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1 Overview

1.1 Intr oduction

This projectwill developthe high-performancecomputationatechnologyinfrastructureneededo
analyzethepast,presentandfuture geospatiatlistributionsof living componentsf Earthervironments.
This involves moving a suite of key predictive, geostatisticabiological modelsinto a scalable,cost-
effective clustercomputingframework; collecting andintegrating diverseEarth obsenational datasets
for input into thesemodels; and deploying this functionality as a Web-basedservice. The resulting
infrastructue will beusedin theecologicalanalysisandpredictionof exotic speciesnvasions This new
capabilitywill be deployed at the USGSFort Collins ScienceCenterand extendedto otherscienti ¢
communitieghroughthe USGSNationalBiological Informationinfrastructureprogram.

1.2 ReferencedDocuments

Table 1. ReferemwedDocuments

DocumentTitle Version | Date

SoftwareeEngineering DevelopmentPlan 1.2 2002-09-26
Con guration Managemenpblari 1.0 2002-04-08
Quality Assurance’lari 1.0 2002-04-08
RISk ManagemenPlarn 1.0 2002-04-08
BaselineSottwarebesignbocumert 1.2 2002-10-17
Concepot Operations 1.6 2002-10-17
SoftwareRequirement®ocumerit 1.2 2002-10-17

1.3 Documert Overview

This documentthe AnnualReport(January 29 — August15, 2002) describeghe researclaccom-
plishedduringthereportperiod.

Sectiord discusseshe problemclassandthe objectvesandapproactof the project.

Sectiorfd describesrst yearprogressincludingscienti ¢ andtechnicalaccomplishmentgrogress
toward milestonesgurrentstatus andplansfor the next year

Sectior describeghis year's publicationsandpresentationselatedto the project.

SectiorH providescontactinformationandinformationaboutthe project's website.

Sectiorfd providesalist of references.

AppendixAl summarizeshe project's overall milestoneschedule.
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2 ProblemClass

USGShasimplementeda heritagemodelingprocesswhich we referto asPlantDiversity, thatwe
aretransforminginto a coherentnvasiveSpecied-orecastingSysten{ISFS). The ISFSwill be usedto
analyzethepast,presentandfuturegeospatiatlistributionsof living componentef Earthervironments.

2.1 Intr oduction

Many of the mostimportantscienceguestionsve hopeto addresdy modelingthe Earthsystemin-
volve understandingvherea particularspecier groupof organismsexist at a giventime. For example,
in orderto understandhe effectsof land cover andland usechangewe maywish to know historically
whethercertaintypesof plantsor animalswere oncepresentin a region of interest. In real-time,we
may wish to know the public healthrisk for vectormediateddiseasessuchasHantavirus Pulmonary
Syndromeor Lyme Disease.In thesecasesijt would be importantto know the currentdistributions of
deermice andblack-leggedticks, which areresponsiblerespectiely, for transmittingthesediseases$o
humansin orderto understandhow the healthandfunctioningof entireecosystemarebeingin uenced
by theinvasionof exotic speciesywe may wish to predictthe future distribution patternsof key native
andnon-natve organisms.

Determiningthegeospatiatlistribution of living thingsacrossvarioustime framesandtime scalege-
guiresanunderstandingf the naturalhistoryof theorganismsn question It involvestheformulationof
sometimesomple theoryabouttheir behaior, reproductionandmovementghroughthe ervironment,
andthe subsequentei cation of thesetheoriesinto models,simulations andcomputationalnalyseslt
draws upondiverseandheterogeneoudata,including remotelysensediata,ground-basegoint data,
anddataaboutpastlife from naturalhistory collections.Increasinglythereis a needfor interactve vi-
sualizationof resultsandthe ability to fold resultsinto decisionsupportsystemsandothermechanisms
that enablethe developmentof effective policy and action. From both a scienti ¢ and technological
perspectie, thesearenontriial problems.

Our overarchinggoal is to enablethe ecological,ervironmental,andpublic healthcommunitieshy
expandingtheir participationin high-performanceomputing. We proposeto startthe developmentof
a generalizedcomputationatechnologyinfrastucturefor thesecommunitiesby focusingon a classof
landscape-scalgeostatisticamodelsthat predictthe distributions of living organisms. We will work
speci cally with awell-understoodcologicalmodel,PlantDivesity. The PlantDiversity modelis cur-
rently beingusedto performlandscape-scalassessmentsf plantdiversity andto predictexotic plant
invasionsin US parksandwildernessareas. This is an importantmodelingprocessandit represents
an importantclassof codes. By working on the PlantDiversity model, we can characterizeeommon
elementsandidentify functionality thatmight be abstractedway from the coremodelanddeliveredas
generaMWeb-basedervicedo the broaderscienti c community

2.2 Objectives

Thespeci ¢ objectivesof thiswork includethe following:

2 Createahigh-performanceparallelimplementatiorof the PlantDivelsity (invasie species)nodel
code;

2 Documentthe useof software engineeringechniqueghatfosterreproducibilityandcommunity-
wide softwareprocessmprovementsn thesedomains;
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2 Engageanextendedcommunityof scientistghroughthe establishedBIl communityinfrastiuc-
ture program;and

2 Emponertheecologicalenvironmental andpublic healthcommunitiedy expandingtheir partic-
ipationin high-performanceomputingandgreateruseof NASA data.

2.3 Approach

Predictve spatialmodelsdevelopedfrom multi-scaledataarean excellentexampleof datasynthesis
for naturalresourcemanagemenand public health(Chonget al., 2000; Glass,2000; Kalkhanet al.,
2000a,2000b).Spatialstatisticsandgeostatisticprovide a meango develop spatialmodelsthatcanbe
usedto correlatecoarsescalegeographiénformation(e.qg.,digital elevationmodels purnareasremotely
sensedlata)with multi-scale eld measurementsf biotic andabioticvariablegKalkhanandStohlgren,
2000). Integral to the creationof spatialmodelsis the collection of appropriatedata. Kalkhanet al.
(1998)andStohigrenetal. (1997a;1997b;1997c)have developeda multi-phase multi-scalesampling
approachthatinvolvesstrati cation of areasof interestfrom remotelysensedata,randomlocation of

eld samplingpointswithin strataandsamplingwith multi-scaleplots. Datacollectionfrom multi-scale
plotsallows extrapolationof resultsto largerscaleswith calculableerror (Figurelll).

The ability to modelsmall-scalevariability in landscapecharacteristicsequiresthe generationof
full-coveragemapsdepictingcharacteristiceneasuredn the eld (Reichetal., 1999).While mary spa-
tial datasetslescribingland characteristichave provenreliablefor macro-scalecologicalmonitoring,
theserelatively coarsescaledatafall shortin providing the precisionrequiredby morere ned ecosys-
temresourcanodels(Gown etal., 1994). Spatialstatisticsandgeostatisticprovide a meango develop
spatialmodelsthat canbe usedto correlatecoarsescalegeographicatlatawith eld measurementsf
biotic variables.This generalandscapeanalysisapproachis beingusedsuccessfullyto address range
of naturalresourceandpublic healthissuesjncludinginvasive specieqStohlgrenetal., 1998,1999a,b;
KalkhanandStohlgren2000;Kalkhanetal., 2000a,b,c)detecting‘hot spots”of native andexotic plan
diveristy andrare/uniquehabitats(Agee and Johnson 1988; Noss,1983; LaRoe,1993; McNaughton,
1993),detectinghabitatsvulnerableto invasive andrapid spreacf exotic plantspeciegStohlgreretal.,
1999a),anddeterminingvegetationandsoil responsdo re (Kalkhan,etal., 2002).
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Remote Sensing (Satellite)
Imagery : for broad-scale
extrapolation

R . Multi-Phase Multi-phasesamplingrefersto

Sampling samplingat multiple levelsfrom
remotelysensediata(e.g.Landsat
TM imagery aerialphotos)to
grounddata.Multi-scalesampling
refersto the useof samplingplots
thatcontainsubplotsof various
sizes.Thisapproacttanbe
appliedto biotic andabiotic
variablessuchasexotic species
alundarce, native species
distribution, re conditions,and
otherecologicalstudies.(Adapted
andmodi ed from Kalkhan etal.,
1995,1998)

for general area mapping

Design
High Resolution Aerial

Phatography with cormmon
and rare habitat stratification

Ground Survey (Mulfi-Scale
Sampling) . Subset of
random plots selectad in
common and rare habitat for
long term monitoring

IS Based Spatial Predictive
Dynamic Model - Links to
correlated mechanisms (ie.,
spatial information data and
spatial statistics)

Figure 1. Multi-phaseSanpling Design
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3 First Year Progress

3.1 Scienti c and Technical Accomplishments

Preliminaryversionsof seven key software engineeringdocumentsvere producedduring the rst
year of the project. They include Version1.0 of our Software Engineering/DeelopmentPlan, Con-
guration ManagemenPlan, Quality AssurancePlan, Risk ManagemenPlan, Conceptof Operations,
Software Requirement®ocumentandBaselineSoftware DesignDocument.In addition,the PlantDi-
versity modelingernvironment,asoriginally con guredby colleaguest USGS wasrecreatedt Goddard
for learningpurposesandto do baselineanalyses.Datasetdor three”canonical” study siteswere ac-
quired,including thosefor the Cerro GrandeFire Site in Los Alamos,NM (CGFS),Rocky Mountain
NationalPark, CO (RMNP),andGrandStaircasdcscalantdNationalMonumentUT (GSENM).Prelim-
inary efforts have focusedon replicatingpreviousanalyse®f thesedatausingthe Goddardenvironment.
Ourresultshave beenconsistentvith thoseobtainedn the original USGServironment.Figureld shavs
an exampleof the type of outputgeneratedy the modelingsystem. Completedetailsof the baseline
systemare provided in the BaselineSoftware Design Documentavailable from the project’s website
(nttp://itpwww.gstc.nasa.ggBP/delverables.htn)l In addition, the baselineervironmentcan be ac-
cessedn the project’s sener asdescribedn the Baselinedocumentandatar le, alsoavailableonthe
website,canbeusedto build thebaselineervironmenton othermachines.

Figure 2. Prediced SpatialMap of Exatic Plarts at CerroGrandeWild re Site

3.2 Progresstoward Milestones

TheprojectcompletedMilestonesA (SoftwareEngineeringPlanCompletedandMilestonekE (Code
BaselineCompleted)on scheduleandaccordingo plan. (SeeAppendixA for details.)
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3.3 Current Status

MilestoneE deliverablesare currently underreview by the CT Program. Preliminaryfeedbackis
beingusedto make modi cationsto thesedocuments.

The project has completedstafng in preparationfor next years work. In additionto the core
NASA/USGSteam,Rob Baker will becomethe projects full-time systemsanalyst,David Kendigwill
work half-time asa programmer/datintegration specialistfor the project,and David Herring and his
teamwill provide part-timeassisanceon the designandimplementatiorof the project's public website.
David Obler will continueto provide high-level systemdesignguidanceand coordinationon a part-
time basis.Obler, Herring, Kendig,andBaker areall employeesof ScienceSystemsApplications,Inc.
(SSAI).

On August24,2002,USGSdedicatedts new Fort Collins ScienceCenterin Fort Collins, CO. The
eventwasattendedy NASA representatiesfrom GoddardandHeadquartersThefacility will househe
new USGSNationallInstitutefor Invagve SpeciesSciencewhich represent&nimportantinstitutional
investmenbn the partof USGSarising,in part,out of the collaborationsupportedy this project.

3.4 Plansfor Coming Year

Work in yeartwo will focuson ve majorareas:

(1) CustomeiDriven Collaborative Designand Outreach — In year two, we will engage scientists
andnaturalresourcenanagersn USGSandpartneragenciesn a seriesof formal systemdesign
andreview meetings. The input receved during thesesessionswill guide the developmentof
Version2.0 of all of the project's software engineeringdocumentsandwill facilitatethe buy-in
andengagemenbf the enduserclient community The entireNASA/USGSteamwill participate
in this effort with Curt Tilmes, David Obler, andRob Baker assumindeadresponsibilites.

(2) MilestoneF — First Codelmprovement— Througha seriesof intermediatesoftware releasesthe
projectwill improve the serialperformanceof the baselinesoftware systemand createa parallel
implementationof the core kriging algorithmsusedin the PlantDiversity model. Jef Pedelty
Jef Morisette,David Kendig,andJohnDorbandwill leadthis effort with assistancéorm the CT
Programstaf.

(3) Design,Constructionand Deploymenbf a Linux Clusterat USGS— An importantpartof theyear
two effort will beto helpcolleaguesit USGSbecomedamiliarwith generahardwareandsoftware
aspect®f clustercomputing.The projectwill build a Linux clusterfor the USGSlab, which will
becomehe rst deploymenthostfor the MilestoneF improved software. JohnDorbandwill lead
this effort.

(4) New Data/Algorithm/Scienc®evelopment— An importantaspecof this projectis developingand
incorporatingnew algorithms,data,and scienceapproacheshat canextendthe core capabilities
of the PlantDivesity modelingsystemandallow it to exploit the potentialof parallelization.All
the scientistontheteamwill beinvolvedin exploring new possibilities with Tom Stohlgren Jim
Smith,Jef Morisette, Jef Pedelty MohammedKalkhan,RobinReich,andJacquelind.eMoigne
takingaleadin this area.Publicationof researchiesultsis alsoanimportantpartof this effort.

(5) PublicDeliveryof ProjectResults— Finally, we intendto take this effort publicin yeartwo by open-
ing acomprehensie websitedescribingour technologicabpproacho invasie speciegpredictive
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science.The sitewill provide documentationliterature,andportal accesgo invasve speciege-
sourcesandwill beadelivery pointfor online servicesanddocumentedeleasesoftware. The site
will connecto otherweb-basedbiologicalinformationresourcesprincipally the NationalBiolog-
ical InformationInfrastructures (NBII) Invasive SpeciesNode. Tom Stohlgren,David Herring,
andRobBakerwill leadthis effort with assisancefrom all membersf the projectteam.
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4 Publications and Presentations

This sectiondists this year's publicationsandpresentationgelatingto the project.

4.1 Publications

PrintedandIn Press:

Schnase).L., Stohlgren,T.J.,& Smith,J.A. 2002. The Nationallnvasve Specied-orecastingSystem:
A stratgic NASA/USGS partnershipto managebiological invasions NASA Earth Science
EnterpriseApplicationsDivision Speciallssue. Earth ObservingMagazine (In Press)

Schnase,).L., Smith, J.A., Stohlgren,T.J., Quinn, J.A., & Graves, S. 2002. Biological invasions: A
challengan ecologicalforecastingln: Proceeding®fthelnternationalGeosciencandRemote
SensingSymposium?002(IGARSS'02, Toronto,June).(In Press).

Birk, R., HutchinsonC.F, PossonD.R., Schnase).L., Stohlgren,T.J.,Smith,J.A., & Turnetr W. 2002.
The Nationallnvasive SpecieForecastingSystem— A Stratgic NASA / USGSPartnershipo
ManageBiological Invasions For the NASA EarthScienceApplicationsDirectorate.

Stohlgren,T.J., G. W. Chong,L.D. Schell, K.A. Rimar, Y. Otsuki, M. Lee, M.A. Kalkhan,and C.A.
Villa. 2002. Assessingrulnerability to invasionby non-natve plant speciesat multiple scales.
EnvironmentalManagemen9:566-577.

Pielke, R.A., T. Stohigren,L. Schell, W. Parton,N. Doeslen, K. Redmond,J. Moery, T. McKee,and
T.G.E Kittel. 2001.Problemsn evaluatingregionalandlocaltrendsin temperatureAn example
from easterrColorado.Internationallournalof Climatology22:421-434.

StohlgrenT. J.,T. T. Veblen K. Kendall,W. L. Baker, C. Allen, A. Logan,andM. Ryan.2002.Montane
andsubalpineecosystemsin: Rocky Mountain Futures:an EcologicalPerspectie. J. Baron
(eds).IslandPress(In Press)

Barnett,D., andT.J.Stohlgren.2002. A nestedntensitysamplingdesignfor plantdiversity Biodiversity
andConservatior(In Press$.

Kalkhan,M.A., E.J.Martinson,PN. Omi, G.W. Chong,M.A. Hunter andT.J. Stohlgren.2002. Fuels,
re severity, andinvasie plantswithin the CerraGrandeFire, Los Alamos,NM. Proceedingsf
the Tall TimbersFire EcologyConferenceTallahassel-L. (In Press).

Omi, PN., E.J.Martinson, M. Kalkhan, T.J. Stohlgren,G.W. Chong,andM.A. Hunter 2002. Integra-
tion of spatialinformationandspatialstatistics:a casestudyof invasie plantsandwild re on
the CerraGrandeFire, Los Alamos,New Mexico, USA. Proceeding®f the Tall TimbersFire
EcologyConferenceTallahassek-L. (In Press)

Wagner F. and T. Stohlgren. 2002. Regional Assesment of Climate ChangeEffectsin the Rocky
Mountainsand GreatBasin. Regional Reportto the National Assesmentof Climate Change
Effectsin the United States(to be completedby Septembe002).(In Press).

Stohlgren,T.J.2002.Beyond Theoryof Plantinvasions lessondrom the eld. Commenton Theoreti-
cal Biology (In Press).
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Bashkin,M., T.J. Stohlgren,Y. Otsuki,M. Lee,P. EvangelistaandJ. Belnap.2002. Soil characteristics
andplantexotic speciedgnvasionsin the GrandStaircase-EsalanteNationalMonument,Utah,
USA. Applied Soil Ecology(In Press)

In Review:

Kaye,M., D. Binkley, andT. Stohlgren.2002. Estimatingpopulationsf aspenPopulusremuloides)n
Rocky MountainNationalPark, Colorado.Landscapédecology(In Review).

EvangelistaP,, D. GuentherT J. StohlgrenandsS. Stewart. 2002. Fire effectson cryptobioticsoil crusts
in the GrandStaircase-EsalanteNationalMonument,Utah. Proceeding®f the Fifth Biennial
Conferencef Researclon the ColoradoPlateauConferencellagstaf, AZ. (In Review).

GuentherD.A., T.J. Stohlgrenand P. Evangelista. 2002. Relict sitescomparedo grazedlandscapes
in the GrandStaircase-EslanteNationalMonument,Utah. Proceeding®f the Fifth Biennial
Conferenceof Researclon the ColoradoPlateauConferenceflagstaf, AZ. (In Review).

Stohlgren,T.J.,C. Crosier G. Chong,D. GuentherandP. Evangelista.2002. Native annualandperen-
nial speciescharacterizehe vulnerability of sitesto non-natve plantinvasions. Submittedto
Ecology (In Review).

Otsuki, Y., T.J. StohlgrenD. GuentherandC. Villa. 2002. Evaluatingplantinvasionsfrom both habitat
andspeciegerspecties. EcologicalMonographs(In Review).

Fornwalt, PJ., M. Kaufmann,L.S. Huckaby J.M. Stoker, and T.J. Stohlgren. 2002. Non-natve plant
invasionsin managedand protectedponderosaine/Douglas- rforestsof the ColoradoFront
Range ForestEcologyandManagemenfin Review).

Draft Manuscriptsand Book:

Stohlgren,T.J. 2002. MeasuringPlant Diversity: Lessonsfrom the Field. (Draft Book; 18 chapters
written; 330 pagedext).

Overlin, A., G.W. Chong,T.J. StohlgrenandJ. Rodgers 2002. Monitoring vegetationandsoil crustsin
areasusedby climbers:anexamplefrom Joshualree NationalPark, California, USA. Erviron-
mentalManagement (Draft Manuscript)

Stohlgren,T.J.,K.A. Rimar, R. Shory andK. Stolte. 2002. Monitoring plantinvasonsin the National
Forestsof the United States.To be submitted.

Chong,G.W,, T.J. Stohlgren.2002. Species-areaurvesindicatethe importanceof habitats'contritu-
tionsto landscape-scaleiodiversily. Biodiversity and Conservatior(In Review).
4.2 Presenations

Selectedialks:

Invited Spealer atthe 40t Goddaravemorial Symposium:Partneringwith NASA — The Wave of the
Future. March20-21,2002,GreenbeltMD. Title: EcologicalForecastingpf Invasive Species
— High Performanc&omputingNeeds.(Stohlgren)

100f 18



BP-AP1-1.1 Octoberl7,2002

Invited Spealer at the at the Biology and Mapping meetingat EROS Data Center(April 30—-May 2,
2002):Won BestTalk Award. (Stohlgren)

Movie Roll in “Plantsout of Placell,” a documentaryaboutinvasive plantsin the US, by Information
Television Network, FilmedMay 16, 2002. (Stohlgren)

For Deputy Director US Fish and Wildlife Serviceand Refuge SystemManagemeniTeam entitled
“The future of invasive speciesand information science€. Washington,DC. May 29, 2002.
(Stohlgren.)

At World DataBank/NBII meetingin Derver, CO, Junel8, 2002, entitled“Spatial ModelingandEco-
logical Forecasting— PuttingDatato Work.” (Stohlgren)

Ecolagy Forecastingof Biological Invasions Reportof the Earth ScienceVision NASA Earth Science
Vision 2010—- 2025: Biosphere Ecosystems& Human/BiospherénteractionsNorking Group.
PresentedtthelnternationalGeosciencandRemoteSensingSymposium2002(IGARSS'02),
Toronto,June24 —27,2002.(Schnase)

Ecolagy Forecastingof Biological Invasions Reportof the Earth ScienceVision NASA Earth Science
Vision 2010—- 2025: Biosphere Ecosystems& Human/BiospherénteractionsNorking Group.
Presentedt the AmericanGeoplysical Union Conference2002(AGU '02), WashingtonDC,
May 30,2002.(Schnase)

SelectedMeetings:

At NationalBiological Informationinfragructure(NBII) meetingslJniversity of California,Davis. Jan-
uary2002.

With LeeBalick, Los AlamosNationalLaboratory Los Alamos,New Mexico, March4-6,2002.
With Jim Tate,ScienceAdvisor to SecretaryNorton, WashingtorDC. Morning, March 15, 2002.

With Director Chip Groat, USGSstaf, and NASA scientistslohnSchnasend Jim Smith, March 21,
2002.

With Nationallnvasie SpeciesCouncil, WashingtorDC., Afternoon,March 15, 2002.

Presentationst the Ecolagical Societyof AmericaMeetingsin TucsonArizona(August4—9,2002):

1. Next-generatiorspatialmodelingfor ecologicalforecasting STOHLGREN,T., SCHNASE, J.L &,
T.J.STOHLGREN,R.M. REICH,M.A. KALKHAN andJ.A.SMITH.

2. Synthesizingandspatiallylinking disparatedatasetsCROSIER,C.Sg, G.J.NEWMAN andT.J.
STOHLGREN.

3. Thecontrikution of rarehabitatsandendemicplantspeciego overall plantdiversityin the Grand
Staircase-Escalanfdational Monument,Utah. GUENTHER, D.A.g, T.J. STOHLGREN, PH.
EVANGELISTA andM. KALKHAN.

4. Integratingvariousdatalayersandmulti-mediain a comprehensie formatfor land managersA
casestudy at Grand Staircase-EsalanteNational Monument,Utah. THOMAS ALLEY, N.W.g,
R.O.COLEMAN, T.J.STOHLGREN,PH. EVANGELISTA andD.A. GUENTHER.
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10.

. From pointsto landscapesregressiontree analysisand estimatesf speciegichness. CHONG,

G.W.z, M.A. KALKHAN, R.M.REICHandT.J. STOHLGREN.

. Datasetintegrationandinformationsharingfor improved predictionanddetectionof harmfulin-

vasie speciesSIMONSON,S.Egr, D.T. BARNETT, T.J. STOHLGRENandA. RANDELL.

. Beyondtheory: lessondrom naturallandscapesSTOHLGREN, T.Jr, M.A. KALKHAN, D.T.

BARNETT andS.E.SIMONSON.

. Invasive plantsandwild re on the CerroGrande re, Los Alamos: Integrationof spatialinfor-

mationandspatialandspatialstatisticsKk ALKHAN, M.A.g, PN. OMI, E.J.MARTINSON, T.J.
STOHLGREN,G.W. CHONGandM.A. HUNTER.

. Mapping the invasive plant speciesand cryptobiotic crust cover using spatialinformation and

spatialstatistics A casestudyat GrandStaircase-EsalanteNational Monument,Utah. EVAN-
GELISTA, PH.e, M.A. KALKHAN, D.A. GUNTHERandT.J. STOHLGREN.

Conifer invasionof quakingaspenstandsin Rocky Mountain National Park, Colorado. KAYE,
M.W.g, D. BINKLEY andT.J. STOHLGREN.

ESAWorkshops:

Stohlgrenhosteda workshopcalled “Who wantsto beatan invasive species’with Lori Hidinger,
Guy McPhersonandCarolynSeigfrom ESA.
ESAMeetings:

Stohlgremrmetwith David LodgeandotherESA scientistdo draftan ESA positionpaperoninvasive
speciesesearcneeds.
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Building 33, RoomG12D Fax: +1301-64-6015
Code920 Email: James.A .Smith.1 @gsfc.na sa.gov

Greenlelt, MD 20771
ThomasJ. Stohlgren, Phd

MidcontinentEcological Scierce Center Phone +1970-49-1980

US Gedogical Suney Fax: +1970-49-1965

Ft. Collins, CO 80523 Email: toms@nrel.colos tate.edu
Curt A. Tilmes

NASA Goddard Space Flight Center Phone +1301-64-5534

Building 32, RoomS36C Fax: +1 301-64-5269

Code922 Email:  Curt.Ti Imes@gsf c.nasa.g ov

Greenlelt, MD 20771

5.2 Documert / SystemAccess

ESTO/CTdeliverabledor this projectareavailableathttp:/ltpwww.gsfc.nasa.ggBP/delverables.html
Thebaselinesystemalongwith completedocumentatiomreavailableontheprojects BPDEV computer
(frio.gs fc.nasa. gov). Usersmaylog onto thesystento runthebaselingorogram(pleasecontact
JohnSchnaseat6-4351for useridandpassverd). In addition,atar le is availablefrom boththewebsite
andthe ISFShomedirectorythatcanbe usedto build the baselineervironmenton a differentmachine.
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A Milestones,Schedule,and Cost

Completion
Milestone Date (expeded) Value

A) Software engineering plan completed 04/1502 $ 100,00
Deliver Softwae Engineering DevelopnentPlan, Con guration
ManagenentPlan, and Quality AssuancePlan.

E) Code baselinecompleted. 07/1502 $ 100,m0
Docunentperformancecharacteristicsandtime/spaceompleity of
existing PlantDiersity codeand modelingprocesgor two canonical
exanples: Roky MountainNational Park (RMNP andthe Cerro Grande
Fire Site(CGFS).Determineappmopriate multipliers,m andn, to beused
in Milestoned~ and G respectivelyDeliverinitial versionof
Requiementsand Softwae DesignDocumentsDocumentd souice code
madepublicly availablevia the Weh

B) First Annual Report delivered. 08/1502 $ 25,00
SubmitFY02AnnualReportto CT via \\eh

&

F) First codeimpr ovement completed. 07/1503 300,@m0
Improveimplemetation of PlantDiversity to deliver canonicalproducts

fromMilestoneE m X fasterthanthe baselinemplematation. Provide

codescalingcurves.Deliver updatedo Requiementsand Design

Docurnents.Deliver initial versionof TestPlan/ ProceduesDocument.

Docunentedsouice codemadepublicly availablevia theWeh

Opt) Linux clustersinstalled. 07/1503 $ 100,m0
Install Linux clusteis at USGS/CSWANdNASA/GSFCSystem
con gurationswill bebasedon recomnendationsromCT at thetime of
purchase

C) Semond Annual Report delivered. 08/1503 $ 25,00
SubmitFY 03 AnnualReportto CT via Weh

G) Semond codeimpr ovement completed. 07/1504 $ 300,M0
Improveimplemetation of PlantDiversity to accommodatelOXmore
inputdataover MilestonesE andF at nX thetimerequiredin thebaseline
implemetation. (Dependingon the scienceproblem,this enhanced
capabilitymaybe usedto increasespatial resolution tempoal resolution,
or coverage.) Provide codescalingcurves.Deliver updateso
RequiementsPesign,and TestDocumaets. Deliverinitial User's Guide
Docunentedsouice codemadepublicly availablevia the Weh

C2) Third Annual Repat delivered. 08/1504 $ 25,00
SubmitFY 04 AnnualReportto CT via Weh

@

K) Customerdelivery accomplished. 12/1504 75,000

*

D) Final Repat delivered. 03/1505 25,000

Total $ 1,075,00
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