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1 Overview

1.1 Intr oduction

This projectwill develop thehigh-performance,computationaltechnologyinfrastructureneededto
analyzethepast,present,andfuturegeospatialdistributionsof living componentsof Earthenvironments.
This involvesmoving a suiteof key predictive, geostatisticalbiological modelsinto a scalable,cost-
effective clustercomputingframework; collectingandintegratingdiverseEarthobservationaldatasets
for input into thesemodels;and deploying this functionality as a Web-basedservice. The resulting
infrastructurewill beusedin theecologicalanalysisandpredictionof exotic speciesinvasions. Thisnew
capabilitywill be deployed at the USGSFort Collins ScienceCenterandextendedto otherscienti�c
communitiesthroughtheUSGSNationalBiological InformationInfrastructureprogram.

1.2 ReferencedDocuments

Table 1. ReferencedDocuments

DocumentTitle Version Date
SoftwareEngineering/ DevelopmentPlan 1.2 2002-09-26
Con�gurationManagementPlan 1.0 2002-04-08
QualityAssurancePlan 1.0 2002-04-08
Risk ManagementPlan 1.0 2002-04-08
BaselineSoftwareDesignDocument 1.2 2002-10-17
Conceptof Operations 1.6 2002-10-17
SoftwareRequirementsDocument 1.2 2002-10-17

1.3 Document Overview

This document,theAnnualReport(January29 – August15, 2002), describesthe researchaccom-
plishedduringthereportperiod.

Section2 discussestheproblemclassandtheobjectivesandapproachof theproject.
Section3 describes�rst yearprogress,includingscienti�c andtechnicalaccomplishments,progress

towardmilestones,currentstatus,andplansfor thenext year.
Section4 describesthisyear'spublicationsandpresentationsrelatedto theproject.
Section5 providescontactinformationandinformationabouttheproject'swebsite.
Section6 providesa list of references.
AppendixA summarizestheproject'soverallmilestoneschedule.
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2 ProblemClass

USGShasimplementeda heritagemodelingprocess,which we refer to asPlantDiversity, that we
aretransforminginto a coherentInvasiveSpeciesForecastingSystem(ISFS).The ISFSwill beusedto
analyzethepast,present,andfuturegeospatialdistributionsof living componentsof Earthenvironments.

2.1 Intr oduction

Many of themostimportantsciencequestionswe hopeto addressby modelingtheEarthsystemin-
volveunderstandingwhereaparticularspeciesor groupof organismsexist atagiventime. For example,
in orderto understandtheeffectsof landcover andlandusechange,we maywish to know historically
whethercertaintypesof plantsor animalswereoncepresentin a region of interest. In real-time,we
may wish to know the public healthrisk for vector-mediateddiseases,suchasHantavirus Pulmonary
Syndromeor LymeDisease.In thesecases,it would be importantto know thecurrentdistributionsof
deermiceandblack-leggedticks, which areresponsible,respectively, for transmittingthesediseasesto
humans.In orderto understandhow thehealthandfunctioningof entireecosystemsarebeingin�uenced
by the invasionof exotic species,we may wish to predictthe future distribution patternsof key native
andnon-nativeorganisms.

Determiningthegeospatialdistributionof living thingsacrossvarioustimeframesandtimescalesre-
quiresanunderstandingof thenaturalhistoryof theorganismsin question.It involvestheformulationof
sometimescomplex theoryabouttheirbehavior, reproduction,andmovementsthroughtheenvironment,
andthesubsequentrei�cation of thesetheoriesinto models,simulations,andcomputationalanalyses.It
draws upondiverseandheterogeneousdata,including remotelysenseddata,ground-basedpoint data,
anddataaboutpastlife from naturalhistorycollections.Increasingly, thereis a needfor interactive vi-
sualizationof resultsandtheability to fold resultsinto decisionsupportsystemsandothermechanisms
that enablethe developmentof effective policy and action. From both a scienti�c and technological
perspective, thesearenontrivial problems.

Our overarchinggoal is to enabletheecological,environmental,andpublic healthcommunitiesby
expandingtheir participationin high-performancecomputing.We proposeto startthe developmentof
a generalizedcomputationaltechnologyinfrastructurefor thesecommunitiesby focusingon a classof
landscape-scalegeostatisticalmodelsthat predict the distributionsof living organisms. We will work
speci�cally with a well-understoodecologicalmodel,PlantDiversity. ThePlantDiversity modelis cur-
rently beingusedto performlandscape-scaleassessmentsof plant diversity andto predictexotic plant
invasionsin US parksandwildernessareas.This is an importantmodelingprocess,andit represents
an importantclassof codes. By working on the PlantDiversity model,we cancharacterizecommon
elementsandidentify functionality thatmight beabstractedaway from thecoremodelanddeliveredas
generalWeb-basedservicesto thebroaderscienti�c community.

2.2 Objectives

Thespeci�c objectivesof thiswork includethefollowing:

² Createahigh-performance,parallelimplementationof thePlantDiversity (invasivespecies)model
code;

² Documenttheuseof softwareengineeringtechniquesthat fosterreproducibilityandcommunity-
widesoftwareprocessimprovementsin thesedomains;
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² Engageanextendedcommunityof scientiststhroughtheestablishedNBII communityinfrastruc-
tureprogram;and

² Empower theecological,environmental,andpublichealthcommunitiesby expandingtheirpartic-
ipationin high-performancecomputingandgreateruseof NASA data.

2.3 Approach

Predictivespatialmodelsdevelopedfrom multi-scaledataareanexcellentexampleof datasynthesis
for naturalresourcemanagementandpublic health(Chonget al., 2000; Glass,2000; Kalkhanet al.,
2000a,2000b).Spatialstatisticsandgeostatisticsprovide a meansto developspatialmodelsthatcanbe
usedto correlatecoarsescalegeographicinformation(e.g.,digital elevationmodels,burnareas,remotely
senseddata)with multi-scale�eld measurementsof biotic andabioticvariables(KalkhanandStohlgren,
2000). Integral to the creationof spatialmodelsis the collectionof appropriatedata. Kalkhanet al.
(1998)andStohlgrenet al. (1997a;1997b;1997c)have developeda multi-phase,multi-scalesampling
approachthat involvesstrati�cation of areasof interestfrom remotelysenseddata,randomlocationof
�eld samplingpointswithin strata,andsamplingwith multi-scaleplots.Datacollectionfrom multi-scale
plotsallowsextrapolationof resultsto largerscaleswith calculableerror(Figure1).

The ability to modelsmall-scalevariability in landscapecharacteristicsrequiresthe generationof
full-coveragemapsdepictingcharacteristicsmeasuredin the�eld (Reichetal., 1999).While many spa-
tial datasetsdescribinglandcharacteristicshave provenreliablefor macro-scaleecologicalmonitoring,
theserelatively coarsescaledatafall shortin providing theprecisionrequiredby morere�ned ecosys-
temresourcemodels(Gown et al., 1994).Spatialstatisticsandgeostatisticsprovide a meansto develop
spatialmodelsthat canbe usedto correlatecoarsescalegeographicaldatawith �eld measurementsof
biotic variables.This generallandscapeanalysisapproachis beingusedsuccessfullyto addressa range
of naturalresourceandpublic healthissues,includinginvasive species(Stohlgrenet al., 1998,1999a,b;
KalkhanandStohlgren,2000;Kalkhanetal., 2000a,b,c),detecting“hot spots”of nativeandexotic plan
diveristy andrare/uniquehabitats(AgeeandJohnson,1988;Noss,1983;LaRoe,1993;McNaughton,
1993),detectinghabitatsvulnerableto invasiveandrapidspreadof exotic plantspecies(Stohlgrenetal.,
1999a),anddeterminingvegetationandsoil responseto �re (Kalkhan,etal., 2002).
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Multi-phasesamplingrefersto
samplingatmultiple levelsfrom
remotelysenseddata(e.g.Landsat
TM imagery, aerialphotos)to
grounddata.Multi-scalesampling
refersto theuseof samplingplots
thatcontainsubplotsof various
sizes.Thisapproachcanbe
appliedto biotic andabiotic
variablessuchasexotic species
abundance,nativespecies
distribution, �re conditions,and
otherecologicalstudies.(Adapted
andmodi�ed from Kalkhan etal.,
1995,1998)

Figure 1. Multi-phaseSampling Design
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3 First Year Progress

3.1 Scienti�c and TechnicalAccomplishments

Preliminaryversionsof seven key softwareengineeringdocumentswereproducedduring the �rst
year of the project. They include Version1.0 of our Software Engineering/DevelopmentPlan, Con-
�guration ManagementPlan,Quality AssurancePlan,Risk ManagementPlan,Conceptof Operations,
SoftwareRequirementsDocument,andBaselineSoftwareDesignDocument.In addition,thePlantDi-
versitymodelingenvironment,asoriginally con�guredby colleaguesatUSGS,wasrecreatedatGoddard
for learningpurposesandto do baselineanalyses.Datasetsfor three”canonical” studysiteswereac-
quired, including thosefor the CerroGrandeFire Site in Los Alamos,NM (CGFS),Rocky Mountain
NationalPark,CO(RMNP),andGrandStaircaseEscalanteNationalMonument,UT (GSENM).Prelim-
inaryeffortshavefocusedonreplicatingpreviousanalysesof thesedatausingtheGoddardenvironment.
Our resultshavebeenconsistentwith thoseobtainedin theoriginalUSGSenvironment.Figure2 shows
an exampleof the type of outputgeneratedby the modelingsystem.Completedetailsof the baseline
systemare provided in the BaselineSoftware DesignDocumentavailable from the project's website
(http://ltpwww.gsfc.nasa.gov/BP/deliverables.html). In addition, the baselineenvironmentcan be ac-
cessedon theproject's server asdescribedin theBaselinedocument,anda tar�le, alsoavailableon the
website,canbeusedto build thebaselineenvironmentonothermachines.

Figure2. PredictedSpatialMap of Exotic PlantsatCerroGrandeWild�re Site

3.2 Progresstoward Milestones

TheprojectcompletedMilestonesA (SoftwareEngineeringPlanCompleted)andMilestoneE (Code
BaselineCompleted)onscheduleandaccordingto plan. (SeeAppendixA for details.)
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3.3 Curr ent Status

MilestoneE deliverablesarecurrentlyunderreview by the CT Program. Preliminaryfeedbackis
beingusedto makemodi�cationsto thesedocuments.

The project hascompletedstaf�ng in preparationfor next year's work. In addition to the core
NASA/USGSteam,RobBaker will becometheproject's full-time systemsanalyst,David Kendigwill
work half-time asa programmer/dataintegrationspecialistfor the project,andDavid Herring andhis
teamwill provide part-timeassistanceon thedesignandimplementationof theproject'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,USGSdedicatedits new Fort Collins ScienceCenterin Fort Collins,CO.The
eventwasattendedby NASA representativesfrom GoddardandHeadquarters.Thefacility will housethe
new USGSNationalInstitutefor Invasive SpeciesScience,which representsan importantinstitutional
investmenton thepartof USGSarising,in part,outof thecollaborationsupportedby thisproject.

3.4 Plansfor Coming Year

Work in yeartwo will focuson � vemajorareas:

(1) Customer-Driven Collaborative Designand Outreach — In year two, we will engagescientists
andnaturalresourcemanagersin USGSandpartneragenciesin a seriesof formal systemdesign
and review meetings. The input received during thesesessionswill guide the developmentof
Version2.0 of all of the project's softwareengineeringdocuments,andwill facilitatethe buy-in
andengagementof theenduserclient community. TheentireNASA/USGSteamwill participate
in thiseffort with CurtTilmes,David Obler, andRobBakerassumingleadresponsibilities.

(2) MilestoneF – First CodeImprovement— Througha seriesof intermediatesoftwarereleases,the
projectwill improve theserialperformanceof thebaselinesoftwaresystemandcreatea parallel
implementationof the core kriging algorithmsusedin the PlantDiversity model. Jeff Pedelty,
Jeff Morisette,David Kendig,andJohnDorbandwill leadthis effort with assistanceform theCT
Programstaff.

(3) Design,Construction,andDeploymentof a LinuxClusterat USGS— An importantpartof theyear
two effort will beto helpcolleaguesatUSGSbecomefamiliarwith generalhardwareandsoftware
aspectsof clustercomputing.Theprojectwill build a Linux clusterfor theUSGSlab,which will
becomethe�rst deploymenthostfor theMilestoneF improvedsoftware.JohnDorbandwill lead
thiseffort.

(4) New Data/Algorithm/ScienceDevelopment— An importantaspectof this projectis developingand
incorporatingnew algorithms,data,andscienceapproachesthat canextendthecorecapabilities
of thePlantDiversity modelingsystemandallow it to exploit thepotentialof parallelization.All
thescientistson theteamwill beinvolvedin exploringnew possibilities, with TomStohlgren,Jim
Smith,Jeff Morisette,Jeff Pedelty, MohammedKalkhan,RobinReich,andJacquelineLeMoigne
takinga leadin thisarea.Publicationof researchresultsis alsoanimportantpartof thiseffort.

(5) PublicDeliveryof ProjectResults— Finally, weintendto takethiseffort public in yeartwo by open-
ing a comprehensive websitedescribingour technologicalapproachto invasive speciespredictive
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science.Thesitewill provide documentation,literature,andportalaccessto invasive speciesre-
sourcesandwill beadeliverypoint for onlineservicesanddocumentedreleasesoftware.Thesite
will connectto otherweb-basedbiologicalinformationresources,principally theNationalBiolog-
ical InformationInfrastructure's (NBII) Invasive SpeciesNode. Tom Stohlgren,David Herring,
andRobBakerwill leadthiseffort with assistancefrom all membersof theprojectteam.
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4 Publicationsand Presentations

Thissectionslists this year'spublicationsandpresentationsrelatingto theproject.

4.1 Publications

PrintedandIn Press:

Schnase,J.L., Stohlgren,T.J.,& Smith,J.A. 2002. TheNationalInvasive SpeciesForecastingSystem:
A strategic NASA/USGSpartnershipto managebiological invasions. NASA Earth Science
EnterpriseApplicationsDivisionSpecialIssue.EarthObservingMagazine. (In Press).

Schnase,J.L., Smith, J.A., Stohlgren,T.J., Quinn, J.A., & Graves,S. 2002. Biological invasions:A
challengein ecologicalforecasting.In: Proceedingsof theInternationalGeoscienceandRemote
SensingSymposium,2002(IGARSS'02, Toronto,June).(In Press).

Birk, R., Hutchinson,C.F., Posson,D.R.,Schnase,J.L.,Stohlgren,T.J.,Smith,J.A.,& Turner, W. 2002.
TheNationalInvasive SpecieForecastingSystem— A Strategic NASA / USGSPartnershipto
ManageBiological Invasions. For theNASA EarthScienceApplicationsDirectorate.

Stohlgren,T.J., G. W. Chong,L.D. Schell,K.A. Rimar, Y. Otsuki, M. Lee, M.A. Kalkhan,andC.A.
Villa. 2002. Assessingvulnerability to invasionby non-native plantspeciesat multiple scales.
EnvironmentalManagement29:566–577.

Pielke, R.A., T. Stohlgren,L. Schell,W. Parton,N. Doesken, K. Redmond,J. Moeny, T. McKee,and
T.G.F. Kittel. 2001.Problemsin evaluatingregionalandlocaltrendsin temperature:An example
from easternColorado.InternationalJournalof Climatology22:421–434.

Stohlgren,T. J.,T. T. Veblen,K. Kendall,W. L. Baker, C.Allen, A. Logan,andM. Ryan.2002.Montane
andsubalpineecosystems.In: Rocky MountainFutures:an EcologicalPerspective. J. Baron
(eds).IslandPress.(In Press).

Barnett,D., andT.J.Stohlgren.2002.A nestedintensitysamplingdesignfor plantdiversity. Biodiversity
andConservation(In Press).

Kalkhan,M.A., E.J.Martinson,P.N. Omi, G.W. Chong,M.A. Hunter, andT.J.Stohlgren.2002. Fuels,
�re severity, andinvasiveplantswithin theCerraGrandeFire,LosAlamos,NM. Proceedingsof
theTall TimbersFireEcologyConference,Tallahasse,FL. (In Press).

Omi, P.N., E.J.Martinson, M. Kalkhan,T.J.Stohlgren,G.W. Chong,andM.A. Hunter. 2002. Integra-
tion of spatialinformationandspatialstatistics:a casestudyof invasive plantsandwild�re on
the CerraGrandeFire, Los Alamos,New Mexico, USA. Proceedingsof the Tall TimbersFire
EcologyConference,Tallahasse,FL. (In Press).

Wagner, F. and T. Stohlgren. 2002. Regional Assessment of Climate ChangeEffects in the Rocky
MountainsandGreatBasin. Regional Reportto the NationalAssessmentof ClimateChange
Effectsin theUnitedStates.(to becompletedby September2002).(In Press).

Stohlgren,T.J.2002.BeyondTheoryof PlantInvasions: lessonsfrom the�eld. Commentson Theoreti-
calBiology (In Press).
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Bashkin,M., T.J.Stohlgren,Y. Otsuki,M. Lee,P. Evangelista,andJ.Belnap.2002.Soil characteristics
andplantexotic speciesinvasionsin theGrandStaircase-EscalanteNationalMonument,Utah,
USA. AppliedSoil Ecology(In Press).

In Review:

Kaye,M., D. Binkley, andT. Stohlgren.2002.Estimatingpopulationsof aspen(Populustremuloides)in
Rocky MountainNationalPark,Colorado.LandscapeEcology(In Review).

Evangelista,P., D. Guenther, T J.Stohlgren,andS.Stewart. 2002.Fireeffectsoncryptobioticsoil crusts
in theGrandStaircase-EscalanteNationalMonument,Utah. Proceedingsof theFifth Biennial
Conferenceof Researchon theColoradoPlateauConference,Flagstaff, AZ. (In Review).

Guenther, D.A., T.J. StohlgrenandP. Evangelista.2002. Relict sitescomparedto grazedlandscapes
in theGrandStaircase-EscalanteNationalMonument,Utah. Proceedingsof theFifth Biennial
Conferenceof Researchon theColoradoPlateauConference,Flagstaff, AZ. (In Review).

Stohlgren,T.J.,C. Crosier, G. Chong,D. Guenther, andP. Evangelista.2002.Native annualandperen-
nial speciescharacterizethe vulnerability of sitesto non-native plant invasions. Submittedto
Ecology. (In Review).

Otsuki,Y., T.J.Stohlgren,D. Guenther, andC. Villa. 2002.Evaluatingplantinvasionsfrom bothhabitat
andspeciesperspectives.EcologicalMonographs.(In Review).

Fornwalt, P.J., M. Kaufmann,L.S. Huckaby, J.M. Stoker, andT.J. Stohlgren.2002. Non-native plant
invasionsin managedandprotectedponderosapine/Douglas-�r forestsof the ColoradoFront
Range.ForestEcologyandManagement(In Review).

Draft ManuscriptsandBook:

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

Overlin, A., G.W. Chong,T.J.Stohlgren,andJ.Rodgers.2002.Monitoring vegetationandsoil crustsin
areasusedby climbers:anexamplefrom JoshuaTreeNationalPark,California,USA. Environ-
mentalManagement. (Draft Manuscript).

Stohlgren,T.J.,K.A. Rimar, R. Shory, andK. Stolte. 2002. Monitoring plant invasions in theNational
Forestsof theUnitedStates.To besubmitted.

Chong,G.W., T.J. Stohlgren.2002. Species-areacurvesindicatethe importanceof habitats'contribu-
tionsto landscape-scalebiodiversity. Biodiversity andConservation(In Review).

4.2 Presentations

SelectedTalks:

Invited Speaker at the40th GoddardMemorialSymposium:Partneringwith NASA — TheWave of the
Future.March20–21,2002,Greenbelt,MD. Title: EcologicalForecastingof Invasive Species
— High PerformanceComputingNeeds.(Stohlgren)
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Invited Speaker at the at the Biology and Mapping meetingat EROS Data Center(April 30–May 2,
2002):WonBestTalk Award. (Stohlgren)

Movie Roll in “Plantsout of PlaceII,” a documentaryaboutinvasive plantsin theUS, by Information
TelevisionNetwork, FilmedMay 16,2002.(Stohlgren)

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

At World DataBank/NBII meetingin Denver, CO, June18, 2002,entitled“SpatialModelingandEco-
logicalForecasting— PuttingDatato Work.” (Stohlgren)

Ecology Forecastingof Biological Invasions. Reportof theEarthScienceVision NASA EarthScience
Vision2010– 2025:Biosphere,Ecosystems,& Human/BiosphereInteractionsWorkingGroup.
PresentedattheInternationalGeoscienceandRemoteSensingSymposium,2002(IGARSS'02),
Toronto,June24– 27,2002.(Schnase)

Ecology Forecastingof Biological Invasions. Reportof theEarthScienceVision NASA EarthScience
Vision2010– 2025:Biosphere,Ecosystems,& Human/BiosphereInteractionsWorkingGroup.
Presentedat theAmericanGeophysicalUnion Conference,2002(AGU '02), Washington,DC,
May 30,2002.(Schnase)

SelectedMeetings:

At NationalBiological InformationInfrastructure(NBII) meetings,Universityof California,Davis. Jan-
uary2002.

With LeeBalick, LosAlamosNationalLaboratory, LosAlamos,New Mexico, March4–6,2002.

With Jim Tate,ScienceAdvisor to SecretaryNorton,WashingtonDC. Morning,March15,2002.

With Director Chip Groat,USGSstaff, andNASA scientistsJohnSchnaseandJim Smith, March 21,
2002.

With NationalInvasiveSpeciesCouncil,WashingtonDC.,Afternoon,March15,2002.

Presentationsat theEcological Societyof AmericaMeetingsin Tucson,Arizona(August4–9,2002):

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

2. Synthesizingandspatiallylinking disparatedatasets.CROSIER,C.S.¤, G.J.NEWMAN andT.J.
STOHLGREN.

3. Thecontribution of rarehabitatsandendemicplantspeciesto overall plantdiversity in theGrand
Staircase-EscalanteNational Monument,Utah. GUENTHER,D.A.¤, T.J. STOHLGREN, P.H.
EVANGELISTA andM. KALKHAN.

4. Integratingvariousdatalayersandmulti-mediain a comprehensive format for landmanagers:A
casestudyat GrandStaircase-EscalanteNationalMonument,Utah. THOMAS ALLEY, N.W.¤,
R.O.COLEMAN, T.J.STOHLGREN,P.H. EVANGELISTA andD.A. GUENTHER.
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5. From pointsto landscapes:regressiontreeanalysisandestimatesof speciesrichness.CHONG,
G.W.¤, M.A. KALKHAN, R.M. REICHandT.J.STOHLGREN.

6. Datasetintegrationandinformationsharingfor improvedpredictionanddetectionof harmful in-
vasivespecies.SIMONSON,S.E.¤, D.T. BARNETT, T.J.STOHLGRENandA. RANDELL.

7. Beyond theory: lessonsfrom naturallandscapes.STOHLGREN,T.J.¤, M.A. KALKHAN, D.T.
BARNETT andS.E.SIMONSON.

8. Invasive plantsandwild�re on the CerroGrande�re, Los Alamos: Integrationof spatialinfor-
mationandspatialandspatialstatisticsKALKHAN, M.A.¤, P.N. OMI, E.J.MARTINSON, T.J.
STOHLGREN,G.W. CHONGandM.A. HUNTER.

9. Mapping the invasive plant speciesand cryptobiotic crust cover using spatial information and
spatialstatistics: A casestudyat GrandStaircase-EscalanteNationalMonument,Utah. EVAN-
GELISTA, P.H.¤, M.A. KALKHAN, D.A. GUNTHERandT.J.STOHLGREN.

10. Conifer invasionof quakingaspenstandsin Rocky MountainNationalPark, Colorado. KAYE,
M.W.¤, D. BINKLEY andT.J.STOHLGREN.

ESAWorkshops:
Stohlgrenhosteda workshopcalled“Who wantsto beatan invasive species”with Lori Hidinger,

GuyMcPherson,andCarolynSeigfrom ESA.
ESAMeetings:

Stohlgrenmetwith David LodgeandotherESAscientiststo draftanESApositionpaperon invasive
speciesresearchneeds.
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5 Contact Inf ormation

5.1 TeamMembers

Robert Baker
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Email: Robert Baker@sesda.com

John E. Dorband, PhD
NASA GoddardSpaceFlight Center
Building 28,RoomS206
Code935
Greenbelt, MD 20771

Phone: +1 301-286-9419
Fax: +1 301-286-1634
Email: John.E. Dorband. 1@gsfc.n asa.gov

Michael T. Frame
Biological ResourcesDivision
US GeologicalSurvey
Reston,VA 20192

Phone: +1 703-648-4164
Fax: +1 703-648-4224
Email: mike frame@usgs.gov

David Herring
NASA GoddardSpaceFlight Center
Building 33,RoomA325
Code913.0
Greenbelt, MD 20771

Phone: +1 301-614-6219
Fax: +1 301-614-6307
Email: David.D .Herring @gsfc.na sa.gov

MohammedA. Kalkhan, PhD
Colorado StateUniversity
NaturalResourceEcology Laboratory
NREL-A244
Fort Collins,CO 80523-1499

Phone: +1 970-491-5262
Fax: +1 970-491-1965
Email: mohammed@nrel.c olostate .edu

David Kendig
NASA GoddardSpaceFlight Center
GlobalChangeMasterDirectory
Code902
Greenbelt, MD 20771

Phone: +1 301-867-2084
Fax: +1 301-614-6695
Email: David.J .Kendig@ gsfc.nas a.gov

JacquelineJ. Le Moigne, PhD
NASA GoddardSpaceFlight Center
Building 28,RoomW186
Code935
Greenbelt, MD 20771

Phone: +1 301-286-8723
Fax: +1 301-286-1777
Email: lemoign e@backserv.gsfc. nasa.gov

JeffreyT. Morisette, PhD
NASA GoddardSpaceFlight Center
Building 33,RoomG325
Code923
Greenbelt, MD 20771

Phone: +1 301-614-6676
Fax: +1 301-614-6695
Email: Jeffrey .T.Moris ette.1@g sfc.nasa. gov
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David Obler
SSAI
10210 Greenbelt Road
Suite500
Lanham,MD 20706

Phone: +1 301-867-2151
Fax: +1 301-867-2191
Email: David.O bler@gsf c.nasa.g ov

JeffreyA. Pedelty, PhD
NASA GoddardSpaceFlight Center
Building 33,RoomG325
Code923
Greenbelt, MD 20771

Phone: +1 301-614-6609
Fax: +1 301-614-6695
Email: Jeffrey .A.Pedel ty.1@gsf c.nasa.go v

Robin M. Reich,PhD
Departmentof ForstSciences
Colorado StateUniversity
Ft. Collins,CO 80523

Phone: +1 970-491-6980
Fax: +1 970-491-6754
Email: robin@c nr.colos tate.edu

John L. Schnase,PhD
NASA GoddardSpaceFlight Center
Building 28,RoomW230D
Code930
Greenbelt, MD 20771

Phone: +1 301-286-4351
Fax: +1 301-286-1777
Email: schnase @gsfc.na sa.gov

JamesA. Smith, PhD
NASA GoddardSpaceFlight Center
Building 33,RoomG125D
Code920
Greenbelt, MD 20771

Phone: +1 301-614-6020
Fax: +1 301-614-6015
Email: James.A .Smith.1 @gsfc.na sa.gov

ThomasJ. Stohlgren,Phd
MidcontinentEcologicalScienceCenter
US GeologicalSurvey
Ft. Collins,CO 80523

Phone: +1 970-491-1980
Fax: +1 970-491-1965
Email: toms@nrel.colos tate.edu

Curt A. Tilmes
NASA GoddardSpaceFlight Center
Building 32,RoomS36C
Code922
Greenbelt, MD 20771

Phone: +1 301-614-5534
Fax: +1 301-614-5269
Email: Curt.Ti lmes@gsf c.nasa.g ov

5.2 Document / SystemAccess

ESTO/CTdeliverablesfor thisprojectareavailableathttp://ltpwww.gsfc.nasa.gov/BP/deliverables.html.
Thebaselinesystemalongwith completedocumentationareavailableontheproject'sBPDEVcomputer
(frio.gs fc.nasa. gov ). Usersmaylog onto thesystemto runthebaselineprogram(pleasecontact
JohnSchnaseat6-4351for useridandpassword). In addition,a tar�le is availablefrom boththewebsite
andtheISFShomedirectorythatcanbeusedto build thebaselineenvironmentonadifferentmachine.
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A Milestones,Schedule,and Cost

Completion
Milestone Date (expected) Value

A) Softwareengineering plan completed
Deliver SoftwareEngineering/ DevelopmentPlan,Con�guration
ManagementPlan,andQualityAssurancePlan.

04/15/02 $ 100,000

E) Codebaselinecompleted.
Documentperformancecharacteristicsandtime/spacecomplexity of
existingPlantDiversitycodeandmodelingprocessfor twocanonical
examples: Rocky MountainNationalPark (RMNP) andtheCerro Grande
FireSite(CGFS).Determineappropriatemultipliers,m andn, to beused
in MilestonesF andG respectively. Deliver initial versionof
RequirementsandSoftwareDesignDocuments.Documented sourcecode
madepubliclyavailablevia theWeb.

07/15/02 $ 100,000

B) First Annual Report delivered.
SubmitFY02AnnualReportto CT via Web.

08/15/02 $ 25,000

F) First codeimpr ovement completed.
Improveimplementationof PlantDiversity to delivercanonicalproducts
fromMilestoneE mX fasterthanthebaselineimplementation.Provide
codescalingcurves.Deliverupdatesto RequirementsandDesign
Documents.Deliver initial versionof TestPlan / ProceduresDocument.
Documentedsourcecodemadepubliclyavailablevia theWeb.

07/15/03 $ 300,000

Opt) Linux clustersinstalled.
Install Linuxclustersat USGS/CSUandNASA/GSFC.System
con�gurationswill bebasedon recommendationsfromCT at thetimeof
purchase.

07/15/03 $ 100,000

C) Second Annual Report delivered.
SubmitFY03AnnualReportto CT via Web.

08/15/03 $ 25,000

G) Second codeimpr ovement completed.
Improveimplementationof PlantDiversity to accommodate10Xmore
inputdataoverMilestonesE andF at nX thetimerequiredin thebaseline
implementation. (Dependingon thescienceproblem,thisenhanced
capabilitymaybeusedto increasespatialresolution,temporal resolution,
or coverage.) Providecodescalingcurves.Deliverupdatesto
Requirements,Design,andTestDocuments.Deliver initial User'sGuide.
Documentedsourcecodemadepubliclyavailablevia theWeb.

07/15/04 $ 300,000

C2) Third Annual Report delivered.
SubmitFY04AnnualReportto CT via Web.

08/15/04 $ 25,000

K) Customer delivery accomplished. 12/15/04 $ 75,000

D) Final Report delivered. 03/15/05 $ 25,000

Total $ 1,075,000
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