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COMPUTERMODELINGASATOOLTODEVELOPWETLAND

DESIGNANDMANAGEMENTSTRATEGY

FredCRobertsandBarbaraPage

Introduction

Inyesterdaysplenarysessionapanelof
scientistsfromenvironmentalandvectorcontrol

agenciesdiscussedtheneedforcoordinationof
effortstodevelopandmanagewetlandsWefound
thattheissuewascriticalbecauseover100000
acresofwetlandsisscheduledtobecreatedor

enhancedinthenearfutureinCaliforniaAgood
dealofeffortwasexpendedonthepartofthe
vectorcontrolpaneliststomakeacasetoassure
thatvectorcontrolinterestswouldbeinvolvedat

theearlystagesofwetlanddesignIfwesucceedin
becominginvolvedwithamultidisciplinaryplanning
teamonwetlandshoweverotherveryserious
problemarisethatneedtobeaddressedItisour
experiencethattheteammembershavegreat
difficultycommunicatingeffectivelytogetherbecause
theyoperateindifferentparadigms Theresult

couldbeseriousconflictthatcandevelopintoan
adversarialratherthanacooperativerelationship
betweenteammembersThispaperdiscussesa
toolthatmayhelpresolvetheproblemSTELLA
modellingProperlyuseditcanhelpillustrateto
eachteammembertheconsequencesofhis
recommendationsonthewetlands

TheobjectiveofthispaperistwofoldFirst
itdiscussestheuseofcomputersimulationasatool
toaidindesignandmanagementofwetlands
Secondlyandperhapsmostimportantlyitraises
thequestionofhowtobestsolvetheplanning
problemsthatarisewhenexpertsfromvarious
disciplinescometogethertoplanwetlandsThe
intentofthepresentationisnottointroduceavalid
orrobustnewmodelofwetlandsWeintendto

presentacasehistoryofthedevelopmentofa
simulationmodelwhichhasbeendesignedforuse

AlamedaCountyMosquitoAbatementDistrict
23187ConnecticutStreet

HaywardCalifornia94545
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asaplanningtool
Itisimportanttostateearlyinthediscussion

thatthewetlandmodeldevelopedbytheauthors
wasnotutilizedofficiallybythewetlandplanning
teamintheirdecisionorpolicymaking The

authorsdevelopedthemodelsimultaneouslyasthe
planningprogressedinvolvingonlyfiveoftheteam
membersdirectlyinmodeldevelopment The

authorsfeelhoweverthattheexerciseprovided
sufficientpositivebenefitstowarrantrecommending
theapproachbeincorporatedintowetlandplanning
processes

Background
Wetlandrestorationcreationandenhance

menthasbeenoccurringinAlamedaCounty
Californiasincetheearly1970s Itisdrivenby
publicpolicysupportedbyenvironmentalistsand
carriedoutbygovernmentalagenciesSaltmarshes
thatwereoncereclaimedbyleveesarebeing
restoredtotidalactionrestoringtheirfunction
ecologicallyandprovidingfortherecoveryof
wildlifepopulationsMorerecentlythesediked
marsheshavebeenrecognizedbywildlifespecialists
asimportantasseasonalwetlandsproviding
valuablehabitatforadditionalspeciesofwildlife
Thesewetlandswithleveesystemsinplaceare
nowbeingpreservedandenhancedtomaximize
theirwildlifevalueBoththetidalandtheseasonal

wetlandsrepresentanextremelyvaluableresource
supportingwildlifeandprotectingendangered
speciesaswellasprovidingaestheticeducational
andrecreationalbenefitstomanThesaltmarshes

ofAlamedaCountymakeupavitalportionofthe
totalSanFranciscoBayecosystemmuchofit
belongingtotheSanFranciscoBayWildlifeRefuge
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Thesewetlandsareallthemorevaluablebecause
theyareadjacenttohighlyurbanizedcitiesinthe
SanFranciscoBayareatotallingmillionsof
residents

Problem

Theauthorshaverecognizedthatamajor
problemoccursintheprocessofplanningwetlands
becauseofconflictsarisingfrompoliciesand
objectivesofvariousgovernmentalagenciesThe
authorsrecognizethatconflictsalsoarisebecauseof
theinfluenceofdifferingparadigmsonthe
participants Theclashofparadigmscreates
differentrealitiesdifferentblindspotsandan
inabilitytocommunicateeffectivelyHorgan1991
Oftenrepresentativesofagenciestakepositionsthat
mayhavesevereconsequencestootheragencies
andseemblindtoconsequencesoftheirproposed
actionsTheyalsoattimesareunwillingtogive
seriousconsiderationtoalternativeapproaches
Theauthorsfeltcomputersimulationcouldbea
valuabletooltobeusedintheplanningprocessby
showingparticipantstheconsequencesoftheir
positionsandbytestingalternativeapproachesto
reachingstatedobjectivesIngeneraltheauthors
feltthataproperlydevelopedmodelwouldassistall
participantsinreplacinglinearthinkingpatterns
withsystemsthinkingWearereportingonour
firstattemptsatdevelopingacomputersimulation
asatooltowetlandplanning

STELLA

STELLAiscomputersimulationsoftware
developedfortheAppleMaclntoshcomputersIt
hasemergedfromthesystemdynamicsparadigm
developedatMITinthe1950sbyJayForrester
andothers STELLAhasfeaturesthatmakeit

particularlysuitableasaplanningtool

1Thesimulatedsystemsarerepresentedby
easytounderstandgraphicalrepresentationsof
thepartsStocksstatevariablesdepictedby
arectanglewhichevokestheimageofliquid
accumulatinginacontainerflowsdepictedby
apipewithavalvetoregulatetherateofflow
throughthepipeconvertersrepresentedbya
circle which convert input to output
connectorsdepictedbycurvedarrowsthat
connectstockstoconnectorsandconnectorsto
connectors

2STELLArequiresonlythefirsttwostepsof
thetypicalfoursstepmodellingprocess
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conceptualdiagrammaticmathematicaland
computerprogrammingComputerandmath
feararenotafactorintheprocesssince
differenceequationsarecreatedautomatically
fortheuserbaseduponthediagramming
process

3Simulationmodelscanbecreatedfairly
rapidlyandmodificationsofamodelcanbe
madealmostinstantly

4 Graphicalrepresentationsoftheoutputare
easilyandquicklygenerated

ThePlanningConflict
Themajorconflictthatemergedfromthe

planningprocesswasbetweenrepresentativesof
mosquitocontrolandthoserepresentingthe
endangeredspeciesGroundcracksthatdevelop
seasonalwetlandscreateidealhabitatforthe

CaliforniasaltmarshmosquitoAedessquamiger
Coquillett Therepresentativesofmosquito
controlfeltthatdiskingthecrackedgroundevery7
10yearswasnecessaryifmosquitocontrolwasto
beeffectiveoverthelongtermTheyarguedthat
deepeningofthecracksandincreasedgrowthof
vegetationwouldincreasinglyimpairtheeffective
nessofabiorationalpesticideprogramresultingin
increasedapplicationsrisingcostsandultimately
intolerablenumbersofmosquitoes Theyfelt
becausethevegetationregeneratedrapidlythat
diskingrelativelysmallportionsofthemarshphase
diskingoveraperiodofyearswouldallowthe
populationoftheendangeredsaltmarshharvest
mouseRethrodontomysmegalotistorecoverfrom
anyeffectsofthedisking

Wildliferepresentativesarguedthatthemouse
populationwasjustnowrecoveringinthesalt
marshesfromavarietyofmaninducedimpactsand
thatdiskingwouldplacethepopulationatriskThey
feltthatcontinuedapplicationsofbiorational
pesticideswouldsufficeThecommitteeasawhole
feltthatifthisconflictcouldnotberesolvedthe
committeewouldhavetolooktonovelwater

managementstrategiestopreventsoilcracking

SeasonalWetlandManagementModel
TheauthorsPageandRoberts1990feltthe

modelshouldfocusonthediskingconflictand
therefore developed the Seasonal Wetlands

ManagementModeltotestalternativesofmosquito
controlonaseasonalwetlandwithrespecttocosts
effectivenessofmosquitocontrolandimpactonthe
saltmarshharvestmouseTheauthorsdeveloped



themodelbyinterviewingvariousmembersofthe
planningcommitteerepresentingthefieldsof
wildlife management mosquito control and

wetlandsresearch Literaturewasreviewedas

necessarytofillingapsintheknowledgeWhere
assumptionsorguesseshadtobemadethebest
approximationofanexpertwasused The

completedmodelconsistedofsixtyonevariables
Managementoptionsdecisionvariablesincluded

1Selectionofalevelofmosquitoesthreshold
levelthatwouldtriggeranapplicationofbio
rationalpesticides

2Adepthofsoilcracksthatwouldtrigger
disking

3Astockingratefortheplannedintroduction
ofsaltmarshharvestmiceaswellasan

immigration rate from the surrounding
marshes

Themajorstocksstatevariablesweredepth
ofcrackedsoilbiomassofpickleweednumberof
mosquitolarvaemosquitocontrolcostsnumberof
mosquitocomplaintsbycitizensnumberof
saltmarshharvestmiceandnumberofmarsh
hawks Atimehorizonofthirtyyearswas
establishedforthemodel

ModelOperationanditsImpactontheExperts
Thecompletedmodelfunctionedremarkably

similartopredictionsbytheexpertstendingto
verifytheconclusionsofthecommitteePageand
Roberts1990Threealternativemosquitocontrol
optionsorscenariosweretested

1Nomosquitocontrol
2Thetraditionalmosquitocontrolprogram

consistingofanestablishedspraythresholdof
onelarvalmosquitoperdipanddiskingevery
sevenyearsApintdipperisusedina
standardsamplingtechniquetoprovidea
relativemeasureofmosquitodensity

3Nodiskingwithaspraythresholdat05
larvalmosquitoperdip

Scenarioonecreatedasimulatednightmareof
mosquitoproblemsasexpectedItalsoshowedas
suggestedbythewildlifeexpertsinherentinstability
ofthesaltmarshharvestmousepopulation
associatedwithrandomfloodeventsonthe
wetlands Scenariotwosolvedthemosquito
problembuthadsevereimpactonthesaltmarsh
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harvestmousepopulationbecauseoftheimpactof
diskingScenariothreethecompromisedidnot
negativelyaffectthemicebutcreatedamosquito
controlprogramwhichwasjudgedtoocostlyandof
limitedeffectivenessThemodelhadverifiedthe

nightmaresofthemosquitocontrolexpertsno
diskingmeantincreasingcostsanddecreasing
effectivenessofmosquitocontrolefforts Ithad

alsoverifiedtheconcernsofthewildlifespecialists
thatdiskingwouldhavedevastatingandlasting
effectsonmousepopulationsthatwerealready
unstable Themodelthereforesupportedthe
committeesdecisiontosearchforotherapproaches
topreventingsoil cracking such aswater

management
Forthemostpartthevariousexpertswere

interestedandpositiveabouttheresultsofthe
model Amosquito control expert while

disappointedthathiscontrolrecommendations
scenariotwodidnotappearfeasiblebecauseof
negativeimpactonendangeredspecieswas
howevergratifiedtoseethatthesimulationdid
showcosteffectivemosquitocontrolTheviewsof
thewildlifeexpertstendedtobesupportedbythe
simulationsandaswouldbeexpectedtheydidnot
appearnegativetothemodellingapproachAtthe
sametimeitmustbesaidthattheydidnotappear
tohaveagreatamountofenthusiasmforthe
approacheither

Conclusions

Thesimulationmodelfocusedontheproblems
createdbydiskingcrackedgroundandrelyingupon
pesticidesbiorationalsforthepurposeofmosquito
controlThecommitteeconcludedthatdiskingwas
inconsistentwithpropermanagementofthemarsh
aconclusionalsosupportedbythemodel The

committeeiscurrentlylookingintothepossibilityof
watermanagementasameanstopreventcracking
Themodelwithsomemodificationsmayalsoserve
totestproposedwatermanagementalternatives

Itistheopinionoftheauthorsthatcomputer
simulationisausefultoolinplanningwetlands
Suchanapproachcouldbeofvaluebytesting
alternativedesignandmanagementstrategies
Moreimportantlytheauthorsfeelcomputer
simulationinanmultidisciplinarysettingmaybe
mostvaluableinhelpingindividualsseeandaddress
thenegativeconsequencesoftheirrecommend
ations



Epilogue
Itmustbeevidentbynowthatthemajor

problemaddressedbythispaperistheproblem
posedwhenindividualsfromdifferentdisciplines
withtheirdifferingparadigmscometogetherto
planacomplexecosystemKuhn1962explained
howpowerfulaparadigmcanbetoascientific
communitybyprovidingafruitfulviewofreality
Healsowarnedusthatthereisnoonecorrect

paradigmandthatallparadigmshavetheirblind
spotsFinallyheexplainedthatcommunication
breaksdownbetweenadherentsofdifferent

paradigmsHorgan1991anddefinedthisas
incommensurability

Whenindividualsofdifferingdisciplinesare
broughttogethertoplanwetlandstheyspotlight
onlythatpartofrealitythatisvisiblefromthe
perspectiveoftheirparadigm Muchthatis

importantmaybeleftindarknessTheproblemof
incommensurabilitycreatesadditionalproblems
becausecommunicationsbetweenthedisciplinesis
distorted Theresultingfrustrationmayfurther
impaircommunicationThegroupviewofreality
thatultimatelyemergesislikelytobeincomplete
anddistortedwithmanyshadowyareas The

problemcriesoutforaparadigmbroadenoughto
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shineafloodlightontheproblemwhileprovidinga
basisforeffectivecommunication Ouruseof

simulationmodelingisanattemptatsolvingthe
problems

Werealizethatplanningwetlandsisjustone
partoftotalenvironmentalplanningWeexpect
thattheproblemsposedbynumerousdisciplines
comingtogetheriscurrentlyoccurringthroughout
thecountryinmanyplanningsettingsWefeelthat
animportantreasonforpresentingthispapertothe
ConferenceoftheCaliforniaMosquitoandVector
ControlAssociationistoassistmembersin

developingtheneededtoolsandtheperspectiveto
beeffectivepartnersinwetlandplanning
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