Magdy Iskander), optical properties of large fractal aggregates
University of Washington (Lawrence Radke), modcling of acrosol aging caperiments and
clowd/acrosol interactions
CTrace Gos Policy (EH)
Goddard Space Flight Conter (Dave Kralz), atiospherie vadiation modeling
ASCOT Modaoling and Field Studies (OHER) r
National Center for Atmospheriec Rescarch (Terry Clark), mesoscale modeling
NOAA Wave Progagation Laboratory (Willlam Nefl), local scale flows in complex terrain
Carbon Dioxide Program Management (OHER)
Ocean Rescarch Consultants (‘Thm Barnett), detection of climalte change
State Hydrological Institute, Leningrad (M. 15 Budyko), U.S. /USSR, report on Prospects
for Future Climate, Working Group VI
University of Californta Institute for Collaborative Rescarch in Global Climate Model-
ing (Richard Somerville, University of California, San Diego, and Check Keller, Los
~Alamos National Laboratory), global climate modeling
University of Bast Anglia ('I'' M. L. Wigley), rate of elimate change, intercomparison of
stmplified occan models
Climate Linkages (OHER.)
Lawrence Berkeloy Laboratory (Tiea Novakov), experimental studics of particle scaveng-
ing: global carbonaceous acrosol modeling and measurements
University of California, Borkeley (Van Carey), hydrodynamic wmodeling of particle seap-
enging in a cloud chamber
Climate Modeling (OHER)
University of California, Davis (Bryan Weare and Peter Gleckler), zonally-averaged elimate
maodeling
University of Califoruia, San Diego (Richard Somerville and Peter Norris), clouds and
climale
Program for Climate Model Diagnosis and Intercomparison (OHER)
Furopean Centre for Medium Range Weather Forecasts, Reading, UK. (Dave Burridge,
Klaus Arpe, and Jean-Jacques Morcrette), elimete model intereomparisons
National Center for Atmospheric Research (Warren Washington, Robert Chervin, and
Juliae Slingo), elimate model intercomparisons
Naval Post-graduate School (Robert Chervin and Albert Semtuer, Jr.), simulations of
ocean circulation and heat transport as a function of resolution
Regional Modeling (OHER)
University of Colorado (Robert L. Sani), fluid mechanics, applicd mathewatics, finite
clements
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Traco Gasos and Climate (OHER) 1
Unlversity of Callfornla, Berkeley (Harold Johnston), trace gas-chemistry interactions
Unlversity of Maryland (Robert Ellingson), madiation model intercomparison

NASA

Two-Dimonsional Radiativo-Transport-Kinoties Maodol
E.L Dupont Nemoures & Co. (Don Fisher), ozone depletion polential
National Oceanle and Atmospherie Adminlstration (Alvin J. Miller), ozone-temperature
analyses
Natlonal Oceante and Atmospherie Administration (John Delulsl), ozone data compar.
t8ons
University of Chilcago (George Tlao), statistical analysis of ozone and temperature trends
Unlversity of Wiscousin (Grog Relnsel), statistical analysis of ozone and temperature trends
Studios of tho Global Sulfur Cyclo ,
Chico State University (Greg Taylor), modeling of gas phase chemical oxidation and aque-
ous conversion ,
San Jose State Unlversity (Sonla Kreldenwels-Dandy), sulfur microphysics and chemistry
Scripps Institution of Oceanography (David Erickson), simulation of the global sulfur eycle

Industrial Organizations

FEM3A Simulation of LNG vapor barrior exporimonts (GRI)
University of Arkansas (Jerry Havens and Tom Spleer), numerical simulations, turbulence
modeling ‘

Lawrence Livermore National Laboratory

Global Chomistry Modoeling (IR&D)

State University of New York Stony Brook (Sultan Hameed), global modeling of nitrogen
oride chemistry

Unlversity of California, Davis (Cynthia S. Atherton, graduate student), global atmo-
spheric chemistry

University of Miami, (Donnis Savole and Joe Prospero), nitrate and surface concentrations
at remole sites

Yale University (William Gravstein), model comparison with *'®Pb and "Be incasurements

Ocean Response to Global Warming (IR&D)

Scripps Institution of Occanography and Max Planck Institute for Meteorology (‘I'im
Barnett, Arthur Miller, and Josef Oberhuber), oceanic GCM simulations of warm-
ing rate due to increasing greenhouse gases

Atmospheric and Geophysical Scionces Division

NCAR (Robert Dickinson), calculate upper limit to sea ice albedo feedback to global
warming

San Irancisco State University (Charles S. Shapiro), mdiological fmpact of large scale
releases of nuclear material
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Appendix C. Fiscal Year 1989 Funding

Work for Programs Fandod by DOF and LLNL

FY80
Budgot Prineipal
Titlo Sponsor (K#) Invostigator Objoctive
DOE
ARAC i (600 ' Sullivan Dovelop and operate the ARAC
servlee far DOL, DOD, and othor
foderal agencles
ARAC Equipment Funds (]l 460 ‘I Sulllvan For ARAC conter equipment
Data Proservation 1M 18 R, Koopman Transfor LA denso gas disporslon
data and datn reduction programs
to VAX
LU Basellne D 154 R, Koopman LCH® baseline support for test facility
ARAC Naval Reactor NR 243 T Sullivan Provide ARAC norvice to DOE
‘ NR sites
NR Site Systems NR J02 I Sullivan For purchase of NR ARAC Site
syater equlpruent
Model Iimprovement OAU 200 P, Gudiksen To fmprove long-range dlagnostic
atwospheric dispersion modols
ASCOT Field Support OUER 267 P. Gudiksen Help plan and particlpate In ASCO'T
fleld studies designod to evaluate
mesoscale models In complex terrain
ASCOT Modeling OHER 297 J. Leone Dovelop and test complex terrain
atmospheric boundary layer models and
apply to emergency response
Chmate Management OHER 300 M. MacCracken  Asslst the DOE carbon dioxlde program
Support with acientific reviews and {uteractions
Climate Modeling OHER 320 K. Taylor Conduct modeling studles investigating
model sensitivity and rate of change
Clouds and Radiation OHER 230 5 s Itercompare radiation models for clear
and cloudy sky conditions
Glencral Clrewlation OHER 400 G Potter Organize an International Intercomparison
Model Intercomparison of CICM respounsiveness to perturbations
Program for Climate OER 2000 W. L. Gates Conduct model tntercomparison and
Model Diagnosis and dlagnostle studies
and Intercomparison
Regional Modeling OlKR 89 1. Leone Refine finite element technlques as
they relate to mesoscale boundary
layer models
Trace (tases OHER 450 1. Wuebbhles Evaluate the fnteractions of atmaospoheric
and Climate chemistry and climate
ARAC ARG Support OMA 150 T, Sullivan Support of DOE's Accident

Response Croup (ARG)
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Waork for Programs Frandod by DOE aud LLNL (Continuod)
K

'Y HO
Budgot Preinelpal
Titlo Sponsor (K#) Ttvostlgntor Ohjeelivo
LLNY
Fuvitonmental np 1ot Lo Penner/ Assessnent of potentlal global effecix
Consequences of S Chan/ and perturbations to the abmonphere
Nuclear War M. Bradley/ from u lnrgesceale nuceloar war
17 Waehbles

Fallont Resoarch hp pLY 1 Harvey Matntaln state-of-the-nrt fallowt

predicton capabilitios at 1IN
Madel System np 8o I Chudiksen Develapment of long range
[ntegration utinospherie dispersion

mudeling eapabllition
Clobal Modeling 1R&D (i O Covey Linprovement and application

global general clieculation madel

for clmate studios
Tropuspherle IR&D 176 Jo Penner Development of tropospherie
Chontistry chemistry wodel, tnitlally of

nitrogen oxlde species
[nColt Support Physics a0 Jo Penner Support of post-doe fellow under U

Dept [nstitutional Cooperative Research

program with Seripps and LANL to

do resenrch on tropospherle chemistry
Ocean Model Physica 25 M. MacCracken  Support for gradunte student
Evaluaiion Dept rescarch at Lamont-Doherty

Ueologleal Observatory for
resenrch on ocean clreulation
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Work for

Programs Faudod by Othor Agouclos and Orvgantzations

FYsn
Budyoet Peiucipal
Tl Spousor (K8) [uvostigntor Objoctiva
Fodoral
ARAC DOD Pxerelses DNA 20 I Sullivag Partlelpate fn DOD entergeucy
FORPOURE eXCFClHes
Fuvironmental DNA 200 J. Penner Development and application
Conseguences of of microphysleal Interactions
Nuclear War of avrosol, drops, and hydrometeors
ARAC non 1604 ' Sullivan Dovelop and operate the ARAC
serviee for DO, DOD, and other
federal ngenclos
Crystal Clrosth hon 21 P Ciresha Develop numerteal shmulation
tochniques for lnege crystal
growth appllications
Data Preservation IIA 30 R, Koopman Transfor LOF donse gas
disperston duta and data
redoction programs to VAX
CHobal Change FPA 3 JoPenner/ Assons stateo of knowledpo,
[nfluences D Waebbles tdentily key sensitivitios, and
perform research needed Lo reduce
uncertalnties and provide needod
knowledge ou trends in atmospheric
spectes and potential fmpacts on
atmospherie chemistry and climate
Maodeling for B PA A 20 T Sulllvan Anulyze six lucldent sconarios,
Site ntillzing ARAC models and
provide EPA with written
and graphical projoctions
UARS (Definition NASA 120 D Wuehblos Provide support to UARS
Phaae) project during advanced
delinition phase and
finulize detalls of
theoretical fnvestigation
requirements
Zonal Averaged NASA 210 D, Waebbles Nevelop and apply state-
Chemical Transport of-the-nrt, thue-dependent
Model of the 2-1) madel for studying
Traposphere and coupling of chemical,
Stratosphere radiative, and dywamical
processes in the
atmosphere; malntain and
(nrther develop -1 model
ARAC NRC Support NRC: 30 ', Sullivan Tratuing and drill assistance to the

NRC and ongoing software interface
update, madntenance, and testlng
services
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Waork for Progeams Fandod by Othor Agonclos and Organlzations (Continuod)

FY 89
Budgot Princelpal
Tltle Sponsor (K®) Invostlgntor Objoctivoe
Fodoral (continued)
Continnation of USA Ho H, Rodean/ Consulting and training of
FEMIA "Tranafer to S, Chan CRDEC personnel an use of
CRDEC FEMIA computer code al
Aberdeen Proving Ctronnds
Maodel Tntegratlon USATR 200 P Cludlksen/ Fvaluntion of long-range
D, Rodrigues models and intogration
of models with databasos
and computational syetem
for USAE applications
Valldation Study USAL 3 D, Ermak Development of methodology
for evalunting donse gas
dispersion models
ARAC Naval Shipyards IJSN h1d I Sullivan Provide ARAC service, trainlng,
(NSY) and Fleet HQ and oxerclsos to nelected
NSY and Fleet 1Q
Nou-Fodoral
HE Data Report AMOCO 30 R, Koopman Complote data report for hydrogen
fluortde (H1Y) test serles (AMOCO
through DOE)
SLAR Heavy-Gan APl 80 D. Frak Produce an huproved verslon of
Dispersion Model SLAB code, write user's manual,
and Tmplement a vertlenl jot
source capability in SLAD code
FEMJI Simulations (R & 130 S, Chan FIEMI computer code will be
of LNG Field "Tests GRi/boT used Lo stmulate up to three
LNG vapor barrler vorification
tests, Complete data snd analysis
reports for LNCH test sorles
Mohil HE Archive Mobil 1566 R. Koopman Complete data and analysls report
and Report R&D for HI" water sapray test serjes,
UK ARAC Support Uk/MOD 40 (i, Crreenly Develop customized ARAC

software, establish ARAC Huk
with UK, and particlpate n
annual exercise with UK
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Appendix D. Spoecial Outside Stalf Activities

|

Michaol M, Bradloy: Co-chadrman for Cloud Uhystes, Interagency Lightning ‘T'hreat Warning
Waorking Groupy meniber, AFOSR Atmospherle Selonces Review Pancely Commlssion on Phys-
cal Scelences, Mathomatles, and Applieations, National Resoarch Counelly stall’ Weather Oflieor
(Hewtenant colonel), Al Weather Service, U.S. Al Foree Reserve

Curtls €. Covoyr Member, NAS Commlttee on Global Change, Subgroup on Ocean-—-Atmosphere
Modaly

Muarvin H. Dickorsonr Member, DOE Subcommittee on Dose Assessmenty consultant for the
Internntional Atomle BEnergy Ageney in the aroa of emergency preparedness; ARM model
coordinator

Jane B, Dignont Member, lnternntional Global Atmospherle Chemlstry Program Committee for
Development of Global Fmissions Inventorfes; U.S-PR.C Cooperatlve Program {n Atmo-
spherle Chemistry

W. Lawronco Gatost Chalrman, Working Group on Numerical Experimentation, World Climate
Rosearch Programme; load anthor, Working Group 1, Intergovernmental Panel on Climate
Change, World Meteorologieal Organlzation; member, Scientific Advisory Committee, Climate
Systems Modeling Program, University Corporation for Atmospherie Rosearchy (founding) Ed-
itor, Climate Dynamics

Goorgo D, Groonly, Jrat Chalvman, Basie Sciences and Technology Divislon of the Air and Waste
Management Assoctation (AWMA); member, AB-3 Meteorology Committee of AWMA; Amer-
ican Meteorological Socloty Certified Consulting Meteorologlst (CCM); observer, meteorology
subpancl of the joint DOFE/DOD/NASA luteragency Nuclear Safety Roview Panel (INSRP);
member, U.S-~ UK, Joint Working Group 29C (JOWOG 20C)

Philip M. Groshor Editor, International Journal for Numerical Methods in Fluids; member of edi-
tortal board, Communications in Applicd Numerical Methods; member of editorial board, Latin
American Journal of Heat and Mass Transfer; Adjunct Professor, U, of Calif,, Davig; member,
National Fluld Dynamies Congress; member, Soclety for Industrial and Applied Mathematics
(STAM); member, American Physical Society (Divislon of Fluid Dynamics)

Paul H, Gudiksons Member, ASCOT Program Planning and Advisory Panel; Chairman, Toxic
Chemical Sampling Working Group of the DOFE Subcommittee on Dose Assessment; member,
Environmental Transport Group of U.S~U.85.8.R. Joint Coordinating Committee for Clvilian
Nuclear Reactor Safety; scientific advisor to Indian Institute of Technology, New Delhi

Josoph B, Knox: Bluenose Panel Membery LENT representative to Lawrence Berkeley Laboratory
for Environmental Policy Centery LLNT representative to DOE-OHER Global Bffects Rescarch
Committee; Director, National Institute for Global Eavironmental Change

Rouald P. Koopman: Sclentific Advisor, DOE/Nevada, Liquelied Gaseous Fuels Spill Test Facility
Robort L, Loe: Member of editortal board, International Journal for Numerical Methods in Fluids

John M., Loone, Jra Member, American Meteorological Society Committeo on the Meteorological
Aspects of Air Pollution
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Michaol €, MacCrackon: Principal Scientist for Climate BEloment of DOB !0y Research Pro-
gram; Chalrman, DO Multi-Laboratory Climate Change Committee; U.S, Co-chadr of Climate
Project of U8 U.8.8.R Working Group VU Assoclate Fditor, Journal of Climate; Chadr-
wan, U.S-Canada Techuical Advisory Panel on Acid Procipitation Fleld Program and Model
Verification; member, International Commission on Climate; member, EPA Techuieal Advi-
sory Pancl on Global Climate Change; member, Executive Committoe, LANL LLNL Serlpps
Institute for Collaborative Research on Global Climate Modeling; Direetor, DO CIHTAMMP
(Computer Hardware, Advanced Mathematics, and Model Physies) program: co-author, 1SCU-
SCOPE ENUWAR report on nuclear winter research

Joyco B. Pennors Member, National Academy of Sclences Committee on Atmospherie Chemistry
(1990-1993); member, California Alr Resources Board Modeling Advisory Commitiee (1088 -
1992); thesis advisor for a student from U, of Calll,, Davis

vorald Lo Pottors Member, Executive Committee of the Energy Rescarch Supercomputer Users
Group; member, U.S-P.R.C. delegation on COy-induced climate change; leader, PCMDI par-
ticipation in the Supercomputer High School Honors Program

Charles 8. Shapiro: Member, Scientific Advisory Committee of ICSU- SCOPE, RADPATH study;
Chairman, Atmospheric Transport Group of RADPATH; co-author, ICSU-SCOPE ENUWAR
report on nuclear winter rescarch

Thomas J. Sullivan: Member, DOT Subcommittee on Dose Assessment; member, DOE/FRMAC
Fvaluation and Assessment Working Group

Donald J, Wuebbles: Member, NASA Advisory Panel on High Speed Rescarch Program; lead
author, UNEP/WMO report on Scientific Assessment of Climate Change; lead author, UNEP/
WMO report on Scientific Assessiment of Stratospheric Ozone; member, DO Multi-Laboratory
Climate Change Committee; member, U.S.~U.8.8.R. Working Group VI member, I[CMUA
Working Group on Modeling of the Middle Atmosphere; member, TUGG Working Group on
Solar Forcing
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Appendix E. Publications

January 1988 through December 1989

Journal Articles, Books, and Book Chapters

Atherton, C. S. (1989), “Organic Nitrates in Remote Marine Environments: Tvidence for Long
Range Transport,” Geophysical Rescarch Letters, 16, 1289-1292,

Atherton, C. S., and J. E. Penner (1988), “The Transformation of Nitrogen Oxides in the Polluted
Troposphere,” Tellus, 408, 380-392. '

Broecker,* W. S. (1989), “Some Thoughts about the Radiocarbon Budget for the Glacial Atlantic,”
Paleoccanography, 4, 213-220.

Broecker,” W. 5. (1989), “The Salinity Contrast between the Atlantic and Pacific Oceans during
Glacial Time,” Paleoceanography, 4, 207-212.

Broecker,* W. S., and T.-H. Peng' (1989), “The Cause of the Glacial to Interglacial Atmospheric
CO; Change: A Polar Mkalinity Hypothesis,” Biogeochemical Cycles, 3, 215-239.

Cess,* R. D., G. L. Pott-r, J. P. Blanchet,! G. J. Boer,! S. J. Ghan, J. T. Kiehl,! H. Le Treut,!
Z.-X. Li,} X.-Z. Liang,! J. F. B. Mitchell,! J.-J. Morcrette,! D. A. Randall,’ M. R. Riches,!
E. Roeckner,! U. Schlese,! A, Slingo,' K. E. Taylor. W. M. Washington,' R. T. Wetherald,! and
L. Yagai! (1989), “Interpretation of Cloud-Climate Feedback as Produced by 14 Atmosphcmc
General Circulation Models,” Science, 245, 513-516.

Chan, 5. T., J. M. Leone, Jr., and R. L. Lee (1989), “A Hydrostatic Mesoscale Model Using Finite
Element and Finite Difference Techniques,” Finite Element Analysis in Fluids, T.J. Chung
and G. R. Karr (Ilds.), University of Alabama in Huntsville Press, 544-553.

Covey, C. C. (1988), “Atmospheric and Oceanic Heat Transport: Simulations versus Observations,”
Climatic Change, 13, 149-159.

Covey, C. C. (1989), “Mechanisms of Climatic Change,” Global Climate Change: Human and
Natural Influences, S. F. Singer (Iid.), Paragon House, New York, NY.

Covey, C. C., and S. L. Thompson' (1989), “Testing the Effects of Ocean Heat Transport on
Climate,” Global and Planetary Change, 75, 331-341.

Deluisi,t J. J., D. U. Longenccker,! C. L. Mateer,! and D. J. Wuebbles (1989), “An Analysis
of Northern Middle-Latitude Umkehr Measurcments Corrected for Stratospheric Aerosols for
1979-1986,” Journal of Geophysical Rescarch, 94, 9837-9845, _

Derby, J. J., L. J. Atherton, and P. M. Gresho (1989), “An Integrated Process Model for the Growth
of, Oxide Crystals by the Czochralski Method,” Journal of Crystal Growth, 97, 792-826.

Dignon,** J., and S. Hameed* (1989), “Global Emissions of Nitrogen and Sulfur Oxides from 1860
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Appendix G. Summary of Modeling Capabilities

Weo bive developed o wide varlety of wodeling capabilltios tn the course of our many research
offorts, "Ihis soction s divided fnto seven modellng categortos, Fach model 18 Hsted and briefly
deseribed under the category that best deseribes Tty priinary application, ‘1'he sclontists currently
having primary responsibility for onch code are also Hstody theso Individuals are not necessarily the
developers of the modeal,

Species Transport and Diffusion Models

MATHEW/ADPIC Model

This three-dimoensional particle-in-coll (PIC) maodel caleulates the transport and diffuston of
a pull or plume I a tme-varying atmospherle boundary layer, ADPIC 18 based on the PIC con-
copt, with the hydrodynamice aspect being replacod by a three-dlmonslonal, mass-conservative,
time-varylng wlud fleld provided by the MATHEW code. We have used this computer model to
shinulate particulate and gaseous concentrations, the deposition of particles with given size distri-
butlons, and rainout (from one or more sources) out to distances of several hundred kilometers,
ADPIC ealeulations have been compared against measurcments for many fleld-diffuslon experl-
ments, including the ASCOT program and for emergency and assessment response, such as the
1970 'I'MI incldent, the subsequent Pregidentlal Commisslon investigation, and the 1086 Chernobyl
accident,

C‘onteet: Rolf Lange

HMEDIC/HADPIC

HADPIC 18 a version of the ADPIC model modified to provide a capability to model trans.
port and diffusion of pollutant clouds In the troposphere of the Northern Hemisphere uslng threo-
dimensional wind fields, These wind flelds are constructed in the ARAC central facility from Alr
Force Global Weather Central gridded wind data, HMEDIC 18 2 data-handling and interpolation
code that processes the AFGWC gridded data, elthor analysis or forecast, into three-dimensional
arrays, HADPIC provides as oulput the pollutant concentrations at selected reglons over the
Northern Hemlsphere, The code was used to simulate the time and space evolution of the 1986
Chernobyl reactor accident,

Contacts: Rolf Lange, Thomas J. Sullivan, Robert P, Freis, Daniel J, Rodriguey

GRANTOUR Tracer Transport Model

GRANTOUR I8 a global atmosphoeric model that uses preseribod winds to transport specles
using a Lagranglan-sampler-parcel approach to calculate advection of tracers very accurately, The
madel can also caleulate, il appropriate, scavenging (glven precipitation rates), coagulation, dry
deposition, mixing between alr parcels, and radioactive decay, T'he model has been used to study
the movement and dispersion of smoke and radionuclides Tn an unperturbed atmosphere (see also
OSU/GRANTOUR General Circulation Model and LLNL/NCAR Community Climate Model),
T'he model has also been modified to represent atmospherie chemistry (see GRANTOUR Chemistry
and Acrosol Model),

Contacts; John J, Walton, Joyce . Penner

67



Advection-Diffusion FEM Model

I'hlg twor dlmenslonal code solves the advection-diffusion equation (for concontration, for ox-
ample) In arbitrary geometry and in which a fixed veloelty fleld s spoectfied ns Input data, Fither
Ume-depondent or stoudy-state solutlons are avallable, As a speclal case, the transtent or steady
diftuslon equation can also be solved,

Contacts: Phillp M. Gresho, Robert 1, Lee

Tracer Trajectory Model

This model uses data on winds and temperature to caleulate trajectorles on an frregular,
continental-scale grid, A spocified number of parcels, injected at different thmes, locations, and
helghts, can be used to represont a tracer fnjoctlon and can be followed over perfods of several
days to several weeks, Parcel trajoctorles may be followed for (1) constant helght above terraln,
(2) constant parcel potential temperature, or (3) constant parcel pressure, Dispersal of the tracer
by eddy mixing (or diffusion) Is not considered,

Contact: Ronald L, Baskett

CPS Model

This Gauvsslan, continuous-polut-source (CPS) diffusion and deposition model is used in ARAC
applications for Inltlal response calculations, It has two modes of operation: (1) with one set of
wind and stability inputs and (2) with up to one year of fifteen-minute or hourly averages, The
model incorporates deposition velocity, plume rise, radioactive decay, terrain, and washout, In
the multiline input mode, the user specifies whether the release is routine or accidental, The
output consists of both average concentration and deposition contours, and contours for various
probabilities that specific values will be exceeded,

Contact: Kovin T, Foster

Radionuclide Models

CAP Model

T'he Contalnment Atmosphere Physics (CAP) model capability simulates reactor-containment
bullding scavenging processes, To be flexible and process-oriented, this simulation is based on
methods of systems dynamics; i.e., if new physical processes seem fmportant, the code allows for
their easy lnsertion into its structure, It should, for example, be feasible and relatively casy to
incorporate at least some of the important scavenging processes loft out of currently used models,
This effort requires both the development of the appropriate cloud-physics database and a simu-
tatlon that realistically describes the scavenging processes inside a containment building when its
equation of state ls driven by gzascous releases from a melting core,

Contact: Ted F. Harvey
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KDFOC2 Model

This versatile fallout model has been developed to assess complex civil defense and military
effects issues. Large technical and scenario uncertainties require a fast, adaptable, time-dependent
model to obtain technically-defensible fallout results in complex demographic scenarios, The
KDFOC2 capability and other databases available in G-Division provide the essential tools for
considering tradeoffs between various plans and features of different nuclear scenarios and for esti-
mating the technical uncertainties inherent in the predictions.

Contacts: Ted F. Harvey, Leslie L. Edwards

GLODEP2 Model

The GLODEP2 model provides estimates of the surface deposition of worldwide radioactivity
and the gamma-ray dose-to-man from intermediate and long-term fallout produced by nuciear ex-
‘plosions. The model is based on empirical relationships derived primarily from injection-deposition
experience gained from the U.S. and the U.S.S.R. nuclear tests in 1958, If a nuclear power facility is
destroyed (vaperized) and its debris behaves in the same manner as the radioactive cloud produced
by the nuclear weapon that attacked the facility, the model can predict the gamma dose from this
source of radioactivity. Empirically derived gamma dose relationships that account for meteorol-
ogy, weathering, and terrain-roughness shielding at specific locations are included. As a comparison
study, the gamma dose due to the atmospheric nuclear tests from the period of 1951-1962 has been
computed, and results compare well with observations.

Contacts: Leslie L, Edwards, Ted F. Harvey

MISER Model

The MISER model treats mini-scale hydrology and groundwater ‘ransport of radionuclides from
a geologic repository to the biosphere. The potential hazard and dose-to-man may be calculated for
a limiting individual using well water of an average individual or population in a river-use system.
The code solves a steady-state hydrology equation for an arbitrary network of one-dimensional
flow-stream tubes. Conservation of water and D’Arcy’s laws provide the system of hydrologic
equations. A propagator method of solution is employed for nuclide transport. The results of the
ORIGEN and BIODOSE codes are used to determine radioactive decay and river-use system doses.
Monte Carlo techniques are applied, where appropriate, to account for measurement and spatial
uncertainties, A 500-trial simulation, involving 54 stream tubes with eight parallel paths froin a
lower aquifer through the repository to the upper aquifer and the biosphere, required less than
2.5 minof CRAY-1 computer time.

Contacts: Ted F. Harvey, Leslie L.. Edwards
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Atmospheric Chemistry and Microphysics Models

One-Dimensional Chemical-Radiative-Transport Model

The one-dimensional chemical-radiative-transport model calculates globally averaged, vertical
profiles of relevant trace gas concentrations in the troposphere and stratosphere. This model is a
useful diagnostic and prognostic tool for studying chemical, radiative, and dynamical processes and
interactions i the atmosphere. Tt has been used extensively for national and international investi-
gations of the effects of potential chemical emission scenarios upon the ozone layer and for studies
related to climate change. Modes of model execution include diurnally cycled or diurnally averaged,
for time-dependent scenarios or rapidly obtained steady-state solutions, The model atmosphere ex-
tends from the ground to just above the stratopause (approgimately 56 ki) and is divided into 44
layers. The model chemistry includes approximately 130 chemical reactions among 40 species. The
radiative treatment for photolysis reactions includes the effects of multiple scattering. Changes
in radiatively active trace-gas concentration can be used to obtain new stratospheric-radiative-
equilibrium temperatures, Transport processes in the one-dimensional model are simulated by
p.rescribed diffusion coefficients.

Contacts: Donald J. Wuebbles, Peter S. Connell, Keith I, Grant, Douglas E. Kinnison

Two-Dimensional Chemical-Radiative-Transport Model

The two-dimensional model calculates the zonally averaged, time-dependent concentrations of
relevant tropospheric and stratospheric trace gases as they vary with latitude, altitude, and season,
This model currently uses a grid with 16 fatitude zones and 18 vertical layers, although a much-
higher-resolution version is in preparation. It includes approximately 100 reactions among thirty
species, including 27 photolysis reactions. Diabatic winds are calculated using model-derived-
radiative and latent-heating rates, assuming prescribed scasonally varying initial temperatures,
These prescribed temperatures are appropriate for ambient trace-gas concentrations. For chemical
perturbation scenarios, either temperatures or diabatic winds can be varied as radiatively active
trace species are perturbed from their ambient concentrations,

Contacts: Donald J. Wuebbles, Peter S. Connell, Keith E. Grant, Douglas . Kinnison

GRANTOUR Chemistry and Aerosol Model

The GRANTOUR model calculates the three-dimensional distribution of gas-phase and acrosol-
phase species using a Lagrangian formulation, Current applications use simplified chemical inter-
actions to describe the global distributions of reactive nitrogen and sulfur species, These are being
extended to treat more complete chemical interactions. The model is also able to describe simple
acrosol interactions including the effects of aerosol coagulation, the formation of acrosol particles
from the gas-phase oxidation of sulfur compounds, and the effects of acrosol population on cloud
droplet number distributions. In most applications, the wind and precipitation fields from the
NCAR CCM global climate model are used to drive the species transport and removal, although
the model has been linked to other climate models as well. The model can also be run interactively
with the NCAR climate model to study the effects of acrosols on climate and climate change.

Contacts: Joyce E. Penner, John J. Walton, Cynthia S. Atherton
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Multi-Layer Air Quality Model

This BEulerian code is a successor to the Livermore Regional Air Quality Model (LIRAQ) that
represented boundary-layer air-pollution in two dimensions. This model was developed to describe
the long-range, multi-day transport and chemical interactions of air pollutants in which pollutants
may be isolated overnight in an clevated layer and reincorporated into the mixed layer the following
day. This code uses a split-operator method to solve the three-dimensional transport and chemical
kinetics equations for air pollutant concentrations. A highly accurate upstream-differencing method
with an antidiffusion correction step has been adopted to describe the transport of pollutants
in order to preserve positive species concentrations without the need for an artificial smoothing
technique that would add artificial diffusien. The code has been developed for use with an arbitrary
number of vertical layers, although only a two-layer version has been implemented to date, In the
two-layer version, one layer is used to describe the transport of pollutants below the inversion and
one is used to describe the transport above the mixed layer; the model accounts for the deepening
of the mixed layer and for the mixing of air from above during the afternoon. Pollutant-source
inventories, topography, and metcorology for the region of interest must be specified as input to
the model. In the current version, mass-consistent wind fields are first developed in the MATHEW
model and then processed for the layer-average winds needed in the Multi-Layer Air Quality Model,
The model has recently been applied to study the coupling of the Monterey and Bay Area air basins.

Contacts: Joyce E. Penner, Peter S. Connell

Atmospheric Kinetics Model

This model is used for detailed studies of the chemical and photochemical kinetics (no trans-
port) of the troposphere and stratosphere. It uses advanced mathematical methods to study the
kinetics of a well-mixed cell, including the effects of solar absorption for photodissociation processes,
This model has been used for evaluating the sensitivity of reaction mechanisins to deficiencies in
knowledge of reaction rates, quantum yield, reaction ensemble, solar constant, and reactant con-
centrations. The model has also been useful for studying the feasibility of using reduced-reaction
sels in more complex atmospheric models.

Contacts: Donald J. Wuebbles, Joyce E. Penner, Peter S. Connell

Atmospheric Kinetics and Aerosol Nucleation Model

This model is used for detailed studies of the chemical and photochemical interactions of species
leading to the formation of condensable products in the atmosphere. The condensable products
may form new aerosol particles (nucleation) or may condense on pre-existing particles. The acrosol
number concentration and mass mean diameter are calculated for two separate acrosol modes. The
model has been useful for studying the atmospheric conditions leading to new particle formation
and the composition of acrosols in the atmosphere.

)

Contact: Joyce E. Penner, Sonia Kreidenweis
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CAMP Model

The CAMP computer code numerically solves the atmospheric microphysical equations in a
well-mixed spherical or plume-like parcel of air, water vapor, liquid water, and acrosols, The
aerosols may be of deTermg compositions of water-soluble and insoluble materials. The parcel may
be pseudo-adiabatic, where the dynamics are driven by the buoyancy forces acting on a background
sounding, or may be based on a specified “trajectory” for which the dynamics are determined by
a cloud-scale dynamics code. The parcel may entrain background aerosols and drops. Given an
aerosol-number density distribution and/or a drop-number density distribution, the code solves
for the time evolution of the distributions as well as for the parcel temperature and saturation,
The microphysical processes included are: condensation/evaporation of water vapor, nucleation
of aerosols to form drops, aerosol coagulation, drop coalescence, interstitial aerosol collection by
drops, and drop break-up—all on spherical particles. The model docs not yet consider ice processes,
which may be important in some applications.

Contact: Leslie L. Edwards, Catherine Chuang

Aerosol Coagulation Model

This model solves the kinetic coagulation equation, which determines the evolving size distribu-
tion of an assemblage of aerosol particles. The model accounts for the collision of aerosol particles
due to Brownian motion, turbulent motion, laminar-shear flow, and sedimentation. Dispersion of
the aerosol is accounted for by specification of a dilution-time constant, which may be specified
from observations or calculation. A submodel is available to calculate the absorption and scattering
cross section of the aerosol. The model has been applied as a Lagrangian-parcel model to describe
the evolution of the size distribution and optical characteristics of smoke and dust particles after a
nuclear war,

Contact: Joyce E. Penner

CUMSCAYV Model

This cloud-scavenging model is used to estimate the removal of pollutants or radioactivity
from the atmosphere because of scavenging by convective clouds. The cloud dynamics and mi-
crophysics for this model come from the Rand Corporation’s Cumulus Dynamics Model, which
is two-dimensional in either axial or rectilinear symmetry and uses a bulk microphysics parame-
terization. Transport of pollutant material in the cloud’s field of motion and a compatible bulk
microphysical scavenging parameterization have been incorporated to complete the model. The
model has been used not only to calculate scavenging by natural convective clouds, but also for
estimating self-induced rainout from nuclear weapons at Hiroshima and Nagasaki.

Contact: Charles R. Molenkamp
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STRATSCAV Model

This model is based on a module used in the 2BPUFF transport and diffusion model. It
calculates the scavenging and deposition of pollutant particles as they move through a region of
widespread stratified precipitation, The precipitation is assumed to be horizontally homogencous,
implying that a one-dimensional cloud model can be used to derive the vertical distribution of
clouds, rain, and snow, These hydrometeors then interact with the pollutant particles to scavenge,
redistribute, and deposit them, A surface-based grid gives the horizontal distribution of the removed
pollutant,

Contact: Charles R. Molenkamp

Radiative Transfer Models

SWPAK

This model computes upward and downward ultraviolet and visible radiation fluxes given at-
mospheric vertical profiles of pressure, temperature, and concentrations of Oy, Og, and NO;. The
calculated fluxes can be used by chemical-radiative-transport models to calculate layer heating rates
or, with additional driver routines, photodissociation rates. The formulation of this model accounts
for multiple scattering and allows inclusion of clouds and acrosols as well as absorbing gases, The
solar spectrum and pertinent absorption cross sections are divided into 148 wavelength bins be-
tween 133.75 and 730 nm. Advantage is taken of each wavelength bin constituting an independent
radiation transfer problem to allow the coding to vectorize over wavelength bins when compiled on
the Cray-1 or Cray-XMP. For cach plane-parallel vertical layer, the scattering and absorption of
diffuse incident radiation is treated using the Sagan and Pollack two-stream algorithm. Scattering
and absorption from the direct solar beam is treated using the delta-Eddington approximation,
The effects of the separate layers are combined using the adding technique.

Contact: Keith E. Grant

Wide-Band IR Model for Cooling Rates from CO,, H,0, and Oj

The initial version of this model was obtained from Harshvardhan, et al. [“A Fast Radiation
Parameterization for Atmospheric Circulation Models,” J. Geophys. Res., 92 (D1), 1009-1016,
1987]. The model is based on the far-wing scaling approximation and k-distribution approaches
described in a series of papers by M.-D. Chou [“Broadband Water Vapor Transmission Functions
for Atmospheric IR Flux Computations,” J. Atmos. Sci., 41 (10) 1984]; M.-D. Chou and A. Arking
[“Computation of Infrared Cooling Rates in the Water Vapor Bands,” Am. Met. Soc., 855, 1980];
M.-D. Chou and L. Kouvaris [“Monochromatic Calculations of Atmospheric Radiative Transfer due
to Molecular Line Absorption,” J. Geophys. Res., 92 (D3), 4047-4055, 1986]; and M.-D. Chou and
L. Peng [“A Parameterization of the Absorption in the 15 um COy Spectral Region with Application
to Climate Sensitivity Studies,” J. Atmos. Sci., 40 (9), 1983]. The model was developed to meet
requirements for use in GCMs. It is computationally efficient in its basic algorithm, plus it is
written to vectorize over separate vertical columns. The original model has required modifications
to obtain sufficient accuracy at stratospheric pressure less than 3 mb.

Contact: Keith E. Grant
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Narrow Band IR Model

The initial version of this model was obtained from David Kratz (NASA Goddard) with param-
eters for COy, 50, Oy, CHy, and Ny O, Parameters for CFCs (including temperature dependence)
await detailed spectroscopic measurements, Restructuring and vectorization al LLNL has decreased
the running time on a Cray-XMP to about four seconds using 31 vertical levels and an cight-point
Gaussian integration over angle of propagation. Further reductions in running time are likely via
parallelization, The narrow-band model is an extremely useful tool for analysis of the radiative
forcings from changes in trace-gas-concentration vertical profiles, However, even with vectorization,
computer time requirements limit the usefulness of the narrow-band model as an interactive part
of GCMs and chemical-radiative-transport models,

Contact: Keith E. Grant

Atmospheric Dynamics Models

FEM3 and FEM3A Dense-Gas-Dispersion Models

These codes were developed primarily to simulate the atmospheric dispersion of heavier-than-
air gas and liquid releases. A modified Galerkin finite-clement method was employed to solve the
time-dependent conservation equations of mass, momentum, energy, and species of the dispersed
material together with the ideal gas law for the density of the mixture. A generalized anelastic
approximation was invoked to preclude sound waves and yet allow large-density variations in space
and time. Turbulence is parameterized via a K-theory submodel and heat transfor from the ground
surface into the vapor cloud are also accounted for, Both codes can solve two- and three-dimensional
problems, including treatment of variable terrain and finjte-duration or continuous releases, In
I"EM3, an option exists for solving the Boussinesq cquations as well, In FEM3A, instantancous
sources and obstructions are also treated. In addition, a phase-change submodel is available for
handling the phase transitions (between vapor and droplets) of the dispersed material.

Contacts: Stevens T. Chan, Philip M. Gresho

FEM-PBL

This model, derived from FEMS3, has been developed to simulate planetary boundary layer
flow over complex terrain, It calculates the spatial and temporal distribution of velocity, pressure,
potential temperature, and mixing ratios of liquid water, water vapor, and an inert tracer in two
or three dimensions. The nonhydrostatic, Boussinesq equations with constant rotation form the
basic dynamical framework of the model. Boundary layer turbulence is parameterized via one of
three K-theory models: an O’Brien cubic parameterization, a local Richardson number dependent
parameterization, or a specified constant K. The model contains a nonlinear phase-change model
to describe the effects of evaporation and condensation of water. Asin FEM3, multilinear velocity,
piecewise-constant pressure finite elements are used in space, while a modified, explicit forward-
backward Euler scheme is used to advance the spatially discrete equations in time. This combination
of methods allows faithful representation of complex terrain, easy implementation of variable grids,
and efficient performance.

Contacts: John M. Leone, Jr., Robert L. Lee

74



SABLE

This model has been developed to model atmospheric boundary layer flows over moderate
terrain on horlzontal scales of a few hundred to 1000 kilomaeters, The hydrostatic, anelastic equation
sel. with constant rotation forms the dynamical basls for the model, Boundary layer turbulence
is parameterized via one of three K-theory models: an O’Brien cuble parameterization, a local
Richardson number dependent parameterization, or a specified constant K, The model contains a
surface energy budget based on the soil slab model of Blackadar, Multilinear finite clements are used
in space, while a semi-implicit scheme Is used to advance the spatially discrete equations in time.
This combination allows faithful and eflicient representation of the terrain, casy implementation of
variable grids, and accurate and cost-effective performance,

Coontacts: John M, Leone, Jr,, Stevens 1. Chan

FEM Nonhydrostatic Planetary-Boundary-Layer Model

This code, derived from FFEEM3, calculates the spatial and temporal distribution of velocity, pres-
sure, potential temperature, and the mixing ratios of liquid water, water vapor, and an inert tracer
in two or three dimensions, With the addition of the constant-rotation Coriolis force and a non-
lincar phase-change model to describe the effects of evaporation and condensation, the Boussinesq
equations constitute the model equation set, As in FEM3, multilinear velocity, plecewise-constant
pressure clements are used in space, while the explicit forward-backward Euler scheme is used to
advance the spatially discrete equations in time.

Contacts: John M. Leone, Jr., Robert L. Lee

FEM Hydrostatic Mesoscale Model

This newest of the finite-element-based models is a spinofl from all of the carlier ones. It has
been designed to provide a new capability in which both two- and three-dimensional computations
over reasonably complex terrain can be performed in much less central processing unit (CPU) time
than with the earlier models. This is done by solving a simpler and more restrictive set of model
equations in which hydrostatic equilibrium is assumed to exist. A version of this new model will
be designed to operate on the ARAC computer system (VAX) and to thus assist in emergency
response by providing actual forecast winds., A rescarch version will be used in a simulation mode
and will be continuously upgraded in its physical and mathematical capabilities,

Contact: John M, Leone, Jr., Stevens T, Chan

CSU Mesoscale Model

We are using the Colorado State University (CSU) Mesoscale Model developed by R. Pielke
‘and his students to simulate a variety of terrain and surface-forced mesoscale flows. This model
is a hydrostatic, incompressible, primitive equation model; it includes topography and a detailed
boundary-layer parameterization. The flows are usually driven by surface heating, which is calcu-
lated by balancing the surface-energy budget at each grid point. Atmospheric heating by absorption
and emission of long- and short-wave radiation is also included. The model is three-dimensional,
but it can be run in a two-dimensional, rectilinear mode, For our applications, the CSU Mesoscale
Model has been enhanced by allowing clouds and fog to form in saturated regions and by greatly
improving the long-wave radiation parameterization,

Contact: Charles R. Molenkamp



OCTET: Dynamical and Microphysical Plume, Storm,
and Mesoscale Numerical Simulation System

The OCTET Simulation System conslsts of elght numerical models that are applicable to a
large number of atmospheric phenomena and spatial scales, ranglng from dry mesoscale circulations,
to tornadoes, to the interactions of acrosols with lquld and frozen precipltation inside violent
thunderstorms, The OCTET system uses the nonhydrostatic, compressible, three-dimensional
dynamic framework of the Klemp-Wilhelmson storm model. The system has a modular structure,
and new modeling capabilitics are continuously being added. The simplest model in the OCTET
system has only six prognostic variables; the most complex model has over twenty prognostic
varlables, The elght models in the OCTET system are capable of simulating the nonhydrostatic
and hydrostatic dynamics and the microphysical processes in:

1.
2.

3.

Dry mesoscale circulations;

“Warm” precipitating, convective and stratiform clouds; and warm, moist, mesoscale cir-
culations; ‘

“Cold" ice-bearing (ice crystals, snow, graupel, and hail), convective and stratiform clouds;
and severe storm circulations including squall lines, gust fronts, microbursts, low-level wind
shears, and tornadocs;

Lightning generation in severe, electrified storms and storm complexes (projected capabil-
ity, not operational in 1990);

Dry smoke plumes (e.g., from forest fires or from burning cities in postnuclear-exchange
environments); and acrosol transport and diffusion in dry mesoscale circulations;

. Smoke plumes in warm, moist atmospheres with condensation, liquid precipitation, and

smoke scavenging and removal; and aecrosol transport, diffusion, and hydrometeor-aerosol
interactions in warm, moist, mesoscale circulations;

Smoke plumes in cold, moist atmospheres with condensation, freczing, liquid and solid
precipitation, and smoke scavenging and removal; and aerosol transport, diffusion, and
hydrometeor-aerosol interactions in cold, moist, mesoscale circulations;

Electrified smoke plumes; large, intense smoke plumes that interact with fire-forced, elec-
trified, ice-bearing clouds; and aerosol transport, diffusion, and hydrometeor-aerosol and
aerosol-aerosol interactions in mesoscale circulations in electrified atmospheres (projected
capability, not operational in 1990).

The OCTET system is operational on the Cray-1, Cray-2, and Cray X-MP computers using both
the CFT and CIVIC compilers.

Contact: Michael M. Bradley



Cloud/Mountain Model

This model was originally designed for the numerlcal simulation of convective, precipltating
storms over complex terrain, It Is also capable of simulating stratiform, preclipltating orographic
storms, hydrostatic and nonhydrostatlc mountaln waves, and the dynamics and microphyslcs of
smoke plumes from Intense fires, The model 1s two-dimensional, time-dependent, Fulerian, non-
hydrostatlc, and fully compressible. It 1s based on the three-dimensional cloud model of J. B,
Klemp and R. B, Willelmson [“The Simulations of Three-Dimensional Convective Storm Dynam-
fcs,” J. Atmos. Sci,, 35, 1070-1095, 1978], but differs from their model in several major ways:
It is formulated in terrain following coordinates. it utllizes a Raylelgh sponge to simulate a ra-
diative upper-boundary condition, it uses different the turbulence parameterization and boundary
conditions, it includes the complete prossure equation, and it uses no linearization to simplify the
equations, ‘

Contact: Michael M, Bradley

SLAB Dense-Gas-Dispersion Model

This code simulates the atmospheric dispersion of denser-than-air releases. The types of re-
leases treated by the model include a ground-level evaporating pool, an elevated horizontal jet, a
stack or vertical jet, and an instantancous volume source. Except for the evaporating pool source,
which is assumed to be all vapor, each of the other sources may be a two-phase mixture of vapor
and liquid droplets, Source duration may be any finite length of time. SLAB simulates atmospheric
dispersion by solving spatially averaged forms of the conservation equations of mass, momentum,
cnergy, and specles, along with cloud width and length equations and the equation of state, using
the Runge-Kulta method. The code is one-dimensional with downwind distance being the inde-
pendent variable; however, the full three-dimensional concentration distribution is determined by
using similarity profiles based on the calculated cloud height, length, and width, Within SLAB’s
mathematical framework of heavy-gas disperslon, there is a natural progression toward neutrally
buoyant trace-gas dispersion allowing for calculations down to the lowest-desired concentration lev-
els, The main advantage of SLAB over more complex heavy-gas models is its low computing cost.
Typical simulations require only a few seconds on a CDC 7600 computer or a few minutes on an
IBM microcomputer,

Contact: Donald L., Ermak

Laser Isotope Separation Model

Developed in support of the Atomic Vapor Laser Isotope Separation program at LLNL, this
mode) solves the two-dimensional Boussinesq equations in either a Cartesian or axisymmetric co-
ordinate system, using bilinear velocity, piecewise-constant pressure elements in space, and elther
a forward-backward Euler or semi-implicit scheme in time, While the partial differential equations
solved are the same as those in the FIETISH model, this newer code, which is a ‘useful blend of
finite elements and finite differences, is more cost-effective in most practical cases,

Contacts: Stevens T, Chan, Philip M, Gresho
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FETISH Model

This two-dimenslonal code is a general-purpose package that can be used to solve the two-
dimenslonal, steady or time-dependent Stokes, Navier-Stokes, or Boussinesq equations in olther
Cartesian or axlsymmetric coordinate systems-—clther of which allows complex domalus to be
modeled, Tt uses the Galerkin finlte-clement method tn either mixed or penalty form for the spatial
discretization with a cholce of quadrilateral cloments, 1 uses either the trapezold rule or backward
Fuler for the time discretization, T'he systems of equations are linearized via Newton’s mothod,
and the resulting linear systems are solved by means of the frontal method,

Contacts: Phillp M. Gresho, Robert L. Loe

Hydrostatic FEM Model

This code solves the two-dimenslonal, Boussinesq equations of motlon, taking advantage of the
efficiency (in computational costs) of the hydrostatic assumption, It uses both the Galerkin and
least squares finlte-element methods for the spatial discretization and a two-step (near-trapezold-
rule) time-integration scheme, When the hydrostatic assumption is valid, this code is more cost-
effective than FETISH, A modified version of this code is belng used at lowa State University,

Contacts: Stevens T, Chan, Philip M, Gresho

Global Climate Models

LLNL/NCAR Community Climate Model

The Natiounal Center for Atmospheric Rescarch (NCAR) general circulation model, CCMI, has
been transferred to Livermore and adapted to the LLNL computer systems, [ts parameterization of
solar radiation has been replaced with a two-stream, delta-Bddington model, which uses the cloud
overlap scheme of Morcrette and Fouquart, Cloud optical depth is expressed in terms of cloud
droplet number concentration and cloud lquid-water content, The cloud lquid-water content is
diagnosed from the simulated condensation rate, The cloud droplet number is either preseribed or
predicted through coupling with the GRANTOUR acrosol transport model, The direct radiative
effects of aerosols can also be accounted for through coupling with GRANTOUR.

Contacts: Curtis C. Covey, Steven J. Ghan, Karl I, Taylor

LLNL/Oregon State University General Circulation Model

The modified LLNL/OSU GCM is being used as a tool for understanding climate model vali-
dation with satellite data and for developing a methodology for model intercomparison, The model
has been used to explore causes of the differences among climate models, focusing specifically on
differences in cloud foreing and cloud properties. A version of the model coupled to a two-level
mixed-layer ocean model has been used in parallel integrations with both normal and doubled
atmospheric COy. The results of these simulations are being used to determine the seasonal and
geographical distributions of COy-induced limate changes. including the behavior of low-frequency
phenomena such as the ENSO,

Contact: Gerald L. Potter
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ECMWT Global Atmospheric Model

Through & cooperative agroement with the Furopoan Contre for Modlum Rango Weather Fore-
casts (BCMWT), the operatlonal (eycle 82, 19-lovel) global atmosphorie model 18 belng used by
the Program for Climate Model Diagnosls and Intercomparison (PCMDI). The model contalns ad-
vanced radlation, cloud, and surface hydrology packagos, and when run with assimilated, synoptic,
iunitlal data and obsorved sea-surface tomperature, ls probably the world’s most accurate numerleal
weather prediction model over the 1 to 10 day range., The model ls Initially belng run over several
years In the four (spectral) resolutions T'21, T42, T'63, and T106 In order to examine the effects of
resolution on slmulated cllmate and cllmate procosses,

Contacts: W, Lawrence Gates, Gerald L, Potter

Oregon State University/GRANTOUR General Circulation Model

The GRANTOUR specles-transport model and the OSU/LLNL GCM have boen interactively
coupled so that the specles concentrations Jn the GRANTOUR model may perturb the radiative
calculation in the OSU/LLNL GCM and so that the winds and precipltation in the OSU/LLNIL
GCM control the transport and scavenging of species in GRANTOUR, This model has been used
extensively to study the potentlal climatic effects of post-nucloar-war smoke injoctions. Another
version of GRANTOUR treats the global wet and dry deposition of nitric acld resulting from global
sources of NOy and a simple chemistry, This model {8 run in its uncoupled mode with OSU/LLNL
GCM meteorology.

Contacts: Steven J. Ghan, Jehn J. Walton

Two-Dimensional Climate Model

A new zonally averaged climate model has been developed for coupling with two-dimensional
models of ocean circulation and stratospherle chemistry, Poleward and vertical transport of heat,
moisture, and momentum by large-scale eddles have been parameterized using mixing length con-
cepts based on counservation of potential temperature, water vapor, and potential vorticity, The
hydrological cycle is explicitly simulated, including storage of soll moisture and snow, Land and
ocean surfaces are distinguished in terms of their heat capacity and molsture storage capacity, The
ocean s presently represented as a simple mixed-layer slab, Both the dlurnal and annual cycle In
solar declination can be accounted for. Sea lce is presently crudely diagnosed in terms of ocean
temperature, Cloud-radiation feedbacks are treated through predictions of cloud cover and cloud
liquid water and their Impact on solar and terrestrial radiation,

Contacts: Karl B, Taylor, Steven J, Ghan

Statistical-Dynamical Climate Model :

The Livermore Statistical-Dynamical Climate Model (LSDM), also referred to as ZAM2, is a
two-dimensional, Fulerfan, thermodynamic model of Farth's atmosphere-surface-ocean system In
the moridional plane, The model considers a moist atmosphere and includes such effects as solar
and infrared radiation, variable cloudiness, precipitation, surfuce interactions, the variable extent
of snow cover and sea ice, and mountains, The seasonal version of the model includes a well-
mixed layer and prescribed merldional hoat fluxes in the ocean layer, The model has been used to
test the response to increased atmospherie COy, arctic soot, voleanic acrosol injections, and other
perturbations,

Contacts: Michael C, MacCracken, Karl 1, Taylor
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Simplified Climate Model for Secondary School Education

This “toy” climate modol 1s avallable for oducatlonal purposos. 1L 1a basod on highly shinplified,
radlative transfer thoory and has been tuned to glve reasonably accurate osthmatos of globally
averagod surface temporatures, Tho model currontly runs on Macintosh computors In an interactive
fashion that allows students to exploro the Influence on climate of such factors us COy concontration,
cloud cover, albedo, and wator vapor feedback, A speculative, seml-emplrically based, sea-lovol
model s also included.

Contact: Karl E. Taylor

Oceanic General Circulation Models

Global Eddy-Resolving Model

This model, developed by A. Semtner and R. Chervin, Is & direct descendant of the first oceanle
GCM developed at the NOAA Geophysical Fluld Dynamics Laboratory over 20 yoars ago. In much
the same way as atmospherlc GCMs, this model calculates temperature, pressure, sulinity, and
current veloclty on a three-dimensional global grid, given initial and boundary (surface forcing
and topography) conditions, Semtner and Chervin rewrote the GFDIL code for efficlent execution
on parallel-processing voector supercomputers, allowing for the first time a high-resolution version
that includes the so-called mesoscale oceanic eddies while retalning global coverage. The Semtner-
Chervin code Is now belng transfered to the National Energy Resecarch Supercomputer Center
(NERSC) computers at Livermore, :

Contact: Curtls C. Covey

Isopycnic-Coordinate Model

This m. iel, developed by J. M. Oberhuber of the Max Planck Institute [“Slmulation of the
Atlantic Circulation with a Coupled Sea Ice~-Mixed Layer-Isopycnal General Circulation Model,”
submitted to the J. Phys. Oceanography |, uses density as a vertlcal coordinate, an advantage for
oceanic GCMs because most of the oceans’ mixing processes take place along surfaces of constant
density, This model also incorporates submodels of the oceanic, upper mixed layer and sea ico
(with rheology). The domain is easily adjustable from basin-wide to global. An implicit time-
differencing scheme allows time steps as long as two days for 3° resolution. The model is now being
run at NERSC in cooperation with Tim Barnett and Arthur Miller at the Scripps Institution of
Oceanography.

Contact: Curtis C, Covey
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Ocean General Clrculation Maodel

1'ls model, doveloped by J, Han at Qrogon Stato University and used Tn couplod atmosphore-
ocoan slmulations by W, L. Gutes, ot al, [Coupled Ocean-Atmosphere Models, Flsovior, 1985), {4
o comprohonsive six-level dynatlceal modol of the global ocoan clreulation, with the option of an
tnbeddod mixed layor, This modol calculates the three-dimensional temperature, salinity, curront
and sea-lee dlstributlon In response to proseribod surface forelng and bottom orography in much
the samo manuer as the sitlar ocoun models at GEDL, In it prosent configuration, this modol has
a horlzontal rerolution of 4° latitude and 8° longltude, and roqulres about 60 minutes to slmulate
one yoar’s time on 0 CRAY-1 computer with o time stop of 1 hour,

Contact: W, Lawrence Galos

Upper Ocean Model

Ths model, developed by D, Pollard at Orogon State Unlversity [Performance of an Upper
Ocean Model Coupled to an Atmospherie GCM: Preliminary Results, Climatic Resoarch Institute,
Report 81, Oregon State Unlversity, Corvallls, OR, 1982] and used with a coupled atmospherle
model in extended stimulations for both normal and doubled COy by W, L. Gates and G, 1., Potter
at LLNL, 18 a two-layer model of the upper ocoan, This model caleulates the horlzontal current and
temperature In a layer of varluble depth representing the surface mixed layer and lun an underlying
layer (also of varlable dopth) representing the thermocline, with parameterizod ontralnment at
thete tnterface; sea-lee 18 caleulated under the constradint of preseribed salinity, In its prosent
configuration, this model has a hortzontal resolution of 4° latltudo and 8° longitude, and requires
about 10 minutes to simulate one year's time on & CRAY-1 computer with a thme step of one hour,

Contact: W, Lawrence Gales
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Appendix . Acronyms and Abbreviations
Pl

Auvrany Muenning

1D One-Dimensional

2.1 "I'wo-Dhnonslonal

3-D Thros-Dlmonslonal

AAAR American Assactatlon for Aorosol Resoarcly

ADDPIC Attmosphorie-Diffuslon Particlo-in-Coll

AlC U8 Atomle Fuorgy Comuluslon

AlRawc Alr Foree Cllabal Woathoer Contral

Adu Amorlean Qoophysieal Unlon

AMS Amorlean Metoorologleal Soclety

ANATEX Actoss North Amerlea ‘Tracor Fxporfont

ANS Anmerlean Nucloar Soclety

APCA Alr Pollution Contral Assoclation

APl Amorlcan Potraloum lustitutoe

ARAC Atmosphorle Roloase Advisory Capability

ARM DOE's Atmospherle and Radlation Moasurement Initlative
AScor DOE's Atmospliorle Studlos in Complex Tetralu program
ASME Amorlcan Socloty of Mechanleal Euglieers

AWMA Alr and Wasto Managemont Assoclation

BAAQMD Bay Aroa Alr Quallty Managoment District

CAP Contalnment Atmosphoro Physles

CAPTEX Jross«A ppalachian Tracer Experimont

CoMt National Clentor for Atmospherie Resonrch/Cleneral Clreulation Model, version 1
cic Conuvilasion of Buropean Conununlties

CHAMMP DOE's Computer Hardware, Advanced Mathomatles, and Model Physles lnltiative
CMA Chemical Manufacturors Assoclation

aps Contlnuous-Pelnt-Sotrco

csu Clolorado State University

DNA Dofense Nucloar Agency

DOD U.S. Department of Defense

DOR U.S, Departiment of Bnergy

pDoT U.S. Departnient of Tranaportation

DP DO/ Ofice of Dofonse Programs

LCMWIE European Centre for Medium Range Weather Forecasts
EH DOE/Ofce of Buviranmental Safoty and Health

FPA Fnvironmontal Protection Agency

ER DOE/Ofiice of Energy Resoarch

FAA Foceral Aviatlon Adminlstration

I'E DOE/Oflce of Fossll Energy

FEM [Mluite-Bloment Modellng

FEMY Three-clmensional Fluite Eloement Model

FRERP Foderal Radlologleal Emergoney Rewponse Plan

FRMAP Foderal Radiologleal Monltoring and Assessment Pragram
FY Flacal Yoar
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Q-Division Atrtwspheric and Geophysical Sciences Division

GCM Teneral Circulation Model

GPP General Plant Projects

GRANTOUR Lagrangian Parcel Advection Cade

GRI Gas Research Institute

IAEA International Atomjc Energy Agency

IAMAP International Association of Meteorology and Atmospheric Physics
1IBM International Business Machines

ICRCCM Intercompurison of Radiative Codes in Climate Models

ICSU [nternational Council of Scientific Unions ,

InCoR University of California Institute for (f;nlluburnl.i\'v Research project

with LANL and the Scripps Institution of Occanography

INSRP DOE/DOD/NASA Interagency Nuclear Safety Review Panel
IR&D LLNL's Institutional Research and Development

J-Group Liquefied Gaseous Fuels Program

JANNAF Joint Army-Navy-NASA-Air Force panel

JOWOG U.S.~U.K. Joint Waorking Group

LANL Los Alamos National Laboratory

LGF Liquefied Gaseous Fucels

LIRAQ Livermore Regional Photochemical Air Quality Model

LLNL Lawrence Livesmore National Laboratory

LNG Liquefied Natural Gas

M/A MATHEW/ADPIC

MATHEW Regional Diagnostic Flow Model

NAPAP National Acid Precipitation Assessment Program

NAS National Academy of Sciences

NASA National Acronautics and Space Administration

NATO ASI North Atlantic Treaty Organization Advanced Study Institute
NATO/CCMS North Atlantic Treaty Organization Committee on Challenges of Modern Society
NCAR National Center for Atmospheric Research

NERSC National Energy Research Supercomputer Center

NOAA National Oceanic and Atmospheric Administration

NR Naval Reactors

NRC Nuclear Regulatory Commission or Metional Research Council
NTS Nevacla Test Site

OAC DOE/Office of Arms Control

OCONUS Off or Outside the Continental U.S,

OECD ‘ Organization for Economic Cooperation and Development
OGCM Oceanic General Climate Model

OHER DOE/Office of L. :alth and Environmental Research

OMA DOE/Office of Military A pplications

Osu Oregon State University

PACLIM - Pacific Climate Conference

PCMDI . Program for Climate Model Diagnosis and lutercomparison
PE DOE/Office of Policy, Planning, and Analysls ‘

PIC Particle-in-Cell ‘
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PRC
RPP
SIAM
SLAB
STF
SUNY
TMI
UARS
UASG
UK/MOD
UNEP
VAX
WMO
WSR

People's Republic of China

Reactor Product Program

Society for Industrial and Applied Mathematics
One-dimensional Dense-Qas Dispersion Model
Spill Test Facility

State Unlversity of New York

Three Mile Island

Upper Atmosphere Research Satellite
Unclassified Atmospheric Sciences Group report
United Kingdom Ministry of Defense

United Nations Environment Programime
Digital Equipment Corporation computer system
World Meteorological Organization

Weapons Special Research










