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Dedication

KendM1 11..Peterson

1929-1988

Oll 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 p'rimarily 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 to refine this work at the time of his death. Working
through the U.S. Department of Energy, Atmospheric Re!ease Advisory Capability (Al_AC) oper-
ated by LLNL, Ken was the primary person responsible for developing guidance for the Federal
Aviation Administration rega,rding potential radiation doses to passengers 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 a_Kr fi'om

the containment vessel in 1980, Ken's extensive experience in dealing with atmosp'mric 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 consequences of the U.S.S.R.

Chernobyl nuclear reactor accident _asthe radioactive cloud wa.s appro_tching t]l,. U.S. At the time
of his death, Ken was working on developing models for estimating the internal radiative dose from
nuclear war fallout,.

In addition to his scientific expertise, Ken wa.s zr good friend to many of his colleagues and was

Mways willing to help in every way he could, lie wa.s an excellent writer and reviewer, and ma.ny
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of his colleagues called on him to help improve their dr',fit articles. In recognition of his writing

skills, Ken received the "Distinguished Authorship Award" in 1969 from tile Environment_fl Science
Services Administration, the predecessor to NOAA.

Ken has been and wi_[1continue to be missed by his colleagues, both as _ scientist and a.s _

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 GeophysicM Sciences Division begins its 17th year as

1/,division. As the Division has grown over the years, its modeling capal.)ilities.have ex-

pa.nded to include a broad range of time and spa,ce scales ranging from hours to decades

mid from local to global. Our modeling is now rea, citing out from its atmospheric focus

to trea.t linkages with the oceans and the land. In this report, which is intended to serve

a,s a (:omplement.to the May-June 1990 combined issue of Energy and Technology Re-

vie'w* tha,t focuses on atmospheric sciences researclt, we describe the Division's goal _md

orgmfiza, tional structure. We also provide tables a,nd appendices describing the Division's

budget, personnel, models, and publications.

Introduction

Tlm goal of the Atmospheric and Geophysic_fl Sciences Division (G-Division) of the Physics
Depa, rtment at D.twrence Livermore N_tional I_a,boratory (LLNL) is to contribute to advancing
aild ilnproving the understanding and resolution of a,tmospheric and geophysicM science issues of
broa.d nationM and internationaJ significance. Our r( 'e includes the development, ai)plication, and
interpret£tion of results from carefully formulated al,.i verilied numerical models of the atnmsphere-
geosphere system. We study the effects of energy- a__ddefense-related emissions on the environment
a,nd apply state-of-the-art emergency response models to the consequence assessment and mitigation
of high-impact, technologicaJ accidents involving atmospheric releases of nuclear or toxic materials.

Our resea,rch efforts are primarily focused (1) on studying the perturbing effects of carbon dioxide,
chlorofluorocarbons _md other tra.ce gases, and aerosol emissions on climate and long-term a,tmo-

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 go,ft, we combine a highly experienced and

diversitied professionaJ staff (often involving collaborative efforts with university students and sci-
entists), a broad range of atmospheric models coveril_g sc_fies from microphysical to globaJ, and
participation in field programs and exercises to aid in model verification.

'rbe breadth and sti_ength of our progr,tm continues to grow. G-Division's programs now involve
about 90 scientists, engineers, _nd technical _nd supporting staff (see Appendix A). In addition,
we work with an extended family of researchers from universities,, other labora,tories, mid private

organizations who enha, nce the quality a,nd scoI)e 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

(M_ty---Ju ne 1990),



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

Sponsor Organization Funding _ Percentage
(K$) (%)

DOE

Energy Research (Err) $6,1.17 43.0

Defense Programs (DP) 2,777 1.9.5
Naval Reactors (NII,) 247 1.7

Environmental Safety and Health (Eli) 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

Nongovern merit 0 rgani zati ons 184 1.3

TOTAL $14,218 100.O

a 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 (AI_AC), 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 out' 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 internatienM

level, report on our studies in articles in popular and professionM publications, and invite others to
visit a,nd 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 presenta,tions, and Appendix F for a list of
invited speakers for the Division.)



In our research, we use models to improve our understanding of the atnlosphere-geospllere
system. These models:

• Provide a basis for investigating a,nd understanding causes, feedbacks, and responses and for
testing hypotheses on how tile atmosphere behaves.

• Are an essential tool in the design of experimental programs and provide tile framework within
which to interpret and understand observations,

• Can assist in deterlnining the optimal locations for observations to be taken and in developing
an observationM strategy for investigating issues of importa.nce.

• Can be used to estimate the accura, cy required for instrunlents and their potentiM value for
measuring variables of interest.

• Provide the basis for generMizing localized results and for projecting future conditions.

G-l)ivision maintains a suite of atmos'pheric models capable of simulating the complex set of
dyn_mic, physical, and chemicM 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
na.tiona3 and interna,tionaJ importance. T_tble 2 summarizes tlle 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
1)ivision, with points of contact listed as references for further informatlon. A llst of acronyms and
abbreviations is included as Appendix II,



Table 2. Core Modeling Capabilities.

Transport, Diffusion, Deposition, and Hydrodymunic Mo(h_ls
3-D models of local-, regional-, and globa,l-sca,le dispersion and deposition of radioIluclides.
2-D and 3-D globa:l fMlout models of tlle consequences of occurrences such as nucle_tr war and

power plant accidents.
2-D and a-D cloud scavenging models.
2-D and 3-D hea,vy-gas dispersion models, including phase cha.nge and colnplex terrain.
2-D and 3-D generM viscous, incoml)ressible flow, and therlnal conwml,ion Illodels.
2-D _tnd 3-D heavy-gas dispersion models.

2-D and 3..D nonhydrostatic planetary-boundary-layer models using finite-elenwnt me,tllods.
1-I) (qu,'_si-3-D) model for heavy-gas dispersion in tl_.t terra.in,

Cloud Dynamics Models
3-D nonhydros_atic, compressible pltiine, stornl, and mesosca.le simulation system.

Dry version
Warm cloud version

Ice-bearing cloud version
Aerosol physics module for ali three versions

3-D nonhydrostatic, compressible cloud model with bounda.ry la,yer physics.
2-D nonhydrosta.tic, compressible cloud nmdel with terrain.
3-D hydrostatic mesosc',de model with cloud processes.

Atmospheric Chemistry, Microphysics, and Ra(liatlon Models
3-D regional photochemical-transport model.
3-D tropospheric chemistry and deposition model.
a-D aerosol, chemistry, and climate model.
2-I) and 3-D globa tracer models.
1-D and 2-D globa,l chemical-ra.diative-tra,11Sl)ort models witll COul)led t'eedba,(:ks.
Detailed microphysics model of aerosol and watrln rain l)rocesses.
Detailed gas-to-particle formatiol_ model witll aqueous cll(:nlic;d intc,ractiolls.
1-I) solar and infrared radia, tive transfer models.

Climate

3-D general circulation models of the glob_d atlnosphere.
3-D general circulation model of the trol)osphere.
3-D general ,circulation model of the global ocean.
3-D two-la,yer dynamic model of the global ocean.
1-D and 2-D simplified climate models of tile _,tmosl)here _md oceans.



Division Organization: Tllematic Roles,
Capabilities and Accomplishn]ents, and Key Issues

I

The Atmospheric lind Geophysical Sciences Division (G-Division)is _dministra, tivcly pa,rt of
the Physics Depa,rtment a,t LLNL. G-Division is trino i.volved in l'ese_u'ch _md a,pplic_tion studies
[or a.d witli ma,ny other pa,rts of the La,boratory rind other government_d agencies, To meet these

broad programma, tic efforts, the Division in orga,nized into seven thema, tic groups (see Fig, 1). The
['ollowing sections summ_rrize the roles, capabilities and a,ccomplishments, a,nd key issues for ca,eh
o[' tile groups, followed by a, more detafiled description of each thema, tic group's focus, li'igure 2 is
a piecha, rt showing the relative funding for ea,ch group,

(AscaeOrectrfor Physics
C, Bruce Tarter

.,,_ement and Administrative Support i
_--_ - ==_ _._h===================:===_h===_== ==

, ,,_

( Division Leader -"_

<_rRes°urceManagerh<MichaelC'MaeCracken) <_]Division
| Administrator 1 Facility Manager

Floy L. Worden --_eputy Leaderh! HowardJ. Zangari

k MarvinH. Dickerson 2

Research and Application Group

< Climate and Cllmate ) -- "_

I _ Change

Atmospheric Release MichaelC. MacCracken ( Program for Climate Model
Advisory Capability / Diagnosis and Intercomparison I

Thomas J. Sullivan ('Atmtrspheric Microphysic_ --.< W. Lawrence Gates ..-)

l and Chemistry ]

( MesoscaleModeling _ _ Joyce E. Penner _._ I Global Radiation, Chemical,)

and Heavy Gas Dispersion and Dynamical Interactions

Marvin H. Dickerson, Acting _ Model Applications and h Donald J. Wuebbles

l Nuclear Effects )Paul H.Gudiksen

Figure 1, Organizationaa chart showing the seven thema,tic groups of G-Division.



FY90 Funding by Group

Program for Climate
Model Diagnosis and

Interoomparlaon Atmospherlo Release

$3400K Advisory Capability
$4560K E

Climate and ,_', $800K
Climate Change

$1230K
$108oK_i:

Global Radiation, .....
Chemleal and Dynamloal $1360K $1350K ',,' ,,' ,,' i.' ,,'

Interaction== ' ', ', ',,, ,, Model Applioatlons
and Nuclear Effeots

Atmospherlo Mesoacalv Modeling
Mlcrophyslos and end Dense Ga_ Dlsperslon

Chemlstry

Figure 2. Piechart showing tile relative funding for each group in C-1)ivision,

Atmospheric Release Advisory Capability (ARAC) Group

Role

Ttle AR,AC group is responsible to the DOE, the DOI), and other nationM agencies under tlm
auspices of the Federal RadiologieM Emergency I_,esponse Pla.a (FI_ERP) for developing aIld
providing reM-time assessments of the _tmospherictransl)ort, dispersion, and deposition of ra-
dionuclides in the event of pot,enti,'d or accident_tl releases of ra(tionuclides into the atmosl)here.
ARAC serves as _ key emergency preparedness training resource for more th_n 70 of the I)OE
and DOD facilities.

Capabilities and Accomplishments

• Currently serves more than 70 DOE ;tnd DOI) sites.

• Timely responses to more than 300 exercises a,nd ali major ;_ccidents, includillg Three Mile
Island, Titan II missile, Soviet s_tellite reentry, and C,hernobyl.



Key Issues

• Expand servlcestoincluderemainingI)OE siteswithintwo yearsand o'ffor outsidetilecontl-
nentalU,S,(OCONUS) DOD sltes.

• Growth to 24-hour immedlatte response (<30 minutes).
• Develop new-technology site workstations.
• Provide meteorological prediction tnste_td of asstlmption of persistence.
• Extend catp,_btlities to incl.ude the release of classes of nonratdlologicatl toxlcs.
• Provide internattion_fl connections _md technology transfer,

Focus

ARAC is responsible to the DOE, the DOD, and other natlon_fl governmental _gencies for
providing reM-time assessments of the tratnsport, (tispersion, and deposition of radionuclides in
the event of potential or accidental releases of radlonu,clldes into tl'le attliosphere. In atddltion to

the DOE and the DOD, ARAC provides the major ,_ssessment ca,patblltty for the Nucleatr Itegul_-
tory C,ommtssion (NRC), the Environmental Protection Agency (EPA), atnd the Federal Aviation
Administration (FAA) when radioactive matterial has been releatsed into the atmosphere.

The major focus of this group is to provide atn emergency pla.nning, response, atnd assessment
service to the various government agencies. A considerable amount of ARAC's time is devoted
each yeatr to supporting emergency response exercises conducted by the individual sites and wtr-
ieus federal atgencies. Currently, the sites consist of more than 70 1)OE a,nd DOD fatcilities and
military bases that are connected directly to the AI/AC center via, modems and computers. As
a result, a large patrt of All,AC's effort involves (leaJing with the various individuM client needs
and requirements. At this time, the center is st_dred 4()hours per week for an immediate response
(<30 minutes), and the off-hours ._trecovered by at callout of available st_tft"(_90-minute response).
All,AC currently has about 25 s'oaff members. Their experience encompatsses meteorology, health
physics, computer science, engineering, and computer utilization and support. Within two years,
we expect that growtll in the AR.AC service and support will lead to an increase in staff and will
provide the capability for an immedi_te response on a 24 hours-per-day basis using "at home"
workstations and at quick-recall stair program.

The ARAC center is connected to Air 1;brce GlobM Weather CentraJ (AFGWC) to provide
on-dematnd _tccess to neatr reatl-time meteorological data, from virtually every pl_u:e in the world
that reports nmasurements of wind speed and direction, temperature, pressure, etc. I,br particular
locations in the U.S., these data are automatically transmitted every hour to the ARAC computers,
where they are stored and are readily a,(:cessible if needed. As previously stated, more than 70 DOE
at,d DOD fatcilities are connected directly to the AIIAC center with computers, which transmit
accident or event parameters and site meteorological data t,o the center and receive assessment
l)roducts from the center.

tibr locattions not initially specilied as possible accident sites (e.g., Chernobyl), site-specific
datab_u,_es can be rapidly develope(l by the skilled All, AC static and (:an be incorI)oratted in the
assessments, l_br example, the terrain (lata for tile continental U.S, is on-line and a,ccessible in .
al)out two minutes, with a horizontatl resolution of 0.5 km. These data are used directly in the

assessment nlo{lels; colored and sha{l{:{l gral}llical illlage_; visualize topographical deta,ils such as
lllounta, ins alld wflleys. Assessment Ino{lels ()zl-lilm in the ceni,er are ca.patble of a,ddressing a, wide
range of accidents, varying from nucl(:ar power plants and a,tmosl)heric tests (e.g., C}lincse) to
nuclear weapons atccidents and accidents at I)OE facilities, The main computers _tre the I)igitaJ
I;;cluipment Corporation's VAX-class machines configured to provide re;ft-time data asslnfilation,
file(Itri ca,lculations, and analysis, Approxinlat(:ly 1,2 nlillion lines of computer code have been
written during the past six years to form the basis for this r(,.M-tillle system.
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In add_ticn to providing the base service to the I)OF, alld the 1)01), this group also focuses
on improving and extending its capabilities. For exa.nlple, our respollse to the (',hernobyl accident
led us to expa,nd the scale of modeling from regiollal to globa,l, and to asseIlll)le llerilisl)l_ertc wind
{ie[d data sets from AFCIWC, every 12 hours, Ali.A(?, i,_',llow l>repa,red to a,ddress in near rea,l-time
any accident in the Northern Itenflspllere north of 2()° la titu(le, As tinge a lid resollrc.es perl_fit,
this capa,billty will be extended to the Soutllern llelllispllere and tropica,I regic,zis to colllplete the
development of a globM response ca,p_bility,

On the internationM scene, All.AC, has i)artlcip_tted directly with other countries a,nd the ('_onl-
mission of European C,ommunities _" -'(C,I.,(,,) to hel.l)illll)rove tlleir elllel'gf..llCyl'eSpOllSesystelllS ii,lid Illk,:,
worked with the nuc.lear safety directol'a.te within tile Interna.tional Atoulic l!',lmrg;yAgency (1AI!;A),
Staff members have helped review emergency response systenls for developing countries a,nd hi,re
participated in developing and writing Safety Series documents, which lu'e guides (published in
six languages) that recolnmend l)rocedures to follow iz_ order to l_leet certain safety start(la, tris,
'Phese particular Safety Series documents are used by countries tllroughout the world as guides for
l)la,nning and implementing emergency response systems for nuc.lear fa,cilities.

We have begunto investigate toxic-chemicaa emergency resI)otlse capa/)ilitles and to deterl_tine'
how they might be integrated into the All.AC structure. C:onsolida, tion into G-I)ivisioi_ of the
Laboratory's research project on st)ills of heavier-th)_n-a.ir gases is permitting us to _L<:celerateour
efforts to extend Ali,AC to tre_Lt accidental releases of toxics a,nd hea,vier-than-air g_mes, both of
wltich pose serious potential l>ublic he_tlth threa, ts a,s the result of a,ccidents involvi)ig the storage
of such ma,teriMs at federaJ fai:ilities or tral_sport on tta,ins, on highways, ,and il_ l_a,rl)or a,reas. I_
addi tion, G-Di vision's modell ng a,nd mi crol)hysi cs ex l)erti se _tl',3being Ilse(l tO ftl l't }le['ox l)all (l heavy-

gas _no(teling ca,l)abilities , i)a,rticularly a.s they relate to the COml)lex l)hysical chara,cteristics of g_ses
such ats LIF(;. These combined resources will l)rovide a, l)owerful teel for exl)a,_l(li_g the AliA(i: service
to include toxic-chemical and heavy-ga,s emergency pla,n_ilig, resl)onse , and a,ssessme_t a.ctivities.

Model Applications and Nuclear Effects Group

Role

The Model Applications and Nuclear I!',fl'ectsC,roul)is resl)onsible for the developn_ent aa,(l ap-

plic,ation of computer models that simulatte tl)e release, atn_osl)heric dispersion, and deposition
of ra,dionuelides. The functional ca.I>a,l)ilities of tl_ese _no(tels, which range from t,l_e ge_era, tion

of source terms to the esti)nation of enviro_n_entM in_l)a(:ts, are presently beil_g exten(led to
toxic chemi cMs,

Capabilities and Accomplishments

. M_fintains the technic'M expertise and the advanced _u_mri(:aJ _no(lelil_g framework re(luired to
assess the environmentM impact of a,tmospheric releases of radioa,<:tivity.

. Developed a suite of models for the tre_tlnent of loca,l- to globa,l-sca,le dispersion and fallout ot'
radl o_,cti vi ty,

o l"erformed detailed evMuation of the source te)')n, at)_osl)heri<: disl)ersion , and dose e.stilna,tio_t

resulting from the Chernobyl reactor accident,
. Performs risk assessment studies of wea,l)O_ts-r(:la,ted Ol)(_ra,tions and dos(: a,ss(:ss_)_ents rela,t(:d

to variolls nucleeLr war scen_tl'iOS.

® Performs meteorologic_fl field experi_l<,I_ts I.o ac_l_il'e tile (la.ta. nee<led for model developnteut
and evMuation.
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• Ev_luates tile performance of dispersion models against da,ta froln both local- and long-ra,nge
field studies.

• Performs modeling studies on the sca,venging of a.er()sols by cloud droplets due. _,o electrical
atta,chment processes.

Key Issues

• Integration of modeling capabilities across spatial and temporal scMes.
• Extension of modeling capabilities to include the dispersion of toxic chemicals.
• Collaboration witt! other laboratories in meteorological field experiments.

Focus

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

The development of dispersion models involves participation in multilaboratory research pro-

grams designed to incre_e ou," knowledge of the physicM processes responsible for pollutant dis-
persion. This includes performing joint field experiments in complex terrain areas, dat_ analysis,
and model development. These efforts are currently focused on supporting DOE's emergency pre-
p_redness plans at specific DOE facilities. In the m,,del applications area,, we applied our models

to (1) the simulation of the globa.17scale 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 associa,ted with operations at nuclear facilities.

The models are currently being improved by the inclusion of improved Wind fields, a more
realistic diffusion scheme, arid a localized rainout module. Upon inclu:,ion of these improvements,

the models will be evaluated against experimental da,ta acquired from tr;.,cer experiments, a,s well as
from the Chernobyl reetctor 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
tha, t would enable us to estimate the dose-to-humans through a variety of pathways. Based on
our experience with nuclear materials and the experiment'_l data acquired from DOE's Liquefied

Gaseous Fuels (LGF) program, we plan to extend our modeling ca,pability to the dispersion of toxic
chemicals.

Mesoscale Modeling and Heavy Gas Dispersion Group

Role

The Mesoscale Modeling al_d Heavy Gas I)ispersion Group is responsible for developing, ex-

perimentally evaluating, an_l applying advanced fluid dynamicaJ models for use in mesoscale
and heavy gas dispersion studies and for investigation of specialized problems.

Capabilities and Accomplishments

• Hierarchy of one-, two-, and three-dimensional, finite-element, hydrostatic and nonbydrostatic
models.

• Model applica, tion to: stably stratified flows, gravitational spreading of heavier-than-air gases,

flows around buildings, and atmospheric flow in complex terr_fin (ASCOT).

9



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 AI_AC 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; aad speciMized support to other groups in the Division, to LLNL, to DOE,
and to other federal agencies.

The mesoscale modeling efforts 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 conditio_,s under which the hydro-
static approach is an acceptably accurate approximation of the actual nonhydrostatic coaditions.

Our current mesoscale model is a nonhydrostatic finite-element model tha_ is useful for simulating
small-scale and/or locally driven phenomena such as drainage flow in complex terrain.

Several current fluid dynamics models that solve either the incompressible Navier-Stokes or
Boussinesq equations, or the a.nelastic equations, also exist. These are "alsofinite-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 Mr and in other fluids, some a bit more exotic such as
liquid uranium), and stably stratified flows. These models are currently being used to investigate
flows around buildings, with pollutant_ 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 v.'ill be tailored tc meet ARAC's needs and will

be delivered to them as a forecast model to replace their _':::c,Lt 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 the FEM3 (three-dimensional finite-element) model will consider
improved two-phase thermodynamics rind a more advanced turbulence parameterization. All model
improvements are tested thoroughly ,,ising field data t_ken from our wrious field tests.

Planned support activities of this group for other groups in the Division are directed toward,
but not limited to: At_AC Group, Mc_lel Application and Nuclear Effects Group, and Atmospheric

Microphysics and Chemistry Group. The Mesoscale Modeling and lieavy 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 globM 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

tl'ace .gas and aerosol distributions and their effects on climate. The second is through the
development of dynamical cloud models with the capa.bility 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.
• Three-dirnensional, hydrostatic dynamic and microphysical mesoscale planetary-boundary-layer

model.

Key Issues

• Development of three-dimensional global tropospheric chemistry, aerosol, and climate model.
• Study of the interaction of aerosols and cloud microphysics.

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

• Study of the dynamics and microphysics of postnuclear-exchange smoke plumes.
• Parameterization of the life cycle and radiative effects of stratus, cirrus, and convective clouds

in genera] circulation models.

Focus

A major research focus of the Atmospheric Microphysics a_ld Chemistry Group is studying the

fate of aerosols (and gases that form aerosols) that are injecte,t 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 wriety 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 (NO,) transformation to nitric acid and to evaluate the long-term transport and impact of
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anthropogenic NOx emissions. Expansion to treat tnore complex photochenlicai cycles is underway
so that prediction of global Oa fields and O]I will be possible very soon. It| the future, we l)lal| to

investigate the role of regional atmospheric chemical transforlnations as sources of Oa and ()li ill
the globM atmosphere.

A unique, state-of-the-art, three-dimension,tl, dyna.mic and microphysicaJ cloud/mesoscMe
model has also been developed by the group. This model has been used to study the atnlospherlc
circulations and microphysical processes above la,rge, 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 hydrolneteors formed
in fire-induced convective clouds. The model is applicable to a wide ra.nge of cloud a,nd lnesoscaJe
atmospheric problems and will be used to _ssist in the development of improved cumulus, stra.tus,
and cirrus cloud representations and their p,tra.meterization in globM climate models.

Global Radiative, Chemical, and Dynamical Interactions Group

Role

The GlobM Radiative, Chemic',d, and Dynamited Interactions Group works to adwmce our
understanding of the radiative, chemical, and dynamical processes that determine the state of

the globM _tmosphere, particularly with respect to the troposphere and stratosphere, l_mphasis
is on modeling the basic processes and the interactions of these processes, comparing our
modeling results with observations, and determining t he potential iml)acts of human infl uen(:es.

Capabilities and Accomplishments

• Provide reference simulations for international assessments of the effects of chlorofluorocar-

l)ons, supersonic transports, nuclear weat)ons, and other human-induced perturbations on at-
mospheric ozone.

• Perform anaJyses to be used in assessing how the changing comi)osition of greenhouse gases
will affect climate.

• Develop integrated measures of the relative effects of various trace gas emissions on ozone and
elimate.

• Provide science team members for Upper Atmosphere Research S,_tellite (UARS) I)roject.
• Develop one- and two-dimensionM global chemical-ra.diative-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-di mension'al chemical- radi atf ve- transport modeling capabili ties.
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Focus

Research in the Global l{.adia.tive, ChenlicaJ, aJ_d l)yna.nlic_fi Interactions C.,roup is a,inled _t
st,udyiltg the r_uliative, chenlic_d, _md dyn_mlica.l proc:esses I,ll_t determine tlle st_Lte of the globM
al,lllOSl)llere, particula,rly with respect to the tropc)sphere and str_tosphere on global sca,les. Mucll
consideration is given to studying the interactions between the va,rious processes. The one- and
two-dinmnsionM models developed to dale to study these processes and their interactions have been

. extensively used in nation_fl and interna, tionaJ assessments of the effects that trace ga,ses enlitte.d into
the ;-_tino,;phere may have on the globM distributions of ozone _nd ternper,_ture. Scientists in tills
group, as well _,s their resea,rch aCCOlIlplis'hlnellts, ha,ve Mso played major roles iii tile consideration

, of poteiitial regulatory actions of trace gas emissions aL both national (e.g., FAA, EPA, and I)()E)

and international (e.g., United Na,Lions EnvironmentM Programme, Organiza, tion for Economic
Cooperation a,nd Development (O ECI)), and World Meteorological Organization) levels.

For these studies, we liave developed _nd ,m., apDlying ()lit,.- £nd two-dimensional r_Miative.-
cllenlicM-tr_msDort models to study troposl)heric _tilclstr_tospheric processes. Our two-dimensionM
lllodel is a state-of-the-_trt teel for the study of a,tmosl)heric physic_ and chemic'_i interactions; it
includes the cap_bility of analyzing the efl'ects of longer-lived trace constituents emitted at the
l:;_m,h's surf_tce or l:he effects of gases injected directly into tlm _tmosphere. rib _tid in these studies,
we axe developing radia, tive transfer models to determine absorption ,rod scattering properties of
tile a.t,lliOsl)here _md their result_mt eft'ect on atlnospheric tmnlmratures. AnaJyses using the above
lilo(lels are being con(lucted to sl,tidy the iml)a(;ts tha,t tra,ce gases, if|eluding chlorofluorocarbons,
(1114,CO2, and NO×, will ha,ve on the globM a,tmosl)here, l'ast, l)resent, a.nd possible future st,Ltes
of the a.tnlosphere are being ex_mfined with the inodels in an _LttemI)t to better determine existii|g
lii_|:"-_.tions iii our uildersta, nding of atmost)heric l)rocesses and intera.ctions. Ill SUpl)ort of the
l)OE's Carbon I)ioxide Resea,rch 1)rogram, we _Ll'('.conducting studies, using tile _bove models in
(:oll,d_oration with models of climatic l)l'ocesses, to exa.nline the effects of tr,_ce g;_ses on climate.

We are _flso beginning the development of a next generation, three-dimel_sioua,l, chemicM-
radiative-tra, nsl)ort model, with tile intention that this nlodel can be fully COul)led wil,h global
(;lii_lat,e models.

To assist in observational studies, wt are serving a,s science tea.m inembers (as theoretic_d
iilvestig;m)rs) in the prepa.ra, tions for la,untiring NASA's UAI/,S. After this s_gellite is launched
(expected iii Inid-19I)l), we will use the interning satellite (larta_in conjunction with our models to
i_nl)rove our theoretic;d understandil|g of stra,tosl)heri(" a,nd lower mesosI)heric processes.

Climate and Climate Change Group

Role

'l'l_e C,liInate amd Climate Cha,i_ge (ill'OUl)is resl)onsil)le for a.dwtncing oui' understanding of

tl_e mecl,_u|isnls and nature of (:lima,te cl_a,I_ge(1)ritna,rily those changes resulting fron_ fa(:tors
atl'e(:ting a.tmost_heric cornI)ositio_l) t)y using clilna,te models a,n(l conli)aringthe results from
tl_ese ino(iels witll observa,tiona,l data,.

Capabilities and Accomplishments

• ()i_(.',-,two-, a,nd three.-dimel_sioita.l models of tl_(: a,t,i_osphere a,nd three-din_ension_d models of
the oce.an.

• ll_teractive simul_tions of ('limate aJ|d (:Otnl)osition (:ha.ilges, including tre_tme.nt of perturba.-
tions resulting from sulfur emissions, l)ostI_uclea.r slnoke, a.n(t vol(r._nic erul)tions.
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• Participation in the University of California Institute for Collaborative Resea,'ch (InCoR) on
Atmospheric and Oceanic Modeling for Climate Change with Los Altunos National La.boratory
and the Scripps Institution of Oceanography.

, Lea,d responsibility for preparing the DOE multilaboratory report on EneTyy and Climate
Change and the U.S./U,S,S.R, report on PTvspccts for t,_tture 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 Comi)uter Itardwa, re, Adva,nced Ma,thematics, and
Model Physics (CHAMMP) Initiative to develop an advanced generation climate model.

• Enhancement of collaborative research programs on Earttl System Modeling within LI, NI,, with
other campuses of the University of California, and with the wider university community,

Focus

The Climate and Clitnate Change Group studies the mechanisms tha, t control climate change.
Research ranges from study of the role of interactions between individual processes as they affect
the climgte (e.g., cloud interactions with solar _tnd infrared radiation) to integro(ted 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 clilna, te change that
would result from changes in atmospheric composition, Because the reli,_bility of current atmo-

spheric models is limited by insufficient understanding of cloud feedback eff_,cts, we are anMyzing
the role of clouds and their effects on radiation using avalla, ble 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 l)OE Atmospheric and Radiation
Measurement (ALUM) Initiative, Milch will provide data for model _validation.

A second goal of our research is to sharpen our understa, nding of the rate of climate change,
that is, to determine how quickly the climate responds to changing atmospheric composition. This
involves the use of _ simplified zonally-averaged atnlosI)here-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 stMf of the 1)Ol!','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 ce,z-induced clima, te change, preparing a
DOE multilaboratory report on Energy and Climate Change, and co-editing and co-a,uthoring the
U.S./U.S.S.R, report on Prospects for [fittu're Climate.

Since the initiM suggestion in 1982 that smoke from postnuclear fires could affect the clilnate,
we have been using our models to estimate the potential clilnatic effects of massive snloke 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-a.tmosl)here ca.lcula,tions
to study potential effects the year following the war.

The Physics Department's Institutional Research a n(l I)eveloi)nmnt (lR&I)) l)rogra.m lla,s pro-
vi(led support for modifying and a(l_Lpting atmospheric and oceanic general circulation lnodels for

our use in studies of COu-induced climate change, "lluclc.ar winter," and other atmosl)heric per-
turbatiorls. These efforts are intended to hell.) t)uild 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 ts clutrged with tile design _md execution of a systematic program of di_tgnosls
and intercompartson of globM climate models and with tile establishment and promotion of
adwmced standards tn climate model expertnmntatlon, v_fltd_ttton, and visualization,

Capabilities and Accomplishments

• GlobM atmospheric and oceanic models for climt_te stmul_tion,
• Diagnostic software for radtation/ermrgy balances,
• Storage _nd retrieval system for very ltu'ge databases.
• Vlsu'adization software for dttt_b_tse dtltgnosls,
• Model-consistent observation'al climate database.

• Leadership of internation.'fl climate model intercomp,trison ,_ctivittes,
,

Key Issues

• Climate simulation with the I_uropettn Centre for Medium R_mge. Wettther Forecasts (ECMWF)
model _t T106 (about 100 km) resolution,

• Developnmnt of strategies for model diagnosis, including cloud/ratli_tlon feedba, ck.
-'t S• Preparation for extended simulation with ocea,nic GCM.,

Focus

, The Program for Climate Model Diagnosis and IntercomI)_trison (PCMD1) was established in
1988 in response to the need for increased understa, nding of the differences between the simulations
of climate ._nd climate change produced by current GCMs.

These simulations involve the extende¢t iterative solution of the coupled nonlinear dynami-
ca,l equ_ttions governing the atmosphere, the reMistic par_tmeterization of important subgrid-sc'ale

processes such as cloudiness/radiation, convection _tnd surface hydrologtcM efl'ects, and the pre-
scril)timi of rea,listic boundary conditions, Over the past decade or so, approximately _ dozen
models have met these requirements and, httve demonstr_Lted an ttbility to simul_te the observed

l_rge-sc_fie structure of the mean seasonal el[ma,tc with rea,sonable _tccuracy, When _tpplled to the
problem of simulating the likely el[ma,tic effects of incre_sed atmospheric CO2, however, such mod-
els show significant disagreements on loc_fl and region_fl scales and display a marked sensitivity
to tile treatment of clouds, C.loser examin_tion reve_fls th_tt the simulated climate, especiMly on

s_ll_dler scaJes, is sensitive to virtua, lly M1of the physica,l and numerical processes in the model, It
is a.lso incre_tsingly recognized that there are serious systema, tic errors in the reference or control
clinla, tes of _fllmodels, _md tha, t exta, nt el[ma.re simula, tions htwe not been made. (or verified) under
¢:o_nI)a,r_d)leconditions,

In an _tteml)t to bring some order to the l)ra,cti(:e of climate modeling and to l_y _ basis
t'or system_ttic model ir,_I)rovement, the PC,MI)I wa,s esta, blislm(l by the Atmospheric and C,ltn_a,te

Ilesem'ch Division of the DOI!'. Of[ice of lleaJth trod Environmenttfl l;ese.t_rch (OILER). As rh(;
initial steps in a long-range str_t, egy of nunlerica,1 experiment.,tion to esta,blish the sensitivity of
simul_tted climate to model formulettion and pa rameteriz_ttion, the PCM1)I is focusing on the effects
of horizontM model resolution ._nd on the roh,. of clou(ts, In the former are_t, the PCMI)I, in
cooI)ertttion with the ECMWF, whose mo(le.l has been selected as the first of an eventual suite of

II_odels, is undertaking a, set of l)_rallel simula, tions with four different resolutions theft Sl)_n (and
increa,se by about a fa,ctor of three) tile resolution of (:urrmtt clim_tte mo(le.Is, These simulations are.
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the first to be made under standard condtt, loils a,s recommet_ded by the World C,llma, te ll,esea,rch
Progralil, and they will be system_rtic,'dly examtIled wi til cOlnl)l'eliensl ve (llagnostlcaitd vlsua,ltzatiotl
software now being developed, A model-oriented clltnate (la,tabase and a clllna, te mo(Icl tllform_ttion

, system a,re Mso under construction,

In cooperation with the international modeling comnlunity, the PCMDI is also underta, king
det_filed anMyses of cloud/radiative feedb_ck in clltnate models under a DOl!_-sponsored tnodel
intercomparlson project, Prelinflnary results show a three-fold wtrlatlon tll the sensitivity of current
models to the effects of clouds, New slmult_tions are underway with i_high resolution version of the
ECMWF model ,zn,d the results are being compared with climatic dat_ on the I?m,rth's ratlta,t,ton
budget provided by satellites, ,

The PCMI)I's long-range progr_m is designed to: carry ottt systematic ntllllel'l('_d exl)erlmen-
tation with representative climate models in order to est_blish the modeled climate's sensitivity to
formulation, parameterization, and forcing; promote stallda.r(ls in climate model desigtl, simulation,
vMidation, diagnosis, documentation, and lntercompa, rlson; develop innovative so['tware for visu-
_tlization and diagnosis; devo!op a comprehensive mo(Icl-oriented climate database; and 1)roHIote
increased coordination a.n(' cooperation in the climate mo(leltng comnluntty,

A ck now led gme nt s

We _ppreciate the efforts of' Doris Gresho and R.ayl(;ne Cool)ct in preparing _tn(l asSelnblillg
this report, Elaine Price for her editing, _tnd Duane IloeI)ker for his covet' design. The work de.
scribed in this report is supported by the U,S. Department of Energy and other agencies arid is
performed under the ausl)ices of the U.S. Department oi' Energy by the La,wrence Llw_,rmore Na,-
t'onM Laboratory under contract W-Td05-ENG-48. 1;br further inforlnation, individu_fls mentioned

in this report may be reached through the Division Office, telephoHe diS-d22-1800 (FTS 532-1800)
or by writing to tim Division I,eader, Atmosl)heric and Geophystca_ Sciences Division, Lawrence
Livermore National Laboratory, P.O, Box 808 (L-262), Livermore, CA 94550.
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Appendix A. Division Sciel tists and Supporting Staff

G-Division Scientific Staff

Name lteseardt Interesta lllghcst Degree, School

Cytlthia S, Atherton atmospheric chemistry M,S, MIT

Michael M, Bradley cloud dynamics, microphysicso Ph,D, U, illinois, UrbamL

alld mesoscale meteorology

Stevens T, ('.lh_ul computational fluid dynamics, Pl,,D, _ U, of Callf,, Davis

heavy-qas dispersion

Pet, ct S, Oommll photochemical kiuetics Ph,l), U, of Callf,, Berkeley

Curtis C, Covey fluid.dynamical simulation Ph,D, U, of Callf,, Los Ang/fles

Marvin II, l)h'kersoti real.time dose modeling, Ph,t), Florida State U,

model evaluaHon

I,eslh', I.,, l;3dwards numerical modeling; atmosphe_'ic M,A, U. Oregon

microt, hysics, hydrodynamics

,James S, Ellis remote sensing oi climatic Ph,D, Coio,'ado State U,

change

l)t,nald L, Er|md_ turbulence, atmospheric Ph,D, 13, of Callf,, Davis

heavy-gas dispersion

Kevln T, Foster boundary htyer meteorology M,S, U, of Calif,, Davis

W, [mwrencc, Gates climate dynamics Plt,l), MIT

Stcven J, Ghan ° climate dynamics Ph,l), MIT "

i(etth E, Grant radiation transport, uncertainty t_h,D, U, of Caltf,, Davls/IAvennore

analysis, transport.kinetics models

(lC()l'gC 1), Clrccllly, Jr, planetary houTtdary layer M,S, U, Oklahoma

meteorology

Philip M, Gresho computational Jluid mechanics, Plt,l), U, Illinois, Urbatm

numerical methods, Jivite elements

Stanley I., Grolch data analysis Ph,D, MIT

Patti il, Clttdlksen radiological impact studies, Ph,D, U, Washington

meteorological measu'rements

Ted F, l ltu'vey aerosol science, environmenlal Ph,l). U, of Calif,, Darts

radiation, source terms

¢

J.:;eph B, Knox ! atmospheric sciences, climate change Ph,I), U, of Callf,, l_os Angles

I:l.uald I((,Olmta, t** hetlvy gas dispersion, l_h,l), U, of Calif,, Davis

accidental release of toxics

lh,lr l.allgv turbulence and diffusion I'h.l), Ii, of Calif., l)avb_

Ftolwrt I. l:;e 1,htnt:tary boundary layer modclin!l l:'h,D. U, of Calif,, San l)htg()

,h_h|t M, I_e.,,ne, .It', atmost, hcric numerical modeling t'h,l), l.wa State U,

* (:urrent alltllathm: Battelle Pacific Northwest l.,abt,rat.ry

I I'rimary allillatton: II, of Calif,, l)avts

"* Currellt alltltatlt, n: Etmrgy Pr(_gram, IA,NI_
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G-Division Selentitte Staff (Continued)
i

Name ltesearc.h Interests Highest Degree Scht)ol

Michael C, MaeOracken global climate studies, Ph,D, U, t,f Callf,, D_Lvls/Llvermm'e

elim at e mod e ling

Jolm W, McOhu'e physics B,S, U, Southern Callft_rnltt

Maa'y 1(, Meyer climate dynamics M,S, U, of Wisconsin, Madlatm

Connee S, Mitchell atmospheric dispersion modeling, M.S, Oregon State U,

emergencl/ response

Charles R, Moletlltamp cloud microphysics, preeipitatio_t Ph,!), U, Arlzoua

scavenging, alotLd and

mesoseale modeling
i

doyee E, Penner microphllsicsj atmospheric chemistry, Ph,D, Harvard U,

and climate change

Ltnda G, Peters physics M,S, Colorado School of Mines

Thomtm J, Phillips climate dynamic,q, numerical Ph,D, U, of Wisconsin, Madison

modeling, statistical diagnostic

analysis

Gerald L, Potter climate change and model Ph,D, tj, of Calif,, Los Angeles

sensitivity studies

Daniel ,I, Rodriguez model evaluation ttnd boundary M,S, San .lose State U,

laller studies

Leonard C, Rosen atmospheric optics, wave Ph,D, Columbia U,

propagation, radiatioTt transport

Thomas d, Stdlivan mesoscale meteorology, air Ph,D, U, of Ctdlf,, l)avts

pollution, emergency assessment

Karl E, Taylor climate dynamics, Ph,D, Yale U,

atmospheric dynamics

dotm J, Walton modeling and code development, Ph,D, U, l(,,ttmas

global transport and dispersion

Donald J, Wuobbles atmospheric chemistrtl, chemical. Ph,D, ' U, of C_',if,, Davis

climate interactions, numerical

modeling
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...... _Iochnlcal Supporting StaffG-Division Administrative alld ' '

Nattm Position

Julia J, Bagorlo Assistant Resourc_ Mmtager

Marllyn I3, Borton Admhdstratlvo Spec, hdlst

llaylenoCooper hfformatioltSyst0m Spcclallst

Paal_elaM, Drumtra AdministrativeSpecialist

K, Patrick b3111s Field Support

Doris G, Gresho Achnhtlstratlve Specialist

Pearling I las._an Llbrarlaal

bhttla S, Kennedy Admhdstratlve Specialist

Broox L, McLem,lre Atlmlnlstratlve Specialist

Mabel I(, Moore Admhtlstratlve Speclldlst

bonnette L, Roblnson htformatloltSystem Assistant

Floy L, Worden Resource Manager/Admlnlstrator

Howard J, Zangarl FacilitiesCoordinator

Affiliated Staff

Name Afllllatloxl Discipline Highest l)egroe School

[tosemary O, Abrlam 1 computer science, biology 13,S, Callf, State U,j Hayward

l-tonald L, Btu,.kett ,1 atmospheric sciences M,S, U, of Calif,, Davis

Rldlard D, Belles 1 applied science M,S, U, of Ctdlf,, Davis

Diane F, Bonner I mathcm_:_tics B,S, StateU, of N,Y,,Albaxly

Sharotl C, Braley 1 general education A,A, Chabot College

lildlard T, Cederwall 3 meteorolo,qy M,S, Salt Jose State U,

Stephen P. Cooper 1 computer science B,S, Purdue U,

Thonms G, Corsettl 1 atmospheric science M,S, State U, of N,Y,t Albany

J, Dua'yl Crew 1 mathematics M,S, Gallf, State U,_ Hayward

I)ce Atm R, Davi 4 mathematics B,A, Westmont College

l(obert S, Drach 1 mathematics M,S, Ohio Otflverstty

Harold P3, Eddleman 1 electronic engineering B,S, U,S, Nawd Postgraduate

School,S_utDiego

l_.obert P, Freis 1 engineering science M,S, U, of Callf,_ Berkeley

Dotlald A, Garka 2 electronics engineering B,S, Devry Inst, Tech,

Yolancla..G, Glaeser 4 general education A,A, Ohlone College

Glenn L, [lage 1 mathematics B,A, San Jose State U,

Anthony "I'. l loang ,t computer science -- San Jose State U,

John K, llobson 1 mathematics M,S. U, of Calif,, Berkeley

I,(_onard A, Lawson 1 mathematics A,B, Calif, State U,_ Chlco

Ambroslo R, Llcummn 1 computer science A,A, Ohlone College

Mary Ann MaJmlgh 1 Tnathematics, chemistry B,S, U, Minnesota, Duluth

Rose C, McCallcn 2 mechanical engineering M,S, U, of Calif,, Davis

l_obert L, Mobley 1 mathema_ics/physics B,S, N,t_, Missouri State tj,

R, Mtkl Moore 1 computer science M,A, U, of (3allf,, Berkeley
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Afftllatod St,aff (Ctmthnmd)
, ,, , i ,, i ........

Name Allllhd, hi,xl I)[m:lplhm l ll_heHt l)e_ree Sl_h..I

Loult4e I_, Morrill 1 mafhemati,:._ B,S, U, .f Oallf,_ I)avlM

Jolm S, Na_t_trom ,t almosphet.i_; seieTlee_ M,S, U, of Oallf,, Dav[H

Oharles J, O'Cmmor 1 t!c,mt_ uler scicnee M,S, Chilli, SI,ate 11,, Ihiywiu'd

Walte|' W, Schalk, II1 ,I meteoroh,!ly M,S, lelm'lda SI.ate U,

Debrti It, Sparklntui 1 eo.ipliter sel'eni, e B,S, tj, .f Lile l_lu:llll_

Johll I_, SLotit 5 ,qcologiCal en.qilicel' M,S, (lohlralhl Schlull iii Mllie_l

l)_Jnlse A, Stllillkilw/l 1 cvllii0ilter ._l!ieiic/i M,S, t.l, (-if C_allf,, Davis

RilylllOlld L, Till' l) 1 iriilth/Jlllllti¢tt B, A+ Still Ji:lso Sl/lie U,

Sillldl'li _, "l'aylor 1 ¢Oilltllllt'l' sel'ence, .qhltislic., B,S, [llwa St,al,lt t.l,

David P, 'rlll'll/W 1 lllath/¢ollllilltt'l ° ll'ielit_/' _,S, Wlll4[t!l'll WlL_lhlllg[Oll ii,

Hoyt Walker 1 0f.lllllillle. l' ,_eiellce, M,S, U, of (Jallf,, Davis

#eo!lriillhY M,A, StUl ,loll; SI.ate ii,

Jolt CI, Welch 2 electronic tech,_ Ioqy ..... Delta (_oll,g,/C_hab.t

Collrad A, Wllgtl..i 1 ,lpt, lied .lalhc.lalics M,S, Calif, Sl,ate tl,, Sal:i'/illll:llt.ll

Delul N, Wllllailm 1 ¢Ollipiilt'.r science M,S, Callf, Stal, e U,, (_lilco

(Jill'Olyli I), Wllllple l Cotllplllel' sirielli'e lYe.S, C!llllf, SL/li, lt t.l,, Slit:i'lillll_ill.ll

1, C_olriptltiltlOill+ Deplirl.lli(!!lti Appllctitlons DiJve.lopliiiilit Dlvb;Itul (LLNl,)

2, [;_iithii_t_i'hill I DilptlXtillt+qiL (I,I,NL,)

3, lgnvlroniucmtal ScltJiicetl Division (LI_NL)

,1, EG&:G

ts, K M 1

Participating Guosts

Nalne t_.c,sl;arcJl lnl.erest_t l)egree Scll(_tJl

llugh W, Eilsaeaser iitmospherie dytia.iics, Ph,D, tj, C:hh:atl.

(retired) climate chan#e

llowiu'd C, lt.odean turbulcnce, ther.lodytlattliCS M,,q.', Plll'dtle 1.1,, Slltlthl;l'll

(retired) Methlldbit I.J,

CJhal'les R, Velth elller//ent.'y re,lponse ..........

(retired)

Post-Doi'toral h lllllllnl, i)i)s

Nanm ltimo/irl.'Jl lilteresl, s Sill.ld

IlUllg-Neng ,q, (;_llill atillospheric .l¢ie.li/!e,s II, ()f Illhilds, [ll'llllllll

C_hh:ll-liila (J, (_htlilllg ch, ud lJhll.+ics, ¢OOlpUtaliOllal Jluid d_/llllllliC,t Ii, ()1' IIIilu'is, til'li/ilia

,]allll |i_, Dlgllon ai.iq,U_heric chc.lislry, tract: gti,_ citiission._, Sl,ill, i; II, .f N,Y,, SI,l_lly I-II'lll_k

global chall+qtr

l)(Itll_ll_'l li',. I(llllltm,li Irace.!la.l chelllistl'y illli'l'li{'tiOll,l Ii, I,f t_allf,, tlerki_hiy

Kt.'lllielh I(, Slli.'l'lier tiff lit'li 71ii/'l+li(_liOll,li illlt'rflililUlil vilriiibility SL/li.it II, .f N,Y,, ,ql.tllly Ih'l,(ik
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Consultants
i,

Nalne l)l_Cll}llne () rglinl'#,lil, h, il

Jltllll_H Ii', l_llu'lJlerl diiiicill(l_f lllll iill!lC llle,7it Niiviil Welip(:llift (]eliLiw

A Ifl'l:d K, Blliekiidtu ° m ct eor,, h,,o11 Self-elul}loyed

Ililiierl D, {1,esH iliechaliical t;llgiiii,,eriliql StiiLe U, of N,Y,, Sttlll_ Bi'l;iok

ii till 0spherie Iii odl_Ifliq

,Itilhis S. Chlillg atmospheric modeling State LI, of N,Y,t Albany

I/,d_,t,rt M, (lhervhl eolli/Jiiter modeling NCAR

Terry L, C_l/xl'k meatlscalc m0de/ing NCAR

11(,lJt_rt Ct, lglllilgl4oti ill elee roh,,qV U ni yet'sl t) ° (ff M lirylli_td

lluchJllih J. li_llgehlitiilll lllln o sph e ric s c iellcct Self- employed

State U, of N,Y,, ,qSultiul Iliulieed nlmospheric physics <t.oliy Brook

Jitllm_ Ill, II},'tiW theoretical a,_trophysics H, of Flcn'lihi

,hmel)h t3, Kleull) flllid IllCI,*AIIIliC,I NCAI%

S,,iilli M, i_reidenwels-Dtuidy (l,,ro,_ol nilclealion Still Jose Strife U,

_l.t_,%'(;llK, Kl'llt_l_(.w atuioslJheric sciences U, of Lltllll

{t lC !1 ! {ItW SOIl .qeOIo_/J Self- euipl(Jye(i

lt(ibert I_, S/lllJ chclliical ellgflleerin,q LI, of {lol(irildo

(]lhtirles _, Shiipil'O I dose a,l,lf,l<llllCllt Illld Cidlf, Stlite LI,, Sall |i'l'lUlcll.Ico

fT_CCl,l 0s iOliiZillq radialion

Julia M, Sling() meleorolo.o9 NCAR

Clr(,g(,ry "l'iiyl(ir ¢h, ud physics and CMtf, Stiite LI,, Chluo

atmostlhcric chemfslr!t

litllmrt t3, Wllhehuson ('loud dyna,lhrs t l, of Illinois, tJl'bluui

Mort(iii (I, Wtlrtele CltmO,_llheri¢ dgllalilics U, of CMIf,, Los Allgeles

I Alsil SttliilllCr elul_h)yee
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Interest Areas of Scientific, A mliated and Technical Staff

R,osemary O, Abrlant is inWrested iii user ixaterface issues and iii artificial ilatelligence, specifically expert

systettm,

Cynthia S. Atherton is interested iii colllputer nlodellng of (,lte chemistry and physics of the atmosphere,

with clllphasis on the troposi_here, ller work enco,llpasses regional to global scales, mid includes the atmo-

spheric chemistry of t.h_,,natural and polluted troposphere.

R,onald L, Baskect is inr,crested in dispersion models on local and regional scales as applied to enmrgency

response and air quality problems. Ite also works on integrating meteorological measurement systems into

ARAC and evaluating the MATIIEW/ADPIC models against tracer experiments,

Ric.hard D. Belles htk_ a broad range of interests including scientific visualization, data commullications,

and model development and optimization, The images on the front and back covers of the accompanying

issue of Energy and 7'ethnology Review* were produced by his PEI{SPEC program, which was described in

the I,aboratory's January/Febrtlary 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 Inodeling,

cloud nficrophysics, aerosol-hydrometeor interactions, and mesoscale inodeling, especially in interactions of

mesoscale and cloud-scale dynalnics and flow over colnplex terrain, lte is also interested in the parameteri-

zation of cloud processes i_l general circulation Inodels.

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

YI,ichard T. Cederwall is interested in modeling turbulence in the planetary boundary layer; a topic he

is l)tlrstling in his I'h.D. dissertation research mt Stanford University. Ite is also interested in atmospheric

transport and diffusion phenomena mt, local and regional scales.

Stew:ms T. Chan h_ worked in the aretu,_ of fluid dynamics, thermal convection in liquid metals, and the

atlnospheric transport and diffusion of heavy gases. Itis recent research activities and interests include the

dew:,lopmeIit and applications of two- and three-dimensional computer programs for modeling incompressible

flows, mesoscale at.mosl_heric flows, and the atmospherlc dispersion of heavy g_es.

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. Ills interests also include the regional impact of global climate

change.

Chlen-Hua (Cathy) Chuang is primarily interested in the microphysics of clouds axial precipitation,

the paralneterization of these processes in mesoscale and global models, and the effects of pollutants on

Inicropllysics and consequently on clilnate, She is also interested in atmospheric electricity.

" See footnote on p.1.
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Peter S. Commll is interested in tile trace conlposition and photochernistry of the troposp[_ere azl(I strato-

sphere and iii tile related etreas of gets phase kinetics aild spectroscol)Y, lie has lnodeled tlm ell'ect,s of clllo-

' rofluorocarbons (CFCs) on the atmosphere and is involved with tile Upper Atmospheric Research Sa.tellite,

to be launched by the sl)ace shuttle in 1991.

Stephen P. Cooper is interested in data communications and networking as apl)lied to distributed colnputer
applications.

'i

Thonms G. Corsetti is interested in c:liln_te mod(;ling and climate model analysis.
',,

Curtis C. Covey is interested in the role of the oceans in clinmtic change. As part of l.im 1)(IMI)I, he

is creating a database on ocean general circulation models and evaluating selected OGCMs tbr possible

future model diagnosis and intercomparison, lie is preparing to use an OGCM to ex;.uililm tile rate of global

warming in response to human-produced greenhouse gases.

J. Daryl Crew is interested in developing application software involving al)plied mathelnatics _md colnl_ute.r

graphics.

Marvin H. Dickerson has been I)eputy Division Leader of the Atmospheric and Geopllysical Sciences l)i-

vision since 1987. ltis research {aterests include atmospheric dispersion, emergency respollse to al.lnospheric

releases of nuclear emd toxic material, and _ttmospheric numerical modeling in general.

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

development of global trace gets emissions inventories froln natured and an!Jlropoge|lic source.s, arid t.'tw ell'ect
these emissiolls have on _tmbient trace gz,_sconcentral, ions and climate.

Robert S. Draeh is interested in scientific database develot)ment, artificial intelligence, scieltt, ilic progralll-
ruing, and applied mathematics.

Harold E. Eddlelnan is interested in supporting the atmospheric chem{stry group's studies of slnoke all(l

black carbon with GRAN_I'OUI{ and CCM I/G R,A NTOU Ft coupled mode.

Leslie L. Edwards is interested in numerical solutions of physics problezns arid has experience in cOtnl)ress-

ible fluid dynamics, reactor safety, waste disposal, and ch:tailed microphysics of the at.mosl)here. Ills currexd,

work is in the areas of atmospheric fallout phenomonology, pollut, allt trm_sport, and l_redictor/corrector
integration of measurements with models.

James S. Ellis is interested in satellite remote sensing of tlm l!3arth.--atnlosplmre system and model (.'.wtlua-
tion.

K. Patrick Ellis is the Atmospheric Rele,xse Advisory Capability (ARAC,) MeteoroloDcal ']'ower C,oordi-

nator, mad in this capacity, oversees the purchasing, installation, and maintenance of llleteorologic_d towers

at various AR,AC Sites. As Atmospheric Studies in C,omplex 'l_rrain (ASC, OT) Coordinator, he oversees tile

purchasing, installation, and maintenance of ASCO'I _ meteorological towers, and also l_erforms tethersonde

experiments, recording data for use by G-Division modelers.

Hugh W. Ellsaesser, a particip_tting guest with G-Division, is inl,erested in utldersl, anditlg tlm factors

controlling terrestrial climate, air pollution, the ozone layer, l,lle cycles and budgets of trace atnlosplleric

species, amd the elucidation of past cycles al_d trends of parameters bearing on these issues.
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Donald L. Erlnak is interested in the study of the atmospheric boul_dary layer, turbulence, and the

atmospheric dispersion o1' denser-than-air and toxic ga,s releases.

K(.,,viu T. Foster is interested in modeling of the, boundary layer, especially as al)plied to oi)erat, lonal

emergency response; and the regional transl)ort _-tll,:tdiffusion of _ttmospheric pollutants.

Robert P. Ft'Ms is interested in several categories of computer science and computational physics: nunmrical

modeling of physical pi ocesses, numerical analysis, user interface, numerical solutions of Pl)l!3s and Ol)l!3s,

graphics, and visualizatiolt.

W. Lawrence Gates is interested in a broad range of subjects in atmospheric dynamics and numerical

rnodeliilg, with a particular interest in the dynamics of climat, e, ocean-atmosphere modeling, the climatic

etl'ects of increased greenhouse gases, and climate model validation, diagnosis, and int,ercomparison.

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

systems.

Steven a. Ghan specializes, as a climate modeler, in the interaction between clouds, _mrosols, and climate.

Iie has investigated the "nuclear winter" hypothesis using general circulation models (GCMs) adapted to

treat transport and remowd of aerosols and their radiative impacts. More recently, he has used a GCM to

ewduate the cloud liquid water feedback on Climate sensitivity to sinmlate the global distribution of cloud

condensation nuclei using an aerosol transport model.

Yolaltda G. Glaeser is i11terested in effectiw.' management o, data and comnmllicatio:_s for elllergency

reSl_Onse and in efficient procedures for running models in support of conlplex assessment studies.

Ke, ith lB. Grant is interested in radiation transport, especially modeling and parameterization ef radiative

physics and photochemistry. 1-Ieis also interested in atmospheric data analysis and disp]¢ y.

George D. Greenly, Jr. is interested in tLe modeling of transport, and dispersion processes in the atmo-

splleric boundary layer.

Philip M. Gresho is interested in numerical metllods in general and finite element metlmds for fluid

lneclla.nics in particular. He is especially interested in the physics and mathematics of viscous incompressib!e

flow mid its numerical simulation. Buoyancy-coupled flows is another area of interest.

Stanley L. Groteh is interested in the development and application of statistics and graphics to nwteoro-

logical data with particular emph_usis on greenhouse-induced climate cilange,

Paul It. Gudiksen is interested in nuclear and toxic chemical emergency response modeling. His research

ti)cuses on boundary layer modeling in complex terrain, analysis of lneteorological and tracer measurements,
and nuclear accident assessments.

Ted P. Harvey is an expert in local and global fallout and rainout, lie is interested in integration cf

measurements into emergency response models; optimization of sampling networks; nuclide transport from

l,he reactor core to and through the environment and on to man; nuclear waste nlanagement; numerical

model inversion; probabilistic risk analysis; and stocha.stic modeling.

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

John K. Hobson is interested in numerical analysis, l'luid dynamics, and COml)uting environments.
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Douglas E. Kimfison is interested in global atmospheric chenfiCal mid physical processes, li is research

focuses oil trace gas emissions fr()m nattlral and anthropogenic sources allcl o:i the efrect of tllese (.J_issions ()zl

trace gas concentrations (e.g,, stratospheric ozone distribution) and olin.lte, lie llas r(,searclm(l tile tretl(Is

in ozone from 1950 to present using the LLNL chemical-radia,tive-transport nlodel of til(: trol)osl_lwre and

stratosphere. In addition, he is studyilig the effect on global ozone (tistributiolls frolJl mnissiolls of NO× by

proposed fleets of Itigh Speed Civil TransI)orts (IISCTs),

R,onald P. Koopman is interested in l)ianning and conducting heavy-gas field studies and in Ill()d(:lillg tile

dispersion, chemical, and physical properties of these g_mes. This work is focused on (h,.flnitig the hazards

associated with heavy toxic gases and on improving the sa.fi_ty of their transport and storage.

R.olf Lange is interested in atmospheric fluid dynamics, specifically, turbulent diffusion of atlnosplmric

l)ollutants. Itis emphasis is ota numerical modeling of the transl)ort and on diffusion of l.)ollut_nts iii the

planetary boundary layer.

Leonard A. Lawson is interested in numerical methods with respect to atmosl)heric tra.nst)ort atld (liIfusioll
models.

Robert L. Lee is interested in the development and api)lication of numerical ttLodels for tlm atlltosl)hcric '

boundary layer, particularly those that are based on the finite element method, lie has also dew;Iope(l finite

element techniques for solving the Maxwell equations, llis current activities include radiation parameteri-

zation for finite element-based, atmospheric, boundary layer models, and higher-or(lcr turbul(;nce tno(leling

with application to flows around buildings.

John M. Leone, Jr. is interested in the numerical si|nulation of illcompressil)h', fluid tlows, with Slmcial

emphasis on mesoscale meteorological tlows, lle has concentrate(l his etforts on the al)l)lication of finite

element methods to the simulation of planetary boundary layer flows driwm by itd.eractiolls betweett the,

atmosphere and local complex topography.

Ambrosio R. (Beb) Lieuanan is interested in U NIX I,ocal Area Network (I,A N) nmnagement, autotasking

large application codes, and interactive graphic .nalysis tools.

Michael C. MaeCracken has been Division l_eader of the Atmospheric and Geophysical Sciences l)ivision

since 1987, Ilis research focuses on the study of climate change, with interests including l)ahx)climate

variations, greenhouse gas-induced change, and changes induced by volcanic aerosols, soot, and nuclear
smoke.

Rose C. MeCallen is interested in the numerical modeling of fluid flow, Current,ly, she is developing

a model ['or predicting the turbulent flow around buildings using a large-eddy silnulation al)l)roa(:ll, This

research serves the dual purpose of supplying LLNl. with a tool for accurately predicting tlm .ear-field

dispersion of ground spill and stack pollutants and of fulfilling her research re.quirements for a Ph.l), t'rolll

U. of Calif., Davis.

Mary Ann Mansigh is interested in software tool prototyl)ing and developlnent for etlicieni, ('Oml)uter

model analysis, She also has interests in chemical-radiative-transl)ort nlodelillg,

Mary K. Meyer is interested in surface processes and how they are para|neterized iii gelmral circulatim_

models, She is also interested in the biosphere and how changes in it affect climate,
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Conuee S. Mitchell is interested izl boundary layer _lleteorology and atmospheric dispe.rnion znodeling,

with ellq_hasis on application to elnergency response and l._reparedne.ss.

Robert L. Mobley is interested in fluid dynalnical _llodeling, graphics, networking, very large datal_ase

nlet, hods, and parallel computing,

Charles R. Molenkamp is a cloud physicist interested in cloud n_odeling, parameterization of microphysics,

I)recipitation scavenging, and paranleterization of scavenging mierophysic.s. Ile h_mdone num,l:rical modeling

oi' fog and cloud formation in mesosca.h, regions, and he is interested iii interactions betwee),l clouds and
radiation,

R., Miki Moore is interested ill the analysis, design, and implenlentation of computer modeling systelils on
UNIX-based Sun workstations,

Louis(: K. Morris iu the eoml)utcr scientist assigned Lo til(: Liquefied Ga.,4eous li'uels (LGF)Progranl wlmre

she develops software tools for maintaining LGF Program databa_s(:s, for analyzing these data, and for

preparing input to technical reports on experimental results. /

John S. Nasstrom is interested in the developlnent and application of real-time disl)ersion zllodeling

systellls, automated model parallle.i,er preprocessillg, model validation, boundary layer lneteorology, and
atlnosi)lmric (liffusion,

Joy('(: E, Penner is inter('sted in znodeling of global tropospheric chemistry aIid its interactions with ('lil_mte,

ller current emphasis iu on modeling the nitrogen and sulfur cycles, She is also (lev01opillg tile capability to

predict aerosol concentrations, tropospheric ozone, and aerosol--cloud interactions,

Linda G. Peters is iz_terested iii developing an(l applying nulnerical Inod(.'.ls to siilmlate (lisl)(:rsioll alld

dei,osition of radionuclides'. Ile_' current research focuses on l)robabalistic risk analysis and l)artit'.le 11lo(Icl

dew.'loplnent.

Th()nms J, Phillips is interested in investigating climate models' predictions (on'seasonal to dccadal time

scah:s) when driw:n by satellite-derived obserwttions of surface temperatures over the oceans/sea ice,

Gerald L. Potter ix interested in climatic feedback mechanisms, regional climate change, cloud radiative

forci,lg, and the general climatic elfects of greenhouse warnling.

Howard C. Rodean ix a recent LLNl, retiree and a l)articil)ating Guest in the Mesoscale Modeling and

l)(:llse Gas DiM)ersion Group. lle ha.s contributed to tile dew:lol)lllent of the FEM3A model for gas transl)ort

and dispersion, particularly the material pha,se-change su bmodel, lie h_s extended this l)ha.se-cllange work

to a generalized structure for modeling colnplex llmt(:riai behavior, lIis present l_lajor efl'ort is in al)plying

tile Langevin (random walk) model for turbulen¢, dispersion to the ADl)lC model used in the AR,AC systeln.

Daniel J. Rodriguez is interested in techniques for numeric.ally inodeling the atIllospheri," transport and

diffusion of trace species over conl, illelltal to helnispheric distances, llis modeling is geared toward l)roviding

a real-time response capability.

Leonard C. Rosen has a wide range of interests in atmosheric physics, lie has recently performed calcu-

latio,ls on Mie scattering and laser ....aeresol interactions, Currently, h(' is perforndng res(:arch in radiation

(,h(,ory .....the modeling of lR. and UV with biological consequences (action spectra),
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Walter W. Schalk, III is interested ill the use of atlllospheric rllodels for rcal-titll(z assessllleut of I_azarclotts

material accidents, with a special interest in accidents occurring in severe weather (e,g., t,httllderstorlns,

hurricanes), lle is also involved with the assessments for Sat_ty Analysis Reports and l!',nvirontltellt,al ltlq_act
Statements.

Charles S. Shapiro is a G-Division consultant and professor of physics, Sail Francisco St,atc Ulliw, rsity.

Ilis primary research interest is in radioactive contamination from weapons, reactors, and other tluclear fttel

cycle facilities, He has participated in G-Division's "nttc'lear winter" progranl and iu the SC:OPE-t_NUWAI_,

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 "R,AI)I'ATII,"

Debra lt, Sparkman is interested in the design and iml_lementat, ion of UNIX COml.mt,er systelns itlclu(liug

object-oriented methods, requirements development, C programming language, X-windowing c'nvirolltnellt
and hardware components.

Kenneth II,. Sperber is interested in the simulation of interannual variability with COul)led oceall-atzno-

sl)here global climate models, His research has shown that coupled models are useful tools for the study ot'

time-dependent phenornena in addition to their currenL use for studying e(lltilil.)riuln prol)erties of clitlmte.

John L, Stout is interested in the visual display of simulated data from the general circ.tlation Illodels for

the bcs',, utilization of that data, He is developing techniques for computer-generated database (luerics t,o

browse large data sets for sensitive features of both observed and simulated data for tilts purpose.

Thomas J. Sullivan is interested in the application of atmospheric models to real-tillle consequence assess-

merit of hazardous material accidents; primary emphasis is on the local t,o regional scale, but ext,ends also to

the global scale, A significant part, of his interests focus on the int.egratiotl of evolving conlputer techliologies,

databases, and communications with advanced dispersion I_lo(lels to SUl)i)ort emergetlcy-rcsl)onsc dccisiox_
processes,

Denise A. Sumlkawa 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, llis recent research

activities have included clirnate model studies of the effects of clouds on climate and clilmtte change, and
the potential importance of sea-ice albedo feedback,

Sandra S. Taylor is interested in design and development of cornputer systems, soft,ware engineering,
project management, and software development tools,

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

Charles R.. Veith is interested in real-time processing of meteorological data, syst,elns availability, and

the numerous elements of building and maintaining reliable emergency response capabilities for atmosl)lleric
releases of hazardous materials,

Hoyt Walker is interested in computer cartography, geographic information systems, and t,lle characteristics

of spatial databases, tie is also interested in the application of these fields to spatial modeling and elnergency
response,

John J. Walton is interested in modeling global-scale atmospheric transport and remowd processes an(t in
the inclusion of chemical reactions in these models.
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,'Ion G, Welch is illl,(_r(',sl,ed izr 1'(3 workst,_:tl, ioils for A It, A(7', sit,e _ysl,elus/h_rdw_lre _md c(Jlnilltlisir,_t,t, iotls for

A I_,A(._ Ilsers,

Conrad A. Wilgus is illt,crc.sl,(...d in .tltllorle_tl lllo(loli.g, lttllgu_l.g(,,s, sol'l,w_.rt., t_,tlgint:;erillg, lul(I s(',iotlt,i[l('.

v is ii Ii I iz_l,ioli,

Ctirolyn D, W|nllih7 is illl,eresl,_,'d iii r.oiliplil,.'.r gr_ll)hir.s sl,lliidtifdsl speeiflefflly G KS, COM, ICII!',S/I:'i)I_,S,
lllld t_cot_i'_lllhir.tll ilit'orill_ll, ioli syst,oiiis, Slie is _lso ilil,oresl, od iii l,he X-wilidowiilg syst,elii lilitl proillol, ilig l,he

use o[" soft,w_lre engilieerilig riiol, ho(lologies,

Doiiilhl ,l. Wuetibles is iill, eresl,ed iii iilt, orticl, ioliS of tll.inospheric choiliir, tt[, rfl(liiLl, iv0, I.lli(t dylitUiiiettl pro-

ressesl llio(lelint_ of glob_ll tlt.nlost)herie elieirlir, ttl tui([ l)liysic._l.I processes; l,r_lcer t,rtUlSl)ort, iii 1,he l,roliOslihore

all(l sl.rtlt, ost)herol t)erl, iirl_lll, ion t,o l,he l_lol)_ll tll, iliOSl)liorel tul(| chluiges iii _lt,liiO,_l)hc'ri(', coilq-)osil, iori tlfre(',l,iiil_

(,lillillt, o.



Al_l)endix P,. University, Lal)oratory, and
Illst, ittlte Interactions by Sponsor

D o E

Envirmulmntal C,¢_zlm:¢lm,,tlc_s¢_t'Nuch:ar War (DI _)
l_es_,ll I(¢,s_,ar¢'ll [llSl.[[,lll,0a,ll<[ [llliv¢.rsjt,y of Nevada, (,l_lln Ila,llet,), r',,_tiln.liolt of sm,oh'¢'/

_'h>.d il_tcm¢'timts

1!Iiiver:;ity ¢_1"[ll aJl ( Mag¢ly lskall¢ler), <qJti¢'.l prOl,crtic,,; of large fmctal .ggrcg.tcs

Iltliw.rsily c_l'\¥asl_itlgt¢,ll (l,awr¢,nce l¢a¢lke), tm.tclit_g .f .cr.,_'_d .git_,l _':l_lwrimcl_ts aral

,'lo.d/atr.,s'_,l il_l_mcti_,.s
3'rnc4, Gas P_dh',y (EH)

(l<_¢l_lar¢lSl_c_, l,'ligl_t (',_,_lt¢,r(1)ave l<ral.z), .tt.o,,,'l,hcric mdi<ttiot_ ro.eh'litr9
ASC,()T lk,I_¢l_li_g a_l Fi_:hl St,_li_,.s (()HEll) #

Nal i¢,_al ('.<,_ler fear At_ll¢_sl_llerlc l/esear¢'l_ (Terry ('.lark), _nc,,_o,,,'<,'ah'tnt_h'li_tg

N()A A \Vav¢, l'r¢,i,agat.i¢,_ l,al_ora.t¢,ry (\'Villla_l_ Nelr), h.,.l ,s,c.h, Jh>w,,_itt cotnplcx [¢'rr.itt
Carl_¢_ l.)h_xich: l_r¢_gran_ Mmmg_:_m:nt (OHER)

,_lale llv¢lrCd¢_gicallllst,il III,(,, l,eltillgra¢l (M, 1,;.llu¢lyk¢,), II.S,/_I.S,S.I{. rel_orl, ¢_ I'roslwcts
for l,'.l.r_' ('litn.lc, W¢_rki_g (: r¢_l_ VIII,

i_ (l¢icl_ar¢l _¢_lerville, [l_iw,rsity ¢_1'C,a,lil'¢_rllia,Sal_ l)ieg¢_,a_l¢l (',l_eck Keller, ],¢_s

(t_iw,rsily _d' East Al_glia, ('1', M, !., Wigley), mit of cli_..lc ch.ng¢', i.lcrcompari,,.'o_ of
siml, liJi_d ._'_._ _n.d¢'ls

Clhnat¢_ I,inkag_s (()IIER)

1,awr(,_lc(, I](,rk(,ley I,al_(_ral¢_ry (_l'i('a N(wak¢_v), _,a'l.,ri_.¢'.t.l st.dic,,¢ of p.rlich' m'._,cm,I-

in_l; glc,bal c.vl_,nttccous ttcr<,s.I m_,<h'li,g _t_tl /_c.surc_n_:nls
[llliv¢,rsily ¢_f(:alifi_rt_ia, ll_,'rk_,ley (Vail ('arey), hgdr,,dgn.tnic tm,dclittg _( lmrli_'lc sc.v..

c_ging i_ <tcloud chad.bcr
Clhnate M_,_h,.lh_g (()IIER)

IIniversil.y _f ('alifi,rI_ia, l)avi:; (I]rya_ \V_,are allyl lq,l,er (lleckl_,r), z_,tmll!l-<tt,cr.gcd <'lim.t_'

tn.dclitt!l
I;_live.rsity ¢,1"(',a,lifi_rttia, Sa_ l)ieg_ (IUcJ_ar¢l S¢_l_,rvillt, al_l i'el,er N_rris), t'h, uds .hd

dim. lc

Program fin' ClimatJ: Moth:l I)iagm_sls an_l htte, rc_unlmrls_ut (()HER.)
l';t_r_pean (",e_lre f<_r]_'l_,¢litti_tIlaI_g_eWeal, her l"<wecasts, ll_,a_lil_g, II.K. (I)aw, llt_rridg;e,

l';laus Arl>e, a_d ,leal_-,laC<lUeSMorcrel, l,e), clitn_¢[c _.t.hl i.lcrc.mlmrist_n,_ '

,Iulia ,_liI_;¢_),ch'm.lv model i.tcrcc, mlmri,,,'.'n,,;
Naval ]'c_sl,.gra_Jllal, t, S¢'1_¢_¢_1(l{¢_l_erl (',l_,rvi_l a_¢l AIIwrl ,qellll,l_,,r, ,ii',), sitnnl.tim_s .f

oct<tri cir<'nhtli(,. ..d hc.t lmt_,,.'lmrt .s a f.t_cti.t_ of rcsohttio_

[li_iver:;il,y <_t'(',_,l_,ra_l_ (ll_l,_,rl, i,, Sa_ti), Jll/id tn_ch.ni_'s, .l_plicd _n.lh_'tn_tlics, Jit_il<'
ch'mc_tl,';
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'h'ac_s Gas_ss and Climates (OH Ell,)
Unlw;rsll, y of Ca,llfi:_rnla,, llrrlw.ley (lla,mld J_htlsl.on), trace g.s.chrmi,,#rl/inte,melimt,,_

Unlw.,.rsll,y of Ma,ryla,lld (Rob_;rt li'AllJlgm,!l), rttdiatiott mmh'l inlercOmlmri,,.Jt_

NASA

Two-Dhnml_tonal Radlat, lvt_.'rranslmrt-KhmtleN Mod_d

E,t, l)ulmnt N0nlout'os & C,o, (l)on li'lslwr), ozone deph:tim_ potel_lial

Na,ttona.l Oc0_ullc. and Atmospheric Adlnllll_ll,ratton (Alvin ,I, Mille,r), .:oT_c.lcmpcr.lll_'
anal!lses

Na,t,lona,l Oc'.0_udc mid Al,tllOsl_llr.rlc. Acinllnlst, ratloxl (,lolln l)_,l,ulsl), ozone data compar.,
isons

University of Chicago ((]eox'ge 'Ha,o), statistical amtlgsis of t,zmte aral tcmprraturr trends

Unl versify of Wisconsin (Grog Rr,lnsol), statistical analysis t( o:om' and temperature trcnds
Stucllt_s of t|m Global Sulfur Cyc, lo

Chlco Sta,t.o University ((_r't_g'l'_kvlor), modeling tg gas phase ehcmicttl oaritlatiot_ aral aqltc.,
ous conversion

San /lost,, SLa,to U niver,d ty (Sonla K r01denwels-l)andy), mtlfltr mi:,roldl!lsics and ehemislr!l
Scripps Institution of Oce_ulogra.phy (1)a.vld l,',rlt'ksot_), simulation t( thr glolml sulfur t'grlu

Industrial Organizations

FEMSA Sinmlation of LNG wqmr barritw _xlmrinmnt;_ (G ll.I)

University of Arka, nsas (Jerry lla,vetls and '.Ibm Sl_lcer), n.um.crieal simulatio.,s, turbulent,e
modeling

Lawrence Livermore Na_ional Laboratory

Global Clmmlstry Mothdlng (IR&D)

State University of New York Stony llrook (Sulta,n llame¢,d), global mode.linty of _itro:/e,n
ozidc chem istr9

University t_f C_dlfornla., I)a.vls (Cynl, ht_ S, hl, ht;rton, gr_ulua, te sl,udt;tll.), global atmo-
spheric chemistry

II niw,.rslty of Mirtnd, ( l)o.nnt s Sa.voto a.nd Joe 1'rosp_.,ro), nitrate and ,_'u_faee eoneentrations
at remote sites

'Ytde University (Wtlll_un Gr_wsteln), model comparison with 'al°Pb trnd tllc 7ncasurc.m.ents
()ctmn ll.cslmnsc toGlobal Walrmhtg (lR&D)

Scripps Institution of 0ce_mogr_q_hy rind Ma,x l'l_nck lnsl, ttute for Meteorology ('l'im
B_rnett, Arthur Miller, _md ,lost_f ()berhubc, r), oceanic GCM sim_tlatior_s of warm.
ing rate thte to increasin9 greenhmtsc gases

Atmosl)lmric anti G_ol)hysieal Seitm(ms Division

NCAR. (Robert Dlc.kinson), eah:ulate 'upper limit to sca ice albedo fcedbtu, k to global
warming

San I;'r_nclsco Stud,c, University ((',ha, rles S, Sll_@rt)), mdioh_lical impact of la'tylC scale

rrleascs 4 tmclear material
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, Apl)eudix C. F'iscal Y  nr 1989 lihlrlding

WtJvk tbr Pv.gvauis li_tmh_d lly D()E aral I_LNI_

FYS_

IIudgot, l'rluo, llml
TltAo _tlHtltl4oli' (KS) Ittw_14t,ll_tt{,oi' ()l,Jot:t, tw_

ALIA{', b',ll 1800 '1', Sulllvlili l}{_v{,h4}Itiitl {lll{}i'itl, ti i.ll{_AIIA{I
14{!rvl{'.{! I'lir DOl,',, I)(}1}, iiliil {lt, liilr

l'{}{ll!l'lil lil_{:ll<:ll]14

ALIA{', I!',qllIillll{,lil. li'iitl{ll4 I,',11 480 'l', 8illllVltli l"{)r AIIA(;I {:tilll, i}r {!qiillillielil,

Diii, li liri!s{'rvtilioli Pbl 18 I1, l_tit}liillilll 'l'l'ltnsfilr lA;II" {iIHiI4{i I_IIS {ll_liC, r_hiil

{Iii{ii illl{I {liitll rl_{lii{ll.l{}li llrogrilliiH
t. VAX

I,(Ii" iitl.4¢_llli{_ l"l", 154 It, l_{itllillitili I,{71Pliim{,.llii{]_iillll{}rt for t,{}_[fllclllty

ALIA(", Naval II{!ac'.tiir NII 2,1:1 "l', SllUlVlili liri}vtcl{_AIIACI _l_rvi{'.t,l.cl I}{}I i',
N!1 iii1,1_14

I p *iii {?NII Sii.oS,_sl{!lil_ NII 3112 ,Julllvlui li'or illlr{'.hilt4il {If Nii AIIAU Site
,%_'M,{JIii {_qill plii{,,il {

M{,d{'l Illilirovt!lli{!iit, {}At} 2{111 !}, tlii{ltk,_{_li To illllirliv{_ Illlll4-riillgl! illiigilo,4t, ic

iitlli{i_llhl:rl{ ', {{l_lierl41{}li lli{}tl{}l_

ASi IOG' I"h:hl Sillll}orl, (}ll!!,il 267 1}, (71ucllk_{!li lit}li I ll[liil illitl lilirl,[ciliiil.I; iii AI. {.,O1
fit!iii _4tii{lil:_4 {l{!_lgii{]{I I.{I {;Viillllif{!
lliei4{i,_{:lll{.' ilio{l{!ls iii {'.{}iillllt!l l,{;rrillli

ASCTIOTM.d{_livll OIII",R 297 ,J, l.,c,'Oll¢! i}{;w;h}l} itll{I i.{,,_t,{:OllllllC_X tc;rrldil

lil, ili{iSllileri{: }lCiiliiCliiry lltyi;r iliCitl(;l_l auc[

iilll}ly til i:lll{!rt4ell{'y r{!l_ll{lll_tl]

, ) - tl(Jlilliilt.{! Malilll4elilenl. O111,;II 3111} M l_'|ii{:(Jrili'.k{!li A,_,_i,_i, {Iii', I O1, {'.tirlii}li {ll{}×lll{; iirogrliiii

Sill}li{irl. with _4{:l{:iiLifi{'. revit!wi_ iiliil llil.c, rii{:l.t{lli_i

(:lilillil,{! Mc}{l,!llllg {}lll';ll 32{I I(. 'l'liyhir (}till{lilt:l. nl{itlc'ltilg l_t.uclh}s IllVetttlgllLilig

ilio{l{:l _{;ii,_il.ivtl.y tind rlll, e cir c'hillil4{]

{TJl{}li_l,_alill ll_lltllllc}il (}11I'311 230 ,I, 1'3111._ liit.{;rc:cillilillr{! rii{tiilt, iiin lii{l{l{;I,_ for {'.l{;iir

illicl {'.iciutly .ky {'{}lltlitt{}lll4

(;l(!ll(!rltl {;_trc:illlt[i{}ll {.}IIEil 400 (71,l}(}tt(:r {)rgiilltZ{! fill iill,(;rlllit, i{}iilil lllter{_OllllitiriS{}li

M{I{I{!I llit.er{'.{}inlmrts{iu {ii' (TI{]JM r{:,_li{ili,,dv{;ii{!_,_ t,{} ll{!rt.ilrl}iitlOli,_l

l>rogrilili for C_lililiif{! (}III!',I1 2(i{i{I W, 1,, {ltll,{}_t (l{llillil{:l, nio{l{,I illl,{!r{'{iilllllirl,_{lii iill{I

M{,{lel l}iligiicisi,_ fin{I {lliigllC}._l.i{: sl, ilclh!_

iill{l ] Ii _{_r{.'Olll fill 1'i_}11

Ilegil:illal Mc}{l{'lllill {}lll,',l/ 89 ,l, l,{'.Oll{: II{!flti{! tilllt{! {! l{!lU {: li l. l.{!{',hlii{lli{:_ fi_

l.h{:y r{,lal.{; t,o IIl{!_{},'l{:iile til}lilldliry

lily{lr illli{l{:l,_

'l'rit{:{_ (lll,_e,_ {}lllgll 3,_(1 I} Wu{:lll}l{!,_ l,vlllilltl,{: the tlit,{_ra{:l, tOll,_ {}1"Itl, lli{.irll{}h(}rl{:

llli{I (Jliinlll,{! {'.li{_.iiii_try Jill{! {:ltniiiL{.,

Ali.AC} All{] SUlili{irl, {}MA 15(} ']', Stlllivitn 8tlllll{irt of I}{}li;'s A{'.{:i{h,lt
l({!_tl}Olll_{,' (]rOlil} {Ali.{71)
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W(Dl'ki'(_rl't'(J_n'_liii_l!'lltl,l_,(llJyI]()Io__itl(lI,I,NI,((:l(DIii,llili,_l)

lllt(l_,l, l't'Iti('ll,_ll
Til, h, Sl_(*ti_cJt' (I<,IB) lllv_l,l_all,_Jt' ()l,,Jl,el fW,

D

l,;11vlr_,ulli_,nt._d I)I j l(ill ,I. l'(.lln(,r/ A,,_s(,_ili1(,nl(_i'l_(_l(,nll4_lgl_,l_tl ,.ll'_,_I_

I}. WI_(,I,I,I(,,

l"_dh_tLl{_'_,ffr_'.h I)I' _,7 'I'. lli_rv_,3' M_dnlldn _._l._11._,-.(_l'-lh(,.i_.rl.l'_lh_11,
l,r(,dl(!ll_)n(:_l_i_l,llll.l(,__tl.I,I,NI,

m(,d(,lln_,(_l,_hl III I(,_

f()r ('llm_.l(, _l.u_ll(,_

'l'r,_l)(,,_l'_h(,rl('. lll&'l) 17,5 ,I, l'_.:v_n('r l)(,v(ll()i_vn(,nl.()I' l.r()l_(_l)h_'ri('
(',h(,ml_lr,v ('h(,w_l_Ir._,n(HI(,I, InlllMlv (_f

llllr()_,_Ii (_.xhl(,_l_(,('h_._

In(_(_l{ ,_tll_l_rl, l"hysl('s 'Jr, ,I, l'(,nner Nlll)l_(_rl (_fI)(_I-(I(_(:f_'ll()',v,,In(i(,r II(l
l)(,l_l. In._llt_ll.l(,nM(',()()l),,r_ll,,'(,ll,,._,,_r('h

l_r_)_ri_vvlwll,h S(ril)l_,__w(l I,ANI, l()
(I() r(,_(,_tr(,h()II ll'(_l_()_l,h,,rl(:(:h(.1_i.'._Ir.v

()('(,_u_M(_d(,l l"hv._i('s _r) M. Mil_::(_r_1.(_k¢,ll ,_III_i)()I'I f(,r _,r_uln_.l(! _lli(l,'ill,

J",',qtillili.i()ll l)('pl, r(,x(,itr('.h _.l. l,_.m(_nl,-l)()h,,rl.v
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W{u'k t_JP I"t't_gl'nllt. likllt{l{_{II,y (}t, lt{,t' Aglnl{_tt_. ntl{I (}Pgntdzn(,ltJzls

I,'Y_Ill

ll_tdt_l,t, l'l, llzellml
Tit, lo _lllln_cbt' (KS) lliw_t, ll4nt,_t' (}ll.14,{_t,lw_

.!!]ed__!i'!Ll

AIIA{' 1}1}1}I",xr,r_:l._,_ I}NA iJIl '1', ,'qHIIIvnJl Ihlrlh'.ll.lle Iii I')(}1} _,m_r_q_,lw','
1'I4HJlIilI_(!(_,X(' rI!IH{!I,I

I",vi','trotliu{'illnl I}NA ',.HIO ,I, I_l,Htwr I}(_v{,l{G_ull_nl,i_,ll{Inl_l)lh',ntJ{,n
(!l)ll_t'llll('ll{'l!_ ()f Iii' tlll('r{ililiyl_l{'llJ ltlt,{,q'll{',lioll_

All,'\{_ 13{}1} I{lll,l T. _ulltvlul I}{lw_hG'_nnd .lwra.(,{., l.h{_ALIA{.;

r,,dllcl.h.i llro_l,nm_ I,{iVAX

I.Illl,,ll{',,,_ i}, Wui,hl)h,. hl.lltll'y lwy .(,n._lilvltl(,., luld
ji{!l'fOrlllrl_f4(,iLl'('.Jlll(_(_tJ(l(j1,or(!d|I(',{;

llnc:('rlnltlLt{,_lin{I l}rovhi¢,ll{,.d(..I

.i_¢,ch,,_nnd In}l,{;ntltd llllplic',l,_ ¢111

Sit.{, nl.illzln_ A IIACJ .n}d{_l. _{I
i_r{}vhh;IBPA wll,h wrlt.t.(_n
lilltl t4ral}hic:Idi_rt}ji_i:th}n.

[IAIIS (I}{'ltllili{}n NASA 120 I}, Wu{,I}l}l,.,_ i'r{}vhh__Ullli{irl,I,. IlAI(,_
t' ha,<_{,) i}ro,li;{',_ clurl nl_,.1wul{'.{_tl

{ll,lllill, l{}n l}lill,,tt,_ llll{I
Illlllliz{,'{l('titll, o!'
t h{_ori]t,leid lilve_t,ll4111,h_n
r{:q iI I r{; iii {,_!11,x

_{}llill Av{'rill4{,{I NASA '2iri [), Wilt_liiile._ l_}{_v{_l{}!} iill{I lll}l}l,v _t,tll,{_-

(',lil!liliCil.I 'l'rilii,_p{irl. {if-ftic_'-iirl,} t,tlilC,-{l{!ll{:iiih,nl,

M{}{I{,I{}f I,h{! 2-I} Iliiiilt;l for I_tililytllt4

'l'rtqn_;il_ller{! illi{I {'.{}ulilln_ {}f {'.lit;lulelil,

SI l'illil_illli{!r(_ ril{lili_iv{;, iili{i {lylliiilli{:lil

l}i'(:l{',{!_i_l{!_iii l,he

ill.ili{},_l_hiq'{_; lili_ili[ilili illi{I

fiirl.hi,r ileveltlll 1-1} Inii{l{_l

ALIA(: Nll(] Siil_piirl. NII(I :Iii '!', SIIlllwln Trlltiiilil4 illl{i drill li,,I._[_t.ilil{'.{! I.{} I.h{,

BIII{.} lili{l {ili14{}Ili14 ,'4{}fl,wllr{; till.el'fill!{!

IlinlllLt!_ llililllt, l!llilli{'.e_ tili{l l,{,,,tllill4
t4(_I'VIC(!It

:18



W(wk t'tw Pr(,gratns lflm(hul I,y ()til(u, Ag(_nle,h,N altl(I ()rganlz_lthu_s (£1(.fl_lnu.ul)

PY 81)

llu(Ig(,t l)n,h1(,ll)al
Tlth, Sl)(.t_()r (KS) IItv(,t_t,lgal,()t. ()l),l(,(;),Iv()

,) _: - : ........ :

(1ontluualiuu ()f U,(4A S() II, l(o(h,)ul/ ()()il.miltl)Ig and training ()f
FI",M:IA 'l'rau.fer t,) ,(4,()h)ln ()11l)i",(_ l)(,r.(),in(,l ,)ll useof
Ci!I(I) Ii',(I I"I')M:IA ('orel)Ul.(,r ('.o(h,)tr

Ah(,r(l(,(_ull)rovl..u, (Irc)u.d_

M()(i(,I llll(,_rall()ll II,MAI,' _()() 1), (:[llclI[_(!li/ Evalilalll()l| oi lq.)ll_-rally_(,

I), llmlrl_u(,z model. (tt1(ll.t(,i_,ratlon
of .1od.l_ with dat.al)_(,H
and (_()nnl)11t.al.h)ual_,','),_l.t,tll
['()rIJSAI" al)l)Ii('allc)n).)

VMhl)ttlo. SI1t(ly LI,(4AI,' :I,l I'), l_',rm)tl( D(,v(,h)l)m(mtof m(,thc)doh_y
for (,valuatl._ (h_11_el_a_
dl_l)ersh), m()(l(,h4

ALIA(;Nav_d,(4hil)yard,,4LJSN r)7,1 T, ,(4talllva.l)rovl(h,AILA(_.(,rvl('.(,,tnd.l.g,
(N,MY) t_udl;'l(,(,I II(:_ and (,×(.r(_l.(,_t,o_(,l(,ct(,(l

N'(4Ya.d VI(mt II(._

_ ox!:l'(,(lou_J_1

III" l'))_la lh_l)ort, AM()(:)() :I0 R, l<ool)ma. (}Oml)h,te data rep()rt for hy(Ir()_(,n
lluorhh, (1t1") te.t )_erl()_(AMO(:_()
through I)OE)

SI,Ali ll(,avy-Cla.. APl _0 I). l.',rl._k l)ro(lu(m _n llul)rov(,d v(,r.lou of
l)lsl)(,rsiowMod(,l '(4I,AII(:ode, writetil'ml"l.llllll.llllal,

_nd iml)lem()nt a v(,rtl('.a)J(:t
_()ur('.(,Cal)ahillty I. SI,A II ('._)(I(,

I"EM_ISim)tlatlon_ (IRl ,L. I_I(1 ,(4,Chart I"I",M_I('.Oml)Ut(,r(:och)will I)(,
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Ozone," Lawrence, I_ivermore National I,_tbortttory, (?,A, UASCI-88-22, I
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l,eoIlid A, llolshov, Instll, ute, of Nuclea.r Sa,foi,y, (I,S,S,IL A(:li.(l(_,llyof Sciences, "IJ,S,8,1{,, Actlvltl0s

ill t'_'mergen('y ih,sl)OnS(',," l)ocenlbe_r 1, 1989,
Wa.lla,ce 13roockt,r, l,anlont-Doherty Gt,,ologlca,I Obsorwgory, "TII(_ (11ol)_d Geocht,_mlstry of ult,pb

and l°Be," ,luly 20, 1989,

(:,arret t Ca.mpbell, Cool)oratlve Instltltt.e for R(;sea,rch In t h(, Al.mOsl_here, Colora, do Sta,t(, U,, "Rc,-
view of ISCC,P a,nd l{(;sults on the Time li_volutlon of Cloud Fields," Nov(;mber 14, 1988,

l{ol)ert Cess, I,aboratory for Planeta, ry Atluospheres l{esom'('h, SUNY, Stony Brook, "Int(,,rcom.
l)a.rlson and Illterl)retaJ, lon of Satellite Derived l)IroctlonaJ Alb(:_(losover Deserts," Janua, ry 1,1,
1988,

Robert C,ess, Laboratory for l'la.netary Atmospheres Ih_soarch, SUNY; Stony Brook, "Infe.rrtng

Surface Solar Al)sorption from llroad=l]a.nd S_tellite Mea sureme, nts', A 'l'utorl_d," Jtlne 28,
1988,

Robert Cess, I,aboratory for Piane, tary Atmospheres l{esea.rch, SUNY, Stony Brook, "Determining
Clear-Sky Surface Solar Absorption from Eli, Big Da,ta,: C,oml_aris()n with BAO Tower Measure:

ments," August 23, 1989,
l(obert Chervin, NationaJ Center for Atmospheric l{esea.rch, Boulder, CO, a,nd Albert S(,,mtner,

NavaJ Pos tgrad uate Seheel, Monterey, CA, "A n O(',e_u_Mo(lell ng System for An ti cipa,ted SuI)er

(_omputer Architecture and Ocean Problems of the 1990s--'l'oday," J,_nu_u'y 28, 11988.
Robert Chervin, Nationa,l C,(,nt(,r for Atmospheric ll.esea,rch, "l{ecent Results from a, Globa.l l_d(ly-

ResolviIig Oc'c,an (:,ircula.tion Moclel," I)ec'.ember 18, 1989.
llung-Neng Steve (",hill, U, of Illinois, "Moclellng of the 'l'rol)lc:a,I NonsClutdl a,nct S(ltla,ll C,lusters tutcl

the Application to tilt,, Rt;giona.l lml)act of GlobaJ C,ltui't.l.e Cha,uge," November 28, 1989,
C,atherin(; Chu_ulg, U. of Illinois, "A NulnericaJ Mo(lel for the Axis'ymmetrlc Equilibrium Shai)e of

I)rops in Uniform lVlotton Effects of ExternaJ How l_31(,,(',tricHe ld and Surfa.ce Cha, rge," Mtm:h
22, 1989,

(ileoil" C,lark, Atlstra,lian Nu('lea.r Scien(:(., and Technology Orgailization, "Atmosl)herl(: Studies at
the A tlstr;dia, n Nuclear Science and '.l_('hllology Orga, niza.tion," Februa.ry 14, 1989,

'l'(,rry (',lark, Na.tion_d Centt, r for Atmosl)heric l{ese_u'(:h, Boulder, CO, "Overview of Some Topics

ill Sma,ll Sc_do Atlnosl)heric Mod(,ling/' Ivlarcl_ 3, 1988.
l((,lvin Ii, l)roegem(,i(,r, School of Meteorol()gy, U. of Okla.houla., Norluan, OI(, "Simulations of

'l'hun(leri_torl_ls a.lld Microl)lirsts: Al_l)li(:ations to the li'liglll, Sa.fi,ty I)roblem, '' June 17, 1988.

l¢()l)ert F_llingson, l)el_t, of M(,teorology, U. of Ma.rylan(l, "A 'l'echnique for Estini_ging Outgoing
I,,ollgwa.ve l(a(liatioll from ]III(S: Conll)a.rison with I';I)_.IIEl)a.ta.," June 23, 11988,

Sc()tt l",lliott,, l)('t)t, of C,hemistry, U, of C,aJif,, Irvine, "New I,igan(ls ill Se_ Wa,t(,r: lly(Irogen
Sulfid(:s," July 20, l!)S_.

l)avi (I ,l. Eri('ksoIi, III, Seri l)l)S Insti tu tic)n of O('(,anograt_lly, l,a ,lella, C,A, "SImula, ti fig Ai r-se_ Gas
;' 1988.l",xchar_ge," I ehrulu'y 25,

Gary (](,(,_rna,ert, Nawd Res(,arch l,a.t)oratory, W_rshi_gl,ov, I).C,,, "Studies of Wind Stress with

A pplicatl¢_ns to 'l'u rl)ul(,.i_l,l!;x('ha,nge at til(,, Ai r-Sea, lnterfa('e," August 8, 198_.
ll(,Itjaluin S, (liese, ii. of W_shington, "Asl)e(:ts of rh(, E(lUatoria,I f((_lvt_lW_v(; ll,e.Sl)OnS(:tc) l"4)isodi(',

l()rcl_lg," li'ebrtlary 2_ 1980
l"ilil)l)O (_iol'gi, Na tiollld (:,ent(,r for AtnlOsl)lleri(' l((:s(,ar('h, "Si_llla.l, ioll of ll.egionaJ (:li _lla t(: Using

a l_il_it(_d-Area k'lo(l(,l Nested il_ a, (TleneraJ (/,ir('ula.ti()l_ N,I()(I(;I,"l)(,(,(,_l_lb(_r5, 1989,

* ()th(;r tha.n G-l)ivision m(_ml)ers

63



8teven D, Goldenberg, Atmospheric _md l!',nvlronmentaJ lh_sea,rch, Inr,,, (lanfl_rldge, MA, "The
FaJnt Young Sun Probleln: 'l'he ll.ole of l)ylla,I111Cli'eedba.c.k Me('ha,ni,_llls Ill a 2-I) (i',lllllal,e

Model," April 27, 1989,
JtLko l laJos, l]ttttelle Pacific Northwest l,_d)ora,torles, "An Overview of Atmosl)herlc (;hemlstry

Modeling _tt Pacific Northwest I,)fl)or_ttory," M_u't'.hI,I, 198[.),
Sult_m lltmu:ed, Del)t, of Mech_ufl('.aJ l_nglnee, rlng and Im,l)or_ttory for l'la, nt;tary Al,lli()sl)ht,,res ll,e-

' "Some Properties of the Atmosphere _md O('.e_ms a,,_Simul)ttedse_u'ch, SUNY, Stony Brook,
by the Oregon St_te Genenfl Clrcultttlon Model," August 18, 1988,

Nell llttrrls, U, of Callf,, Irvine, "'r,,endsin Str_tospherlc. Ozone," Sel)teml)er 5, I!)89,
lltu'shva.rdhan, Del)t, of Earth a.nd Atmospheric Sciences, l)ur(ltm 11,, "ll.)ulltttlon, C,louds, and

Climate," July 17, 1989.

IUch_rd T, Hasbrouck, Electronics Engineering Doi)t,, 1,awrent'.e Livermore N)ttlona.l l,aboratory,
"LLNL Partlclp)ttlon In NASA's Rocket-'I¥tggered Lightning Progr_ttu," M)ty 17, 1,(}88,

'.l'hom_us Hauf, Deutsche forschungs-und Versuchsanstalt F{irLuftund ll.)ulmfahrt, "'.rhre(,:l)llneli-

sion_d Numerical Experiments on Convectlw,Jy Forced Internal Gr_tvlty Waves)" Al)ril 17, 1989,
T, L, Keller, Pa]o Alto Scientific Center, IBM, "Energy a.nd Momentum ,rr_msl)ort I)y Gnwlty

W_tves," Mttrch 10, 1989.

Joseph B, Klemp, N_ttion_d Center for Atmospheric ll.eseitrch, l!|otnlder, CO, "The l)ytl)ulflr.s of
" Juno 10 1988,Squall Lines,

Stevcn K, Krueger, Dept, of Atmosl)hertc Sciences, U, of CaJlf,, l,os Angeles, "OI)serva.tlons and
Modeling of Turbulence in Cumulus Clouds," M)ty 6, 1988,

Julius London, U, of Color_tdo, "The Glob_tl 1)lstrlbutlon of Ground-based OI)served C,Ioudlness,"
April 28, 1988,

" ' ') a,li(l "ALarry Ma,hrt, Oregon St)tta tj,, Corvallis, OR, "On the Stability of Str,_ttiled Sh(,.,tr F'low,

One-DimensionaJ Model of the Soil, Surfa.ce Energy Ilutlget _md 1)l)umt_try Ilountl)try l,ayer,"

July 6, 1989.
llry)mt J, McAwney, l]ure_u_ of Meteorology ll.esearch Center, Melbourne, Austr)flla., "Use of the

BMRC Atmospheric General Circulation Model for GreeI_house Modelling," Novembe.r 2,198!1,
John Merrill, U, of Rhode lsl)md, "Ib_tterns _u_dProcesses of Aeolt_m l)ust tnmslorL, July 14,

1989,

'l'hom,'u_ Murphree, I)ept, of Land, Air ttnd water ll.eso_rces, U. of CMIf,, I)a,vls, "Sul)trot)tcaJ

Medt,_tion of Troptcal-I;;xl, ratroI)tctd Al,mospherlc Co)nmuntc_ttlon," l;'el)ru;try 10, 1989,
Josef Oberhuber, M_)_'<Planck Institute, Fe(h:r_d Republic of Gern_tny, "O('.e_tu Genera,I Clrcul_ttton

Modeling," August ,1, 1989,

llarold D. Orville, Dept, of Atmospheric Sciences, South l)_tkot_ School of Mines a,nd Technology,
I/a,pld Clty, SI), "Ice Phase Partuneterlz)ttlons for Cloud Models )tnd Applic._ttlons," M_ty 26,
1988,

Alej_mtlro Pares-Slernt, Scripps lnstltutlon of Oce_mogr_q)hy, "'the Seasonal a,nd Inter)mnuaJVa.rl-

td)illty of the Callfornltt Current System: A Numerlc_d Model, " June 12, 1989,
Thomas I hflllps, Computer Sciences Corp,, Silver Sl)ring, Ml), "Modeling the Iml)a,ct of ,,q(,a,,Surfa,('.e

Iemperature Anomalies on Se_uuonal Cllm_tte, M_y 19, 1989,
"Why is There a I)lttrnal Cycle of l)rec_l)tt_ttlon over thel)rtvid A, Ran(l_ll, Colorado St_te U,, ,

Oceans?" December 20, 1.988,
I ' 't (Steve Rutledge, Del)t, of Atmospheric S('._enc(:s,(.,olor_ Io St)_te IJ,, "ll,(:latlonshiI)S between I_ght-

ning, Storm Dyn_unlcs _tnd Cloud Mtcrophysl('.s," l)(w.eml)(:r 7, 1989,
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M, I', Singh, limed, (_enl,re fc_t'Attl_c_spherlcSciences, ltl_ll_tllInst,lt,ute c_l''l'ee,ht_lc,l_;y,l)elhl, lndl_l,_
"K,lu,thenl_d,le_,l IVlt_delsI'c_rAt,t_iospherlc l)lsperHiml l't'_rlll{eeec_l,lndusi, rl_,l Ac,e,ldent,s: ....Ml(ii
_.1,ilhc:_p_d,ll)_,l; ()l_utn ii,i, llelhl, ll)N_," Mixy I(1, 11)_,_,

,qu-'l'z_JSocm_,l)ept,, c_l'lmnd_Air, _l.llclW_d,ex'IAe;_c._ut'ee_,LI, c_l'(',_dlr,,l.)_,vl_,"A Nt_nterlc_dSit_u.
I_.tlcmc_l't,he _'tc,sc._,_c,_x,lc;Wind l'_.tt,ert_In (",_dlt'c_r_l_C'()¢'.l,c_ber',ii, lf)_8,

ilc_ger_ll_C,ecl,1)-l)lvl_lov_,l,ix.wr¢,nceI,Ivt:rl_lc_reN_,l,lc_ntdl,n,bc:_rn,l,c_ry,"Met,et._rll,e II_iptu!l,I_,_I_,l'c._ssl-
hie,Sc-_urceof Stool,In tht_(),-'1'llouncl_u'yl,_.,ver,"April 1,1,ll)t,'qS,(,11,_),l_',l,.SlO0,

l'_ennel.hI{, Sperber, SI.INV, St,c_nyllrc_c_k,"Sc_ul,hevttOsclli_.tic-mSit,lulls,titan In (_c_upleclOe,e_m/
At.,mc_sl_here(]lc_bn,I(',lim_,teModels," April 1,1,1!)_!1,

(_regc_r,vIt., 'l'aylor, C_dil',St,_t.l,e II,, (?,hlec_,"lglt,r_,ln vv_ent,_,_lclMlxlng In (?,un_ulu_ (illc_ucl_,"C)c'.t,c_l_er
2(1, 1!1811,

1I_t't,tx_ut W_It,er, li untie,ges unclheltsn.n_t, Inst,t t,ut t'c_rSt,ridllc,_tlhyglehe, Neuhex'l_efg,, l;'ecler_l ll.epub.
lie of Olerxnn.ny,"Atmospheric'. 'l'x'_u_sport_f ILt_,cllc_x_l_c,llclc,s a,ft,er the Clherx_ot_yll_vent,: Problems
_ct Po_slhie Solut,lons," I)ec.c,tx_bc,r 8, 1988,

llc_bc,rt, 11, Wllhelx_s_, 1)epr, of At,mospherlc Selene'es, li, of llllnc_ls, _.t_clN_t,t,lcuia/ (3ent,e,r for
SUl_erco_putlnf_ Al_pllc_tl,lons, Cllanlp_dgn, I1,, "lgecent Aclvtmc:esIn the Sltuul_d,lon oP Severe
,ql.orH_sIn Ii.,.qtll_c,.rCOml_Uterl'_,llvlrol_nlc:nl,,'' Apl'll 2(_, 1!)88,

Mlc,h_el Wllll_.m,_,[.l, c_fMlt'.hig_u_,"A UIilflt,d 'l'hec-_vyc_fAerc_,ol(_lon,gult_{,Ioll,",luly 1_ 1!}88,



J

Apl)eUcllx G. Sunimary of Mode, ling C',al_al_ilit, les

Species 'I_'ansport_ and Dlfh_slox_ Models

MATHEW/ADPIC_ Model

This thr¢,¢,-cllx_¢,x_l¢_Ha.Ii_rt1¢'1¢_-i,-¢'¢,11(!'I(.',)_¢_¢1¢,1c'._d¢,ul_m,s1,1_¢;t n'_x_,_l_C_'t,_¢1 ¢llfl'uslc_nc_f
, I_ll ' c_t'l_lumc:tn _t t.ll_¢.'..v_._rvlx_g_tl,,_¢:_l_h¢:rlc.I-_l_daJ'y la,rc,r,ADl'lC.: Is ba._,,dox_l.h(_I_IC c:ox_-
c'_,l_t.,with tl_c,I_,vcl_'_:_cls'l_lc"asp¢,('.tI_¢_lwgr_,pla¢'.¢_clI_.v_.t.l_'c_,-¢lt_l¢_v_slc_v_.l,_,,_.c'on_,rv_.tivc,.,

I_l,l¢_tls,allc[ raJllOllt, (froni (_11(3cir IllOX'(_ _()LII'CC,S) C)LI[tO ¢llst_lllC'.C,SC_f_C:VC'.X'Idhlnvidr¢,clkllolnc:l,e,r_,

xn_,t_t,;q,i_c'.lucllngt,hc,AS(',OT pn'¢,gra.tnla.u_clI'c_renlex'g_:uLc!ya.x_¢la,_seSSlllelll, x'(_,Sl_C)llSC'__ _ll(:li _l,,'.ltile.
1!)79'I'MI in_'ident, t,l_c:'s_h_c,qu_,x_tl'rc,_lclc,ntl_dC,ox_w_l_,_lox_It_v_,_t,lg_t,lo_, _lcl t,h_,Ll)_(iCi',herx_ol_yl

IIMEDIC/HADPIC
IIAI)I'IC. Is _t version of th¢_AI)I_IC n_ocle,l v_c_cllfleclto l_X'ovlcle_tc_q_d_lllt.yto modeJtrouts.

i_c_rtand cllfl'u_lonof l_ollut_u_t¢'.ic_lclsIn th_ t.rol_O_l_herc',of th_ North_rn ll¢,_mlsphcn'_using thre¢_.
_li_,,_nslcn_dwind I_elcls,'.l'h¢,_sewiled fly,loisar_,cow,strut:teelin thr, AI_.ACc',c_utr_df;tc,lllty froxu Air

arr_ys, IIADI'IC, l)rovldc;sa._oX,tl)Ut, the l)ollui,_.nt ('.(_ll(',(!litra,[loi'ls [I,t_sel(.,c'.t,¢_clx'c_glox_sover the.
N_rl.h_,r_lle_l'_l_l__'n_,The c'.¢_¢1¢_w_s _ed t_:_si_nulat¢_tl_ t,i_c,_ax_clSl_a.c',e_,volut.lo_lof tl_¢,,lC)_6
('.l_,rnoi_ylr¢,ac'.tc,r a¢'.c'i¢!¢,_t,

GRANTOUR Tracer Transport Model

(_I_AN'I'OUI_.Is _ giob_d_tmc_t_herlc_nodelthat users l_re_c'.rlbc_,dwinds to tr_u,sport spc,,c'.l¢_
usil,g _tlmgr_tx_gl_tx_-s_Uul_ler-lmrC'_C,J_q_l_rcmc.hto c_dc'.ulltt¢__tclvec.tlcmof tr_tcc_,'svery Itcc'.urtttely, 'l'hc.,
_c_cl_l c'_u_Mso c'_dcul_te, if _H_l_X'ol_rl_ttc_,sc'._tw,ngtwg (glvc,_ t_r_,dplt_ttlon n_tes), c:o_tgul_ttion,dry
¢l¢,l_,qitlox_,mixing l_etwc:en_dr l_trt'.els__tx_¢!r_tcllc_tc:tiv¢,,clec,_ty.'l'l_emodel h_ts I_ec;x_used to stucly
t,l_.,nx_ovement_txi¢lcllsl_c_rslcmof sinok¢__cl r_tclioHuc'.liclesini _t_iUnl_erturbc_cl_ttmosl_hex'¢_(s¢:e_tlso

'l'h_:vv_c.,.lelhas_dsol_e_ _odlfi_.,clto v'_,l_'c_,._vltat.v_t_._l_lnr.;ri_:_'.h_,vlllstry(s_,_,(;II.A N'l'OlIlt Che_x_i,_try
algolAerosol Moclel),

67



Advectlon.DifrusionFEM Model l

'l'hts two, dttuom,doutd code solv_,stlw adv(,c.tl<_ll-d_(l'usl<_tl_,(tuatl()tl (('ur cutlcctttrat, l()u){'or e×.
attlple) lit _u'l)ltr_u'y geultlctry aud 111which a fi×(,d v(d(wtl,y II(,ld In sl)(_clfied as lxll)ut (lata, V,lth(,r
t,lmo.dopottdeat ox' steady-state solutlolls are ava,lla,l,l_,, As a.spt,cla.I ca;',_,,I.II_,I,raltsl(,llt ()1'st.(,atly
dlll'uslon eclua.tloxttau tdso bc solw,d,

C',ontacts: I)hlllp M, Gresho, l_,obort I,, I,(,(_
I

Tracer Trajectory Model

ThIs tttocl(++tuses data etr wlttcls atld t t,tuperaturt, t() <'atcttlatt; t1'aJ(,c.torlt,s eli all i!'rt,_;ular,
c.olttlnentaJ.scalo grlcl, A Sl)C+c:Ifledlitlllit)er of l)arco,ls, 111j(,ctt,d at clllr(,+rc,tlt t tlXtt,s, l()¢,atic)ti,,.+,all(l
hc,lghts, carl be used tc:) relirOselit a tra,c:er ltiJ(,ctlc)It altcl ('axL be follc)wed t)vt+r l)(:rlc)cls of sc+VOl'al
(lays t.o severed weeks, l)arcd trajt+G'.torl(+smay I)(, ft)lluw(+(l fur(1)ct)tlntallt ll(:Ight at)oy(, t(>rrtdtl,
(2) consttmt p+trc.el potuatltd teml)erttture, ¢)r (3) t!t)1)stallt l)a1'c(>ll>r(,ssttro, l)Isl)t, rmd of th(, trac(_r
l)y eddy mixing (or ¢llll'uslott)IN trot COllsl(ler(,d,

('loutac+t: It.onald L, llaskc;tt

CPS Mod()l

Thls Gaussian, contlnuous-l)Olttt-sotlrce (CI)S)(lllrtlsi())l ttt)(l (l(,l)osil,jo)t tt_od(,l in used i)_ Al{A(',

al)l)llcatlons for lnlti_d response c_dculattotts, It. has tw()lilt)dos of Ol)(,ratiot_: (l) with erie set of
wilful _:md stability Inpttts aud (2) with Ul) tr)t)t_(, y(mr t)f lift.(,(:+tl-lt_it_ut(+or hotlrly avt:rag(,s, Thf:
ttto(lel lncorl)orates depositiott velocity, l)lutlw rts(:, ra(ll()activ(, d(,cay, terr+dt), attd wash()ut, lt_
tlte tttultlllne inl)Ut t_tode, tlle user specifies whether tlt(., r(:l(,a,,+t+is rout, jut, or ac(,i(l(,+nt+tl, 'l'l_(,
()utl)ut consists of both ttv(.,l'ttge ('+oncetltratloll a11d (I(,l)oslti()H ('()_t()t_rs, a._(l ('.ontottrs for vari(.)tts
I)robed)IIi ties that speclli('+ v+dees will be (+×c(:(:d(+(l,

C.otlta('.t: Kevln T, Foster

Radionuclide Models

CAP Model

'l'he Containmeat Atmosphere Physics (C,AI )) ult)(l(:l Cal)a.bility sit_lttlattm rea('.tor-col_t_dtllu(_ltt

i)ttlldlng s(:avengiag l)roc(:sses, To be tloxil)l(, +u_(l l)ro('(:ss-orietlt(,d, tills slt_lulation is I)as(>d o_l

_uotlto(ls of systems (ly_tami(:s; i,e,, if ll(:Wl)hysic+d l)ro('.(,ss(:s s(.,eltl iltll)ortant , the co(le +dlows for
thr:lr c,asy lttsertlot_ late its strt_cture, It shotd(l, for ex+tlt+l)l(:, bf: f(:asil)le +ttl(l relatiw+:ly easy to

it)(:orl)orat(+ at least some of the i tttport+ult s('.av(_)lgit)gl)rO(:(,sses I(,ft out of currently us(,d Hio(lels.
This effort reqtflres both th(+devclol)m(:ut of the al)l)ropriat(+ clou(l-l)hYst('.s(latabase aud +t situu+

latlot_ that r(:_fllstlctdly descril)es the s(:+tv(:tlgi_lgl>ro(,(,ss(:s i)_si(l(: a (,ontaitlttl(_llt l)uil(lit_g wh(:l_ its
(,(lu+ttion of state In driven I)y gaseous releases fr()tll a tllelting ('.or(,,

C',onta(:t: Ted F, ]Iarv(:y
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KDFOC2 Model

'l'his versatile fallout model has been (levelopcd to assess c()mplex civil defense and military

effects issues. Large technical and scenario uncertainties require a fast;, ada, pt_tble, timc-del)endent
model to obtain technically-defensible fallotit results in complex demographic scenarios, The

KDFOC2 capability and other databt_ses avmlable in G-Division provide the essential tools for

considering tradeoffs between various plans and features of different nuclear scenarios and for esti-
ma.ting the technical uncertainties inherent in the I)redictions.

Contacts: Ted F. IIarvey, Leslie L. Edwards

GLODEP2 Model

The GLODEP2 model provides estimates of the surface det)osition of worldwide radioactivity

and the gamma-ray dose-to-man from intermediate and long-term fallout produced by nucl,ear ex-

plosions. The model is based on empiricM 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 (vaporized) 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 (lose relationships that account for meteorol-
Ogy, weathering, and terrain-roughness shielding at specitic 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 I.'. 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-trim simulation, involving 54 stream tubes with eight par',dlel paths from a

lower aquifer through the repository to the upper aquifer and the biosphere, required less than
2.5 rain of CRAY-1 computer time.

Contacts: Ted F. Ilarvey, Leslie Ii,. Edwards
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Atmosl)heric Chenfistry and Microphysics Models

One-Dimensional Chemical-Radiative-Transport Model

The one-dimensional chemical-radi atf ve-t ransport rnodel ('a,lcul_,te,s globa,lly _tv(,r_g(,(l, v(,rti cal
profiles of relevant trace gas concentrations in the troposl)h(,re and str_,tospher(,. This lno(l(,l is _l,

useful diagnostic and prognostic tool for studying chemic;ft, radiative, a,nd dynamical processes and
interactions tr. the atmosphere. It has been used extensively for na,tlonal and internation_d investi-

gations of the effects of potentiaJ chemical emission scenarios upon the ozone la.yer and for studies

related to climate change, Modes of model execution include diurnally cycled or diurna,lly averaged,
for tinm-dependent scenarios or rapidly obtained ste_dy-sta.te solutions, The nm(lel atmosl)here ex-

tends from the ground to just above the stratopause (ai)proximately 56 km) and is divided into 44
layers. The model chemistry includes approximately 130 chemica,l rea,ctions among dO species. The

radiative treatment for photolysis reactions includes the effects of multiple s('a.ttering. Ch_mges
in ra,diatively active tra,ce-g_s concentration can be used to obta,in new str_tospheric-radia, tive-

equilibrium temperatures. Transport processes in the one-dimension;tl rood(,1 are simulated t)y
prescribed diffusion coefticients.

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

Two-Dimensional Chemical-Radiative-Transport Model

The two-dimensionM model cMculates the zonally aver_tge(l, time-dependeHt concentrations of

relevant tropospheric and stra, tospheric tr_ce ga,ses as they va.ry with latitude, altitude, and season.
This model currently uses a grid with 16 latitude zones and 18 vertical la,yers, although a much-

higher-resolution versiml is in prcp_ratioll. It inclu(l(,s _l)t)roximately 100 re_tctions among thirty
species, including 27 photolysis reactions. Di,nl)a,tic winds _tre caJculated using model-derived-
radiative and latent-heating rates, assuming prescribed season_dly w_rying initial temperatures.

These prescribed temperatures are appropria, te for ambient trace-gas concentrations. For chemical

perturbation scenarios, either temperatures or diaba.tic winds c_n be vari(,d a.s radiatively a.ctive
trace species are perturbed from their ambient concentra,tions.

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

GRANTOUR Chemistry and Aerosol Model

The GR.ANTOUR model caJculates the three-dimension_fl distribution of gas-phase and aerosol-
phase species using ,n Lagra,ngi_n formulation. C,tirr(_nt a,pl)lications us(, silllplified chemical inter-

a.ctions to describe the global distributions of reductive nitrogen a,nd sulfur sl)ecies. These are being

extended to treat more complete chemical interacti(ms. Ttle model is also _tble to (lescribe simI)le
aerosol interactions including the effects of aerosol coagulation, the forma,tion of aerosol particles

from the g_:,s-phase oxideS,ion of sulfur compounds, ;_tt(l the effects of aerosol population on cloud
droplet number distributions. In most applications, the wind aal(I l)re('il)ita.tion fields from the

NCAR CCM glob;fi climate model are use(l to drive the species tr;msport a,lld removal, although

the model has been linked to other climate models a,s weil. The nlo(tel ('an also 1)e run interactiv(,,ly
with the NCAR climate model to study the effects of aerosols on climate alld clima, te change,.

Conta.cts: Joyce g. Penner, aohn a. Walton, Cynthia, S. Atherton
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Multi-Layer Air Quality Model

Tltls Euleria,n code is a successor to the I_ivermore Regional Air Quality Model (LIRAQ) that

represented boundary-layer ali'-pollution in two dimensions. This model was developed to describe

the long-range, multi-day tra.nsport and chemicaJ interactions of a,ir pollut_nts in which pollutants
may be isolated overnight in a.n elevated layer _md reincorpora, ted into the mixed layer the following

day. 'Phis code uses _ split-opera.tor method to solve the three-dimensioned transport and chemica]
' kinetics equations for ai r polluta, nt concentrations. A highly accurate upstream-differencing method
with a,n antidiffusion correction step h_s been adopted to describe the transport of pollutants

in order to preserve positive species concentrations without the need for ,m artificial smoothing
technique that would add artificia,1 diffusion, The code has been developed for use with an arbitra, ry
number of vertic_d l_yers, 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, u,nd meteorology for the region of interest must be specified ,as input to
the model, Irt the current version, mass-consistent wind fields are first developed in the MATIIEW

model and then processed for the.laye, r-average winds needed in the Multi-La, yer Air Qu',dity Model.
'l'he model has recently been apl_lied to study the coupling of the Monterey and Bay Area. air basins.

Contacts: aoyce B. Penner, Peter S. Connell

Atmospheric Kinetics Model

This model is used for detailed studies of the chemicai and photochenaicaJ kinetics (no trans-

port) of the troposphere and stra_l,osphere, lt uses advanced mathematicai methods to study the
kinetics of a weU-mixed cell, inel uding the effects of solar a,bsorption for photodissociation processes.
This model has been used for evaluating the sensitivity of rea,,7.tion mechanisms to deficiencies in

kltowledge of react;ion rates, q_lantum yield, reaction ensemble, solar constant, arid reactant con-
centra,tions. The model has _dso been useful for studying the feasibility of using reduced-rea.ction

sets in more complex atmospheric models.

Contracts: DonaJd a. Wuebbles, aoyce I'3.Penner, Peter S. Connell

Atmospheric Kinetics and Aerosol Nucleation Model

This model is used for detailed studies of the chemic_d and photochemica,i interactions of species

leading to the forxnation of condensable products in the atmosphere. The condensable products

tnay form new aerosol particles (nucleation) or may condense on pre-e.xisting particles. The aerosol
tiulnl)er concentration and in_ss mean diameter are c_d(:ul_t.e(l for two sei)ar_Lte aerosol modes. The

nlod('.l has been useful for studying the atmospheric conditions leading Lo new particle formation

and the coInl)osition of aerosols in the atmosphere.

(7._ontact: Joyce I'3. I'enner, Sonia, l'(reidenweis
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CAMP Model

The CAMP computer code numericaJly solves the atmospheric microphysicaJ equations in a

well-mixed spherical or plume-like parcel of air, w_ter vapor, liquid w_tter, and _mrosols. The

aerosols may be of differing compositions of water-soluble and insoluble materials. The parcel may
be pseudo-adiabatic, where ttle dynamics are driven by tile buoyancy forces acting on a background

sounding, or may be based on a specified "trajectory" for which the dynamics are determined by
a cloud-scaJe 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 n_crophysicaJ 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_aJ1 on sphericaJ particles. The model does not yet consider ice processes,
which may be important in some applications.

Contact: Leslie L. Edwards, Catherine Chuang

Aerosol Coagulation Model

This model solves t_hekinetic coagulation equation, which determines the evolving size distribu-
tion of un 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

CUMSCAV Model

This cloud-scavenging model is used to estimate the removal of pollutants or radioactivity
from Lhe 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
microphysicaJ 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 ts based oll _ module used ill the 21IPUFF tr_msport and dlfruston model. It

calcultges the scavenging _nd deposition of pollutant pa, rticles ,_s they move through t_ region of
widest)read stratified preciptta.tion. The precil)ltation is _ssumed to be horizont_flly homogeneous,

inlplying that a one-dtmensiona.l cloud model can be used to derive the verti('_d distribution of
clouds, rtdn, and snow. These hydrometeors then inter_(:t with tile pollutant particles to scavenge,
redistribute, and deposit them. A surface-based grid gives the llorizonta.1 distribution of the removed

p(;llutant.

Contact: Charles R. MolenkamI)
/

Radiative Transfer Models

SWPAK

This model computes upward _md dowilwa, rd ultra, violet _md visible radiation fluxes given at-

inOsl)heric verticM profiles of l)ressure, temperature, trod concentr_ttions of 0_., Oa, an(t NO=. The
(:;dcul;_ted fluxes c_n be used by cl!emic',d-ra(li ati ve-trt_nsl)ort models to calculate l_yer he_gi ng r_tes

or, with a,d(titiontd driver routines, l)hotodissoclation rates. The formulation of this model accounts

for nmltiple scattering and allows inclusion of clouds and a.erosols ns well ns _tbsorbing gases. The
solar spectrum and pertinent absorption cross sections m'e divided into 148 wavelength bins be-
tween 133.75 and 730 nra. Advantage is taken of each w_velength bin constituting an independent

radiation transfer problem to allow the coding to vectorize over wavelength bins when compiled on
the C,ray-1 or Cray-XMP. For each plane-parallel vertic,'d layer, the scattering and absorption of

difruse incident radiation is treated using the S,_gan and Pollack two-stream algorithm. Scattering

altd a,bsorption from the direct solar beam is treated using the delt_>Eddington approximation.
Tile effects of the separate layers _tre comt)ined using tlie adding technique.

Contract: Keith g. Grant

Wide-Band IR Model for Cooling Rates from CO_ H20, and Oa

The initial version of this model was obtained ft'ore Harshw_r(lhan, ct ',d. ["A Fast Radiation

l)_trameterization for Atmospheric Circulation Models," J. Geophys. Res., 92 (D1), 1009-1016,

1{.)87]. The model is based or, the f_wwing sc',ding al)proximation and k-distribution api)roaches
described in a series of papers by M.-I). Chou ["Broadband Water Vapor Transmission Functions
for Atlnospheric IR Flux Computations," J. Atmos. ,gci., 41 (10) 1984]; M.-D. Chou _md A. Arking

["Computation of Infrared Cooling Rates in the Water Vapor lla.nds," Am. Met. ,5'oc., 855, 1980];

M.-I). Chou and L. Kouv¢_x'is["Monochromatic C_flcul_tions of Atmospheric Radi_tive Transfer due
to Molecular Line Absorption," J. Gcophys. R,cs,, 92 (D3), 4047-.4055, 1986]; and M.-D. Chou and

I,. Peng ["A Para, meterization of the Absorption in the 15/zm CO_ Spectral Region with Application
to Climate Sensitivity Studies," J. Atmos. ,gci., 40 (9), 1983]. The model was developed to meet

requirements for use in GCMs. It is computation_fily efficient in its basic algorithm, plus it is
written to vectorize over separate vertical columns. The original model has required modifications

to obtain sufficient a,ccuracy at stratospheric l)ressure less than 3 mb.

Contact: Keith E. Gr_nt
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Narrow Band IR Model

The initi_d version of this model was ol)t_dl,ed from l)avtd l(ratz (NASA Goddard) with pa.ra.nl-
eters for CO_, ll_O, Oa, C',It4, and N_O, l),a,rallleters for C, _ 'st (,,_ (i neludi ng tenll_erattlre (l(qJendence.)
await detailed spectroscopic measurenlents, l(estru(,turillg a,nd vectorization at, I,I,NI, ha.s de,creased

the running time on _ C,n_y-XMP to a bou t four seco)lids usillg 31 vertica, l l(wels and a,ll _,ight-poi nt
Gaussian integration over angle of propagation. Further reductions in running l,ilne are likely via
par_fllelization. The narrow-b_md model is an extremely useful tool for a,nalysis of the' radiative

forcings from changes in trace-gas-concentration w:rtic_fl profile,s, llow(wer, even with w, ctorizatlon,
computer time requirenmlits limit tile usefulness of the narrow-band nlodel a,s an interactive part
of GCMs and chemic'_l-radiatiwvtransport models.

Contact: Keith E. Grant

Atrnost)herie Dynamics Models

FEM3 and FEM3A Dense-Gas-Dispersion Models

These codes were developed l)rim_rily to simulate tilt; al,nlosl)heric (lisl)ersion of heavier-than-

air gas and liquid releases. A modified GMerkin finite-element nmthod was elnployed to solve the
time-dependent conserwtion equations of mass, mome.lltum, energy, and species of the dispersed
ma,terial together with the ideal gas law for the density of the mixture. A generalized anelastic

a.pproximation was invoked to preclude sound waves and yet a,llow large-density variations in space
and time. Turbulence is parameterized via a K-theory sublno(lel and heat transfer from the ground
surface into the vapor cloud are 'also accounted for. Both codes can solw_ two- and three-dimensional
problems, including treatment of variable terrain and finite-duration or continuous releases. In

Ft';M3, an option exists for solving the l}oussinesq equations as weil, Ii! I;'I';M3A, instantaneous

sources and obstructions are Mso treated. In addition, a phase-change sublllodel is availa,ble for

handling the phase transitions (between wtpor and droplets) of th,.: dispersed materitfl.

Contacts: Stevens T. Chan, Philip M. Gresho

FEM-PBL

This model, derived from FEM3, has been developed to simulate planetary boundary layer

flow over complex terrain, lt calculates tile spatial and temporal distribution of velocity, pressure,
potential temperature, and mixing ratios of liquid water, water wq)or, mid _m inert tracer in two

or three dimensions. The nonhydrostatic, Boussinesq equa.tions with constant rotation form the

basic dynamical framework of the model. Boundary l_yer turbulence is l)_u'ameterized via one of

three K-theory models: an O'Brien cubic parameterization, a local ll,ichm'dson 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. As in FI';M3, multilinear velocity,

piecewise-constant pressure finite elements are used in si)ace , while a modified, explicit forward-
backward Euler scheme is used to advance tile spatially discrete equations in time. This combination

of methods 'allows faithful representation of complex terr_fin, ea.sy imi)lementation of variable grids,
and efficient performance.

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

This model ha,s been developed to model a.t,ilospheric boundlu'y la.yet llows over lllodera, te

l,errld n oil horizontal sca,les of a, few hundred to 1000 klloilleters, The hydrosta,tlc., a,llelastlc equa, tlon

set with constant rota, tion forms the dynmllicifl Da.sls for tile ,nodel, llouzlda, ry la.yer turl_uleiic.e

is i)a,ra,metorized via. one of tl, ree K-theory models: a,ll O'llrien cuDlc l_a.ra,lueterlza, l,ion, a. loca,l

Richa.rdson nurnller clel)c_ilclelit l)a,raniet, eriza, tlon, era spc;c.ific:cl c'.olista,nt K, The; llioclel c'onti_lvis ii,

sri r fa,c'.eOllergy buclget based etl the soil slab model of Ill ac.ka.da,r, M iii till iiea,r li nil, e elern0iits a,re usecl
iii spa.ce, whllo it selrli-inipllc.lt schoine ts used to a,dva,nco tile spa,tla;llycllsc',r'c,te equa,tloris iii l,tnie,
'l'liis c'.orllbiiia,tiorl _llows fitlthful a,ncl eflletent reproselita,tioli of tile terra,tri, ea,sy ii nplerilelitlttiOli of

i
va.ria.bio grids, a,ild a.CCllra,te a,nd cost-effective i)erfor'liia, ilCe,

Corlta.cts', John M, Leone, :lr,, Stevorls T, (.',ha.n

FEM Nonhydrostatlc Planetary-Boundary-Layer Model '

'l'his code, derived froln FEIvI3, ca,lc.ula,tos tile spa,ti_fl and tempora,l distribution of velocity, pres-

Sill'(;, I)otenl, lltl torlll)l_l'_tttire _a,ii(t tile rlii×ing ril,l,ios of liquid wa,i,er, wilier viH)oi' , _trl(l it,ii Inert t,nwer
iii l,wo or three dinlorisioils, Wil, h the a,ddil,ion of the ('.OliSta,rli,-rota, tion Coriolis force a,rid it non-

liliea.r llha,se-cha.nge nlodel to describe the. effects of evILpori_tioii a.nd condensa, tion, the lJoussiliesq

e¢iu;-_l,ions constitute the model equa,tion sot. As irl FEM3, rnultilinea, r velocity, plecewise-corlst;tnt
liressure elemellts li,re used in space, willie tile explicit forwa.rd-ba,(:kwlu'd Euler schenle is used to

a,dWi.liCe tile spatia,lly discrete equlttiolls tri tilne,

Contltcts', John M. Leone, ,lr,, Robert I,, Lee

FEM Hydrostatic Mesoscale Model

This newest of the finii, e-elenient-hased models is _t Slfinofl" from idl of tile earlier ones, lt has

been designed to provide ii, liew (:a,pability iii wllicil both tw()- a,nd tllree-dimensiolia} COillliuta, tions ;

over rea, sollably conlplex terraill ci.l,ll l)e l)erforll-le(l iii lllU(',h less ceiltr;tl processing unit (_PU) tlnle

tlia, li with the earlier Inodels, Tills is done by solving a siinl)ler a,nd more restrictive set of Inodel

e(ltla, tiOllS iri which hydrost_ttic equilibrluln is a_c4Stlllled to exist, k versioll of tills new model will

be designed to opera.te on the ARAC coniputer system (VAX) _tnd to thus assist iii emergency

response by providing i_ctu'_l forecast winds. A reselu'ch version will be used in a sirnula, tion mode

and will be contiliuously upgraded in its physical a,rid nla.l,herna,ticM c_tp;d)ilities,

Colit_tct: John M. Leone, Jr., Stevens T. Cha, ll

CSU Mesoseale Model

We are using the Colontdo St_tte Ulliversity (CSU) Mesosca,le Model developed by R, Pielke

and his students to simulate a. variety of terntin a,nd surface-forced rnesosc_tlo flows. This niodel

is _t hydrostatic, incompressible, primitive equation model; lt includes topography and a detailed

boundary-lltyer pari_meterization. The flows are usu_tlly driven by surfa.ce heating, which is caicu-

l_ged by bMancing the surface-energy budget at each grid point. Atmospheric heating by _bsorption

_md einission of long- and short-wa_,e rltdiation is _tlso iricluded. The model is three-dilnensionM,

but lt can be run iii a two-dimensionM, rectilinear mode, For our _pplica, tioris, tlle CSU MesoscMe

Model has been enha.nced by allowing clouds and fog to form in satura, ted regions a,nd by greatly

improving the long-wave r_tdi,_tion parameteriza, tion.

Contract: Charles R. Molenk_unp



,, r° " S ° 1OCTETz Dynamical and .rwlcropay lea Plume, Storm,
and Mesoscale Numerical Sinlulation System

The OCTET Stmtflation System consists of eight numerical models thttt _tre a,pi_llca.l_le to a,

l_rge number of atmospheric phcnomen_ _tnd spa,tlttl sc_dcs, ranging from dry mesoscale ci rcul a,tlons,
to tornadoes, to the interactions of _erosols with liquid a,nd frozell l_rcctplta, tio_l inside violent

thunderstorms. The OCTET system uses the noHhydrost_ttlc, COml)Vessible, thre_-dlmenstona.l
dym_mic framework of the Klemp.Wtlhelnlson storm model, The system ha,s a. modula, r structure,

a,nd new modeling capabtllties _re continuously being _Ldded. The stnlplcst nlodel In the OC'I, ET
system has only six prognostic va,rtables; the most complex model h_s over twenty progllostlc

variables. The eight models in the OCTI_'r system _tre ca,pa.hie of slmula,i,lng the nonhydrost_ttlc
and hydrostatic dynamlcs and the mtcrophystcal processes in:

1, Dry rnesoscMe circulations;

2. "Warm" precipitating, convective _md str_ttiform clouds; and wa,rm, moist, mesosca.le cir.
culations;

3, "Cold" ice-bearing (ice crystals, snow, gra,upel, and ha,ii), convective and stratiform clouds;
_nd severe storm circula, tions including squ_dl lines, gust frol_ts, microbursts, low-level wind
shears, and tornadoes;

4. Lightning generation in severe, electrified storms and storm complexes (projected ca pabll-
ity, not operationM in 1990)i

5. Dry smoke plumes (e.g., from forest fires or from burning cities in postnucle_r-exch_tnge

environments); and aerosol transport and diffusion irt dry mcsosc_tle circulations;
6. Smoke plumes in warm, moist atmospheres with condensa.tloll, liquid prccipita.tion, a,nd

smoke scavenging anti removal; and aerosol tr_tllsport, diffusion, _tnd hydrometeor-aerosol
interactions in warm, moist, mesoscMe circultttions;

7. Smoke plumes in (:old, moist atmospheres with condensa.tion, freezing, liquid and solid
precipitation, ttnd smoke scavenging and removal; _tnd a.erosol transport, diffusion, a,nd
hydrometeor-aerosol inter,_ctions in cold, moist, mesoscale ¢:lrctll_tlolls;

8. Electrified smoke plumes; large, intense smoke plumes theft intera, ct with fire-forced, elec-
trified, ice-bearing clouds; ,tnd _rosol transport, diffusion, a,nd hydrometeor-aerosol _tnd

_terosol-aerosol interactions in mesoscale czirculal.iolls in electrified _tmospheres (projected

c_pability, not operational in 1990).
The OCTET system is operational on the Cray-l, Cray-2, arid Cray X-MP computers using both
the CFT _nd CIVIC compilers.

Contact: Michael M. Bradley
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Cloud/Mouatain Model

This model was orlgln;flly designed for tile numerlc_fl simulation of convective, precipitating

storuls over complex terrain, lt lm _dso capa.ble of simulating str_ttlform, preclplta,tlng orographic

storms, hydrostatic and nonhydrostatlc mountain waves, and the dyn_tmlcs _tnd mlcrophyslcs of
sluoke plumes from intense fires, The model Iu two-dtmenslona,l, time-dependent, Eulerl_tn, non-

hydrost_ttlc, and fully compressible, lt Is b_ed on the three-dlmenslon,',J cloud model of J, B,

' Klemp a,nd R. I], Wtlhelmson ["The Slmul_ttlons of Three-l)Imenslonal Convective Storm Dynam-
its," J. Alines, Sci., 35, 1070-1095, 1978], but differs from their model In several mQor w_ws:
lt is formula.ted In terra,ta followlng coordinates, it utilizes _ Rayleigh sponge to simulate a r_-
(llatlve upper-boundary condition, lt uses different the turbulen('.e p_trameterlzatton alld boundary

coa(lltlons, it Includes the complete pressure equation, _nd lt uses no linearlzatlon to stmpllfy the

equations.

Contact: Michztel M, Bradley

SLAB Dense-Gas-Disperslon Model

This code stmula, tes the atmospheric dispersion of denser-than-air releases. The types of re.

leases treated by the model Include a ground-lew, l ewq_oratlng pool, an elevated horlzont,'d jet, a
stack or vertlc_d jet, and an inst_ult_neous volume source, Except for the evaporating pool source,
which is _ssumed to be M1 wqmr, each of the other sources may be a two-phase mixture of vapor

and liquid droplets. Source duration m_y be any finite, length of time. SLAB simulates atmospheric

dispersion by solving spastically averaged forms of the conserwttlon equations of mass, momentum,

energy, and species, along with cloud width _tnd length equat!ons _nd the equation of state, using
the Runge-Kulta method, The code iu one-dimensioned with downwind distance being the Inde-
pendent variable; however, the full three-dimensionM concentration distribution is determined by

using similarity profiles based on the ca,lculated cloud height, length, _nd width. Within SLAB's

lnathem_ttic_d framework of heavy-gas dispersion, there is a. natura_ progression tow_trd neutr_flly
buoyaut tr,_ce-gas dispersion _fllowtng for ca,lculatious dowu to the lowest-desired concentration lev-

els. The m,'tln adwtntage of SI,AB over more COml_lex heavy-gas models is its low computing cost.
'l'ylfic_d simulations requtrc only _t few seconds on a C,1)C 7600 computer or _ few minutes on an

II] M m icroco[nputer.

Contact: I)on_dd L. Ermak

Laser Isotope Separation Model

Developed in support of the Atomic Vapor Laser Isotope Separation program at LLNL, this

model solves the two-dlmensionM Boussinesq equ_ttions in either a Cartesian or _xisymmetric co-
oMi nate 'system, using bili near velocity, piecewi se-constant p ressu re elements in space, and etther

a forward, backward Euler or semi-implicit scheme in time. While the partied differential equ_tions
solw, d are the same a.,_those in the FETISIt model, this newer code, which is _ useful blend of

fil_itc elements and finite (li fferences, ts more cost-effectlve in most practiced cases.

C,ontacts: Stevens T. C,han, Philip M, Gresho
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FETISH Model

This two-(llm(:l_slo)lld co(l(', is _L.g('ll('l'l_.l-1)lll'l)()S(:I)_l('kllg(' tht_t ('tl,l i)(, (Is(,([ t()SolV(: til(, two-

diIllellsloil_fl, steady or tlIlle-(l(,l)(:zl(l('_z,t,gtokes, Nllvl(:r-Stok(:s, or ll()tisslIl(_s(1 (:(lll_ltlo,ls I,i (;Ith('l'

Cartesi_ul or _Lxlsymmetl'lc. Coot'(llH_l.t(:systenls ......either of whlcll )fllows ('.()llll)leX (lcml_dlls to 1)(_
lllo(h, led, It Uses the G_tlerklll tllllte-eloment In(:tho(l 111eitll¢,r llllXe('l(:,l'I)('ll)dty f'orlll for til('. Sl))ltl;I.I
discretlzatlon with a thole(: of (ltl_dl'llat(_t'ld (:l(,_(:l_ts, lt us(,s (,ith(,r th(_,tl'tq)('Zol(I rule of I_ackwar(I

Euler for the tinle dls('retlz_ttio_, 'l'ho syst(:_l_s of (,.q_lations _.re lin(,ariz(_(l via N(,wto_l's _l_(_tho(l,
_t_(l the resulting line,tr systems _u'e solved I)y me_tlls of the fr()_t)fl l_(:tho(l,

Colitacts: Phllll) M, Gr(:sho, Itobel't I,, I,(_(:

Hydrostatic FEM Model

This code solves the two-(ll_ue_slo_d, llollssin(,.sq equations of nwtlon, t_ki_lg a(lw_tag(,_ of rh(,
efitci(,.ncy (in comput_tion_fl costs) of the hydrost_tic ass_ll)tlo_, II, _lses I)oth the G_d(,rkl_l _l(I

least squares finite-element metho(ls for til(: sl)atl_fl (lts('.retlzatto_ a_(l a two-step (ne_tr-tral)ezoi(l-
rule) tlme-tntegratton schelne, Wh(:n the hy(lrostatic assumption is v_.ll(l, tills co(l(; Is l_lo_'(:cost.
(:fl'ective tha_ FETISII, A n_o(lified version of this co(le is bel_lg _lse(l at Iowa St_t(: U_ilV(:l'slty,

C',o_,tacts: Stevens T, C,han, l)hllip M, Gr(:sho

Global Climate Models

LLNL/NCAR Community Climate Model

'I'll(: Natioutd Center for Atn_osl)heri(: Ilest_arcl! (NC,A It) gt:nt:ral circ_llatio_ lllo(l(,l, C,CM 1, l_ts

t)eett tr_utsferred to Livern_ore _).ndadtH)t,(:d to tile I,LN I_coml)utel' systems, Its p_r_u_eterlz_rtiol_ of
solar radiation has be(.,.nreplaced with tr two-stl'e_rm, (lelta-lii(l(llngton model, which uses tl_(: (:lo_ld

overlap scheme of Morcrette and 17ouquart, C_lo_l(lol)tic_.l (lel)th is (:xl)r(:ss(:(l il_ t(,I'_s of clo_l(l
droplet numl)e_' cc)nce.lltratio)_ aI_(l clou(l ll(lui(l-wate.l' cont(_I_t, 'lJ_(: clou_l ll(lui(l-wat(,r (:oIIt(,llt is

(liag_os(:(l from the slmulated con(lens_),tio_l r_.tx,,,The cloud (lrol)l(:t _l_l_l)(:_'is (,ith(,r pr(_s('x'll)(;dor
t)r(,(licted through coupling with the (_l_AN'l'Olll( _el'osol traHsl)ort luo(l(_l, 'I'll(: (lir(,(,t r_(li_llv(,

ei l'e(:ts of aerosols call also b(,. accou_lt(:d for thro_gh (:ouI)li_g with G R.ANTO Ul(..

C,olltacts: Curtis C. C,ovey, Steve_ ,], (lhau, h:arl i",, '['_tylot'

LLNL/Oregon State University General Circulation Model

'l'he modified I,LNL/OSU GCM is 1)ei_lg _s(,(I as a teel for un(l('rsta_l(lillg ('lily,ate model vali-

(lation with satellite data _nd for (le.velol)i_g a methodology for nlo(l(,l into.r('olill)al'i,,_on, 'l'l_e model

h_).sbeen used to explore causes of the diH'(:rences among cli_tt(: )l_o(l(:ls, focusi_g Sl)(,('.ific_dlyo1_
(lifik,rences in cloud forcing and ('loll(t t_rol)(,rties, A versiol_ of th(; _l()(l(_l cou])l(,(l to _ two-level
_ixe(l-lay(:r ocean model l|_s l)(:(:l_used il_ p;_r_dl(!l i_lt(,gratioI_s with botl_ )_orl_;d and douJ)l(:(l

atl_ospheric C()u, 'l:'h(: results of tl_(,s(: si_lulati(,ns are l)(,i)_g used to (l(:ter_llill(.' tl_(_s(:asol_d a_(l

g(:ogral)hic_fl distributions of (_O_.-iHdu(:(_d,'li_l;_te (,l_llges, ill(:l_(ling the I)(_havior of l()w-fl'(,(luellcy
I)]l(:ll(:)Itl(:na suc]l as the ENSO,

C,olltact', Gt:r_l(1 I_, Potter
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ECMWF Global Atmospherlc Model

'l'hrougll a Cool)0ra,tlve agr(,,elueut wlth t,h(_Eurol)etm Centre for Me(llunl l{,(ulge W(m,th(.,,r l:or(._-

(,.ast,_ (I';(_MWF))the ol)eratlou_tl (('sole 32, l!)-level) gloh_Ll _ttlno_l)herlc model Is helxlgu_eclby
the l'rogr_un for Cllma, te Model l)laguosls aud Inte,r('.OlUl))u'l_ou(1)CMl)I), The um(lel cout)flIl_ )t(l-
vazlce(l ra(llatlo)l, clot)d, )rod su)'ftw.e hydrology l)a('.k_l,ges, trod wheu run with )tsslmll_tt,(:d, synol)tl(',,
lult, l_fl (latt_ and observed sea,.surft_ce teml)era, ture, I,_prol)tfl)ly the world's most _(:ctlr_te xlumerl(',)fl
wetLthex' l)redl('.t,loxl model over the I to l0 day ranD:, The model Is Inltla, lly l)(:lng run over s(:w.ra,l

years in the four (sl)e('.tr)d) re,_olutlons '.I'21, T,12, T(13, tuld TI0() 111order to ex_mfim,, the effet'.ts of
resoltltlon on stmula.tt:d cllxua.te and clime,tc t)x'ocesses,

(]',ollta,CtS', W, Lw_vrell('.e,(Ill,tc.s) Genfld l,, l)otter

Oregon State Unlverslty/GRANTOUR General Circulation Model

'l_he GRANTOUII, Sl)ecle,,)-tr_msport model tuld tile OSU/LLNI, GC]M h)_ve been laten_ctlvely ,
coupled so tht_t the species conceutrtttlolis Ill tlle CIIIANTOUIt model may l)m'turl) tile radl)_tlv(.,,
ca,l('.ul_ttlon In the OSU/LI, NI, GCM and so th_tt til(: winds and precil)Ita.tlon In tlle OSU/I,I,NI,
(ICM control the tr_msl)ort and sc,_vengtng of species in CII),ANTOUII., This mode.l has 1)e(,.nused

ext;euslvely to study tile I)otentl_fl clinl_.tl(: effects of l)ost-nuclear-war smoke lnjectlous, Another
ver,_lon of GII.ANTOUIt tree, ts the glol)_fl wet _md dry del)osltiou of nitric a,('ld resulting from glol)_fl

sources of NOx _md a sl_l)l(.; chemistry, This model is run iu its uncoupled mode with OSU/I_I_NL
CI(:M meteorology,

C,outacts: Steveu J, Gha,l_, ,l(,!)_ ,l, Wtflton

Two-Dimensional Climate Model

A new zon)dly _ver_ge(l ('llm_tte model ll_s I)een develol)e(l for coupling with two-(llmenstona.l
)_lo(l(,Is of ocean circulation and stra, tosl)herlc chemistry, l)olewar(l and vertlc_fl tr)msl)ort of he_t,

nloisture, and iilomelltunl t)y l)u'ge-s('_de eddies h_ve heeu l)a.ramet(:rlze(l using mixing length con-
eel)ts ha.sed on conserv_tlon of potenti_fl teml)era.ture , wa.ter Val)or, and I)otentl_fl vorti('.ity, The
hy(Irologic)fl cycle is explicitly slmula.te(l, Inclu(li_lg storage of uoll moisture _md snow, L_u_d _md
ocean surfa,('.es ltl'e distinguished tn terms of their h(:_t ('al)a.('ity)m(l moisture storage c_q)_city, The

()cea._!is l)rese)_tly r(,l)resente(! a.s a. slull)i(: )l_lxe(l-layer sial), lioth tile (llurnaJ _l_(l annu)fl cycle Iii

s()la.r (l(,('li_a.tiou ('._ml)e a.ccou_te(l for, Sea lc(, is l)r(;,_(,i_tlycrudely (li_g,nose(l ill terms of o(:e_m
t(,u_l)(,raturc, Clou(l-ra,(ll;_tiou fee(ll)acks are tr(,at(,(! thr()ugl_ l)r('(li('tio_s of cloud cov(:r _md clou(l

li(lui(l water _uid their lml)_U'.tou sol;_r au(t t(,rrestriaJ ra.(lia.tion,

(".()_t,a.(:ts: Karl l'], 'h0'lor, Stev(:u J, Ghan

Statistical-Dynamlcal Climate Model

The Livermore Statlstt('.)fl-1)ynamlc_d C.llInat(, Mo(Icl (I.,SI)M), a.lso referred tc)as ZAM2, is _t
, , I_arth's i_t_lOsl)here-surfa.ce-ocea_ system Intwo-(llnle.nslon_fi, Eulerl_m thermod_,,na)ni(' u_o(l(>lof "

_.1_(,_neri(liona.l l)l_ne, 'l'h(: mo(l(:l consid(_rs a ll_oist a(.mO,_l)h(:reand includes ,_u('.heft'ect,_ a,_ solar
a_(I iufrar(,.d ra(li_tiou, w_ria.l)l(: ('lou(llll(:,_s, i)r(,cil)ita.(i()n, surfa('.(: tnt(,.r_w.tions, tile va.rial)le extent

()f s_)w ('.over _nd sea. ice, ;_(1 _ou_ta.ius, '1'1_(_s(,aso_a.l v(,rslon of the m()(l(:l in_:lu(les _ well-
l_)i×(,(llayer _tl_(ll)r(,s('.ril)(,d _llerl(lio_d he_t fluxe,_ i_ rh(: ()(,ea)_ layer, 'l'l_e nl()(l(,l ha,_ l)e(;n used t()
i(:st the response, tc)increased atn_(_Sl)l_(,ri('C.O_, ar(:tic s()()t, v()l('a.I_ica(,ros(.)l iu}e('.ti(_n,_,a._l(lother

!)(,rt url)_tion s,

('.o_ta.cts: Mich_el C, Ma('.(:r_wk(:ll, Karl l'i, Taylor
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Simplified Climate Model for Secondary School Education

This "toy" cltm_tte model Is _Lvall_d_lefor eciuc_ttlon_dpurposes, lt is I_asedetr hlglnly sltni_llfled,
radl_ttlve transfer theory _md has been tuned to give re..,on_bly aeeura.te estlln.tes of glob_dLy
_Lveragedsurface temperatures, The model currently rulls cmM_u'lntc_sh(,ont_plltex'sin axl l tlterac'.tlw_
fashion that allows students to explore the influence on climate of sue lefactors as C,O_conc'entratic_xl,

cloud cover, _dbedo, _txlclwater va,per feedback, A speclllatlve, sel111-ennplx'lc'ally based, sea-level
model is also lncludecl,

Contact; Karl E, Taylor

Oceanic General Circulation Models

Global Eddy-Resolving Model

This model, developed by A. Semtner and I(. Chervin, In a direct desceadant of tine first oceanic

GCM developed at the NOAA Geophysical Fluid l)yxtalulcs l,aboratory over 20 years ago. IIi Itlllch

the same way as atmospheric GCMs, this model ctdculates teml)erature, pressure, s_dlnlty, and

current velocity on a three-dimenslontfi glob_d grid, givetl lnltl_d and I_otlnclary (surface forcing

_l,xl(ltopography) conditions. Semtner and Cllervltn rewrote the (IF1)I, code for efllclettt execution
on partfllel-processlng vector supercomputers, tdlowlntg for the first tlnlle a hlgll.resoltntloxn version

that includes tim so-ctdlecl mesoscale oceltnic ecldies while x'c,t_flxnlngglobtd c.ovc,r_Lge. The Setlntxner-
Chervln code Is now being transfered tc) the Nationtd l;',nergy Itesearch Supercotnl_uter (',exlter

(NERSC) computers at Livermore.

' Contact: Curtis C. Covey

Isopyenlc-Coordlnate Model

This m,.:Ael, developed by J, M, Oberhuber of tit(., Max Planck Intstltutc, ["Slmulatlox_ of the
Atlantic Circulation with a Coupled Sea Ice-Mixed Imyer- lsopycn;fl GenerILl C,lrcultttloxt Mo(Icl,"

submitted to the J, Phys, Oceanography ], uses density as a vertlc'._d c(_orclin_te, an aclwmtage for
oceanic GCMs because niost of the oceans' mixing pro('esses t;_ke place ;doug surfaces of constant
density, This model also incorporates submodels of the oceanic, Upl)er xnllxed layer i_nnclsea lc.t)

(with rheology), The (lomtfin is easily a(ljust_d_le from b_sin-wi(le to globld, An implicit time.
differencing scheme allows time steps as long _s two days for 30 resoluttont, 'l'lne nnloclelis XLOWI)elung

run at NERSC in cooperation wtth Tim Barnett and Arthur Miller at the Scrlpps Institutioxt of
Oceanography,

Contact: Curtis C, Covey
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Oc(mn Genoval Circulation MocltJl

'i'llls xn(_clo.l,(lt_v('ltJl)t,dI_yJ, 111t,1__tt()rt,gt_tlSt_itt_IJnlvor_lty _tn(Iu_od In t',c._llplt_d_tnnO_l_ll_x't_-
t,i't_t_wlslxnullltlt_ns by W, I,, (llttt, s, I_t,_d, [(,'mqJh'd Oe,tlt,.Al,u,,,phcre ll,h.lel,_, l._l_ttwll_I',l!}Sr_],Is
li ('/HIIi)l't_ht!llSIVe slx.lov(,l d,Vllltllllt'ttl lllt_dol of the glc)l)()l(_('.Ottli ('.lrt'tllittl(_ll, with thf, i_l)tlt')n()f lul'
Ii,ll_odili_dlnlXOdlttyi_r, 'l'hls lUt3d(_li'ltleultfl,i;,ql,ho. throt_.dl_lt,nsloi,td tc_nlporttturo, 81dl,_lty,('.Llrrollt
t_ll(I st:_.-lt:e distribution In I't_8])c_l_81_t,c_ i)rol4i'.rll)(_d ,qlll'fltl'l_ fort',lllg Itl_/l bt3i,tOlll Ol'(igrltl)hy III lllll(',h

tile 8t1111olllltllllOr II,q tile , lx,ill,u,C)(!O,Itll x_li_tli,,lsi_.t (II"1)1,,In Its prt_si_ntec_i_ilgul't_tlc_u,tills n_c_dolhl_s

_t horlzi,t_t_drorolutlot_ of ,1° Iittltudo, Itlld 50 I(,ugltudo, _uld r(_(iillro8 itbC3tlt (lO HllXlllt(_,8tc) _lmitllttl_
(_110 i'oll,r_8tln_, o,_ lt C,IIAY-I. cc_tnlputorwith tt tl,l_¢,stop of I lily,lr,

(:,(:)ll[,tl('l, °, W, I,ttWl'OIIC'.O (lllto8

Upper Ocean Model

'Finis model, dow,lol,t,cl by 1), l'oll_u'd Itr Orogc_l Stlttl_ Unlw_rslty [l'crfortnltincc of titl Upper
Oeeclt, Alc_h:lCouplt'd to t_t_Almosid_crie (/CM: Ptxrlimitlt_ry R,csulls, C,llm_ttlc 1i(:stmrch Instituto,
li_,l)c,rt 3l, ()rogon Stltto University, Corvtfllls, C)ll,, 1!182]ttttcl u,qoclwith _t Cotlplocl l_tmost)horle
u__ll_,lill (_xl,olid(_,dslmul_ttloxi8for bt3th norm_d iiAli[dt_ubli,d C,Ou by W, L, ([litto8 Itlid (I, I,, l'otti_r
lit, I,I,NI,, Is lt two.lltyor model of the upper o(!o.ttll,'l'hls ll|odol t',ttlClll_ttos the hol'lzc_ltlflc_lrl'el_t_nd
tl,_ll_/,rltt,ure In iul_tyt:rof vltrltd_lo/l/_pth rol_rt_sc,ntlng the 8ul'flt('.oinl×od lityer Itx_iilxl Itl_underlying
l_.vl,r (Ids(3of vlu'lltblt_depth) ri,,i)rosot_tlt_gt,ho tllernlocllt_o, wltli l_U'Im_/.,tt,_rlzodontr_tlnn_i_lltItr
tit(qf Illtorft_t_oi so_t-leo Is (!ltir!filleted Ulld(_l' the COllSLrldlit (')fl)rost',l'lbod s_dlnit,y, III its present
c_,_[igul'itti(_n,tills n_ociollilts lt h¢3rizt_ui,_dr(,sc,lutl_nof ,1° Itttltild(_ ttlld 50 ii3Hgitttd(_,and rc_quirc_s

_tl_llt, 10 xnlx_ut,es to sln_ul_t,_,(_xloyc,ar's timo ou__t (]IIAY-I eol_lpui, i:r wltl_ iutl_l_t_stop of one hour,
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Al)peridlx t1. Acroriynas and .Abbrevlat;ions

AIWclIlylll Meanllig

l- D One. I) h utql_llc,qltd

2.I) 'l'wc,-i) huonHl(uitd

3. l) Three- DI Intm_ hulal

AAAil Alllorh!tul AHtl.ehitltm f.t' Atl|,tm.I Ih,Hetu'eh

A I)P 10 A t IllU.,llllliwlt:- l)lll'lt_thll| I'm't h.'le-hl- (. fell

, Ai!lO tj,S, At(_nlh', Eiittrlly (_t,nuubmluil

A I_(.'IWC! All' Idtq,(rll(Ih_bal Weathur (._enti'ld

A (:1U A tiiilri(_itli Cto_lphyilh:a[ tj lllilii

AM_ Alililrh!lill MoLi_/il'Oltll_ii.'ld S(_eh:ty

" ANATEX Al_l'OttltNtll'l.h AllliWlc'll '[ll'lWiw [i_Xlllll'iillellt.

A NS Anlerlean Nueloar .%elety

ApOA All' Ptllhitltln (J(llii'i'¢ll AtiHot'.liiLhlli

API AIllerleali l_ot.r(dotilli hil4tll, iit, u

A I1AO Atlutl.qphiwle lhflel!i_e Advbi.r_' (lalialllllty

ARM l)Ol._'lt Al,iiloltphiwltl Illlll lllullal.lcln Mt_/I.qill'lilllellt llllthll.lve

A_()T l)Oli]_H Atnltmpherlc Sttidlet4 iii (hliiilllex 'l'elrahi llrugriuil

A,qM Ii) A llllll'lt:llll _Clt!ioLy I:lf Mllt'.hiiilit!lil li]llljllll_/_l'ti

AWMA All' ailll Wlmtt_ Mlill/ll#Jllltllit Alt_lul!lal.lon

,< BAAQMD Bay Al'etl Ali' Qilality Mitlliigllllllllll, l)l_ttrh!t

OAP _,tllil./ihllllillit ALIlltl_phor(_ PllyHIcs

O A PT EK ('Ji'clltti-Ill ppltltl(:hlllll 'l'l'llcer li]x perll_iellL

OOM[ National C_Olltfll. for Atlllfltlpho.rl(! ]te.,tearch/fhmerid Oh.l:ulathln Ivludei. Vtll'tllllll 1

O|gCI OOllllllht,tioll (-if li_tll'(llli_/Idl _fllllllltlllll.llltl

f.JlIAIVIMI _ l)OF,'lt Oonil,_tiLer Illu'dwartJt Advllaleed MilLhl_iniitltu4 i and Mlldel Phyldcli hilLhll, lw_

OMA Clhi:lilli:id Malillfax'.t, iirol'et AMlto(:[tlll(lll

OPS (_tlnt.i iiutlu_l- l'(;llif- _ tlti roe

CJ.q.'l.J (.kllol'ach) ,.qLliLe[Jnl veralt,y

D NA [)l_['l;llltil N II(:iltlll' A tili.ql_y

DOD U,_q, |)elillrLlllOllt. til l)l:fe.lifle

DOE tj,S, Departnient of l_nergy

DOT U.S. l)epartniiult tll"l'ran_lporl, aLIclli

DP l)OE/Olllce of l}efonlte Prlltl'alnli

EOMWF |_ilropoan Centro filr Medltiill Ilalilte Weather l?oreca_til

Eli DOE/Olticetil' F,nvh'iliiilieliLal _tifo.Ly luid l lealth

EPA li.]livlrolinionLal ProtecLlilii Alfency

Ell l)OE/Olllce til' Eiil!l'l!ly ]/elttliirch

FAA li'oclertd Aviation AdlllllllltLriitloli

I_E 13OI.'I/OI11ce of li'cre,li Eiiiwl4y

FEM li'hllte-l_lenlent Modt_llntl

FEM3 Three-dhllen_ltuial l"lntte Eleme,nL Model

FIrIEIIP [4_del'ld lladl_di)glcal li]llltWi4tJncy It.l)_ptm._ll i"iiul

I:RMAI ) li_d_l'al ltadlillilglcal Molilftirlilll I iili(I A_ltlc_ltllilelil, I:ll'l-ii_l,illii

FY l;'llli;al Year
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G-Division Atri_._phertc and Geophysical S(_%u(:.'s l)ivtsiou

GCM General Circulalion Mr)dci

GPP General Plant Projects

GRANTOUIt l,agrangiaz. P:wcel Advection (','.de

GRI Gas lh;search hlstitute

IAEA Intenmtional Atomic Energy Agency

IAMAP International Association ofMeteorology attd Atmo._ld.;ric Physics

IBM Intenmti0nal Business MarJfines

ICRCCM hd.ercome:ia'isotl of lladiative Uodes in (:limale Modeh

ICSU Intematiotml Council of Scientific [Inions

lnCoR University of Califi)r,tia lnsiilute for Collaborative lh's,'tu'ch project

with I.,ANI, mul the Scripps Institution of ()c,'anogral_hy

INSRP DOI__/DOD/NASA h,t,'rag,'nry Nuclear SMety l/evi,:w Pan,:l

IR&D LI.Nt,'s hu_titutional lh_'._,,'arrhm,d I)ew:hqmlenl

J-Group l.,iqtlefted Gaseous Fuels Program

JANNAF Joint Army-Navy-NASA-Air lh,roe panel

JOWOG U.S.-U.K. Joint Working Gr.up

LANL Los Ahun(_ National l,al)oraiory

LG F l,iquefied (] tkseOltLqFuels

LIRAQ l,ivermore Regional Phot(,('he,,tical Air Quality Model

LLNL l.awrence 1Ave,inor,, Nat i()nal [,ab()rat()ry

LNG Liquefied Natural (:hL_

M/A MATIlEW/AI)PIC

MATIIEW l/egional l)iagnostir Flow M,)del

NAPAP NationM Acid Precil)itatl,)n Assess,,._nt I_r(,gram

NAS NationM Academy ,)f Scien,,es

NASA NationM Aeronautics and Si)are Administration

NATO ASI North Atltmtic Treaty Organization Adwu,r,,d Study htstitute

NATO/CCMS North Atlantic Treaty Organization C.o,,,nfitt(,_ ()n C.halhmges ()f M()d,,rn Sorie(y

N CA R. National Center fl)r A (.,llOsl)lleric }{esearc}l

NERSC National Energy Ih:sear(:h Sul)er,'.()mputer C,rnter

NOAA National Ocee_aic and Atmospheri(: Administ,'a(i()n

NR Naval Reactors

NI:tC Nuclear Regulatory Com,,fission or N,,,ti()nal l_ese:u'(:h C()um'il

NTS Nevada Test Site

OAC DOE/Office of Anus Control

OCONUS Off or Outside the Continental ii.S,

OECD Organization for Economic Cooperati()n aaid I)eveh)pment

OGCM Oceanic General Climate Model

OHER DOE/Office of t',.:alth and Environmental F_esearch

'] OMA DOE/Office of Militaxy Applications

OSU Oregon State Uldversity

PACLIM Pacific Climate Conference

PCMDI Program for Climate Model Diagnosis and lntercompaxison

PE DOE/Office of Policy, Planning, _md Analysis

PIC Particle-in-Cell
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PRC People's Republic of China

RPP Reactor Product Program

SIAM Society for Industrial and Applied Mathematics

SLAB One-dhnenstonal Dense-Gas Dispersion Model

STF Spill Test Facility

SUNY State University of New York '

TMI Three Mile IslaJld

U ARS Upper Atmosphere Research Satellite

U ASG Unclassified Atmospheric Sciences Group report

UK/MOD United Kingdom Min!stry of Defense

UNEP United Nations Environment Programme

VAX Digital Equipment Corporation computer system

WMO World Meteorological Organization

WSR Weapons Special Research
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