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Introduction

TheAlamedaCountyMosquitoAbatement
DistrictACMADconductsacomprehensive
mosquitocontrolprogramofphysicalbiological
andchemicalcontrolAcomputersimulationpro
gramhasbeendevelopedtosupportdecisions
madeinthelarvaltreatmentcomponentofthat
programThereasonthisareaoftheprogramwas
selectedwasbecausethegreatestnumberofdeci
sionsandperhapsthemostcomplexdecisionsare
beingmadeinthelarvaltreatmentprogramA
simulationtosupportlarvaltreatmentdecisions
thereforeappearstoofferthegreatestpotential
forincreasingefficiencyandcosteffectiveness

Theproblemofestablishinganefficientlarval
treatmentprogramiscomplicatedbyanumberof
factorsTheDistricthasapproximately1400major
mosquitosourcesin815squaremilesSeventech
niciansareassignedtheresponsibilityofinspecting
andtreatinganaverageofabout200majorsources
inzonesofabout100squaremileseachDuring
thespringandsummermonthsasmanyassix
speciesofmosquitoesmaybedesignatedforlarval
treatment ThesizeoftheDistrictnumberof
mosquitosourcesandnumberofpestandvector
mosquitospeciescombinetocreateanenormous
schedulingproblem

Inrecentyearsenvironmentalsafetyandcost
considerationshavefurthercomplicatedthetask
fortechniciansbyincreasingrequirementsforin
formationAdecisionwhethertotreatamosquito
sourcenowentailsthefollowinginformation

1Locationofthelarvalsource

2Presenceorabsenceofmosquitolarvae
3Speciesoflarvaepresent
4Numberdipofeachdevelopmentalstageof

larvaetocomparetoanestablishedtreat
mentthreshold

5Presenceofbeneficialpredators
6Presenceofwildlifeegendangeredspecies

Ironicallyatthesametimethatpressures
wereincreasingtoprocessmoreinformationabout
mosquitosourcesfinancialconstraintsimposedby
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ataxreductionmeasureinthelate1970scaused

theDistricttocutbackthenumberofmosquito
controltechnicians

ACMADdatasystems

TheDistrictdesigneddevelopedandimple
mentedanautomateddataprocessingsystem
ACMADDataSystemsasoneofanumberof
measuresaimedatincreasingefficiencytocompen
sateforthelossofstaffRoberts1984Thesys
temsanalysisandconstructionofcomputerpro
gramswasaccomplishedbyateamofDistrictem
ployeesRusmiseletal1983AllDistrictpro
gramshavebeenwritteninBASICprogramming
languageofTandycomputersOurcurrenthost
computerisaTandy4000operatingonSCOXenix
softwareandcurrentlysupportingsixterminalsat
variousworkstationsintheDistrictofficesThe

centerpieceoftheDistrictscomputersystemisa
databasedescribingthephysicalandbiological
characteristicsofallmajormosquitosourcesinthe
District

Anumberofcomputerprogramsoperatingin
ACMADDataSystemsdirectlysupportthelarval
treatmentprogramFig1 Anenvironmental

simulationprogram ESP determineswhich

speciesofmosquitoesintheDistrictwouldbeac
tiveinthelarvalstageatanygiventimeEachday
ESPcomparesinputinformationdatetiderain
fallmaximumandminimumtemperaturesto
conditionscodedintheprogramwhichpredictthe
beginningorendoflarvalactivityofeachimpor
tantmosquitospeciesintheDistrict Whena

speciesofmosquitobecomesactiveinthelarval
stagethedatabaseofallmosquitosourcesis
searchedbyESPtocreateahotfileofallsources
wherelarvaeofthespecieshavebeenfoundThe
hotfilesareupdatedeachdaywithinspectionand
treatmentdatarecordedbythetechniciansonthe
previousday AschedulingprogramZING
searchesallhotfilesonaweeklybasisorupon
requesttocreatezoneinspectionandtreatment
informationaboutthelocationofthemosquito
sourcesandtheresultsofthemostrecentinspec
tionsortreatments



TheDistrictscomputersystemattheabove
stageofdevelopmentprovidedvaluableassistance
tomosquitocontroltechniciansESPprovidedthe
answertowhatspeciesofmosquitoeswereactive
andwhen ZINGlistedthespecificlarvalsources
wherethelarvaecouldbeexpectedtobefoundIt
wasfelthoweverthatstillanotherincrementof
efficiencycouldbeaddedbyassistingtechniciansin
decidingmorepreciselywhenaparticularsource
inahotfileshouldbeinspectedIdeallythebest
timetoinspectasourcewouldbewhenlarvaewere
presentattheestablishedtreatmentthreshold

levelIfhighqualityinformationwereprovidedto
thetechnicianspredictingwhenthresholdwouldbe
reachedineachsourceinspectionscouldbemore
efficientlyscheduledandsavingscouldbeaccrued
byavoidingunnecessaryinspections

EvolvingComputerSimulationofmosquitoes
TheDistrictbeganconstructionofacomputer

programin1986withtheexpresspurposeofpro
vidingadatewhenthresholdisreachedateachac
tivelarvalsourceSincethemajorfactordeter
miningthetimeofthresholdistherateoflarval
growththecomputerprogramtookthebasicform
ofasimulationoflarvalgrowth Othercompo
nentshavebeenaddedtothesimulationasneces

sarytorefinetheoutputTheprogramisbestde
scribedasanevolvingcomputersimulationof
mosquitoesdesignatedbytheacronymECOSIMIt
hasbeenconstructedbyateamofDistrictemploy
eesTheemployeesgainedmuchofthetechnical
expertisenecessarytoconstructthesimulationby
assistinginthedevelopmentofthecomputersim
ulation ofCoyote Hills Freshwater Marsh

Schooleyetal1982

Descriptionofthesimulation
ECOSIMiscalledupdailybyacontrolpro

graminACMADDataSystemstosimulatelarval
growthinallhotsourcesFig1Thesimulation
occursfollowinginputofthepreviousdaysopera
tionalandweatherdatatoinsurethatthemostre
centinputdataisavailabletothesimulationFor
mosquitosourcesthathavealreadybeeninspected
andfoundtohaveearlyinstarlarvaepresent
ECOSIMsimulatesthedevelopmentoftheinstars
andpupaeandpredictsadatewhentreatment
thresholdisreachedWhensourcesaretreated
foundwithoutlarvaeorhavenotyetbeenin
spectedovipositionissimulatedThesimulation
proceedsthroughhatchingandlarvalgrowthuntil
simulatedthresholdisreachedThreecompanion
paperswilldescribethetemperaturesubroutine
theovipositionsubroutineandtheuseofthesimu
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lationintheDistrictConnerandRoberts1990
Meadetal1990RusmiselandKing1990

Behaviorofthesimulation

Theinitialinputtoalarvalgrowthcomponent
ofthesimulationmaybeprovidedbyafieldin
spectionofthesourceorbysimulatedoviposition
Standardinspectionproceduresduringfieldin
spectionsestablishthenumberoflarvaeandpu
paeperpintdipperineachinstarAlloftheindi
vidualsineachinstarareconsideredadistinctco

horttobeginthesimulationSimulatedoviposition
mayaddeggstothesourceeachdayresultingin
additionalcohortsasthesimulationprogresses

Thecomputerbeginsthesimulationonday
onewhichisthedateofthelastinspectionthedate
ofthelasttreatmentofthesourceorifneitherof
theprecedingthedatewhenthehotfilewascre
atedAnincrementofgrowthisaddedtoeachco
hortforthatdaybaseduponthetemperatureofthe
sourceThegrowthratesandtherelativeduration
ofeachlarvalstageusedinthesimulationhave
beendeterminedlocallyforeachspeciesbeing
simulatedMeadandConner1987Thegrowth
iscalculatedbyuseofaratesummationtechnique
andaddedtoeachcohortasafractionoftotal

growthfromeggstopupaeWagneretal1985
Fig2Thegrowncohortsarethentransformed
backtonumberperdiptodetermineifthreshold
hasbeenreached Ifthresholdhasnotbeen

reachedanotherdayisincrementedandtheco
hortsareprocessedthroughthegrowthloopagain
Fig3

Ifthesimulationreachesthresholdthenum
berofdaysofgrowthareaddedtotheinitialdate
ofinspectionandapredicteddateofthresholdis
createdThisdateisthenmadeavailabletoeach

technicianbyplacingitnexttotheappropriate
sourceinthezoneinspectionguidelines

Figure3describestheessentialsofthesimu
lation

Methodofconstruction

ECOSIMhasbeendevelopedbyabottomup
approachThisapproachwasgivenasubstantial
boostbyAlanBerrymanduringdiscussionsata
computermodelingworkshopatthe1987confer
enceoftheAmericanMosquitoControlAssocia
tionheldinSeattleWashingtonHesaidthatsim
ulationsareaccomplishedtolearnaboutthedy
namicsofthesystembeingsimulatedortoobtain
someverypracticalinformationHesuggestedthat
ifthesimulationweretobeaimedatapractical
applicationthemodelshouldbeassimpleaspos
sibleaddingcomplexityonlyasnecessaryOther
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Figure1FlowchartoftheoperationsofACMADDATASYSTEMSemphasizingsupportprovidedto
thelarvalcontrolprogram
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Cohort Individualmosquitoesaresegregatedintocohorts
accordingtotheirage Mosquitoescollectedat
thesourceandidentifiedasdistinctinstarsand

pupaearesegregatedintoseparatecohorts All

subsequentovipositionoccurringduringthesimulation
createsanadditionalcohortcohortll8

n numberofindividualsinacohort

s stageoflarvaldevelopmentoftheindividualsina
cohorteggslarvaeorpupae

f fractionofaccumulatedgrowthcompletedbyacohort
betweeneggandemergenceasadultmosquitoes

y 005X 3isanequationusedtodeterminethe
fractionofgrowthofacohortinonedayatspecified
temperatureX Thevaluesareforillustrativepur
posesonly Theslopeofthelinebelowtheequation
graphicallyrepresentsthegrowthrateseeMeadand
Conner1987andisusedtoestimateasolution
y 00570 3 05 fractionofgrowthforone

day
t currenttimeofthesimulationindays t1

yesterday
ft ft1 yistheratesummationequationusedto

incrementgrowthofeachcohorteachday

Figure2Anillustrationoftheratesummationmethodusedtosimulateonedaysgrowthofimmature
mosquitoesinECOSIMonecohort
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Figure3FlowchartoftheoperationofECOSIMinACMADDATASYSTEMS
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1
statisticaltests

ofassumptions

Figure4AflowchartofthevalidationproceduresforECOSIM

wisehefeltwemightwasteresourcesdealingwith
anunnecessarylevelofcomplexity

Asignificantadvantageofdevelopingthesim
ulationfromthebottomwasthatitbecameuseful

almostimmediatelyThebasiccomponentofthe
modelwasthesimulationoflarvalgrowthOnceit
hadbeenbuiltandwascalibrateditwasproviding
usefulinformationThesimulationthereforewas
placedintooperationinlate1986inarelatively
primitivestateofdevelopmentThesimulationhas
continuedtoevolveintoamorecomplexprogram
ascomplexitywasaddedtofurtherrefinetheout
putTable1

ValidationofECOSIM

AccordingtheShannon1975confidencein
anysimulationisestablishedbyrepeatedcyclesof

constructionofECOSIM

usingavailable
knowledgeintuitionand

observations

V

CALIBRATION

byusinglaboratoryinput
andoutputvalues

ECOSIMplacedintooperation
inACMADDataSystemsand
providesoutputtable1

validatebytesting
resultsofsimulations

withrealworld

modificationsofECOSIM

torefineoutput

operationaldatafrom
routineinspections
specialvalidationdata
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constructionfollowedbyverificationHesuggests
thatverificationshouldincludestatisticaltestingof
assumptionsofthemodelaswellascomparingin
putoutputtransformationsofthemodeltothoseof
therealworldOurapproachtovalidationhasin
cludedaninitialcalibrationtestingoftheoutput
withtherealworldandstatisticalanalysisofas
sumptions AcompanionpaperbyMeadetal
1990willconductstatisticalanalysisofthetem
peraturesubroutine

Themodelwasinitiallytestedbycomparing
simulatedgrowthofthelarvaewithgrowthoflar
vaeincontrolledlaboratoryconditionsThelabo
ratorydatausedinthetestwasthesamedataused
tocalculatethegrowthratesusedinthesimulation
Usingthisdataassuredusthattheinputandex
pectedoutputtothesimulationswerecorrectThe



resultsofthesimulationwerethencomparedtothe
laboratoryresultsandthesimulationwasmodified
asnecessarycalibratedtoreduceerrorBythis
methodwewereabletoestablishalevelofintrin
sicerrorof24thatwasbuiltintothesimulation

Itappearedthattheerrorwasprimarilyassociated
withthelengthofthetimeintervalchoseninthe
simulationSinceaonedaytimeintervalwasas
smallanintervalaswecouldpracticallysupportin
thesimulationwewereforcedtoacceptthatlevel
oferrorandwouldexpectittoincreaseinwarm
temperaturesanddecreasedwithcoolertempera
tures

Anongoingsystemhasbeenestablishedto
accomplishevaluationofhowwelltheoutputof
ECOSIMrepresentstherealworldThereality
checkofthesimulationisaccomplishedforthe
mostpartbyutilizingdatacollectedroutinelyin

Table1EvolvingcomplexityofECOSIM

Program
Components

LarvalDevelopment

AmbientTemperature
Subroutine

SourceTemperature
Subroutine

TemperatureRelated
Mortality

OvipositionSubroutine

PredationSubroutine

StochasticComponent

AdultPopulation

Date

Installed Replaced

187

287

687

887

1288

future

future

future

Inuse

687

InUse
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thelarvaltreatmentprogramFig4Somedata
werealsocollectedbyfrequentlyrepeatedinspec
tionsofsourcesmadeforthespecificpurposeof
validatingthesimulationTheseinspectionswere
timeconsumingandexpensivehowevercausingus
torelyprimarilyondatacollectedthroughroutine
inspection

Criteriahasbeenestablishedtovalidatethe
simulationTheresultsofthesimulationsrunin
19871988and1989werecomparedwithdatacol
lectedfromthefieldbytheroutinelarvalinspec
tionsThefollowingvalidationsystemwasestab
lished

1Operationaldataweresearchedtofindinspec
tionsofsourceswheretwoormoreinspections
hadindicatedgrowthoflarvaethroughatleast
twoinstars

Useful

OutputtoTechnicians

Minimumdevelopmenttimeoflarvaeto
thresholdininspectedsourcesfoundwith
larvaemaximumgrowthrates

NoneNomeasurableimprovement

Probableactualdevelopmenttimeof
larvaetothresholdineachpositivesource

1287 NoneOutputnotvalidatedTobe
installedinthefuture

InUse Probabledevelopmenttimeeggto
thresholdinsourcesnotinspectedor
withoutlarvae

Refinementofpredicted diptotrigger
threshold

Determineprobabilitiesforpredicted
thresholds

Determinenumbersofadultmosquitoes
basedonsimulatedlarvaldevelopmentin
allsourcesPredictcomplaints



Table2ResultsofvalidationtestsonECOSIM

Parameter

Measured

Successful

Simulations

AverageNumber
ofDaysError

1987

480

n33

59days
n17

Year

1988

793 808
n29 n43

50days 43days
n6 n9

Simulationpredictsdevelopmentwithinonedayseetext

2Ifsimulationhadsuccessfullypredictedwithin
onedaythenumberofdaysrequiredfortheob
servedgrowththesimulationwasconsidered
successful

3Thetotalnumberofdayserrorwasestablished
forunsuccessfulsimulations

Thepercentageofsuccessfulsimulationsandthe
averagenumberofdayserrorwereusedasparam
eterstoevaluatetheeffectivenessofthesimula

tionsTable2
Resultsofvalidationtestsindicatetheoutput

ofthesimulationisimprovingAsignificantim
provementmadeinthesimulationbetween1987
and1988canprimarilybeattributedtotheimple
mentationofaprogramtomonitorlarvalsource
temperaturesTheprogramisdiscussedindetail
inacompanionpaperMeadetal1990Itisex
pectedthatthestatisticalanalysisaccomplishedon
thetemperaturesubroutineswillprovidethebasis
togainanothersignificantlevelofimprovementin
thesimulationsin1990

ThefutureofECOSIM

OurgoalinthedevelopmentofECOSIMisto
increasetheaccuracyoftheoutputtoalevelwhere
itwillbeahighlyreliabletoolWewouldliketo
continuethevalidationprocesstoattempttoreach
a90successlevelandareductionintheaverage
errorTable2Thesimulationoperatingatthe
levelofreliabilityshouldbeapowerfulscheduling
toolforthetechniciansItwouldbeexpectedto
provideyetanotherincrementofefficiencytothe
larvalcontrolprogram

Thedesiretoimprovetheaccuracyof
ECOSIMseemstorequiretheadditionofmore
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1989

components Thisevolutiontowardmorecom

plexitybringsECOSIMthatmuchclosertopro
vidingoutputbeyondthatofjustpredictingtreat
mentthresholdTable1liststhesubroutinesnow

beingconsideredtobeaddedanddescribesthede
siredoutputItappearsfeasibleinthefuturefor
ECOSIMtopredictactivityandnumbersofadult
mosquitoesbaseduponsimulatedlevelsofadult
emergenceThestructureofECOSIMprovidesan
opportunitytoaccumulatethenumberofemerging
adultsfromeachsourceduringthesimulationA
componenttosumandstorethenumberof
emergingadultscouldeasilybeplacedinthesim
ulationloopFig3Anadultmosquitosimulation
couldthenbebuilttousetheemergencedataas
wellasotheravailabledatatoprovideneededin
formationconcerningadultmosquitoes

Thedevelopmentofapromisingnewsimula
tionmayprecludetheneedtodevelopECOSIMto
thelevelofadultmosquitopopulationsAsimula
tionofmosquitopopulationshasbeendeveloped
forOrangeCountyCaliforniaThesimulationis
accomplishedbyRAManartificiallifesystemde
velopedatUCLAformodelingpopulationsTaylor
etal1987 OurDistrictisintheprocessof
puttingitintooperationtosupporttheCulexpipi
ensLcontrolprogramItisparticularlyappealing
becauseitsimulatesmosquitopopulationsand
wouldsupportdecisionattheDistrictwidelevel
ECOSIMontheotherhandcurrentlyonlysup
portsindividualdecisionsateachsource RAM

andECOSIMoperatingtogetherwouldcreate
valuabledecisionsupporttoboththesupervisorof
thecontrolprogramsaswellastheindividual
mosquitocontroltechniciansineachzone If

RAMweretobeeasilymodifiedtoalsosupport



decisionsattheindividualsourcelevelitmaywell
replaceECOSIMaltogetherItshouldberemem
beredthatcomputerprogramscompeteinanenvi
ronmentofdifferentialselectionBeniger1986
Theyeithercontinuetoevolveandremaincompet
itiveortheybecomeextinct
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