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AlamedaCountyMosquitoAbatementDistrict
currentlyusesacomputersimulationtoassist
techniciansindeterminingwhentreatmentof
breedingsourcesshouldoccurRobertsetal1990
ECOSIM EvolvingComputerSimulation of

Mosquitoeswasdesignedtopredictthenumberof
daysrequiredforlarvaetoreachanestablished
treatmentthreshold Initialdevelopementof
ECOSIMfocusedondeterminingtemperature
relatedgrowthratesofCulexpipiensLCulex
tarsalisCoquillettCulisetainornataWillistonand
CulisetaincidensThomsonMeadandConner
1987Followingthisatemperaturemodelwhich
operatesasasubroutineinECOSIMwas
developedtodeterminethetemperatureof
mosquitobreedingsourcesThisstudydescribes
thedevelopmentofthetemperaturemodel
comparestheresultswithactualvaluesandmakes
recommendationstoimprovetheaccuracyofthe
temperaturepredictions

Thermalcharacteristicsofsources

StudiesoftheCoyoteHillsFreshwaterMarsh
providedastartingpointinunderstandingthe
thermalcharacteristicsofaquatichabitatsCollins
andMeyer1985Temperaturefluctuationsofthe
marshoccuredonadailycyclewiththehigh
reachedbymidafternoonandthelowbyearly
morning Thecorrelationbetweenambientand

sourcetemperaturesestablishedinthestudywas
initiallyusedbyECOSIMasthemeanstopredict
alllarvalsourcetemperaturesinthecountyThis
approachfailedasmanyofthesourcesinthe
countydidnothavethesamethermalcharacteristics
astheCoyoteHillsMarsh

Toovercomethisproblemsourcetypeswere
studiedandgroupedaccordingtotheirsimilar
responsetoambienttemperature AnOnsite

WeatherLoggerOWLwithaTandy102portable
computerfacilitatedintheanalysisofthesource
typesbyrecordingambientsurfaceand6depth
temperaturesathourlyintervalsfor24hoursThe
datacollectedproducedtemperatureprofilesby
whichthreegroupsweredefinedbasedonthe
responseofsurfacetemperaturetoambient
temperatureFig1
1Sourcesinwhichtemperaturesroseorfell
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readilywithariseorfallinambient
temperature

2Sources that tended to respond less

dramatically with changes in ambient

temperature
3Sources inwhich little or norisein

temperatureoccuredwiththedailyincreaseor
decreaseinambienttemperature
Sourcesingroup1willbereferredtoas

shallow thoughthisgroupalsoincludedsome
deepsourceswhichhadprofilessimilartoshallow
sourcesSourceswithinthisgroupweregenerally
lessthanonefootindepthhadastaticflowand
were50ormoresunlitSourcesgreaterthanone
footindepthtendedtocontaindensesubmerged
vegetationthroughout

Sourcesingroup2willbereferredtoas
deep thoughthisgroupalsoincludedshallow
sourcesSourceswithinthisgroupweregenerally
greaterthanonefootindepthwithclearwater
Anysourcesinthisgrouplessthanonefootin
depthwereflowingandwere50ormoreshaded

Group3thesubterraneangroupincludedall
manmadeundergroundsourcessuchascatchbasins
stormdrainsandutilityvaults

Thetemperaturemodel
Thetemperaturemodelwasbasedupon

certainassumptionsFirstthegrowthratesofthe
larvaeareinfluencedmainlybythetemperatureat
the12depthStewart1974Secondmosquito
growthratesaredrivenbythe24hourmean
temperaturewithnosignificantinfluencecausedby
temperaturefluctuationMilbyandMeyers1985
Thirdtheaveragetemperaturederivedfromthe
dailyhighandlowisnotsignificantlydifferentfrom
thatderivedbythe24hourlytemperaturesAnd
lastwarmingofthewatersurfaceisassumedtobe
correlatedwithambienttemperatureandcanbe
representedbyaconstant

Themodelrequiresasinputhighambient
andlowsourcetemperaturesTocollectthelow
sourcetemperaturesacountywidemonitoring
programwasestablisheddividingthecountyinto
fourregionswiththreemonitorsourcesineach
Lowsourcetempertureswerecollectedthreetimes
weeklybetween6and9AM Thesevalueswere
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Figure1Typicaldailytemperatureprofiles
sources

usedbythetemperaturemodelasthelowsource
temperaturesforsimilarsourcesineachregion
Thehighambienttemperaturereportedbythe
NationalWeatherServicewascollecteddailyfor
eightcities

The model derives the high source

temperaturebyusingthehighambientandthelow
source temperatures The high ambient

temperatureisconsideredthepotentialhigha
sourcemayreachtheactualincreasehoweveris
proportionatetothatpotentialandisdetermined
byawarmingcoefficient Thehighsource
temperatureisthenaveragedwiththelowto
providethe24hourmeanFig2

Threewarmingcoefficientswereestablished
fromsampleOWLprofilesrepresentingthethree
sourcegroups Thecoefficientisderivedby
dividingtheactualincreaseintemperaturehigh
sourceminuslowsourcebythepotentialincrease
highambientminuslowsource

Comparisonofresults
Thetemperaturespredictedbythemodelwere

comparedtotheactualtemperaturesrecordedby
theOWLwhichwasplacedin25locationsfora
minimumoftwodayseachoverthecourseofone
yearAfterwardsasimulationwasrunforeach
locationThevaluescomparedintheanalysiswere
the24hourmeanlowsourcehighsourceandhigh
ambienttemperaturesLowsourceandhighsource
temperatureswereatthesurface12depthThe
6depthtemperatureswerenotusedinthisstudy

TwentyfourhourmeantemperatureInFigures
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watersurface airforthethreegroupsof

3through5theplotsareshownwithanideal
correlationlineandlimitlinesofplusorminusfive
degreesFahrenheitThelimitlineswerebasedon
thetemperaturerelatedgrowthratesofthespecies
simulatedMeadandConner1987resultingina
onetotwodaytreatmentthresholderror

Shallowsourcesshowedastrongcorrelation
betweentheactualandsimulatedtemperaturesFig
3Themajorityofdatafellwithinthelimitlines
Theslopehoweverindicatedthatatthelower
temperatures cooler months the simulated

temperatureswerewarmerthantheactualvalues
whileatthehighertemperatureshottermonths
thesimulatedtemperatureswerecoolerthanthe
actualvalues

Thedeepsourcesalsoshowedastrong
correlationbetweentheactualandsimulated

temperaturesFig4 Themajorityofdatafell
withinthelimitlines

Nocorrelationexistedforthesubterranean

groupFig5Abouthalfofthedatapointsfell
outsideofthelimitlinesItwasfoundthatthese

pointsrepresenteddatafromstormdrainsand
utilityvaultswhilethedatainsidethelimitlines
representedcatchbasins

LowsourcetemperaturesMonitoredlowsource

temperaturesusedineachofthesimulationswere
comparedtotheactualtemperaturesrecordedby
theOWLTable1Foreachsourcegroupthe
differencesweresignificantusingthepaired
comparisonstestata95confidencelevel

HighambienttemperaturesThehighambient
temperaturesasreportedbytheNationalWeather
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Figure2Derivation of the 24hour mean

temperatureofalarvalsource
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Figure3Comparisonbetweensimulatedand
actual24hourmeantemperaturesforshallow
sources
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Figure4Comparisonbetweensimulatedand
actual24hourmeantemperaturesfordeepsources
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Figure5Comparisonbetweensimulatedand
actual24hourmeantemperaturesforsubterranean
sources



Table1Differencesbetweenmonitorsource

temperaturesusedinthesimulationandactuallow
sourcetemperatures F M Meanofthe

differencessimulation actualSD Standard

deviation

Group Pairs

Shallow

Deep
Subterranean

50

98

31

M

51

18

44

SD

36

46

77

pairedcomparisonstestOWLdatawassubtracted
fromweatherservicedataandresultedinamean
differenceof035andstandarddeviationof58

Thedifferenceswerenotsignificantatthe95
confidencelevel

HighsourcederivationThewarmingcoefficients
weretestedforaccuracybyfirsteliminatingknown
sourcesoferrorThesimulationswerererunusing
OWLdataforthelowsourceandhighambient
temperaturesandthenthederivedhighsource
temperatureswerecomparedtotheOWLhigh
sourcetemperaturesusingthepairedcomparisons
testTable2 Thetestindicatedasignificant
difference between the derived and actual

temperaturesatthe95confidencelevelforeach
warmingcoefficient

Discussion

Shallow sourcesErrors in simulated

temperaturesforshallowsourcesneedcorrectionin
boththewarmingcoefficientandmonitorsource
values Errorinthecalculationofthe24hour

meanwassometimesreducedbytheprocessof
averagingthelowsourceandthehighsource
temperaturesThenegativelyskewederrorofthe
warmingcoefficientwasoffsetbythepositively
skewederrorofthemonitorsourcetemperatures
Tables1and2Anegativehighsourcedifference
indicatesthatthevalueforthewarmingcoefficient
shouldbelargerAnalysisofmonitorsourcedata
indicatedthaterrorwasintroducedbyusingthe
shallowedgeofalaketomonitortemperatures
ratherthanusingsourceswithanaverageshallow
depthThisresultedinsignificantdiscrepancyat
theselocationsthatisthelowsourcetemperatures
werehighsincedeepsourcescoolataslowerrate
Shallowmonitorsourcesshouldbecarefully
selectedtoinsurethetemperaturescollected
representthoseofothershallowsourcesinthe
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Table2Differencesbetweensimulatedhighsource
temperaturesandactualtemperatures FM
MeanofthedifferencessimulationactualSD
StandarddeviationWC Warmingcoefficient

Group

Shallow

Deep
Subterranean

Pairs

50

98

31

M

51

27

16

SD WC

81

35

18

545

255

053

regionThedifficultyofkeepingashallowmonitor
sourceyeararoundmaypossiblybesolvedbythe
useofanartficialsourcewhichiscurrentlybeing
investigated Datafromdeepvegetatedsources
werenotsufficienttobeincludedinthisstudy

DeepsourcesThetemperaturemodelcurrently
providesacceptablelevelsofaccuracyfordeep
sourcesHoweverwiththeadditionalOWLdata
gained sincethe warming coefficientswere

establishedrevisionofthecoefficientscould
provideevengreateraccuracyDatafromturbid
sourceswerenotincludedsincetheyseemedto
havecharacteristicsthatwerecommontoboththe

shallowanddeepgroupsFurtherstudyisneeded
beforeturbidsourcescanbesimulated

Subterranean sourcesAlthough individual

sourcesinthesubterraneangroupvariedonly
slightlyintemperatureinthedailycycletheyvaried
significantlyintemperaturefromsourcetosource
Theerrorintemperaturesimulationwasdue
primarilytothemonitorsourcetemperatures
Subterranean sources should be studied to

determineifitisnecessarytocreateadditional
classeswithinthisgroupbasedupontheirlow
sourcetemperatures Minoradjustmenttothe
warmingcoefficientshouldalsoimprovetheresults

Conclusions

Thefollowingisrecommendedrevisionofthe
warmingcoefficientsreselectionofsomemonitor
sourcesandfurtherinvestigationofsubterranean
turbidandvegetatedsources
Thepurposeofthestatisticalanalysiswasnotto
measurethemagnitudeoferrorasmuchasitwas
topointoutwhereerrorcouldbereducedThe
requiredlevelofaccuracyforthetemperature
modelinrelationtoECOSIMhasyetnotbeen
establishedThepredictionsoftheECOSIMmodel
arecurrentlyatacceptablelevels80ofthetime



withanultimategoalof90Robertsetal1990
Improvementofthetemperaturemodelshould
increasetheaccuracyofthepredictionsandbring
theECOSIMmodelclosertoitsstatedgoals
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