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ESTABLISHINGANARTIFICIALAQUATICWEATHERSTATIONANDITS

RELATIONTOALAMEDACOUNTYMOSQUITOABATEMENTDISTRICTS

COMPUTERSIMULATIONECOSIM

PatrickSTurneyandThomasJMcMahon

Introduction

AcomputermodelECOSIM Evolving
COmputerSlMulationhasbeendevelopedinthe
AlamedaCountyMosquitoAbatementDistrict
ACMADtoassisttechniciansincreatingdaily
inspectiontreatmentschedulesoflarvalmosquito
sourcesRobertsetal1990Thevalidityofthe
model is heavily dependent upon accurate

predictionsoflarvalsourcetemperaturesRecent
evaluationsofthetemperaturesubroutineusedto
predictsourcetemperaturesinECOSIMsuggested
thatimprovementswerenecessarytobringthe
modeltoacceptablelevelsofreliabilityMeadetal
1990Thispaperwilldiscussthedesignoperation
andevaluationofartificialaquaticweatherstations
aimedataccomplishingthedesiredimprovements
Theuseofartificialstationswasselectedfroma

numberofoptionsbecauseoftheirhighpotentialto
providehighlyaccurateyetveryeconomicalreal
timetemperaturedatatosimulatelarvalgrowthin
ECOSIM

Techniques
Ideallytemperatureswouldbetakenfrom

eachknownsourcewithintheACMADandutilized

inamodeltosimulatelarvalgrowthateachsite
Howeverthistechniqueisprohibitivelycostlyas
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ABSTRACT

AlamedaCountyMosquitoAbatementDistrictusesatemperaturedependentlarval
growthcomputermodelECOSIMforthesimulationoflarvalmosquitogrowthThispaper
discussesprevioustechniquesusedbythedistricttoobtaintemperaturedataforthemodeland
presenttechniquesandmaterialsusedintheartificialaquaticweatherstationsConclusions
aboutthetemperaturedatawhichisnowavailableandthepossibledirectionoffutureefforts
bythedistrictarealsodiscussed
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wellasbeingunwieldyinimplementationThere
foretechniquesweredevisedwhichlimitedthe
numberofsourcesnecessaryformonitoring
Generalsourcetypesconsistingofninegroupings
wereusedtocharacterizeallsourceswithinthe

districtTable1 Thistechniqueallowedany
techniciantoevaluateasourceintermsofits

potentialforheatingandthereforeitspotentialfor
larvalgrowth

AnOnsiteWeatherLoggerOWLwasused
toobtain24hourwaterandairtemperatureprofiles
foravarietyoflarvalsources Whenthese

temperatureprofileswerecomparedmostsources
exhibitedoneofthreebasicprofilesplusorminus
acorrectionfactor Analysisofthephysical
attributesofthesesourcesMeadetal1990
indicatedadistinctseparationofthesourcesinto
threeresultantsourcetypesShallowDeepand
SubterraneanThefirstgroupShallowsourcesare
lessthanonefootdeepandhaverelativelyclear
stillwaterThesecondgroupDeepsourcesare
deeperthanonefootandhaverelativelyclear
waterThefinalgroupSubterraneansourcesare
belowgroundlevelwithaverystable24hour
temperatureprofileimplyingthatunderground
larvalproductionsourcesarebufferedfromextreme
temperaturefluctuationsbythemassofconcrete



Table1CategorizationoflarvalsourcesfoundwithinACMADbasedupon
temperatureprofilesandkeyindicatorsusedtocharacterizethem

SourceType

1 subterraneancold
2 subterraneanwarm
3 shallowcold
4 shallowwarm
5 deepnovegetation
6 deepvegetationhot
7 deepvegetationcool
8 deepturbid
9 verydeep

andoreartharoundthem
FurtheranalysissuggestedthatACMADlarval

sourcesweredividedintothreedistinctclimate
temperatureregionsFig1Astatisticalanalysis
ofNationalWeatherServiceDataforthedailyhigh
temperaturesinAlamedaCountyfurtherreinforced
thisconclusion Thethreeclimateregionsare
designated1Southareaincludingthecitiesof
FremontandUnionCity2Northareaincluding
HaywardSanLeandroOaklandAlamedaand
Berkeleyand3Eastareaincludingthoseareas
eastofthecoastalhillsincludingPleasanton
DublinandLivermore

History
Havingdeterminedthetypeofsourcesneeding

tobemonitoreditbecameapparentthatspecific
datafromeachofthethreesourcetypesShallow
DeepSubterraneanaswellasnearbyambient
temperatureswerenecessaryfromwithineachof
thepreviouslydefinedclimateregionsNorth
SouthEast

Historicallyitwasatechniciansdutytorecord
temperaturesinrepresentativesourcetypeswithin
theirassignedareazoneofresponsibilityThe
technicianwouldattempttotakelarvalsource
temperaturesatthehottestpointofthedaythereby
obtainingatheoreticalhightemperatureforthat
sourceforthatdayThisprocessintroducedtwo
possiblesourcesoferror1selectingarepresent
ativesourcetypeand2measuringthehightemper
atureatthatsourceStandardizationoftechnique

KeyIndicators

undergroundopentoair
undergroundclosedtoair

12deep50shadedorflowing
12deeplittleshadenotflowing

12deepnovegetation
12deepvegetationnoshade

12deepvegetation50shade
12deepwaterturbid
4deepdeepsource
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wasdifficultasnotwosourcesortechnicianswere

thesameAlsosincetemperatureswerecollected
onlythreedaysaweektherewasatimelag
betweentemperaturedatacollectionandutilization
ofthedatawithintheECOSIMmodel The

ECOSIMmodelsimulateslarvalmosquitogrowth
bypredictingthatageneralizedsourcetypewill
produceadultmosquitoesinacertainnumberof
daysorweeksgiventhecurrenttemperature
regime

Tolimittheeffectsoftechniqueerrora
technicianwashiredtomeasurelarvalsource

temperaturesthreedaysaweekatallofthe
previouslyselectedrepresentativesourcetypes
withineachofthethreeclimateregions This

technicianfurtherattemptedtomeasurethesources
atthecoolesttimeofday5AMto8AMThis
decisionwasbasedonthe24hourtemperature
profileswhichshowedthatasourceshightemper
atureisreachedforonlyashortwhilebutthelow
temperaturegenerallyoccursduringanearly
morningwindowoftime Thischangein
monitoringresultedinareductionoferrorsincethe
hightemperaturewasoftenmissedinmonitoring

Oncethesourcelowtemperaturehadbeen
obtainedacomputermodelutilizingNational
WeatherServiceDataforthecorrespondinghigh
andlowtemperatureswasusedtomathematically
deriveanaveragetemperatureforthatsourcetype
inthatclimateregionwhichcouldthenbeutilized
byACMADslarvalgrowthsimulationECOSIM
modelECOSIMappliedthisaveragetemperature
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Figure1MapofACMADindicatingthemajorcitiesthreeclimateregionsandthreeartificialaquaticweather
stationsestablishedbythedistricttomonitorweatherparameterswithineachregion

toallsimilarlarvalsourcetypesShallowDeep
SubterraneanforthatclimateregionNorthSouth
Easttopredicttherateoflarvalgrowthinthat
area Althoughthismethodologywasableto
furtherreducethetemperaturecollectionerror
problemsencounteredbeforethedistrictmodelstill
reliedonamathematicallyderivedaveragetemper
atureAdditionallythistechniquestillcollected
dataonlythreedaysaweekintroducingthe
possibilitythatthedatatimelagwasleadingtoa
certainamountofinaccuracywithinthemodelfor
temperaturedataderivationThistechniquealso
requiredonetechniciantodevotethreedaysaweek
totemperaturecollectiontherebyincreasingthe
expenseandliabilityincurredbythedistrict

Amoretimelysystemwhichwouldoffermore
precisedatawasofprimaryconcerntothedistrict
Ratherthenhavingtechniciansorotherdistrict
personnelcollecttemperaturesitwasdecidedthat
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someformofelectronictemperaturemeasuringand
storagedeviceshouldbeusedThissystemwould
eliminatenotonlythestandardizationproblembut
alsothetimelagproblembyusingatelephoneline
andmodemtotransmitdatadailyIntheorya
temperatureloggingdevicewouldbeplacedineach
ofthethreeclimateregionsonasitethatcontained
allthreenaturallyoccurringsourcetypesinclose
proximityHowevernosuchpreexistingnatural
sitesoccurredwithinthecounty Therefore
artificialsourcessourcesthatcloselymimicactual
sourceswouldhavetobeestablishedineach
climateregion

Astudywasconductedinwhich24hour
temperatureprofilesforvariouscommercially
availablecontainerswerecomparedwithprofilesof
nearbynaturalsourcesOnlycontainersthatfitthe
sourcetypedefinitionwerecomparedagainstthe
correspondingnaturalsourcetypeegatraywith



depthlessthen12incheswascomparedwitha
Shallowsourceacontainerofdepthgreaterthen12
incheswascomparedwithaDeepsourceetcThe
containerwiththemostfavorablecomparison
betweenitsprofileandthenaturalsourceprofile
waschosenastheartificialsourceandwasincluded

intotheartificialaquaticweatherstationFig2
Parallelingthisstudyasearchwasconducted

forthebestelectronicmeasuringandstorage
deviceFourmajorfactorswereconsideredinthe
selectionprocess1Easeofusethedeviceshould
besimpletouseforbothtrainedanduntrained
personnel2Versatility morethanoneweather

parametershouldbeabletobemeasuredatthe
sametimetherebyallowingthedistricttheabilityto
incorporatemorefactorsintothemodelasneeded
3Cost thecostshouldbelowenoughsothat
multipleunitscouldbepurchasedwithouttaxingthe
districtsbudgetand4Accuracytheunitshould
giveanaccuratereadingforanyparameterchosen

Initiallypublicandprivateagencieswere
contactedforavailableforweatherdatacollection

devicesLiteraturestudieswerethenconductedon

thosedevicesmentionedmostfrequentlybythe
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agenciescontactedAfteranextendedstudythe
bestdeviceforthejobwasdeterminedtobethe
OnsiteWeatherLoggerOWLalreadyinthe
districtspossessionBecausetheOWLfeaturesa
TandylaptopcomputerprogrammableinBASICit
iseasytouseandcostefficientSincethelaptop
computerincludesabuiltinmodemithasthe
capabilitytotransmitdataoverthephoneline
AlsotheOWLhastheabilitytomeasure15
differentweatherparameterseightatanyone
timetherebymakingitthemostversatileofall
devicesstudied

Materials

Havingcompletedthenecessarystudiesthe
districtwasreadytoimplementtheconcept
Implementationrequiredthatsuitablesitesbefound
forlocatingtheweatherstationssoasurveywas
conductedforthebestsiteavailableineachofthe

threeclimateregions Eachpossiblesitewas
evaluatedwithrespecttoitssecurityexposureto
weatherproximitytoaphonelineeaseofaccess
anditsprobablelengthofservice Ingeneral
propertypubliclyownedbyeitheracityorthe
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Figure2Exampledatageneratedfromoneof14separateteststodeterminethebestartificialsource
forasourcetypeGenerally26commerciallyavailablecontainerswerecomparedpertest



countybestfulfilledtheneededprerequisites
Againcountyagenciesandmunicipalitieswere
contactedandtoldofourneeds Throughthis
processsuitablesiteswereobtainedfromthecities
ofFremontandLivermoreandconstructionofthe

artificialweatherstationsbegan
Eachartificialaquaticweatherstationconsists

ofa5X5plotoflandonwhichthreeartificial
sourcesareconstructedrepresentingthethreemain
sourcetypesinthedistrictTheartificialshallow
sourceconsistsofa12X18X4trayofwaterand
theartificialdeepsourceisa10galloncircular
bucketwithadiameterof18andadepthof16
inchesBothofthesesourcesareburiedinthesoil

tomoreaccuratelysimulaterealsources The

artificialsubterraneansourceisa6diameterABS

plasticpipeburiedtoadepthof6feetLocatedat
thebottomofthispipeisasmallABSplasticcup
thatholdsthewaterfromwhichthetemperatureis
obtainedThewaterlevelsintheartificialdeepand
shallowsourcesaremaintainedfortheshortterm

byfloatvalvesconnectedtoafivegallonreservoir
TemperatrreprobesfromtheOWLareplacedin
eachsourcetoobtainthenecessarydataand
ambienttemperatureismeasuredbyaprobe
locatedataheightofsixfeetabovegroundlevel

Todecreasethelikelihoodofsmallanimals

andpeoplefallingintothesourcesacagewas
constructedtoshieldthestationbutnottointerfere
withthesourcesinteractionwiththeenvironment

TheOWLstrobesthetemperatureprobeseverytwo
minutesandlogsthedatatomemoryeveryhour
Justbeforemidnightatapreprogrammedtime
theOWLdialsupthedistrictscomputersand
downloadsthedaysdataoverthephonelineThe
dataisthenmadeavailabletothedistricts
ECOSIMmodel ECOSIMderivesa24hour

averagefromthisdataforeachsourcetypeand
appliesthistemperaturetothemodelEachstation
isservicedonabiweeklybasisbyatechnicianwho
replacestheusedbatterywitharechargedoneand
topsoffthereservoirwithwater

FuturePlans

Withtheinstallationofthemonitoringdevice
thesystemasdescribedaboveisexpectedto
increasethereliabilityofECOSIMFigure3shows
anexamplecomparisonoftheartificialweather
stationsshallowsourceswiththetemperature
profilefromanearbyrealshallowsource The

accuracyoftheartificialsourceinmimickingthe
ambienttemperatureandheatingandcoolingofthe
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realsourceisdemonstratedbytherelativelyhigh
correlationcoefficientsrof088and093
respectively Futurevalidationstudieswillbe

conductedtodeterminetheincreaseingeneral
reliability Inthemeantimehoweverthemost
importantfuturetestsofthestationswillbe
definitivestatisticalstudiescomparingconcurrent
temperaturedatafromexistingsourceswiththat
dataobtainedfromtheartificialsourcesTowards

thisendthedistrictisobtainingaportabledevice
thatwillprovide24hourtemperatureprofilesfor
anysourceThisdevicewillbeusedtovalidate
andorrefinethepresentsourcescontainedinthe
stations

Anotherenvisionedrefinementistheestablish

mentofotherartificialaquaticweatherstations
withinthecounty Thisdevelopmentwillhelp
definetheclimateregionswithinthedistrictand
mayactuallyleadtotheestablishmentofafourth
climateregionThischangeisdependanthowever
onthevalidationprocessmentionedabove

Anotherenvisionedmodificationinvolvesthe

ECOSIMmodelitselfBecausethedatareceived

fromeachstationisintheformofanhourly
readingthedatacouldbeusedbythemodelto
growthemosquitosonanhourlybasisadding
anothersignificantadvanceinreliabilitysinceat
presentECOSIMusesthedataonadailybasisby
obtaininga24houraverageandthenappliesthis
figuretoamosquitogrowthalgorithm Incorp
orationofthisiterativemodificationwouldbe

dependantontwofactors1Wouldthisadded
complexityactuallyamounttoanymoreefficiency
intherealworldand2Isthereacomputer
processorthatcouldperformthecalculationsina
timelyfashionandstillbecostefficient

Conclusions

Inconclusiontheartificialaquaticweather
stationsareviewedbythedistrictasthemost
efficientandeconomicalwaytoprovidetemperature
datatosupportdistrictcomputersimulationsThe
inceptionofthissystemeliminatedpreviousdata
collectionerrorsinherentintheoldermethods

Moreoverthenewsystemprovidesa24hour
temperatureprofileasopposedtothesingular
temperatureprovidedbythepreviousmethods
Alsothedataismuchclosertorealtimedata
makingitmoreusefultothedistrictTable2
Withfuturerefinementsitisexpectedthatthe
artificialaquaticweatherstationswillprovidethe
districtwithevenmoreaccurateusabledata



Table2Summaryofimprovementsinlarvalsourcetemperaturedatagainedbyutilizingartificialweather
stationsoverhistoricalmeasures

1 Realtimedata

2 Buildingalargedatabaseforfutureanalysis
3 24Hourtemperatureaverageused
4 Actualhightemperatureused
5 Eliminatesmanualdatacollectioncosts
6 Standardizationofmeasurementtechniques
7 Sourcesremainconstantthroughouttheyear
8 Flexibilityinsitemodificationasneeded
9 Easeincomparisionofdata24hourprofile
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Figure3ComparisonbetweenrealandartificialsourceshallowtemperaturedataArtificial
andactualtemperaturedatawerecomparedifambienttemperatureparameterswereroughly
thesamehighlowmean
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