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Decadesŉ ofŉ fireŉ suppressionŉ haveŉ alteredŉ theŉ fireŉ dynamicsŉ inŉ Californiaļsŉ forests,
causingŉ largeŉ andŉ severeŉ wildfiresŉ toŉ eruptŉ moreŉ frequentlyŉ thanŉ everŉ before.ŉ These
severeŉ firesŉ devastateŉ ecosystems,ŉ threatenŉ humanŉ livesŉ andŉ property,ŉ andŉ damage
forestŉ ecosystemŉ servicesĴtheŉ monetaryŉ andŉ nonĲmonetaryŉ resourcesŉ that
communitiesŉreceiveŉfromŉhealthyŉforests.ŉForestŉrestorationŉprojectsŉcanŉmitigateŉthe
threatŉ ofŉ severeŉ wildfireŉ andŉ protectŉ orŉ enhanceŉ theseŉ resources,ŉ andŉ Californiaŉ has
developedŉanŉambitiousŉplanŉ toŉ increaseŉ theŉamountŉofŉacresŉ treatedŉannuallyŉ inŉ the
stateŉ byŉ 2025.ŉ However,ŉ restorationŉ projectsŉ faceŉ numerousŉ impediments,ŉ including
lackŉofŉfunding,ŉwhichŉlimitsŉbothŉtheŉpaceŉandŉscaleŉofŉproposedŉprojects.ŉOneŉavenue
toŉ increaseŉ theŉ fundingŉavailableŉupfrontŉ forŉ restorationŉ isŉ throughŉcontributionsŉ from
privateŉ investors.ŉ Inŉ Blueŉ Forestŉ Conservationļsŉ Forestŉ Resilienceŉ Bondŉ ĬFRBĭŉ model,
theseŉinvestorsŉareŉrepaidŉbyŉlocalŉbeneficiariesŉwhoŉvalueŉtheŉdecreasedŉfireŉriskŉand
enhancedŉecosystemŉservicesŉyieldedŉbyŉsuccessfulŉrestorationŉprojects.ŉDevelopment
ofŉnewŉFRBsŉ requiresŉanŉunderstandingŉofŉ localŉbeneficiaries,ŉ theŉecosystemŉservices
theyŉvalue,ŉandŉtheŉdistributionŉofŉ theseŉecosystemŉservicesŉacrossŉ theŉ landscape.ŉ In
thisŉstudy,ŉweŉsurveyŉorganizationsŉinŉaŉportionŉofŉtheŉnorthernŉSierraŉNevada,ŉCalifornia
toŉ betterŉ understandŉ theirŉ interestsŉ inŉ forestŉ restoration,ŉ perceptionsŉ ofŉ ecosystem
services,ŉ andŉ concernsŉ aboutŉ untreatedŉ forestsŉ withinŉ theŉ region.ŉ Then,ŉ weŉ model
severalŉfocalŉecosystemŉservicesŉinŉcurrentŉandŉprojectedŉfutureŉconditionsŉtoŉdiscuss
theŉ impactŉ ofŉ fireŉ andĩorŉ restoration.ŉ Thisŉ studyŉ providesŉ aŉ frameworkŉ forŉ exploring
stakeholdersŉ andŉ ecosystemŉ servicesŉ inŉ aŉ landscape,ŉ whichŉ canŉ beŉ appliedŉ toŉ other
locationsŉduringŉtheŉdevelopmentŉofŉfutureŉFRBs.ŉ

Keèŉ WordsĞŉ Ecosystemŉ services;ŉ Tahoeŉ Centralŉ Sierraŉ Initiative;ŉ Wildfires;ŉ Climate
Change;ŉ Forestŉ Restorationŉ andŉ Management;ŉ Forestŉ Resilienceŉ Bond;ŉ Greenŉ Bond;
EnvironmentalŉImpactŉBond
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Theŉ legacyŉofŉ fireŉ suppressionŉhasŉ impactedŉmodernŉ forestŉ structure,ŉ contributingŉ to
theŉescalatingŉthreatŉofŉwildfiresŉacrossŉtheŉwesternŉUnitedŉStates.ŉ Inŉconjunctionŉwith
theŉ warmingŉ climate,ŉ wildfiresŉ areŉ becomingŉ largerŉ andŉ burningŉ moreŉ intenselyŉ and
severelyŉĬVanŉdeŉWaterŉŲŉSafford,ŉ2011ĭ.ŉTheŉcombinationŉofŉconcentratedŉamountsŉof
fuel,ŉtheŉpresenceŉofŉunderstoryŉspecies,ŉandŉtheŉconsequencesŉofŉclimateŉchangeŉhave
ledŉtoŉsomeŉofŉtheŉmostŉdestructiveŉfiresŉinŉCaliforniaļsŉhistoryŉoccurringŉinŉrecentŉyears
ĬCaliforniaŉ Departmentŉ ofŉ Forestryŉ andŉ Fireŉ Protection,ŉ 2022;ŉ Smith,ŉ 2021ĭ.ŉ Theŉ 2018
CampŉFire,ŉwhichŉdestroyedŉmoreŉthanŉ18,000ŉstructuresŉandŉcausedŉ85ŉdeaths,ŉisŉthe
mostŉdeadlyŉandŉdestructiveŉwildfireŉinŉtheŉstateļsŉhistoryŉĬMaranghidesŉetŉal.,ŉ2021ĭ.ŉIn
2021,ŉ theŉDixieŉ Fireŉ becameŉ theŉ largestŉ singleŉ fireŉ everŉ recordedŉ inŉCaliforniaŉ history,
burningŉ963,309ŉacresŉandŉcostingŉmoreŉthanŉŎ630ŉmillionŉ inŉ fireŉsuppressionŉrelated
expensesŉ aloneŉ ĬSmith,ŉ 2021ĭ.ŉ Betweenŉ 1985ŉ andŉ 1999,ŉ wildfireŉ suppressionŉ costŉ the
federalŉ governmentŉ anŉaverageŉofŉ Ŏ425ŉmillionŉ annually.ŉ Inŉ theŉ21stŉ centuryŉ Ĭ2000ŉ to
2019ĭ,ŉ thatŉaverageŉhasŉ risenŉ toŉŎ1.6ŉbillionŉannuallyŉ ĬNationalŉ InteragencyŉFireŉCenter,
n.d.ĭ.ŉWithoutŉintervalŉburningŉorŉtreatmentŉofŉtheŉlandscape,ŉhighŉseverityŉwildfiresŉwill
continueŉ toŉ becomeŉ moreŉ commonŉ andŉ costŉ theŉ stateŉ billionsŉ ofŉ dollarsŉ inŉ wildfire
suppressionŉefforts.ŉAsŉ2022ŉisŉshapingŉupŉtoŉbeŉyetŉanotherŉdryŉyearŉforŉCalifornia,ŉnew
managementŉ strategiesŉ thatŉ workŉ proactivelyŉ toŉ preventŉ largeŉ wildfiresŉ areŉ needed
moreŉthanŉever,ŉespeciallyŉinŉtheŉSierraŉNevada.

đěĐ INTRODYCTION

Forestŉ restorationŉprojectsŉcanŉmitigateŉ the
increasingŉ threatŉ ofŉ wildfiresŉ byŉ helping
returnŉforestŉstructureŉtoŉ itsŉhistoricŉpatchy
state,ŉwhereŉ firesŉ areŉmoreŉ likelyŉ toŉburnŉ at
lowŉ orŉ moderateŉ severity.ŉ Forestsŉ inŉ the
SierraŉNevadaŉbecomeŉmoreŉresilientŉtoŉhigh
severityŉ wildfiresŉ whenŉ fuelŉ loadsŉ are
reducedŉinŉdense,ŉovergrown,ŉandŉunhealthy
forestsŉ ĬSierraŉ Nevadaŉ Conservancy,ŉ 2017ĭ.
Despiteŉ restorationļsŉ highŉ potentialŉ for
success,ŉ severalŉ barriersŉ preventŉ itŉ from
beingŉ adequatelyŉ utilized.ŉ Theŉ successŉ of
restorationŉ projectsŉ requiresŉ aŉmultifaceted
approachŉ thatŉ includesŉ aŉ strongŉ scientific
foundation,ŉ activeŉ communityŉ involvement,
andŉ generousŉ financialŉ supportŉ thatŉ is
currentlyŉ lackingŉ ĬQuinnĲDavidsonŉŲŉVarner,
2012;ŉ Governorļsŉ Forestŉ Managementŉ Task
Force,ŉ2021ĭ. PhRWR CUedLW: MeULWW ThRPaV
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Oneŉ avenueŉ toŉ decreaseŉ costŉ barriersŉ toŉ forestŉ restorationŉ isŉ throughŉ conservation
financing.ŉ Conservationŉ financeŉ offersŉ opportunitiesŉ forŉ beneficiariesŉ toŉ contributeŉ to
restorationŉeffortsŉthatŉcouldŉleadŉtoŉbetterŉforestŉmanagementŉoutcomesŉbeyondŉwhat
anyŉoneŉgroupŉcanŉjustifyŉfinancingŉonŉtheirŉown.ŉDistributingŉcostsŉamongŉbeneficiaries
withinŉ aŉ treatmentŉ areaŉ canŉ lowerŉ costsŉ forŉ individualŉ beneficiariesŉ whileŉ ensuring
restorationŉ objectivesŉ canŉ beŉ metŉ acrossŉ theŉ landscape.ŉ Largeŉ scaleŉ restoration
projectsŉ canŉ beŉ moreŉ easilyŉ fundedŉ byŉ identifyingŉ companies,ŉ organizations,ŉ or
governmentŉ entitiesŉ thatŉ understandŉ theŉ valueŉ ofŉ forestŉ restorationŉ projectsŉ and
incentivizingŉ theirŉ participationŉ inŉ costŉ sharingŉ agreementsŉ forŉ forestŉ management
treatments.ŉ Theseŉ participantsŉ agreeŉ toŉ repayŉ investmentsŉ inŉ theseŉ projectsŉ which
collectivelyŉleaveŉbeneficiariesŉbetterŉoff.ŉBringingŉtogetherŉnumerousŉpartnersŉtoŉfund,
create,ŉ andŉ implementŉ forestŉ restorationŉ projects,ŉ Blueŉ Forestŉ Conservationļsŉ ĬBlue
Forestĭŉ Forestŉ Resilienceŉ Bondŉ ĬFRBĭŉ aimsŉ toŉ overcomeŉ theŉ fundingŉ gapŉ forŉ forest
restorationŉbyŉutilizingŉprivateŉcapitalŉ insteadŉofŉpublicŉorŉphilanthropicŉsourcesŉ ĬBlue
ForestŉConservation,ŉn.d.ĭ.ŉ

MotivatingŉprivateŉorganizationsŉtoŉengageŉinŉanŉFRBŉprojectŉrequiresŉknowledgeŉabout
theŉecosystemŉservicesŉ thatŉorganizationsŉvalue,ŉ anŉunderstandingŉofŉwhereŉandŉhow
muchŉtheseŉservicesŉareŉprovisionedŉinŉareasŉofŉinterest,ŉandŉanŉabilityŉtoŉpersuadeŉand
incentivizeŉstakeholdersŉtoŉfundŉrestorationŉeffortsŉthatŉwillŉprovideŉaŉlongĲtermŉreturn
onŉinvestmentŉbeyondŉaŉmonetaryŉcontribution.ŉConnectingŉstakeholdersŉtoŉecosystem
servicesŉ ofŉ interestŉ andŉbeingŉ ableŉ toŉ demonstrate,ŉ quantitatively,ŉ howŉ theŉ supplyŉ of
valuedŉservicesŉwillŉbeŉimpactedŉunderŉcurrentŉforestŉmanagementŉpracticesŉcanŉhelp
motivateŉ theseŉ groupsŉ toŉ participate.ŉ Toŉ thatŉ end,ŉ thisŉ projectŉ seeksŉ toŉ understand
bothŉ theŉ perceptionŉ ofŉ ecosystemŉ servicesŉ heldŉ byŉ organizationsŉ andŉ theŉ actual
distributionŉofŉecosystemŉservicesŉinŉaŉportionŉofŉtheŉcentralŉSierraŉNevada,ŉcalledŉthe
TahoeĲCentralŉSierraŉInitiativeŉĬTCSIĭ.ŉ

Thisŉ projectŉ fillsŉ anŉ urgentŉ gapŉ inŉ currentŉ effortsŉ toŉ engageŉ stakeholdersŉ aboutŉ the
importanceŉ ofŉ investingŉ inŉ restoration.ŉ Assessingŉ theŉ quantityŉ ofŉ localŉ ecosystem
services,ŉ asŉ wellŉ asŉ theirŉ perceivedŉ value,ŉ willŉ makeŉ ourŉ analysisŉ moreŉ salientŉ to
investors,ŉpolicyŉmakers,ŉ andŉ theŉ localŉcommunityŉ ĬMandleŉetŉal.,ŉ 2021ĭ.ŉByŉcouplingŉa
moreŉ traditionalŉ economicŉ andŉ biophysicalŉ ecosystemŉ serviceŉ assessmentŉ with
stakeholderŉ surveyŉ andŉ interviews,ŉ weŉ willŉ strengthenŉ theŉ relevanceŉ ofŉ ourŉ resource
assessmentŉtoŉpolicyŉandŉplanningŉdecisionĲmakersŉinŉtheŉTCSI.ŉ

Theŉ significanceŉ ofŉ thisŉ projectŉ extendsŉ beyondŉ theŉ centralŉ Sierraŉ Nevadaŉ regionŉ as
manyŉotherŉwaterĲscarceŉandŉfireĲproneŉregionsŉmonitorŉtheŉsuccessŉofŉBlueŉForestļs
innovativeŉ financingŉ andŉ considerŉ howŉ similarŉ mechanismsŉ couldŉ aidŉ theirŉ ownŉ large
scaleŉecosystemŉrestorationŉchallenges.ŉOurŉdualŉapproachŉcanŉprovideŉaŉframeworkŉfor
extensionŉ ofŉ theŉ FRBŉ intoŉ otherŉ regionsŉ inŉ theŉ Americanŉ westŉ thatŉ alsoŉ requireŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉ
ŉ2
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acceleratingŉrestorationŉtoŉreduceŉtheŉthreatŉofŉcatastrophicŉwildfire.

Toŉ accuratelyŉ captureŉ theŉ stakeholderŉ perceptionsŉ ofŉ ecosystemŉ servicesŉ andŉ their
actualŉdistributionŉinŉaŉsingleŉlandscapeŉforŉBlueŉForest,ŉtheŉfirstŉobjectiveŉofŉthisŉproject
wasŉtoŉdetermineŉwhatŉecosystemŉservicesŉcommunityŉmembersŉvalueŉandŉwhereŉthey
wouldŉ prioritizeŉ restorationŉ effortsŉ withinŉ theŉ TCSIŉ landscape.ŉ Weŉ achievedŉ this
objectiveŉqualitativelyŉbyŉinterviewingŉstakeholdersŉandŉhavingŉthemŉprioritizeŉandŉrank
differentŉ ecosystemŉ services,ŉ geographicŉ areas,ŉ andŉ restorationŉ efforts.ŉ Aŉ second
primaryŉobjectiveŉwasŉtoŉdetermineŉandŉlocateŉkeyŉecosystemŉservicesŉprovidedŉbyŉthe
forestsŉinŉtheŉTCSIŉthroughŉtheŉutilizationŉofŉvariousŉmodelingŉmethodsŉtoŉquantifyŉthese
ecosystemŉ servicesŉ underŉ currentŉ conditionsŉ andŉ twoŉ futureŉ scenarios:ŉ veryŉ limited
futureŉforestŉrestorationŉworkŉandŉcompleteŉforestŉrestorationŉwork.ŉWeŉcreatedŉaŉsuite
ofŉmapsŉ thatŉwillŉ helpŉ naturalŉ resourceŉprofessionalsŉ identifyŉ andŉ considerŉ important
locationsŉ forŉ forestŉ restorationŉ byŉ comparingŉ areasŉ ofŉ stakeholderŉ interestŉ withŉ the
distributionsŉofŉvariousŉecosystemŉservicesŉwithinŉtheŉTCSIŉcurrentlyŉandŉinŉtheŉfuture.ŉ

Fromŉ ourŉ analyses,ŉ weŉ foundŉ thatŉ stakeholderŉ interestŉ broadlyŉ alignsŉ withŉ highĲ
provisioningŉ locationsŉofŉwaterŉyieldŉandŉsedimentŉretentionŉ inŉtheŉNorthŉYubaŉregion.
Whileŉ allŉ ecosystemŉ servicesŉ weŉ studiedŉ Ĭwaterŉ supplyŉ andŉ quality,ŉ biodiversity,ŉ and
recreationĭŉwillŉbeŉ impactedŉbyŉclimateŉchangeŉandŉdifferentŉtreatmentŉscenarios,ŉthe
impactsŉ areŉ notŉ identicalŉ acrossŉ ecosystemŉ services.ŉ Theŉ modelingŉ andŉ stakeholder
analysesŉcanŉbothŉbeŉusedŉtoŉidentifyŉpriorityŉrestorationŉareasŉwithinŉtheŉTCSI,ŉasŉwell
asŉ toŉ identifyŉpotentialŉ fundingŉpartnersŉ forŉ futureŉ FRBs.ŉ Throughŉ restorationŉprojects
fundedŉbyŉanŉFRB,ŉnaturalŉresourceŉmanagersŉcanŉbetterŉmitigateŉtheŉpotentialŉdamages
ofŉfutureŉfireŉwithinŉtheŉTahoeŉCentralŉSierraŉRegion.ŉ
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Fireŉ isŉanŉ importantŉnaturalŉdisturbanceŉandŉplaysŉaŉcriticalŉ roleŉ inŉ regulatingŉmanyŉof
Californiaļsŉ forestŉ ecosystems.ŉ Lowŉ andŉ moderateŉ intensityŉ firesŉ helpŉ reduceŉ forest
fuelsŉ byŉ burningŉ youngŉ trees,ŉ understoryŉ species,ŉ andŉ deadŉ vegetationŉ onŉ theŉ forest
floor,ŉallowingŉ largerŉtreesŉtoŉcontinueŉtoŉgrowŉĬLong,ŉ2014ĭ.ŉManyŉnativeŉplantŉspecies
relyŉonŉwildfiresŉtoŉactivateŉtheirŉnaturalŉgrowthŉorŉreproductiveŉcyclesŉĬSilcox,ŉ1911ĭ.ŉFire
canŉtriggerŉtheŉreleaseŉofŉseedsŉinŉspeciesŉsuchŉasŉtheŉLodgepoleŉpineŉĬPinusŉcontortaĭ,
stimulateŉ theŉ floweringŉandŉ fruitingŉofŉmanyŉshrubsŉandŉherbs,ŉ andŉalterŉ seedbedsŉ to
allowŉ germinationŉ processesŉ toŉ occurŉ inŉ Douglasŉ firŉ ĬPseudotsugaŉ menziesiiĭ,ŉ Jeffrey
pineŉ ĬPinusŉ jeffreyiĭ,ŉ andŉ giantŉ sequoiaŉ ĬSequoiadendronŉ giganteumĭŉ treesŉ ĬWrightŉ Ų
Heinselman,ŉ2014;ŉKilgore,ŉ1973ĭ.ŉFiresŉareŉalsoŉbeneficialŉforŉrejuvenatingŉterrestrialŉand
aquaticŉhabitats.ŉFiresŉincreaseŉtheŉavailabilityŉofŉlight,ŉwater,ŉandŉnutrientsŉbyŉopening
upŉcanopiesŉtoŉlightŉandŉprovidingŉaŉconcentratedŉsupplyŉofŉnutrientsŉfoundŉinŉtheŉash
throughŉtheŉremovalŉofŉexcessiveŉbrushŉinŉtheseŉsystemsŉĬWrightŉŲŉHeinselman,ŉ2014ĭ.
Thinningŉofŉ theŉ forestŉ landscapeŉ throughŉ fireŉhasŉbeenŉshownŉ toŉalterŉ theŉ localŉwater
budgetŉbyŉreducingŉcanopyŉinterceptionŉandŉtranspirationŉdemandsŉofŉforests.ŉThinning
dueŉ toŉ fireŉmayŉalsoŉcontributeŉ toŉmodestŉ increasesŉ inŉ streamflow,ŉbutŉ theseŉeffects
dependŉ onŉ aŉ numberŉ ofŉ factorsŉ includingŉ fireŉ severity,ŉ catchmentŉ physiography,
vegetationŉcompositionŉandŉregrowth,ŉandŉsoilsŉandŉgeologicŉconditionsŉĬWagenbrenner
etŉ al.,ŉ 2021ĭ.ŉ Lowŉ andŉmoderateŉ severityŉ firesŉ helpŉ toŉ openŉ denselyŉ vegetatedŉ lands,
creatingŉaŉpatchyŉforestŉstructureŉandŉallowingŉfireĲdependentŉplantŉspeciesŉimportant
toŉ theŉ SierraŉNevadaŉ region,ŉ suchŉ asŉ Jeffreyŉpine,ŉ toŉ thriveŉ ĬDeyŉ etŉ al.,ŉ 2021,ŉ TaylorŉŲ
Beaty,ŉ2005ĭ.ŉ2
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Priorŉ toŉEuroĲAmericanŉsettlement,ŉ firesŉoccurredŉ inŉCaliforniaļsŉ forestsŉbothŉnaturally
andŉ intentionally,ŉ throughŉ burnsŉ setŉ byŉ indigenousŉ peoples.ŉ Culturalŉ burning,ŉ recently
definedŉ asŉ theŉ Ĺpurposefulŉ useŉ ofŉ fireŉ byŉ aŉ culturalŉ groupŉ Ĭe.g.ŉ familyŉ unit,ŉ Tribe,
clanĩmoiety,ŉsocietyĭŉforŉaŉvarietyŉofŉpurposesŉandŉoutcomes,ĺŉhasŉbeenŉanŉ important
componentŉ ofŉ indigenousŉ culturalŉ practicesŉ forŉ thousandsŉ ofŉ years.ŉ Culturalŉ burning
protectsŉ andŉmaintainsŉ theŉ environmentŉ inŉ lineŉ withŉ tribalŉ values,ŉ whichŉ areŉ typically
wellĲmatchedŉwithŉ theŉgoalsŉofŉecologicalŉ restorationŉprojectsŉ ĬLongŉetŉal.,ŉ2021ĭ.ŉThis
practice,ŉ inŉ combinationŉwithŉ naturalŉ ignitions,ŉmaintainedŉ patchyŉ andŉ resilientŉ forest
structureŉinŉtheŉCaliforniaŉSierraŉNevadaŉforŉmillennia.

Historically,ŉ Sierraŉ Nevadaŉ forestsŉ burnedŉ everyŉ 2Ĵ20ŉ yearsŉ dependingŉ onŉ theŉ forest
structureŉ andŉ speciesŉ compositionŉ beforeŉ fireŉ regimesŉ wereŉ disruptedŉ byŉ fire
suppressionŉĬTaylorŉŲŉBeaty,ŉ2005ĭ.ŉAboutŉhalfŉofŉtheŉlandscapeŉwouldŉburnŉduringŉthis
time,ŉ clearingŉ theŉ understoryŉ andŉ rejuvenatingŉ theŉ forestŉ ecosystem.ŉ However,ŉ inŉ the
lateŉ 1800s,ŉ EuroĲAmericanŉ settlersŉ beganŉ toŉ perceiveŉ wildfiresŉ asŉ aŉ threatŉ toŉ forest
resources,ŉ inŉ responseŉ toŉ aŉ seriesŉ ofŉ massiveŉ wildfiresŉ burningŉ throughoutŉ western
states.ŉ Theseŉ eventsŉ hadŉ aŉ profoundŉ effectŉ onŉ nationalŉ fireŉ policy,ŉ compellingŉ forest
managersŉtoŉadoptŉfireŉpreventionŉandŉsuppressionŉmanagementŉstrategies,ŉsuchŉasŉthe
SmokeyŉtheŉBearŉantiĲforestŉfireŉadvertisingŉcampaignŉandŉtheŉ10ŉa.m.ŉPolicyŉthatŉwould
ensureŉallŉwildfiresŉwereŉputŉoutŉbyŉ10ŉa.m.ŉtheŉdayŉafterŉtheyŉwereŉreportedŉĬDeyŉetŉal.,
2021ĭ.ŉ Overŉ theŉ followingŉ decades,ŉ forestŉ structureŉ inŉ muchŉ ofŉ theŉ westŉ became
overcrowdedŉasŉunderstoryŉspeciesŉandŉyoungŉtreesŉgrewŉ inŉtheŉabsenceŉofŉ frequent
firesŉ ĬCalkinŉ etŉ al.,ŉ 2005ĭ.ŉ Currently,ŉ onlyŉ aboutŉ 0.2Ůŉ ofŉ Sierraŉ Nevadaŉ forestsŉ have
burnedŉatŉtheŉhistoricŉ interval,ŉwhileŉ74Ůŉofŉ forestŉ landŉhasŉnotŉburnedŉ inŉtheŉ lastŉ 100
yearsŉĬTaylorŉŲŉBeaty,ŉ2005ĭ.ŉ

Spendingŉlimitedŉfinancialŉresourcesŉonŉfireŉsuppressionŉeffortsŉlimitsŉtheŉavailabilityŉof
stateŉ andŉ federalŉ resourcesŉ whichŉ canŉ beŉ directedŉ toŉ restorationŉ projectsŉ thatŉ are
necessaryŉtoŉreduceŉtheŉseverityŉandŉintensityŉofŉfutureŉwildfiresŉĬHjerpeŉetŉal.,ŉ2009ĭ.
Byŉfocusingŉonŉupfrontŉinvestmentŉinŉforestŉthinningŉandŉrestorationŉeffortsŉtoday,ŉthis
preventiveŉ strategyŉ hasŉ theŉ potentialŉ toŉ breakŉ theŉ currentŉ cycleŉ ofŉ largerŉ andŉ more
destructiveŉwildfiresŉplaguingŉtheŉwesternŉUnitedŉStates.ŉRestorationŉeffortsŉthatŉensure
forestsŉareŉmoreŉresilientŉtoŉfutureŉfiresŉwillŉsaveŉfutureŉsuppressionŉandŉmanagement
costsŉandŉ reduceŉoverallŉ damagesŉ toŉ importantŉbenefitsŉprovidedŉbyŉ forestŉ systems,
whileŉensuringŉtheirŉcontinuedŉexistenceŉandŉbenefitŉtoŉsociety.ŉ

ĉĜĈŉFireŉinŉCaliforniaŉForesÒs
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ĉĜĉŉSÒÖdèŉAreaĞŉTahoeŉCenÒralŉSierraŉIniÒiaÒiáeŉĬTCSIĭ
TheŉTahoeĲCentralŉSierraŉInitiativeŉĬTCSIĭŉisŉaŉpartnershipŉofŉstateŉandŉfederalŉagencies,
nonĲgovernmentalŉ organizations,ŉ theŉ timberŉ industry,ŉ andŉ researchersŉ thatŉ was
establishedŉ toŉ improveŉ forestŉ andŉ socialŉ resilienceŉ toŉ climateŉ changeŉ andŉ other
stressorsŉ acrossŉ theŉ 2,417,632Ĳacreŉ landscape.ŉ Theŉ goalŉ ofŉ thisŉ partnershipŉ isŉ to
increaseŉ theŉ paceŉ andŉ scaleŉ ofŉ restorationŉ thinningŉ andŉ prescribedŉ fireŉ acrossŉ the
watershedsŉofŉtheŉcentralŉSierraŉNevadaŉĬWilsonŉandŉManley,ŉ2021ĭ.ŉAŉmemorandumŉof
understandingŉ toŉ coordinateŉ restorationŉ effortsŉ wasŉ signedŉ inŉ 2017ŉ byŉ theŉ 8ŉ project
partners:ŉ Theŉ Natureŉ Conservancy;ŉ Sierraŉ Nevadaŉ Conservancy;ŉ Californiaŉ Tahoe
Conservancy;ŉ Nationalŉ Forestŉ Foundation;ŉ Californiaŉ Forestryŉ Association;ŉ U.S.
Departmentŉ ofŉAgricultureŉ ĬUSDAĭŉ Forestŉ Serviceŉ Pacificŉ Southwestŉ ResearchŉStation;
Universityŉ ofŉCaliforniaŉNaturalŉ ReserveŉSystemĴSagehenŉCreekŉ Fieldŉ Station;ŉ andŉ the
USDAŉForestŉService,ŉincludingŉtheŉTahoeŉNationalŉForest,ŉEldoradoŉNationalŉForest,ŉand
theŉLakeŉTahoeŉBasinŉManagementŉUnitŉĬUSDA,ŉ2017ĭ.

TheŉTCSIŉ isŉaŉ regionŉofŉsignificant
biologicalŉ andŉ economic
importanceŉ toŉ theŉ statesŉ of
CaliforniaŉandŉNevada.ŉTheŉ region
encompassesŉ sixŉ watersheds:
Yuba,ŉ Truckee,ŉ Lakeŉ Tahoeŉ Basin,
UpperŉBear,ŉNorthŉ ForkŉAmerican,
andŉ Southŉ Forkŉ American.ŉ More
thanŉ 105,000ŉ peopleŉ liveŉ inŉ the
TCSIŉwithŉaŉnumberŉofŉ townsŉand
citiesŉ alongŉ Interstateŉ 80ŉ ĬColfax,
Nevadaŉ City,ŉ Grassŉ Valley,ŉ and
Truckeeĭ,ŉ Highwayŉ 49
ĬCamptonville,ŉ Downieville,ŉ and
SierraŉCityĭ,ŉHighwayŉ50ŉĬCamino,
Pollockŉ Pines,ŉ andŉ Southŉ Lake
Tahoeĭ,ŉ andŉ Highwayŉ 89
ĬSierravilleŉandŉMeyersĭŉĬWilsonŉŲ
Manley,ŉ 2021ĭ.ŉ Theŉ TCSIŉ region
includesŉallŉorŉsignificantŉportions
ofŉ Sierra,ŉ Nevada,ŉ Elŉ Dorado,ŉ and
Yubaŉ counties;ŉ smallŉ portionsŉ of
Amador,ŉPlumas,ŉAlpine,ŉandŉButte
f
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InŉresponseŉtoŉincreasingŉenvironmentalŉandŉeconomicŉthreatsŉtoŉtheŉSierraŉNevada,ŉthe
stateŉ ofŉ Californiaŉ signedŉ theŉ Sierraŉ NevadaŉWatershedŉ Improvementŉ Programŉ ĬWIPĭ
intoŉ lawŉ inŉ 2018.ŉ Thisŉ partnershipŉ programŉ unitesŉ federal,ŉ state,ŉ local,ŉ andŉ private
partnersŉtoŉrestoreŉtheŉSierraŉNevadaŉwatershedŉandŉadvanceŉeconomicŉopportunities
forŉ theŉ localŉ community.ŉŉ Theŉ firstŉ WIPŉ pilotŉ projectŉ wasŉ implementedŉ inŉ theŉ Tahoe
CentralŉSierraŉ Initiativeŉ ĬTCSIĭŉandŉaimsŉ toŉ increaseŉ theŉpaceŉandŉscaleŉofŉ restoration
throughŉtheŉdevelopmentŉandŉuseŉofŉinnovativeŉplanning,ŉinvestment,ŉandŉmanagement
tools.ŉTheŉTCSIŉcontainsŉpriorityŉforestsŉforŉCaliforniaŉandŉisŉtheŉsiteŉofŉseveralŉstateŉand
federalŉhighŉpriorityŉrestorationŉareasŉĬSierraŉNevadaŉConservancy,ŉ2020ĭ.ŉ

Toŉ facilitateŉ theŉ largeĲscaleŉ restorationŉ ofŉ theŉ TCSI,ŉ theŉ regionŉ isŉ dividedŉ intoŉ seven
managementŉ zones:ŉ Publicŉ Forest,ŉ Privateŉ Industrial,ŉ Privateŉ NonĲIndustrial,ŉ Roadless,
Wilderness,ŉiCLUSEŉDefense,ŉandŉiCLUSEŉThreatŉzones.ŉTheseŉzonesŉcanŉbeŉseenŉinŉthe
mapŉaboveŉĬFigureŉ1ĭ,ŉandŉareŉusedŉtoŉdetermineŉwhereŉandŉhowŉmuchŉrestorationŉwill
occurŉonŉtheŉ landscape.ŉOfŉnote,ŉ theŉcheckeredŉareasŉareŉaŉmixŉofŉpublicŉandŉprivate
landsŉknownŉasŉtheŉgeneralŉforestŉmanagementŉzone.ŉTheŉdefenseŉzoneŉisŉaŉ0.25Ĳmile
spatialŉ bufferŉ establishedŉ aroundŉ developedŉ areasŉwhichŉ includeŉ urban,ŉ exurban,ŉ and
suburbanŉareas,ŉandŉtheŉthreatŉzoneŉisŉtheŉsameŉasŉtheŉdefenseŉzoneŉbutŉwithŉaŉwider
bufferŉofŉ 1.25ŉmilesŉ ĬBaribaultŉetŉal.,ŉ 2020ĭ.ŉ Theŉvariousŉ restorationŉscenariosŉusedŉ for
planningŉinŉtheŉTCSIŉareŉdescribedŉlaterŉinŉthisŉreport.

Theŉ TCSIŉ combinesŉ severalŉ publicŉ andŉ privateŉ partnerships,ŉ alongŉ withŉ cuttingĲedge
science,ŉtoŉaccelerateŉforestŉandŉwatershedŉrestoration.ŉTheŉTCSIŉisŉpilotingŉtheŉfirstĲofĲ
itsĲkindŉRoadmapŉtoŉResilience,ŉaŉscienceĲbasedŉapproachŉtoŉ restorationŉthatŉcanŉbe
appliedŉ toŉ theŉ entireŉ Sierraŉ Nevadaŉ areaŉ ĬSierraŉ Nevadaŉ Conservancy,ŉ 2020ĭ.ŉ Blue
ForestļsŉsuccessŉwithŉitsŉprojectsŉinŉtheŉYubaŉwatershedŉindicatesŉthereŉisŉpotentialŉfor
largerĲscaleŉprojectsŉinŉtheŉTCSIŉtoŉbenefitŉmoreŉstakeholders.

ĉĜĉŉSÒÖdèŉAreaĞŉTahoeŉCenÒralŉSierraŉIniÒiaÒiáeŉĬTCSIĭ
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ĉĜĊŉForesÒŉEcosèsÒemŉSeráicesŉ
Forestŉsystemsŉ inŉgeneralŉprovideŉaŉnumberŉofŉbenefitsŉthatŉareŉnecessaryŉforŉhuman
survival,ŉ suchŉ asŉ rawŉmaterialsŉ Ĭtimberĭ,ŉ airŉ andŉwaterŉpurification,ŉwaterŉ storage,ŉ and
regulationŉofŉclimate,ŉamongŉnumerousŉotherŉbenefits.ŉGoodsŉandŉservicesŉprovidedŉby
ecosystemsŉ thatŉ benefitŉ humanŉ societyŉ atŉ noŉ extraŉ costŉ areŉ knownŉ asŉ ecosystem
servicesŉ ĬDaily,ŉ 1997ĭ.ŉAŉ fewŉbenefitsŉ thatŉ forestŉecosystemsŉprovideŉareŉ listedŉbelow.ŉŉŉŉ
ŉdŉŉ

ĉĜĊĜĈŉClimaÒeŉRegÖlaÒion
Forestŉ systemsŉ areŉ criticalŉ forŉ carbonŉ uptakeŉ andŉ climateŉ changeŉmitigation.ŉ Carbon
sequestration,ŉ orŉ theŉ captureŉ andŉ storageŉ ofŉ carbonŉ dioxideŉ fromŉ theŉ atmosphere
ĬManleyŉetŉal.,ŉ2020ĭ,ŉplaysŉaŉsignificantŉroleŉinŉforestŉecologyŉbothŉasŉaŉsourceŉandŉsink
ofŉcarbonŉdioxide.ŉThroughŉphotosynthesis,ŉchlorophyllŉ inŉtheŉ leavesŉofŉtreesŉcaptures
carbonŉdioxideŉ andŉ reducesŉ itsŉ concentrationŉ inŉ theŉ atmosphere.ŉ Treesŉcontinueŉ this
processŉasŉlongŉasŉtheyŉgrow;ŉultimately,ŉwhenŉdeadŉtreesŉdecomposeŉcarbonŉdioxideŉis
releasedŉbackŉintoŉtheŉatmosphereŉĬRyanŉetŉal.,ŉ2010ĭ.ŉTheŉimpactŉofŉforestŉsystemsŉon
climateŉ regulationŉ isŉ thusŉ complicated.ŉ However,ŉ itŉ isŉ estimatedŉ thatŉ theŉ benefits
providedŉfromŉcarbonŉsequestrationŉequateŉtoŉaboutŉŎ65ŉperŉton,ŉ totalingŉŎ3.4ŉbillion
annuallyŉinŉtheŉU.S.ŉĬKrieger,ŉ2001ĭ.ŉ

ĉĜĊĜĉŉAirŉQÖaliÒè
Forestsŉcontributeŉtoŉairŉqualityŉinŉtwoŉprimaryŉways:ŉtheŉremovalŉofŉairŉpollutantsŉwhen
healthyŉ andŉ theŉ additionŉ ofŉ airŉ pollutantsŉ whenŉ onŉ fire.ŉ Airŉ pollutantsŉ areŉ definedŉ as
particulateŉmatterŉorŉfineŉparticlesŉthatŉbecomeŉsuspendedŉinŉtheŉairŉandŉcontributeŉto
poorŉ airŉ quality.ŉ Treesŉ removeŉ particulateŉ matterŉ fromŉ theŉ airŉ byŉ absorbingŉ these
particlesŉ throughŉ smallŉ poresŉ inŉ theirŉ leavesŉ andŉ dissipatingŉ themŉ withinŉ theirŉ cell
structuresŉ ĬNowakŉ etŉ al.,ŉ 2006ĭ.ŉ However,ŉ smokeŉ fromŉ highĲintensityŉ wildfiresŉ isŉ a
concoctionŉofŉsmallŉparticlesŉlessŉthanŉ2.5ŉmicronsŉinŉdiameterŉknownŉasŉPM2.5.ŉThese
particlesŉareŉatŉleastŉ30ŉtimesŉsmallerŉthanŉtheŉwidthŉofŉaŉhumanŉhairŉandŉcanŉenterŉthe
bloodstreamŉ andŉ causeŉ cognitive,ŉ cardiovascular,ŉ andŉ respiratoryŉ impacts
ĬEnvironmentalŉ Protectionŉ Agencyŉ İEPAı,ŉ n.d.ĭ.ŉ Children,ŉ theŉ elderly,ŉ andŉ lowĲincome
peopleŉareŉmostŉsusceptibleŉtoŉnegativeŉhealthŉimpactsŉfromŉsmallŉincreasesŉinŉPM2.5;
however,ŉonceŉPM2.5ŉconcentrationsŉreachŉunhealthyŉlevels,ŉallŉmembersŉofŉtheŉpublic
shouldŉreduceŉtimeŉoutdoorsŉĬEPA,ŉ2018ĭ.ŉ40ŮŉofŉCaliforniaļsŉunhealthyŉairŉqualityŉdays
fromŉtheŉlastŉtwoŉdecadesŉoccurredŉduringŉtheŉlastŉfiveŉyears,ŉwhichŉcoincidesŉwithŉthe
stateļsŉrecentŉspikeŉinŉextremeŉwildfiresŉĬAbowdŉetŉal.,ŉ2021ĭ.ŉŉ

Thus,ŉ toŉ reapŉ theŉ airŉ pollutantŉ removalŉ benefitsŉ ofŉ forestŉ systems,ŉ lowŉ toŉmoderateĲ
intensityŉforestŉfiresŉmayŉbeŉnecessaryŉtoŉreduceŉtheŉriskŉofŉhighĲintensityŉfires.ŉWhile
moderateĲintensityŉforestŉfiresŉcontributeŉaŉsmallŉamountŉofŉPM2.5ŉtoŉtheŉatmosphere,
theyŉareŉcriticalŉ forŉ theŉavoidedŉ riskŉofŉmuchŉ largerŉamountsŉofŉPM2.5ŉgeneratedŉ inŉaŉŉŉŉŉŉ
ŉf
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severe,ŉ largeŉ fireŉ ĬManleyŉ etŉ al.,ŉ 2020ĭ.ŉ Oneŉ studyŉ estimatedŉ theŉ airŉ qualityŉ valueŉ of
500,000ŉmesquiteŉ treesŉ toŉ beŉ Ŏ4.16ŉ each,ŉ equatingŉ toŉ Ŏ2.08ŉ millionŉ ĬKrieger,ŉ 2001ĭ.
Forestŉ restorationŉ andŉ theŉ useŉ ofŉ prescribedŉ burningŉ thusŉ provideŉ valueŉ notŉ only
throughŉ theŉavoidanceŉofŉhighĲseverityŉ fires,ŉbutŉalsoŉ throughŉ improvingŉ theŉhealthŉof
forestsŉthatŉcontributeŉtoŉairŉpollutionŉremoval.ŉ

ĉĜĊĜĊŉWaÒershedŉSeráices
Forestŉ watershedsŉ trapŉ andŉ storeŉ waterŉ underground,ŉ contributingŉ toŉ theŉ amountŉ of
freshwaterŉ availableŉ acrossŉ theŉ globe.ŉ Forestsŉ helpŉ purifyŉ waterŉ byŉ filtering
contaminantsŉ andŉ otherŉ chemicalsŉ throughŉ theirŉ rootŉ systemsŉ ĬManleyŉ etŉ al.,ŉ 2020ĭ.
Waterŉisŉrequiredŉforŉallŉformsŉofŉlife,ŉthusŉitŉisŉimportantŉtoŉprotectŉtheŉecosystemsŉthat
maintainŉ ourŉwaterŉ availabilityŉ andŉpurity.ŉ Resilientŉ forestsŉ helpŉmaintainŉ aŉ consistent
waterŉbalance,ŉwhileŉvariabilityŉandŉsusceptibilityŉ toŉ floodingŉcanŉbeŉ increasedŉafterŉa
severeŉfireŉĬSilinsŉetŉal.,ŉ2009ĭ.ŉTheŉwaterŉflowingŉfromŉforestedŉwatershedsŉisŉcommonly
utilizedŉinŉmanyŉindustriesŉsuchŉasŉagriculture,ŉelectricity,ŉandŉmunicipalŉwaterŉsupplies.
Theŉ productiveŉ useŉ valueŉ ofŉ waterŉ flowingŉ fromŉ forestsŉ isŉ estimatedŉ toŉ beŉ Ŏ1.32
billionĩyear,ŉmostŉofŉwhichŉcomesŉfromŉagriculturalŉuseŉĬStewart,ŉ1996;ŉKrieger,ŉ2001ĭ.ŉIn
California,ŉ theŉ Sierraŉ Nevadaŉ providesŉ aboutŉ 60Ůŉ ofŉ theŉ stateļsŉ waterŉ supply,ŉ which
originatesŉ asŉ snowmeltŉ ĬUniversityŉ ofŉ Californiaŉ Merced,ŉ 2021ĭ.ŉ Thisŉ naturalŉ water
storageŉ reservoirŉ suppliesŉ waterŉ toŉ nearlyŉ 23ŉ millionŉ Californiansŉ asŉ snowmeltŉ flows
downstreamŉintoŉstreamsŉandŉriversŉforŉhumanŉuse.ŉ

ĉĜĊĜċŉBiodiáersiÒè
TheŉSierraŉNevadaŉ isŉoneŉofŉtheŉmostŉbiodiverseŉecoregionsŉ inŉtheŉUnitedŉStates,ŉwith
highŉ ratesŉ ofŉ speciesŉ richnessŉ andŉ endemism.ŉ Moreŉ thanŉ 3,000ŉ distinctŉ speciesŉ of
vascularŉplantsŉareŉknownŉtoŉinhabitŉtheŉSierraŉNevada.ŉTheŉSierraŉNevadaŉalsoŉhostsŉa
varietyŉ ofŉ vegetationŉ communityŉ types,ŉ includingŉ alpineŉmeadows,ŉmixedĲconiferŉ and
singleĲconiferŉforests,ŉandŉchaparralŉĬMurphyŉetŉal.,ŉ2004ĭ.ŉManyŉofŉtheŉspeciesŉfoundŉin
theŉSierraŉNevadaŉareŉendemic,ŉrare,ŉthreatened,ŉorŉendangered,ŉprimarilyŉdueŉtoŉhabitat
lossŉ andŉ fragmentation,ŉ introducedŉ pestsŉ andŉ pathogens,ŉ andŉ airŉ pollutionŉ concerns
ĬWorldŉWildlifeŉFund,ŉn.d.ĭ.ŉAlthoughŉ itŉ isŉnotŉeasilyŉquantified,ŉbiodiversityŉ isŉaŉcritical
ecosystemŉ service.ŉ Biodiversityŉ contributesŉ toŉ theŉ stabilityŉ ofŉ largerŉ ecosystems,
providesŉ jobsŉ andŉ culturalŉ connections,ŉ andŉ canŉ mediateŉ theŉ impactsŉ ofŉ climate
changeĲrelatedŉnaturalŉdisastersŉĬShaw,ŉ2018ĭ.ŉ

ĉĜĊĜČŉRecreaÒion
Forestsŉprovideŉnumerousŉrecreationalŉandŉculturalŉvaluesŉ includingŉbutŉnotŉ limitedŉto
tourism,ŉhikingŉandŉfishing,ŉandŉimportantŉhabitatŉforŉendangeredŉorŉculturallyŉimportant
species.ŉ Theseŉ valuesŉ provideŉ aŉ rangeŉ ofŉ leisureŉ andŉ recreationalŉ opportunitiesŉ and
experiencesŉenjoyedŉbyŉpeople.ŉRecreationŉbenefitsŉpeopleŉthroughŉimprovedŉphysical
f
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health,ŉpsychologicalŉhealth,ŉandŉemotionalŉwellĲbeing.ŉMoreŉrecently,ŉnumerousŉstudies
haveŉincorporatedŉtheŉcomplementaryŉnonĲmaterialŉbenefitsŉthatŉenhanceŉrecreational
opportunities,ŉ andŉ includeŉ inspiration,ŉ culturalŉ heritage,ŉ aesthetic,ŉ educational,ŉ and
spiritualŉ qualitiesŉ ĬHermesŉ etŉ al.,ŉ 2018ĭ.ŉ Itŉ isŉ estimatedŉ thatŉ recreationalŉ activities
associatedŉwithŉnationalŉforestsŉaloneŉcontributeŉbetweenŉŎ12.5ŉandŉŎ110ŉbillionŉannually
toŉGrossŉDomesticŉ Productŉ inŉ theŉ U.S.ŉ andŉ supportŉ 154,000ŉ fullĲŉ andŉ partĲtimeŉ jobs.
ĬKrieger,ŉ2001;ŉUSFSŉNationalŉVisitorŉUseŉMonitoringŉSurveyŉResults,ŉ2020ĭ.ŉTheŉforests
ofŉtheŉTahoeĲCentralŉSierraŉareŉpopularŉdestinationsŉforŉcamping,ŉhiking,ŉwaterŉsports,
andŉ alpineŉ sportsŉ likeŉ skiingŉ andŉmountainŉ bikingŉ ĬNorthŉ Lakeŉ Tahoeŉ Visitorsŉ Bureau,
n.d.ĭ.

ĉĜĊĜčŉCÖlÒÖralŉValÖes
Culturalŉ servicesŉ thatŉ forestsŉ provideŉ includeŉ aestheticŉ values,ŉ valueŉ basedŉ onŉ forest
longevity,ŉandŉtheŉknowledgeŉthatŉforestsŉwillŉprovideŉvalueŉ inŉtheŉfuture.ŉThereŉ isŉalso
valueŉ associatedŉwithŉ theŉpresenceŉofŉparticularŉ habitats,ŉ suchŉasŉoldĲgrowthŉ forests
thatŉ provideŉ habitatŉ forŉ endangeredŉ speciesŉ ĬKrieger,ŉ 2001ĭ.ŉ Additionally,ŉ theŉ TahoeĲ
Centralŉ Sierraŉ regionŉ isŉ theŉ ancestralŉ andŉ currentŉ homeŉ ofŉ theŉWashoeŉ andŉ Nisenan
tribes,ŉandŉisŉofŉgreatŉculturalŉvalueŉtoŉtheseŉcommunities.

ĉĜĊĜĎŉResoÖrces
Forestsŉareŉalsoŉ theŉsourceŉofŉecosystemŉservicesŉ thatŉareŉconventionallyŉassociated
withŉeconomicŉvalue,ŉhereŉcalledŉresources.ŉTheseŉresourcesŉ includeŉ jobs,ŉ timber,ŉand
otherŉ economicŉ goodsŉ thatŉ canŉ beŉ harvestedŉ fromŉ forests.ŉ Jobsŉ associatedŉ with
recreationŉareŉdescribedŉinŉtheŉrecreationŉsectionŉabove.ŉOtherŉindustriesŉthatŉprovide
jobsŉinŉforestsŉincludeŉfireŉpreventionŉandŉfighting,ŉrestoration,ŉandŉtimber.ŉSierraŉPacific
Industriesŉ ĬSPIĭ,ŉ theŉ fourthŉ largestŉ lumberŉproducerŉandŉ thirdŉ largestŉ landownerŉ inŉ the
Unitedŉ States,ŉ generatesŉ annualŉ profitsŉ ofŉ approximatelyŉ Ŏ375ŉ millionŉ onŉ landsŉ in
California,ŉWashington,ŉandŉOregonŉĬSorvino,ŉ2018ĭ.ŉForŉtheŉloggingŉindustry,ŉtheŉimpact
ofŉfireŉisŉcomplicated;ŉwhileŉSPIŉownsŉunburnedŉforestŉthatŉtheyŉmanageŉforŉtimberŉand
desireŉ toŉ protect,ŉ theyŉ alsoŉ profitŉ fromŉ salvageŉ loggingŉ ofŉ burnedŉ treesŉ postĲfire
ĬSorvino,ŉ2018ĭ.ŉ
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ĉĜċŉImpacÒsŉofŉSeáereŉFireŉonŉEcosèsÒemŉSeráices
Unfortunately,ŉwithŉmoreŉsevereŉfires,ŉtheŉecosystemŉservicesŉprovidedŉbyŉforestsŉare
atŉincreasingŉriskŉofŉbeingŉlostŉorŉdamaged.ŉForŉexample,ŉsedimentŉrunoffŉcanŉincrease
significantlyŉafterŉaŉfireŉdueŉtoŉtheŉlossŉofŉprotectiveŉgroundŉcoverŉandŉstabilizingŉroots
ĬBuckleyŉetŉal.,ŉ2014ĭ.ŉThisŉ runoffŉcanŉdegradeŉhabitatŉ forŉaquaticŉspeciesŉsuchŉasŉ the
nativeŉ Californiaŉ goldenŉ troutŉ andŉ leadŉ toŉ increasedŉ sedimentationŉ inŉ reservoirs,
impactingŉ waterŉ supplyŉ toŉ downstreamŉ communitiesŉ ĬBladonŉ etŉ al.,ŉ 2014ĭ.ŉ Healthy
vegetationŉ isŉ alsoŉ importantŉ inŉ maintainingŉ theŉ waterŉ balanceŉ inŉ aŉ landscapeŉ and
consequentlyŉtheŉamountŉofŉwaterŉavailableŉforŉhumanŉuseŉĬPodolakŉetŉal.,ŉ2015ĭ.ŉLarge
smokeŉ volumesŉ duringŉ aŉ fireŉ discourageŉ participationŉ inŉ outdoorŉ recreation,ŉ with
potentiallyŉ longerĲtermŉ impactsŉ toŉ localŉ recreationŉ ĬGellmanŉetŉ al.,ŉ 2022ĭ.ŉ Lastly,ŉ fires
threatenŉ biodiversityŉ inŉ numerousŉ ways,ŉ includingŉ directŉ threatŉ toŉ organisms,ŉ threat
throughŉ habitatŉ orŉ resourceŉ loss,ŉ andŉ landscapeŉ homogenizationŉ dueŉ toŉ successional
dynamicsŉ ĬKelleyŉ etŉ al.,ŉ 2020ĭ.ŉ Theŉ immediateŉ impactsŉ ofŉ largeŉ andŉ severeŉ firesŉ are
especiallyŉ feltŉ byŉ nearbyŉcommunities.ŉHowever,ŉ someĴlikeŉ smokeĴcanŉ affectŉpeople
livingŉmuchŉ furtherŉ fromŉanŉactiveŉ fire.ŉDistantŉcommunitiesŉcanŉalsoŉbeŉ impactedŉby
damageŉtoŉforestŉecosystemsŉandŉtheŉsubsequentŉlossŉofŉecosystemŉservices.ŉ

ĉĜČŉSolÖÒionsŉÒoŉÒheŉFireŉProblem
Forestŉ restorationŉ projectsŉ haveŉ greatŉ potentialŉ forŉ preventingŉ severeŉ wildfireŉ and
protectingŉorŉenhancingŉecosystemŉservices.ŉAŉrecentŉexampleŉofŉtheŉsuccessŉofŉforest
restorationŉ inŉ moderatingŉ fireŉ behaviorŉ wasŉ theŉ Caplesŉ Creekŉ Watershedŉ Ecological
Restorationŉ Projectŉ ĬCaplesŉ Projectĭ.ŉ Duringŉ theŉ 2021ŉ Caldorŉ Fire,ŉ whichŉ burnedŉ over
220,000ŉacresŉnearŉSouthŉLakeŉTahoeŉĬAvitt,ŉ2021ĭ,ŉtheŉCaplesŉProjectŉprovedŉresilient
toŉ thisŉ intenseŉwildfireŉ asŉonlyŉ theŉouterŉ edgeŉofŉ theŉprojectŉ siteŉwasŉburned.ŉAsŉ the
largestŉ treatedŉ areaŉ inŉ theŉ Caldorŉ burnŉ area,ŉ theŉ Caplesŉ Projectŉ providesŉ important
evidenceŉtoŉincreaseŉsupportŉforŉforestŉrestorationŉprojectsŉinŉtheŉfuture.ŉ

However,ŉ forestŉ restorationŉ isŉ burdenedŉ byŉ severalŉ majorŉ barriersŉ thatŉ inhibit
implementationŉatŉtheŉnecessaryŉscale.ŉCosts,ŉlegal,ŉandŉtimeĲsensitiveŉconsiderations,
asŉ wellŉ asŉ theŉ sheerŉ numberŉ ofŉ acresŉ inŉ Californiaŉ thatŉ needŉ toŉ beŉ treatedŉ Ĭ1ŉmillion
annuallyŉbyŉ2025ĭŉareŉsomeŉofŉtheŉmajorŉblockadesŉtoŉlargeŉforestŉrestorationŉprojects
ĬQuinnĲDavidsonŉŲŉVarner,ŉ2012;ŉGovernorļsŉForestŉManagementŉTaskŉForce,ŉ2021ĭ.ŉOf
particularŉ importanceŉisŉtheŉavailabilityŉofŉfunds.ŉDependingŉonŉtheŉtypeŉofŉrestoration
plannedŉandŉtheŉconditionŉofŉtheŉforest,ŉforestŉtreatmentŉcanŉcostŉbetweenŉŎ700ŉand
Ŏ4,000ŉ perŉ acreŉ ĬBalesŉ Ųŉ Conklin,ŉ 2020ĭ.ŉ LargeĲscaleŉ restorationŉ projectsŉ canŉ also
requireŉseveralŉyearsŉ forŉcompletion,ŉ leadingŉtoŉ fundingŉuncertaintyŉandŉoverallŉhigher
costs.ŉ Additionally,ŉ muchŉ ofŉ theŉ fundingŉ thatŉ isŉ allocatedŉ toŉ forestŉ restorationŉ is
ultimatelyŉ usedŉ toŉprotectŉ communitiesŉ andŉhumanĲmadeŉ structuresŉ fromŉactiveŉ fire
ĬHjerpeŉetŉal.,ŉ2009ĭ.ŉEnsuringŉthatŉtheŉnecessaryŉfundingŉisŉavailableŉbeforeŉaŉprojectŉ
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beginsŉcanŉdecreaseŉuncertaintyŉandŉtimeŉtoŉprojectŉcompletion,ŉbutŉraisingŉsuchŉlarge
sumsŉoftenŉrequiresŉadditionalŉsourcesŉbeyondŉgovernmentŉgrantsŉandŉprograms.ŉ

ĉĜčŉForesÒŉResilienceŉBonds
BlueŉForestłsŉfirstŉpilotŉproject,ŉtheŉYubaŉForestŉResilienceŉBondŉĬFRBĭ,ŉlaunchedŉinŉ2018
andŉ isŉ slatedŉ forŉcompletionŉ inŉ2022.ŉ Thisŉ timelineŉ representsŉaŉdecreaseŉ inŉ timeĲtoĲ
completionŉofŉ65Ůŉcomparedŉtoŉtraditionalŉrestorationŉprojects.ŉThisŉprojectŉraisedŉŎ4
millionŉ inŉ investmentsŉ forŉ 7,000ŉ acresŉ ofŉ forestŉ restorationŉ activities.ŉ Theŉ resulting
restorationŉisŉprojectedŉtoŉimproveŉtheŉresilienceŉofŉtheŉ15,000ŉacreŉprojectŉarea.ŉTheŉ18
organizationsŉwhoŉformallyŉpartneredŉwithŉBlueŉForestŉforŉtheŉYubaŉFRBŉareŉenthusiastic
aboutŉitsŉinitialŉsuccessŉandŉhaveŉagreedŉtoŉaŉsecondŉprojectŉinŉtheŉYubaŉRiverŉdistrict
ofŉoverŉ48,000ŉacresŉĬBlueŉForestŉConservation,ŉ2021ĭ.

Theŉ FRBŉ stemsŉ fromŉ payĲforĲsuccessŉ financingŉ mechanisms.ŉ Firstŉ implementedŉ to
reduceŉjuvenileŉrecidivismŉinŉBritain,ŉpayŉforŉsuccessŉaimsŉtoŉshiftŉtheŉriskŉofŉintervention
fromŉtheŉpublicŉsectorŉtoŉtheŉprivateŉsectorŉbyŉhingingŉpublicŉinvestmentŉonŉsuccessful
outcomesŉratherŉthanŉnumberŉofŉtreatments.ŉPrivateŉinvestorsŉpayŉtheŉupfrontŉcostsŉof
aŉpublicŉinterventionŉthroughŉaŉSocialŉ ImpactŉBondŉĬSIBĭ.ŉTheŉprogramŉisŉmonitoredŉby
anŉ independentŉevaluator.ŉ Ifŉ theŉprogramļsŉpredeterminedŉmetricŉofŉ success,ŉ suchŉas
fewerŉrepeatŉincarcerationsŉorŉsmallerŉpollutantŉloads,ŉisŉmet,ŉtheŉpublicŉentityŉwillŉrepay
theŉ privateŉ investorsļŉ investment,ŉ oftenŉ withŉ interest.ŉ Ifŉ theŉmetricŉ ofŉ successŉ isŉ not
reached,ŉ theŉ publicŉ sectorŉ doesŉ notŉ repayŉ theŉ investorsŉ andŉ suffersŉ noŉ losses
ĬGustafssonĲWright,ŉ2015ĭ.
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Whileŉ thereŉ haveŉ beenŉ overŉ 60ŉ socialŉ payĲforĲsuccessŉ contractsĝŉ theŉ first
environmentalŉpayĲforĲsuccessŉcontractŉoccurredŉinŉOctoberŉ2016ŉinŉWashingtonĝŉDĜCĜ
asŉanŉEnvironmentalŉImpactŉBondŉĬEIBĭĜŉTheŉDCŉWaterŉEIBŉcombatsŉtheŉcityļsŉnotorious
CombinedŉSewerŉOverflowsŉĬCSOsĭĜŉTheŉEIBŉseeksŉtoŉslowŉdownŉandŉpreventŉexcessive
runoffŉ fromŉ causingŉ CSOsŉ byŉ constructingŉ 20ŉ equivalentŉ imperviousŉ acresŉ ofŉ green
stormwaterŉ infrastructureĜŉ Calvertŉ Foundationŉ andŉ theŉ Goldmanŉ Sachsŉ Urban
Investmentŉ Groupŉ areŉ theŉ investorsŉ providingŉ theŉ upfrontŉ capitalĜŉ Afterŉ project
implementationĝŉevaluatorsŉwillŉ trackŉtheŉvolumeŉofŉstormwaterŉthroughŉsewersŉduring
largeŉstormŉeventsŉtoŉquantifyŉwhetherŉtheŉinvestmentsŉwereŉsuccessfulĜŉIfŉtheŉproject
isŉ successfulĝŉ DCŉ Waterŉ andŉ Sewerŉ willŉ repayŉ theŉ investorsĜŉ Ifŉ theŉ projectŉ isŉ not
successfulĝŉ theŉ investorsŉ willŉ notŉ beŉ repaidŉ ĬQuantifiedŉ Venturesĝŉ 2019ĭĜŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉ
mŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉ
Asŉofŉ2021ĝŉ threeŉEIBsŉhaveŉbeenŉ issuedĝŉ includingŉanŉFRBĝŉ andŉatŉ leastŉ fiveŉadditional
EIBsŉareŉ inŉdevelopmentĜŉLikeŉGreenŉBondsĝŉEIBsŉseekŉtoŉadvanceŉenvironmentalŉgoals
throughŉ privateŉ investmentğŉ howeverĝŉ EIBsŉ areŉ uniqueŉ inŉ thatŉ theyŉ specificallyŉ tie
financialŉpaymentsŉtoŉtheŉenvironmentalŉbenefitsŉderivedŉfromŉtheŉprojectsŉinsteadŉof
toŉtheŉimplementationŉofŉaŉplannedŉgreenŉprojectĜŉByŉ2020ĝŉthereŉhadŉbeenŉoverŉŎ250
billionŉ inŉGreenŉBondsŉ issuedŉ sinceŉ theŉ firstŉ introductionŉofŉ theŉGreenŉBondŉ inŉ 2008Ĝ
Givenŉ theŉ EIBļsŉ similarŉ potentialŉ forŉ Environmentalĝŉ Socialĝŉ andŉCorporateŉGovernance
ĬESGĭĝŉEIBsŉcouldŉbecomeŉanotherŉpopularŉmechanismŉforŉgreenŉinvestmentsŉĬBrandŉet
alĜĝŉ2021ĭĜ

EachŉtypeŉofŉEIBŉ isŉuniqueĝŉandŉtheŉFRBŉ isŉnoŉexceptionĜŉToŉclarifyĝŉhereŉ isŉaŉsimplified
exampleŉ forŉ theŉ useŉ ofŉ theŉ FRBĞŉ aŉ privateŉ investorŉ investsŉ Ŏ1ĝ000ŉ inŉ 100ŉ acresŉ of
reducedŉwildfireŉriskŉoverŉfiveŉyearsĜŉIfŉaŉpreĲidentifiedŉmetricĝŉsuchŉasŉtheŉlandscapeļs
increasedŉ resilienceŉ toŉ lowĲintensityŉ firesŉ orŉ achievingŉ specificŉ treatmentŉ acreage
milestonesĝŉ isŉ accomplishedŉ andŉmetĝŉ theŉ bondŉ issuersĝŉ orŉ beneficiariesĝŉ willŉ payŉ the
investorŉbackŉŎ1ĝ100Ĝŉ Ifŉ theŉmetricŉ isŉnotŉmetĝŉ theŉ investorŉ isŉnotŉ repaidĜŉ Investorsŉcan
includeŉimpactŉinvestorsĝŉinsuranceŉcompaniesĝŉandŉfoundationsĜŉBeneficiariesŉwhoŉmay
beŉ willingŉ toŉ payŉ toŉ reduceŉ theŉ riskŉ ofŉ fireŉ includeŉ organizationsŉ whoŉ benefitŉ from
ecosystemŉservicesŉthatŉareŉenhancedŉorŉprotectedŉbyŉforestŉrestorationĝŉsuchŉasŉthe
stateŉofŉCaliforniaĝŉfireŉsafeŉcouncilsĝŉwaterŉagenciesĝŉutilitiesĝŉorŉrecreationŉorganizations
ĬBlueŉForestŉConservationĝŉnĜdĜĭĜ

TheŉFRBŉisŉalsoŉuniqueŉinŉthatŉitŉseeksŉtoŉhandleŉlargerŉprojectsŉthanŉtraditionalŉpayĲforĲ
successŉcontractsŉthroughŉcoordinatingŉmultipleŉbeneficiariesĝŉinsteadŉofŉaŉsingleŉpublic
entityĜŉ Byŉ groupingŉ diverseŉ beneficiariesŉ ofŉ forestŉ restorationĝŉ theŉ FRBŉ canŉ sustain
greaterŉ riskŉ andŉsizeĜŉ Thisŉhelpsŉcaptureŉeconomiesŉofŉ scaleĝŉmakesŉ theŉprojectŉmore
efficientĝŉ andŉ attractsŉ moreŉ investorsĜŉ Blueŉ Forestŉ launchedŉ theŉ pilotŉ Yubaŉ FRBŉ atŉ a
smallerŉ scaleŉ andŉ utilizedŉ fixedĝŉ contractedŉ paymentsŉ forŉ environmentalŉ benefits
insteadŉ ofŉ theŉ payĲforĲsuccessŉ formatĜŉ Futureĝŉ largerŉ FRBsŉ mayŉ incorporateŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉ
f
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payĲforĲsuccessĝŉ althoughŉ theŉ pilotŉ projectŉ indicatesŉ thatŉ payĲforĲsuccessŉ isŉ not
alwaysŉ aŉ necessaryŉ componentŉ forŉ aŉ successfulŉ projectŉ ĬConvergenceĝŉ 2020ĭĜŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉ
b
Asŉ excitementŉ aroundŉ usingŉ financeŉ mechanismsŉ toŉ solveŉ complexŉ environmental
problemsŉincreasesĝŉotherŉlocalitiesŉareŉinvestigatingŉtheŉpossibilityŉofŉapplyingŉvarious
mechanismsĝŉ suchŉ asŉ theŉ FRBĝŉ inŉ theirŉ locationsĜŉ Forŉ exampleĝŉ Coloradoŉ Riverŉ Basin
environmentalŉorganizationsŉrankedŉaŉforestŉhealthŉenvironmentalŉimpactŉbondŉasŉhigh
onŉ impactĝŉ lowŉ onŉ dealŉ executionŉ riskĝŉ andŉmodestŉ onŉ financialŉ returnŉ andŉ necessary
policyŉchangeŉasŉcomparedŉtoŉotherŉfinanceŉmechanismsĜŉThisŉmakesŉtheŉFRBŉaŉviable
opportunityŉ andŉ furtherŉ augmentsŉ theŉ supportŉ forŉ aŉ successfulŉ FRBŉ inŉ theŉ TahoeĲ
Centralŉ Sierraŉ Initiativeŉ ĬCulpŉ etŉ alĜĝŉ 2015ĭĜŉ Blueŉ Forestŉ alsoŉ hasŉ upcomingŉ projects
outsideŉ theŉstateŉofŉCaliforniaĝŉ suchŉasŉ theŉSnoqueraŉProjectŉ inŉMtĜŉBakerĲSnoqualmie
NationalŉForestŉofŉWashingtonŉstateŉĬBlueŉForestŉConservationĝŉ2021ĭĜ

Whileŉ theŉ Yubaŉ projectsŉ identifiedŉ someŉ keyŉ ecosystemŉ servicesŉ andŉ stakeholdersĝ
thereŉ areŉ undoubtedlyŉ additionalŉ stakeholdersĝŉ suchŉ asŉ fireŉ districtsĝŉ thatŉ mayŉ have
initiallyŉ beenŉ overlookedĜŉ Forŉ FRBsŉ toŉ beŉ successfulĝŉ Blueŉ Forestŉ mustŉ identify
beneficiariesŉ ofŉ ecosystemŉ servicesŉ andŉ reducedŉ fireŉ riskŉ whoŉ areŉ willingŉ toŉ repay
investorsŉoverŉtimeĜŉ

ĉĜĎŉCaseŉSÒÖdies
AccordingŉtoŉaŉreviewŉbyŉMandleŉetŉalĜŉĬ2021ĭĝŉthereŉisŉaŉgapŉbetweenŉecosystemŉservice
assessmentŉandŉpolicyŉactionŉbasedŉonŉthatŉassessmentĜŉToŉrectifyŉthisŉgapĝŉecosystem
serviceŉ scienceŉ mustŉ alignŉ withŉ anŉ understandingŉ ofŉ howŉ theseŉ ecosystemŉ services
matterŉ toŉ differentŉ stakeholdersŉwithinŉ theŉ localŉ regionĜŉ Inŉ factĝŉ onlyŉ 7Ůŉofŉ theŉ nearly
500ŉecosystemŉserviceŉstudiesŉreviewedŉbyŉMandleŉetŉalĜŉĬ2021ĭŉattemptedŉtoŉconnect
ecosystemŉserviceŉbenefitsŉtoŉdifferentŉdemographicŉgroupsĜŉInŉdesigningŉthisŉstudyĝŉwe
reviewedŉ recentŉ studiesŉ thatŉ surveyedŉ populationsŉ toŉ understandŉ howŉ theyŉ assign
valuesŉtoŉtheŉecosystemŉservicesŉthatŉtheyŉcareŉmostŉaboutĜŉ

Aŉnumberŉofŉstudiesŉhaveŉexploredŉtheŉ relationshipŉbetweenŉecosystemŉservicesŉand
stakeholderŉ valuationĵbothŉ monetarilyŉ andŉ nonĲmonetarilyĵinŉ environmentalŉ and
naturalŉ resourcesŉ managementŉ contextsĜŉ Drawingŉ aŉ linkŉ betweenŉ theŉ benefitsŉ of
ecosystemŉservicesŉandŉaŉvaluationŉfromŉbeneficiariesŉprovesŉdifficultŉtoŉbothŉcapture
andŉmeasureĝŉandŉourŉprojectŉdoesŉnotŉincludeŉextrapolatingŉaŉdollarŉvaluationĜŉHoweverĝ
futureŉ projectsŉ byŉ theŉ clientŉ mayŉ beŉ ableŉ toŉ buildŉ uponŉ ourŉ workĜŉ Identifyingŉ and
assigningŉspecificŉgroupsŉasŉstakeholdersŉinŉaŉgivenŉenvironmentalŉorŉnaturalŉresources
managementŉ contextŉ makesŉ thisŉ taskŉ moreŉ complicatedĜŉ Itŉ isŉ criticallyŉ importantŉ to
captureŉ thisŉ inputŉ toŉ ensureŉ thatŉ localŉ communitiesŉ areŉ givenŉ ownershipĝŉ shareŉ the
benefitsĝŉ andŉ areŉ involvedŉ inŉ decisionĲmakingŉ ĬMillenniumŉ Ecosystemŉ Assessmentĝ
2005ĭĜŉ Theseŉ studiesŉ revealŉ thatŉ theŉ processŉ throughŉ whichŉ surveyŉ questionsŉ areŉŉŉŉŉŉŉŉŉŉŉ
ŉf
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designedĝŉecosystemŉservicesŉdefinedĝŉandŉtheŉvalueŉassignedŉisŉcriticallyŉimportantŉto
captureŉ accurateŉ stakeholderŉ valuationĜŉ Theŉ literatureŉ suggestsŉ thatŉ itŉ isŉ easierŉ to
quantifyŉ ecosystemŉ servicesŉ thatŉ haveŉ aŉ directŉ connectionŉ toŉ monetaryŉ valuesŉ and
moreŉdifficultŉ toŉquantifyŉbenefitsŉ thatŉareŉenjoyedŉthroughŉculturalĝŉ spiritualĝŉorŉother
nonĲmonetaryŉformsŉofŉvaluationĜ

BryanŉetŉalĜŉĬ2010ĭŉdefineŉtheŉvaluesĝŉperceptionsĝŉandŉpreferencesŉindividualsŉholdŉfor
ecosystemŉservicesŉasŉsocialŉvaluesĜŉInŉtheirŉapproachĝŉBryanŉetŉalĜŉĬ2010ĭŉattemptedŉto
targetŉtheŉmanagementŉofŉecosystemŉservicesŉbasedŉonŉsocialŉvaluesŉwithinŉtheŉSouth
Australianŉ MurrayĲDarlingŉ Basinŉ regionĝŉ AustraliaĜŉ Researchersŉ interviewedŉ 56
communityŉrepresentativesŉtoŉdetermineŉandŉmapŉtheirŉvaluesŉforŉecosystemŉservicesĜ
Theŉ researchersŉutilizedŉspatialŉ indicatorsŉofŉabundanceĝŉdiversityĝŉ rarityĝŉandŉ riskŉ that
wereŉadaptedŉfromŉecologicalŉscienceŉandŉappliedŉtoŉmapŉsocialŉvaluesŉforŉecosystem
servicesĜŉ Rarityŉ wasŉ intendedŉ toŉ captureŉ uncommonŉ orŉ rareŉ speciesŉ toŉ ensure
conservationŉandŉmaintainŉbiodiversityĜŉRiskŉwasŉintendedŉtoŉaccountŉforŉspeciesŉwithŉa
highŉlikelihoodŉofŉexposureŉtoŉsomeŉprocessŉthatŉmightŉharmŉorŉcontributeŉtoŉextinctionĝ
thereforeŉ indicatingŉ higherŉ priorityĜŉ Areasŉ withŉ theŉ highestŉ socialŉ valueŉ abundanceĝ
diversityĝŉ rarityĝŉandŉriskŉscoresŉwereŉdefinedŉasŉpriorityŉareasŉ forŉ theŉmanagementŉof
ecosystemŉ servicesĜŉ Participantsŉ wereŉ allocatedŉ 40ŉ greenŉ dotsŉ toŉ assignŉ placesŉ of
positiveŉ valuesŉ andŉ 10ŉ redŉ dotsŉ toŉ indicateŉ threatsŉ orŉ negativeŉ valuesĜŉ Fromŉ thereĝ
researchersŉcouldŉoverlapŉhighŉsocialŉvalueŉacrossŉtheŉindicatorsŉtoŉidentifyŉtheŉhighest
priorityŉregionsĜŉ

Anotherŉrelevantŉsurveyŉassessedŉtheŉsocialŉvalueŉthatŉmarineŉstakeholdersŉassignedŉto
theŉ coastalŉ areaŉ ofŉ northernŉ Vancouverŉ Islandĝŉ CanadaĜŉ Culturalŉ servicesĝŉ suchŉ as
spiritualŉ valueŉ andŉ senseŉ ofŉ placeĝŉ areŉ oftenŉ linkedŉ toŉ individualsŉ orŉ groupsĝŉ and
researchersļŉabilityŉ toŉunderstandŉtheseŉvaluesŉgreatlyŉbenefitsŉ fromŉ interactionsŉwith
specificŉstakeholdersĜŉTheŉinterviewŉmethodŉincludedŉaŉspatialŉmappingŉexerciseŉforŉthe
30ŉ surveyŉ participantsĝŉ allŉ ofŉ whomŉ hadŉ livelihoodsŉ connectedŉ toŉ theŉ marine
environmentĜŉResearchersŉusedŉthreeŉbroadŉcategoriesŉrelatedŉtoŉecosystemŉservicesĞ
monetaryŉvalueĝŉnonĲmonetaryŉvalueĝŉandŉthreatĜŉResearchersŉusedŉthisŉterminologyŉfor
clarityŉ andŉ toŉ avoidŉ theŉ jargonŉ oftenŉ associatedŉ withŉ ecosystemŉ serviceŉ scienceĜŉ In
individualŉ interviewsĝŉ participantsŉ wereŉ askedŉ toŉ circleŉ areasŉ onŉ theŉ coastalŉ mapŉ of
Vancouverŉ Islandŉ forŉ whichŉ theyŉ derivedŉ monetaryŉ valueĝŉ nonĲmonetaryŉ valueĝŉ and
whichŉ theyŉ viewedŉ asŉ threatenedĜŉ Thenĝŉ participantsŉ distributedŉ 100ŉ tokensŉ between
circledŉ areasŉ inŉ aŉ prioritizationŉ exerciseĜŉ Someŉ participantsŉ wereŉ unwillingŉ toŉ assign
valuesŉdueŉtoŉconcernŉoverŉprioritizingŉdifferentŉareasŉorŉnotŉwantingŉtoŉdiscloseŉareas
ofŉhighŉpersonalŉvalueĜŉHoweverĝŉmostŉindividualsŉparticipatedŉinŉtheŉmappingŉexerciseĜ
Theŉ researchersŉ foundŉ thatŉ areasŉ ofŉ highŉ monetaryŉ valueŉ andŉ nonĲmonetaryŉ value
overlappedĜŉTheseŉareasŉalsoŉtendedŉtoŉbeŉcloserŉtoŉtownsĝŉbecauseŉtheseŉareŉplaces
thatŉ theŉ stakeholdersŉ accessedŉ orŉ wereŉ familiarŉ withĜŉ Thisŉ mappingŉ methodŉ allowed
researchersŉ toŉ directlyŉ connectŉ socialŉ valuesŉ forŉ ecosystemŉ servicesŉ toŉ explicit
geographicŉlocationsŉĬKlainŉŲŉChanĝŉ2012ĭĜŉ22
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ĉĜďŉInVESTŉBackgroÖnd
Theŉ ecosystemŉ serviceŉ analysisŉ portionŉ ofŉ thisŉ projectŉ partlyŉ usesŉ Naturalŉ Capitalļs
IntegratedŉValuationŉofŉEcosystemŉServicesŉandŉTradeoffsŉĬInVESTĭŉsoftwareĜŉInVESTŉisŉa
suiteŉofŉmodelsŉusedŉtoŉquantifyŉaŉvarietyŉofŉecosystemŉservicesŉwithinŉaŉspecifiedŉarea
inŉ eitherŉ biophysicalŉ orŉ monetaryŉ termsŉ underŉ variousŉ scenariosĜŉ Theseŉ ecosystem
servicesŉ includeŉ butŉ areŉ notŉ limitedŉ toŉ carbonŉ sequestrationĝŉ annualŉ waterŉ yieldĝ
recreationĝŉandŉevenŉcropŉpollinationĴallŉofŉwhichŉconstituteŉseparateŉmodelsŉwithinŉthe
InVESTŉ suiteŉ ĬNaturalŉ Capitalŉ Projectĝŉ nĜdĜĭĜŉ InVESTŉ utilizesŉ spatialŉ dataŉ toŉ locate
ecosystemŉservicesŉinŉaŉstudyŉareaŉandŉprovidesŉaŉvaluationŉofŉeachŉecosystemŉservice
withinŉtheŉareaŉasŉanŉoutputĜŉSinceŉInVESTŉcanŉmodelŉvariousŉscenariosĝŉitŉisŉanŉeffective
toolŉ forŉ exploringŉ alternativeŉ situationsŉ andŉ evaluatingŉ tradeĲoffsŉ andŉ enablesŉ usŉ to
locateŉecosystemŉservicesŉunderŉourŉtwoŉfutureŉscenariosĜŉForŉexampleĝŉaŉrecentŉstudy
usedŉInVESTŉandŉNaturalŉCapitalļsŉResourceŉInvestmentŉOptimizationŉSystemŉĬRIOSĭŉto
compareŉvariousŉecosystemŉservicesŉunderŉfiveŉscenariosŉbasedŉonŉbudgetŉandŉclimate
changeŉwithinŉtheŉTruckeeŉRiverŉBasinŉĬPodolakŉetŉalĜĝŉ2017ĭĜŉTheyŉthenŉusedŉtheŉfindings
ofŉ theŉ softwareĝŉ alongŉ withŉ stakeholderŉ inputĝŉ toŉ maximizeŉ theŉ valueŉ gainedŉ from
conservationŉ investmentsĜŉ Inŉ ourŉ studyĝŉ twoŉ additionalŉ ecosystemŉ servicesŉ were
analyzedŉthroughŉalternativeŉmeansŉdueŉtoŉaŉmismatchŉ inŉourŉmodelingŉgoalsŉandŉthe
outputsŉprovidedŉbyŉ InVESTĜŉ Inŉadditionŉtoŉ InVESTĝŉArcGISŉProŉandŉregressionŉanalysis
wereŉusedŉforŉfurtherŉinterpretationŉofŉimportantŉecosystemŉservicesŉinŉtheŉTCSIĜŉ

PhRWR CUediW: BOXe FRUeVW CRQVeUYaWiRQPhRWR CUediW: EUic WaUd

PhRWR CUediW: ZdeQeN MachacePhRWR CUediW: ZdeQeN MachacePhRWR CUediW: BOXe FRUeVW CRQVeUYaWiRQPhRWR CUediW: BOXe FRUeVW CRQVeUYaWiRQ
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ĊĜĈĜĈŉOáeráieâ
Theŉ firstŉ objectiveŉ ofŉ ourŉ projectŉ wasŉ toŉ determineŉ theŉ ecosystemŉ servicesŉ that
stakeholdersŉ valueŉ andŉ whereŉ inŉ theŉ TCSIŉ theseŉ servicesŉ areŉ valuedŉ theŉ mostĜŉ Our
stakeholderŉ analysisŉ alsoŉ helpedŉ usŉ toŉ determineŉ whereŉ synergiesŉ andŉ conflictsŉ of
interestŉmayŉ existŉ betweenŉ stakeholdersŉ toŉ promoteŉ conversationŉ andŉ collaborationĜ
Ourŉ analysisŉ wasŉ brokenŉ intoŉ aŉ twoĲstepŉ processĞŉ firstĝŉ aŉ simplifiedŉ summerŉ online
surveyŉtoŉallowŉforŉaŉhigherŉresponseŉrateĝŉandŉthenĝŉ inĲdepthŉ interviewsŉwithŉsomeŉof
ourŉ surveyŉ participantsŉ inŉ theŉ fallĜŉ Theŉmoreŉ inĲdepthŉ interviewsŉ allowedŉ usŉ toŉ learn
someŉofŉtheŉreasoningŉbehindŉtheŉchoicesŉparticipantsŉmadeŉinŉtheŉsurveyŉandŉoffered
usŉtheŉopportunityŉtoŉuseŉaŉmoreŉcomplexŉonlineŉmappingŉtoolŉtoŉcollectŉspatialŉdataĜŉŉŉŉ
ŉf

ĊĜĈĜĉŉSÖráeèŉMeÒhods
Theŉ goalŉ ofŉ ourŉ stakeholderŉ analysisŉ wasŉ toŉ identifyŉ stakeholdersŉ andŉ linkŉ themŉ to
ecosystemŉ servicesŉ ofŉ interestĝŉ determineŉ whatŉ theyŉ valueĝŉ andŉ identifyŉ whereŉ they
perceiveŉ theseŉ servicesŉ existŉ andŉ areŉ atŉ riskŉwithinŉ theŉ TCSIŉ landscapeĜŉ Toŉmeetŉ this
goalĝŉ weŉ createdŉ aŉ surveyŉ andŉ distributedŉ itŉ amongŉ stakeholdersĜŉ Weŉ considered
numerousŉ approachesŉ toŉ bestŉ elicitŉ dataŉ whileŉ designingŉ ourŉ surveyĜŉ Weŉ were
particularlyŉ interestedŉ inŉ capturingŉ ecosystemŉ servicesŉ ofŉ valueŉ beyondŉ traditional
biophysicalŉ andŉ economicŉ valuesŉ toŉ developŉ aŉ deeperŉ understandingŉ ofŉ local
stakeholderŉ interestsŉ acrossŉ theŉ landscapeĝŉ whichŉ mightŉ beŉ incorporatedŉ inŉ future
forestŉplanningŉeffortsŉĬBryanŉetŉalĜĝŉ2010ĭĜŉWeŉdraftedŉandŉcirculatedŉsurveyŉquestions
withŉBlueŉForestŉandŉiteratedŉonŉquestionsŉandŉquestionŉtypesŉbetweenŉJuneŉandŉJuly
2021ĜŉWeŉwereŉparticularlyŉconcernedŉaboutŉcapturingŉ theŉperspectivesŉofŉ individuals
thatŉcouldŉadequatelyŉ representŉ theŉdiverseŉ rangeŉofŉ stakeholdersŉ thatŉ liveŉandŉwork
withinŉ ourŉ studyŉ regionĝŉ whileŉ stillŉ providingŉmeaningfulŉ insightŉ intoŉ theŉ locationsŉ and
characteristicsŉofŉvariousŉecosystemŉservicesŉacrossŉtheŉlandscapeĜŉConsequentlyĝŉour
sampleŉ frameŉ wasŉ developedŉ toŉ considerŉ theŉ broadŉ arrayŉ ofŉ interestsŉ inŉ ecosystem
servicesŉ throughoutŉ theŉ regionĝŉ representŉ numerousŉ communityŉ andŉ stakeholder
perspectivesĝŉandŉfocusŉonŉentitiesŉthatŉcouldŉpotentiallyŉcontributeŉtoŉaŉfutureŉFRBĜŉFor
thisŉ reasonĝŉ weŉ definedŉ ourŉ sampleŉ populationŉ asŉ entitiesŉ andŉ organizationsŉ that
operateŉwithinŉtheŉTCSIŉandŉrepresentŉaŉdiverseŉrangeŉofŉstakeholderŉgroupsŉincluding
stateŉ andŉ federalŉ agenciesĝŉ tribalŉ communitiesĝŉ environmentalŉ organizationsĝŉ fireĲsafe
councilsĝŉ businessŉ councilsĝŉ andŉ recreationŉ associationsĜŉ Weŉ excludedŉ private
individualsŉ fromŉ ourŉ sampleŉ populationŉ whileŉ acknowledgingŉ thatŉ understanding
individualsļŉ ecosystemŉ serviceŉ valuationsŉ isŉ importantŉ toŉ developingŉ aŉ holistic
understandingŉ ofŉ communityŉ valuesŉ aroundŉ particularŉ ecosystemŉ servicesĜŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉ
f
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Weŉdefinedŉstakeholdersŉasŉ individualsŉwhoŉparticipateŉ inŉoneŉorŉmoreŉofŉ theŉvarious
forestŉcollaborativesŉwithinŉtheŉTCSIŉ regionĜŉTheseŉcollaborativesŉ includeŉtheŉAmadorĲ
Calaverasŉ Consensusŉ Groupŉ ĬACCGĭĝŉ Frenchŉ Meadowsŉ Projectĝŉ Lakeŉ Tahoeŉ West
Collaborativeŉ Projectĝŉ Northŉ Yubaŉ Forestŉ Projectĝŉ Southŉ ForkŉAmericanŉ RiverŉCohesive
Strategyŉ ĬSOFARĭĝŉ andŉ theŉ Yubaŉ Forestŉ NetworkĜŉ Ourŉ teamŉ decidedŉ toŉ targetŉ these
groupsŉforŉtwoŉmainŉreasonsĞŉ Ĭ1ĭŉeachŉcollaborativeŉ isŉcomposedŉofŉstakeholdersŉfrom
localŉ andŉ tribalŉ communitiesĝŉ fireĲsafeŉ councilsĝŉ theŉ privateŉ sectorĝŉ recreational
associationsĝŉ andŉ environmentalŉ nonĲprofitsĝŉ asŉ wellŉ asŉ stateĝŉ regionalĝŉ andŉ federal
agencyŉ personnelŉ andŉ thereforeŉ representŉ theŉ numerousŉ organizationsŉ andŉ interests
thatŉcouldŉexpressŉspecificŉ interestŉ inŉecosystemŉservicesĝŉandŉĬ2ĭŉbyŉtargetingŉthese
collaborativesĝŉweŉcouldŉ leverageŉ relationshipsŉwithŉ theŉorganizersŉofŉ theseŉgroupsŉ to
directlyŉ distributeŉ ourŉ surveyŉ toŉ membersŉ andŉ achieveŉ aŉ higherŉ responseŉ rateŉ than
emailingŉindividualsŉwithoutŉcontextŉforŉourŉprojectŉgoalsĜŉTargetingŉstakeholdersŉwithin
theseŉ forestŉ collaborativesŉ offeredŉ anŉ opportunityŉ toŉ surveyŉ representativesŉ and
organizationsŉ activelyŉ awareŉ ofŉ andŉ workingŉ onŉ forestŉ managementŉ projectsŉ with
knowledgeŉofŉtheŉnumerousŉecosystemŉserviceŉbenefitsĝŉpotentialŉimpactsĝŉandŉthreats
toŉtheseŉbenefitsŉwithinŉourŉstudyŉregionĜ

OurŉteamŉselectedŉSurveyMonkeyŉasŉourŉonlineŉplatformŉtoŉdisseminateŉtheŉsurveyŉvia
emailĜŉWeŉdecidedŉonŉthisŉmethodŉoverŉotherŉoptionsŉbecauseŉweŉhadŉenvisionedŉusing
mapŉpinŉ questionŉ typesŉ availableŉ onŉ theŉ platformĜŉ Thisŉ featureŉ appearedŉ toŉ beŉmore
robustŉandŉbetterŉsuitedŉtoŉourŉneedsŉcomparedŉtoŉQualtricsĜŉToŉassessŉpreferencesŉfor
variousŉ ecosystemŉ servicesŉ andŉ theŉ potentialŉ lossŉ ofŉ servicesŉ fromŉdisturbancesŉ like
fireĝŉdroughtĝŉorŉpestsĝŉweŉutilizedŉopenĲendedŉquestionŉtypesŉthatŉaskedŉrespondents
toŉwriteŉ inŉresponsesŉtoŉourŉ fiveŉquestionsĜŉWeŉdecidedŉtoŉavoidŉtheŉtermŉecosystem
servicesĝŉwhichŉweŉbelievedŉmightŉbeŉtooŉtechnicalŉforŉuseŉinŉaŉsurveyĝŉandŉinsteadĝŉused
theŉtermŉĹforestŉbenefitsĺŉtoŉincludeŉtheŉprovisioningĝŉregulatingĝŉsupportingĝŉandŉcultural
servicesŉprovidedŉbyŉecosystemsĜŉDemandŉforŉecosystemŉservicesŉwasŉdefinedŉasŉthe
benefitsŉ receivedŉ fromŉ healthyŉ andŉ resilientŉ forestsŉ suchŉ asŉ biodiversityĝŉ carbon
storageĝŉwaterŉsupplyĝŉandŉforestŉproductsĜ

Theŉfirstŉsurveyŉquestionŉaskedŉrespondentsŉtoŉlistŉtheŉfiveŉmostŉimportantŉecosystem
serviceŉ benefitsŉ thatŉ theyŉ receiveŉ fromŉ healthyŉ andŉ resilientŉ forestsŉ thatŉ areŉ most
importantŉ toŉ theŉ missionŉ andŉ objectivesŉ ofŉ theirŉ organizationĜŉ Theŉ secondŉ question
askedŉrespondentsŉtoŉ listŉtheŉhighestŉrisksŉfromŉdisturbancesŉĬiĜeĜĝŉ fireĝŉdroughtĝŉpestsĭ
thatŉwouldŉbeŉmostŉharmfulŉ toŉ theŉmissionŉandŉobjectivesŉofŉ theirŉorganizationĜŉWhile
openĲendedŉ questionsŉ areŉ typicallyŉ moreŉ difficultŉ toŉ analyzeĝŉ weŉ decidedŉ thatŉ this
approachŉwouldŉallowŉrespondentsŉtoŉarticulateŉselectionsŉinŉaŉmannerŉmostŉrelevantŉto
theirŉ experiencesŉ andŉ avoidŉ forcingŉ responsesŉ intoŉ predeterminedŉ categoriesĜŉ In
creatingŉanŉoptionalŉrankŉorderŉquestionŉtypeĝŉweŉwereŉmindfulŉtoŉgiveŉrespondentsŉthe
optionŉtoŉlistŉupŉtoŉfiveŉofŉtheŉmostŉimportantŉecosystemŉbenefitsŉandŉfiveŉhighestŉrisks
toŉecosystemsŉfromŉdisturbanceĜŉ
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Nextĝŉ respondentsŉwereŉ askedŉ toŉ nameŉ theŉbiggestŉ threatŉ toŉ theŉ forestŉbenefitsŉ that
theyŉhadŉlistedŉinŉpreviousŉquestionsĜŉAgainĝŉanŉopenĲendedŉquestionŉtypeŉwasŉusedŉto
giveŉ individualsŉ theŉ choiceŉ ofŉ howŉ toŉ respondĜŉ Aŉ followĲupŉ questionŉ askedŉ themŉ to
explainŉ theirŉ selectionŉ forŉ theŉquestionĜŉToŉdetermineŉ theŉperspectiveŉofŉ respondents
anotherŉopenĲendedŉquestionŉaskedŉrespondentsŉtoŉdescribeŉhowŉtheŉimpactŉofŉthese
threatsŉcouldŉbeŉeffectivelyŉavoidedŉorŉlessenedĜŉForŉthisŉquestionĝŉweŉprovidedŉaŉlistŉof
examplesŉ forŉ respondentsŉ toŉ considerŉ includingŉ aspenŉ restorationĝŉ defensibleŉ space
aroundŉ communitiesĝŉ forestŉ restorationĝŉ forestŉ thinningĝŉ meadowŉ restorationĝŉ mine
reclamationĝŉ noŉmanagementĝŉ prescribedŉ orŉ culturalŉ burningĝŉ andŉ riparianŉ restorationĜŉŉŉŉŉ
ŉvŉ
Lastlyĝŉparticipantsŉwereŉaskedŉifŉtheyŉwouldŉbeŉwillingŉtoŉparticipateŉinŉaŉshortŉinterview
toŉdiscussŉtheirŉsurveyŉresponsesŉandŉperspectivesŉaboutŉforestŉhealthŉandŉresilienceĜ
Weŉhadŉbeenŉ inŉconversationsŉwithŉBlueŉForestŉandŉ theŉUĜSĜŉ ForestŉServiceŉaboutŉ the
distributionŉ ofŉ ourŉ surveyĜŉ Theŉ Forestŉ Serviceŉ wasŉ interestedŉ inŉ gatheringŉ more
responsesŉfromŉaŉpairwiseŉcomparisonŉsurveyŉthatŉhadŉalreadyŉbeenŉdistributedŉamong
stakeholdersŉinŉtheŉregionŉtoŉhelpŉprioritizeŉtheirŉPillarsŉofŉResilienceŉwithinŉtheŉTCSIĜŉWe
agreedŉtoŉattachŉtheirŉ10ŉcomparisonŉquestionsŉtoŉtheŉendŉofŉourŉsurveyŉandŉshareŉour
resultsŉwithŉthemĜ

Toŉensureŉthatŉourŉsurveyŉquestionsŉwereŉclearŉandŉconciseĝŉweŉsharedŉseveralŉsurvey
draftsŉ withŉ theŉ surveyŉ designŉ professorĝŉ DrĜŉ Heatherŉ Hodgesĝŉ atŉ theŉ Brenŉ Schoolŉ of
Environmentalŉ Scienceŉ Ųŉ ManagementĜŉ Weŉ similarlyŉ pilotedŉ theŉ surveyŉ withŉ aŉ Blue
ForestŉcontactŉinŉtheŉstudyŉregionŉtoŉprovideŉfeedbackĜŉDueŉtoŉtimeŉconstraintsĝŉandŉthe
relativelyŉsmallŉsampleŉsizeĝŉweŉwereŉunableŉtoŉfullyŉpilotŉtheŉsurveyŉonŉaŉsubsampleŉof
participantsĜŉ

Weŉreliedŉonŉpointsŉofŉcontactŉamongŉtheŉstakeholderŉgroupsŉtoŉdisseminateŉourŉsurvey
toŉtheirŉstakeholderŉemailŉ listservsĜŉSurveyŉ invitationsŉwereŉdistributedŉ inŉAugustŉ2021Ĝ
RespondentsŉwereŉgivenŉapproximatelyŉtwoŉweeksŉtoŉcompleteŉtheŉsurveyĜŉ Invitations
andŉ aŉ reminderŉ emailŉ wereŉ sentŉ outŉ byŉ theŉ pointsŉ ofŉ contactŉ forŉ ACCGĝŉ Lakeŉ Tahoe
Westĝŉ Northŉ Yubaŉ Forestŉ Partnershipĝŉ Yubaŉ Forestŉ Networkĝŉ FrenchŉMeadowsŉ Projectĝ
andŉSOFARĜŉMembersŉofŉtheŉteamĝŉalongŉwithŉBlueŉForestŉstaffĝŉalsoŉattendedŉanŉACCG
stakeholderŉmeetingŉtoŉintroduceŉourŉstudyŉandŉencourageŉattendeesŉtoŉcompleteŉour
surveyĜŉ

Surveyŉresponsesŉwereŉanalyzedŉ inŉRŉthroughŉtextŉanalysisŉwithŉtheŉTidyTextŉpackageĜ
Weŉanalyzedŉ responsesŉcategorizedŉbyŉ importanceŉ acrossŉ theŉbenefitsĝŉ impactsĝŉ and
threatsŉquestionŉtypesĜŉ
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ĊĜĈĜĊŉParÒicipaÒorèŉMappingŉMeÒhods
Toŉ achieveŉ ourŉ goalŉ ofŉ mappingŉ theŉ locationsŉ whereŉ particularŉ stakeholdersŉ haveŉ a
demandŉ forŉ ecosystemŉ servicesŉ acrossŉ theŉ TCSIŉ landscapeĝŉ weŉ consideredŉ several
approachesĜŉParticipatoryŉGISŉmappingŉhasŉbeenŉusedŉextensivelyŉtoŉidentifyŉandŉmap
ecosystemŉ servicesŉ valuesŉ amongŉ participantsŉ andŉ hasŉ beenŉ anŉ effectiveŉ toolŉ in
numerousŉstudiesŉĬGarcíaĲDíezŉetŉalĜŉ2020ğŉKlainŉŲŉChanĝŉ2012ğŉPaudyalĝŉ2015ĭĜŉGivenŉthe
constraintsŉ ofŉ conductingŉ meetingsŉ inĲpersonŉ withinŉ theŉ studyŉ regionĝŉ weŉ decided
againstŉ methodsŉ ofŉ inĲpersonŉ participatoryŉ mappingŉ inŉ whichŉ participantsŉ mightŉ be
askedŉtoŉdrawŉlocationsŉonŉphysicalŉmapsĝŉwhichŉcouldŉbeŉdigitizedŉusingŉaŉgeographic
informationŉsystemŉlaterŉĬeĜgĜĝŉKlainŉandŉChanĝŉ2012ĭĜŉInsteadĝŉweŉevaluatedŉseveralŉonline
participatoryŉmappingŉ platformsŉ toŉ identifyŉ aŉmethodŉ thatŉ wouldŉ beŉ suitableŉ forŉ our
purposesĜŉAfterŉconductingŉaŉ literatureŉ reviewŉonŉvariousŉ techniquesŉusedŉ toŉcapture
geographicalŉ stakeholderŉ inputŉ andŉ availabilityŉ ofŉ optionsĝŉ weŉ identifiedŉ the
MaptionnaireŉCommunityŉEngagementŉPlatformŉĬhttpsĞĩĩmaptionnaireĜcomĩĭŉasŉtheŉtool
bestŉsuitedŉtoŉourŉneedsĜŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉ

Maptionnaireŉ isŉ aŉ mapĲbasedŉ questionnaireŉ serviceŉ thatŉ canŉ beŉ usedŉ toŉ conduct
surveysŉandŉgatherŉ realĲtimeŉparticipatoryŉdataŉonlineĜŉThereŉwereŉnumerousŉbenefits
ofŉutilizingŉthisŉtoolŉoverŉotherŉparticipatoryŉmappingŉtoolsĜŉTheŉfirstŉwasŉaŉlowŉbarrierŉto
entryŉinŉdesigningŉanŉonlineŉmapĲbasedŉquestionnaireŉwithŉtheŉfunctionalityŉtoŉcapture
polygonŉ andŉ pointŉ dataŉ fromŉ usersŉ inŉ realĲtimeĜŉ Secondĝŉ questionsŉ couldŉ easilyŉ be
associatedŉ withŉ specificŉ tasksŉ toŉ drawŉ polygonsŉ orŉ dropŉ pinpointsŉ withinŉ regionsŉ of
interestĜŉThirdĝŉcomparedŉtoŉalternativeŉoptionsĝŉparticipantsŉdidŉnotŉneedŉtoŉsignŉupŉor
createŉaŉprofileŉtoŉuseŉtheŉtoolĜŉThisŉwasŉseenŉasŉaŉlargeŉbenefitŉtoŉreducingŉanyŉburden
onŉparticipantsŉthatŉmightŉhinderŉparticipationĜŉLastlyĝŉresultsŉcouldŉbeŉeasilyŉexported
intoŉusefulŉformatsŉforŉanalysisŉsuchŉasŉaŉCSVŉfileŉorŉGISŉshapefilesĝŉwhichŉreducedŉthe
timeŉnecessaryŉtoŉprocessŉhandĲdrawnŉmapsŉintoŉformatsŉthatŉcouldŉbeŉutilizedŉinŉGISĜŉ
ŉf
ToŉdesignŉourŉMaptionnaireŉquestionnaireĝŉweŉdecidedŉ toŉaskŉ respondentsŉ toŉ identify
themselvesŉandŉ theirŉorganizationĜŉ Thisŉ geotaggedŉanyŉ responsesŉ toŉ theirŉdataĝŉwhich
wouldŉ beŉ anonymizedŉ whenŉ processingĜŉ Throughoutŉ theŉ interviewĝŉ weŉ asked
participantsŉtoŉanswerŉtheŉquestionsŉfromŉtheirŉorganizationļsŉperspectiveŉratherŉthan
theirŉpersonalŉperspectiveĜŉ Respondentsŉwereŉ thenŉaskedŉ toŉ identifyŉwhereŉ theŉmost
importantŉbenefitsŉfromŉhealthyŉandŉresilientŉforestsŉexistĜŉParticipantsŉwereŉgivenŉthe
abilityŉtoŉdrawŉaŉpolygonŉoverŉanŉareaŉofŉinterestĝŉwhichŉwouldŉpromptŉthemŉtoŉanswer
anŉopenĲendedŉquestionŉaskingŉwhichŉbenefitŉisŉassociatedŉwithŉthisŉparticularŉpolygonĜ
AnŉadditionalŉopenĲendedŉquestionŉwasŉincludedŉtoŉgiveŉparticipantsŉtheŉoptionŉtoŉlist
coĲbenefitsŉthatŉareŉreceivedŉfromŉthisŉsameŉpolygonŉareaĜŉThisŉprocessŉwasŉrepeated
toŉ identifyŉareasŉwhereŉaŉdisturbanceŉwouldŉhaveŉadverseŉ impactsŉonŉ forestŉbenefitsŉŉŉŉ
ŉf
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andŉwhereŉ aŉ largeŉ disturbanceŉ ĬiĜeĜŉ fireĝŉ droughtĝŉ pestĝŉ etcĜĭŉwouldŉ causeŉ theŉ greatest
damageŉ toŉ theŉ missionŉ ofŉ theirŉ organizationĜŉ Lastlyĝŉ aŉ questionŉ wasŉ includedŉ asking
participantsŉtoŉidentifyŉregionsŉwhereŉtheirŉorganizationŉwouldŉprioritizeŉareasŉforŉforest
managementĜŉ Similarŉ toŉ previousŉ questionsĝŉ aŉ popĲupŉ boxŉ promptedŉ respondentsŉ to
indicateŉwhyŉtheyŉselectedŉaŉparticularŉareaĜŉScreenshotsŉofŉtheŉMaptionnaireŉmapŉare
shownŉinŉFigureŉ2Ĝŉ

UsingŉthisŉquestionnaireŉallowedŉusŉtoŉcollectŉGISŉdataŉtaggedŉwithŉspecificŉecosystem
serviceŉ benefitsĝŉ impactsĝŉ andŉ threatsŉ overŉ ourŉ studyŉ regionŉ alongŉ withŉ GISŉ data
specifyingŉ whereŉ andŉ whyŉ respondentsŉ wouldŉ prioritizeŉ managementŉ ifŉ givenŉ the
opportunityĜ

FigÖreŉĉĜŉScreenshotsŉofŉ theŉonlineŉsurveyŉandŉtheŉquestionsŉbyŉcategoryŉtypeĜŉ ĬTopĭ
showsŉ theŉ initialŉ instructionsŉ andŉ informationŉ forŉ selectingŉ locationŉ typeĜŉ ĬBottomĭ
showsŉtheŉremainingŉquestionsĜ
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ĊĜĈĜċŉSemiĲsÒrÖcÒÖredŉInÒeráieâŉMeÒhods
Anŉ importantŉ componentŉ ofŉ ourŉ dataŉ collectionŉ effortsŉ wasŉ pairingŉ participatory
mappingŉ dataŉ collectionŉ withŉ semiĲstructuredŉ interviewsŉ ofŉ participantsĜŉ Thisŉ effort
ensuredŉ thatŉ weŉ couldŉ askŉ moreŉ specificŉ questionsŉ aboutŉ theŉ reasoningŉ behindŉ the
choicesŉ indicatedŉonŉ theŉ surveyŉandŉcouldŉensureŉ thatŉparticipantsŉunderstoodŉwhat
wasŉexpectedŉfromŉthemŉinŉtheŉparticipatoryŉmappingŉcomponentŉofŉtheŉinterviewĜŉTo
recruitŉparticipantsŉ forŉ theŉ semiĲstructuredŉ interviewsŉandŉparticipatoryŉmappingĝŉwe
sentŉ outŉ invitationŉ emailsŉ toŉ theŉ 32ŉ respondentsŉ fromŉ ourŉ Augustŉ surveyŉ thatŉ had
indicatedŉanŉ interestŉ inŉbeingŉcontactedŉforŉaŉfollowĲupŉ interviewĜŉ Invitationsŉ included
informationŉaboutŉtheŉformatŉofŉtheŉinterviewŉandŉthatŉparticipantsŉwouldŉneedŉaccess
toŉ aŉ computerŉ andŉ stableŉ internetŉ connectionŉ toŉ conductŉ theŉmeetingŉ viaŉ ZoomĜŉWe
decidedŉ toŉ useŉ Zoomŉ inŉ orderŉ toŉ recordŉ interviewsŉ forŉ transcriptionŉ purposesŉ and
facilitateŉscreenŉshareŉcapabilitiesŉ toŉensureŉ thatŉweŉcouldŉhelpŉparticipantsŉnavigate
theŉ toolŉ ifŉ theyŉ ranŉ intoŉ technicalŉ issuesĜŉ Respondentsŉ wereŉ givenŉ aŉ Calendlyŉ linkŉ to
selectŉ theirŉ preferredŉ timeŉ forŉ aŉ 1Ĳhourŉ interviewĜŉ Ofŉ theŉ 32ŉ invitationsŉ sentĝŉ 19
participantsŉ wereŉ recruitedŉ forŉ interviewsŉwithŉ ourŉ teamŉ Ĭresponseŉ rateŉ ofŉ 59ŮĭĜŉWe
ensuredŉ thatŉ twoŉ interviewersŉ wereŉ presentŉ forŉ eachŉ stakeholderŉ interviewĜŉ One
interviewerŉ focusedŉ onŉ facilitatingŉ theŉ conversationĝŉ whileŉ theŉ otherŉ tookŉ notesŉ and
followedŉ upŉ withŉ anyŉ questionsŉ thatŉ mightŉ haveŉ goneŉ unansweredŉ duringŉ the
conversationĜŉ Participantsŉ wereŉ askedŉ permissionŉ toŉ recordŉ theirŉ interviewsŉ for
transcribingŉpurposesŉonlyĜŉInterviewsŉwereŉconductedŉinŉNovemberŉ2021Ĝ

Ourŉ purposeŉ inŉ interviewingŉ respondentsŉ wasŉ toŉ askŉ moreŉ specificŉ questionsŉ about
theirŉanswersŉtoŉtheŉAugustŉsurveyĝŉprovideŉspaceŉforŉparticipantsŉtoŉelaborateŉfurther
onŉ theŉ importanceŉofŉ particularŉ ecosystemŉ servicesŉ toŉ theirŉ organizationalŉ goalsĝŉ and
identifyŉ whereŉ theseŉ ecosystemŉ servicesŉ existŉ onŉ theŉ landscapeĜŉ Afterŉ providingŉ an
overviewŉ ofŉ ourŉ studyŉ aimĝŉ theŉ interviewŉ purposeĝŉ andŉ aŉ briefŉ orientationŉ toŉ the
participatoryŉ mappingŉ toolĝŉ weŉ askedŉ participantsŉ toŉ describeŉ theirŉ roleŉ and
organizationŉasŉwellŉasŉtheirŉdefinitionŉofŉtheŉtermĝŉĹhealthyŉandŉresilientŉforestsĜĺŉWeŉfelt
thatŉthisŉwasŉanŉ importantŉstartingŉpointŉforŉtheŉconversationŉandŉtoŉgetŉrespondents
orientedŉtoŉtheŉfollowingŉquestionsĜŉFollowingŉthisŉresponseĝŉweŉremindedŉparticipants
ofŉtheirŉsurveyŉanswersŉandŉaskedŉthemŉtoŉelaborateŉonŉwhyŉtheseŉbenefitsŉwereŉmost
importantĜŉ Dependingŉ onŉ responsesĝŉ weŉ askedŉ eachŉ participantŉ aŉ combinationŉ of
questionsĝŉincludingĞ

Isŉthereŉaŉwayŉinŉwhichŉyourŉorganizationŉtracksŉorŉmeasuresŉthe
existenceŉofŉtheseŉbenefitsŉacrossŉtheŉlandscapeģ
Doŉtheseŉbenefitsŉvaryŉtoŉyourŉorganizationŉspatiallyŉsuchŉasŉby
locationŉorŉgeographicallyģŉOrŉtemporallyŉsuchŉasŉaŉdifferentŉtimeŉof
theŉyearŉorŉdayĝŉetcģŉOverŉwhatŉtimeŉspanģ
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Followingŉ thisŉ conversationĝŉ weŉ askedŉ participantsŉ toŉ shareŉ theirŉ screenŉ andŉ drawŉ at
leastŉ2Ĳ3ŉregionsŉwhereŉtheirŉorganizationŉreceivesŉbenefitsŉfromŉforestsĜŉThisŉprocess
wasŉ repeatedŉ forŉadverseŉ impactsŉ fromŉdisturbancesŉandŉ threatŉareasĜŉAfterwardĝŉwe
askedŉrespondentsŉtoŉdescribeŉwhyŉtheyŉlistedŉtheirŉthreeŉselectionsŉduringŉtheŉsurveyĜ
Dependingŉ onŉ theirŉ responsesĝŉ weŉ wouldŉ askŉ ifŉ thereŉ wereŉ spatialŉ orŉ temporal
componentsŉ toŉ howŉ theirŉ organizationŉ considersŉ theŉ impactsŉ toŉ ecosystemŉ servicesĜ
Forŉexampleĝŉweŉwouldŉaskŉifŉthereŉwasŉaŉspatialŉorŉtemporalŉcomponentŉtoŉtheŉservices
listedŉorŉaŉtimeŉwhenŉtheseŉservicesŉmightŉmatterŉmoreŉorŉbeŉatŉgreaterŉriskĜŉFollowing
thisŉ discussionĝŉ weŉwouldŉ askŉ themŉ toŉmapŉ atŉ leastŉ 2Ĳ3ŉ areasŉwhereŉ aŉ lossŉ ofŉ these
servicesŉmightŉbeŉparticularlyŉharmfulĜŉ

NextĝŉweŉwouldŉremindŉthemŉofŉwhichŉthreatŉtheyŉlistedŉonŉtheirŉsurveyĜŉTheŉfacilitator
wouldŉ askŉ participantsŉ whyŉ thisŉ threatŉ wasŉ greatestĝŉ whichŉ forestŉ characteristicsŉ are
mostŉ threatenedŉ orŉ atŉ riskŉ fromŉ thisŉ threatĝŉ theŉmainŉ sourceŉ ofŉ theŉ threatĝŉ andŉ their
opinionŉonŉhowŉtoŉreduceŉtheŉthreatŉacrossŉtheŉlandscapeĜŉFollowingŉtheŉconversationĝ
weŉwouldŉaskŉparticipantsŉtoŉ identifyŉandŉdrawŉpolygonsŉwhereŉtheirŉorganizationŉwas
mostŉatŉriskŉfromŉtheŉthreatŉlistedĜŉEachŉdrawnŉpolygonŉwouldŉpromptŉaŉparticipantŉto
answerŉanŉopenĲendedŉquestionŉaskingŉwhichŉthreatŉexistsŉinŉthisŉparticularŉregionŉand
whyĜŉFinallyĝŉweŉwouldŉaskŉrespondentsŉtoŉdescribeŉmanagementŉtechniquesŉthatŉtheir
organizationŉwouldŉfocusŉonŉ ifŉgivenŉtheŉopportunityŉandŉtoŉarticulateŉwhyŉtheyŉwould
focusŉonŉtheseŉareasĜŉ

SpatialŉdataŉfromŉourŉsemiĲstructuredŉinterviewsŉwasŉexportedŉfromŉMaptionnaireŉand
analyzedŉ inŉ RĜŉ Asŉ participantsŉ identifiedŉ theirŉ polygonsŉ ofŉ interestĝŉweŉprovidedŉ them
spaceŉ toŉ specifyŉ whatŉ theyŉ wereŉ circlingĜŉ Thisŉ meantŉ thatŉ aŉ singleŉ polygonŉ could
representŉmultipleŉbenefitsĝŉthreatsĝŉadverseŉimpactsĝŉorŉpriorityŉmanagementŉareasĜŉFor
exampleĝŉ sinceŉ ourŉ objectiveŉ wasŉ toŉ understandŉ whereŉ inŉ ourŉ studyŉ regionŉ wereŉ the
greatestŉnumberŉofŉbenefitsĝŉweŉneededŉtoŉseparateŉtheŉmultipleŉlistedŉbenefitsŉandŉcoĲ
benefitsŉintoŉindividualŉpolygonsŉforŉeachŉbenefitĜŉThisŉwayĝŉweŉcouldŉconvertŉtheŉsingle
polygonŉ shapefilesŉ intoŉ stackableŉ rasterŉ tilesŉ andŉ createŉ aŉ heatmapŉ toŉ countŉ the
benefitsĝŉthreatsĝŉadverseŉimpactsĝŉorŉpriorityŉmanagementŉareasŉwithinŉeachŉ1000ŉmŉx
1000ŉmŉrasterŉtileĜ

Whatŉisŉtheŉparticularŉreasonŉyouŉselectedŉtheseŉbenefitsŉoverŉothersģŉ
Howŉdoŉyouŉknowŉtheseŉbenefitsŉareŉoutŉthereŉonŉtheŉlandscapeģŉ
Isŉthereŉanŉeconomicŉcomponentŉtoŉtheseŉbenefitsŉfromŉthe
perspectiveŉofŉyourŉorganizationģ
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ĊĜĉĜĈŉOáeráieâ
Inŉ orderŉ toŉ estimateŉ orŉ quantifyŉ theŉ ecosystemŉ servicesŉ deemedŉ importantŉ byŉ our
stakeholdersĝŉaŉnumberŉofŉspatialŉanalysisŉmethodsŉwereŉusedĜŉWeŉdeterminedŉtheŉfour
mostŉ importantŉ ecosystemŉ servicesŉ toŉ modelŉ basedŉ onŉ ourŉ surveyŉ andŉ interview
resultsĜŉ Stakeholdersŉ prioritizedŉ waterŉ qualityŉ andŉ quantityĝŉ sedimentŉ retentionĝ
recreationĝŉ andŉ generalŉ forestŉ healthŉ asŉ keyŉ ecosystemŉ servicesĜŉ Toŉ analyzeŉ water
qualityŉ andŉ quantityĝŉ sedimentŉ retentionĝŉ andŉ recreationŉ weŉ utilizedŉ Naturalŉ Capital
ProjectļsŉInVESTŉmodelĜŉInŉadditionĝŉtheŉoutputsŉfromŉtheŉrecreationŉmodelŉwereŉusedŉto
runŉaŉregressionŉanalysisĜŉArcGISŉwasŉusedŉtoŉanalyzeŉbiodiversityŉasŉaŉproxyŉforŉgeneral
forestŉhealthŉtoŉgainŉaŉcomprehensiveŉunderstandingŉofŉtheŉqualityŉofŉforestŉhabitatsŉin
theŉTCSIĜŉŉ

ĊĜĉĜĉŉInÒegraÒedŉValÖaÒionŉofŉEcosèsÒemŉSeráicesŉandŉTradeoffsŉĬInVESTĭ
InVESTŉisŉaŉsuiteŉofŉ17ŉmodelsĝŉcreatedŉbyŉStanfordŉUniversityļsŉNaturalŉCapitalŉProjectĝ
thatŉcanŉbeŉusedŉtoŉmapŉandŉvalueŉecosystemŉservicesĜŉTheŉInVESTŉsuiteŉofŉmodelsŉcan
modelŉ ecosystemŉ servicesŉ includingŉ carbonŉ storageŉ andŉ sequestrationĝŉ annualŉ water
yieldĝŉandŉsedimentŉdeliveryŉratioŉĬXinXiaoŉetŉalĜĝŉ2012ĭĜŉEachŉmodelŉusesŉspatialŉdataŉand
aŉnumberŉofŉparametersŉandŉprovidesŉ resultsŉ inŉeitherŉbiophysicalŉ ĬeĜgĜĝŉ sequestration
rateĭŉ orŉ economicŉ termsŉ ĬeĜgĜĝŉ netŉ presentŉ valueŉ ofŉ carbonŉ sequesteredĭĜŉ Weŉ used
InVESTŉ submodelsŉ toŉ modelŉ theŉ ecosystemŉ servicesŉ waterŉ yieldŉ andŉ sediment
retentionĜŉ Inŉ additionĝŉ weŉ usedŉ projectedŉ landŉ coverŉ changesŉ toŉ estimateŉ these
ecosystemŉ servicesŉ inŉ currentŉ timeŉ Ĭ2020ĭĝŉ andŉ inŉ 2040ŉ andŉ 2060ŉunderŉ twoŉ forest
restorationŉscenariosĜ

InVESTŉisŉdataĲintensiveŉandŉhasŉparticularŉrequirementsŉforŉeachŉinputŉdataŉlayerĜŉWe
sourcedŉ ourŉ dataŉ primarilyŉ fromŉ publiclyĲavailableŉ sourcesŉ andŉ processedŉ themŉ in
ArcGISŉProŉtoŉmeetŉtheŉspecificŉformatŉrequirementsŉforŉeachŉsubmodelĝŉasŉdescribed
inŉ Appendixŉ AĜŉ Onceŉ configuredŉ appropriatelyĝŉ dataŉ filesŉ wereŉ uploadedŉ intoŉ the
submodelŉinterfaceĝŉparametersŉwereŉinputĝŉandŉtheŉmodelŉwasŉrunĜ

aĭŉRestorationŉScenarios
Waterŉ qualityĝŉ sedimentŉ retentionĝŉ andŉ biodiversityŉ wereŉ evaluatedŉ underŉ different
climateŉ andŉ restorationŉ scenariosĝŉ usingŉ dataŉ providedŉ byŉ Theŉ Natureŉ Conservancy
ĬTNCĭĜŉ Landŉ useĩlandŉ changeŉ wasŉ modeledŉ underŉ climateŉ projectionŉ Representative
ConcentrationŉPathwayŉĬRCPĭŉ8Ĝ5ĜŉUsingŉMIROC5ĝŉaŉhotŉandŉdryŉclimateŉscenarioĝŉTNC
ranŉLANDISĲIIŉforŉsixŉrestorationŉscenariosŉtoŉgenerateŉlandŉcoverŉprojectionsŉfromŉ2020
toŉ 2100Ĝŉ Forŉ thisŉ studyĝŉ weŉ usedŉ theŉ LANDISĲIIŉ outputsŉ toŉ analyzeŉ twoŉ restoration
scenariosŉĬ1ŉandŉ6ĭŉforŉyearsŉ2040ŉandŉ2060ĝŉusingŉ2020ŉasŉaŉbaselineĜŉTheŉrestoration
scenariosŉ areŉ basedŉonŉ theŉmanagementŉ zonesŉdescribedŉ inŉ theŉ StudyŉAreaŉ sectionĜŉŉŉŉŉ
ŉf
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TheŉdataŉlayersŉresultingŉfromŉtheŉLANDISĲIIŉrunsŉforŉscenarioŉ1ŉandŉ6ŉwereŉusedŉasŉour
landŉ useĩlandŉ coverŉ inputsŉ forŉ InVESTĜŉ Theseŉ layersŉ originallyŉ containedŉ detailed
informationŉonŉvegetationŉtypeĝŉseralŉstageĝŉandŉcanopyŉcoverŉforŉ14ŉ landŉcoverŉtypesĝ
thoughŉbarrenĝŉurbanĝŉ lacustrineĝŉandŉnonĲforestŉlandŉcoverŉrepresentedŉnoŉdataŉspots
inŉ theŉ layersĜŉ Weŉ furtherŉ classifiedŉ theseŉ groupsŉ forŉ twoŉ ofŉ ourŉ modelingŉ effortsĝŉ as
discussedŉinŉAppendixŉAĜŉDueŉtoŉtheŉnatureŉofŉtheŉLANDISĲIIŉoutputsĝŉweŉconsideredŉa
highŉchangeŉandŉlowŉchangeŉversionŉofŉeachŉscenarioĜŉForŉtheŉAnnualŉWaterŉYieldŉmodelĝ
weŉalsoŉcreatedŉversionsŉofŉ theseŉ landŉcoverŉ layersŉcomposedŉofŉ aŉ singleŉ vegetation
typeĝŉtoŉexploreŉtheŉinfluenceŉofŉlandŉcoverŉtypeŉonŉwaterŉyieldĜŉ

1ĜŉAnnualŉWaterŉYieldŉModel
aĭŉDataŉInputs
Waterŉyieldŉ isŉ aŉmeasureŉofŉhowŉmuchŉwaterŉ isŉ availableŉ forŉuseŉ fromŉaŉspecificŉ land
areaŉandŉisŉimportantŉforŉhumanŉconsumptionĝŉagricultureĝŉandŉhydropowerŉproduction
ĬSharpŉ etŉ alĜĝŉ 2014ĭĜŉ Theŉ InVESTŉ Annualŉ Waterŉ Yieldŉ modelŉ estimatesŉ waterŉ yieldŉ by
subtractingŉestimatedŉwaterŉoutputŉĬthroughŉevapotranspirationĝŉetcĜĭŉfromŉwaterŉinput
throughŉ precipitationĜŉ Theŉmodelŉ doesŉ notŉ differentiateŉ betweenŉ surfaceĝŉ subsurfaceĝ
andŉbaseŉwaterŉflowsĜŉInsteadĝŉitŉassumesŉthatŉallŉwaterŉthatŉdoesŉnotŉleaveŉaŉwatershed
throughŉevapotranspirationŉisŉultimatelyŉavailableŉinŉwaterŉreservoirsŉĬSharpŉetŉalĜĝŉ2014ĭĜ
TheŉAnnualŉWaterŉYieldŉmodelŉutilizesŉseveralŉspatialŉdataŉlayersŉincludingŉprecipitation
dataĝŉ landŉuseĩlandŉcoverŉdataĝŉandŉwatershedŉdataĜŉFurtherŉdetailsŉofŉ theŉdataŉ layers
andŉsourcesŉcanŉbeŉfoundŉinŉInVESTŉAnnualŉWaterŉYieldŉUserŉGuideŉĬAppendixŉAĭĜŉŉ

AfterŉtheŉdataŉlayersŉwereŉacquiredĝŉallŉtheŉspatialŉdataŉlayersŉforŉtheŉAnnualŉWaterŉYield
modelŉ wereŉ reprojectedŉ intoŉ Albersŉ Conicŉ Equalŉ AreaĜŉ Additionallyĝŉ theŉ precipitationĝ
averageŉ annualŉ referenceŉ evapotranspirationĝŉ rootŉ restrictingŉ layerŉ depthĝŉ andŉ plant
availableŉwaterŉcontentŉ layersŉwereŉeachŉclippedŉ toŉ theŉstudyŉareaŉboundaryŉusingŉa
shapefileŉofŉtheŉTCSIŉboundaryĝŉthenŉresampledŉtoŉaŉcellŉsizeŉofŉ30ŉmŉbyŉ30ŉmŉtoŉmatch
theŉ resolutionŉ ofŉ ourŉ precipitationŉ rasterĜŉ Forŉ futureŉ yearsĝŉ precipitationŉ dataŉ was
sourcedŉfromŉCalĲAdaptŉshowingŉprojectedŉfutureŉprecipitationŉasŉtheŉ30Ĳyearŉaverage
fromŉ2035Ĳ2064ŉĬGeospatialŉInnovationŉFacilityĝŉ2021ĭĜŉThisŉdataŉwasŉprocessedŉinŉthe
sameŉwayŉasŉtheŉcurrentŉprecipitationŉdataĜŉTheŉwatershedsŉ layerŉwasŉalsoŉclippedŉto
theŉTCSIŉboundaryĜŉInŉadditionalŉrunsĝŉtheŉmodifiedŉlandŉcoverŉlayersŉwithŉaŉsingleŉland
coverŉtypeŉwereŉalsoŉusedŉasŉinputsŉforŉtheŉAnnualŉWaterŉYieldŉmodelĜ

bĭŉDataŉOutputs
ToŉillustrateŉtheŉdistributionŉofŉwaterŉyieldŉacrossŉtheŉlandscapeĝŉweŉmappedŉtheŉperĲ
pixelŉwaterŉyieldŉ ĬinŉmmĩpixelĭŉacrossŉtheŉTCSIŉ forŉallŉscenariosĜŉFromŉaŉshapefileŉwith
waterŉ yieldŉ aggregatedŉ toŉ theŉ subwatershedŉ levelĝŉ weŉ tabulatedŉ theŉ aggregatedŉ Ĭin
cubicŉ metersĭŉ andŉ meanŉ Ĭmmĩpixelĭŉ waterŉ yieldŉ forŉ comparisonsŉ acrossŉ scenariosĜŉŉŉŉŉŉŉŉŉ
ŉf
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2ĜŉSedimentŉDeliveryŉRatioŉModel
aĭŉDataŉInputs
Theŉ Sedimentŉ Deliveryŉ Ratioŉ Modelŉ usesŉ theŉ Revisedŉ Universalŉ Soilŉ Lossŉ Equation
ĬRUSLEĭĝŉtoŉdetermineŉtheŉmovementŉofŉsedimentsŉthroughoutŉtheŉlandscapeŉĬSharpŉet
alĜĝŉ 2014ĭĜŉ Thisŉ includesŉ informationŉ suchŉ asŉ rainfallŉ erosivityĝŉ whichŉ accountsŉ forŉ the
intensityŉandŉdurationŉofŉrainfallŉandŉtheŉcoverĲmanagementŉfactorĝŉwhichŉaccountsŉfor
howŉlandŉcoverŉcausesŉsoilŉlossŉĬPanagosŉetŉalĜĝŉ2015ĭĜŉ

AsŉwithŉtheŉAnnualŉWaterŉYieldŉmodelĝŉallŉinputsŉwereŉreprojectedŉtoŉAlbersŉConicŉEqual
AreaĜŉTheŉrainfallŉerosivityŉindexĝŉsoilŉerodibilityĝŉandŉwatershedŉboundariesŉdataŉwereŉall
clippedŉ toŉ theŉ TCSIŉ boundaryŉ layerĜŉ Moreŉ informationŉ aboutŉ theŉ dataŉ needsŉ forŉ the
SedimentŉDeliveryŉRatioŉcanŉbeŉfoundŉinŉAppendixŉAŉandŉtheŉInVESTŉSedimentŉDelivery
RatioŉuserŉguideĜŉ

bĭŉDataŉOutputsŉ
ForŉfurtherŉanalysisĝŉweŉusedŉtheŉsedimentŉexportŉoutputŉĬrasterĭĝŉwhichŉquantifiesŉthe
amountŉofŉsedimentŉĬinŉtonsĩpixelĭŉthatŉentersŉstreamsŉandŉwaterwaysĜŉWeŉcalculated
theŉdifferenceŉbetweenŉcurrentŉ Ĭ2020ĭŉ andŉprojectedŉ Ĭscenarioŉ 1ŉŲŉ6ĝŉ 2040ŉŲŉ2060ĝ
highŉ Ųŉ lowŉ changeĭŉ sedimentŉ exportŉ inŉ theŉ areaŉ usingŉ theŉ Rasterŉ Calculatorŉ toolŉ in
ArcGISŉProĜŉWeŉthenŉusedŉtheŉZonalŉStatisticsŉtoolŉinŉArcGISŉProŉtoŉgroupŉandŉsumŉthe
sedimentŉ exportŉ layerŉbyŉ eitherŉHUCŉ 10ŉwatershedsŉorŉwatershedsŉ associatedŉwithŉ a
damĝŉwhichŉwereŉmanuallyŉ createdŉ fromŉalteredŉwatershedŉboundariesŉ atŉ theŉHUCŉ 12
scaleĜŉThisŉshowsŉtheŉdifferenceŉĬinŉtonsĩwatershedĭŉofŉsedimentŉbetweenŉcurrentŉand
projectedŉfutureŉconditionsĜŉ

ĊĜĉĜĊŉRecreaÒionŉMeÒhods
aĭŉLiteratureŉReview:ŉImpactsŉofŉClimateŉandŉFireŉonŉRecreation
Duringŉ theŉ semiĲstructuredŉ interviewsŉ andŉparticipatoryŉGISŉmappingĝŉ recreationŉwas
frequentlyŉmentionedŉasŉanŉimportantŉcoĲbenefitŉofŉforestŉhealthŉandŉresilienceŉinŉthe
TCSIĜŉHoweverĝŉassigningŉanŉeconomicŉvalueŉtoŉrecreationŉthatŉcanŉbeŉusedŉtoŉpersuade
beneficiariesŉ toŉ participateŉ inŉ anŉ FRBŉ remainsŉ difficultĜŉ Toŉ betterŉ understandŉ likely
trendsŉinŉrecreationŉinŉtheŉfutureĝŉweŉconductedŉaŉreviewŉofŉtheŉliteratureŉregardingŉthe
impactsŉ ofŉ climateŉ andŉ fireŉ onŉ visitationŉ andŉ recreationĜŉ Scientificŉ literatureŉ analyzing
theŉ impactŉ ofŉ climateŉ orŉ wildfireŉ onŉ recreationŉ wereŉ reviewedŉ forŉ theirŉ findingsĜŉ The
outcomeŉofŉthisŉreviewŉmotivatedŉusŉtoŉexploreŉobservableŉchangesŉinŉvisitationŉrates
duringŉ anŉ activeŉ fireŉ inŉ theŉ TCSIĝŉ usingŉ theŉ InVESTŉ recreationŉ modelŉ pairedŉ withŉ a
regressionŉanalysisĜŉ

bĭŉVisitation:ŉRecreationŉandŉTourismŉModel
TheŉInVESTŉvisitationĝŉrecreationĝŉandŉtourismŉmodelŉusesŉgeotaggedŉphotosŉpostedŉto
theŉnatureĲcentricŉphotographyŉwebsiteĝŉFlickrĝŉbetweenŉ2005ŉandŉ2017ŉasŉaŉproxyŉfor
recreationŉ visitsŉ toŉ aŉ geographicŉ regionŉ inŉ thatŉ timeŉ periodĜŉ Theŉ modelŉ convertsŉŉŉŉŉŉŉŉŉŉŉŉŉŉ
ŉf
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geotaggedŉphotosŉwereŉtakenŉbyŉusersŉandŉuploadedŉtoŉtheŉwebsiteŉFlickrŉintoŉphotoĲ
userĲdaysĝŉ whichŉ revealsŉ concentrationsŉ ofŉ visitationŉ acrossŉ anŉ areaŉ ofŉ interestĜŉ A
photoĲuserŉdayŉ ĬPUDĭŉatŉaŉ locationŉequatesŉ toŉoneŉuniqueŉphotographerŉwhoŉtookŉat
leastŉoneŉphotoŉonŉaŉspecificŉdayŉĬSharpŉetŉalĜĝŉ2014ĭĜŉTheŉmodelŉaccountsŉforŉusersŉthat
postŉmoreŉthanŉoneŉphotoŉperŉdayŉtoŉaccountŉforŉprolificŉusersĜŉŉfŉ
Anŉ areaŉ ofŉ interestŉ shapefileŉ canŉ beŉ uploadedŉ intoŉ theŉ modelŉ thatŉ boundsŉ the
geotaggedŉ photosŉ retrievedŉ fromŉ FlickrĜŉ Forŉ thisŉ analysisĝŉ aŉ shapefileŉ ofŉ theŉ TCSI
boundaryŉwasŉusedĜŉTheŉmodelŉcanŉbeŉrunŉbyŉyearŉorŉoverŉaŉrangeŉofŉyearsŉtoŉretrieve
Flickrŉ photoĲuserĲdaysŉ betweenŉ 2005ŉ andŉ 2017Ĝŉ Theŉ userŉ canŉ specifyŉ theŉ cellŉ size
outputŉdesiredĜŉRegressionŉcanŉbeŉcalculatedŉusingŉshapefilesŉorŉrasterŉdataŉofŉspecific
recreationalŉ areasŉ toŉ determineŉ theŉ relationshipŉ betweenŉ Flickrŉ dataŉ andŉ the
recreationalŉsitesĜŉTheŉregressionŉmodelsŉtheŉrelationshipŉofŉPUDsŉtoŉeachŉrecreational
amenityĜŉ Forŉ ourŉ analysisĝŉ weŉ areŉ particularlyŉ interestedŉ inŉ temporallyŉ assessingŉ the
impactŉofŉvisitationŉduringŉanŉactiveŉwildfireŉ inŉourŉstudyŉregionĜŉAŉcoreŉcomponentŉof
forestŉ healthŉ andŉ resilienceŉ isŉ reducedŉ riskŉ ofŉ catastrophicĝŉ largeĲscaleŉ wildfiresĜŉ By
explicitlyŉ connectingŉ reductionsŉ inŉ recreationŉ toŉ wildfiresŉ inŉ theŉ TCSIĝŉ aŉ stronger
evidenceĲbasedŉargumentŉcanŉbeŉmadeŉforŉtheŉneededŉincreaseŉinŉtheŉpaceŉandŉscale
ofŉ forestŉ restorationĜŉModelingŉ theŉ impactŉofŉanŉactiveŉwildfireŉonŉvisitationŉ ratesŉand
tyingŉ thisŉ explicitlyŉ toŉ aŉ decreaseŉ inŉ economicŉ activityŉ couldŉ helpŉ persuade
beneficiariesŉ ofŉ theŉ recreationŉ economyŉ toŉ betterŉ understandŉ theŉ importanceŉ of
proactiveŉ forestŉ managementŉ toŉ secureŉ longĲtermŉ economicŉ resilienceĜŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉ
ŉf
Nationalŉ forestŉ visitationŉ statisticsŉ areŉmaintainedŉ byŉ theŉ UĜSĜŉ Forestŉ ServiceŉNational
VisitorŉUseŉMonitoringŉProgramŉĬNVUMĭĝŉwhichŉusesŉsurveysŉandŉvisitorŉdataŉtoŉestimate
recreationŉ useŉ atŉ nationalŉ forestsĜŉ Beginningŉ inŉ 2005ĝŉ theŉ NVUMŉ releasesŉ visitation
resultsŉ inŉ fiveĲyearŉcyclesŉĬNVUMĝŉ2020ĭĜŉNumerousŉstudiesŉhaveŉusedŉtheŉUĜSĜŉForest
ServiceļsŉNVUMŉdataŉ asŉ itŉ isŉwellŉ regardedŉ asŉ theŉbestŉ visitationŉ trackingŉ availableŉ at
nationalŉforestsĝŉandŉitŉutilizesŉaŉstrongĝŉscientificallyĲsoundŉsamplingŉapproachŉĬEnglish
etŉalĜĝŉ2020ğŉRosenbergerŉetŉalĜĝŉ2017ğŉSánchezŉetŉalĜĝŉ2021ĭĜŉTheŉfiveĲyearŉsurveyŉisŉused
toŉestimateŉvisitationĝŉdemographicsĝŉandŉvisitorŉsatisfactionŉatŉnationalŉforestsŉĬEnglish
etŉ alĜĝŉ 2020ĭĜŉHoweverĝŉ socialŉmediaŉdataŉ hasŉbecomeŉanŉ increasinglyŉpopularŉwayŉ to
investigateŉvisitationŉatŉaŉfinerŉspatialŉandŉtemporalŉscaleŉthanŉtheŉlargerŉscaleŉsurveys
conductedŉbyŉnationalŉparksŉandŉforestsŉĬSessionsŉetŉalĜĝŉ2016ĭĜŉForŉexampleĝŉWilkinsŉet
alĜŉ Ĭ2021ĭŉ usedŉ geotaggedŉ Flickrŉ dataŉ toŉ investigateŉ changesŉ inŉ recreationŉ activity
causedŉ byŉ summertimeŉ weatherŉ changesŉ atŉ nationalŉ parksĜŉ Theyŉ foundŉ thatŉ visitors
tendŉtoŉstayŉcloserŉtoŉinfrastructureŉlikeŉvisitorŉcentersŉonŉrainyŉdaysĝŉwhereasŉonŉhotter
thanŉaverageŉdaysŉvisitorsŉtendŉtoŉincreaseŉtheirŉelevationŉandŉtheirŉproximityŉtoŉwater
bodiesŉĬWilkinsŉetŉalĜĝŉ2021ĭĜŉFlickrŉdataŉhasŉbeenŉshownŉtoŉbeŉanŉaccurateŉpredictorŉof
recreationŉĬSessionsŉetŉalĜĝŉ2016ğŉWilkinsŉetŉalĜĝŉ2021ğŉWoodŉetŉalĜĝŉ2013ĭĜŉFlickrŉphotoŉdata
wasŉcomparedŉtoŉNationalŉParkŉServiceŉĬNPSĭŉvisitationŉdataŉforŉ38ŉnationalŉparksŉinŉtheŉŉ
westernŉ UĜSĜŉ andĝŉ throughŉ multipleŉ regressionŉ analysisĝŉ accuratelyŉ predictedŉ monthlyŉŉŉŉŉŉŉŉ
Ĝ
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NPSŉvisitationŉdataĜŉWhileŉFlickrŉdataŉisŉbiasedŉtowardsŉcertainŉdemographicsĝŉyearsĝŉand
locationsĝŉitŉisŉonŉaverageŉhighlyŉpredictiveŉofŉchangesŉinŉrecreationŉactivityŉĬSessionsŉet
alĜĝŉ2016ĭĜŉGivenŉtheŉpopularityŉofŉalternativeŉphotoĲsharingŉplatformsĝŉFlickrłsŉpopularity
hasŉdecreasedŉsignificantlyŉ inŉ recentŉyearsŉandŉthisŉapproachŉmightŉnotŉbeŉusefulŉ for
recentŉwildfireŉeventsĜŉHoweverĝŉduringŉtheŉstudyŉperiodĝŉFlickrŉwasŉusedŉwidelyŉandŉcan
provideŉusefulŉinsightŉintoŉvisitationŉpatternsĜ

Givenŉ thatŉ ourŉ areaŉ ofŉ interestŉ spansŉ approximatelyŉ 2Ĝ4ŉ millionŉ acresŉ containing
numerousŉ nationalŉ forestsĝŉ federalŉ wildernessŉ areasĝŉ Californiaŉ Stateŉ Parksĝŉ citiesŉ and
townsĝŉskiŉ resortsĝŉ lakesĝŉandŉhikingŉtrailsĝŉvisitationŉratesŉ forŉspecificŉ recreationalŉsites
areŉdifficultŉtoŉassessŉinŉabsoluteŉtermsĜŉ

WeŉretrievedŉphotoĲuserĲdayŉdataŉforŉeachŉyearŉwithŉtheŉTCSIŉshapefileŉuploadedŉasŉan
areaŉofŉinterestŉforŉtheŉavailableŉyearsŉwithinŉtheŉmodelĴ2005ŉtoŉ2017ĜŉWeŉselectedŉan
outputŉcellŉ sizeŉofŉ300ŉmetersĜŉ Theŉ resultingŉoutputsŉareŉaŉ shapefileŉwithŉ300Ĳmeter
cellsŉwithŉaverageŉPUDsŉperŉmonthŉandŉaŉCSVŉfileŉwithŉtheŉsameŉinformationĜŉEachŉ300Ĳ
meterŉ cellŉ isŉ assignedŉ aŉ uniqueŉ identifierŉ Ĭknownŉ asŉ anŉ FIDĭĝŉ whichŉ weŉ useŉ toŉ join
multipleŉyearsŉofŉdataŉtoŉeachŉcellĜŉInŉtotalĝŉtheŉTCSIŉboundaryŉresultsŉinŉ107ĝ292ŉunique
300Ĳmeterŉcellsŉ ĬbyŉFIDĭĝŉ eachŉcontainingŉmonthlyŉPUDŉaveragesŉ forŉeachŉyearĜŉAfter
extractingŉ thisŉdataŉ fromŉ theŉ recreationŉmodelĝŉweŉusedŉRŉ toŉprocessŉ theŉ 12ŉyearsŉof
PUDŉdataŉintoŉaŉsingleŉdatasetŉforŉregressionŉanalysisĜŉŉŉŉŉŉŉŉ
ŉŉŉŉŉŉŉŉŉŉŉŉ3
Toŉ achieveŉ thisĝŉ weŉ spatiallyŉ linkedŉ PUDŉ geocoordinatesŉ toŉ shapefilesŉ ofŉ important
recreationŉandŉtouristŉsitesĜŉWeŉincludedŉpolygonŉshapefilesŉofŉfederalŉwildernessŉareasĝ
Lakeŉ Tahoeŉ bufferedŉ toŉ 75ŉ metersŉ Ĭtoŉ accountŉ forŉ recreationalŉ activityŉ alongŉ the
shorelineĭĝŉhikingŉtrailsŉbufferedŉtoŉ10ŉmetersĝŉskiŉareaŉpointsŉbufferedŉtoŉ1Ĝ5ŉkilometersĝ
federalŉrecreationŉpointsŉĬdataŉcomprisedŉofŉcampgroundsĝŉpicnicŉsitesĝŉboatŉrampsŉand
observationŉ pointsĭĝŉ highwaysŉ bufferedŉ toŉ 10ŉ metersĝŉ lakesŉ Ĭotherŉ thanŉ Lakeŉ Tahoeĭ
bufferedŉtoŉ30ŉmetersĝŉandŉtownsŉtoŉaccountŉforŉphotosŉtakenŉalongŉshorelinesĝŉwithin
skiŉ areasĝŉ andŉ adjacentŉ toŉ roadsŉ andŉ trailsŉ ĬKeelerŉ etŉ alĜĝŉ 2015ğŉ Cunhaŉ etŉ alĜĝŉ 2017ĭĜŉŉŉŉŉŉŉŉŉŉŉŉŉŉ
ŉf
Weŉassignedŉaŉvalueŉofŉ1ŉifŉtheŉrecreationŉlayerŉofŉinterestŉoverlappedŉwithŉtheŉcentroid
coordinatesŉofŉeachŉPUDŉcellŉandŉaŉvalueŉofŉ0ŉifŉitŉdidŉnotŉoverlapŉwithŉtheŉcentroidĜŉWe
alsoŉ calculatedŉ theŉ distanceŉ ofŉ eachŉ PUDŉ cellŉ toŉ theŉ nearestŉ federalŉ recreational
opportunityĜŉ Weŉ wereŉ interestedŉ inŉ measuringŉ anyŉ noticeableŉ decreaseŉ inŉ visitation
becauseŉ ofŉ aŉ wildfireĜŉ Givenŉ theŉ popularityŉ ofŉ Flickrŉ andŉ theŉ historyŉ ofŉ wildfireŉ inŉ the
TCSIĝŉ weŉ selectedŉ theŉ Kingŉ Fireĝŉ whichŉ burnedŉ approximatelyŉ 97ĝ717ŉ acresŉ between
Septemberŉ13ŉandŉOctoberŉ31ĝŉ2014ĝŉasŉaŉcaseŉstudyŉtoŉmeasureŉvisitationŉrateŉimpacts
fromŉ anŉ activeŉ wildfireŉ usingŉ ourŉ modelĜŉ Toŉ captureŉ impactsŉ toŉ aŉ regionŉ inŉ close
proximityŉtoŉtheŉfireĝŉweŉusedŉaŉshapefileŉofŉtheŉKingŉFireŉperimeterŉwithŉaŉ30Ĳkilometerŉ
ŉfŉ
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bufferĜŉAŉvalueŉofŉ1ŉwasŉassignedŉtoŉPUDŉcellsŉthatŉoverlappedŉwithŉtheŉbufferedŉKingŉFire
polygonŉandŉaŉvalueŉofŉ0ŉwasŉassignedŉtoŉthoseŉthatŉdidŉnotŉoverlapĜŉWeŉthenŉreadŉin
eachŉyearŉofŉPUDŉdataŉfromŉ2005ŉtoŉ2017ŉandŉcombinedŉitŉintoŉourŉdataŉframeĜŉAsŉwe
wereŉ interestedŉ inŉmeasuringŉanyŉobservableŉchangeŉ inŉvisitationŉ ratesŉwhileŉ theŉKing
Fireŉwasŉactivelyŉburningĝŉweŉaddedŉaŉvalueŉofŉ1ŉifŉaŉPUDŉcellŉcontainedŉaŉportionŉofŉthe
KingŉFireŉwhileŉitŉactivelyŉburnedŉinŉSeptemberŉandŉOctoberŉofŉ2014ŉandŉaŉ0ŉifŉaŉPUDŉcell
didŉ notŉmeetŉ thatŉ criterionĜŉ Fromŉ thisŉ dataŉ frameĝŉ weŉ conductedŉ aŉ regressionŉ ofŉ the
PUDsŉonŉrecreationŉlocationsĝŉtheŉactiveŉKingŉFireŉperimeterŉwithŉaŉ30kmŉbufferĝŉandŉthe
twelveŉ monthsŉ afterŉ theŉ Kingŉ Fireŉ wasŉ extinguishedŉ toŉ measureŉ anyŉ impactsŉ on
visitationĜ

Toŉ studyŉ theŉ effectŉ ofŉ theŉ Kingŉ Fireŉ onŉ recreationŉ activityĝŉ weŉ runŉ theŉ following
regressionĞ

whereŉ yŉ ŉ ŉ ŉ isŉ equalŉ toŉ theŉ PUDsŉ ofŉ FIDŉ cellŉ iŉ inŉ monthŉmŉ inŉ yearŉ yĜŉ Theŉ variable
kingĶfireimyŉisŉanŉindicatorŉequalŉtoŉ1ŉ ifŉtheŉFIDŉcellŉ iŉwasŉwithinŉ30ŉkmŉofŉtheŉKingŉFire
whileŉactivelyŉburningĜŉXiŉincludesŉFIDĲspecificŉfactorsŉassociatedŉwithŉeachŉrecreation
layerĜŉ Forŉ exampleĝŉwildernessiŉ isŉ anŉ indicatorŉ equalŉ toŉ 1ŉwhenŉ theŉ FIDŉ cellŉ isŉwithinŉ a
wildernessŉ areaĜŉ DistĶrecĶoppiŉ indicatesŉ theŉ distanceŉ toŉ theŉ nearestŉ recreation
opportunityĜŉDistĶrecĶopp2iŉallowsŉforŉdistanceŉtoŉaffectŉPUDŉnonĲlinearlyĜŉAnyŉvariable
inŉXiŉthatŉisŉtimeĲinvariantŉisŉexcludedŉfromŉregressionsŉthatŉincludeŉՓiŉsinceŉtheyŉwould
beŉ exactlyŉ correlatedŉ withŉ theŉ FIDĲspecificŉ fixedŉ effectĜŉՓiŉ areŉ theŉ FIDŉ fixedŉ effects
whichŉareŉindicatorŉvariablesŉforŉeveryŉFIDŉpointŉinŉtheŉsampleĜŉTheseŉcontrolŉforŉtimeĲ
invariantĝŉ locationŉ specificŉ unobservableŉ factorsŉ thatŉ couldŉ biasŉ otherŉ coefficient
estimatesĜŉδmŉ accountsŉ forŉmonthŉ fixedŉ effectsŉ andŉ areŉ indicatorŉ variablesŉ forŉ every
monthĜŉ Thisŉ variableŉ controlsŉ seasonalŉ factorsĜŉ λyŉ areŉ yearŉ fixedŉ effectsŉ andŉ are
indicatorŉ variablesŉ forŉ everyŉyearĜŉ Yearŉ fixedŉeffectsŉ shouldŉcaptureŉ theŉeffectŉofŉ any
oneŉparticularlyŉbusyŉorŉnonĲbusyŉyearŉwithinŉtheŉTCSIĜŉAnŉerrorŉtermŉ𐒢iŉ ŉ ŉ ŉ ŉ isŉincluded
andŉclusteredŉatŉtheŉ levelŉofŉtheŉFIDŉpointĝŉwhichŉallowsŉforŉarbitraryŉcorrelationŉ inŉthe
errorŉforŉtheŉsameŉFIDŉpointĜŉWeŉconsiderŉtheŉyearsŉ2008ŉĲŉ2017ĜŉFIDŉpointsŉthatŉnever
containedŉaŉPUDŉŜ0ŉwereŉexcludedĜŉ

FinallyĝŉweŉusedŉaŉregressionŉtoŉmeasureŉtimeĲvaryingŉeffectsŉofŉtheŉKingŉFireŉbyŉusing
leadŉandŉlagŉmonthsŉbeforeŉandŉafterŉtheŉfireĜŉUsingŉthisŉĹeventŉstudyŉdesignĺĝŉweŉsought
toŉmeasureŉifŉanyŉlongĲlivedŉeffectsŉonŉvisitationŉfollowingŉtheŉfireŉcouldŉbeŉobservedŉin
theŉPUDŉdataŉthatŉmightŉrevealŉaŉnoticeableŉdecreaseŉinŉvisitationĜ
ŉŉ

y
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InŉthisŉequationĝŉkŉrepresentsŉtheŉleadsŉandŉlagsŉupŉtoŉLŉtimeŉperiodsĜŉForŉourŉpurposesĝ
weŉ wereŉ interestedŉ inŉ restrictingŉ Lŉ toŉ 12ŉ monthsŉ beforeŉ andŉ afterŉ theŉ Kingŉ FireĜŉ We
expectŉcoefficientsŉbeforeŉtheŉeventŉĬwhereŉtheŉeventŉoccursŉatŉkŉŚŉ0ĭŉtoŉbeŉnullŉsince
theŉKingŉFireŉshouldŉnotŉhaveŉanŉeffectŉonŉvisitationŉbeforeŉitŉoccurredĜŉIfŉanyŉlongĲlived
effectsŉofŉtheŉwildfireŉexistĝŉthenŉαkŉmeasuresŉtheŉeffectŉkŉmonthsŉafterŉtheŉfireĜŉIfŉαkŉis
nullĝŉthenŉthereŉareŉnoŉlongĲtermŉeffectsĜŉ
ŉŉŉŉŉf

ĊĜĉĜċŉArcGISĞŉGeneralŉForesÒŉHealÒhŉĬBiodiáersiÒèĭ
BiodiversityŉwasŉchosenŉasŉaŉproxyŉforŉgeneralŉforestŉhealthŉandŉresilienceĜŉBiodiversity
isŉ aŉ goodŉ indicatorŉ ofŉ forestŉ healthŉ withŉ increasingŉ evidenceŉ suggestingŉ aŉ positive
relationshipŉ betweenŉ biodiversityŉ andŉ manyŉ ecosystemŉ servicesŉ ĬBrockerhoffŉ etŉ alĜĝ
2017ĭĜŉInŉorderŉtoŉassessŉgeneralŉforestŉhealthĝŉcurrentŉlandŉuseŉĬ2020ĭŉandŉfutureŉland
useŉ Ĭ2040ŉ andŉ 2060ĭŉ wereŉ comparedŉ underŉ theŉ differentŉ restorationŉ scenariosŉ and
projectedŉclimateŉtoŉdetermineŉwhereŉandŉhowŉmuchŉforestŉtypesŉwouldŉchangeŉinŉthe
futureĜŉConversionŉfromŉoneŉforestŉtypeŉtoŉanotherŉwouldŉresultŉinŉeitherŉaŉlossŉorŉgain
ofŉ aŉ particularŉ habitatĝŉ affectingŉ theŉ biodiversityŉ andŉ resilienceŉ ofŉ theŉ landscapeĜŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉ
f
Althoughŉ thereŉ isŉnoŉ formalŉdefinitionĝŉ forestŉ typeŉconversionŉ Ĭforestŉconversionĝŉ type
conversionĝŉ etcĜĭŉ impliesŉmajorĝŉ extensiveĝŉ andŉ enduringŉ changesŉ inŉ dominantŉ species
suchŉ asŉ aŉ changeŉ fromŉ oneŉ forestŉ typeŉ toŉ anotherŉ orŉ fromŉ forestŉ toŉ nonĲforest
vegetationŉ ĬCoopŉ etŉ alĜĝŉ 2020ĭĜŉ FireĲdrivenŉ forestŉ conversionŉ canŉ haveŉ severe
consequencesŉasŉmatureŉforestsŉcanŉbeŉremovedŉfromŉaŉlandscapeŉorŉinhibitŉrecovery
mechanismsŉdueŉtoŉsevereŉandŉ frequentŉ firesĜŉForestŉconversionsŉareŉalsoŉassociated
withŉ theŉ resilienceŉ ofŉ theŉ landscapeŉ andŉ thereforeŉ theŉ healthŉ ofŉ forestsĜŉ Inŉ orderŉ to
visualizeŉwhereŉtheseŉforestŉconversionsŉwouldŉoccurŉonŉtheŉlandscapeĝŉprocessedŉland
useŉlayersŉforŉ2020ŉĬAppendixŉAĭĝŉ2040ĝŉandŉ2060ŉwereŉconvertedŉfromŉaŉvectorŉtoŉa
rasterŉusingŉtheŉPolygonŉtoŉRasterŉtoolŉinŉArcGISŉProĜŉThenĝŉusingŉtheŉCombineŉtoolĝŉthe
2020ŉrasterŉ layerŉandŉtheŉ2040ŉrasterŉ layerŉwereŉcombinedŉintoŉoneŉrasterŉ layerĜŉThis
stepŉwasŉrepeatedŉforŉtheŉ2060ŉrasterŉlayerŉandŉforŉeachŉrestorationŉscenarioĜŉTheŉtop
tenŉgreatestŉforestŉtypeŉconversionsŉbyŉcellŉcountŉwereŉextractedŉbasedŉonŉtheŉnumber
ofŉ cellsŉ thatŉ changedŉ Ĭorŉ didŉ notŉ changeĭŉ fromŉ oneŉ forestŉ typeŉ toŉ anotherŉ usingŉ the
Extractŉ byŉ Attributeŉ toolĜŉ Thereŉ wereŉ overŉ 100ŉ forestŉ typeŉ conversionsŉ forŉ both
scenariosŉ inŉ2040ŉandŉ2060ĜŉExtractingŉtheŉtopŉtenŉconversionsŉallowedŉforŉaŉclearer
analysisĝŉ withŉ theŉ majorityŉ ofŉ theŉ changesŉ occurringŉ withinŉ theŉ topŉ tenŉ conversionsĜ
Afterŉextractionĝŉtheŉnewŉrasterŉlayerŉdisplayedŉonlyŉtheŉtopŉtenŉforestŉtypeŉconversions
betweenŉ2020ŉandŉeachŉfutureŉscenarioĜŉTheŉsymbologyŉandŉ legendŉwereŉchangedŉto
displayŉtheŉnamesŉofŉtheŉforestŉtypeŉconversionsŉbasedŉonŉtheirŉcountsĜŉ

Theŉattributeŉ tableŉ forŉ theŉcombinedŉ rasterŉ layerŉ showingŉ theŉchangesŉ inŉ forestŉ type
betweenŉ2020ŉandŉ2040ŉĬorŉ2060ĭŉforŉeachŉscenarioŉwasŉexportedŉandŉimportedŉintoŉŉ
ŉf
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Rŉ forŉ furtherŉ analysisĜŉ Theŉ originalŉ rasterŉ layerŉ providedŉ byŉ TNCŉ includedŉ codes
correspondingŉtoŉtheŉCaliforniaŉWildlifeŉHabitatŉRelationshipsŉĬCWHRĭŉSystemŉfromŉthe
CaliforniaŉDepartmentŉofŉFishŉandŉWildlifeĜŉTheseŉforestŉcodesŉwereŉtranslatedŉintoŉthe
correspondingŉ forestŉ typeŉ namesŉ inŉ orderŉ toŉ summarizeŉ whichŉ habitatsŉ stayedŉ the
sameŉ inŉ 2040ŉ Ĭorŉ 2060ĭŉ andŉwhichŉ changedŉ inŉ 2040ŉ Ĭorŉ 2060ĭĜŉ Aŉ newŉ columnŉwas
createdŉ usingŉ theŉ mutateŉ functionŉ inŉ Rŉ toŉ displayŉ theseŉ changesŉ inŉ forestŉ type
ĬAppendixŉBĭĜŉ

Afterŉ theŉ initialŉ processingĝŉ eachŉ forestŉ typeŉ wasŉ analyzedŉ inŉ orderŉ toŉ calculateŉ net
changeŉbetweenŉcurrentŉĬ2020ĭŉandŉfutureŉ landŉuseŉĬ2040ŉandŉ2060ĭĜŉAllŉofŉtheŉdata
analysisŉwasŉperformedŉinŉRĜŉAŉlinkŉtoŉtheŉGitHubŉrepositoryŉisŉinŉtheŉappendixĜŉOverallĝŉif
aŉ forestŉspeciesŉconvertedŉtoŉaŉspecificŉ forestŉtypeŉ inŉtheŉfutureĝŉ itŉwasŉconsideredŉa
netŉ gainĜŉ Forŉ exampleĝŉ ifŉ Aspenŉ inŉ 2020ŉ turnedŉ intoŉ Douglasŉ firŉ inŉ 2040ĝŉ thisŉ wasŉ an
overallŉnetŉgainŉforŉDouglasŉfirŉhabitatŉinŉ2060ĜŉAnŉexampleŉofŉaŉnetŉlossŉofŉDouglasŉfirŉis
ifŉDouglasŉ firŉ inŉ 2020ŉwasŉ convertedŉ toŉ Sierraŉmixedŉconiferŉ inŉ 2040Ĝŉ Theŉoverallŉ net
changeŉ inŉ forestŉ typeŉwasŉ calculatedŉ inŉ Rŉ byŉ firstŉ convertingŉ cellŉ countŉ toŉ acresŉ and
groupingŉtheŉforestŉtypesŉbyŉcurrentŉlandŉuseŉforŉnetŉlossŉorŉfutureŉlandŉuseŉforŉnetŉgainĝ
thenŉsummingŉtheŉacreageŉforŉeachŉforestŉtypeĜŉNetŉchangeŉwasŉcalculatedŉbyŉsumming
netŉgainŉandŉnetŉlossĜŉNextĝŉtotalŉareaŉforŉeachŉforestŉtypeŉwasŉcalculatedŉbyŉsumming
theŉacreageŉofŉnetŉgainŉandŉnoŉchangeĝŉwhereŉnoŉchangeŉwasŉidentifiedŉasŉcellsŉwhere
forestŉ typeŉ stayedŉ theŉ sameŉ betweenŉ currentŉ andŉ futureŉ landŉ useĜŉ Finallyĝŉ percent
changeŉwasŉ calculatedŉbyŉdividingŉ netŉ changeŉbyŉ theŉ sumŉofŉ theŉ totalŉ areaŉ forŉ each
forestŉtypeŉinŉ2020ĜŉTotalŉareaŉforŉeachŉforestŉtypeŉwasŉfoundŉbyŉgroupingŉtogetherŉthe
forestŉtypesŉinŉ2020ŉandŉsummingŉtheŉareaĜŉFurtherŉdetailsĝŉincludingŉtheŉcodeĝŉcanŉbe
foundŉinŉAppendixŉBĜŉ

ĊĜĉĜČŉInÒeráieâŉandŉModelingŉResÖlÒsŉOáerlaès
Afterŉcompletionŉofŉourŉotherŉanalysesĝŉweŉoverlaidŉtheŉresultsŉforŉwaterŉyieldŉinŉ2020
withŉtheŉidentifiedŉwaterŉsupplyŉbenefitŉ locationsŉfromŉourŉinterviewŉprocessĜŉAreasŉof
highŉ modeledŉ waterŉ yieldŉ wereŉ symbolizedŉ inŉ darkerŉ blueĝŉ andŉ theŉ shapefilesŉ from
interviewsŉwereŉ addedŉ asŉ anŉ overlayŉ inŉ lightŉ orangeŉwithŉ 86Ůŉ transparencyĜŉWeŉ also
addedŉtheŉlocationsŉofŉtheŉtopŉ20ŉlargestŉdamsŉĬbyŉreservoirŉcapacityĭŉwithinŉtheŉregion
toŉcompareŉstakeholderĲidentifiedŉwaterŉyieldŉwithŉreservoirŉlocationĜ
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ċĜĈĜĈŉSÖráeèŉResÖlÒs
Inŉ totalĝŉ surveyŉ invitationsŉwereŉdistributedŉtoŉ583ŉ recipientsĜŉTheŉ responsesŉ received
areŉ recordedŉ inŉ Tableŉ 1Ĝŉ Althoughŉ64ŉpeopleŉ startedŉ theŉ surveyĝŉweŉ onlyŉ receivedŉ 46
completedŉresponsesŉĬ7Ĝ8Ůŉoverallŉ responseŉrateĭĜŉAŉĹresponseĺŉwasŉrecordedŉevenŉ if
respondentsŉdidŉnotŉanswerŉeveryŉsurveyŉquestionŉorŉindicatedŉdiscomfortŉwithŉranking
ecosystemŉservicesĜŉWhenŉaskedŉtoŉidentifyŉwhichŉforestŉcollaborativeŉtheyŉrepresentĝ
severalŉparticipantsŉspecifiedŉmembershipŉinŉmultipleŉforestŉcollaborativesŉorŉindicated
otherŉ affiliationsĜŉOfŉ theŉ46ŉcompletedŉsurveysĝŉ 32ŉ respondentsŉexpressedŉ interestŉ in
participatingŉ inŉ aŉ followĲupŉ interviewŉ toŉ discussŉ theirŉ responsesŉ inŉ greaterŉ detailĜŉŉŉŉŉŉŉŉŉŉŉŉ
ŉf

ĔěĐ RENYLTN
ċĜĈŉSÒakeholderŉAnalèsisŉResÖlÒsŉ

TableŉĈĜŉStakeholdersŉ invitedŉbyŉpointsŉofŉcontactŉtoŉtakeŉsurveysĜŉ Itŉ isŉassumedŉthatŉallŉemail
addressesŉ areŉ activeŉ andŉ thatŉ noŉ emailŉ addressesŉ resultedŉ inŉ bouncebacksĜŉ Several
respondentsŉ listŉ multipleŉ affiliationsŉ orŉ Ĺotherĺŉ andŉ thereforeŉ areŉ overcountedŉ inŉ responses
receivedĜ

Weŉ askedŉ surveyŉ participantsŉ toŉ listŉ andŉ rankŉ theŉ fiveŉmostŉ importantŉ benefitsŉ from
healthyŉandŉresilientŉforestsŉtoŉtheŉmissionŉandŉobjectivesŉofŉtheirŉorganizationĜŉTwoŉof
theŉ46ŉsurveyŉparticipantsŉindicatedŉthatŉtheyŉwereŉuncomfortableŉwithŉrankingŉforest
benefitsŉ sinceŉ theyŉ believeŉ allŉ forestŉ benefitsŉ areŉ equallyŉ importantŉ toŉ healthyŉ and
resilientŉ forestsĜŉ Amongŉ thoseŉ whoŉ rankedŉ theirŉ mostŉ importantŉ ecosystemŉ service
benefitsĝŉ generalŉ forestŉ healthŉ andŉ resilienceŉ wereŉ listedŉ byŉ 12ŉ respondentsĝŉ water
qualityŉ byŉ 9ŉ respondentsĝŉ recreationŉ byŉ 4ĝŉ andŉ fireŉ protectionĝŉ forestŉ productsĝŉ and
biodiversityŉ byŉ 3ŉ ĬFigureŉ 3ĭĜŉ Someŉ ofŉ theŉ forestŉ benefitsŉ thatŉ wereŉ notŉ listedŉ most
frequentlyŉasŉ theŉhighestŉpriorityŉbenefitĝŉbutŉwereŉ listedŉ frequentlyŉatŉ lowerŉ rankingsĝ
includedŉwaterŉsupplyĝŉcommunityĝŉinfrastructureĝŉlandscapeŉbeautyĝŉandŉclimateĜ

Forŉourŉquestionŉaskingŉwhichŉecosystemŉservicesŉareŉatŉhighestŉriskŉfromŉdisturbances
thatŉwouldŉbeŉmostŉharmfulŉtoŉtheŉmissionŉandŉobjectivesŉofŉtheirŉorganizationĝŉgeneral
lossŉ ofŉ forestŉ wasŉ listedŉ byŉ 12ŉ respondentsĝŉ lossŉ ofŉ propertyŉ wasŉ indicatedŉ byŉ 8
respondentsĝŉandŉsedimentationŉbyŉ6ŉrespondentsĜŉLossŉofŉwaterŉqualityĝŉcommunities
andŉ socialŉ connectionsĝŉ andŉbiodiversityŉ eachŉ receivedŉ3ŉ responsesŉ ĬFigureŉ4ĭĜŉAgainĝŉŉŉŉ
ŉf 32
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twoŉsurveyŉparticipantsŉdeclinedŉtoŉrankŉrisksŉfromŉdisturbanceŉsinceŉanyŉdisturbance
couldŉcauseŉequallyŉharmfulŉdevastationŉtoŉtheŉhealthŉofŉforestŉbenefits.ŉRisksŉthatŉwere
frequentlyŉ mentionedŉ atŉ lowerŉ thanŉ highestŉ priorityŉ includeŉ lossŉ ofŉ recreation
opportunities,ŉlandscapeŉbeauty,ŉstoredŉcarbon,ŉandŉforestŉproducts.

Lastly,ŉ responsesŉ toŉ theŉ questionŉ pertainingŉ toŉ theŉ biggestŉ threatŉ toŉ existingŉ forest
benefitsŉ wereŉ wildfireŉ byŉ 34ŉ respondents,ŉ shiftingŉ precipitationŉ patternsŉ byŉ 3
respondents,ŉandŉtemperatureŉalterationsŉbyŉ2ŉrespondentsŉĬFigureŉ5ĭ

ċĜĈŉSÒakeholderŉAnalèÌiÌŉReÌÖlÒÌ
ŉ

FigÖreŉ ĊĜŉ Barŉ graphŉ showingŉ theŉ topŉ sixŉ forestŉ benefitsŉ thatŉ survey
participantsŉĬnŉŚŉ44ĭŉrankedŉasŉtheirŉhighestŉpriorityŉforestŉbenefits.ŉ

FigÖreŉċĜŉBarŉgraphŉshowingŉtheŉtopŉsixŉrisksŉthatŉsurveyŉparticipantsŉĬnŉŚ
44ĭŉ rankedŉasŉ theŉgreatestŉ riskŉ fromŉ forestŉdisturbancesŉ toŉecosystem
services.ŉ
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ŉ

FigÖreŉČĜŉBarŉgraphŉshowingŉ theŉ topŉ threatsŉ toŉ forestŉbenefitsŉ identified
byŉsurveyŉparticipantsŉĬnŉŚŉ45ĭ.ŉ

Ultimately,ŉ ourŉ surveyŉ resultsŉ wereŉ intendedŉ toŉ helpŉ ourŉ teamŉ determineŉ which
ecosystemŉservicesŉwereŉofŉmostŉimportanceŉtoŉconsiderŉforŉfurtherŉanalysis.ŉFromŉour
resultsŉandŉconversationsŉwithŉBlueŉForest,ŉweŉidentifiedŉecosystemŉservicesŉthatŉwere
ofŉ relativelyŉ highŉ importanceŉ amongŉ stakeholders:ŉ habitatŉ quality,ŉ waterŉ yield,
sedimentation,ŉandŉrecreation.

Maptionnaireŉ andŉ semiĲstructuredŉ interviewsŉ provedŉ toŉ beŉ fruitfulŉ inŉ determining
specificŉ regionsŉ ofŉ importanceŉ toŉ specificŉ stakeholderŉ interests.ŉ Aŉ numberŉ of
stakeholdersŉ thatŉ representedŉcountyĲŉorŉ regionĲspecificŉ organizationsŉunsurprisingly
highlightedŉregionsŉmostŉpertinentŉtoŉtheirŉorganizationsļŉareasŉofŉgeographicalŉinterest
orŉecosystemŉservicesŉrelatedŉtoŉtheirŉorganizationalŉmissions.ŉAŉsummaryŉofŉtheŉtypes
ofŉorganizationsŉ representedŉbyŉ theŉ interviewŉparticipantsŉ isŉ inŉ theŉ figureŉbelow,ŉwith
nonprofitŉorganizationsŉrepresentingŉtheŉlargestŉgroupŉofŉrespondentsŉĬFigureŉ6ĭ.ŉFigure
6ŉ alsoŉ showsŉ theŉ locationsŉ ofŉ importantŉ organizationŉ infrastructureŉ mappedŉ byŉ the
participants.ŉ Screenshotsŉ ofŉ examplesŉ ofŉ participantsŉ enteringŉ participatoryŉmapping
dataŉareŉshownŉinŉFigureŉ7.

ċĜĈĜĉŉParÒicipaÒorèŉMappingŉŲŉSemiĲSÒrÖcÒÖredŉInÒeráieâŉReÌÖlÒÌ
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ŉ

FigÖreŉčĜŉPercentageŉbreakdownŉofŉ interviewŉparticipantsļŉorganizationŉtypeŉandŉtheŉ locations
Ĭblueŉpointsĭŉofŉtheŉimportantŉorganizationŉinfrastructureŉthatŉtheyŉmapped.

FigÖreŉĎĜŉAnŉexampleŉofŉbenefitsŉpolygonŉandŉdescriptionŉfromŉaŉparticipantŉĬleftĭ.ŉAnŉexample
ofŉ aŉ threatŉ responseŉ polygonŉ inŉ redŉwithŉ aŉ descriptionŉ fromŉ aŉ participantŉ overlaidŉ onŉ topŉ of
regionsŉhighlightedŉbyŉbenefitsŉinŉblueŉĬrightĭ.ŉŉ
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ċĜĈŉSÒakeholderŉAnalèÌiÌŉReÌÖlÒÌ
ŉ
Fromŉseparatingŉandŉstackingŉindividualŉbenefits,ŉweŉcreatedŉaŉheatmapŉthatŉillustrates
spatialŉ areasŉwhereŉ interviewŉ participantsŉ identifiedŉ theŉ greatestŉ numberŉ ofŉ benefits,
threats,ŉ adverseŉ impacts,ŉ orŉ priorityŉ managementŉ areas.ŉ Whileŉ interviewŉ participants
identifiedŉareasŉofŉinterestŉthroughoutŉtheŉSierraŉregion,ŉweŉclippedŉourŉanalysisŉtoŉthe
greaterŉTCSIŉ regionŉtoŉalignŉwithŉtheŉgeographicŉobjectivesŉofŉourŉstudy.ŉHeatmapsŉof
areasŉofŉinterestŉareŉshownŉinŉFigureŉ8.ŉOurŉcolorŉscaleŉrangesŉfromŉeitherŉgrayŉĬcountŉof
1ĭŉ toŉ yellowŉ Ĭcountŉ ofŉ 40ĭŉ orŉ purpleŉ Ĭcountŉ ofŉ 1ĭŉ toŉ yellowŉ Ĭcountŉ ofŉ 25ĭ,ŉ withŉ yellow
representingŉareasŉwithŉtheŉgreatestŉconcentrationŉofŉaŉgivenŉfield.ŉ

FigÖreŉďĜŉ Heatmapŉ ofŉ benefits,ŉ adverseŉ impacts,ŉ threats,ŉ andŉmanagementŉ prioritiesŉ fromŉ 19
surveyŉ participantsļŉ participatoryŉ mappingŉ data.ŉ Theŉ countŉ colorŉ rampŉ rangesŉ fromŉ grayŉ Ĭ1
countĭŉ toŉyellowŉĬ40ŉcountsĭŉ forŉbenefits,ŉandŉ fromŉpurpleŉ Ĭ1ŉcountĭŉ toŉyellowŉĬ25ŉcountsĭŉ for
adverseŉimpacts,ŉthreats,ŉandŉmanagementŉpriorities.
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ŉ
Someŉofŉtheŉmostŉfrequentlyŉmappedŉforestŉbenefitsŉincludeŉrecreation,ŉwaterŉquality,
waterŉ supply,ŉ biodiversity,ŉ andŉ localŉ communityŉ andŉ socialŉ connections.ŉ Whileŉ these
benefitsŉ wereŉ mappedŉ mostŉ frequently,ŉ itŉ doesŉ notŉ necessarilyŉ meanŉ thatŉ these
benefitsŉ alsoŉ coverŉ theŉ greatestŉ spatialŉ area.ŉ Forŉ adverseŉ impacts,ŉ someŉofŉ theŉmost
frequentlyŉmappedŉ includeŉsedimentation,ŉwaterŉqualityŉandŉquantityŉ impacts,ŉ lossŉof
biodiversity,ŉ andŉ lossŉ ofŉ recreationŉ opportunities.ŉ Similarly,ŉ damagesŉ toŉ biodiversity,
localŉ community,ŉ waterŉ supply,ŉ quality,ŉ recreation,ŉ andŉ increasedŉ sedimentation
representŉ theŉ mostŉ frequentlyŉ mappedŉ threats.ŉ Waterŉ quantityŉ andŉ quality
managementŉ andŉ wildfireŉ managementŉ wereŉ amongŉ theŉ mostŉ frequentlyŉ mentioned
managementŉpriorities.ŉBenefitsŉcanŉbeŉbrokenŉdownŉbeyondŉtheŉaggregateŉmapŉshown
inŉFigureŉ8.ŉSixŉofŉtheŉmostŉfrequentlyŉmappedŉbenefitsŉareŉshownŉexplicitlyŉinŉtheŉmaps
ofŉFigureŉ9.ŉ
ŉ

FigÖreŉĐĜŉHeatŉmapŉofŉfrequentŉbenefitsŉfromŉ19ŉsurveyŉparticipantsļŉparticipatoryŉmapping
data.ŉTheŉcountŉcolorŉrampŉrangesŉfromŉpurpleŉĬ1ŉcountĭŉtoŉyellowŉĬ5ŉcountsĭ.
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FigÖreŉ ĈćĜŉ Heatŉ mapŉ ofŉ benefitsŉ mappedŉ byŉ organizationŉ typeŉ fromŉ 19ŉ surveyŉ participantsļ
participatoryŉmappingŉdata.ŉTheŉcolorŉrampŉrangesŉfromŉpurpleŉĬ1ŉcountĭŉtoŉyellowŉĬ30ŉcountsĭ.

ċĜĉŉModelingŉReÌÖlÒÌ
ŉ
Theŉyellowŉhotspotŉ inŉ theŉnorthwesternŉportionŉofŉ theŉmapsŉ representsŉNewŉBullards
BarŉReservoir.ŉAtŉtheŉbaseŉofŉtheŉreservoirŉisŉNewŉBullardsŉBarŉDam,ŉconstructedŉbyŉthe
YubaŉWaterŉAgencyŉinŉ1969.ŉTheŉdamŉprovidesŉwaterŉforŉtheŉColgateŉPowerplant,ŉwhile
theŉ reservoirŉ isŉ aŉ popularŉ recreationŉ spotŉ forŉ theŉ regionŉ ĬNorthernŉ Californiaŉ Water
Association,ŉn.d.ĭ.ŉ

Theŉbenefitsŉmappedŉcanŉalsoŉbeŉcategorizedŉbyŉorganizationŉtype.ŉSinceŉtheŉmajority
ofŉorganizationsŉĬ58Ůĭŉrepresentedŉinŉourŉinterviewŉwereŉnonprofits,ŉitŉisŉhelpfulŉtoŉsee
benefitsŉbrokenŉoutŉbyŉorganizationŉtypeŉasŉshownŉinŉFigureŉ10.ŉŉ

ċĜĉĜĈŉAnnÖalŉWaÒerŉYieldŉReÌÖlÒÌ
Waterŉyieldŉfollowsŉconsistentŉspatialŉtrendsŉacrossŉallŉyearsŉandŉscenarios.ŉItŉisŉhighest
inŉ regionsŉ ofŉ theŉ TCSIŉ thatŉ includeŉ theŉ westernŉ portionŉ ofŉ theŉ Sierraŉ Nevadaŉ range.
Additionally,ŉwaterŉyieldŉ isŉgenerallyŉhigherŉ inŉ theŉnorthernŉandŉcentralŉportionsŉofŉ the
TCSIŉ regionŉandŉ lowerŉ inŉ theŉ southernŉ regionŉ ĬFigureŉ 11ĭ.ŉ Theseŉ spatialŉ trendsŉareŉ also
maintainedŉ inŉ theŉrunsŉthatŉwereŉgeneratedŉ fromŉaŉ landŉcoverŉ layerŉwithŉaŉsingleŉ land
coverŉtypeŉĬAppendixŉC,ŉFigureŉC1.3ĭ,ŉbutŉtheŉmagnitudeŉofŉperĲpixelŉwaterŉyieldŉdiffers
forŉdifferentŉvegetationŉtypes.ŉNoticeably,ŉthereŉareŉmoreŉbareŉpatchesŉĬnoŉdataŉvaluesĭ
inŉscenarioŉ6ŉthanŉinŉscenarioŉ1,ŉindicatingŉthatŉmoreŉforestŉtransitionsŉtoŉbarren,ŉurban,
orŉnonĲforestŉlandŉcoverŉinŉtheŉLANDISŉdataŉfromŉTNCŉforŉscenarioŉ6ŉthanŉforŉscenarioŉ1
ĬAppendixŉC,ŉFigureŉC1.1ŉŲŉFigureŉC1.2ĭ.ŉThisŉisŉassociatedŉwithŉtheŉhigherŉrateŉofŉforest
treatmentŉinŉscenarioŉ6.ŉAdditionalŉresultsŉfromŉ2040,ŉ2060,ŉandŉsingleŉlandŉcoverŉruns
areŉlocatedŉinŉAppendixŉC.

Atŉtheŉsubwatershedŉlevel,ŉtheŉsubwatershedŉwhichŉcontributesŉtheŉmostŉtoŉtotalŉwater
yieldŉ isŉtheŉRubiconŉRiverŉwatershedŉacrossŉallŉyearsŉandŉscenarios,ŉ thoughŉtheŉactualŉŉŉŉ
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amountŉ Ĭinŉ mŉ ofŉ waterŉ perŉ yearĭŉ varies.ŉ Inŉ 2020,ŉ theŉ Rubiconŉ Riverŉ watershedŉ was
modeledŉtoŉyieldŉjustŉoverŉ556ŉmillionŉmŉofŉwaterŉĬAppendixŉC,ŉTableŉC1.1ĭ.ŉInŉourŉ2060
scenarioŉ 1ŉ highŉ run,ŉ Rubiconŉ Riverŉ yieldedŉ almostŉ 625ŉ millionŉ mŉ ,ŉ andŉ justŉ overŉ 624
millionŉmŉŉŉinŉ2060ŉscenarioŉ6ŉhighŉĬAppendixŉC,ŉTableŉC1.4ŉŲŉTableŉC1.5ĭ.ŉTheŉorderŉof
highestĲŉtoŉlowestĲyieldingŉsubwatershedsŉdiffersŉbetweenŉ2020ŉandŉfutureŉresults,ŉbut
isŉ consistentŉ betweenŉ scenarioŉ 1ŉ andŉ 6ŉ inŉ 2040ŉ andŉ 2060.ŉ Additionally,ŉ theŉ pattern
acrossŉscenariosŉisŉconsistentŉforŉeachŉwatershed:ŉ2060ŉscenarioŉ1ŉhighŉhasŉtheŉhighest
totalŉwaterŉyield,ŉ followedŉbyŉ2060ŉscenarioŉ6ŉhigh,ŉwithŉ2020ŉhavingŉtheŉ lowestŉtotal
waterŉyield.ŉUpperŉSouthŉYubaŉwatershedŉandŉLowerŉNorthŉYubaŉWatershedŉhaveŉ the
highestŉmeanŉwaterŉyieldŉperŉpixelŉĬmmĩ900ŉmŉĭŉacrossŉallŉyearsŉandŉscenarios,ŉdespite
neverŉbeingŉtheŉhighestĲyieldingŉwatershedsŉinŉtermsŉofŉtotalŉwaterŉyieldŉĬAppendixŉC,
Tablesŉ C1.1ĲC1.5ĭ.ŉ Tabulatedŉ valuesŉ ofŉ totalŉ andŉ meanŉ annualŉ waterŉ yieldŉ by
subwatershedŉareŉinŉAppendixŉC.

FigÖreŉĈĈĜŉResultsŉfromŉtheŉWaterŉYieldŉmodelŉinŉ2020,ŉwhereŉdarkerŉblueŉrepresentsŉregionsŉof
higherŉannualŉwaterŉyieldŉĬmmĩ900ŉmŉŉpixelĭ.2

ŉ

39
ŉ

ċĜĉŉModelingŉReÌÖlÒÌ
ŉ

3
ŉ

3
ŉ 3

ŉ

3
ŉ

2
ŉ



ċĜĉĜĉŉSedimenÒŉDeliáerèŉRaÒioŉReÌÖlÒÌ
Fromŉ ourŉ sedimentationŉ analysis,ŉ weŉ determinedŉ theŉ differenceŉ betweenŉ current
Ĭ2020ĭŉ andŉprojectedŉ sedimentŉexportŉ atŉ twoŉ scales:ŉ theŉHUCŉ 10ŉ ĬAppendixŉC,ŉ Table
C2.1ĭŉ watershedŉ levelŉ acrossŉ theŉ wholeŉ regionŉ andŉ theŉ levelŉ ofŉ theŉ watersheds
associatedŉwithŉtheŉ20ŉlargestŉdamsŉinŉtheŉTCSIŉĬAppendixŉC,ŉTableŉC2.2ĭ.ŉ

Sedimentŉ exportŉ perŉ watershedŉ inŉ 2020ŉ wasŉ subtractedŉ fromŉ sedimentŉ exportŉ per
watershedŉ inŉ eachŉ projectedŉ scenario.ŉ Consequently,ŉ darkerŉ brownŉ represents
watershedsŉthatŉareŉprojectedŉtoŉexportŉmoreŉsedimentŉintoŉlocalŉstreamsŉinŉtheŉfuture
comparedŉ toŉ currentŉ conditions,ŉ whileŉ lighterŉ brownŉ representsŉ watershedsŉ thatŉ are
projectedŉ toŉexportŉ lessŉsedimentŉ intoŉ localŉ streamsŉcomparedŉ toŉcurrentŉconditions
ĬAppendixŉ C,ŉ Figuresŉ C2.1ŉ Ųŉ C2.2ĭ.ŉ Informationŉ onŉ theŉ watershedsŉ includedŉ inŉ this
analysis,ŉsuchŉasŉwatershedŉname,ŉarea,ŉandŉamountŉofŉexportedŉsedimentŉcanŉbeŉfound
inŉAppendixŉC.

Overall,ŉ theŉ watershedsŉ withŉ theŉ highestŉ sedimentŉ exportŉ inŉ theŉ futureŉ comparedŉ to
currentŉconditionsŉareŉfoundŉinŉtheŉnorthernŉandŉcentralŉregionsŉofŉtheŉTCSIŉĬAppendix
C,ŉFigureŉC2.1ĭ.ŉAdditionally,ŉsedimentŉexportŉisŉexpectedŉtoŉincreaseŉinŉtheŉfutureŉforŉall
watershedsŉ ĬAppendixŉ C,ŉ Tablesŉ C2.3ĲC2.6ĭ.ŉ However,ŉ thereŉ areŉ differencesŉ between
eachŉprojection.ŉ

1.ŉHUCŉ10ŉWatersheds
ForŉtheŉanalysisŉofŉallŉwatershedsŉinŉtheŉstudyŉareaŉatŉtheŉHUCŉ10ŉlevel,ŉmajorŉsediment
exportŉ differencesŉ rangeŉ fromŉ 118,999ŉ tonsŉ perŉ watershedŉ toŉ 3,583,637ŉ tonsŉ per
watershedŉ inŉallŉprojectionsŉ ĬAppendixŉC,ŉTablesŉC2.3ŉŲŉC2.4ĭ.ŉHowever,ŉwhenŉ ranking
watershedsŉbyŉsedimentŉdifferences,ŉtheŉorderŉofŉtheŉrankedŉwatershedsŉisŉconsistent.
TheŉLowerŉSouthŉForkŉAmericanŉRiverŉwatershedŉconsistentlyŉhasŉtheŉlowestŉsediment
export,ŉwhileŉtheŉUpperŉNorthŉForkŉAmericanŉRiverŉwatershedŉconsistentlyŉhasŉtheŉmost.ŉ
Aŉsimilarŉtrendŉarisesŉwhenŉanalyzingŉdifferencesŉbetweenŉtheŉscenarios.ŉScenarioŉ1ŉhas
consistentlyŉhigherŉsedimentŉexportŉwhenŉcomparedŉtoŉscenarioŉ6ŉacrossŉallŉanalyzed
watersheds.ŉ However,ŉ theŉ differencesŉ betweenŉ yearsŉ doŉ notŉ followŉ asŉ consistentŉ a
patternŉasŉtheŉdifferencesŉbetweenŉscenarios.ŉForŉexample,ŉtheŉmeanŉsedimentŉexport
forŉtheŉLowerŉSouthŉForkŉAmericanŉRiverŉisŉlowerŉinŉ2040ŉthanŉinŉ2060ŉĬ121,150.25ŉtons
vs.ŉ 121,778.5ŉ tons,ŉ respectivelyĭ.ŉ Meanwhile,ŉ theŉmeanŉ sedimentŉ exportŉ forŉ theŉ Upper
NorthŉForkŉAmericanŉRiverŉwatershedŉisŉhigherŉinŉ2040ŉthanŉinŉ2060ŉĬ3,476,353ŉtonsŉvs.
3,414,500ŉtons,ŉrespectivelyĭ.ŉ

2.ŉDamŉWatersheds
WhenŉconsideringŉonlyŉtheŉHUCŉ12ŉwatershedsŉassociatedŉwithŉtheŉ20ŉlargestŉdamsŉĬby
reservoirŉcapacityĭŉinŉtheŉTCSI,ŉtheŉrangeŉofŉtheŉdifferencesŉinŉsedimentŉexportŉisŉ14,694ŉŉ
f
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toŉ9,490,783ŉtonsŉperŉwatershed.ŉSimilarŉtoŉtheŉHUCŉ10ŉanalysis,ŉtheŉrankingŉofŉsediment
exportŉdifferencesŉremainedŉconsistentŉamongŉscenariosŉandŉyears.ŉTheŉdamŉwithŉthe
lowestŉdifferenceŉbetweenŉcurrentŉandŉprojectedŉsedimentŉexportŉisŉFrenchŉLakeŉDam,
whileŉ theŉ damŉwithŉ theŉ highestŉ differenceŉ isŉ theŉNewŉ Bullardsŉ Barŉ Damŉ ĬAppendixŉC,
TablesŉC2.5ŉŲŉC2.6ĭ.

ċĜĉĜĊŉRecreaÒionŉAnalèÌiÌ
1.ŉImpactsŉofŉClimateŉandŉFireŉonŉRecreation:ŉLiteratureŉReview
Recreationŉ choicesŉ areŉ impactedŉ byŉ changingŉ conditions,ŉ whichŉ includeŉ changesŉ in
travelŉ costs,ŉ disposableŉ income,ŉ leisureŉ time,ŉ andŉ physicalŉ conditionsŉ suchŉ as
temperature,ŉ drought,ŉ andŉ wildfires.ŉ Ourŉ studyŉ willŉ focusŉ onŉ changesŉ inŉ physical
conditions.ŉWithŉclimateŉchange,ŉpeakŉvisitationŉtoŉNationalŉParksŉisŉprojectedŉtoŉoccur
earlierŉ inŉ theŉ year.ŉ Temperatureŉ wasŉ foundŉ toŉ beŉ stronglyŉ associatedŉ withŉ visitation
ratesŉatŉ83ŮŉofŉNationalŉParks.ŉTherefore,ŉvisitationŉisŉprojectedŉtoŉincreaseŉatŉnational
parksŉwithŉwarming,ŉuntilŉtemperaturesŉreachŉoverŉ25ŉdegreesŉCelsiusŉandŉbecomeŉtoo
hotŉforŉvisitorsŉĬFisichelliŉetŉal.,ŉ2015ĭ.ŉ

Whileŉ temperatureŉ tendsŉ toŉ haveŉ aŉ positiveŉ impactŉ onŉ warmĲweatherŉ recreation
activitiesŉupŉtoŉaŉcertainŉpoint,ŉwildfiresŉhaveŉvaryingŉimpactsŉonŉrecreationŉĬFisichelliŉet
al.,ŉ2015;ŉSánchezŉetŉal.,ŉ2021;ŉBawa,ŉ2016ĭ.ŉAŉliteratureŉreviewŉonŉrecreationŉimpactsŉfrom
wildfiresŉinŉwesternŉNorthŉAmericaŉconductedŉbyŉBawaŉĬ2016ĭŉfoundŉthatŉalthoughŉthe
majorityŉofŉstudiesŉfoundŉwildfiresŉdecreaseŉtheŉvalueŉofŉaŉrecreationŉvisit,ŉsomeŉstudies
foundŉthatŉwildfiresŉcanŉcauseŉaŉspikeŉinŉvisitation.ŉForŉexample,ŉsomeŉvisitors,ŉespecially
inŉCalifornia,ŉmayŉassociateŉ theŉpositiveŉ impactsŉofŉ forestŉ thinningŉwithŉaŉwildfireŉand
mayŉ wantŉ toŉ seeŉ ifŉ thereŉ areŉ anyŉ newŉ speciesŉ impacts,ŉ suchŉ asŉ aŉ wildflowerŉ bloom
ĬBawa,ŉ 2016ĭ.ŉ Theseŉchangesŉ inŉ visitationŉafterŉ aŉwildfireŉmayŉalsoŉbeŉshortĲlived,ŉ and
theŉ enjoymentŉ recreationistsŉ receiveŉ fromŉ aŉ siteŉmayŉ notŉ beŉ impactedŉ byŉ aŉ burned
landscapeŉ ĬWhiteŉ etŉ al.,ŉ 2021ĭ.ŉ Otherŉ studiesŉ considerŉ theŉ popularityŉ ofŉ certain
destinationsŉandŉlimitsŉregardingŉsecuringŉcampgroundŉpermitsŉorŉreservationsŉandŉhow
thisŉmightŉincentivizeŉvisitorsŉtoŉtravelŉtoŉareasŉofŉrecentŉwildfireŉactivityŉĬGellmanŉetŉal.,
2022ĭ.ŉ Overall,ŉ itŉ canŉ beŉ challengingŉ toŉ generalizeŉ theŉ impactsŉ ofŉ aŉ wildfire,ŉ because
eachŉdisturbanceŉ isŉuniqueŉandŉcommunityŉmembersŉmayŉhaveŉdifferentŉreactionsŉto
wildfiresŉinŉtheirŉregionŉĬBawa,ŉ2016ĭ.ŉ

Aŉ majorŉ impactŉ fromŉ activeŉ wildfiresŉ isŉ theŉ smokeŉ theyŉ produce.ŉ Almostŉ 400,000
campgroundŉ visitorŉ daysŉ areŉ impactedŉ byŉ smokeŉ eachŉ yearŉ inŉ theŉ westernŉ United
StatesŉĬGellmanŉetŉal.,ŉ2022ĭ.ŉThisŉimpactŉfromŉsmokeŉcorrespondsŉtoŉaŉwelfareŉlossŉof
aboutŉ Ŏ4.8ŉ millionŉ perŉ yearŉ fromŉ canceledŉ campingŉ tripsŉ andŉ smokeĲrelatedŉ illness
impacts.ŉ Forŉ campgroundsŉ withinŉ 20ŉ kmŉ ofŉ anŉ activeŉ fire,ŉ occupancyŉ ratesŉ dropŉ by
aboutŉ6.4ŉpercentageŉpointsŉĬGellmanŉetŉal.,ŉ2022ĭ.ŉInŉEldoradoŉNationalŉForestŉinŉ2017,ŉŉ
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aboutŉ 40Ůŉ ofŉ peopleŉ whoŉ lodgedŉ overnightŉ onŉ theirŉ tripŉ stayedŉ atŉ aŉ campground
ĬNVUM,ŉ 2022ĭ.ŉWildfiresŉ andŉ smokeŉ impactŉ theŉ recreationŉ choicesŉ thatŉ peopleŉmake.
DuringŉtheŉdualŉCOVIDĲ19ŉandŉwesternŉU.S.ŉwildfireŉpublicŉhealthŉeventsŉofŉ2020,ŉmobile
cellŉphoneŉdataŉindicatedŉthatŉpeopleŉchoseŉtoŉvisitŉnationalŉandŉstateŉparksŉthatŉwere
furtherŉfromŉwildfiresŉandŉsmokeŉimpactsŉandŉthatŉtheyŉspentŉlessŉtimeŉatŉtheseŉparks
whileŉ wildfiresŉ wereŉ active.ŉ However,ŉ sinceŉ smokeŉ andŉ COVIDĲ19ŉ bothŉ leadŉ to
respiratoryŉimpacts,ŉpeopleŉmayŉhaveŉbeenŉmoreŉavoidantŉofŉsmokeŉthanŉusualŉduring
theŉ pandemicŉ ĬYangŉ etŉ al.,ŉ 2021ĭ.ŉ Theŉ complicatedŉ relationshipsŉ betweenŉ fireŉ and
recreationŉmotivatedŉusŉtoŉmeasureŉtheŉobservableŉ impactsŉonŉvisitationŉratesŉduring
anŉ activeŉ fireŉ usingŉ Flickrŉ dataŉ andŉ calculateŉ monetaryŉ lossesŉ fromŉ existingŉ NVUM
visitationŉdata.ŉTheseŉfiguresŉareŉlikelyŉtoŉunderestimateŉtotalŉeconomicŉlosses.ŉNotably,
theyŉdoŉnotŉaccountŉforŉshiftingŉvisitationŉratesŉasŉtouristsŉandŉrecreationistsŉalterŉplans
toŉ avoidŉ smokeŉ andŉ activeŉ fires.ŉ However,ŉ theyŉ provideŉ aŉ lowerŉ boundŉ ofŉ theŉ total
impact,ŉwhichŉisŉexpectedŉtoŉbeŉlargerŉthanŉourŉestimates.ŉ

2.ŉRegressionŉAnalysis
Theŉ finalŉ regressionŉ estimatingŉ theŉ effectŉ ofŉ theŉ Kingŉ Fireŉ onŉ recreationŉ activityŉ had
1,744,320ŉobservationsŉ forŉ 14,536ŉFIDŉpointsŉ inŉ theŉTCSIŉ region.ŉTheŉmodelŉ inŉcolumnŉ1
showsŉ theŉ regressionŉwithoutŉ accountingŉ forŉ fixedŉ effects.ŉ Thisŉ regressionŉ showsŉ the
effectŉ ofŉ variousŉ amenitiesŉ onŉ recreationŉ activity.ŉ Eachŉ coefficientŉ wasŉ statistically
significant.ŉ Inŉ general,ŉ recreationŉ opportunitiesŉ hadŉ aŉ positiveŉ effectŉ onŉ PUDs,ŉ while
greaterŉ distanceŉ toŉ recreationŉ opportunitiesŉ wasŉ associatedŉ withŉ aŉ declineŉ inŉ PUDs.
Theseŉ effectsŉ persistedŉ evenŉ afterŉ accountingŉ forŉ monthŉ andŉ yearŉ fixedŉ effectsŉ in
columnŉ2.ŉColumnŉ3ŉcontrolsŉforŉFIDŉfixedŉeffects,ŉwhichŉremovesŉtheŉinfluenceŉofŉtimeĲ
invariant,ŉ locationĲspecificŉunobservedŉfactors.ŉWeŉcalculatedŉtheŉimpactŉonŉvisitation
whileŉtheŉKingŉFireŉwasŉactiveŉtoŉbeŉĲ0.011ŉĬpŉŝŉ0.01ĭ.ŉWhenŉdividingŉthisŉcoefficientŉby
theŉ PUDŉ meanŉ Ĭ0.035ĭ,ŉ weŉ calculateŉ aŉ dropŉ inŉ visitationŉ ofŉ 31.4Ůŉ withinŉ theŉ 30ŉ km
bufferedŉregionŉofŉtheŉKingŉFireŉĬTableŉ2ĭ.ŉ

Fromŉtheŉ regressionŉusingŉ leadŉandŉ lagŉmonths,ŉ thereŉwasŉnoŉconsistentŉevidenceŉ for
timeĲvaryingŉeffectsŉofŉtheŉKingŉFireŉonŉvisitationŉratesŉafterŉtheŉfireŉwasŉextinguished.
FromŉourŉregressionŉmodelingŉweŉcouldŉconcludeŉthatŉwhileŉtheŉKingŉFireŉwasŉactively
burning,ŉvisitationŉratesŉwithinŉtheŉ30ŉkmŉbufferedŉregionŉaroundŉKingŉFireŉdecreasedŉby
ourŉ calculatedŉ percentage,ŉ 31.4Ů.ŉ However,ŉ theŉ impactŉ ofŉ theŉ Kingŉ Fireŉ onŉ visitation
lastedŉonlyŉwhileŉ theŉ fireŉwasŉactivelyŉburning,ŉwithŉnoŉdiscernibleŉeffectsŉafterŉ itŉwas
extinguished.
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TableŉĉĜŉ Contemporaneousŉ regressionŉ resultsŉ afterŉ controllingŉ forŉ
ŉfixedŉeffectsŉofŉ variables.ŉColumnŉ 1ŉ representsŉ theŉ regressionŉ run
withoutŉ anyŉ fixedŉeffects,ŉ columnŉ2ŉ representsŉ theŉ regressionŉ run
withŉ monthŉ andŉ yearŉ fixedŉ effects,ŉ andŉ columnŉ 3ŉ representsŉ the
regressionŉ runŉ withŉ month,ŉ year,ŉ andŉ individualŉ FIDŉ pointŉ fixed
effects.ŉ
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Theŉtenŉmostŉprevalentŉforestŉconversionsŉwereŉanalyzedŉbasedŉonŉtheŉnumberŉofŉcells
orŉ pixels,ŉ convertedŉ toŉ acres,ŉ thatŉ changedŉ fromŉ oneŉ forestŉ speciesŉ toŉ another.ŉ As
previouslyŉ stated,ŉ thereŉ wereŉ overŉ 100ŉ forestŉ typeŉ conversionsŉ forŉ eachŉ yearŉ and
scenario.ŉTherefore,ŉonlyŉtheŉtopŉ10ŉmostŉsignificantŉchangesŉwereŉaddressedŉforŉeach
yearŉ andŉ scenario.ŉMapsŉandŉ tablesŉofŉ resultsŉ fromŉ2040ŉscenarioŉ 1ŉ andŉ6ŉ asŉwellŉ as
2060ŉscenarioŉ1ŉcanŉbeŉfoundŉinŉAppendixŉD.ŉ

Overall,ŉforestŉtypeŉconversionsŉwereŉsimilarŉwithinŉtheŉyearsŉĬhighŉandŉlowŉrestorationĭ
butŉ slightlyŉ differentŉ betweenŉ theŉ scenariosŉ Ĭ1ŉ andŉ 6ĭ.ŉ Forestŉ conversionsŉ involving
Douglasŉfirŉwereŉtheŉmostŉabundantŉinŉbothŉscenarioŉ1ŉandŉ6ŉĬFigureŉ13ĭ.ŉInŉscenarioŉ1,ŉthe
leastŉabundantŉforestŉconversionŉwasŉRedŉfirŉtoŉSierraŉmixedŉconiferŉwhileŉinŉscenarioŉ6,
theŉ leastŉ abundantŉ forestŉ conversionŉ wasŉ Whiteŉ firŉ toŉ Jeffreyŉ pine.ŉ Inŉ theŉ various
scenarios,ŉ thereŉ isŉ anŉoverallŉ netŉ lossŉofŉmixedŉ forestŉ habitatŉ andŉaŉnetŉ gainŉ inŉ single
speciesŉstands.ŉMixedŉforestŉstandsŉ inŉgeneralŉhadŉnegativeŉpercentŉchangeŉvaluesŉor
netŉ lossŉ ofŉ habitatŉ whileŉ singleŉ speciesŉ suchŉ asŉ Douglasŉ firŉ andŉ Ponderosaŉ pineŉ had
positiveŉ percentŉ changesŉ orŉ anŉ increaseŉ inŉ habitat.ŉ Mixedŉ hardwoodŉ conifer
experiencedŉmoreŉ lossŉ inŉscenarioŉ 1ŉ thanŉ6,ŉwhileŉSierraŉmixedŉconiferŉandŉSierraŉhigh
elevationŉmixedŉconiferŉexperiencedŉmoreŉlossŉinŉscenarioŉ6ŉthanŉinŉscenarioŉ1ŉĬTableŉ4ĭ.ŉ

ċĜĉĜċŉGeneralŉForeÌÒŉHealÒhŉĬBiodiáerÌiÒèĭ

FigÖreŉĈĊĜŉTopŉtenŉmostŉsignificantŉforestŉconversionsŉbyŉacreageŉforŉ2060ŉscenarioŉ1ŉandŉ6
listedŉfromŉtheŉgreatestŉchangeŉĬtopĭŉtoŉleastŉgreatestŉchangeŉĬbottomĭ.ŉLegendŉsymbology
isŉbasedŉonŉ theŉdifferentŉ typesŉofŉ forestŉ conversions.ŉ Symbologyŉ isŉ consistentŉ throughout
theŉyearsŉandŉscenarios.
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Onŉ theŉ landscapeŉ asŉ aŉ wholeŉ inŉ 2060,ŉ Douglasŉ firŉ isŉ projectedŉ toŉ haveŉ theŉ greatest
overallŉ presenceŉ inŉ theŉ landscape,ŉ gainingŉ 384,545.79ŉ acresŉ inŉ scenarioŉ 1ŉ Ĭhighĭŉ and
271,586.32ŉ acresŉ inŉ scenarioŉ 6ŉ Ĭhighĭ.ŉ Inŉ total,ŉ Douglasŉ firŉ willŉ occupyŉ approximately
829,882.66ŉ acresŉ Ĭscenarioŉ 1ŉ highĭŉ andŉ691,143.22ŉ acresŉ Ĭscenarioŉ6ŉ highĭŉ ofŉ theŉ TCSI
landscapeŉinŉ2060ŉĬTableŉ4ĭ.ŉ

Onŉtheŉotherŉhand,ŉ203,477.57ŉacresŉofŉwhiteŉfirŉhabitatŉwillŉbeŉlostŉ inŉscenarioŉ1ŉ2060
Ĭhighĭ,ŉwhichŉisŉtheŉlargestŉnetŉchangeŉfromŉ2020ŉtoŉ2060ŉoutŉofŉtheŉ14ŉhabitatŉtypes.ŉIn
scenarioŉ6ŉĬhighĭ,ŉ207,584.75ŉacresŉofŉwhiteŉfirŉwillŉbeŉlost,ŉmakingŉitŉtheŉsecondŉgreatest
netŉchangeŉfromŉ2020ŉtoŉ2060ŉoutŉofŉtheŉ14ŉhabitatŉtypes.ŉHowever,ŉwhiteŉfirŉwillŉstillŉbe
atŉ leastŉ theŉ fifthŉmostŉabundantŉspeciesŉ inŉ theŉ landscape,ŉ totalingŉ 137,474.46ŉacresŉ in
scenarioŉ1ŉĬhighĭŉandŉ87,900.07ŉacresŉinŉscenarioŉ6ŉĬhighĭŉinŉ2060ŉĬTableŉ4ĭ.ŉ

Anotherŉnotableŉforestŉtypeŉconversionŉisŉtheŉdrasticŉincreaseŉofŉlodgepoleŉpineŉhabitat,
gainingŉ 12,401.60ŉacresŉ inŉscenarioŉ 1ŉ Ĭhighĭŉandŉ22,409.35ŉacresŉ inŉscenarioŉ6ŉĬhighĭŉ in
2060.ŉThisŉbringsŉlodgepoleŉpineŉhabitatŉtoŉaŉtotalŉofŉ12,761.88ŉacresŉinŉscenarioŉ1ŉĬhighĭ
andŉ 22,769.63ŉ acresŉ inŉ scenarioŉ 6ŉ Ĭhighĭŉ resultingŉ inŉ aŉ 3,442.22Ůŉ andŉ 6,220.00Ů
increaseŉinŉlodgepoleŉpineŉhabitatŉinŉ2060,ŉrespectively.

Tableŉ ċĜŉNetŉ change,ŉ totalŉ area,ŉ andŉ percentŉ changeŉ ofŉ eachŉ forestŉ typeŉ for
scenarioŉ1ŉĬtopĭŉandŉ6ŉĬbottomĭŉinŉ2060.ŉNegativeŉnetŉchangeŉvaluesŉequateŉto
lossŉwhileŉpositiveŉvaluesŉareŉgain.ŉ
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ŉ

ċĜĉĜČŉInÒeráieâŉandŉModelingŉReÌÖlÒÌŉOáerlaè
ByŉoverlayingŉmodeledŉwaterŉyieldŉwithŉstakeholderĲidentifiedŉwaterŉsupplyŉbenefitsŉin
theŉ TCSI,ŉ weŉ generallyŉ seeŉ congruence,ŉ withŉ someŉ discrepancies.ŉ Stakeholdersŉ mostŉ
ŉhighlyŉ recognizeŉwaterŉsupplyŉ inŉ theŉnorthwestŉportionŉofŉ theŉ region,ŉ followedŉbyŉ the
restŉofŉtheŉnorthŉandŉtheŉcenterŉportionŉofŉtheŉTCSI.ŉTheŉnorthŉandŉcenterŉofŉtheŉTCSI
tendŉ toŉ haveŉ theŉ highestŉ perĲpixelŉ waterŉ yield,ŉ butŉ interestinglyŉ theŉ northwestŉ is
relativelyŉ lowŉ inŉ termsŉ ofŉ perĲpixelŉ waterŉ yieldŉ fromŉ theŉ land.ŉ Whileŉ stakeholders
recognizeŉ theŉ importanceŉ ofŉ theŉ northŉ andŉ centralŉ regionsŉ forŉ waterŉ yield,ŉ theyŉ also
seemŉ toŉoverestimateŉ theŉcontributionŉofŉ theŉnorthwestŉ region.ŉHowever,ŉ thisŉ areaŉof
highestŉstakeholderŉ interestŉ inŉ theŉnorthwestŉalignsŉwithŉNewŉBullardsŉBarŉReservoir,ŉa
majorŉsourceŉofŉwaterŉandŉhydropowerŉinŉtheŉregion.ŉInŉgeneral,ŉtheŉ20ŉmajorŉdamsŉalign
withŉnoŉdataŉpointsŉinŉtheŉwaterŉyieldŉlayer,ŉwhichŉinŉthisŉcaseŉrepresentŉwaterŉbodies,
likelyŉ theŉ reservoirsŉ associatedŉ withŉ eachŉ dam.ŉ Many,ŉ butŉ notŉ all,ŉ ofŉ theseŉ damsŉ are
encapsulatedŉ inŉ theŉ areasŉ ofŉ highŉ stakeholderŉ interestŉ inŉ theŉ northŉ andŉcenterŉ ofŉ the
TCSIŉĬFigureŉ14ĭ.
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FigÖreŉ ĈċĜŉOverlaidŉ resultsŉ fromŉwaterŉ yieldŉmodelŉ Ĭblueĭŉ andŉ stakeholderĲ
identifiedŉ waterŉ supplyŉ throughŉ interviewsŉ Ĭpeachĭ,ŉ withŉ locationsŉ ofŉ 20
largestŉdamsŉĬredŉdotsĭŉinŉtheŉregionŉadded.
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ĕěĐ DISCUSSION

Thereŉ isŉ generalŉ agreementŉ betweenŉ theŉ locationsŉ ofŉ importantŉ forestŉ benefits
identifiedŉinŉourŉstakeholderŉanalysisŉandŉinŉourŉmodelingŉefforts.ŉAdditionally,ŉtheŉwater
servicesŉ modeledŉ Ĭwaterŉ yieldŉ andŉ sedimentationĭŉ broadlyŉ overlapŉ inŉ termsŉ ofŉ focal
locationsŉofŉ importanceŉ forŉ restoration.ŉ Inŉparticular,ŉ theŉnorthŉandŉcenterŉofŉ theŉTCSI
areŉpotentiallyŉ impactfulŉ locationsŉ forŉaŉ futureŉFRBŉthatŉcentersŉwaterŉbenefits.ŉThese
areasŉareŉalsoŉwidelyŉrecognizedŉbyŉstakeholdersŉforŉtheirŉcontributionsŉtoŉwaterŉsupply.
Theŉforestŉbenefitsŉvaluedŉbyŉstakeholdersŉandŉtheŉecosystemŉservicesŉmodeledŉhere
willŉ allŉ beŉ impactedŉ byŉ climateŉ changeŉ asŉ wildfireŉ andŉ changesŉ inŉ precipitationŉ and
temperatureŉ increaseŉ inŉ frequencyŉ andŉ severity.ŉ Notably,ŉ activeŉ wildfiresŉ decrease
visitationŉ toŉ theŉ region,ŉ whichŉ hasŉ potentiallyŉ majorŉ implicationsŉ forŉ theŉ TCSIŉ region,
whichŉ isŉ aŉ popularŉ destinationŉ forŉ tourismŉ andŉ recreation.ŉ Inŉ application,ŉ particular
opportunitiesŉtoŉadvanceŉrestorationŉcanŉbeŉachievedŉbyŉselectingŉecosystemŉservice
priorities,ŉsuchŉasŉspecificŉforestŉspeciesŉorŉsedimentationŉthresholds,ŉthatŉstakeholders
valueŉandŉareŉwillingŉtoŉengageŉwithŉasŉcollaboratorsŉforŉfutureŉFRBs.ŉŉ

ČĜĈŉSÒakeholderŉAnalèÌiÌŉDiÌcÖÌÌion
ČĜĈĜĈŉSÖráeèŉDiÌcÖÌÌion
Someŉchallengesŉweŉ facedŉ inŉ ourŉ surveyŉdesignŉ andŉ analysisŉ includeŉdeterminingŉ the
interestsŉ andŉ demandŉ forŉ ecosystemŉ servicesŉ acrossŉ aŉ landscape,ŉ particularlyŉ when
consideringŉ theŉ interactionsŉ andŉ coĲbenefitsŉ fromŉ ecosystemŉ services.ŉ Weŉ alsoŉ had
unequalŉrepresentationŉinŉtheŉtypeŉofŉorganizationŉinterviewed.ŉForŉexample,ŉaccessŉto
culturallyŉ orŉ spirituallyŉ importantŉ places,ŉ asŉwellŉ asŉ strongŉ localŉ economies,ŉwereŉ two
themesŉthatŉwereŉfrequentŉinŉaŉfewŉresponses,ŉbutŉnotŉinŉaŉwayŉthatŉledŉtheseŉthemes
toŉhaveŉtheŉhighestŉnumberŉofŉresponses.ŉOnŉtheŉotherŉhand,ŉgeneralŉforestŉhealthŉand
resilienceŉ wasŉ veryŉ highlyŉ ranked,ŉ possiblyŉ dueŉ toŉ ourŉ strongŉ responseŉ rateŉ from
environmentalŉnonprofitŉorganizations,ŉwhichŉrepresentedŉ34Ůŉofŉourŉrespondents.ŉŉ
WeŉbelieveŉthatŉtheŉignitionŉofŉtheŉCaldorŉFireŉhadŉaŉsignificantŉimpactŉonŉtheŉresponse
rateŉ fromŉ theŉ forestŉ collaborativeŉ SOFAR.ŉ Furthermore,ŉ conductingŉ theŉ surveyŉ during
wildfireŉseasonŉmadeŉtheŉthreatŉofŉwildfireŉveryŉsalientŉandŉmayŉhaveŉcontributedŉtoŉits
disproportionatelyŉ highŉ rankingŉ asŉ theŉ greatestŉ threatŉ toŉ forestŉ benefits.ŉ Givenŉ time
constraintsŉ ofŉ theŉproject,ŉ andŉ concernŉ aboutŉ theŉ approachingŉ fireŉ seasonŉ impacting
surveyŉresponseŉrates,ŉweŉdidŉnotŉ identifyŉaŉparticipatoryŉmappingŉtoolŉ thatŉcouldŉbe
combinedŉwithŉourŉSurveyMonkeyŉsurvey.ŉAfterŉweŉdistributedŉtheŉsurvey,ŉweŉidentified
theŉ Maptionnaireŉ Communityŉ Engagementŉ Platformŉ forŉ useŉ inŉ ourŉ semiĲstructured
interviews.ŉWhileŉitŉcouldŉhaveŉbeenŉinformativeŉtoŉcollectŉspatialŉdataŉfromŉourŉsurvey
participants,ŉweŉfeltŉthatŉusingŉtheŉtoolŉonlyŉforŉsemiĲstructuredŉinterviewsŉprovidedŉa
wayŉ forŉ teamŉmembersŉ toŉ coachŉ participantsŉ onŉ howŉ toŉ useŉ theŉmappingŉ software.ŉŉŉŉŉŉŉŉ
ŉfŉ
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ČĜĈĜĉŉParÒicipaÒorèŉMappingŉandŉSemiĲSÒrÖcÒÖredŉInÒeráieâŉDiÌcÖÌÌion
Theŉ combinationŉ ofŉ semiĲstructuredŉ interviewsŉ withŉ theŉ participatoryŉ mapping
questionnaireŉ provedŉ toŉ beŉ anŉ effectiveŉ techniqueŉ toŉ identifyŉ regionsŉ ofŉ interestŉ to
respondentsŉ andŉ theirŉ particularŉ interestŉ inŉ eachŉ mappedŉ polygon.ŉ Facilitating
interviewsŉprovedŉtoŉbeŉaŉchallengingŉtask,ŉbutŉwasŉrefinedŉafterŉtheŉfirstŉfewŉinterviews.
Participantsŉ respondedŉ wellŉ toŉ theŉ useŉ ofŉ theŉ mappingŉ tool.ŉ Weŉ didŉ notŉ secureŉ a
subscriptionŉ toŉ Maptionnaireŉ untilŉ lateŉ Augustŉ 2021ŉ andŉ hadŉ alreadyŉ distributedŉ our
surveyŉthroughŉtheŉpointsŉofŉcontactŉinŉtheŉforestŉcollaborativesŉinŉtheŉregion.ŉHadŉwe
identifiedŉ Maptionnaireŉ asŉ aŉ surveyŉ toolŉ earlier,ŉ weŉ wouldŉ haveŉ beenŉ interestedŉ in
distributingŉ ourŉ surveyŉ throughŉ Maptionnaireŉ insteadŉ ofŉ throughŉ SurveyMonkeyŉ to
captureŉlargerŉvolumesŉofŉspatialŉdata.ŉInŉadditionŉtoŉtheŉspatialŉdataŉweŉanalyzedŉfrom
Maptionairreŉ inŉ theŉ resultsŉ section,ŉweŉdiscussŉ someŉbroaderŉ themesŉ fromŉ theŉ semiĲ
structuredŉinterviewsŉweŉconductedŉinŉtangentŉwithŉtheŉmappingŉexercise.ŉ

Mostŉintervieweesŉconnectedŉtheirŉdefinitionsŉofŉforestŉhealthŉandŉresilienceŉtoŉforests
characterizedŉ byŉ lowŉ densityŉ andŉ aŉ mosaicŉ ofŉ treeŉ species,ŉ toŉ theŉ provisionŉ of
ecosystemŉ servicesŉ neededŉ byŉ theŉ community,ŉ andŉ toŉ theŉ abilityŉ ofŉ theŉ forestŉ to
bounceŉbackŉ fromŉdisturbancesŉsuchŉasŉwildfire.ŉOneŉ intervieweeŉsummarizedŉ thisŉas
buildingŉaŉcultureŉofŉlivingŉwithŉfire.ŉTheŉprovisionŉofŉwaterŉqualityŉandŉwaterŉsupplyŉwas
mentionedŉfrequently;ŉwhereas,ŉtheŉprovisionŉofŉsafeŉandŉrevenueĲgeneratingŉrecreation
opportunitiesŉwasŉmentionedŉlessŉfrequently.ŉOneŉintervieweeŉconnectedŉgeneralŉforest
healthŉandŉresilienceŉtoŉtheŉ resilienceŉofŉcommunitiesŉandŉtheŉ importanceŉofŉcreating
accessŉforŉtribalŉcommunities.

Whileŉ specificŉ benefitsŉ mentionedŉ byŉ theŉ intervieweesŉ areŉ capturedŉ byŉ theirŉ survey
responsesŉandŉmappedŉbenefits,ŉintervieweesŉfrequentlyŉmentionedŉthatŉoverallŉforest
healthŉ andŉ resilienceŉ isŉ theŉmostŉ importantŉ benefitŉ becauseŉ overallŉ forestŉ healthŉwill
impactŉ theŉ qualityŉ andŉ provisionŉ ofŉ allŉ otherŉ ecosystemŉ services.ŉ Theŉ connectionŉ of
healthyŉ forestsŉ toŉ tourismŉ andŉ recreationŉ wasŉ alsoŉ frequentlyŉ referenced.ŉ One
intervieweeŉ astutelyŉ acknowledgedŉ thatŉ forestŉ restorationŉ isŉmuchŉ cheaperŉ thanŉ the
economicŉimpactsŉofŉaŉwildfire.ŉSomeŉorganizationsŉareŉintriguedŉbyŉusingŉanŉeconomic
componentŉ toŉ assessŉ benefitsŉ butŉ areŉ hesitantŉ toŉ tieŉ economicŉ impactŉ toŉ specific
projects.ŉ Forŉ now,ŉ theŉ economicŉ componentŉ tendsŉ toŉ beŉ connectedŉ toŉ tourismŉ and
recreationŉimpacts.ŉBiomassŉforŉelectricityŉwasŉalsoŉmentionedŉinfrequently.

Organizationsŉ interviewedŉ didŉ notŉ typicallyŉ haveŉ metricsŉ toŉ trackŉ theirŉ ownŉ forest
benefits,ŉbutŉseveralŉworkŉwithŉcollaboratorsŉtoŉtrackŉbenefitsŉonŉaŉlargerŉscale.ŉTheŉU.S.
Forestŉ Serviceŉ isŉ frequentlyŉ theŉ partnerŉ forŉ trackingŉ benefits.ŉ Twoŉ organizations
mentionedŉ theŉ importanceŉ ofŉ integrativeŉ projectsŉ andŉ stackedŉ benefitsŉ onŉ the
landscapeŉ forŉ attractingŉ collaborationŉ fromŉ partners,ŉ andŉ anotherŉ organizationŉ noted
thatŉcollaborationŉforŉprojectsŉmayŉbeŉaŉmetricŉinŉitsŉownŉright.ŉOtherŉpotentialŉmetrics
mentionedŉincludeŉfireŉinsuranceŉandŉcarbonŉstorage.

ČĜĈŉSÒakeholderŉAnalèÌiÌŉDiÌcÖÌÌion
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Fromŉ ourŉ surveyŉ andŉ mapping,ŉ sedimentationŉ wasŉ frequentlyŉ listedŉ asŉ anŉ adverse
impact.ŉFromŉtheŉinterviews,ŉweŉlearnedŉthatŉsedimentationŉcanŉbeŉespeciallyŉimpactful
becauseŉ itŉ canŉ causeŉ detrimentalŉ communityŉ healthŉ impacts.ŉ Itŉ wasŉ frequently
mentionedŉthatŉwaterwaysŉareŉimportantŉforŉcommunitiesŉandŉshouldŉbeŉprotectedŉto
increaseŉ communityŉ enjoymentŉ ofŉ rivers.ŉ Oneŉ intervieweeŉ mentionedŉ that
sedimentationŉ isŉ theŉ largestŉ sourceŉ ofŉ pollutionŉ forŉ Californiaŉ riversŉ andŉ creates
challengesŉforŉaquaticŉspecies,ŉdrinkingŉwater,ŉandŉwaterŉtreatment.ŉAirŉqualityŉwasŉalso
mentionedŉ asŉ anotherŉ adverseŉ publicŉ healthŉ impact.ŉ Summerŉ canŉ beŉ aŉ particularly
challengingŉtimeŉasŉthereŉareŉmoreŉvisitorsŉandŉhigherŉriskŉofŉadverseŉimpacts.ŉTheŉfirst
flushŉ afterŉ aŉ bigŉ fireŉ inŉ theŉ lateŉ fallŉ orŉ earlyŉ winterŉ canŉ alsoŉ beŉ dangerous.ŉ Withŉ the
lengtheningŉ wildfireŉ season,ŉ theseŉ impactsŉ canŉ occurŉ atŉ anyŉ time,ŉ whichŉ canŉ be
challengingŉ forŉ tourism,ŉ andŉ lossesŉ extendŉ beyondŉ physicalŉ damagesŉ toŉ culturalŉ and
psychologicalŉimpacts.ŉ

Asŉshownŉinŉtheŉsurveyŉandŉmapping,ŉwildfireŉisŉaŉmajorŉthreatŉtoŉthisŉregion.ŉHowever,
someŉnuancesŉwereŉcapturedŉfromŉourŉconversations.ŉWildfireŉriskŉisŉcloselyŉrelatedŉto
droughtŉandŉclimateŉchange.ŉChangesŉinŉtemperatureŉincreaseŉbarkŉbeetlesļŉoverwinter
survivalŉ rates,ŉ whichŉ canŉ interactŉ withŉ increasedŉ droughtŉ stressŉ toŉmakeŉ treesŉmore
susceptibleŉtoŉfire.ŉAdditionally,ŉwildfiresŉcanŉleadŉtoŉotherŉthreatsŉsuchŉasŉerosionŉand
decreasedŉsafetyŉofŉ recreationŉopportunities.ŉReactiveŉmanagementŉandŉ riskŉaversion
toŉ prescribedŉ burnsŉ canŉ worsenŉ theŉ threatŉ ofŉ severeŉ wildfiresŉ inŉ thisŉ region,
exacerbatingŉ theŉ issue.ŉ Mostŉ organizationsŉ mentionedŉ thatŉ communitiesŉ and
collaborationŉareŉkeyŉtoŉidentifyingŉmanagementŉprioritiesŉwithinŉtheŉregion.

ČĜĉŉModelingŉDiÌcÖÌÌionŉ
ČĜĉĜĈŉInVESTŉDiÌcÖÌÌion
InVESTŉcanŉprovideŉhelpfulŉestimatesŉofŉtheŉquantitiesŉandŉspatialŉdistributionsŉofŉmany
ecosystemŉ services,ŉ althoughŉ thereŉ areŉ someŉ downsidesŉ toŉ solelyŉ relyingŉ onŉ the
software.ŉŉŉŉŉŉ
ŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉ
Forŉexample,ŉPodolakŉetŉal.ŉĬ2017ĭŉfoundŉthatŉtheŉmodelŉsuiteŉwasŉnotŉextensiveŉenough
toŉ captureŉ allŉ ecosystemŉ servicesŉ thatŉ stakeholdersŉ mentionedŉ andŉ prioritized.
Therefore,ŉ theyŉwereŉ limitedŉwhenŉ usingŉ theŉmodelsŉ toŉ findŉ synergiesŉ andŉ tradeĲoffs
amongŉ objectives.ŉ Sinceŉ stakeholdersŉ inŉ theŉ TCSIŉ areŉ incrediblyŉ diverse,ŉ theŉ same
limitationsŉapplyŉtoŉthisŉanalysis.ŉAnotherŉ limitationŉ isŉ InVESTłsŉheavyŉrelianceŉonŉdata.
Althoughŉ theŉsoftwareŉcanŉworkŉwithŉ limitedŉdata,ŉ theŉoutputsŉofŉ theŉmodelsŉareŉ less
reliableŉifŉtheŉinputsŉareŉnotŉrepresentativeŉofŉtheŉfullŉscopeŉofŉaŉgivenŉregionŉofŉinterest.ŉ
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ČĜĉĜĉŉAnnÖalŉWaÒerŉYieldŉModel
TheŉtrendŉinŉspatialŉdistributionŉofŉwaterŉyieldŉthroughoutŉtheŉTCSIŉisŉsimilarŉacrossŉtime
andŉrestorationŉscenarios.ŉMountainousŉportionsŉofŉtheŉstudyŉareaŉtypicallyŉcontribute
moreŉwaterŉannuallyŉthanŉthoseŉatŉlowerŉelevation.ŉThisŉresultŉisŉunsurprising,ŉasŉsteeper
slopesŉ andŉ resilientŉ vegetationŉ areŉ knownŉ toŉ contributeŉ toŉ aŉ robustŉ andŉ stableŉwater
balanceŉĬWagenbrennerŉetŉal.,ŉ2021ĭ.

Theŉ lackŉ ofŉ clearŉ differencesŉ betweenŉ futureŉ yearsŉ andŉ scenariosŉ isŉ notŉ anŉ expected
resultŉ ofŉ theŉ waterŉ yieldŉ model,ŉ asŉ scenariosŉ 1ŉ andŉ 6ŉ representŉ extremesŉ alongŉ the
spectrumŉofŉ forestŉrestorationŉperŉyear,ŉandŉourŉselectionŉofŉtheŉhighŉandŉ lowŉchange
replicatesŉ forŉ eachŉ scenarioŉ andŉ yearŉ shouldŉ ensureŉ significantŉ differences.ŉ However,
thisŉ resultŉ isŉ likelyŉdrivenŉbyŉ twoŉ factors.ŉ First,ŉ theŉannualŉwaterŉyieldŉmodelŉ isŉ largely
controlledŉ byŉ precipitationŉ data,ŉ asŉ evidencedŉ byŉ theŉ continuedŉ similarityŉ between
modelŉrunsŉusingŉaŉsingleŉvegetationŉtypeŉforŉtheŉlandŉcoverŉlayer.ŉDueŉtoŉtheŉlongŉtime
scalesŉandŉinherentŉuncertaintyŉofŉclimateŉmodeling,ŉallŉfutureŉscenariosŉwereŉrunŉwith
theŉ sameŉ precipitationŉ dataŉ representingŉ anŉ averageŉ ofŉ precipitationŉ overŉ theŉ time
periodŉ betweenŉ 2035ŉ andŉ 2064.ŉMoreŉ specificŉ climateŉ projectionsŉ wouldŉ likelyŉ have
producedŉdifferentŉresults.ŉ

Second,ŉ muchŉ ofŉ theŉ changeŉ betweenŉ yearsŉ andŉ scenariosŉ includesŉ changeŉ from
forestedŉ toŉ nonĲforestedŉ landŉ cover,ŉ i.e.ŉ earlyŉ successionalŉ vegetationŉ typesŉ like
meadowsŉ orŉ shrub.ŉ Thisŉ isŉ consistentŉwithŉ ourŉ understandingŉ ofŉ theŉ impactŉ ofŉ forest
restoration,ŉparticularlyŉrestorationŉdrivenŉbyŉthinningŉandŉprescribedŉburning.ŉHowever,
changesŉ toŉ meadowŉ andŉ shrubŉ thatŉ wereŉ identifiedŉ inŉ theŉ LANDISĲIIŉ modelingŉ that
producedŉ ourŉ landŉ coverŉ layersŉ becameŉ noŉ dataŉ pointsŉ alongsideŉ barren,ŉ urban,ŉ and
lacustrineŉpatches.ŉWeŉexpectŉthatŉaŉdifferentŉanalysisŉincludingŉtimeŉtoŉconvertŉthese
patchesŉ toŉ individualŉ urban,ŉ barren,ŉ lacustrine,ŉ orŉ nonĲforestŉ patchesŉ wouldŉ have
impactedŉtheŉpatternŉandŉoverallŉwaterŉyieldŉinŉourŉscenarios.ŉPixelĲscaleŉĬ900ŉsquare
meterĭŉ differencesŉ withinŉ thisŉ largerŉ patternŉ doŉ existŉ andŉ representŉ locationsŉ where
vegetationŉtypeŉswitchedŉbetweenŉoneŉofŉtheŉfiveŉclassesŉusedŉ inŉourŉ InVESTŉanalysis
Ĭconifer,ŉhardwood,ŉmixed,ŉshrub,ŉorŉnonĲforestĭ;ŉhowever,ŉtheseŉdifferencesŉareŉrareŉas
theŉ majorityŉ ofŉ changesŉ areŉ betweenŉ speciesŉ withinŉ aŉ singleŉ classŉ Ĭseeŉ Biodiversity
resultsŉandŉdiscussionĭ.

Atŉ theŉ subwatershedŉ level,ŉ waterŉ yieldŉ isŉ higherŉ inŉ theŉ futureŉ thanŉ underŉ current
conditions.ŉThisŉisŉlikelyŉdrivenŉbyŉtheŉupdatedŉprecipitationŉdata,ŉwhichŉagainŉcontrols
muchŉofŉtheŉwaterŉyieldŉmodel.ŉBasedŉonŉexpectedŉincreasesŉinŉwaterŉyieldŉdueŉtoŉthe
thinningŉ ofŉ forestsŉ duringŉ restorationŉ ĬWagenbrennerŉ etŉ al.,ŉ 2021ĭ,ŉ weŉ wouldŉ expect
waterŉ yieldŉ toŉ beŉ higherŉ acrossŉ subwatershedsŉ inŉ scenarioŉ 6,ŉ butŉ ourŉ resultsŉ show
higherŉwaterŉyieldŉinŉscenarioŉ1.ŉThisŉisŉpossiblyŉdueŉtoŉtheŉincreasedŉnumberŉofŉnoŉdataŉŉ
f
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cellsŉ inŉ scenarioŉ 6ŉ comparedŉ toŉ scenarioŉ 1,ŉ asŉ thisŉ decreasesŉ theŉ numberŉ ofŉ cells
contributingŉwaterŉyieldŉtoŉeachŉsubwatershed.ŉFutureŉmodelingŉshouldŉmodifyŉtheŉland
coverŉdataŉtoŉincludeŉvegetationŉwhereŉtheŉforestŉhasŉtransitionedŉtoŉmeadowŉorŉshrub,
inŉ orderŉ toŉ moreŉ robustlyŉ assessŉ theŉ impactŉ ofŉ restorationŉ andŉ earlyŉ successional
vegetationŉtypesŉonŉwaterŉyield.

ČĜĉĜĊŉSedimenÒŉDeliáerèŉRaÒioŉModel
Overall,ŉ sedimentationŉexportŉ increasedŉ inŉallŉyearŉandŉscenarioŉprojections.ŉThisŉ isŉ to
beŉexpectedŉbecauseŉallŉofŉtheŉprojectionsŉareŉmodeledŉunderŉaŉhotŉandŉdryŉversionŉof
MIROC5ŉunderŉRCPŉ8.5ŉclimateŉscenarios.ŉSinceŉthisŉscenarioŉrepresentsŉaŉworstĲcase
Ĭbusinessŉ asŉ usualĭŉ scenarioŉ ĬRiahiŉ etŉ al.,ŉ 2011ĭ,ŉ temperaturesŉ areŉ extreme,ŉ leadingŉ to
larger,ŉmoreŉsevereŉwildfiresŉĬWilliamsŉetŉal.,ŉ2019ĭ,ŉevenŉwithŉrestoration.ŉ

Theŉ highestŉ increaseŉ inŉ sedimentŉ exportŉ isŉmostŉ evidentŉ inŉ theŉ northernŉ andŉ central
regionsŉofŉtheŉTCSI.ŉThisŉisŉprimarilyŉdueŉtoŉtheŉterrainŉofŉtheseŉareas.ŉAsŉstatedŉinŉthe
Annualŉ Waterŉ Yieldŉ section,ŉ theseŉ regionsŉ containŉ relativelyŉ highŉ amountsŉ of
precipitationŉandŉsteepŉslopesŉwhenŉcomparedŉwithŉtheŉrestŉofŉTCSI.ŉTheŉhighŉamount
ofŉprecipitationŉaffectsŉerosionŉthroughŉprocessesŉsuchŉasŉ instantaneousŉ impactŉonto
surfaces,ŉ whichŉ helpŉ weatherŉ material,ŉ whileŉ theŉ higherŉ slopesŉ enhanceŉ erosionŉ of
sedimentsŉ intoŉ streamsŉ ĬShiŉ etŉ al.,ŉ 2012ĭ.ŉ Thisŉ erosiveŉ forceŉ isŉ counterbalancedŉ by
forestsŉ withinŉ theŉ area,ŉ whoseŉ deepŉ rootsŉ andŉ canopyŉ preventŉ sedimentŉ erosion
ĬBuckleyŉetŉal.,ŉ 2014ĭ.ŉHowever,ŉ asŉ landŉcoverŉchangesŉ ĬAppendixŉD,ŉ FigureŉD1ĭ,ŉ soŉ too
doesŉsedimentŉexportŉandŉerosion.

Whenŉ lookingŉatŉtheŉdifferencesŉbetweenŉwatersheds,ŉtheŉLowerŉSouthŉForkŉAmerican
Riverŉ watershedŉ consistentlyŉ hadŉ theŉ lowestŉ amountŉ ofŉ sedimentŉ export,ŉ whileŉ the
UpperŉNorthŉ ForkŉAmericanŉRiverŉwatershedŉconsistentlyŉ hadŉ theŉmost.ŉHowever,ŉ the
Lowerŉ Southŉ Forkŉ Americanŉwatershedŉ isŉ oneŉ ofŉ theŉ smallestŉ areaŉwatershedsŉwithin
TCSI,ŉ atŉ onlyŉ 37ŉ squareŉ km.ŉ Meanwhile,ŉ theŉ Northŉ Forkŉ Americanŉ Riverŉ watershedŉ is
substantiallyŉbigger,ŉwithŉ287ŉsquareŉkmŉwithinŉtheŉboundariesŉĬAppendixŉC,ŉTableŉC2.1ĭ.
Whenŉ normalizingŉ forŉ area,ŉ theŉ Lowerŉ Southŉ Forkŉ Americanŉ Riverŉ watershedŉ has
approximatelyŉ 3288.41ŉ tonsĩsquareŉ kmŉ ofŉ sedimentŉ export,ŉ whileŉ theŉ Northŉ Fork
Americanŉ Riverŉ watershedŉ hasŉ approximatelyŉ 5243.56ŉ tonsĩsquareŉ km.ŉ Once
normalizedŉbyŉarea,ŉ theŉwatershedŉwithŉ theŉ leastŉdifferenceŉ inŉsedimentŉexportŉ isŉ the
Prosserŉ CreekĲTruckeeŉ Riverŉ watershed,ŉ withŉ 1123.96ŉ tonsĩsquareŉ km,ŉ whileŉ the
watershedŉ withŉ theŉ mostŉ differenceŉ isŉ inŉ theŉ Yubaŉ Riverŉ watershed,ŉ withŉ 25184.87
tonsĩsquareŉ km.ŉ Thisŉ alsoŉ followsŉ aŉ similarŉ trendŉ asŉ theŉ sumŉofŉ sedimentŉ differences
becauseŉtheŉYubaŉRiverŉwatershedŉisŉlocatedŉinŉtheŉnorthernŉregionŉofŉTCSIŉĬi.e.,ŉsteeper
slopesŉandŉhigherŉ rainfallĭ,ŉwhileŉ theŉProsserŉCreekĲTruckeeŉRiverŉwatershedŉ isŉaŉ large
watershedŉinŉtheŉeasternŉregionŉĬi.e.ŉlowerŉslopesŉandŉlessŉrainfallĭ.ŉ
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Onŉtheŉdamŉwatershedŉ level,ŉ itŉ isŉ importantŉtoŉanalyzeŉtheŉtotalŉamountŉofŉsediments
withinŉtheŉwatershed.ŉThisŉisŉbecauseŉsedimentationŉimpactsŉtheŉamountŉofŉwaterŉthat
damsŉcanŉhold.ŉAsŉstreamsŉreachŉtheŉdams,ŉtheirŉvelocitiesŉbecomeŉreducedŉandŉmany
sedimentsŉthatŉwereŉsuspendedŉinŉtheŉstreamŉfallŉoutŉofŉtheŉwaterŉcolumnŉandŉfillŉdams.
Thisŉ canŉ haveŉ significantŉ impactsŉ onŉ damŉoperationsŉ inŉ theŉ regionŉ andŉ beŉ extremely
expensiveŉtoŉremoveŉĬPalmieriŉetŉal.,ŉ2001ĭ.ŉ

Inŉthisŉanalysis,ŉtheŉFrenchŉLakeŉdamŉhadŉtheŉlowestŉsedimentationŉdifferenceŉĬmeanŉŚ
15,929ĭ,ŉ whileŉ theŉ Newŉ Bullardsŉ Barŉ Damŉ hadŉ theŉ highestŉ sedimentationŉ difference
Ĭmeanŉ Śŉ 9,068,660ĭ.ŉ However,ŉ sinceŉ theŉ Newŉ Bullardsŉ Barŉ Damŉ isŉ fedŉ byŉ multiple
watershedsŉwithinŉ theŉ northernŉ regionsŉ ofŉ TCSI,ŉ sedimentŉ hasŉ beenŉ aŉmajorŉ problem
thatŉtheŉYubaŉWaterŉAgency,ŉtheŉownersŉofŉtheŉdam,ŉhaveŉtoŉfaceŉĬCurtisŉetŉal.,ŉ2006ĭ.
Althoughŉ theyŉ haveŉ beenŉ conductingŉ sedimentŉ removalŉ projectsŉ ĬAssociationŉ of
Californiaŉ Watershedŉ Agencies,ŉ 2019ĭŉ inŉ theŉ watershed,ŉ theirŉ sedimentŉ issuesŉ will
continueŉgettingŉworseŉasŉtimeŉpasses.ŉ

Bothŉ HUCŉ 10ŉ andŉ damŉ watershedŉ analysesŉ showŉ aŉ similarŉ trendŉ whenŉ itŉ comesŉ to
restorationŉ scenarios.ŉ Scenarioŉ 6,ŉ whichŉ containsŉmoreŉ restorationŉ Ĭe.g.,ŉ thinningŉ and
prescribedŉburnsĭŉhadŉconsistentlyŉlessŉsedimentŉexportŉthanŉscenarioŉ1,ŉwhichŉcontains
minimalŉ restoration.ŉ Thisŉ isŉ notŉ surprising,ŉ asŉ forestŉ restorationŉ throughŉ mechanical
thinningŉhasŉbeenŉshownŉtoŉmaintainŉhealthyŉforests,ŉwhichŉretainŉsoilŉonŉtheŉland.ŉ
Futureŉmodelingŉforŉsedimentŉexportŉshouldŉuseŉmoreŉinformationŉthanŉjustŉlandŉcover.
Sedimentŉerosionŉisŉaffectedŉbyŉnumerousŉfactorsŉthatŉwereŉnotŉaccountedŉforŉ inŉthis
analysisŉ suchŉ asŉ theŉ ageŉ ofŉ forestsŉ ĬBuckleyŉ etŉ al.,ŉ 2014ĭŉ andŉ theirŉ standŉ densityŉ Ĭi.e.
canopyŉcoverĭŉwhichŉhaveŉbeenŉshownŉtoŉaffectŉtheŉerosionŉofŉsoilsŉĬRazafindrabeŉetŉal.,
2010ĭ.ŉ Additionally,ŉ accountingŉ forŉ allŉ dams,ŉ ratherŉ thanŉ justŉ theŉ topŉ 20ŉ damsŉmight
provideŉmoreŉdetailedŉinformation.

ČĜĉĜċŉRecÈeaÒiºµ
Fromŉourŉregressionŉanalysis,ŉweŉdiscernedŉaŉ31.4Ůŉdecreaseŉinŉvisitationŉratesŉwhileŉthe
KingŉFireŉactivelyŉburnedŉbetweenŉSeptemberŉandŉOctoberŉ2014ŉfromŉFlickrŉPUDŉdata.
Whileŉ weŉ wereŉ unableŉ toŉmeasureŉ lastingŉ lagŉ effectsŉ fromŉ theŉ Kingŉ Fireŉ onŉ visitation
ratesŉthroughŉFlickrŉdata,ŉtheŉfinancialŉlossŉduringŉtheŉfireŉtoŉrecreationŉwithinŉEldorado
NationalŉForestŉcouldŉbeŉusefulŉtoŉillustrateŉtheŉwelfareŉlossŉdueŉtoŉtheŉfire.ŉToŉcalculate
theŉ impactŉ ofŉ theŉ Kingŉ Fire,ŉ whileŉ activelyŉ burning,ŉ onŉ visitationŉ withinŉ theŉ Eldorado
Nationalŉ Forest,ŉ weŉ usedŉ visitationŉ dataŉ fromŉ 2017.ŉ Inŉ 2017,ŉ 1,202,000ŉ peopleŉ visited
EldoradoŉNationalŉForestŉtoŉrecreateŉacrossŉaŉvarietyŉofŉactivities.ŉNVUMŉdataŉindicates
thatŉhikingĩwalkingŉaccountedŉ forŉ 18.7Ůŉofŉ theŉmainŉactivityŉ respondentsŉ indicatedŉas
theirŉactivityŉofŉchoice.ŉ
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Fromŉ theŉ annualŉ visitationŉ data,ŉ weŉ calculatedŉ monthlyŉ visitationŉ usingŉ theŉ same
distributionŉofŉtheŉmostŉrecentŉmonthlyŉFlickrŉPUDŉdataŉaccessedŉthroughŉ InVEST.ŉFor
example,ŉifŉ18ŮŉofŉtheŉtotalŉPUDŉwereŉfromŉJuly,ŉthenŉweŉassumedŉthatŉ18Ůŉofŉtheŉmost
recentŉ surveyŉ ofŉ annualŉ totalŉ visitors,ŉ orŉ 215,342,ŉ wereŉ atŉ Eldoradoŉ Nationalŉ Forestŉ in
July.ŉFollowingŉmethodsŉoutlinedŉinŉRosenbergerŉetŉal.ŉĬ2017ĭŉforŉtheŉUSDA,ŉweŉestimated
recreationŉeconomicŉvalueŉ forŉ EldoradoŉNationalŉ Forestŉ forŉ theŉmostŉ recentŉ visitation
year.ŉTheŉaverageŉvisitŉtoŉEldoradoŉNationalŉForestŉcorrespondedŉtoŉanŉeconomicŉvalue
ofŉŎ96.85ŉorŉaŉtotalŉannualŉeconomicŉbenefitŉofŉŎ116ŉmillionŉdollars.ŉIfŉaŉfireŉtheŉsameŉsize
asŉtheŉKingŉFireŉwereŉtoŉoccurŉinŉSeptemberŉandŉOctober,ŉthenŉweŉcouldŉexpectŉtoŉsee
aŉdropŉofŉaboutŉ55,000ŉvisitorsŉandŉanŉeconomicŉlossŉofŉŎ5.4ŉmillionŉdollarsŉĬTableŉ5ĭ.
Fromŉ thisŉ table,ŉ weŉ canŉ concludeŉ thatŉ ifŉ theŉ sameŉ sizeŉ fireŉ didŉ occurŉ inŉ theŉ summer
whenŉvisitationŉratesŉareŉhighest,ŉeconomicŉlossesŉcouldŉbeŉnearlyŉdouble.ŉ

ČĜĉŉMºdeliµgŉDiÌcÖÌÌiºµ
ŉ

TableŉČĜŉEconomicŉimpactŉtoŉEldoradoŉNationalŉForestŉvisitorsŉforŉeachŉmonth,ŉifŉaŉfireŉtheŉsame
sizeŉofŉtheŉKingŉFireŉwereŉtoŉoccurŉduringŉthatŉmonth.

Inŉ 2015,ŉ itŉ isŉ estimatedŉ thatŉ theŉ Lakeŉ Tahoeŉ Basinŉ Managementŉ Unitŉ andŉ theŉ Tahoe
NationalŉForestŉexperiencedŉlossesŉinŉrecreationŉservicesŉofŉŎ73ŉmillionŉandŉŎ36ŉmillion,
respectively,ŉ fromŉ droughtĲcausedŉ treeŉ mortalityŉ impactsŉ fromŉ barkŉ beetlesŉ and
wildfiresŉ ĬSánchezŉ etŉ al.,ŉ 2021ĭ.ŉ Ifŉ theseŉ lossesŉ areŉ lookedŉ atŉ onŉ aŉ perĲmonthŉ basisŉ in
todayļsŉdollars,ŉthenŉtheyŉwouldŉrangeŉbetweenŉŎ3.5ŉmillionŉtoŉŎ7ŉmillion,ŉwhichŉisŉsimilar
toŉourŉpredictedŉlossŉofŉŎ5.4ŉmillionŉinŉrecreationŉforŉEldoradoŉNationalŉForestŉdueŉtoŉa
fireŉsimilarŉtoŉtheŉKingŉFire.ŉ

Ourŉmodelingŉapproachŉdidŉnotŉaccountŉforŉshiftsŉinŉvisitationŉthatŉmightŉoccurŉdueŉto
anŉactiveŉwildfire.ŉ Forŉ example,ŉweŉareŉunableŉ toŉ accountŉ forŉ visitorsŉ thatŉmightŉhave
alteredŉtheirŉplansŉtoŉrecreateŉinŉaŉregionŉfurtherŉfromŉanŉactiveŉwildfire.ŉBasedŉonŉ2017
NVUMŉsurveyŉdata,ŉ55Ůŉofŉvisitorsŉwouldŉhaveŉbeenŉwillingŉtoŉvisitŉsomewhereŉelseŉfor
theŉ sameŉ primaryŉ recreationŉ activity.ŉ Furthermore,ŉ 28Ůŉ ofŉ thoseŉ visitorsŉ wouldŉ have
beenŉwillingŉtoŉtravelŉ101ŉtoŉ200ŉmilesŉfromŉtheirŉhomesŉtoŉanŉalternateŉlocationŉforŉtheirŉŉ
f
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recreation.ŉ Therefore,ŉ itŉ isŉ likelyŉ thatŉ someŉ recreationŉ lossesŉ weŉ calculatedŉ wereŉ not
lossesŉ butŉ ratherŉ transfersŉ toŉ otherŉ outdoorŉ recreationŉ areas.ŉ However,ŉ thisŉ does
representŉaŉlossŉtoŉtheŉregionŉaroundŉEldoradoŉNationalŉForest.ŉWeŉalsoŉknowŉthatŉ45Ů
ofŉvisitorsŉinŉ2017ŉhadŉanŉovernightŉstayŉfromŉhomeŉonŉtheirŉtripŉtoŉEldorado,ŉindicating
thatŉtripsŉtoŉthisŉforestŉincludedŉaŉsignificantŉcostŉforŉvisitors.

ČĜĉĜČŉGeµeÈalŉFºÈeÌÒŉHealÒhŉĬBiºdiáeÈÌiÒèĭ
Identifyingŉ forestŉ typeŉ conversionsŉ onŉ theŉ landscapeŉ canŉ helpŉ pinpointŉ priority
locationsŉforŉforestŉrestorationŉprojects.ŉByŉexaminingŉwhereŉandŉhowŉmuchŉofŉaŉcertain
forestŉ typeŉ isŉ convertedŉ intoŉ anotherŉ forestŉ type,ŉ weŉ areŉ betterŉ ableŉ toŉ understand
whereŉrestorationŉprojectsŉshouldŉoccur,ŉparticularlyŉifŉoneŉofŉtheŉgoalsŉofŉtheŉprojectŉis
toŉ maintainŉ biodiverseŉ habitatsŉ forŉ importantŉ wildlifeŉ species.ŉ Theŉ particularŉ forest
conversionsŉwillŉalsoŉbeŉimportantŉtoŉanalyzeŉasŉaŉlossŉorŉgainŉinŉaŉparticularŉforestŉtype
couldŉbeŉdevastatingŉorŉbeneficialŉ toŉ theŉenvironmentŉandŉwildlifeŉdependentŉonŉ that
forestŉtype.ŉ

Forŉ example,ŉ theŉ significantŉ lossŉofŉwhiteŉ firŉ habitatŉpredictedŉ inŉ theŉ futureŉ Ĭ2060ĭŉ is
causeŉforŉconcernŉasŉthereŉareŉhundredsŉofŉspeciesŉ inŉtheŉSierraŉNevadaŉthatŉdepend
onŉWhiteŉfirŉhabitatŉforŉsurvival.ŉApproximatelyŉ33ŉmammalŉspecies,ŉ123ŉspeciesŉofŉbirds,
andŉ17ŉreptileŉspeciesŉareŉassociatedŉwithŉWhiteŉfirŉhabitatŉĬZouhar,ŉ2001ĭ.ŉMostŉnotably
theseŉ speciesŉ includeŉ blackŉ bears,ŉ baldŉ eagles,ŉ andŉ theŉ Californiaŉ mountainŉ beaver
ĬZouhar,ŉ 2001ĭ.ŉ Whiteŉ firŉ isŉ alsoŉ oneŉ ofŉ theŉ mostŉ versatileŉ lumbers,ŉ makingŉ itŉ very
desirableŉinŉtheŉwoodŉproductsŉindustryŉĬZouhar,ŉ2001ĭ.ŉTheŉlossŉofŉwhiteŉfirŉinŉtheŉfuture
willŉhaveŉunknownŉeconomicŉandŉenvironmentalŉconsequences.ŉ

Inŉcontrast,ŉtheŉCaliforniaŉspottedŉowlŉreliesŉonŉoldĲgrowthŉforests,ŉparticularlyŉDouglas
firŉstandsŉĬZouhar,ŉ2001ĭ.ŉDouglasŉfirŉisŉprojectedŉtoŉbeŉveryŉabundantŉinŉtheŉlandscape
inŉtheŉfutureŉĬ2060ĭğŉhowever,ŉsinceŉseralŉstageŉandŉcanopyŉcoverŉwereŉnotŉaccounted
forŉinŉthisŉparticularŉanalysis,ŉthereŉmayŉbeŉanŉoverestimationŉofŉhowŉmuchŉoldĲgrowth
Douglasŉfirŉhabitatŉwillŉexistŉacrossŉtheŉ landscape.ŉKnowingŉtheŉseralŉstageŉwouldŉhelp
identifyŉwhatŉportionŉofŉtheŉlandscapeŉisŉoldĲgrowthŉforest,ŉwhichŉisŉnaturallyŉmoreŉfireĲ
tolerantŉandŉsupportsŉtremendousŉbiodiversityŉĬHessburgŉetŉal.,ŉ2016ĭ.ŉ

Healthyŉforestsŉtendŉtoŉcompriseŉmultipleŉtreeŉspeciesŉacrossŉaŉrangeŉofŉseralŉstages.
Thisŉ mosaicŉ structureŉ createsŉ heterogeneityŉ withinŉ theŉ landscapeŉ andŉ canŉ leadŉ to
greaterŉ resilienceŉtoŉdisturbancesŉsuchŉasŉwildfiresŉĬCampbellŉetŉal.,ŉ2018ĭ.ŉTheŉoverall
decreaseŉinŉmixedŉforestŉtypesŉĬi.e.ŉmixedŉhardwoodŉconifer,ŉSierraŉmixedŉconifer,ŉand
highŉelevationŉmixedŉconiferĭŉsignifiesŉthatŉmoreŉareasŉinŉtheŉTCSIŉwillŉbeŉsingleĲspecies
standsŉinŉtheŉfutureŉĬ2060ĭŉcomparedŉtoŉ2020.ŉAlthoughŉtheŉdecreaseŉinŉtheseŉmixed
forestŉ typesŉ isŉ likelyŉ associatedŉ withŉ changesŉ inŉ theŉ climate,ŉ theŉ lossŉ ofŉ theseŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉ
f
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heterogeneousŉhabitatsŉwillŉaffectŉecosystemŉfunctions,ŉabundanceŉofŉnativeŉspecies,
andŉ resilienceŉ toŉ disturbanceŉ ĬMarkgrafŉ etŉ al.,ŉ 2020ğŉ Campbellŉ etŉ al.,ŉ 2018ĭ.ŉ The
existenceŉ ofŉ thisŉ naturalŉ diversityŉ isŉ associatedŉwithŉ aŉ numberŉ ofŉ desirableŉ functions
suchŉ asŉ variableŉ microclimates,ŉ enhancingŉ droughtŉ resilienceŉ andŉ habitatŉ diversity
ĬGutiérrezŉetŉal.,ŉ2017ĭ.ŉ

Whileŉ longĲtermŉ impactsŉ ofŉ repeatedŉ firesŉ onŉ vegetationŉ areŉ stillŉ notŉ veryŉ well
understood,ŉ forestŉ typeŉ conversionsŉ willŉ affectŉ wildlife,ŉ habitatŉ structure,ŉ and
ecosystemŉ servicesŉ inŉ theŉ TCSI.ŉ Itŉ isŉ predictedŉ thatŉ fireŉ andŉ climateŉ willŉ reduceŉ the
forestŉextentŉbyŉ5.8Ůŉbyŉtheŉyearŉ2100ŉĬCoopŉetŉal.,ŉ2020ĭŉandŉourŉmodelŉeffortsŉreveal
significantŉalterationŉ inŉhabitatŉbyŉ2060.ŉUnfortunately,ŉpostfireŉclimateŉconditionsŉare
notŉ favorableŉ toŉ forestŉ regenerationŉ asŉ firesŉ areŉ currentlyŉ burningŉ tooŉ hotŉ orŉ too
infrequentlyŉtoŉmaintainŉtheŉhistoricŉfireŉregimeŉthatŉtheseŉspeciesŉrelyŉon.ŉHowever,ŉitŉis
evidentŉthatŉforestŉrestorationŉandŉfuelŉreductionŉeffortsŉcanŉdecreaseŉwildfireŉseverity
andŉ thusŉ fireĲinducedŉ mortalityŉ underŉ futureŉ climaticŉ conditionsŉ evenŉ inŉ largeĲscale
restorationŉ projectsŉ ĬMcCauleyŉ etŉ al.,ŉ 2019ĭ.ŉ Thisŉ isŉ especiallyŉ importantŉ forŉ fireĲ
intolerantŉ speciesŉ suchŉ asŉ whiteŉ fir,ŉ sinceŉ theŉ increasingŉ fireŉ severityŉ andŉ frequency
putsŉthisŉparticularŉspeciesŉatŉmoreŉriskŉthanŉaŉfireĲtolerantŉspeciesŉsuchŉasŉponderosa
pineŉĬZouhar,ŉ2001ĭ.ŉ

Inŉtheŉlandŉuseŉdata,ŉthereŉareŉimportantŉlandsŉthatŉareŉnotŉrecorded.ŉDataŉlayersŉwere
createdŉwithŉtheŉunderlyingŉconditionŉthatŉeachŉtreeŉspeciesŉoccupiedŉatŉleastŉ50Ůŉof
theŉcellŉtheyŉwereŉfoundŉinŉinŉorderŉtoŉbeŉrepresented.ŉThus,ŉtheŉgapsŉinŉtheŉdataŉcome
fromŉspeciesŉthatŉareŉbeingŉrepresentedŉinŉlessŉthanŉ50Ůŉofŉtheŉcellŉorŉbecauseŉaŉtree
typeŉwasŉconvertedŉ toŉ aŉwaterŉbody,ŉ urban,ŉ shrubŉ ĬnonĲforestĭ,ŉ orŉbarrenŉ landŉwhich
wasŉ notŉ assignedŉ aŉ valueŉ inŉ theŉ initialŉ analysis.ŉ Consequently,ŉ theseŉ alternativeŉ land
coverŉtypesŉwereŉnotŉincludedŉinŉtheŉanalysis.ŉFutureŉeffortsŉshouldŉconsiderŉinclusion
ofŉ theseŉ landŉuseŉ types,ŉ asŉallŉ landŉuseŉcategoriesŉ shouldŉbeŉanalyzedŉwithŉ regardŉ to
impactsŉfromŉsevereŉwildfires,ŉespeciallyŉinŉvulnerableŉcommunities.ŉ

ČĜĉĜčŉIµÒeÈáieâŉaµdŉMºdeliµgŉOáeÈlaè
Forŉwaterŉ supply,ŉ theŉ highĲyieldingŉ areasŉ fromŉ theŉmodelingŉ resultsŉ andŉ stakeholderĲ
identifiedŉ areasŉ overlapŉ fairlyŉ extensively,ŉ particularlyŉ inŉ theŉ northeastŉ andŉ central
portionsŉofŉtheŉTCSI.ŉThisŉindicatesŉbothŉthatŉstakeholdersŉunderstandŉwhereŉtheŉwater
supplyŉ benefitsŉ theyŉ dependŉ onŉ originateŉ inŉ theŉ regionŉ andŉ thatŉ thereŉ isŉ synergy
betweenŉ locationsŉ ofŉ stakeholderŉ interestŉ andŉ naturalŉ yield,ŉ whichŉ mayŉ highlight
opportunitiesŉandŉlocationsŉinŉwhichŉtoŉpursueŉrestorationŉprojects.

Interestingly,ŉtheŉmostĲidentifiedŉlocationŉforŉwaterŉsupplyŉwasŉtheŉnorthwestŉTCSI,ŉnear
Newŉ Bullardsŉ Barŉ Reservoir.ŉ Whileŉ Newŉ Bullardsŉ Barŉ Reservoirŉ storesŉ aŉ tremendousŉŉŉŉŉŉŉŉŉŉŉŉ
f
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amountŉofŉwaterŉforŉdownstreamŉcommunities,ŉtheŉareaŉaroundŉtheŉreservoirŉisŉactually
relativelyŉlowĲyieldingŉforŉwater.ŉDespiteŉthis,ŉNewŉBullardsŉBarŉReservoirŉisŉanŉimportant
areaŉofŉinterestŉforŉtheŉstakeholdersŉwhoŉwereŉinterviewedŉinŉtheŉregion,ŉandŉrestoration
projectsŉ inŉ theŉ areaŉ couldŉ useŉ theŉ protectionŉ ofŉ theŉ reservoirŉ asŉ motivationŉ for
prospectiveŉbeneficiariesŉtoŉengageŉwithŉtheŉprojects.

ČĜĉŉMºdeliµgŉDiÌcÖÌÌiºµ
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čĜĈŉSÒakehºldeÈŉAµalèÌiÌŉCºµclÖÌiºµÌ
Theŉmostŉ frequentlyŉ mentionedŉ priorityŉ benefitsŉ includeŉ generalŉ forestŉ health,ŉ water
quality,ŉandŉrecreation.ŉOverallŉforestŉhealthŉandŉresilienceŉisŉtheŉmostŉimportantŉbenefit
inŉ theŉ TCSIŉ regionŉ dueŉ toŉ itsŉ positiveŉ influenceŉ onŉ theŉ provisionŉ ofŉ allŉ otherŉ forest
ecosystemŉservices.ŉInŉcontrast,ŉsedimentationŉisŉanŉimportantŉadverseŉimpactŉforŉthis
regionŉ dueŉ toŉ itsŉ implicationsŉ forŉ waterŉ supplyŉ andŉ publicŉ health.ŉ Wildfiresŉ are
overwhelminglyŉtheŉmostŉfrequentlyŉmentionedŉthreatŉwithinŉthisŉregion.ŉWhileŉnonprofit
organizationsŉcomprisedŉtheŉmajorityŉofŉourŉsurvey,ŉinterview,ŉandŉmappingŉparticipants,
theŉbenefitsŉ thatŉ theyŉdidŉmapŉareŉevenlyŉdistributedŉacrossŉ theŉTCSIŉ landscapeŉand
shouldŉ notŉ leadŉ toŉ anŉ overweightingŉ ofŉ oneŉ regionŉ withinŉ theŉ TCSIŉ overŉ others.ŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉ
ŉf
Organizationsŉ withinŉ theŉ TCSIŉ valueŉ partnershipŉ andŉ collaborationŉ inŉ management
priorities,ŉ andŉ thisŉ shouldŉ beŉ anŉ importantŉ componentŉ andŉ priorityŉ duringŉ the
developmentŉofŉanyŉ futureŉFRBs.ŉOrganizationsŉ interviewedŉmayŉnotŉbeŉ readyŉtoŉview
theirŉ forestŉbenefitsŉ inŉeconomicŉ termsğŉhowever,ŉ severalŉorganizationsŉareŉworkingŉ in
collaborationŉwithŉothersŉ toŉ trackŉbenefits.ŉThisŉmayŉ indicateŉ thatŉ theseŉorganizations
couldŉ benefitŉ fromŉ Blueŉ Forestłsŉ guidanceŉ onŉ howŉ ecosystemŉ servicesŉ andŉ wildfire
resilienceŉareŉconnectedŉtoŉFRBs.ŉŉŉŉŉf

čĜĉŉMºdeliµgŉCºµclÖÌiºµÌ
InVESTŉ isŉ aŉpowerfulŉmodelingŉ toolŉ thatŉ canŉ identifyŉ changesŉ inŉ theŉdistributionsŉ and
quantitiesŉ ofŉ ecosystemŉ servicesŉ basedŉ onŉ differentŉ scenarios.ŉ However,ŉ theŉ InVEST
modelŉ isŉ highlyŉ dependentŉ onŉ theŉ qualityŉ ofŉ theŉ inputŉ datağŉ futureŉ iterationsŉ ofŉ this
projectŉwouldŉbenefitŉfromŉmoreŉdetailedŉclimateŉandŉlandŉcoverŉdata,ŉasŉevidencedŉby
ourŉresults.ŉRunningŉfutureŉscenariosŉatŉlongerŉorŉotherwiseŉdifferentŉtimeŉscalesŉmayŉbe
anotherŉ wayŉ toŉ identifyŉ trends,ŉ asŉ uncertaintiesŉ aboutŉ climateŉ changeŉ precludeŉ the
creationŉofŉdifferentŉprecipitationŉandŉsimilarŉclimateŉpredictionsŉatŉtheŉscaleŉofŉaŉsingle
year.

Overall,ŉ ourŉ modelingŉ effortsŉ highlightŉ thatŉ ecosystemŉ servicesŉ willŉ inevitablyŉ be
impactedŉbyŉclimateŉchangeŉandŉrestorationŉinŉtheŉfuture.ŉHowever,ŉtheŉparticularŉways
inŉwhichŉtheseŉfactorsŉwillŉimpactŉecosystemŉservicesŉvariesŉbyŉeachŉservice.ŉForŉwater
yield,ŉmodeledŉvolumesŉincreaseŉinŉallŉscenariosŉinŉbothŉ2040ŉandŉ2060,ŉwithŉaŉgreater
increaseŉ inŉ scenarioŉ 1ŉ Ĭlessŉ restorationĭŉ comparedŉ toŉ scenarioŉ 6ŉ Ĭmoreŉ restorationĭ.
Higherŉvolumesŉinŉscenarioŉ1ŉmayŉbeŉdueŉtoŉaŉgreaterŉnumberŉofŉpixelsŉinŉthisŉscenario
comparedŉ toŉ scenarioŉ 6.ŉ Furtherŉ investigationŉ thatŉ considersŉ pixelsŉ whereŉ landŉ use
changesŉfromŉforestŉtoŉnonĲforestŉvegetatedŉmayŉbetterŉelucidateŉtheŉŉŉŉŉŉŉŉŉŉŉŉŉŉŉf
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relationshipŉ betweenŉ treatmentŉ scenarioŉ andŉ waterŉ yield.ŉ Despiteŉ this,ŉ theŉ spatial
patternŉofŉwaterŉyieldŉremainsŉconsistentŉacrossŉyearsŉandŉscenarios.ŉHighŉprovisioning
regionsŉ occurŉ inŉ theŉ northernŉ portionŉ andŉ overlapŉ withŉ theŉ steeplyŉ mountainous
portionsŉ ofŉ theŉ TCSI,ŉ indicatingŉ aŉ potentialŉ associationŉ withŉ slope.ŉ Additionally,ŉ from
modelingŉ waterŉ yieldŉ withŉ aŉ singleŉ landŉ cover,ŉ weŉ seeŉ theŉ spatialŉ patternŉ isŉ still
maintained,ŉ indicatingŉ thatŉ outputsŉ areŉ highlyŉ sensitiveŉ toŉ precipitationŉ dataŉ in
particular,ŉwithŉlandŉcoverŉhavingŉaŉsecondaryŉimpact.ŉ

OverlayingŉtheŉwaterŉyieldŉoutputsŉwithŉtheŉstakeholderĲidentifiedŉregionsŉofŉhighŉwater
supply,ŉ weŉ seeŉ thatŉ stakeholdersŉ areŉ generallyŉ inŉ agreementŉ withŉ modelsŉ onŉ highĲ
provisioningŉ locationsŉ ofŉ waterŉ yield.ŉ However,ŉ theŉ mostĲcitedŉ locationŉ from
stakeholdersŉ wasŉ Newŉ Bullardsŉ Barŉ Reservoir,ŉ potentiallyŉ indicatingŉ thatŉ interviewees
alsoŉ considerŉ theŉ importanceŉ ofŉ reservoirsŉ forŉ waterŉ supply.ŉ Oneŉ ofŉ theŉ watersheds
associatedŉwithŉNewŉBullardsŉBarŉReservoir,ŉtheŉNorthŉYubaŉRiverŉwatershed,ŉisŉalready
theŉtargetŉofŉBlueŉForestłsŉsecondŉFRB.ŉThisŉsuggestsŉthatŉwatershedsŉassociatedŉwith
otherŉimportantŉdamsŉinŉtheŉregionŉmayŉbeŉvaluableŉtargetsŉforŉfutureŉFRBŉprojects.

Sedimentŉexportŉandŉerosionŉwillŉ increaseŉacrossŉtheŉTCSIŉ inŉtheŉfuture,ŉwithŉnorthern
andŉcentralŉTCSIŉexperiencingŉtheŉmostŉsedimentation.ŉTheŉhighestŉsedimentŉexportŉis
expectedŉ toŉ occurŉ inŉ theŉ Yubaŉ Ĭperŉ acreĭŉ andŉ Northŉ Forkŉ Americanŉ Riverŉ Ĭtotalĭ
watersheds.ŉ However,ŉ modelingŉ illustratesŉ thatŉ restorationŉ activitiesŉ haveŉ aŉ positive
impactŉonŉsedimentŉexportŉrates.ŉTheŉdamŉthatŉwillŉrequireŉtheŉmostŉfocusŉisŉexpected
toŉ beŉ Newŉ Bullardsŉ Barŉ Reservoir,ŉ whichŉ isŉ underŉ theŉ ownershipŉ ofŉ theŉ Yubaŉ Water
Agency.ŉHowever,ŉasŉmentionedŉabove,ŉNewŉBullardsŉBarŉReservoirŉisŉtargetedŉasŉpartŉof
BlueŉForestļsŉsecondŉFRB.ŉTherefore,ŉmoreŉemphasisŉshouldŉbeŉplacedŉonŉtheŉSlabŉCreek
Damŉ Ĭsouthwestŉ TCSIĭ,ŉ whichŉ isŉ projectedŉ toŉ haveŉ theŉ secondŉ largestŉ amountŉ of
sedimentation.

Visitationŉ inŉ theŉ regionsŉ withinŉ theŉ Kingŉ Fireŉ perimeterŉ andŉ withinŉ aŉ 30ŉ kmŉ buffer
droppedŉsignificantlyŉwhileŉtheŉ fireŉwasŉactive.ŉThisŉdropĲinŉvisitationŉtranslatesŉ intoŉa
significantŉreductionŉinŉtheŉeconomicŉvalueŉassociatedŉwithŉrecreationŉinŉtheŉEldorado
NationalŉForest,ŉandŉitŉisŉlikelyŉthatŉsmokeŉimpactsŉfromŉfireŉmayŉhaveŉcreatedŉanŉeven
largerŉeconomicŉloss.ŉIfŉaŉfireŉsimilarŉtoŉtheŉKingŉFireŉwereŉtoŉoccurŉagainŉinŉtheŉTCSI,ŉwe
couldŉ expectŉ toŉ seeŉ similarŉ recreationŉ impacts,ŉ althoughŉ someŉ ofŉ theŉ lossŉmayŉ have
shiftedŉ toŉ otherŉ recreationŉ areasŉ outsideŉ ofŉ theŉ TCSI.ŉ Restorationŉ policiesŉ toŉ reduce
wildfires,ŉ suchŉ asŉ theŉ developmentŉ ofŉ FRBs,ŉ willŉ haveŉ positiveŉ economicŉ impactsŉ by
preventingŉ thisŉ lossŉ ofŉ economicŉ valueŉ fromŉ recreationŉ atŉ nationalŉ forestsŉ withinŉ the
TCSIŉregion.ŉ

Lastly,ŉ theŉ changingŉ climateŉ andŉ increasingŉ wildfireŉ severityŉ inŉ theŉ Sierraŉ Nevadaŉ will
makeŉ forestĲtypeŉconversionsŉ inevitable.ŉAlthoughŉthereŉ isŉnotŉenoughŉ informationŉonŉŉŉŉŉ
f
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whatŉtheŉeffectsŉofŉforestŉtypeŉconversionsŉwillŉbeŉinŉtheŉfuture,ŉtheŉresultsŉofŉthisŉstudy
canŉ helpŉ supportŉ managementŉ decisionsŉ whenŉ determiningŉ locationsŉ forŉ restoration
projects.ŉIdentifyingŉwhereŉtheseŉchangesŉwillŉoccurŉandŉhowŉmuchŉofŉaŉspecificŉforest
typeŉwillŉ beŉ convertedŉ toŉ anotherŉ canŉhelpŉ identifyŉpriorityŉ areasŉ forŉ restorationŉ that
needŉ workŉ immediately.ŉ Visualizingŉ theŉ changesŉ occurringŉ onŉ theŉ landscapeŉ level
providesŉ detailŉ toŉ howŉ managementŉ plansŉ inŉ differentŉ portionsŉ ofŉ theŉ TCSIŉ can
collaborateŉ toŉcreateŉoneŉ resilientŉ landscape.ŉ Inŉconjunctionŉwithŉ theŉ resultsŉ fromŉthe
waterŉ yield,ŉ sedimentŉ retention,ŉ andŉ recreationŉ models,ŉ restorationŉ projectsŉ canŉ be
maximizedŉ toŉ encompassŉ aŉ fullŉ realmŉ ofŉ ecosystemŉ servicesŉ vitalŉ toŉ theŉ stateŉ of
Californiaŉandŉbeyond.ŉ

Overall,ŉourŉanalysesŉrevealŉ thatŉnorthernŉportionsŉofŉtheŉTCSI,ŉsuchŉasŉtheŉYubaŉRiver
WatershedŉandŉtheŉregionŉaroundŉNewŉBullardsŉBarŉReservoir,ŉareŉimportantŉregionsŉfor
theŉcommunity,ŉ sedimentation,ŉ andŉwaterŉyieldŉoutcomes.ŉTheseŉ resultsŉvalidateŉBlue
ForestļsŉeffortsŉtoŉfinanceŉFRBsŉinŉYubaŉRiverŉWatershed,ŉbothŉinŉtheŉheadwatersŉinŉtheir
pilotŉFRB,ŉ andŉ theŉ regionŉaroundŉNewŉBullardsŉBarŉReservoirŉ andŉCamptonvilleŉ inŉ their
secondŉFRB.ŉFurther,ŉourŉanalysesŉcanŉalsoŉbeŉusedŉbyŉBlueŉForestŉtoŉexpandŉFRBsŉto
otherŉkeyŉregionsŉwithinŉtheŉTCSI.ŉForŉexample,ŉHUCŉ10ŉwatershedsŉfoundŉinŉthisŉregion,
suchŉ asŉ theŉ Upperŉ Northŉ Forkŉ Americanŉ Riverŉ andŉ Rubiconŉ Riverŉ watershedsŉ ĬHUCĞ
1802012803ŉ andŉ 1802012802,ŉ respectivelyĭŉ areŉ particularlyŉ importantŉ toŉ includeŉ in
futureŉFRBs.ŉTheseŉwatershedsŉcontainŉareasŉofŉhighŉwaterŉyieldŉandŉsedimentŉexport
underŉ allŉmodeledŉ scenariosŉ andŉ thereforeŉwarrantŉ focusŉ forŉ futureŉ forestŉ restoration
efforts.ŉ Additionally,ŉ asŉ identifiedŉ inŉ ourŉ stakeholderŉ analysis,ŉ thereŉ isŉ interestŉ inŉ the
regionŉforŉbiodiversity,ŉwaterŉquality,ŉgeneralŉforestŉhealth,ŉrecreation,ŉwaterŉsupply,ŉand
culturalŉ andŉ socialŉ benefits.ŉ Byŉ restoringŉ thisŉ region,ŉ Blueŉ Forestŉ canŉ achieveŉmultiple
benefitsŉfromŉrestorationŉĴŉensuringŉwaterŉyieldŉremainsŉhighŉwhileŉreducingŉtheŉamount
ofŉerosionŉthatŉoccursŉwithinŉtheŉregionŉandŉsecuringŉotherŉcriticalŉecosystemŉservices.
ToŉensureŉtheŉsuccessŉofŉfutureŉFRBs,ŉweŉrecommendŉtheŉfollowingĞ

čĜĊŉOáeÈallŉCºµclÖÌiºµÌŉaµdŉRecºmmeµdaÒiºµÌ
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Overlayŉmodelingŉresultsŉtoŉidentifyŉkeyŉregionsŉthatŉprovideŉnumerousŉecosystem
servicesŉthatŉareŉvaluedŉbyŉstakeholdersŉinŉtheŉregion.ŉTheseŉÈegiºµÌŉºfŉmÖlÒiÅle
beµefiÒÌŉÌhºÖldŉbeŉÅÈiºÈiÒiîedŉfºÈŉfÖÒÖÈeŉFRBÌŉandŉcouldŉbeŉmoreŉeasilyŉfunded
givenŉtheŉnumberŉofŉoverlappingŉbeneficiariesŉthatŉmightŉbeŉableŉtoŉcontributeŉtoŉan
FRB.ŉ
UtilizeŉmodelingŉresultsŉtoŉhighlighÒŉÒheŉimÅacÒÌŉºfŉÈeÌÒºÈaÒiºµŉºµŉecºÌèÌÒem
ÌeÈáiceÌŉºfŉÅaÈÒicÖlaÈŉÈeleáaµceŉÒºŉÌÅecificŉÌÒakehºldeÈÌŉinŉorderŉtoŉincentivize
participationŉinŉfutureŉFRBs.ŉSedimeµÒŉeçÅºÈÒŉmºdeliµgŉÈeÌÖlÒÌŉcºÖldŉbeŉÒiedŉÒº
ecºµºmicŉdÈedgiµgŉaµdŉÈemediaÒiºµŉcºÌÒÌŉtoŉincentivizeŉwaterŉutilitiesŉto
participateŉinŉforestŉrestoration.ŉ
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Furtherŉ evaluationŉ ofŉ specificŉ sitesŉ onŉ theŉ groundŉ willŉ beŉ necessaryŉ toŉ determine
whetherŉtheyŉareŉsuitableŉforŉrestorationŉorŉifŉparticularŉbarriers,ŉsuchŉasŉlandŉownership,
topography,ŉorŉpriorŉrestorationŉwillŉpreventŉactiveŉprojectsŉinŉtheseŉsites.ŉHowever,ŉthe
findingsŉofŉthisŉstudyŉcanŉhelpŉidentifyŉtargetŉlocationsŉandŉincentivizeŉorganizationsŉto
participateŉ inŉ innovativeŉ financingŉmechanismsŉ suchŉ asŉ theŉ FRBŉ toŉ createŉ successful
largeĲscaleŉ forestŉ restorationŉ projects.ŉ Theŉ implicationsŉ ofŉ thisŉ studyŉ extendŉ beyond
theŉ TCSIŉ landscapeğŉ developmentŉ ofŉ futureŉ FRBsŉ couldŉ useŉ theseŉ modelingŉ and
stakeholderŉanalysisŉmethodsŉ toŉ informŉargumentsŉ forŉ innovativeŉ financingŉandŉ forest
restorationŉ inŉnewŉ locations.ŉWeŉhopeŉthatŉtheŉresultsŉ fromŉthisŉstudyŉwillŉhelpŉ inform
managementŉ strategiesŉandŉbeŉusefulŉ asŉaŉguideŉ inŉdevelopmentŉofŉotherŉ largeŉ scale
forestŉrestorationŉprojectsŉinŉlocationsŉwithinŉandŉoutsideŉofŉtheŉTCSI.

WaÒeÈŉ èieldŉ mºdeliµgŉ resultsŉ revealedŉ thatŉ ÅÈeciÅiÒaÒiºµŉ dÈiáeÌŉ mºdeled
ºÖÒcºmeÌĜŉ Asŉ precipitationŉ changesŉ areŉ difficultŉ toŉ predictŉ underŉ climate
change,ŉitŉ isŉchallengingŉtoŉdemonstrateŉdifferencesŉbetweenŉscenariosŉinŉwater
yieldŉincreases.ŉFutureŉmodelingŉeffortsŉshouldŉconsiderŉdifferentŉtimescalesŉand
includeŉnonĲforestedŉvegetationŉlandŉcoverŉtoŉgenerateŉmoreŉrobustŉprojections.
TheŉmºÈeŉ ÈeÌÒºÈaÒiºµŉ ºÈŉ ÒÈeaÒmeµÒŉ thatŉ occursŉ onŉ theŉ landscape,ŉ theŉmºÈe
acÈeÌŉ ºfŉ fºÈeÌÒŉ Ĭdefiµedŉ aÌŉ ČćŮŉ ºÈŉ mºÈeŉ cºáeÈĭŉ âillŉ beŉ lºÌÒ,ŉ asŉ treeŉ stand
densityŉisŉreducedŉandŉforestŉhealthŉisŉimproved.ŉTherefore,ŉscenariosŉwithŉmore
restorationŉwillŉ haveŉ lessŉ totalŉ acresŉofŉ forestŉ habitatŉ onŉ theŉ landscape.ŉ Future
forestŉ conversionŉ isŉ difficultŉ toŉ generalizeŉ overŉ theŉ entireŉ TCSIŉ landscapeğ
however,ŉbyŉunderstandingŉwhatŉÒèÅeŉºfŉfºÈeÌÒŉcºµáeÈÌiºµŉ isŉ likelyŉ toŉoccurŉ in
specificŉ areas,ŉ Blueŉ Forestŉ canŉ beÒÒeÈŉ cºµµecÒŉ ÈeÌÒºÈaÒiºµŉ ºÖÒcºmeÌŉ Òº
ÌÒakehºldeÈŉ iµÒeÈeÌÒÌ.ŉ Forŉ example,ŉ dependingŉ onŉ stakeholderŉ interests,ŉ this
couldŉincludeŉprioritizingŉtheŉmixedŉforestŉstandsŉthatŉenhanceŉbiodiversity,ŉand
areŉ projectedŉ toŉ decreaseŉ inŉ acreageŉ inŉ theŉ future,ŉ orŉ prioritizingŉ economically
importantŉsingleŉspeciesŉsuchŉasŉwhiteŉfir.ŉŉ
UÌiµgŉ FlickÈŉ áiÌiÒaÒiºµŉ mºdeliµgŉ Òºŉ diÈecÒlèŉ Òieŉ âildfiÈeÌŉ Òºŉ ÈecÈeaÒiºµ
ecºµºmicŉlºÌÌeÌŉcouldŉbeŉanŉeffectiveŉwayŉtoŉmotivateŉcontributionsŉfromŉthe
recreationŉsectorŉtoŉaŉfutureŉFRB.ŉTheŉsameŉprocessŉusedŉforŉtheŉKingŉFireŉcould
beŉreplicatedŉ forŉotherŉ firesŉ inŉareasŉofŉ interest.ŉHowever,ŉ furtherŉ researchŉmay
beŉ neededŉ toŉ determineŉ theŉ mostŉ effectiveŉ wayŉ toŉ demonstrateŉ recreational
economicŉlossesŉfromŉwildfiresŉandŉencourageŉnewŉFRBŉparticipants.ŉWhileŉuseŉof
Flickrŉdataŉmightŉbeŉusefulŉforŉanalyzingŉfireŉimpactsŉtoŉrecreationŉbetweenŉ2005
andŉ2017,ŉalternativeŉmodelingŉtechniquesŉmayŉbeŉneededŉsinceŉFlickrŉpopularity
hasŉwanedŉinŉrecentŉyears.
PaÈÒiciÅaÒºÈèŉGISŉmaÅÅiµgŉcanŉbeŉaŉpowerfulŉtoolŉtoŉexpandŉsurveyŉresultsŉtoŉa
broaderŉ groupŉ ofŉ stakeholdersŉwithinŉ theŉ TCSIŉ inŉ anŉ effortŉ toŉ furtherŉmapŉ and
ideµÒifèŉ ÈegiºµÌŉ ºfŉ imÅºÈÒaµÒŉ ecºÌèÌÒemŉ ÌeÈáiceŉ beµefiÒÌŉ aµdŉ highlighÒ
ÌÒakehºldeÈŉ iµÒeÈeÌÒŉ iµŉ ÅaÈÒicÖlaÈŉ aÈeaÌĜŉ Thisŉ techniqueŉmightŉ beŉ particularly
effectiveŉforŉidentifyingŉregionsŉofŉculturalŉsignificanceŉthatŉmightŉnotŉbeŉrevealed
fromŉeconomicallyŉorientedŉanalyses.ŉ
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500Ĭ3ĭĝŉ11Đ5ĐĎĜ

MandleĝŉLĜĝŉShieldsĲEstradaĝŉAĜĝŉChaplinĲKramerĝŉRĜĝŉMitchellĝŉMĜŉGĜĝŉBremerĝŉLĜŉLĜĝ
GourevitchĝŉJĜŉDĜĝŉHawthorneĝŉPĜĝŉJohnsonĝŉJĜŉAĜĝŉRobinsonĝŉBĜŉEĜĝŉSmithĝŉJĜŉRĜĝŉSonterĝŉLĜŉJĜĝ
VerutesĝŉGĜŉMĜĝŉVoglĝŉAĜŉLĜĝŉDailyĝŉGĜŉCĜĝŉandŉRickettsĝŉTĜŉHĜŉĬ2021ĭĜŉIncreasingŉdecision
relevanceŉofŉecosystemŉserviceŉscienceĜŉNatureŉSustainabilityĝŉ4Ĭ2ĭĝŉ1č1Ĳ1čĐĜ

ManleyĝŉPĜĝŉWilsonĝŉKĜĝŉŲŉPovakĝŉNĜŉĬ2020ĭĜŉFrameworkŉforŉPromotingŉSocioĲecological
ResilienceŉAcrossŉForestedŉLandscapesŉinŉtheŉSierraŉNevadaĜŉFinalŉReportŉtoŉtheŉSierra
NevadaŉConservancyŉforŉtheŉTahoeĲCentralŉSierraŉInitiativeĜŉ

MaranghidesĝŉAĜŉĝŉLinkĝŉEĜŉĝŉMellĝŉWĜŉĝŉHawksĝŉSĜŉĝŉWilsonĝŉMĜŉĝŉBrewerĝŉWĜŉĝŉBrownĝŉCĜŉĝ
VihnaneckĝŉRĜŉandŉWaltonĝŉWĜŉĬ2021ĭĝŉAŉCaseŉStudyŉofŉtheŉCampŉFireŉĲŉFireŉProgression
TimelineğŉAppendixŉCĜŉCommunityŉWUIŉFireŉHazardŉEvaluationŉFrameworkĜŉTechnical
NoteŉĬNISTŉTNĭĝŉNationalŉInstituteŉofŉStandardsŉandŉTechnologyĝŉGaithersburgĝŉMDĜ

MarkgrafĝŉRĜĝŉDoyonĝŉFĜĝŉŲŉKneeshawĝŉDĜŉĬ2020ĭĜŉForestŉlandscapeŉheterogeneityŉincreases
shrubŉdiversityŉatŉtheŉexpenseŉofŉtreeŉseedlingŉdiversityŉinŉtemperateŉmixedwood
forestsĜŉForestsĝŉ11Ĭ2ĭĝŉ1č0Ĝ

McCauleyĝŉLĜŉAĜĝŉRoblesĝŉMĜŉDĜĝŉWoolleyĝŉTĜĝŉMarshallĝŉRĜŉMĜĝŉKretchunĝŉAĜĝŉŲŉGoriĝŉDĜŉFĜŉĬ201ĐĭĜ
LargeĲscaleŉforestŉrestorationŉstabilizesŉcarbonŉunderŉclimateŉchangeŉinŉSouthwest
UnitedŉStatesĜŉEcologicalŉApplicationsĝŉ2ĐĬďĭĝŉe01ĐĎĐĜ

MillenniumŉEcosystemŉAssessmentĝŉ2005ĜŉLivingŉBeyondŉOurŉMeansĞŉNaturalŉAssetsŉand
HumanŉWellĲbeingĜŉMillenniumŉEcosystemŉAssessmentĜŉIslandŉPressĜ

MurphyĝŉDĜŉDĜĝŉŲŉStineĝŉPĜŉAĜŉĬ2004ĭĜŉProceedingsŉofŉtheŉSierraŉNevadaŉScience
SymposiumĜŉGenĜŉTechĜŉRepĜŉPSWĲGTRĲ1Đ3ĜŉAlbanyĝŉCAĞŉPacificŉSouthwestŉResearch
StationĝŉForestŉServiceĝŉUSŉDepartmentŉofŉAgricultureğŉ2ďĎŉpĜĝŉ1Đ3Ĝ
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NationalŉInteragencyŉFireŉCenterŉĬnĜdĜĭĜŉFireŉsuppressionŉstatisticsĜŉNationalŉInteragency
FireŉCenterĜŉŉŉhttpsĞĩĩwwwĜnifcĜgovĩfireĲinformationĩstatisticsĩsuppressionĲcostsĩŉ

NationalŉVisitorŉUseŉMonitoringŉProgramŉİNVUMıŉĬ2020ĭĜŉUĜSĜŉForestŉServiceŉNational
VisitorŉUseŉMonitoringŉSurveyŉResultsŉNationalŉSummaryŉReportĞŉDataŉcollectedŉFYŉ201č
throughŉFYŉ2020ĜŉUĜSĜŉDepartmentŉofŉAgricultureĜ
httpsĞĩĩwwwĜfsĜusdaĜgovĩsitesĩdefaultĩfilesĩ2020ĲNationalĲVisitorĲUseĲMonitoringĲ
SummaryĲReportĜpdf

NaturalŉCapitalŉProjectĜŉĬnĜdĜĭĜŉInVESTĜŉStanfordŉUniversityĜ
httpsĞĩĩnaturalcapitalprojectĜstanfordĜeduĩsoftwareĩinvestŉ

NorthŉLakeŉTahoeŉVisitorsŉBureauŉĬnĜdĜĭĜŉLakeŉTahoeŉĲŉGuideŉtoŉResortsĝŉRestaurantsĝŉŲ
ThingsŉtoŉDoĜŉGoTahoeNorthĜŉhttpsĞĩĩwwwĜgotahoenorthĜcomĩŉ

NorthernŉCaliforniaŉWaterŉAssociationĜŉĬnĜdĜĭĜŉNewŉBullardsŉBarŉDamŉandŉReservoirĜ
httpsĞĩĩnorcalwaterĜorgĩefficientĲwaterĲmanagementĩefficientĲwaterĲmanagementĲ
regionalĲsustainabilityĩwaterĲmapsĩnewĲbullardsĲbarĩ

NowakĝŉDĜJĝŉCraneĝŉDĜEĜĝŉŲŉStevensĝŉJĜCĜŉĬ200čĭĜŉAirŉpollutionŉremovalŉbyŉurbanŉtreesŉand
shrubsŉinŉtheŉUnitedŉStatesĜŉUrbanŉForestryŉŲŉUrbanŉGreeningĝŉ4ĝŉ115Ĳ123Ĝ

PalmieriĝŉAĜĝŉShahĝŉFĜĝŉŲŉDinarĝŉAĜŉĬ2001ĭĜŉEconomicsŉofŉreservoirŉsedimentationŉand
sustainableŉmanagementŉofŉdamsĜŉJournalŉofŉEnvironmentalŉManagementĝŉč1Ĭ2ĭĝŉ14ĐĲ1č3Ĝ
httpsĞĩĩdoiĜorgĩ10Ĝ100čĩjemaĜ2000Ĝ03Đ2

PanagosĝŉPĜĝŉBorrelliĝŉPĜĝŉMeusburgerĝŉKĜĝŉAlewellĝŉCĜĝŉLugatoĝŉEĜĝŉŲŉMontanarellaĝŉLĜŉĬ2015ĭĜ
EstimatingŉtheŉsoilŉerosionŉcoverĲmanagementŉfactorŉatŉtheŉEuropeanŉscaleĜŉLandŉuse
policyĝŉ4ďĝŉ3ďĲ50Ĝ

PaudyalĝŉKĜĝŉBaralĝŉHĜĝŉBurkhardĝŉBĜĝŉBhandariĝŉSĜPĜĝŉŲŉKeenanĝŉRĜJĜŉĬ2015ĭĜŉParticipatory
assessmentŉandŉmappingŉofŉecosystemŉservicesŉinŉaŉdataĲpoorŉregionĞŉCaseŉstudyŉof
communityĲmanagedŉforestsŉinŉcentralŉNepalĜŉEcosystemŉServicesĝŉ13ĝŉď1ĲĐ2Ĝŉ

PodolakĝŉKĜĝŉEdelsonĝŉDĜĝŉKruseĝŉSĜĝŉAylwardĝŉBĜĝŉZimringĝŉMĜĝŉŲŉWobbrockĝŉNĜŉĬ2015ĭĜ
EstimatingŉtheŉWaterŉSupplyŉBenefitsŉfromŉForestŉRestorationŉinŉtheŉNorthernŉSierra
NevadaĜŉAnŉunpublishedŉreportŉofŉTheŉNatureŉConservancyŉpreparedŉwithŉEcosystem
EconomicsĜŉSanŉFranciscoĝŉCAĜ
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PodolakĝŉKĜĝŉLoweĝŉEĜĝŉWolnyĝŉSĜĝŉNickelĝŉBĜĝŉŲŉKelseyĝŉRĜŉĬ201ĎĭĜŉInformingŉwatershed
planningŉandŉpolicyŉinŉtheŉTruckeeŉRiverŉbasinŉthroughŉstakeholderŉengagementĝ
scenarioŉdevelopmentĝŉandŉimpactŉevaluationĜŉEnvironmentalŉScienceŉŲŉPolicyĝŉčĐĝŉ124Ĳ
135ĜŉhttpsĞĩĩdoiĜorgĩ10Ĝ101čĩjĜenvsciĜ201čĜ12Ĝ015

QuantifiedŉVenturesĜŉĬ201ĐĭĜŉCaseŉstudyĞŉDCŉWaterĜŉQuantifiedŉVenturesĜ
httpsĞĩĩstatic1ĜsquarespaceĜcomĩstaticĩ5d5b210ďď5b4ce0001čč3c25ĩtĩ5e13čbč1f2afef
č1eĐ5eĎ4Ď2ĩ15Ďď3310012čĐĩDCŖWaterŖCaseŖStudyĶQuantifiedŖVentures

QuinnĲDavidsonĝŉLĜNĜŉŲŉVarnerĝŉJĜMĜŉĬ2012ĭĜŉImpedimentsŉtoŉprescribedŉfireŉacross
agencyĝŉlandscapeŉandŉmanagerĞŉAnŉexampleŉfromŉnorthernŉCaliforniaĜŉInternational
JournalŉofŉWildlandŉFireŉ21Ĭ3ĭĝŉ210Ĳ21ďĜŉDOIŉ10Ĝ10Ď1ĩWF1101Ď

RazafindrabeĝŉBĜŉHĜĝŉHeĝŉBĜĝŉInoueĝŉSĜĝŉEzakiĝŉTĜĝŉŲŉShawĝŉRĜŉĬ2010ĭĜŉTheŉroleŉofŉforestŉstand
densityŉinŉcontrollingŉsoilŉerosionĞŉimplicationsŉtoŉsedimentĲrelatedŉdisastersŉinŉJapanĜ
Environmentalŉmonitoringŉandŉassessmentĝŉ1č0Ĭ1ĭĝŉ33ĎĲ354Ĝ
httpsĞĩĩdoiĜorgĩ10Ĝ100Ďĩs10čč1Ĳ00ďĲ0čĐĐĲ2

RiahiĝŉKĜĝŉRaoĝŉSĜĝŉKreyĝŉVĜĝŉChoĝŉCĜĝŉChirkovĝŉVĜĝŉFischerĝŉGĜĝŉKindermannĝŉGĜĝŉNakicenovicĝŉNĜĝŉŲ
RafajĝŉPĜŉĬ2011ĭĜŉRCPŉďĜ5ĵaŉscenarioŉofŉcomparativelyŉhighŉgreenhouseŉgasŉemissionsĜ
ClimaticŉChangeĝŉ10ĐĬ1Ĳ2ĭĝŉ33Ĵ5ĎĜŉhttpsĞĩĩdoiĜorgĩ10Ĝ100Ďĩs105ď4Ĳ011Ĳ014ĐĲy

RocheĝŉJĜŉWĜĝŉMaĝŉQĜĝŉRungeeĝŉJĜĝŉŲŉBalesĝŉRĜŉCĜŉĬ2020ĭĜŉEvapotranspirationŉmappingŉfor
forestŉmanagementŉinŉCaliforniałsŉSierraŉNevadaĜŉFrontiersŉinŉForestsŉandŉGlobalŉChangeĝ
3ĝŉčĐĜ

RosenbergerĝŉRĜSĜĝŉWhiteĝŉEĜMĜĝŉKlineĝŉJĜDĜĝŉŲŉCvitanovichĝŉCĜŉĬ201ĎĭĜŉRecreationŉeconomic
valuesŉforŉestimatingŉoutdoorŉrecreationŉeconomicŉbenefitsŉfromŉtheŉNationalŉForest
SystemĜŉUĜSĜŉDepartmentŉofŉAgricultureĝŉForestŉServiceĝŉPacificŉNorthwestŉResearch
StationĜŉhttpsĞĩĩwwwĜfsĜusdaĜgovĩtreesearchĩpubsĩ54č02

RyanĝŉMĜŉGĜĝŉHarmonĝŉMĜŉEĜĝŉBirdseyĝŉRĜŉAĜĝŉGiaridinaĝŉCĜŉPĜĝŉHeathĝŉLĜŉSĜĝŉHoughtonĝŉRĜŉAĜĝ
JacksonĝŉRĜŉBĜĝŉMcKinleyĝŉDĜŉCĜĝŉMorrisonĝŉJĜŉFĜĝŉMurrayĝŉBĜŉCĜĝŉPatakiĝŉDĜŉEĜĝŉŲŉSkogĝŉKĜŉEĜ
Ĭ2010ĭĜŉAŉSynthesisŉofŉtheŉScienceŉonŉForestsŉandŉCarbonŉforŉUĜSĜŉForestsĜŉIssuesŉin
Ecologyĝŉ13ĜŉhttpsĞĩĩwwwĜfsĜfedĜusĩrmĩpubsĶotherĩrmrsĶ2010ĶryanĶm002ĜpdfĜ

SánchezĝŉJĜJĜĝŉMarcosĲMartinezĝŉRĜĝŉSrivastavaĝŉLĜĝŉŲŉSoonsawadĝŉNĜŉĬ2021ĭĜŉValuingŉthe
impactsŉofŉforestŉdisturbancesŉonŉecosystemŉservicesĞŉAnŉexaminationŉofŉrecreation
andŉclimateŉregulationŉservicesŉinŉUĜSĜŉnationalŉforestsĜŉTreesĝŉForestsŉandŉPeopleĝŉ5ĝ
100123ĜŉhttpsĞĩĩdoiĜorgĩ10Ĝ101čĩjĜtfpĜ2021Ĝ100123
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SchenkĝŉHĜŉJĜĝŉŲŉJacksonĝŉRĜŉBĜŉĬ2002ĭĜŉRootingŉdepthsĝŉlateralŉrootŉspreadsŉandŉbelowĲ
groundĩaboveĲgroundŉallometriesŉofŉplantsŉinŉwaterĲlimitedŉecosystemsĜŉJournalŉof
Ecologyĝŉ4ď0Ĳ4Đ4Ĝ

SessionsĝŉCĜĝŉWoodĝŉSĜŉAĜĝŉRabotyagovĝŉSĜŉŲŉFisherĝŉDĜŉMĜŉĬ201čĭĜŉMeasuringŉrecreational
visitationŉatŉUĜSĜŉNationalŉParksŉwithŉcrowdĲsourcedŉphotographsĜŉJournalŉof
EnvironmentalŉManagementĝŉ1ď3ĝŉĎ03ĲĎ11Ĝ

SharpĝŉRĜğŉTallisĝŉHĜğŉRickettsĝŉTĜğŉGuerryĝŉAĜğŉWoodĝŉSĜğŉChaplinĲKramerĝŉRĜğŉNelsonĝŉEĜğ
EnnaanayĝŉDĜğŉWolnyĝŉSĜğŉOlweroĝŉNĜğŉetŉalĜŉĬ2014ĭĜŉInvestŉUserļsŉGuideğŉTheŉNaturalŉCapital
ProjectĞŉStanfordĝŉCAĝŉUSAĜ

ShawĝŉJĜŉĬ201ďĭĜŉĹWhyŉisŉbiodiversityŉimportantģĺŉConservationŉInternationalŉBlogĜ
httpsĞĩĩwwwĜconservationĜorgĩblogĩwhyĲisĲbiodiversityĲimportant

ShiĝŉZĜŉHĜĝŉFangĝŉNĜŉFĜĝŉWuĝŉFĜŉZĜĝŉWangĝŉLĜĝŉYueĝŉBĜŉJĜĝŉŲŉWuĝŉGĜŉLĜŉĬ2012ĭĜŉSoilŉerosionŉprocesses
andŉsedimentŉsortingŉassociatedŉwithŉtransportŉmechanismsŉonŉsteepŉslopesĜŉJournalŉof
Hydrologyĝŉ454Ĳ455ĝŉ123Ĵ130ĜŉhttpsĞĩĩdoiĜorgĩ10Ĝ101čĩjĜjhydrolĜ2012Ĝ0čĜ004

SierraŉNevadaŉConservancyĜŉĬ201ĎĭĜŉTheŉstateŉofŉtheŉSierraŉNevadaļsŉforestsĞŉFromŉBad
toŉWorseĜŉReportĜŉSierraŉNevadaŉConservancyĜŉhttpsĞĩĩsierranevadaĜcaĜgovĩwpĲ
contentĩuploadsĩsitesĩ32čĩ201Đĩ12ĩSOSĲv2Ĳa11yĜpdf

SierraŉNevadaŉConservancyĜŉĬ2020ĭĜŉTahoeĲCentralŉSierraŉInitiativeĜ
httpsĞĩĩsierranevadaĜcaĜgovĩwhatĲweĲdoĩtcsiĩ

SilcoxĝŉFĜŉAĜŉĬ1Đ11ĭĜŉFireŉpreventionŉandŉcontrolŉonŉtheŉNationalŉForestsĜŉUĜSĜŉDepartmentŉof
AgricultureĜŉhttpsĞĩĩforesthistoryĜorgĩwpĲcontentĩuploadsĩ201Ďĩ01ĩSilcoxĶFireĶ1Đ10Ĝpdf

SilinsĝŉUĜĝŉStoneĝŉMĜĝŉEmelkoĝŉMĜBĜĝŉŲŉBladonĝŉKĜDĜŉĬ200ĐĭĜŉSedimentŉproductionŉfollowing
severeŉwildfireŉandŉpostĲfireŉsalvageŉloggingŉinŉtheŉRockyŉMountainŉheadwatersŉofŉthe
OldmanŉRiverŉBasinĝŉAlbertaĜŉCatenaĝŉĎĐĝŉ1ďĐĲ1ĐĎĜ

SmithĝŉHĜŉĬ2021ĝŉNovemberŉ1ĭĜŉPGŲEŉunderŉfederalŉprobeŉinŉDixieŉfireĝŉexpectsŉmoreŉthan
Ŏ1ŉbillionŉinŉlossesŉtiedŉtoŉblazeĜŉLosŉAngelesŉTimesĜ
httpsĞĩĩwwwĜlatimesĜcomĩcaliforniaĩstoryĩ2021Ĳ11Ĳ01ĩamidĲfederalĲprobeĲinĲdixieĲfireĲ
pacificĲgasĲelectricĲfacesĲ1ĲbillionĲinĲlosses

SoilŉConservationŉServiceĜŉĬnĜdĜĭĜŉChapterŉ3ĞŉErosionĜŉInŉNationalŉEngineeringŉHandbookĝ
Sectionŉ3ĞŉSedimentationĜŉUnitedŉStatesŉDepartmentŉofŉAgricultureĜ
httpsĞĩĩdirectivesĜscĜegovĜusdaĜgovĩOpenNonWebContentĜaspxģcontentŚ1Ď50ĐĜwba



SorvinoĝŉCĜŉĬ201ďĝŉMayŉ14ĭĜŉAŉbillionĲdollarŉfortuneŉfromŉtimberŉandŉfireĜŉForbesĜ
httpsĞĩĩwwwĜforbesĜcomĩfeatureĩarchieĲemmersonĲtimberĲforestĲfiresĲ
loggingĩĨ3bad2fabč4fĐ

StewartĝŉWĜŉCĜŉĬ1ĐĐčĭĜŉEconomicŉassessmentŉofŉtheŉecosystemĜŉInŉSierraŉNevada
EcosystemŉProjectĞŉFinalŉReportŉtoŉCongressŉĬVolĜŉ3ĝŉppĜŉĐĎ3Ĳ10č4ĭĜŉDavisĞŉUniversityŉof
CaliforniaĝŉCentersŉforŉWaterŉandŉWildlandŉResourcesĜ

TaylorĝŉAĜŉHĜĝŉŲŉBeatyĝŉRĜŉMĜŉĬ2005ĭĜŉClimaticŉinfluencesŉonŉfireŉregimesŉinŉtheŉnorthern
SierraŉNevadaŉmountainsĝŉLakeŉTahoeŉBasinĝŉNevadaĝŉUSAĜŉJournalŉofŉBiogeographyĝ
32Ĭ3ĭĝŉ425Ĳ43ďĜ

UniversityŉofŉCaliforniaŉMercedĜŉĬ2021ĭĜŉHydrologyŉofŉtheŉSierraŉNevadaĜŉYosemiteŉField
StationĜŉhttpsĞĩĩsnrsĜucmercedĜeduĩnaturalĲ
historyĩhydrologyĨĞŢĞtextŚAboutŮ20sixtyŮ20percentŮ20ofŮ20CaliforniaŮ2Ďsĝsnowm
eltŮ20supplyingŮ2023Ů20millionŮ20CaliforniansĜ

UĜSĜŉDepartmentŉofŉAgricultureĜŉĬ201ĎĭĜŉMemorandumŉofŉunderstandingĜŉFSŉAgreement
NoĜ1ĎĲMUĲ11052000Ĳ0Đ4Ĝ
httpsĞĩĩsagehenĜucnrsĜorgĩDocumentsĩplanningĩSFPĩTCSIĩTCSIŮ20MOUĶ1ĎĲMUĲ
11052000Ĳ0Đ4Final10August201ĎĜpdf

VanŉdeŉWaterĝŉKĜŉMĜĝŉŲŉSaffordĝŉHĜŉDĜŉĬ2011ĭĜŉAŉsummaryŉofŉfireŉfrequencyŉestimatesŉfor
CaliforniaŉvegetationŉbeforeŉEuroĲAmericanŉsettlementĜŉFireŉEcologyĝŉĎĬ3ĭĝŉ2čĲ5ďĜ
httpsĞĩĩdoiĜorgĩ10Ĝ4ĐĐčĩfireecologyĜ0Ď0302č

WagenbrennerĝŉJĜŉWĜĝŉEbelĝŉBĜŉAĜĝŉBladonĝŉKĜŉDĜĝŉŲŉKinoshitaĝŉAĜŉMĜŉĬ2021ĭĜŉPostĲwildfire
hydrologicŉrecoveryŉinŉMediterraneanŉclimatesĞŉAŉsystematicŉreviewŉandŉcaseŉstudyŉto
identifyŉcurrentŉknowledgeŉandŉopportunitiesĜŉJournalŉofŉHydrologyĝŉč02ĝŉ12čĎĎ2Ĝ
httpsĞĩĩdoiĜorgĩ10Ĝ101čĩjĜjhydrolĜ2021Ĝ12čĎĎ2

WhiteĝŉEĜŉMĝŉBergersonĝŉTĜŉRĜĝŉŲŉHinmanĝŉEĜŉTĜŉĬ2020ĭĜŉResearchŉnoteĞŉquickŉassessmentŉof
recreationŉuseŉandŉexperienceŉinŉtheŉimmediateŉaftermathŉofŉwildfireŉinŉaŉdesertŉriver
canyonĜŉJournalŉofŉOutdoorŉRecreationŉandŉTourismĝŉ2Đĝŉ100251Ĝ
httpsĞĩĩdoiĜorgĩ10Ĝ101čĩjĜjortĜ201ĐĜ100251

WilliamsĝŉAĜŉPĜĝŉAbatzoglouĝŉJĜŉTĜĝŉGershunovĝŉAĜĝŉGuzmanĲMoralesĝŉJĜĝŉBishopĝŉDĜŉAĜĝŉBalchĝŉJĜ
KĜĝŉŲŉLettenmaierĝŉDĜŉPĜŉĬ201ĐĭĜŉObservedŉimpactsŉofŉanthropogenicŉclimateŉchangeŉon
wildfireŉinŉCaliforniaĜŉEarthłsŉFutureĝŉĎĬďĭĝŉďĐ2ĴĐ10ĜŉhttpsĞĩĩdoiĜorgĩ10Ĝ102Đĩ201Đef001210ŉ
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ĘěĐ APPENDICES
AÅÅeµdiçŉAĞŉIµVESTŉMeÒhºdÌ
InVESTŉInputs
ĈĜŉLaµdŉUÌeĩLaµdŉCºáeÈŉĬLULCĭ
Theŉ LULCŉ dataŉ layerŉ usedŉ forŉ thisŉ projectŉ wasŉ providedŉ byŉ Theŉ Natureŉ Conservancy.ŉ As
statedŉinŉtheŉModelingŉMethodsŉsection,ŉtheŉlandŉuseŉdataŉwasŉcreatedŉusingŉLANDISĲII.ŉ

Theŉ dataŉ containedŉ informationŉ onŉ forestŉ type,ŉ seralŉ stage,ŉ andŉ canopyŉ coverŉ identified
throughŉ aŉ uniqueŉCaliforniaŉWildlifeŉHabitatŉ Relationshipŉ ĬCWHRĭŉ code.ŉ Theŉ firstŉ orŉ second
digitŉofŉthisŉcodeŉrepresentsŉaŉspecificŉtreeŉspecies,ŉtheŉsecondŉtoŉlastŉdigitŉrepresentsŉthe
seralŉstage,ŉandŉtheŉlastŉdigitŉalwaysŉrepresentsŉcanopyŉcoverŉĬTableŉA1.1ŉandŉA1.2ĭ.ŉ

Theŉ landŉcoverŉdataŉneededŉ toŉcorrespondŉwithŉotherŉdataŉ layersŉ suchŉasŉ theŉbiophysical
tableŉĬseeŉbelowĭŉforŉeachŉsubmodelŉinŉInVEST.ŉGeneralizingŉtheŉforestŉtypesŉallowedŉforŉmore
easeŉandŉaccuracyŉinŉbuildingŉtheŉbiophysicalŉtables.ŉInformationŉonŉtheŉparametersŉforŉeach
submodelŉ wasŉ alsoŉ moreŉ readilyŉ availableŉ forŉ generalŉ forestŉ typesŉ thanŉ informationŉ for
individualŉ treeŉ species.ŉWeŉ categorizedŉ theŉ specificŉ forestŉ typesŉ andŉ canopyŉ coverŉ inŉ the
originalŉLULCŉlayerŉintoŉbroaderŉforestŉtypes.ŉUsingŉtheŉdefinitionŉprovidedŉbyŉtheŉFoodŉand
AgricultureŉOrganizationŉĬFAOĭ,ŉforestsŉareŉdefinedŉasŉlandŉspanningŉmoreŉthanŉ0.5ŉhectares
withŉ treesŉ higherŉ thanŉ fiveŉ metersŉ andŉ aŉ canopyŉ coverŉ ofŉ moreŉ thanŉ 10Ůŉ ĬFAO,ŉ 2018ĭ.
Althoughŉtheŉdataŉdidŉnotŉincludeŉtreeŉheightŉorŉarea,ŉweŉclassifiedŉareasŉwithŉaŉcanopyŉcover
greaterŉthanŉ10ŮŉasŉĹforestĺ,ŉwhileŉareasŉwithŉlessŉthanŉ10Ůŉcanopyŉcoverŉwereŉclassifiedŉas
ĹnonĲforestĺŉ ĬTableŉ A1.2ĭ.ŉ Thenŉ individualŉ forestŉ speciesŉ wereŉ categorizedŉ intoŉ fiveŉ general
forestŉtypesŉwhichŉincludedŉconifer,ŉhardwood,ŉmixed,ŉshrub,ŉandŉnonĲforestŉusingŉcodeŉinŉR
ĬhttpsĞĩĩgithub.comĩteaguetranĩESM270PĶcode.gitĭ.ŉŉ

Theŉoriginalŉlandŉuseŉlayersŉprovidedŉincludeŉdataŉfromŉ2020ŉthroughŉ2100ŉatŉ5Ĳyearŉintervals
projectedŉ underŉ theŉ twoŉ restorationŉ scenariosŉ describedŉ previously.ŉ Eachŉ yearŉ hadŉ 24
iterationsŉofŉeachŉscenario.ŉWeŉfocusedŉonŉyearsŉ2020,ŉ2040,ŉandŉ2060ŉtoŉcompareŉcurrent
landŉ coverŉ withŉ informativeŉ projectionsŉ thatŉ wereŉ notŉ tooŉ farŉ intoŉ theŉ futureŉ toŉ reduce
uncertainty.ŉToŉsimplifyŉourŉanalysis,ŉweŉdecidedŉtoŉfindŉspecificŉreplicatesŉforŉeachŉscenario
andŉ yearŉ Ĭ2040ŉ andŉ 2060ĭŉ thatŉ hadŉ theŉ leastŉ andŉ greatestŉ variabilityŉ inŉ landŉ use.ŉ These
minimumŉandŉmaximumŉdifferencesŉ representŉ theŉ rangeŉofŉprojectionsŉcreatedŉdueŉ toŉ the
stochasticŉ natureŉ ofŉ theŉ LANDISŉ model.ŉ Eachŉ runŉ ofŉ theŉ modelŉ createdŉ differentŉ climate
conditionsŉ toŉ accountŉ forŉ environmentalŉ variabilityŉ andŉ uncertainty,ŉ whichŉ producedŉ 24
differentŉ replicatesŉofŉ eachŉ scenarioŉ inŉ eachŉ timeŉ frame.ŉUsingŉ theŉ replicateŉwithŉ theŉ least
amountŉ ofŉ landŉ useŉ changeŉ andŉ theŉ replicateŉ withŉ theŉ greatestŉ changeŉ inŉ ourŉ modeling
allowedŉusŉtoŉexamineŉtheŉextremesŉofŉprojectedŉlandŉuseŉchangeŉinŉtheŉregionŉwhileŉrunning
theŉInVESTŉsubmodelsŉ inŉaŉreasonableŉnumberŉofŉtimes.ŉWeŉfoundŉthatŉtheŉ2020ŉreplicates
wereŉallŉtheŉsameŉandŉselectedŉoneŉatŉrandomŉtoŉrepresentŉbaselineŉorŉcurrentŉ landŉuseŉto
compareŉtoŉfutureŉyears.ŉFFFŉ
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APPENDIXToŉreclassifyŉtheŉdataset,ŉweŉusedŉtheŉpackage,ŉstars,ŉinŉRŉtoŉpolygonizeŉtheŉrasterŉandŉobtain
aŉ dataŉ tableŉ withŉ theŉ specificŉ numberŉ codeŉ forŉ eachŉ cell
ĬhttpsĞĩĩgithub.comĩteaguetranĩESM270PĶcode.gitĭ.ŉWeŉthenŉparsedŉtheŉnumberŉcodesŉinto
separateŉ columnsŉ forŉ eachŉ forestŉ categoryŉ andŉ assignedŉ characterŉ valuesŉ basedŉ onŉ the
conversionŉ inŉ Tableŉ B1ŉ andŉ B2.ŉ Seralŉ stagesŉ wereŉ notŉ consideredŉ becauseŉ weŉ primarily
focusedŉonŉlandŉcoverŉandŉforestŉtype.ŉTheŉforestŉtypesŉwereŉclassifiedŉintoŉlandŉcoverŉcodes
ĬnonĲforestŉŚŉ1,ŉconiferŉŚŉ2,ŉhardwoodsŉŚŉ3,ŉmixedŉŚŉ4,ŉshrubŉŚŉ5ĭ.

TableŉAĈĜĈĜŉCaliforniaŉWildlifeŉHabitatŉRelationshipŉĬCWHRĭŉforestŉtype
codesŉreclassifiedŉintoŉoneŉofŉtheŉfiveŉspecifiedŉcategories.

AÅÅeµdiçŉAĞŉIµVESTŉMeÒhºdÌ
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Theŉ reclassifiedŉ forestŉ typeŉ dataŉ wereŉ thenŉ importedŉ intoŉ ArcGISŉ Pro,ŉ whereŉ theyŉ were
convertedŉtoŉrastersŉusingŉtheŉPolygonŉtoŉRasterŉtool.ŉTheŉvaluesŉofŉtheŉrasterŉcellsŉwereŉset
asŉtheŉlandŉcoverŉcodesŉmentionedŉabove.

ĉĜŉBiºÅhèÌicalŉTableŉ
ŉŉŉŉŉŉŉŉŉŉa.ŉŉAnnualŉWaterŉYieldŉModel
Theŉ biophysicalŉ tableŉ wasŉ compiledŉ fromŉ aŉ varietyŉ ofŉ literatureŉ sources.ŉ Itŉ containsŉ three
variables,ŉwhichŉareŉassociatedŉwithŉeachŉlandŉcoverŉtypeŉincludedŉinŉourŉLULCŉlayerŉthrough
theŉcolumnŉnameŉ lucode.ŉTheŉfirstŉvariableŉ isŉLULCĶveg,ŉwhichŉspecifiesŉwhichŉequationŉfor
actualŉ evapotranspirationŉ theŉmodelŉ willŉ use.ŉWeŉ setŉ thisŉ valueŉ toŉ 1ŉ forŉ allŉ vegetatedŉ land
coverŉtypesŉexceptŉwetlands,ŉandŉ0ŉforŉallŉotherŉlandŉcoverŉtypesŉĬSharpŉetŉal.,ŉ2014ĭŉĬTable
A2.1ĭ.ŉ

Theŉ secondŉ variableŉ isŉ rootĶdepth,ŉ theŉ depthŉ atŉ whichŉ 95Ůŉ ofŉ aŉ vegetationŉ typeļsŉ roots
occur.ŉForŉnonĲvegetatedŉlandŉcovers,ŉthisŉwasŉsetŉtoŉĲ1.ŉForŉvegetatedŉnonĲforestŉlandŉcover
typesŉĬshrubĭ,ŉ rootĶdepthŉwasŉsetŉtoŉ2500ŉmmŉĬSharpŉetŉal.,ŉ2014ĭ.ŉForŉforestŉtypes,ŉ itŉwas
setŉtoŉ9501ŉmmŉĬSchenkŉŲŉJackson,ŉ2002ğŉRocheŉetŉal.,ŉ2020ĭŉĬTableŉA2.1ĭ.ŉ

Theŉ thirdŉ variableŉ isŉ Kc,ŉ theŉ plantŉ evapotranspirationŉ coefficient.ŉ Kcŉ isŉ 0.5ŉ forŉ nonĲforest
types,ŉ 1ŉ forŉconiferŉandŉmixedĲforestŉ types,ŉ0.876ŉ forŉhardwoodŉtypes,ŉandŉ0.674ŉ forŉshrub
typesŉĬSharpŉetŉal.,ŉ2014ğŉAllenŉetŉal.,ŉ1998ğŉIioŉŲŉIto,ŉ2014ĭŉĬTableŉA2.1ĭ.

TableŉAĈĜĉĜŉForestŉandŉNonĲforestŉclassificationsŉbyŉcanopyŉcover.

AÅÅeµdiçŉAĞŉIµVESTŉMeÒhºdÌ
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ŉŉŉŉŉŉŉŉŉŉb.ŉŉSedimentŉDeliveryŉRatioŉModel
Theŉ biophysicalŉ tableŉ wasŉ compiledŉ fromŉ aŉ varietyŉ ofŉ literatureŉ sources.ŉ Itŉ containsŉ two
variables,ŉwhichŉareŉassociatedŉwithŉeachŉlandŉcoverŉtypeŉincludedŉinŉourŉLULCŉlayerŉthrough
theŉcolumnŉnameŉ lucode.ŉAŉuniqueŉ integerŉnumberŉwasŉgivenŉ toŉeachŉLULCŉtypeŉandŉeach
variableŉhasŉanŉassociatedŉvalueŉderivedŉfromŉliterature.ŉTheŉfirstŉvariableŉisŉusleĶcŉwhichŉis
theŉ coverĲmanagementŉ factorŉ ĬCŉ factorĭŉ forŉ theŉ Universalŉ Soilŉ Lossŉ Equationŉ ĬUSLEĭ.ŉ This
valueŉisŉaŉfloatingĲpointŉvalueŉbetweenŉ0ŉandŉ1ŉĬSharpŉetŉal.,ŉ2014ĭ.ŉ Itŉaccountsŉforŉhowŉland
cover,ŉ crops,ŉ andŉ cropŉmanagementŉ causeŉ soilŉ lossŉ toŉ varyŉ fromŉ lossesŉ occurringŉ inŉ bare
fallowŉ areasŉ ĬPanagosŉ etŉ al.,ŉ 2015ĭ.ŉ Forŉ thisŉ project,ŉ 0.00155ŉ wasŉ usedŉ forŉ allŉ theŉ forested
areas,ŉasŉsuggestedŉinŉPanagosŉetŉal.ŉĬ2015ĭŉandŉGurungŉetŉal.ŉĬ2018ĭŉĬTableŉA2.2ĭ.ŉTheŉCŉfactor
forŉ shrubŉ landsŉwasŉestimatedŉ toŉbeŉ0.0265.ŉSinceŉ forestedŉ landŉcanŉbeŉassumedŉ toŉhave
littleŉsoilŉ lossŉ inŉcomparisonŉ toŉcropland,ŉvaluesŉcloserŉ toŉ0ŉwereŉused.ŉNonĲforestedŉareas
wereŉassignedŉaŉvalueŉofŉ0.45ŉbasedŉonŉvaluesŉforŉsteppes,ŉtundra,ŉbadlands,ŉandŉscattered
highĲaltitudeŉvegetationŉĬPanagosŉetŉal.,ŉ2015ĭŉsinceŉmostŉofŉtheŉnonĲforestedŉareasŉoccurred
alongŉridgeŉlinesŉandŉatŉhighŉaltitudesŉĬTableŉA2.2ĭ.ŉ

TheŉsecondŉvariableŉisŉusleĶpŉwhichŉisŉtheŉsupportŉpracticeŉfactorŉĬPŉfactorĭŉforŉtheŉUSLE,ŉa
floatingĲpointŉvalueŉbetweenŉ0ŉandŉ1ŉĬSharpŉetŉal.,ŉ2014ĭ.ŉTheŉPŉfactorŉmeasuresŉtheŉeffectŉof
controlŉpracticesŉthatŉreduceŉtheŉerosionŉpotentialŉofŉtheŉrunoffŉbyŉtheirŉinfluenceŉon
drainageŉpatterns,ŉrunoffŉconcentration,ŉandŉrunoffŉvelocityŉĬSoilŉConservationŉService,ŉn.d.ĭ.
Weŉassumedŉthatŉlandŉinŉtheŉforestedŉareasŉhadŉnoŉsoilŉconservationŉmeasuresŉandŉthus
assignedŉforestedŉareasŉaŉvalueŉofŉ1ŉĬTableŉA2.2ĭ.ŉTheŉPŉfactorŉvaluesŉforŉshrublandŉandŉnonĲ
forestedŉlandscapesŉĬ.85ŉandŉ.2ŉrespectivelyĭŉwereŉobtainedŉfromŉPanagosŉetŉal,ŉ2015ŉĬTable
A2.2ĭ.ŉ

AÅÅeµdiçŉAĞŉIµVESTŉMeÒhºdÌ

TableŉAĉĜĈĜŉBiophysicalŉtableŉforŉtheŉAnnualŉWaterŉYieldŉmodel.

TableŉAĉĜĉĜŉBiophysicalŉtableŉforŉtheŉSedimentŉDeliveryŉRatioŉmodel.
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ĊĜŉOÒheÈŉDaÒaŉReÇÖiÈemeµÒÌ
Forŉprocessingŉbeforeŉ runningŉ InVEST,ŉallŉspatialŉdataŉ layersŉ forŉ theŉAnnualŉWaterŉYieldŉand
SedimentŉDeliveryŉRatioŉmodelŉwereŉreprojectedŉintoŉAlbersŉConicŉEqualŉArea.ŉ
ŉŉŉŉŉŉŉŉŉŉa.ŉŉAnnualŉWaterŉYieldŉModel
Additionally,ŉ theŉprecipitation,ŉ averageŉannualŉ referenceŉevapotranspiration,ŉ rootŉ restricting
layerŉ depth,ŉ andŉplantŉ availableŉwaterŉ contentŉ layersŉwereŉ eachŉ clippedŉ toŉ theŉ studyŉ area
boundaryŉusingŉaŉshapefileŉofŉtheŉTCSIŉboundary,ŉthenŉresampledŉtoŉaŉcellŉsizeŉofŉ30ŉmŉbyŉ30
mŉ toŉ matchŉ theŉ resolutionŉ ofŉ ourŉ landŉ useĩlandŉ coverŉ rasterŉ ĬFigureŉ A1ĭ.ŉ Forŉ futureŉ years,
precipitationŉdataŉwasŉsourcedŉfromŉCalĲAdaptŉshowingŉprojectedŉfutureŉprecipitationŉasŉthe
30Ĳyearŉ averageŉ fromŉ 2035Ĳ2064ŉ ĬGeospatialŉ Innovationŉ Facility,ŉ 2021ĭ.ŉ Thisŉ dataŉ was
processedŉinŉtheŉsameŉwayŉasŉtheŉcurrentŉprecipitationŉdata.ŉTheŉwatershedsŉlayerŉwasŉalso
clippedŉtoŉtheŉTCSIŉboundary.

TheŉZŉparameterŉisŉtheŉonlyŉparameterŉofŉtheŉAnnualŉWaterŉYieldŉmodel.ŉTheŉZŉparameterŉis
calculatedŉasŉtheŉnumberŉofŉrainyŉdaysŉperŉyearŉmultipliedŉbyŉ0.2ŉĬDonohueŉetŉal.,ŉ2012ĭ.ŉWe
ranŉtheŉmodelŉwithŉaŉZŉparameterŉvalueŉofŉ7.94ŉbasedŉonŉanŉestimatedŉ39.7ŉ rainyŉdaysŉper
yearŉinŉtheŉTCSIŉregion.

ŉŉŉŉŉŉŉŉŉŉb.ŉSedimentŉDeliveryŉRatioŉModel
Aŉ totalŉofŉ sixŉDigitalŉElevationŉModelsŉ fromŉtheŉNASAŉdatasetŉ thatŉcoveredŉ theŉTCSIŉ region
wereŉused.ŉ TheseŉDEMŉ rasterŉ layersŉwereŉmergedŉ intoŉoneŉ layerŉusingŉ theŉ ĹMosaicŉ toŉNew
RasterĺŉtoolŉĬFigureŉA5ĭ.ŉInŉalignmentŉwithŉtheŉInVESTŉuserŉguide,ŉtheŉDEMŉwasŉnotŉclippedŉto
theŉregionŉofŉinterestŉĬSharpŉetŉal.,ŉ2014ĭ.ŉ

TheŉRainfallŉErosivityŉIndexŉĬRĭŉandŉsoilŉerodibilityŉĬKĭŉdataŉwereŉcollectedŉfromŉtheŉsameŉEPA
dataŉsource,ŉwhichŉconsistedŉofŉaŉvectorŉpolygonŉwithŉbothŉvariablesŉasŉseparateŉcolumns.ŉTo
createŉ separateŉ rastersŉ forŉ eachŉofŉ them,ŉweŉusedŉ theŉ ĹPolygonŉ toŉRasterĺŉ conversionŉ tool
andŉassignedŉtheŉvalueŉfieldŉtoŉeitherŉtheŉRŉorŉKŉcolumnŉĬFigureŉA4ĭ.

Thresholdŉ flowŉ accumulation,ŉ Kb,ŉ IC0,ŉ SDRmax,ŉ andŉ lnaxŉ ĬTableŉC2ĭŉ areŉ allŉ parametersŉ that
wereŉsetŉinŉtheŉSDRŉmodel.ŉAŉdescriptionŉofŉtheŉparametersŉcanŉbeŉfoundŉinŉtheŉAppendixŉC.
Theseŉ parametersŉ wereŉ setŉ toŉ theŉ valuesŉ recommendedŉ byŉ Naturalŉ Capitalŉ ĬSharpŉ et.ŉ al,
2014ĭ.ŉ

AÅÅeµdiçŉBĞŉGISŉMeÒhºdÌ

AÅÅeµdiçŉBĞŉGISŉMeÒhºdÌ
DataŉanalysisŉforŉhabitatŉqualityŉwasŉdoneŉthroughŉArcGISŉProŉandŉRŉStudio.ŉTheŉrepositoryŉfor
theŉcodeŉcanŉbeŉfoundŉatŉhttpsĞĩĩgithub.comĩhweylandĩgpĶhabitatĶanalysis.git.ŉ
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ĈĜŉAµµÖalŉWaÒeÈŉYieldŉ
AdditionalŉresultsŉforŉAnnualŉWaterŉYieldŉincludingŉmapsŉandŉtabulatedŉdata.ŉ
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AÅÅeµdiçŉCĞŉIµVESTŉReÌÖlÒÌ

FigÖÈeŉCĈĜŉ ĈĜŉSpatialŉdistributionŉofŉannualŉwaterŉyieldŉ inŉ theŉTCSIŉ inŉ2040ŉfor
bothŉrestorationŉscenariosŉunderŉlowĲŉandŉhighĲchangeŉreplicates.ŉTrendsŉare
consistentŉ acrossŉ scenarios,ŉ withŉ highŉ yieldŉ Ĭdarkerŉ blueĭŉ inŉ theŉ northŉ and
centerŉportionsŉofŉtheŉstudyŉarea.ŉThereŉareŉmoreŉnoŉdataŉspotsŉinŉscenarioŉ6
Ĭbottomŉ twoŉ imagesĭ,ŉ indicatingŉ greaterŉ transitionŉ toŉ urban,ŉ barren,ŉ orŉ nonĲ
forest.ŉPixelsŉareŉ900ŉsquareŉmeters.
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FigÖÈeŉCĈĜĉĜŉMapsŉ ofŉ annualŉ waterŉ yieldŉ inŉ 2060ŉ forŉ bothŉ scenariosŉ Ĭtopŉ Śŉ scenarioŉ 1,
bottomŉŚŉscenarioŉ6ĭ.ŉTrendsŉareŉconsistentŉacrossŉscenariosŉandŉmatchŉtrendsŉinŉ2040Ğ
higherŉwaterŉyieldŉ Ĭdarkerŉblueĭŉ isŉconcentratedŉ inŉ theŉnorthŉandŉcenterŉofŉ theŉ region,
withŉgreaterŉconversionŉtoŉurban,ŉbarren,ŉorŉnonĲforestŉĬnoŉdataŉpatchesĭŉinŉscenarioŉ6
comparedŉtoŉscenarioŉ1.ŉPixelsŉareŉ900ŉsquareŉmeters.
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Additionalŉ resultsŉ forŉ annualŉ waterŉ yieldŉ usingŉ uniformŉ landŉ useĩlandŉ coverŉ inputs
ĬimageŉcontinuedŉonŉnextŉpageĭĞ
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Additionalŉ resultsŉ forŉ annualŉ waterŉ yieldŉ usingŉ uniformŉ landŉ useĩlandŉ coverŉ inputsŉ Ĭimage
continuedŉonŉnextŉpageĭĞ
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AdditionalŉresultsŉforŉannualŉwaterŉyieldŉusingŉuniformŉlandŉuseĩlandŉcoverŉinputsĞ

FigÖÈeŉCĈĜĊŉMapsŉofŉcurrentŉandŉ futureŉannualŉwaterŉyieldŉ inŉ theŉTCSIŉwhereŉ theŉ inputŉ land
coverŉ dataŉ wasŉ modifiedŉ andŉ uniformlyŉ assignedŉ toŉ eachŉ landŉ coverŉ typeŉ inŉ turn.ŉ While
absoluteŉvaluesŉofŉwaterŉyieldŉĬinŉmmĩ900ŉsquareŉmŉpixelĭŉvaryŉbyŉ landŉcoverŉtype,ŉspatial
trendsŉ remainŉ consistentŉ acrossŉ landŉ coverŉ typesŉ andŉ withŉ priorŉ mixedĲlandŉ coverŉ runs,
indicatingŉthatŉvariationŉinŉprecipitationŉisŉmoreŉinfluentialŉthanŉlandŉcoverŉtypeŉonŉtheŉspatial
distributionŉofŉwaterŉyield.
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AdditionalŉresultsŉforŉannualŉwaterŉyieldŉusingŉuniformŉlandŉuseĩlandŉcoverŉinputsĞ

TableŉCĈĜĈŉAggregatedŉĬtotalŉandŉperĲpixelŉmeanĭŉannualŉwaterŉyieldŉbyŉHUC10ŉwatershedsŉin
theŉTCSIŉregionŉinŉ2020.

2

AÅÅeµdiçŉCĞŉIµVESTŉReÌÖlÒÌ

82
ŉ



AddiÒionalŉÈeÌÖlÒÌŉfoÈŉannÖalŉâaÒeÈŉèieldŉÖÌingŉÖnifoÈmŉlandŉÖÌeĩlandŉcoáeÈŉinpÖÒÌĞ

Tableŉ C1Ĝ2ŉ AggÈegaÒedŉ ĬÒoÒalŉ andŉ peÈĲpiçelŉ meanĭŉ annÖalŉ âaÒeÈŉ èieldŉ bèŉ HUCĈć
âaÒeÈÌhedÌŉinŉÒheŉTCSIŉÈegionŉinŉĉćċćŉScenaÈioŉĈĜ

ĉ
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AddiÒionalŉÈeÌÖlÒÌŉfoÈŉannÖalŉâaÒeÈŉèieldŉÖÌingŉÖnifoÈmŉlandŉÖÌeĩlandŉcoáeÈŉinpÖÒÌĞ

Tableŉ C1Ĝ3ŉ AggÈegaÒedŉ ĬÒoÒalŉ andŉ peÈĲpiçelŉ meanĭŉ annÖalŉ âaÒeÈŉ èieldŉ bèŉ HUCĈć
âaÒeÈÌhedÌŉinŉÒheŉTCSIŉÈegionŉinŉĉćċćŉScenaÈioŉčĜ

ĉ
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AddiÒionalŉÈeÌÖlÒÌŉfoÈŉannÖalŉâaÒeÈŉèieldŉÖÌingŉÖnifoÈmŉlandŉÖÌeĩlandŉcoáeÈŉinpÖÒÌĞ

TableŉC1ĜċŉAggÈegaÒedŉĬÒoÒalŉandŉpeÈĲpiçelŉmeanĭŉannÖalŉâaÒeÈŉèieldŉbèŉHUCĈćŉâaÒeÈÌhedÌŉin
ÒheŉTCSIŉÈegionŉinŉĉćčćŉScenaÈioŉĈĜ
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AddiÒionalŉÈeÌÖlÒÌŉfoÈŉannÖalŉâaÒeÈŉèieldŉÖÌingŉÖnifoÈmŉlandŉÖÌeĩlandŉcoáeÈŉinpÖÒÌĞ

TableŉC1ĜČŉAggÈegaÒedŉĬÒoÒalŉandŉpeÈĲpiçelŉmeanĭŉannÖalŉâaÒeÈŉèieldŉbèŉHUCĈćŉâaÒeÈÌhedÌŉin
ÒheŉTCSIŉÈegionŉinŉĉćčćŉScenaÈioŉčĜ

ĉ
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FigureŉC2Ĝ1ŉ ŉCollageŉ ofŉmapÌŉ ÒhaÒŉ Ìhoâŉ ÌedimenÒŉ ÈeÒenÒionŉ diffeÈenceÌŉ beÒâeen
cÖÈÈenÒŉĬĉćĉćĭŉlandŉcoáeÈŉandŉpÈojecÒedŉĉćċćŉlandŉcoáeÈŉÌcenaÈioÌŉandŉÈeplicaÒeÌĜ
TheŉÌÖmŉofŉdiffeÈenceÌŉfoÈŉeachŉaÌÌociaÒedŉdamŉâaÒeÈÌhedŉcÈeaÒedŉfÈomŉHUCŉĈĉ
boÖndaÈieÌŉiÌŉdiÌplaèedĜ

2ĜŉSedimentŉDeliveryŉRatio
AddiÒionalŉÈeÌÖlÒÌŉfoÈŉAnnÖalŉWaÒeÈŉYieldŉinclÖdingŉmapÌŉandŉÒabÖlaÒedŉdaÒaĜŉ
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AddiÒionalŉÈeÌÖlÒÌŉfoÈŉÌedimenÒŉÈeÒenÒionŉinclÖdingŉmapÌŉandŉÒabÖlaÒedŉdaÒaĜŉŉ

FigureŉC2Ĝ2ĜŉCollageŉofŉmapÌŉÒhaÒŉÌhoâŉÌedimenÒŉÈeÒenÒionŉdiffeÈenceÌŉbeÒâeen
cÖÈÈenÒŉĬĉćĉćĭŉlandŉcoáeÈŉandŉpÈojecÒedŉĉćčćŉlandŉcoáeÈŉÌcenaÈioÌŉandŉÈeplicaÒeÌĜ
TheŉÌÖmŉofŉdiffeÈenceÌŉfoÈŉeachŉaÌÌociaÒedŉdamŉâaÒeÈÌhedŉcÈeaÒedŉfÈomŉHUCŉĈĉ
boÖndaÈieÌŉiÌŉdiÌplaèedĜ
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Figureŉ C2Ĝ3Ĝŉ ŉ Collageŉ ofŉ mapÌŉ ÒhaÒŉ Ìhoâŉ ÌedimenÒŉ ÈeÒenÒionŉ diffeÈenceÌŉ beÒâeen
cÖÈÈenÒŉ Ĭĉćĉćĭŉ landŉ coáeÈŉ andŉpÈojecÒedŉ ĉćċćŉ landŉ coáeÈŉ ÌcenaÈioÌŉ andŉ ÈeplicaÒeÌĜ
TheŉÌÖmŉofŉdiffeÈenceÌŉfoÈŉeachŉHUCŉĈćŉâaÒeÈÌhedŉiÌŉdiÌplaèedĜ

AddiÒionalŉÈeÌÖlÒÌŉfoÈŉÌedimenÒŉÈeÒenÒionĜ
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Figureŉ C2ĜċĜŉ Collageŉ ofŉ mapÌŉ ÒhaÒŉ Ìhoâŉ ÌedimenÒŉ ÈeÒenÒionŉ diffeÈenceÌŉ beÒâeen
cÖÈÈenÒŉ Ĭĉćĉćĭŉ landŉcoáeÈŉ andŉpÈojecÒedŉĉćčćŉ landŉcoáeÈŉ ÌcenaÈioÌŉ andŉ ÈeplicaÒeÌĜ
TheŉÌÖmŉofŉdiffeÈenceÌŉfoÈŉeachŉHUCŉĈćŉâaÒeÈÌhedŉiÌŉdiÌplaèedĜ

AddiÒionalŉÈeÌÖlÒÌŉfoÈŉÌedimenÒŉÈeÒenÒionĜ
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TableŉC2Ĝ1Ĝŉ HUCŉ ĈćŉâaÒeÈÌhedÌŉâiÒhinŉ TCSIĝ
alongŉâiÒhŉaŉÖniqÖeŉWaÒeÈÌhedŉIDŉandŉaÈeaĜ

AddiÒionalŉÈeÌÖlÒÌŉfoÈŉÌedimenÒŉÈeÒenÒionĜŉ

TableŉC2Ĝ2ĜŉWaÒeÈÌhedŉaÌÌociaÒed
âiÒhŉÒheŉÒopŉĉćŉdamÌŉâiÒhinŉTCSI

AppendixŉCĞŉInVESTŉResults

Đć
ŉ



Tableŉ C2Ĝ3Ĝŉ SedimenÒŉ eçpoÈÒŉ diffeÈenceÌŉ beÒâeenŉ ĉćċćŉ ÌcenaÈioÌŉ and
ÈeplicaÒeÌŉandŉĉćĉćŉÌÖmmedŉbèŉHUCŉĈćŉâaÒeÈÌhedÌĜ

AddiÒionalŉÈeÌÖlÒÌŉfoÈŉÌedimenÒŉÈeÒenÒionĜ
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Tableŉ C2ĜċĜŉ SedimenÒŉ eçpoÈÒŉ diffeÈenceÌŉ beÒâeenŉ ĉćċćŉ ÌcenaÈioÌŉ and
ÈeplicaÒeÌŉandŉĉćĉćŉÌÖmmedŉbèŉHUCŉĈćŉâaÒeÈÌhedÌĜ

AddiÒionalŉÈeÌÖlÒÌŉfoÈŉÌedimenÒŉÈeÒenÒionĜŉ
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Tableŉ C2ĜČĜŉ SedimenÒŉ eçpoÈÒŉ diffeÈenceÌŉ beÒâeenŉ ĉćċćŉ ÌcenaÈioÌ
andŉÈeplicaÒeÌŉandŉĉćĉćŉÌÖmmedŉbèŉaÌÌociaÒedŉdamŉâaÒeÈÌhedÌĜ

AddiÒionalŉÈeÌÖlÒÌŉfoÈŉÌedimenÒŉÈeÒenÒionĜ

Tableŉ C2ĜčĜŉ SedimenÒŉ eçpoÈÒŉ diffeÈenceÌŉ beÒâeenŉ ĉćčćŉ ÌcenaÈioÌ
andŉÈeplicaÒeÌŉandŉĉćĉćŉÌÖmmedŉbèŉaÌÌociaÒedŉdamŉâaÒeÈÌhedÌĜ
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AddiÒionalŉÈeÌÖlÒÌŉfoÈŉhabiÒaÒŉqÖaliÒèŉÖÌingŉAÈcGISŉPÈoŉfoÈŉanalèÌiÌŉandŉáiÌÖaliîaÒionĜŉŉ

FigureŉD1ĜŉTopŉÒenŉmoÌÒŉÌignificanÒŉfoÈeÌÒŉconáeÈÌionÌŉbèŉacÈeageŉfoÈŉĉćċćŉĬÒopĭ
andŉ ĉćčćŉ ĬboÒÒomĭŉ ÌcenaÈioŉ Ĉŉ highŉ ĬlefÒĭŉ andŉ loâŉ ĬÈighÒĭĜŉ Legendŉ Ìèmbologèŉ iÌ
baÌedŉonŉÒheŉdiffeÈenÒŉÒèpeÌŉofŉfoÈeÌÒŉconáeÈÌionÌŉliÌÒedŉfÈomŉÒheŉgÈeaÒeÌÒŉchange
ĬinŉacÈeageĭŉaÒŉÒheŉÒopŉÒoŉleaÌÒŉgÈeaÒeÌÒŉchangeŉĬinŉacÈeageĭŉaÒŉÒheŉboÒÒomŉonŉÒhe
legendĜŉ Sèmbologèŉ iÌŉ conÌiÌÒenÒŉ ÒhÈoÖghoÖÒŉ Òheŉ èeaÈÌĝŉ ÌcenaÈioÌĝŉ andŉ foÈeÌÒ
conáeÈÌionŉ ÒèpeÌŉ ĬiĜeĜŉ DaÈkŉ gÈeenŉ iÌŉ alâaèÌŉ DoÖglaÌŉ fiÈŉ conáeÈÌionğŉ daÈkŉ Èedŉ iÌ
alâaèÌŉRedŉfiÈŉĲŜŉSieÈÈaŉmiçedŉconifeÈŉconáeÈÌionĭĜ
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FigureŉD2ĜŉTopŉÒenŉmoÌÒŉÌignificanÒŉfoÈeÌÒŉconáeÈÌionÌŉbèŉacÈeageŉfoÈŉĉćċćŉĬÒopĭŉand
ĉćčćŉĬboÒÒomĭŉÌcenaÈioŉčŉhighŉĬlefÒĭŉandŉloâŉĬÈighÒĭĜŉLegendŉÌèmbologèŉiÌŉbaÌedŉonŉÒhe
diffeÈenÒŉÒèpeÌŉofŉfoÈeÌÒŉconáeÈÌionÌŉliÌÒedŉfÈomŉÒheŉgÈeaÒeÌÒŉchangeŉĬinŉacÈeageĭŉaÒŉÒhe
ÒopŉÒoŉ leaÌÒŉgÈeaÒeÌÒŉchangeŉ ĬinŉacÈeageĭŉaÒŉ ÒheŉboÒÒomŉonŉ Òheŉ legendĜŉSèmbologèŉ iÌ
conÌiÌÒenÒŉÒhÈoÖghoÖÒŉÒheŉèeaÈÌĝŉÌcenaÈioÌĝŉandŉfoÈeÌÒŉconáeÈÌionŉÒèpeÌŉĬiĜeĜŉDaÈkŉgÈeen
iÌŉ alâaèÌŉ DoÖglaÌŉ fiÈŉ conáeÈÌionğŉ daÈkŉ Èedŉ iÌŉ alâaèÌŉ Redŉ fiÈŉ ĲŜŉ SieÈÈaŉ miçedŉ conifeÈ
conáeÈÌionĭĜ
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AddiÒionalŉÒabÖlaÈŉÈeÌÖlÒÌŉfoÈŉhabiÒaÒŉqÖaliÒèŉÖÌingŉRŉSÒÖdioŉfoÈŉanalèÌiÌŉlookingŉaÒŉÒhe
neÒŉ changeŉ andŉ peÈcenÒŉ changeŉ ofŉ foÈeÌÒŉ Òèpeŉ conáeÈÌionÌŉ foÈŉ eachŉ èeaÈŉ and
ÌcenaÈioĜŉŉ

Tableŉ D1ĜŉNeÒŉ changeĝŉ ToÒalŉ AÈeaĝŉ andŉ PeÈcenÒŉ changeŉ ofŉ eachŉ foÈeÌÒŉ Òèpeŉ foÈ
ĉćċćŉÌcenaÈioŉĈŉhighŉĬÒopĭŉandŉloâŉĬboÒÒomĭĜŉNegaÒiáeŉneÒŉchangeŉáalÖeÌŉeqÖaÒe
Òoŉ loÌÌŉâhileŉpoÌiÒiáeŉáalÖeÌŉeqÖaÒeŉ ÒoŉgainĜŉ ŁIncÈeaÌeŉ fÈomŉćŁŉ ÈepÈeÌenÒÌŉ foÈeÌÒ
ÒèpeÌŉÒhaÒŉâeÈeŉnoÒŉpÈeÌenÒŉinŉĉćĉćŉbÖÒŉaÈeŉpÈeÌenÒŉinŉĉćċćĜŉŉŉ
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Tableŉ D2ĜŉNeÒŉ changeĝŉ ToÒalŉ AÈeaĝŉ andŉ PeÈcenÒŉ changeŉ ofŉ eachŉ foÈeÌÒŉ Òèpeŉ foÈ
ĉćčćŉ ÌcenaÈioŉ Ĉŉ loâĜŉ NegaÒiáeŉ neÒŉ changeŉ áalÖeÌŉ eqÖaÒeŉ Òoŉ loÌÌŉ âhileŉ poÌiÒiáe
áalÖeÌŉ eqÖaÒeŉ Òoŉ gainĜŉ ŁIncÈeaÌeŉ fÈomŉćŁŉ ÈepÈeÌenÒÌŉ foÈeÌÒŉ ÒèpeÌŉ ÒhaÒŉ âeÈeŉ noÒ
pÈeÌenÒŉinŉĉćĉćŉbÖÒŉaÈeŉpÈeÌenÒŉinŉĉćčćĜŉŉŉ
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Tableŉ D3ĜŉNeÒŉ changeĝŉ ToÒalŉ AÈeaĝŉ andŉ PeÈcenÒŉ changeŉ ofŉ eachŉ foÈeÌÒŉ Òèpeŉ foÈ
ĉćċćŉÌcenaÈioŉčŉhighŉĬÒopĭŉandŉloâŉĬboÒÒomĭĜŉNegaÒiáeŉneÒŉchangeŉáalÖeÌŉeqÖaÒe
Òoŉ loÌÌŉâhileŉpoÌiÒiáeŉáalÖeÌŉeqÖaÒeŉ ÒoŉgainĜŉ ŁIncÈeaÌeŉ fÈomŉćŁŉ ÈepÈeÌenÒÌŉ foÈeÌÒ
ÒèpeÌŉÒhaÒŉâeÈeŉnoÒŉpÈeÌenÒŉinŉĉćĉćŉbÖÒŉaÈeŉpÈeÌenÒŉinŉĉćċćĜŉŉŉ
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Tableŉ DċĜŉNeÒŉ changeĝŉ ToÒalŉ AÈeaĝŉ andŉ PeÈcenÒŉ changeŉ ofŉ eachŉ foÈeÌÒŉ Òèpeŉ foÈ
ĉćčćŉ ÌcenaÈioŉ čŉ loâĜŉNegaÒiáeŉ neÒŉ changeŉ áalÖeÌŉ eqÖaÒeŉ Òoŉ loÌÌŉâhileŉ poÌiÒiáe
áalÖeÌŉ eqÖaÒeŉ Òoŉ gainĜŉ ŁIncÈeaÌeŉ fÈomŉ ćŁŉ ÈepÈeÌenÒÌŉ foÈeÌÒŉ ÒèpeÌŉ ÒhaÒŉ didŉ noÒ
occÖÈŉinŉĉćĉćŉbÖÒŉaÈeŉpÈeÌenÒŉinŉĉćčćĜŉŉŉ
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