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ForewordForeword 

FOREWORDFOREWORD 

TheThe IdahoIdaho Forest,Forest, WildlifeWildlife andand RangeRange PolicyPolicy AnalysisAnalysis GroupGroup (FAG)(FAG) waswas createdcreated byby thethe IdahoIdaho 
legislaturelegislature inin 19891989 toto provideprovide IdahoIdaho decisiondecision makersmakers withwith timelytimely andand objectiveobjective datadata andand analysesanalyses ofof 
pertinentpertinent naturalnatural resourceresource issues.issues. AA standingstanding nine-membernine-member advisoryadvisory committeecommittee (see(see insideinside cover)cover) 
suggestssuggests issuesissues andand prioritiespriorities forfor thethe PAG.PAG. ResultsResults ofof eacheach analysisanalysis areare reviewedreviewed byby aa technicaltechnical 
advisoryadvisory committeecommittee selectedselected separatelyseparately forfor eacheach inquiryinquiry (see(see thethe acknowledgementsacknowledgements onon pagepage i).i). 
FindingsFindings areare mademade availableavailable inin aa policypolicy analysisanalysis publicationpublication series.series. ThisThis isis thethe eightheighth reportreport inin thethe 
series.series. 

ThisThis reportreport analyzesanalyzes thethe designdesign ofof streamstream protectionprotection zoneszones (SPZs),(SPZs), aa particularparticular bestbest managementmanagement 
practicepractice toto protectprotect waterwater qualityquality onon timberedtimbered streamstream reachesreaches inin Idaho.Idaho. TheThe requestrequest forfor thisthis analysisanalysis 
camecame fromfrom thethe DirectorDirector ofof thethe IdahoIdaho DepartmentDepartment ofof LandsLands (IDL),(IDL), thethe agencyagency responsibleresponsible forfor 
implementingimplementing thethe IdahoIdaho ForestForest PracticesPractices Act.Act. DevelopingDeveloping consensusconsensus onon thethe designdesign ofof SPZsSPZs toto protectprotect.. .... 88 
waterwater qualityquality fromfrom thethe impactsimpacts ofof forestforest practicespractices onon somesome ofof Idaho'sIdaho's streamstream segmentssegments ofof concernconcern hashas 
provenproven toto bebe difficult.difficult. ToTo facilitatefacilitate thethe consensus-buildingconsensus-building process,process, thethe IDLIDL DirectorDirector requestedrequested thatthat1212 
thethe PAGPAG evaluateevaluate scientificscientific informationinformation "regarding"regarding relationshipsrelationships betweenbetween forestforest practicespractices SPZs,SPZs, waterwater 
quality,quality, andand fisheryfishery habitats."habitats." 

WhatWhat doesdoes scientificscientific researchresearch saysay aboutabout thethe effectivenesseffectiveness ofof streamsidestreamside bufferbuffer zoneszones inin protectingprotecting 
waterwater qUality?qUality? TheThe summarysummary ofof research-basedresearch-based knowledgeknowledge inin thisthis reportreport answersanswers thatthat question.question. WeWe 
hopehope thisthis informationinformation willwill bebe usefuluseful inin helpinghelping resolveresolve thethe issueissue ofof howhow toto designdesign Idaho'sIdaho's streamstream 
protectionprotection zones.zones. 

aptedapted 

JohnJohn C.C. Hendee,Hendee, DeanDean 
CollegeCollege ofof Forestry,Forestry, WildlifeWildlife 

andand RangeRange SciencesSciences 
UniversityUniversity ofof IdahoIdaho 
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EXECUTIVEEXECUTIVE SUMMARYSUMMARY 

TheThe primaryprimary purposepurpose ofof thisthis reportreport isis toto 
identify,identify, evaluate,evaluate, andand synthesizesynthesize 
research-basedresearch-based informationinformation relatingrelating riparianriparian 
bufferbuffer stripsstrips toto forestforest pr-actices,pr-actices, ..waterwater quality,quality, 
andand fishfish habitat.habitat. (Definitions(Definitions ofof technicaltechnical 
termsterms suchsuch asas bufferbuffer strip,strip, riparian,riparian, forestforest 
practices,practices, andand waterwater qualityquality areare providedprovided inin aa 
GlossaryGlossary atat thethe endend ofof thisthis report.)report.) 

ScientificScientific literatureliterature documentingdocumenting thethe rolerole 
andand importanceimportance ofof bufferbuffer stripsstrips inin reducingreducing thethe 
impactsimpacts ofof forestforest practicespractices isis extensive.extensive. MoreMore 
thanthan 300300 scientificscientific paperspapers werewere locatedlocated andand 
reviewed;reviewed; nearlynearly 100100 paperspapers andand documentsdocuments 
werewere foundfound toto bebe relevantrelevant andand areare citedcited inin thisthis 
report.report. InformationInformation waswas extensiveextensive onon somesome 
topicstopics andand surprisinglysurprisingly limitedlimited onon others.others. AA 
substantialsubstantial amountamount ofof informationinformation waswas foundfound 
regardingregarding streamstream temperaturetemperature changeschanges resultingresulting 
fromfrom thethe removalremoval ofof riparianriparian vegetation.vegetation. 
MuchMuch recentrecent researchresearch hashas focusedfocused onon thethe 
importanceimportance ofof largelarge organicorganic debrisdebris (LaD)(LaD) andand 
howhow itit cancan bebe affectedaffected byby timbertimber harvest.harvest. InIn 
contrast,contrast, littlelittle informationinformation waswas foundfound onon slashslash 
burningburning andand sedimentsediment productionproduction withinwithin bufferbuffer 
strips.strips. ResearchResearch onon somesome topicstopics waswas inin aa casecase 
studystudy format,format, makingmaking generalizationgeneralization difficult.difficult. 

ObjectivesObjectives forfor thisthis reportreport areare statedstated asas fivefive 
foCusfoCus questionsquestions aroundaround whichwhich thethe reportreport isis 
organized:organized: [1][1] WhatWhat isis aa bufferbuffer strip?strip? [2J[2J 
HowHow dodo forestforest practicespractices withinwithin bufferbuffer stripsstrips 
affectaffect waterwater qualityquality andand fishfish habitat?habitat? [3][3] HowHow 
effectiveeffective areare bufferbuffer stripsstrips inin reducingreducing impactsimpacts 
ofof forestforest practices?practices? [4][4] WhatWhat areare thethe issuesissues inin 
bufferbuffer stripstrip design?design? [5][5] WhatWhat modelsmodels areare 
availableavailable forfor useuse inin bufferbuffer stripstrip design?design? AA 
summarysummary ofof repliesreplies toto thesethese focusfocus questionsquestions isis 
providedprovided inin aa shortshort sectionsection immediatelyimmediately 
followingfollowing thisthis executiveexecutive summary.summary. 

ThisThis literatureliterature reviewreview suggestssuggests thatthat scientistsscientists 
areare atat differentdifferent stagesstages inin theirtheir understandingunderstanding ofof 
thethe severalseveral importantimportant functionsfunctions providedprovided byby 
bufferbuffer strips,strips, whichwhich includeinclude temperaturetemperature 
moderation,moderation, sedimentsediment filtration,filtration, andand LaDLaD 
recruitment.recruitment. TheThe importanceimportance ofof bufferbuffer stripsstrips 

inin moderatingmoderating thethe impactsimpacts ofof forestforest practicespractices 
onon waterwater qualityquality andand fishfish habitathabitat isis generallygenerally 
understood,understood, eveneven thoughthough quantitativequantitative 
relationshipsrelationships areare difficultdifficult toto establish.establish. 
ResearchResearch onon thethe effectseffects ofof canopycanopy removalremoval onon 
stream.stream. temperaturetemperature hashas resultedresulted inin aa practicalpractical 
understandingunderstanding ofof thethe problemproblem andand somesome usefuluseful 
predictivepredictive models.models. InIn twotwo otherother areasareas thatthat 
havehave receivedreceived recentrecent emphasis-theemphasis-the impactsimpacts ofof 
forestforest practicespractices onon LaDLaD recruitmentrecruitment andand thethe 
aquaticaquatic foodfood chain-knowledgechain-knowledge isis moremore 
descriptive.descriptive. SomeSome predictivepredictive modelsmodels havehave 
beenbeen developed,developed, butbut theirtheir utilityutility isis limited.limited. 

InformationInformation onon thethe sedimentsediment filteringfiltering 
functionfunction ofof riparianriparian bufferbuffer stripsstrips isis limited.limited. 
MuchMuch ofof whatwhat isis knownknown isis inferredinferred fromfrom thethe 
specialspecial casecase ofof bufferbuffer stripsstrips betweenbetween aa roadroad 
andand aa stream.stream. TheThe importantimportant problemproblem ofof 
cumulativecumulative effectseffects withinwithin bufferbuffer stripsstrips hashas notnot 
yetyet beenbeen satisfactorilysatisfactorily addressed.addressed. ExistingExisting 
studies,studies, includingincluding thosethose onon slashslash burning,burning, pointpoint 
outout thethe potentialpotential forfor thethe accumulationaccumulation ofof 
nutrientsnutrients andand chemicalschemicals alongalong withwith sedimentsediment 
fromfrom bothboth agriculturalagricultural andand forestryforestry operationsoperations 
inin riparianriparian areasareas andand thethe possiblepossible impactsimpacts onon 
waterwater qualityquality andand fisheries.fisheries. 

StudiesStudies describingdescribing differentdifferent approachesapproaches toto 
establishingestablishing bufferbuffer stripstrip widthswidths areare limited.limited. 
DespiteDespite literatureliterature describingdescribing thethe utilityutility ofof 
variablevariable widthwidth bufferbuffer stripstrip modelsmodels andand theirtheir 
useuse inin otherother statesstates inin thethe PacificPacific Northwest,Northwest, nono 
studiesstudies werewere foundfound documentingdocumenting thethe 
advantagesadvantages oror disadvantagesdisadvantages ofof variablevariable widthwidth 
bufferbuffer strips,strips, asas comparedcompared toto minimumminimum fixedfixed .. 
widthwidth bufferbuffer strips.strips. 

BasedBased onon thisthis literatureliterature review,review, twotwo ideasideas 
seemseem toto standstand outout asas havinghaving somesome potentialpotential toto 
enhanceenhance thethe effectivenesseffectiveness ofof bufferbuffer strips:strips: (1)(1) 
thethe useuse ofof aa simplifiedsimplified fieldfield procedureprocedure (such(such asas 
thethe TFWTFW modelmodel inin thethe StateState ofof Washington)Washington) 
forfor determiningdetermining thethe impactimpact ofof canopycanopy removalremoval 
onon streamstream temperature,temperature, andand (2)(2) thethe useuse ofof 
variablevariable widthwidth bufferbuffer stripstrip modelsmodels toto addressaddress 
site-specificsite-specific biologicalbiological oror physicalphysical 
requirementsrequirements ofof thethe streamstream oror riparianriparian zone.zone. 

11 
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FOCUSFOCUS QUESTIONQUESTION SUMMARYSUMMARY REPLIESREPLIES 

[1][1] WhatWhat isis aa bufferbuffer strip?strip? ByBy definition,definition, 

bufferbuffer stripsstrips areare riparianriparian landslands maintainedmaintained 

immediatelyimmediately adjacentadjacent toto streamsstreams oror lakeslakes toto 

protectprotect waterwater quality,quality, fishfish habitat,habitat, andand otherother 

resources.resources. 


BufferBuffer stripsstrips areare requiredrequired underunder thethe IdahoIdaho 
ForestForest PracticesPractices ActAct andand areare termedtermed streamstream 
protectionprotection zones.zones. AnalysisAnalysis ofof bufferbuffer stripstrip 
requirementsrequirements inin thethe forestforest practicespractices actsacts ofof 
Washington,Washington, Oregon,Oregon, California,California, andand IdahoIdaho 
showsshows manymany similaritiessimilarities andand twotwo majormajor 
differences.differences. InIn allall fourfour states,states, thethe typestypes ofof 
beneficialbeneficial useuse derivedderived fromfrom aa streamstream areare usedused 
..asas aa primaryprimary determinantdeterminant ofof thethe needneed for,for, andand 
widthwidth of,of, bufferbuffer strips.strips. 

TheThe firstfirst differencedifference isis thatthat inin IdahoIdaho aa 
minimumminimum bufferbuffer stripstrip widthwidth isis specified,specified, atat 7575 
feetfeet ifif thethe streamstream supportssupports fishfish (a(a ClassClass II 
stream),stream), andand atat 55 feetfeet ifif thethe streamstream isis usedused byby 
"only"only aa few,few, ifif any,any, fish"fish" (a(a ClassClass ITIT stream).stream). 
Washington,Washington, Oregon,Oregon, andand CaliforniaCalifornia useuse 
additionaladditional site-specificsite-specific factorsfactors toto modifymodify widthwidth 
prescriptionsprescriptions forfor theirtheir equivalentsequivalents toto Idaho'sIdaho's 
ClassClass II streams.streams. includingincluding streamstream width,width, 
proximityproximity ofof aa timbertimber harvestharvest area,area, oror slopeslope ofof 
thethe adjacentadjacent land.land. ThisThis approachapproach createscreates aa 
variablevariable minimumminimum widthwidth bufferbuffer withwith enhancedenhanced 
sensitivitysensitivity toto locallocal streamstream protectionprotection needs.needs. 
TheThe otherother statesstates dodo notnot specifyspecify aa minimumminimum 
widthwidth forfor theirtheir equivalentequivalent toto Idaho'sIdaho's ClassClass ITIT 
streams,streams, butbut eacheach requiresrequires eithereither aa percentpercent ofof 
existingexisting canopycanopy oror aa numbernumber ofof leaveleave trees~trees~ 
whereaswhereas IdahoIdaho doesdoes not.not. 

TheThe secondsecond differencedifference isis thethe regulationregulation ofof 
slashslash burningburning withinwithin bufferbuffer strips.strips. InIn 
Washington,Washington, Oregon,Oregon, andand California,California, slashslash 
burningburning isis generallygenerally prohibitedprohibited withinwithin aa bufferbuffer 
strip.strip. InIn Idaho,Idaho, slashslash burningburning withinwithin aa bufferbuffer 
stripstrip isis notnot regulated.regulated. 

[2][2] HowHow dodo rorestrorest practicespractices withinwithin bufferbuffer 
stripsstrips affectaffect waterwater qualityquality andand fishfish habitat?habitat? 
TimberTimber harvestingharvesting withinwithin bufferbuffer stripsstrips cancan 
affectaffect waterwater qualityquality andand fishfish habitathabitat inin threethree 

majormajor ways:ways: (1)(1) removalremoval ofof thethe forestforest canop}canop} 
(2)(2) reductionreduction inin thethe potentialpotential supplysupply ofof LOD,LOD, 
andand (3)(3) alterationalteration ofof soilsoil conditions.conditions. SlashSlash 
burningburning isis aa fourthfourth majormajor categorycategory ofof affectsaffects 
onon waterwater qualqual ity.ity. 

(1)(1) RemovalRemoval ofof thethe forestforest canopycanopy inin thethe 
bufferbuffer stripstrip cancan reducereduce shadeshade andand raiseraise streamstream 
temperature.temperature. IncreasesIncreases inin JuneJune toto AugustAugust 
temperaturetemperature maximumsmaximums inin thethe NorthwestNorthwest havehave 
rangedranged fromfrom 2°C2°C toto 10°C,10°C, posingposing aa potentialpotential 
threatthreat toto fisheries.fisheries. ReducedReduced canopycanopy covercover rna:rna: 
alsoalso alteralter primaryprimary foodfood productionproduction withinwithin aa 
stream,stream, sometimessometimes toto thethe benefitbenefit ofof fishfish andand 
sometimessometimes toto theirtheir detriment.detriment. NotNot enoughenough isis 
knownknown aboutabout thethe relationshiprelationship ofof canopycanopy densdensit:it: 
toto thethe foodfood chainchain toto predictpredict thesethese effectseffects .. 

(2)(2) TheThe supplysupply ofof LODLOD isis importantimportant forfor 
stabilizingstabilizing streamstream channelschannels andand providingproviding 
covercover forfor fish.fish. RecentRecent studiesstudies havehave quantifiedquantified 
thethe amountamount ofof LODLOD inin streams,streams, thethe in-streamin-stream 
benefitsbenefits andand problemsproblems withwith LOD,LOD, andand waysways toto 
identifyidentify treestrees thatthat maymay contributecontribute LODLOD toto thethe 
stream.stream. InformationInformation isis limitedlimited forfor definingdefining anan 
optimaloptimal quantityquantity ofof LCDLCD forfor thethe streamstream oror thethe 
amountamount ofof standingstanding timbertimber neededneeded toto recruitrecruit oror 
sustainsustain thisthis quantityquantity ofof LODLOD overover timetime andand 
underunder differentdifferent climaticclimatic conditions.conditions. SelectiveSelective 
timbertimber harvestingharvesting withinwithin bufferbuffer stripsstrips couldcould 
reducereduce excessiveexcessive LODLOD inin somesome situationssituations andand 
resultresult inin aa potentialpotential undersupplyundersupply inin others.others. 

(3)(3) TheThe alterationalteration ofof soilsoil conditionsconditions fromfrom 
timbertimber harvestingharvesting withinwithin bufferbuffer stripsstrips hashas 
receivedreceived littlelittle attention.attention. TheThe methodmethod ofof 
yardingyarding andand thethe carecare equipmentequipment operatorsoperators taketake 
are,are, ofof course,course, importantimportant considerations.considerations. TheThe 
useuse ofof vehiclesvehicles inin timbertimber harvestingharvesting operationsoperations 
generallygenerally exposesexposes mineralmineral soil,soil, frequentlyfrequently 
resultingresulting inin increasedincreased sedimentsediment availability.availability. 
InIn oneone study,study, streambankstreambank erosionerosion increasedincreased 
250250 %% overover pre-harvestpre-harvest levelslevels afterafter clearcuttingclearcutting 
butbut onlyonly 3232 %% overover pre-harvestpre-harvest levelslevels wherewhere 
bufferbuffer stripsstrips werewere employed.employed. GivenGiven thethe 
proximityproximity ofof bufferbuffer stripsstrips toto streams,streams, itit isis 
logicallogical toto inferinfer thatthat sedimentsediment producedproduced herehere 
wouldwould enterenter streamsstreams moremore readilyreadily thanthan fromfrom 
sourcessources moremore distantdistant fromfrom thethe channel.channel. 
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VehiclesVehicles alsoalso compactcompact thethe soilsoil surface,surface, whichwhich 
reducesreduces waterwater infiltration.infiltration. 

(4)(4) SlashSlash burningburning nearnear oror withinwithin aa bufferbuffer 
stripstrip cancan affectaffect waterwater quality.quality. ResearchResearch inin 
IdahoIdaho documenteddocumented increasesincreases inin nitrogennitrogen andand 
phosphorusphosphorus suppliedsupplied toto thethe stream.stream. TheThe 
quantityquantity andand timingtiming ofof thesethese effectseffects areare 
dependentdependent onon thethe season,season, locationlocation ofof thethe slashslash 
pilespiles relativerelative toto thethe stream,stream, andand thethe degreedegree ofof 
dilutiondilution thatthat maymay occuroccur beforebefore runoffrunoff entersenters 
thethe stream.stream. 

[3][3] HowHow effectiveeffective areare bufferbuffer stripsstrips inin 

reducingreducing thethe impactsimpacts ofof CorestCorest practices?practices? 


.. BufferBuffer stripstrip effectivenesseffectiveness isis evaluatedevaluated inin fivefive 
categories:categories: (1)(1) trappingtrapping sedimentsediment oror nutrients,nutrients, 
(2)(2) moderatingmoderating streamstream temperatures,temperatures, (3)(3) pro­pro­
vidingviding foodfood andand cover,cover, (4)(4) providingproviding largelarge 
organicorganic debris,debris, andand (5)(5) moderatingmoderating cumulativecumulative 
watershedwatershed effects.effects. CostCost effectivenesseffectiveness isis aa sixthsixth 
category.category. 

(1)(1) TrappingTrapping sedimentsediment andand associatedassociated 
nutrientsnutrients isis oneone ofof thethe mostmost commonlycommonly citedcited 
reasonsreasons forfor establishingestablishing bufferbuffer strips.strips. InIn 
forestedforested areasareas withinwithin mountainousmountainous terrain,terrain, 
waterwater containingcontaining sedimentsediment regularlyregularly movesmoves 
throughthrough bufferbuffer stripsstrips asas channelizedchannelized flowflow andand 
lessless frequentlyfrequently asas overlandoverland oror sheetsheet flow.flow. 
ChannelizedChannelized flowflow movesmoves sedimentsediment muchmuch great­great­
erer distancesdistances thanthan sheetsheet flowflow does.does. ResearchResearch 
showsshows sedimentsediment inin channelschannels cancan movemove aa 
thousandthousand feetfeet oror more,more, whereaswhereas sheetsheet flowflow 
movesmoves sedimentsediment threethree hundredhundred feetfeet oror less.less. 

RoadRoad constructionconstruction isis normallynormally thethe largestlargest 
singlesingle sedimentsediment sourcesource inin forestryforestry operations,operations, 
andand roadsroads locatedlocated adjacentadjacent toto streamsstreams cancan bebe 
continuingcontinuing sourcessources ofof waterwater qualityquality problems.problems. 
BecauseBecause ofof this,this, muchmuch researchresearch efforteffort hashas beenbeen 
directeddirected atat filterfilter stripsstrips controllingcontrolling sedimentsediment 
emanatingemanating fromfrom roads.roads. TheseThese studiesstudies assumedassumed 
overlandoverland flow,flow, andand indicatedindicated thatthat thethe keykey 
factorsfactors controllingcontrolling sedimentsediment movementmovement withinwithin 
thethe filterfilter stripstrip areare slopeslope andand thethe densitydensity ofof 
obstructions,obstructions, suchsuch asas vegetation,vegetation, rocksrocks andand 
woodywoody debris.debris. SeveralSeveral studiesstudies providedprovided 
recommendationsrecommendations forfor roadroad filterfilter stripsstrips inin 

Idaho.Idaho. OtherOther IdahoIdaho studiesstudies providedprovided 

informationinformation onon thethe useuse ofof slashslash toto reducereduce thethe 

movementmovement ofof sedimentsediment fromfrom roadsroads toto filterfilter 

strips.strips. ResearchResearch suggestssuggests fourfour thingsthings aboutabout 

bufferbuffer stripstrip designdesign toto traptrap sedimentsediment oror nutri­nutri­

ents:ents: (1)(1) bufferbuffer stripsstrips shouldshould bebe widerwider wherewhere 

slopesslopes areare steep,steep, (2)(2) riparianriparian buffersbuffers areare notnot 

effectiveeffective inin controllingcontrolling channelizedchannelized flowsflows 

originatingoriginating outsideoutside thethe buffer,buffer, (3)(3) sedimentsediment cancan 

movemove overlandoverland asas farfar asas 300300 feetfeet throughthrough aa 

bufferbuffer inin aa worstworst casecase scenario,scenario, andand (4)(4) 

removalremoval ofof naturalnatural obstructionsobstructions toto flow­flow­

vegetation,vegetation, woodywoody debris,debris, rocks,rocks, etc.-withinetc.-within 

thethe bufferbuffer increasesincreases thethe distancedistance sedimentsediment cancan 

flowflow.. 


TheThe effectivenesseffectiveness ofof bufferbuffer stripsstrips asas aa 

nutrientnutrient filterfilter hashas notnot beenbeen examinedexamined 

extensivelyextensively inin thethe literature.literature. AsAs noted,noted, 

nutrientnutrient loadingloading ofof streamsstreams followingfollowing harvestharvest 

andand slashslash burningburning cancan bebe aa problemproblem inin Idaho.Idaho. 

PresentPresent infonnation,infonnation, however.however. isis insufficientinsufficient toto 

provideprovide aa basisbasis forfor determiningdetermining bufferbuffer stripstrip 

effectiveness.effectiveness. SeveralSeveral studiesstudies havehave identifiedidentified 

riparianriparian bufferbuffer areasareas asas importantimportant filtersfilters forfor 

sediment,sediment, nutrients,nutrients, andand otherother chemicalschemicals fromfrom 

agriculturalagricultural lands.lands. TheseThese studiesstudies pointedpointed outout 

thethe utilityutility ofof riparianriparian forestforest vegetationvegetation andand 

wetlandswetlands asas storagestorage andand nutrientnutrient cyclingcycling 

mechanisms,mechanisms, butbut nono definitivedefinitive meansmeans ofof 

estimatingestimating bufferbuffer stripstrip requirementsrequirements werewere 

p.rovided.p.rovided. .. 


(2)(2) AA substantialsubstantial amountamount ofof literatureliterature 

describesdescribes thethe rolerole ofof bufferbuffer stripsstrips inin 

moderatingmoderating streamstream temperature.temperature. FieldField 

experimentsexperiments clearlyclearly showshow thethe advantageadvantage inin 

leavingleaving bufferbuffer stripsstrips afterafter timbertimber harvestharvest toto 

provideprovide shadeshade asas aa temperaturetemperature moderatingmoderating 

mechanism.mechanism. ForFor example,example, increasesincreases inin JuneJune toto 

AugustAugust temperaturetemperature maximumsmaximums inin thethe North­North­

westwest havehave rangedranged fromfrom 2°C2°C toto 10°C10°C fromfrom thethe 

lossloss ofof riparianriparian vegetation.vegetation. StudiesStudies ofof heatheat 

energyenergy exchangeexchange betweenbetween streamsstreams andand theirtheir 

environmentenvironment indicateindicate thatthat ~olar~olar radiationradiation isis thethe 

dominantdominant energyenergy source,source, soso thethe majormajor 

opportunityopportunity toto controlcontrol streamstream temperaturetemperature isis toto 


moderatemoderate thethe sun'ssun's energyenergy throughthrough shading.shading. 

TheThe canopycanopy densitydensity ofof shade-producingshade-producing 
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vegetationvegetation isis thethe keykey factorfactor thatthat determinesdetermines thethe 
amountamount ofof radiantradiant energyenergy reachingreaching aa stream.stream. 
BufferBuffer stripstrip widthwidth waswas foundfound notnot toto bebe aa goodgood 
measuremeasure ofof bufferbuffer stripstrip effectivenesseffectiveness inin 
moderatingmoderating streamstream temperature.temperature. AngularAngular 
canopycanopy density-adensity-a measuremeasure ofof thethe densitydensity ofof 
canopycanopy actuallyactually capablecapable ofof shadingshading thethe stream­stream­
isis thethe preferredpreferred measurement.measurement. TheThe effective­effective­
nessness ofof bufferbuffer stripsstrips inin moderatingmoderating streamstream 
temperaturetemperature isis currentlycurrently bestbest estimatedestimated usingusing 
variousvarious computercomputer simulationsimulation models.models. 

(3)(3) BufferBuffer stripstrip impactsimpacts onon thethe aquaticaquatic foodfood 
chainchain areare reasonablyreasonably wellwell documenteddocumented byby 
studiesstudies comparingcomparing thethe effectseffects ofof timbertimber harvestharvest 
withwith andand withoutwithout bufferstrips.bufferstrips. However,However, onlyonly 
aa fewfew studiesstudies werewere foundfound thatthat relaterelate bufferbuffer 
stripstrip characteristicscharacteristics toto foodfood production,production, 
allowingallowing bufferbuffer stripstrip effectivenesseffectiveness toto bebe 
evaluated.evaluated. TheseThese studiesstudies indicateindicate thatthat aa 98-98­
footfoot bufferbuffer stripstrip isis adequateadequate toto maintainmaintain 
macromacroinvertebrateinvertebrate diversitydiversity atat pre-harvestpre-harvest 
levels,levels, whereaswhereas aa 33-foot33-foot bufferbuffer stripstrip isis 
inadequate.inadequate. AquaticAquatic ecosystemecosystem modelsmodels relatingrelating 
invertebrateinvertebrate productionproduction toto canopycanopy densitydensity sug­sug­
gestgest thatthat reducingreducing canopycanopy fromfrom 100%100% toto 50%50% 
willwill decreasedecrease invertebrateinvertebrate productionproduction byby 2828 %%.. 

(4)(4) BufferBuffer stripstrip effectivenesseffectiveness inin providingproviding 
LODLOD isis notnot wellwell defineddefined inin thethe literature.literature. ItIt isis 
recognizedrecognized thatthat harvestingharvesting oror otherother manage­manage­
mentment practicespractices thatthat influenceinfluence standstand 
characteristics,characteristics, suchsuch asas speciesspecies andand stockingstocking 
levels,levels, alsoalso influenceinfluence thethe timingtiming andand quantityquantity 
ofof availableavailable LOD.LOD. SourceSource distancesdistances forfor 
LOD-theLOD-the distancedistance fromfrom thethe rootingrooting sitesite toto 
streamstream bank-havebank-have beenbeen studiedstudied inin old-growthold-growth 
sitessites inin Oregon.Oregon. TheseThese studiesstudies suggestsuggest thatthat aa 
98-foot98-foot bufferbuffer stripstrip wouldwould supplysupply 85%85% andand aa 
33-foot33-foot stripstrip lessless thanthan 50%50% ofof thethe LODLOD fromfrom aa 
naturalnatural stand.stand. TreeTree height,height, distancedistance ofof treestrees 
fromfrom thethe stream,stream, andand slopeslope withinwithin thethe bufferbuffer 
stripstrip areare believedbelieved toto bebe thethe controllingcontrolling factorsfactors 
inin LODLOD recruitment.recruitment. Unfortunately,Unfortunately, datadata areare 
currentlycurrently inadequateinadequate toto predictpredict eithereither howhow 
muchmuch LODLOD isis availableavailable oror howhow muchmuch isis 
requiredrequired atat aa givengiven streamstream reach.reach. 

(5)(5) LittleLittle informationinformation waswas foundfound addressingaddressing 
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thethe effectivenesseffectiveness ofof bufferbuffer stripsstrips inin moderatingmoderating 
cumulativecumulative watershedwatershed effects.effects. CumulativeCumulative 
effectseffects areare thosethose individuallyindividually minor,minor, butbut 
collectivelycollectively significant,significant, managementmanagement actionsactions 
thatthat taketake placeplace atat differentdifferent timestimes andand locationslocations 
inin aa watershed.watershed. ForFor example,example, streamstream waterwater 
temperaturestemperatures maymay increaseincrease asas aa resultresult ofof thethe 
cumulativecumulative effectseffects ofof manymany riparianriparian harvestharvest 
operationsoperations ifif bufferbuffer stripsstrips areare notnot employed.employed. 
AA CanadianCanadian studystudy demonstrateddemonstrated thatthat thethe lossloss ofof 
upstreamupstream bufferbuffer stripsstrips couldcould increaseincrease meanmean 
streamstream temperature.temperature. AnotherAnother importantimportant rolerole ofof 
bufferbuffer stripsstrips andand associatedassociated wetlandswetlands isis toto 
moderatemoderate floodingflooding byby thethe additionaddition ofof storagestorage 
areaarea andand hydraulichydraulic resistance.resistance. TheThe combin­combin­
ationation ofof additionaladditional resistanceresistance toto streamstream flowflow 
providedprovided byby thethe riparianriparian vegetationvegetation andand thethe 
addedadded storagestorage availableavailable inin thethe wetlandswetlands slowsslows 
thethe streamstream flowflow andand tendstends toto moderatemoderate 
downstreamdownstream floodflood impacts.impacts. 

(6)(6) CostCost effectivenesseffectiveness ofof bufferbuffer stripsstrips hashas 
beenbeen evaluatedevaluated inin severalseveral studiesstudies wherewhere 
financiallyfinancially optimaloptimal bufferbuffer widthswidths havehave beenbeen 
determined.determined. TheThe problemproblem withwith thisthis approachapproach 
isis thethe difficultydifficulty inin determiningdetermining non-marketnon-market 
benefitsbenefits andand costscosts associatedassociated withwith bufferbuffer stripsstrips 
nownow andand inin thethe future.future. ForFor example,example, whatwhat 
valuevalue isis toto bebe placedplaced onon thethe contributioncontribution ofof a·a· 
bufferbuffer stripstrip toto maintainingmaintaining biologicalbiological diversitydiversity 
now?now? HowHow willwill thisthis valuevalue changechange inin thethe 
future,future, givengiven thethe increasingincreasing 'concern'concern forfor thethe 
environment?environment? InIn short,short, determiningdetermining bufferbuffer 
widthswidths b'asedb'ased onon cost-effectivenesscost-effectiveness criteriacriteria 
involvesinvolves valuesvalues notnot reflectedreflected inin thethe marketmarket andand 
isis thereforetherefore speculativespeculative andand possiblypossibly 
short-sightedshort-sighted becausebecause ofof changingchanging socialsocial 
values.values. 

[4][4] IssuesIssues inin BufferBuffer StripStrip Design.Design. ThreeThree 
significantsignificant issuesissues associatedassociated withwith thethe designdesign ofof 
aa policypolicy requiringrequiring bufferbuffer stripsstrips werewere identifiedidentified 
duringduring thisthis review.review. (1)(1) ShouldShould bufferbuffer stripstrip 
widthswidths bebe basedbased onon minimumminimum requirements,requirements, oror 
shouldshould thethe widthswidths varyvary accordingaccording toto physicalphysical 
oror biologicalbiological characteristicscharacteristics ofof thethe streamstream andand 
riparianriparian zone?'zone?' (2)(2) HowHow muchmuch vegetationvegetation cancan 
bebe removedremoved fromfrom thethe bufferbuffer stripstrip withoutwithout 
impairingimpairing itsits bufferingbuffering functions?functions? (3)(3) HowHow 
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cancan severalseveral designdesign criteriacriteria bebe incorporatedincorporated intointo 

aa singlesingle bufferbuffer stripstrip requirement?requirement? 


(1)(1) HowHow widewide shouldshould aa bufferbuffer stripstrip be?be? 
MinimumMinimum oror fixedfixed widthwidth bufferbuffer stripsstrips havehave thethe 
advantageadvantage ofof simplicitysimplicity ofof implementationimplementation andand 
administration.administration. VariableVariable widthwidth bufferbuffer stripsstrips 
havehave thethe potentialpotential toto improveimprove streamstream protectionprotection 
basedbased onon individualindividual streamstream reachreach character­character­
istics.istics. VariableVariable widthwidth buffersbuffers cancan bebe alteredaltered 
accordingaccording toto sitesite characteristicscharacteristics oror managementmanagement 
objectives.objectives. ForFor exampleexample widerwider bufferbuffer stripsstrips 
couldcould bebe requiredrequired wherewhere (a)(a) adjacentadjacent slopesslopes 
werewere steep,steep, (b)(b) streamsstreams werewere largerlarger andand 
additionaladditional widthwidth waswas needneed toto protectprotect thethe floodflood 
plain,plain, (c)(c) additionaladditional LaDLaD recruitmentrecruitment waswas 
appropriate,appropriate, (d)(d) increasedincreased widthwidth wouldwould reducereduce 
thethe sedimentsediment loadload fromfrom aa nearbynearby harvestharvest areaarea 
oror road.road. Similarly,Similarly, bufferbuffer stripstrip widthswidths couldcould 
bebe reducedreduced (to(to aa minimum)minimum) wherewhere (a)(a) slopesslopes 
werewere notnot steep,steep, (b)(b) streamstream temper-aturetemper-ature 
increasesincreases werewere notnot aa concern,concern, (c)(c) LaDLaD 
suppliessupplies werewere ample,ample, etc.etc. BufferBuffer stripstrip widthswidths 
mightmight alsoalso bebe alteredaltered toto provideprovide forfor wildlifewildlife 
accessaccess andand movementmovement withinwithin thethe drainage.drainage. 
Washington,Washington, Oregon,Oregon, andand CaliforniaCalifornia currentlycurrently 
implementimplement variablevariable widthwidth bufferbuffer stripsstrips underunder 
theirtheir respectiverespective forestforest practicepractice actact regulations.regulations. 
UseUse ofof variablevariable widthswidths wouldwould allowallow bufferbuffer 
stripstrip layoutlayout toto moremore closelyclosely mimicmimic naturalnatural 
ecosystemecosystem disturbance,disturbance, inin keepingkeeping withwith "new"new 
forestry"forestry" concepts.concepts. AlthoughAlthough studiesstudies describingdescribing 
thethe utilityutility ofof variousvarious variablevariable widthwidth bufferbuffer stripstrip 
modelsmodels werewere found,found, nono studiesstudies werewere foundfound thatthat .. 
documentdocument thethe advantagesadvantages oror disadvantagesdisadvantages ofof 
variablevariable widthwidth overover minimumminimum fixedfixed widthwidth 
buffers.buffers. 

(2)(2) HowHow muchmuch vegetationvegetation cancan bebe removedremoved 
fromfrom aa bufferbuffer stripstrip withoutwithout impairingimpairing itsits 
bufferingbuffering functions?functions? UnderUnder thethe IdahoIdaho FPA,FPA, 
selectiveselective logginglogging ofof maturemature timbertimber isis allowedallowed 
withinwithin thethe bufferbuffer stripstrip (SPZ)(SPZ) asas longlong asas (a)(a) thethe 
soilsoil stabilizationstabilization andand sedimentsediment filteringfiltering effecteffect 
areare notnot destroyed,destroyed, (b)(b) atat leastleast 75%75% ofof thethe 
"current""current" pre-harvestpre-harvest shadeshade overover thethe streamstream isis 
retained,retained, andand (c)(c) leaveleave treestrees forfor LaDLaD recruit­recruit­
mentment areare providedprovided asas prescribed.prescribed. TheseThese 
requirementsrequirements mayormayor maymay notnot assureassure thethe 
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intendedintended levellevel ofof protection.protection. ForFor example,example, 
retainingretaining atat leastleast 75%75% ofof thethe currentcurrent shadeshade byby 
definitiondefinition allowsallows removalremoval ofof upup toto 2525 %% ofof 
currentcurrent shade,shade, regardlessregardless ofof thethe actualactual on-siteon-site 
shadeshade providedprovided byby thethe canopy.canopy. ThisThis maymay 
resultresult inin aa significantsignificant increaseincrease inin streamstream 
temperature,temperature, oror itit maymay not.not. ActualActual effectseffects 
wouldwould dependdepend onon thethe temperaturetemperature ofof thethe streamstream 
reach,reach, canopycanopy density,density, andand thethe presencepresence ofof fishfish 
inin thethe stream.stream. Similarly,Similarly, thethe requirementrequirement forfor 
leaveleave treestrees maymay bebe adequateadequate oror excessive,excessive, 
dependingdepending onon conditionsconditions atat thethe site.site. 

(3)(3) TheThe issueissue ofof multiplemultiple bufferbuffer stripstrip designdesign 
criteria-howcriteria-how toto assureassure thatthat soilsoil stability,stability, 
canopycanopy density.density. numbernumber ofof leaveleave trees,trees, andand 
otherother concurrentconcurrent requirementsrequirements areare met-ismet-is 
nonnaIlynonnaIly leftleft toto thethe professionalprofessional judgementjudgement ofof 
fieldfield staff.staff. AlthoughAlthough thisthis methodmethod hashas consid­consid­
erableerable merit,merit, therethere areare otherother approachesapproaches 
describeddescribed inin thethe literatureliterature wherebywhereby severalseveral 
criteriacriteria areare combinedcombined intointo aa singlesingle require­require­
ment.ment. OneOne exampleexample isis thethe useuse ofof aa cost-benefitcost-benefit 
ratioratio asas aa singlesingle criterion.criterion. OtherOther approachesapproaches 
havehave beenbeen proposed,proposed, includingincluding spatialspatial modelsmodels 
andand computer-basedcomputer-based geograph-icalgeograph-ical infonnationinfonnation 
systems.systems. 

[5][5] WhatWhat modelsmodels areare availableavailable fOl"fOl" useuse inin 
bufferbuffer stripstrip design?design? AA numbernumber ofof modelsmodels 
describingdescribing individualindividual bufferbuffer stripstrip functionsfunctions 
werewere foundfound inin thethe literature.literature. ForFor example,example, 
severalseveral modelsmodels describedescribe streamstream temperaturetemperature 
changechange resultingresulting fromfrom thethe removalremoval ofof riparianriparian 
vegetation.vegetation. OneOne newnew methodmethod developeddeveloped inin 
WashingtonWashington underunder thethe Timber,Timber, FishFish andand 
WildlifeWildlife Program,Program, showsshows particularparticular promisepromise 
forfor fieldfield applications.applications. AnotherAnother modelmodel relatesrelates 
hillslopehillslope andand roadroad drainagedrainage characteristicscharacteristics toto 
thethe traveltravel distancedistance ofof sedimentsediment belowbelow thethe roadroad 
fillfill slope.slope. AnotherAnother modelmodel estimatesestimates thethe 
probabilityprobability aa riparianriparian treetree wouldwould contributecontribute 
LaDLaD toto thethe streamstream channel.channel. TheseThese modelsmodels 
enhanceenhance ourour understandingunderstanding ofof thethe bufferingbuffering 
processes.processes. TheyThey cancan bebe usefuluseful inin designingdesigning 
moremore effectiveeffective bufferbuffer stripsstrips forfor streamstream 
segmentssegments ofof concern,concern, oror toto checkcheck thethe adequacyadequacy 
ofof existingexisting bufferbuffer stripsstrips inin meetingmeeting specificspecific 
waterwater qualityquality concerns.concerns. 



IntroductionIntroduction 

INTRODUCTIONINTRODUCTION 

TheThe mainmain purposepurpose ofof thisthis reportreport isis toto identify,identify, 
evaluate,evaluate, andand synthesizesynthesize research-basedresearch-based 
informationinformation onon thethe relationshiprelationship ofof riparianriparian 
bufferbuffer stripsstrips toto forestforest pfactices,pfactices, waterwater quality,quality, 
andand fishfish habitat.habitat. IfIf youyou areare uncertainuncertain ofof thethe 
meaningmeaning ofof thesethese andand otherother technicaltechnical terms,terms, 
usedused inin thisthis reportreport pleaseplease referrefer toto thethe GlossaryGlossary 
atat thethe endend ofof thethe report.report. 

ThreeThree basicbasic opportunitiesopportunities existexist forfor 
protectingprotecting waterwater qualityquality andand aquaticaquatic habitathabitat 
fromfrom nonpointnonpoint sourcesource pollutionpollution withinwithin aa 
watershed.watershed. TheThe firstfirst isis inin thethe uplandupland areasareas 
wherewhere thethe sourcesource ofof erosionerosion oror waterwater yieldyield 
modificationmodification fromfrom forestforest practicespractices suchsuch asas roadroad 
constructionconstruction andand timbertimber harvestingharvesting cancan bebe 
reducedreduced byby bestbest managementmanagement practices,practices, oror 
BMPS.BMPS. TheThe secondsecond isis toto avoidavoid cumulativecumulative 
effectseffects inin thethe watershedwatershed byby attemptingattempting toto 
minimizeminimize thethe combinedcombined impactsimpacts ofof forestforest 
practicespractices inin eithereither timetime oror spacespace throughthrough 
scheduling.scheduling. TheThe thirdthird opportunity,opportunity, andand focalfocal 
pointpoint ofof thisthis report,report, isis toto provideprovide additionaladditional 
protectionprotection inin thethe riparianriparian zone.zone. MoreMore 
specifically,specifically, thisthis reportreport examinesexamines 
interrelationshipsinterrelationships betweenbetween forestforest practicespractices andand 
streamstream protectionprotection activitiesactivities withwith thethe riparianriparian 
zone.zone. 

ProtectingProtecting Idaho'sIdaho's waterwater qualityquality andand aquaticaquatic 
habitatshabitats fromfrom pollutionpollution causedcaused byby forestforest 
practicespractices isis aa majormajor objectiveobjective ofof thethe IdahoIdaho 
ForestForest PracticesPractices ActAct (FPA).(FPA). TheThe actact regulatesregulates 
timbertimber harvesting,harvesting, roadroad construction,construction, 
reforestation,reforestation, slashslash disposal,disposal, andand thethe 
applicationapplication ofof fertilizersfertilizers andand pesticides.pesticides. 
BeginningBeginning inin 1991,1991, thethe FPFPAA appliesapplies toto nationalnational 
forestforest landslands asas wellwell asas statestate andand privateprivate 
timberlands.timberlands. TheThe IdahoIdaho DepartmentDepartment ofof LandsLands 
(lDL)(lDL) administersadministers andand enforcesenforces thethe FPAFPA usingusing 
BMPsBMPs asas minimumminimum standards.standards. BMPsBMPs areare 
forestforest practices,practices, oror combinationscombinations ofof forestforest 
practices,practices, setset forthforth inin thethe IdahoIdaho ForestForest 
PracticesPractices ActAct rulesrules andand regulationsregulations establishedestablished 
byby thethe StateState BoardBoard ofof LandLand CommissionersCommissioners andand 
publishedpublished byby thethe IDLIDL (1990)(1990) pursuantpursuant toto TitleTitle 
38,38, ChapterChapter 13,13, ofof thethe IdahoIdaho Code.Code. UnderUnder thethe 

FPA,FPA, protectionprotection ofof waterwater qualityquality andand aquaticaquatic 
habitathabitat fromfrom activitiesactivities inin oror nearnear thethe riparianriparian 
zonezone isis donedone byby establishingestablishing streamstream protectionprotection 
zoneszones (SPZs),(SPZs), whichwhich areare stripsstrips ofof landland besidebeside 
streamsstreams designeddesigned toto bufferbuffer themthem fromfrom thethe 
impactsimpacts ofof landland managementmanagement activities.activities. TheThe 
vegetation,vegetation, rocks,rocks, andand debrisdebris inin thethe SPZsSPZs limitlimit 
thethe soilsoil erosion,erosion, provideprovide foodfood andand covercover forfor 
fishfish andand wildlife,wildlife, moderatemoderate microclimaticmicroclimatic 
extremes,extremes, andand provideprovide aa barrierbarrier toto overlandoverland 
movementmovement ofof sediment.sediment. 

TheThe IdahoIdaho ForestForest PracticesPractices ActAct providesprovides forfor 
thethe developmentdevelopment ofof site-specificsite-specific BMPsBMPs forfor landland 
borderingbordering onon timbertimber streamstream segmentssegments ofof 
concernconcern byby aa locallocal workingworking committeecommittee (LWC).(LWC). 
IfIf thethe LLWCWC failsfails toto developdevelop consensusconsensus onon 
BMPsBMPs forfor streamstream segmentssegments ofof concern,concern, thethe 
IDLIDL isis empoweredempowered toto determinedetermine andand implementimplement 
appropriateappropriate measures.measures. RecentlyRecently thethe IDLIDL hashas 
hadhad toto makemake severalseveral administrativeadministrative 
determinationsdeterminations regardingregarding site-specificsite-specific EMPsEMPs 
becausebecause thethe LLwewe couldcould notnot developdevelop aa 
consensus.consensus. SimilarSimilar determinationsdeterminations willwill likelylikely 
havehave toto bebe mademade inin thethe future.future. OneOne ofof thethe keykey 
issuesissues hashas beenbeen thethe designdesign ofof SPZ,SPZ, oror riparianriparian 
bufferbuffer stripsstrips toto meetmeet site-specificsite-specific needs.needs. 

WHATWHAT ISIS AA BUFFERBUFFER STRIP?STRIP? 

WithinWithin aa watershed,watershed, generallygenerally thethe streamstream 
channelchannel andand adjacentadjacent landland areasareas areare divideddivided 
intointo threethree zones:zones: aquatic,aquatic, riparian,riparian, andand 
upland.upland. TheThe aquaticaquatic zonezone includesincludes thethe streamstream 
andand thethe areaarea ofof thethe streambedstreambed thatthat isis normallynormally 
underwater,underwater, i.e.,i.e., thethe areaarea belowbelow thethe highhigh waterwater 
mark.mark. TheThe riparianriparian zonezone lieslies betweenbetween thethe 
aquaticaquatic andand uplandupland zonezone andand isis anan areaarea ofof 
transitionaltransitional vegetationvegetation influencedinfluenced byby itsits 
nearnessnearness toto water.water. RiparianRiparian areasareas sometimessometimes 
includeinclude otherother typestypes ofof wetlandswetlands andand maymay havehave 
distinctivedistinctive soilsoil characteristicscharacteristics (Helm(Helm 1985).1985). 
UplandUpland areasareas adjoinadjoin thethe riparianriparian zonezone andand areare 
usuallyusually characterizedcharacterized byby vegetationvegetation andand soilssoils 
differentdifferent fromfrom thosethose inin thethe riparianriparian zone.zone. 

ToTo protectprotect aquaticaquatic andand riparianriparian resources,resources, 
bufferbuffer stripsstrips areare establishedestablished inin thethe riparianriparian 
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zonezone directlydirectly besidebeside thethe stream,stream, andand maymay 
extendextend toto thethe adjacentadjacent uplandupland zone.zone. BufferBuffer 
stripsstrips areare defineddefined asas stripsstrips ofof vegetationvegetation leftleft 
besidebeside aa streamstream oror lakelake afterafter logginglogging (Helm(Helm 
1985).1985). BufferBuffer stripsstrips areare alsoalso referredreferred toto asas 
filterfilter stripsstrips oror protectionprotection strips.strips. TheThe termterm 
bufferbuffer stripstrip isis alsoalso looselyloosely appliedapplied toto aa varietyvariety 
ofof administrativelyadministratively designateddesignated protectionprotection zoneszones 
managedmanaged byby statestate andand federalfederal agencies,agencies, 
includingincluding Idaho'sIdaho's StreamStream ProtectionProtection ZoneZone 
(SPZ),(SPZ), Washington'sWashington's RiparianRiparian ManagementManagement 
ZoneZone (RMZ),(RMZ), andand thethe U.S.U.S. ForestForest Service'sService's 
StreamsideStreamside ManagementManagement ZoneZone (SMZ).(SMZ). TheseThese 
administrativelyadministratively defineddefined termsterms allall denotedenote 
riparianriparian areasareas wherewhere forestforest practicespractices areare 
limitedlimited byby administrativeadministrative oror legislativelegislative 
requirements.requirements. NutterNutter andand GaskinGaskin (1988)(1988) notednoted 
thethe lacklack ofof aa universaluniversal definitiondefinition forfor suchsuch areasareas 
andand describeddescribed aa U.S.U.S. ForestForest ServiceService SMZSMZ asas 
"an"an areaarea withwith oftenoften undefinedundefined boundaries,boundaries, 
adjacentadjacent toto aa streamstream oror wetland,wetland, withwith 
recognizedrecognized sensitivesensitive biologicalbiological andand physicalphysical 
attributesattributes thatthat serveserve toto ameliorateameliorate impactsimpacts ofof 
uplandupland influences."influences." InIn ourour report,report, thethe termterm 
bufferbuffer stripstrip meansmeans aa stripstrip ofof landland immediatelyimmediately 
adjacentadjacent toto aa streamstream designeddesigned toto protectprotect aquaticaquatic 
andand riparianriparian resources.resources. TheThe termsterms "fIlter"fIlter 
strip"strip" andand "protective"protective strip"strip" areare sometimessometimes 
usedused inin thethe literature,literature, andand meanmean thethe samesame thingthing 
asas bufferbuffer strip.strip. 

AppropriatelyAppropriately designeddesigned andand managedmanaged bufferbuffer 
stripsstrips cancan contributecontribute significantlysignificantly toto thethe 
maintenancemaintenance ofof aquaticaquatic andand riparianriparian habitathabitat andand 
thethe controlcontrol ofof pollution.pollution. RiparianRiparian bufferbuffer stripsstrips 
fulfillfulfill atat leastleast threethree basicbasic roles.roles. First,First, theythey 
helphelp toto maintainmaintain thethe hydrologic,hydrologic, hydraulic,hydraulic, andand 
ecologicalecological integrityintegrity ofof thethe streamstream channelchannel andand 
associatedassociated soilsoil andand vegetation.vegetation. ForFor example,example, 
riparianriparian vegetationvegetation contributescontributes toto thethe 
maintenancemaintenance ofof streamstream bankbank stabilitystability andand 
channelchannel capacity.capacity. RiparianRiparian vegetationvegetation alsoalso 
contributescontributes thethe largelarge organicorganic debrisdebris thatthat 
providesprovides hydraulichydraulic structurestructure toto thethe channel.channel. 
Second,Second, bufferbuffer stripsstrips helphelp protectprotect aquaticaquatic andand 
riparianriparian plantsplants andand animalsanimals fromfrom uplandupland 
sourcessources ofof pollutionpollution byby trappingtrapping oror filteringfiltering 
sediments,sediments, nutrients,nutrients, andand chemicalschemicals fromfrom 
forestryforestry andand agriculturalagricultural activities.activities. Third,Third, 

bufferbuffer stripsstrips protectprotect fishfish andand wildlifewildlife byby 
supplyingsupplying food,food, cover,cover, andand thermalthermal protection,protection, 
andand inin somesome casescases providingproviding uniqueunique habitat.habitat. 

BufferBuffer StripStrip RequirementsRequirements inin Idaho,Idaho, 
Washington,Washington, CaliforniaCalifornia andand OregonOregon 

ThisThis sectionsection highlightshighlights andand summarizessummarizes 
regulationsregulations concerningconcerning bufferbuffer stripstrip size,size, andand 
shade,shade, vegetation,vegetation, andand filterfilter stripstrip requirementsrequirements 
inin fourfour westernwestern states.states. TheseThese summariessummaries onlyonly 
highlighthighlight somesome ofof thethe regulationsregulations onon bufferbuffer 
strips.strips. MoreMore detaildetail isis containedcontained inin thethe 
respectiverespective forestforest practicespractices actsacts inin thethe fourfour 
states.states. 

Idaho:Idaho: StreamStream ProtectionProtection ZonesZones (SPZs).(SPZs). 
BufferBuffer stripsstrips areare termedtermed streamstream protectionprotection 
zoneszones (SPZs)(SPZs) inin thethe IdahoIdaho ForestForest PracticesPractices ActAct 
(FP(FPA).A). TheirTheir widthwidth isis measuredmeasured alongalong thethe 
slopeslope distancedistance startingstarting atat thethe ordinaryordinary highhigh 
waterwater markmark andand determineddetermined byby thethe beneficialbeneficial 
usesuses ofof waterwater inin thethe stream.stream. StreamsStreams usedused forfor 
domesticdomestic waterwater supply,supply, oror importantimportant forfor 
spawning,spawning, rearingrearing oror migrationmigration ofof fish,fish, areare 
designateddesignated asas ClassClass II streamsstreams andand areare protectedprotected 
byby aa minimumminimum 75-foot75-foot widewide SPZSPZ onon eacheach sideside 
ofof thethe stream.stream. HeadwaterHeadwater streamsstreams withoutwithout aa 
fisheryfishery whosewhose principalprincipal valuevalue lieslies inin theirtheir 
influenceinfluence onon downstreamdownstream waterwater qualityquality areare 
designateddesignated ClassClass p:p: streamsstreams andand areare protectedprotected 
byby aa minimumminimum 5-foot-wide5-foot-wide SPZSPZ onon eacheach sideside 
ofof thethe stream.stream. 

SPZsSPZs differentdifferent fromfrom thosethose describeddescribed aboveabove 
maymay bebe establishedestablished forfor streamstream segmentssegments ofof 
concernconcern (see(see TurnerTurner andand O'LaughlinO'Laughlin 1991).1991). 
TheThe widthwidth andand otherother requirementsrequirements forfor suchsuch 
zoneszones areare basedbased onon site-specificsite-specific bestbest 
managementmanagement practicespractices recommendedrecommended byby aa 
LocalLocal WorkingWorking CommitteeCommittee andand adoptedadopted byby thethe 
IdahoIdaho DepartmentDepartment ofof Lands.Lands. 

AdditionalAdditional requirementsrequirements foundfound inin otherother 
sectionssections ofof the,the, IdahoIdaho FPAFPA thatthat protectprotect aquaticaquatic 
andand riparianriparian zoneszones withinwithin thethe SPZSPZ areare asas 
followsfollows (Idaho(Idaho DepartmentDepartment ofof LandsLands 1990):1990): 

77 



WhatWhat isis aa BufferBuffer Strip?Strip? 

(1)(1) 	 ForFor ClassClass II Streams,Streams, provideprovide thethe largelarge timbertimber fromfrom thethe StreamStream ProtectionProtection ZoneZone inin 
organicorganic debrisdebris (LOD),(LOD), shading,shading, soilsoil suchsuch aa wayway thatthat filteringfiltering effectseffects ofof thethe SPZSPZ areare 
stabilization,stabilization, wildlifewildlife cover,cover, andand waterwater notnot destroyeddestroyed andand 75%75% ofof thethe currentcurrent shadeshade isis 
filteringfiltering effectseffects ofof vegetation.vegetation. retained;retained; andand (c)(c) RetainRetain standingstanding trees,trees, 
Specifically,Specifically, operatorsoperators areare to:to: (a)(a) LeaveLeave includingincluding conifers,conifers, hardwoodshardwoods andand snagssnags 
hardwoodhardwood trees,trees, shrubs,shrubs, grasses,grasses, andand withinwithin 5050 feetfeet ofof thethe ordinaryordinary high-waterhigh-water markmark 
roclesrocles whereverwherever theythey affordafford shadeshade overover aa onon eacheach sideside ofof allall ClassClass II streamsstreams inin thethe 
streamstream oror maintainmaintain thethe integrityintegrity ofof thethe minimumminimum numbersnumbers perper 1,0001,000 feetfeet ofof streamstream asas 
soilsoil nearnear aa stream;stream; (b)(b) LogLog maturemature shownshown inin TableTable 1.1. 

TableTable 1.1. MinimumMinimum numbernumber ofof standingstanding treestrees toto bebe leftleft withinwithin 5050 feetfeet onon eacheach sideside ofof allall 
ClassClass II streamsstreams inin Idaho,Idaho, perper 1,0001,000 feetfeet ofof stream.stream. 

'.'. 
TreeTree 	 StreamStream WidthWidthii 

.1.1 DiameterDiameter 

JJ (at(at breastbreast 
 MoreMore thanthan 	 1010 toto LessLess thanthan

11 
 height)height) 
 2020 feetfeet 	 2020 feetfeet 1010 feetfeet 

.j.j 	 oo -- 7.9"7.9" 200200 200200 200200 

88 -- 11.9"11.9" 4242 4242 4242 

1212 -- 19.9"19.9" 2121 2121 -­

20"20" 	++ 44 -- -­

Source:Source: IdahoIdaho DepartmentDepartment ofof LandsLands (1990)(1990) 

(2)(2) 	 ForFor ClassClass IIII streams,streams, provideprovide soilsoil andand mustmust bebe removedremoved afterafter use.use.tt 
~~~~ stabilizationstabilization andand waterwater filteringfiltering effectseffects byby 

(6)(6) 	 WaterWater barsbars mustmust bebe providedprovided forfor skidskid
leavingleaving undisturbedundisturbed soilssoils inin widthswidths 

.. trails.trails. New:New: oror reconstructedreconstructed skidskid trails,trails,sufficientsufficient toto preventprevent washingwashing ofof sedimentsediment 
landings,landings, andand firefire trailstrails mustmust bebe locatedlocated

intointo ClassClass II streams.streams. InIn nono casecase shallshall thisthis 
~~ 	 onon stablestable areasareas outsideoutside ofof thethe SPZSPZ....

widthwidth bebe lessless thanthan 55 feetfeet slopedsloped distancedistanceff 
aboveabove thethe ordinaryordinary high-waterhigh-water markmark onon (7)(7) SlashSlash mustmust bebe removedremoved fromfrom thethe streamstream 
eacheach sideside ofof thethe stream.stream. andand piledpiled atat leastleast 55 feetfeet aboveabove thethe high-high-

waterwater lineline onon ClassClass II streams.streams. OnOn ClassClass
(3)(3) 	 CableCable yardingyarding withinwithin anan SPZSPZ shallshall bebe 

IIII streams,streams, slashslash mustmust bebe removedremoved ifif itit
donedone soso asas toto minimizeminimize disturbancedisturbance toto thethe couldcould blockblock thethe streamstream oror therethere isis 
streamstream bankbank vegetationvegetation andand streamstream sufficientsufficient waterwater toto transporttransport thethe material.material.
channel.channel. 

(8)(8) 	 ForestForest practicespractices areare toto bebe carriedcarried outout toto
(4)(4) 	 SkiddingSkidding logslogs inin oror throughthrough streamsstreams isis minimizeminimize thethe introductionintroduction ofof sediment,sediment,

prohibited.prohibited. TractorTractor oror wheelwheel skiddingskidding isis debris,debris, petroleumpetroleum productsproducts oror otherother
prohibitedprohibited onon slopesslopes exceedingexceeding 4545 %% chenucalschenucals intointo streams.streams. ThisThis includesincludes
gradientgradient immediatelyimmediately adjacentadjacent toto ClassClass II planningplanning forfor transportationtransportation networksnetworks toto 
oror IIII streams.streams. minimizeminimize roadroad constructionconstruction withinwithin SPZsSPZs 

(5)(5) 	 TemporaryTemporary structuresstructures toto carrycarry streamstream andand thethe replantingreplanting ofof vegetationvegetation betweenbetween 
flowflow areare requiredrequired forfor streamstream crossingscrossings roadsroads andand streamsstreams asas necessary.necessary. 
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(9)(9) 	 UseUse ofof chemicalschemicals isis restrictedrestricted inin SPZs.SPZs. 
AA minimumminimum ofof 100100 feetfeet ofof untreateduntreated stripstrip 
mustmust bebe leftleft onon eacheach sideside ofof ClassClass II oror 
flowingflowing ClassClass nn streams,streams, andand aa minimumminimum 
ofof 2525 feetfeet forfor groundground applicationapplication withwith 
powerpower equipmentequipment.... 

(10)(10) ThereThere isis nono prohibitionprohibition againstagainst slashslash 

burningburning withinwithin SPZs.SPZs. 


Washington:Washington: RiparianRiparian ManagementManagement ZonesZones 
(RMZs).(RMZs). UnderUnder Washington'sWashington's ForestForest PracticesPractices 
RulesRules andand RegulationsRegulations (WashingtOn(WashingtOn StateState 
ForestForest PracticesPractices BoardBoard 1988),1988), bufferbuffer stripsstrips areare 
providedprovided toto protectprotect variousvarious usesuses suchsuch asas waterwater 

,supply,supply andand fisheries.fisheries. TheseThese variablevariable widthwidth 
buffers,buffers, termedtermed RiparianRiparian ManagementManagement ZonesZones 
(RMZs),(RMZs), areare designeddesigned differentlydifferently accordingaccording toto 
ecologicalecological needsneeds forfor easterneastern andand westernwestern 
WWashington.ashington. WashingtonWashington stteamsstteams areare divideddivided 
intointo 55 classesclasses accordingaccording toto use.use. InIn westernwestern 
Washington,Washington, RMZRMZ widthswidths areare determineddetermined byby 
streamstream classclass andand streamstream width.width. RMZsRMZs areare 
requiredrequired toto havehave aa minimumminimum widthwidth ofof 2525 feetfeet 
andand aa maximummaximum widthwidth ofof 100100 feet,feet, measuredmeasured 
horizontallyhorizontally fromfrom thethe high-waterhigh-water markmark byby mapmap 
projection.projection. InIn easterneastern Washington,Washington, RMZRMZ 
widthwidth isis measuredmeasured fromfrom thethe ordinaryordinary high­high­
waterwater markmark toto thethe pointpoint wherewhere vegetationvegetation 
changeschanges fromfrom wetlandwetland toto anan uplandupland plantplant 
community.community. RMZRMZ widthwidth isis alsoalso determineddetermined byby 
thethe typetype ofof timbertimber harvestharvest inin thethe adjacentadjacent 
uplandupland area.area. ForFor partialpartial cutting,cutting, thethe requiredrequired 
rangerange isis fromfrom 3030 toto 5050 feetfeet onon eacheach sideside ofof thethe 
stream;stream; forfor otherother typestypes ofof harvest,harvest, 
thethe rangerange isis fromfrom 3030 toto 300300 feetfeet onon eacheach sideside 
ofof thethe stream.stream. 

AdditionalAdditional selectedselected requirementsrequirements forfor 
Washington'sWashington's RMZsRMZs areare asas follows:follows: 

(1)(1) 	 LeaveLeave treetree requirementsrequirements areare dependentdependent onon 
streamstream type,type, stream-bedstream-bed materialmaterial andand 
width,width, thethe percentpercent ofof harvestharvest unitunit withinwithin 
RMZ,RMZ, andand thethe sizesize ofof clearcut.clearcut. 

(2)(2) 	 ShadeShade requirementsrequirements areare determineddetermined byby 
temperaturetemperature sensitivitysensitivity basedbased uponupon fieldfield 
datadata fromfrom aa ""......verifiedverified waterwater 
temperaturetemperature modelmodel oror methodmethod acceptableacceptable 

toto thethe department."department." UnlessUnless aa waiverwaiver isis 
obtained,obtained, operatorsoperators mustmust leaveleave allall 
unmerchantableunmerchantable vegetationvegetation thatthat providesprovides 
shadeshade andand leaveleave sufficientsufficient merchantablemerchantable 
timber,timber, ifif itit isis necessarynecessary toto provideprovide 5050 %% 
ofof summersummer shadeshade onon thethe waterwater surface.surface. 
WhereWhere thethe 77-day-day averageaverage waterwater 
temperaturestemperatures exceedsexceeds 60°F,60°F, 75%75% covercover 
maymay bebe required.required. 

(3)(3) 	 SlashSlash disposaldisposal withinwithin RMZsRMZs mustmust bebe byby 
handhand methods,methods, e.g.,e.g., loplop andand scatter,scatter, 
unlessunless otherwiseotherwise approvedapproved byby thethe 
DepartmentDepartment ofof NaturalNatural Resources.Resources. 

California:California: WatercourseWatercourse andand LakeLake ProtectionProtection 
ZonesZones (WLPZs).(WLPZs). UnderUnder California'sCalifornia's ForestForest 
PracticePractice RulesRules (California(California DepartmentDepartment ofof 
ForestryForestry andand FireFire ProtectionProtection 1991),1991), bufferbuffer 
stripsstrips areare termedtermed WatercourseWatercourse andand LakeLake 
ProtectionProtection ZonesZones (WLPZs)(WLPZs) andand areare usedused toto 
protectprotect beneficialbeneficial uses.uses. CaliforniaCalifornia recognizesrecognizes 
fourfour classesclasses ofof watercoursewatercourse oror stream.stream. defineddefined 
onon thethe basisbasis ofof beneficialbeneficial useuse forfor waterwater supplysupply 
andand fisheries.fisheries. WidthsWidths ofof thethe WLPZsWLPZs areare 
determineddetermined byby watercoursewatercourse classclass andand 
land-slopeland-slope adjacentadjacent toto thethe stream.stream. WLPZsWLPZs forfor 
ClassClass II watercourseswatercourses rangerange fromfrom 5050 toto 200200 
feet.feet. dependingdepending onon fourfour slopeslope classes.classes. ForFor 
ClassClass IIII watercourses,watercourses, WLPZWLPZ widthswidths rangerange 
fromfrom 5050 toto 150150 feet.feet. ForFor ClassClass illill andand IVIV 
watercourses,watercourses, WLPZWLPZ widthswidths areare determineddetermined byby 
fieldfield inspection.inspection. AlternativeAlternative prescriptionsprescriptions forfor 
WLPZsWLPZs areare allowedallowed onon aa site-specificsite-specific basisbasis ifif 
theythey provideprovide atat leastleast asas muchmuch protectionprotection asas thethe 
standardstandard WLPZWLPZ requirements.requirements. CaliforniaCalifornia 
furtherfurther requiresrequires thatthat aa writtenwritten timbertimber harvestharvest 
planplan bebe filedfiled byby aa registeredregistered professionalprofessional 
forester,forester, whichwhich specificallyspecifically statesstates howhow 
watercourseswatercourses andand lakeslakes willwill bebe protected.protected. 

AdditionalAdditional selectedselected requirementsrequirements forfor 
California'sCalifornia's WLPZsWLPZs areare asas follows:follows: 

(1)(1) 	 ResidualResidual vegetationvegetation requirementsrequirements dependdepend 
onon watercoursewatercourse classclass andand slope.slope. ForFor 
serviceservice asas filterfilter stripsstrips andand toto provideprovide 
shadeshade onon ClassClass II watercourses.watercourses. 50%50% ofof 
thethe overstoryoverstory andand 5050%% ofof thethe understoryunderstory 
mustmust bebe leftleft standingstanding andand bebe wellwell 
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distributed.distributed. ForFor ClassClass IIII watercourses,watercourses, 
50%50% ofof thethe overstoryoverstory andlorandlor 50%50% ofof thethe 
understoryunderstory mustmust bebe leftleft inin aa similarsimilar 
manner.manner. FutureFuture harvestingharvesting isis restrictedrestricted 
untiluntil thethe canopycanopy isis re-established.re-established. ForFor 
ClassClass IIIIII andand IVIV watercourses,watercourses, thethe 
residualresidual vegetationvegetation mustmust bebe sufficientsufficient toto 
preventprevent degradationdegradation ofof downstreamdownstream 
beneficialbeneficial usesuses asas determineddetermined onon aa site­site­
specificspecific basis.basis. 

(2)(2) 	 MaterialsMaterials suchsuch asas soil,soil, silt,silt, bark,bark, slash,slash, 
oror petroleumpetroleum mustmust notnot enterenter thethe 
watercoursewatercourse oror lake.lake. IfIf therethere isis 
reasonablereasonable expectationexpectation thatthat timbertimber 
operationsoperations willwill causecause thisthis typetype ofof 
contamination,contamination, thenthen thethe activitiesactivities mustmust bebe 
deferreddeferred untiluntil aa timetime whenwhen equipment,equipment, 
anotheranother procedure,procedure, oror correctivecorrective workwork areare 
approved.approved. MaterialsMaterials accidentallyaccidentally enteringentering 
ClassClass I,II,I,II, andand IIIIII watercourseswatercourses shallshall bebe 
immediatelyimmediately removed.removed. 

(3)(3) 	 BroadcastBroadcast burningburning ofof slashslash isis prohibitedprohibited 
inin WLPZsWLPZs forfor ClassClass II andand IIII 
watercourseswatercourses .. 

Oregon:Oregon: RiparianRiparian ManagementManagement AreasAreas 
(RMAs).(RMAs). UnderUnder thethe OregonOregon ForestForest PracticePractice 
RulesRules (Oregon(Oregon DepartmentDepartment ofof ForestryForestry 1991),1991), 
bufferbuffer stripsstrips areare termedtermed RiparianRiparian ManagementManagement 
AreasAreas (RMAs).(RMAs). OregonOregon isis divideddivided intointo threethree 
administrativeadministrative regions:regions: northwest,northwest, southwestsouthwest 
andand eastern.eastern. StreamStream protectionprotection regulationsregulations forfor 
thethe regionsregions areare similarsimilar andand basedbased onon threethree 
classesclasses ofof streamstream defineddefined primarilyprimarily onon thethe 
basisbasis ofof useuse asas eithereither waterwater supply,supply, fisheries,fisheries, 
oror recreation.recreation. ForFor ClassClass II streams,streams, thethe widthwidth 
ofof RMAsRMAs isis variablevariable andand setset atat threethree timestimes thethe 
averageaverage widthwidth ofof thethe streamstream atat highhigh flow,flow, butbut 
notnot lessless thanthan 2525 feetfeet oror greatergreater thanthan 100100 feet.feet. 
RMAsRMAs forfor estuariesestuaries areare 100100 feetfeet andand forfor lakeslakes 
varyvary inin widthwidth byby region.region. 

AdditionalAdditional requirementsrequirements forfor Oregon'sOregon's 
RMAsRMAs areare asas follows:follows: 

(1)(1) 	 LeaveLeave treetree requirementsrequirements varyvary withwith streamstream 
widthwidth andand areare specifiedspecified asas conifersconifers perper 
1,0001,000 feetfeet ofof streamstream andand basalbasal areaarea per.per. 

1,0001,000 feetfeet ofof streamstream forfor ClassClass II streams.streams. 
TheseThese treestrees mustmust bebe inin thethe 50%50% ofof thethe 
RMARMA nearestnearest thethe streamstream oror withinwithin 2525 
feet,feet, whicheverwhichever isis greater.greater. TheseThese 
requirementsrequirements dodo notnot applyapply toto thethe easterneastern 
region.region. 

(2)(2) 	 ForFor ClassClass II andand ClassClass IIII (special(special 

protectionprotection waters),waters), 50%50% ofof thethe treetree 

canopycanopy andand allall snagssnags thatthat areare notnot 

hazardoushazardous mustmust bebe left.left. AlsoAlso downeddowned 

timbertimber presentpresent priorprior toto harvestharvest andand 

unmerchantableunmerchantable logslogs mustmust bebe left.left. 


(3)(3) 	 OtherOther requirementsrequirements forfor ClassClass IIII streamsstreams 
consistconsist ofof "minimizing"minimizing channelchannel 
disturbancedisturbance fromfrom yardingyarding andand avoidingavoiding 
tractortractor skiddingskidding inin oror throughthrough anyany 
stream"stream" inin thethe southwestsouthwest andand northwestnorthwest 
regions.regions. InIn easterneastern Oregon,Oregon, operatorsoperators 
areare requiredrequired toto "leave"leave stabilizationstabilization stripsstrips 
ofof undergrowthundergrowth vegetationvegetation alongalong ClassClass IIII 
streamsstreams sufficientsufficient toto preventprevent washingwashing ofof 
sedimentsediment intointo ClassClass II streamsstreams below."below." 

(4)(4) 	 ForFor ClassClass II andand ClassClass IIII (special(special 
protectionprotection waters),waters), 75%75% ofof thethe shadeshade 
presentpresent priorprior toto harvestharvest mustmust bebe left.left. 

(5)(5) 	 SlashSlash burningburning isis prohibitedprohibited inin riparianriparian 
areasareas designateddesignated ClassClass II water.water. 

ComparisonComparison ofof BurrerBurrer StripStrip RequirementsRequirements inin 
FourFour StatesStates .. 

TheThe typetype ofof beneficialbeneficial useuse derivedderived fromfrom aa 
streamstream isis usedused byby allall fourfour statesstates asas aa primaryprimary 
determinantdeterminant ofof thethe needneed for,for, andand widthwidth of,of, aa 
bufferbuffer strip.strip. Washington,Washington, Oregon,Oregon, andand 
CaliforniaCalifornia useuse additionaladditional site-specificsite-specific factors,factors, 
suchsuch asas streamstream widthwidth andand thethe slopeslope oror typetype ofof 
harvestharvest onon adjoiningadjoining land,land, toto refinerefine bufferbuffer stripstrip 
widthwidth prescriptions.prescriptions. ResearchResearch indicatesindicates thatthat 
considerationconsideration ofof thesethese andand otherother factorsfactors 
enhances'enhances' thethe effectivenesseffectiveness ofof bufferbuffer stripsstrips 
(potts(potts andand BaiBai 1989,1989, SteinblumsSteinblums etet al.al. 1984,1984, 
BrazierBrazier andand BrownBrown 1973,1973, HauptHaupt 1959a).1959a). InIn 
Idaho,Idaho, bufferbuffer stripstrip widthwidth isis determineddetermined 
primarilyprimarily byby streamstream classclass onon thethe basisbasis ofof 
beneficialbeneficial usesuses withoutwithout considerationconsideration ofof 
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site-specificsite-specific factors,factors, exceptexcept inin thethe specialspecial casescases andand equipmentequipment operationoperation withinwithin thethe bufferbuffer 
ofof streamstream segmentssegments ofof concern.concern. TheThe fixedfixed zoneszones areare similarsimilar butbut notnot identical.identical. OneOne 
minimumminimum width,width, use-dependentuse-dependent approachapproach usedused importantimportant differencedifference isis thethe prohibitionprohibition againstagainst 
inin IdahoIdaho hashas thethe virruevirrue ofof simplicitysimplicity inin slashslash burningburning withinwithin bufferbuffer stripsstrips alongalong somesome 
application,application, butbut hashas greatergreater potentialpotential forfor streamstream classesclasses thatthat appearsappears inin thethe regulationsregulations 
providingproviding eithereither notnot enoughenough oror tootoo muchmuch ofof Oregon,Oregon, California,California, andand Washington,Washington, butbut 
protection.protection. TheThe useuse ofof streamstream classificationclassification (SkiUenotnot inin IdahoIdaho (Skille 1990).1990). 
withwith additionaladditional site-specificsite-specific factorsfactors inin thethe otherother 
threethree statesstates addsadds operationaloperational complexitycomplexity butbut isis HOWHOW DODO FORESfFORESf PRACTICESPRACTICES WITIllNWITIllN 
moremore flexibleflexible withwith greatergreater potentialpotential sensitivitysensitivity BUFFERBUFFER SfSfRIPSRIPS AFFECTAFFECT WATERWATER 
toto locallocal streamstream protectionprotection needs.needs. QUALITYQUALITY ANDAND FISHFISH HABITAT?HABITAT? 

RequirementsRequirements inin thethe fourfour statesstates forfor bufferbuffer ThisThis sectionsection examinesexamines thethe impactsimpacts ofof timbertimber 
zonezone width,width, shadeshade oror canopy,canopy, andand leaveleave treestrees harvestingharvesting operationsoperations withinwithin aa bufferbuffer stripstrip onon 
areare summarizedsummarized inin TableTable 2.2. LeaveLeave treetree andand waterwater qualityquality andand fishfish habitat.habitat. ResultsResults 
shadeshade requirementsrequirements appearappear inin thethe bufferbuffer stripstrip reportedreported areare basedbased onon studiesstudies wherewhere harvestingharvesting 
designsdesigns forfor allall fourfour states.states. BecauseBecause ofof thethe waswas donedone withinwithin aa designateddesignated bufferbuffer stripstrip oror 
differentdifferent prescriptionsprescriptions forfor thethe number,number, species,species, wherewhere thethe clearcutclearcut includedincluded streamsidestreamside 
andand sizessizes ofof treestrees toto bebe left,left, itit isis difficultdifficult toto vegetation.vegetation. 
comparecompare thethe prescriptions.prescriptions. ForFor example,example, 
CaliforniaCalifornia requires,requires, inin additionaddition toto markedmarked EffectsEffects ofof CanopyCanopy RemovalRemoval 
leaveleave trees,trees, thatthat 50%50% ofof thethe overstoryoverstory andand 
50%50% ofof thethe understoryunderstory bebe leftleft onon ClassClass II RemovingRemoving vegetationvegetation inin thethe bufferbuffer stripstrip 
streams;streams; whereaswhereas inin OregonOregon thethe numbernumber ofof reducesreduces canopycanopy density,density, whichwhich inin turnturn maymay 
leaveleave treestrees isis determineddetermined byby thethe streamstream widthwidth affectaffect streamstream temperature,temperature, cover,cover, primaryprimary 
andand specifiedspecified inin termsterms ofof thethe numbernumber ofof treestrees production,production, andand habitathabitat forfor salmonids-salmon,salmonids-salmon, 
perper 1,0001,000 feetfeet ofof stream.stream. TheThe purposespurposes ofof trout,trout, andand char.char. 
retainingretaining leaveleave treestrees andand otherother residualresidual 
vegetationvegetation suchsuch asas snagssnags andand understoryunderstory areare toto StreamStream temperature.temperature. IncreasesIncreases inin June-AugustJune-August 
provideprovide LaD,LaD, maintainmaintain bankbank stability,stability, provideprovide maximummaximum streamstream temperaturestemperatures fromfrom 2°C2°C toto 
fishfish andand wildlifewildlife habitat,habitat, andand controlcontrol ofof lOoClOoC areare commoncommon inin thethe PacificPacific NorthwestNorthwest 
excessiveexcessive streamstream temperature.temperature. TheThe measuremeasure ofof (Beschta(Beschta etet al.al. 1987).1987). SummerSummer streamstream 
thethe effectivenesseffectiveness ofof leaveleave treestrees isis notnot statedstated temperaturetemperature increasesincreases duedue toto thethe removalremoval ofof 
directlydirectly inin termsterms ofof sedimentationsedimentation prevented,prevented, riparianriparian vegetationvegetation havehave beenbeen wellwell 
fishfish covercover provided,provided, oror reducedreduced streamstream 	 documented.documented. (See(See HoltbyHoltby 1988,1988, LynchLynch etet al.al.!t!t 
temperature.temperature. TheThe exceptionexception isis Washington,Washington, 1984,1984, RishelRishel etet al.al. 1982,1982, PatricPatric 1980,1980, SwiftSwift 
whichwhich requiresrequires anan increaseincrease inin residualresidual canopycanopy andand MesserMesser 1971,1971, BrownBrown etet al.al. 1971,1971, andand 

'.'"ii'.'" 	 fromfrom 50%50% toto 75%75% whenwhen waterwater temperaturetemperature isis LevnoLevno andand RothacherRothacher (1967.)(1967.) TheseThese studiesstudies 
60°F60°F oror more.more. InIn Washington,Washington, Oregon,Oregon, andand generallygenerally supportsupport thethe findingsfindings ofof BrownBrown andand 
Idaho,Idaho, thethe measuremeasure ofof effectivenesseffectiveness isis statedstated asas KrygierKrygier (1970)(1970) thatthat lossloss ofof riparianriparian vegetationvegetation 
shadeshade retainedretained afterafter harvest,harvest, expressedexpressed asas aa resultsresults inin largerlarger dailydaily temperaturetemperature variationsvariations 
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percentpercent ofof thatthat existingexisting beforebefore harvest.harvest. 	 andand elevatedelevated monthlymonthly andand annualannual temperatures.temperatures. 
CaliforniaCalifornia requiresrequires 50%50% ofof thethe overstoryoverstory andand ThisThis occursoccurs inin summersummer periodsperiods whenwhen streamstream 
understoryunderstory bebe retained;retained; residualresidual shadeshade isis notnot flowflow isis normallynormally lowlow andand airair temperaturestemperatures areare 
specified.specified. MethodsMethods forfor estimatingestimating oror 	 high.high. MeasurementsMeasurements byby HewlettHewlett andand FortsonFortson 
measuringmeasuring thethe percent.percent. canopycanopy oror percentpercent shadeshade (1983)(1983) underunder winterwinter conditionsconditions alsoalso indicateindicate 
retainedretained areare notnot specified.specified. 	 thatthat removalremoval ofof riparianriparian vegetationvegetation cancan reducereduce 

temperaturestemperatures byby aboutabout lOoF.lOoF. TheseThese studiesstudies 
RestrictionsRestrictions onon felling,felling, bucking,bucking, yarding,yarding, 
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TableTable 2.2. StreamStream bufferbuffer stripstrip requirementsrequirements inin fourfour states.states. 

BufferBuffer StripStrip RequirementsRequirements 
StreamStream 

StateState CiassCiass ShadeShade oror LeaveLeave 
WidthWidth CanopyCanopy TreesTrees 

Yes;Yes; ## perper 1,0001,000 feetfeet 
ClassClass rr fixedfixed minimumminimum 75%75% dependentdependent onon streamstream 

IdahoIdaho (75(75 feet)feet) currentcurrent shade'"shade'" widthwidthbb 

(see(see TableTable 1)1) 

ClassClass n-n- fixedfixed minimumminimum nonenone nonenone 
(5(5 feet)feet) 

TypeType 1,1, 2,2, variablevariable byby streamstream 50%;50%; 75%75% ifif Yes;Yes; ## perper 1,0001,000 feetfeet 
andand 3-3- widthwidth temperature>temperature> 60°F60°F dependentdependent onon streamstream 

WashingtonWashington (5(5 toto 100100 feet)"feet)" widthwidth andand bedbed materialmaterial 

TypeType 4-4- nonenone nonenone 2525 perper 1,0001,000 feetfeet 
>> 66 inchesinches diameterdiameter 

ClassClass II variablevariable byby slopeslope 50%50% oversoverstorytory andlorandlor yes;yes; ## toto bebe 
&& andand streamstream classclass understory;understory; dependentdependent determineddetermined byby canopycanopy 

ClassClass n-n- (50(50 toto 200200 feet)feet) onon slopeslope andand streamstream densitydensity 
CaliforniaCalifornia classclass 

ClassClass llI-llI- nonenonedd 50%50% understory"understory" 	 none-none-

variable;variable; 33 timestimes Yes;Yes; ## perper 1,0001,000 feetfeet 
ClassClass rr streamstream widthwidth 50%50% existingexisting canopy,canopy, andand basalbasal areaarea perper 

OregonOregon (25(25 toto 100100 f~et)f~et) 75%75% existingexisting shadeshade 1,0001,000 feetfeet byby streamstream 
widthwidth 

ClassClass nn 
SpecialSpecial none(none( 75%75% existingexisting shadeshade nonenone 

ProtectionProtection-­

•.•. 	HumanHuman waterwater supplysupply oror fisheriesfisheries use.use. 
--	 StreamsStreams capablecapable ofof sedimentsediment transporttransport (California)(California) oror otherother influenceinfluence (Idaho(Idaho andand Washington)Washington) oror 

significantsignificant impactimpact (Oregon)(Oregon) onon downstreamdownstream waters.waters. 
•• 	InIn Idaho,Idaho, thethe shadeshade requirementrequirement isis specificallyspecifically designeddesigned toto maintainmaintain streamstream temperatures.temperatures. 
1010 	 InIn Idaho,Idaho, thethe leaveleave treetree requirementrequirement isis specificallyspecifically designeddesigned toto provideprovide forfor thethe recruitmentrecruitment ofof largelarge 

organicorganic debrisdebris (LOD).(LOD). 
CC MayMay rangerange asas highhigh asas 300300 feetfeet forfor somesome typestypes ofof timbertimber harvest.harvest. 
dd ToTo bebe determineddetermined byby fieldfield inspection.inspection. 
•• ResidualResidual vegetationvegetation mustmust bebe sufficientsufficient toto preventprevent degradationdegradation ofof downstreamdownstream beneficialbeneficial uses.uses. 
(( InIn easterneastern Oregon,Oregon, operatorsoperators areare requiredrequired toto "leave"leave stabilizationstabilization stripsstrips ofof undergrowthundergrowth ......sufficientsufficient toto 

preventprevent washingwashing ofof sedimentsediment intointo ClassClass II streamsstreams below.below. "" 
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havehave beenbeen summarizedsummarized byby BeschtaBeschta etet al.al. 
(1987).(1987). 

Cover,Cover, primaryprimary productionproduction andand saImonidsaImonid 
luzhitat.luzhitat. RiparianRiparian vegetationvegetation providesprovides 
extensiveextensive andand neededneeded covercover forfor fishfish (Boussu(Boussu 
1954).1954). LossLoss ofof riparianriparian vegetationvegetation reducesreduces 
directdirect covercover providedprovided byby overhangingoverhanging plants.plants. 
MarcusMarcus etet al.al. (1990)(1990) providedprovided aa conciseconcise 
summarysummary ofof howhow salmonidssalmonids respondrespond toto cover.cover. 
InIn Alaska,Alaska, streamstream reachesreaches inin clearcutclearcut areasareas 
withoutwithout bufferbuffer stripsstrips hadhad significantlysignificantly lessless poolpool 
habitathabitat areaarea thanthan reachesreaches withinwithin old-growthold-growth 
forestsforests (Heifetz(Heifetz etet al.al. 1986).1986). 

RiparianRiparian vegetationvegetation isis anan importantimportant 
determinantdeterminant ofof primaryprimary biologicalbiological productionproduction 
inin aa stream.stream. ItIt isis aa majormajor sourcesource ofof foodfood forfor 
streamstream invertebrates,invertebrates, andand alsoalso influencesinfluences thethe 
productionproduction ofof aquaticaquatic plantsplants byby limitinglimiting solarsolar 
energyenergy (Miller(Miller 1986).1986). InIn anan AlaskanAlaskan study,study, 
logginglogging significantlysignificantly alteredaltered thethe quantity,quantity, 
qualityquality andand timingtiming ofof foodfood forfor invertebrates,invertebrates, 
whichwhich inin turnturn areare anan importantimportant sourcesource ofof foodfood 
forfor salmonidssalmonids (Duncan(Duncan andand BrusvenBrusven 1985,1985, 
1986).1986). InIn Oregon,Oregon, HawkinsHawkins etet al.al. (1982)(1982) 
foundfound thatthat streamsstreams withoutwithout shadeshade duedue toto 
clearcuttingclearcutting hadhad aa higherhigher abundanceabundance ofof 
invertebratesinvertebrates thanthan diddid streamsstreams withwith riparianriparian 
vegetationvegetation andand shade.shade. InIn Alaska,Alaska, DuncanDuncan etet 
al.al. (1989)(1989) demonstrateddemonstrated bothboth increasesincreases andand 
decreasesdecreases inin potentialpotential salmonidsalmonid productionproduction 
basedbased onon production-responseproduction-response modelsmodels wherewhere 
canopycanopy densitydensity andand riparianriparian vegetationvegetation 
compositioncomposition werewere independentindependent variables.variables. AA 
CanadianCanadian studystudy byby ScrivenerScrivener andand AndersenAndersen 
(1982)(1982) suggestedsuggested thethe enhancedenhanced biologicalbiological 
productivityproductivity duedue toto canopycanopy removalremoval tendedtended toto 
bebe relativelyrelatively shortshort livedlived (1-15(1-15 years)years) duedue toto 
regrowthregrowth ofof vegetation,vegetation, particularlyparticularly inin highhigh 

r.r. 
elevationelevation streamsstreams withwith steepsteep channelchannel gradients.gradients.f,,f Unfortunately,Unfortunately, rigorousrigorous quantificationquantification ofof suchsuch 
relationshipsrelationships isis notnot yetyet available,available, soso predictionpredictionrr 
ofof canopycanopy densitydensity andand primaryprimary productivityproductivity 
interactionsinteractions isis notnot yetyet possible.possible. 

EffectsEffects ofof TimberTimber HarvestingHarvesting 

TheThe effectseffects ofof timbertimber harvestingharvesting withinwithin thethe 

bufferbuffer stripstrip onon waterwater qualityquality andand fishfish habitathabitat 
fallfall inin toto twotwo generalgeneral categories:categories: [1][1] thethe 
recruitmentrecruitment ofof largelarge organicorganic debrisdebris (LOD)(LOD) andand 
[2][2] sedimentsediment production.production. OnOn streamsstreams withwith lowlow 
gradients,gradients, habitathabitat changeschanges causedcaused byby sedimentsediment 
depositiondeposition oror changeschanges inin LaDLaD maymay havehave aa 
durationduration ofof 35-5035-50 yearsyears (Scrivener(Scrivener andand 
AndersenAndersen 1982).1982). WhereWhere streamstream gradientsgradients areare 
greater,greater, thethe impactimpact periodsperiods wouldwould bebe less.less. 

LargeLarge organicorganic debrisdebris (LOD).(LOD). LargeLarge organicorganic 
debrisdebris isis thethe termterm usedused toto describedescribe piecespieces oror 
partsparts ofof deaddead treestrees thatthat havehave collectedcollected inin thethe 
streamstream channel.channel. LODLOD isis importantimportant inin 
controllingcontrolling streamstream flowflow throughthrough thethe formationformation 
ofof smallsmall impoundmentsimpoundments (Robinson(Robinson andand BeschtaBeschta 
1990)1990) andand inin enhancingenhancing fishfish habitathabitat throughthrough thethe 
provisionprovision ofof covercover (Bisson(Bisson etet al.al. 1987).1987). SedellSedell 
etet aleale (1988)(1988) indicatedindicated thatthat logginglogging withinwithin aa 
bufferbuffer strip,strip, andand nearnear enoughenough toto thethe streamstream forfor 
LaDLaD toto reachreach itit throughthrough naruralnarural processes,processes, 
reducesreduces thethe potentialpotential recruitmentrecruitment ofof LaDLaD,, butbut 
maymay increaseincrease thethe availabilityavailability ofof smallersmaller limbs.limbs. 
LoggingLogging withinwithin bufferbuffer stripsstrips maymay alsoalso changechange 
riparianriparian vegetationvegetation andand resultresult inin thethe 
reestablishmentreestablishment ofof earlierearlier successionalsuccessional stages.stages. 
ThisThis wouldwould leadlead toto anan increaseincrease inin smallersmaller 
qrganicqrganic debrisdebris thatthat areare moremore easilyeasily broken,broken, 
lessless wellwell anchored,anchored, andand thereforetherefore havehave aa 
shortershorter residenceresidence time.time. Consequently,Consequently, therethere 
maymay bebe aa decreasedecrease inin covercover andand poolspools adjacentadjacent 
toto harvestedharvested areasareas as·as· comparedcompared toto streamsstreams inin 
unloggedunlogged areasareas (Sedell(Sedell etet al.al. 1988).1988). 
FollowiIigFollowiIig riparianriparian logginglogging inin Alaska,Alaska, BryantBryant 
(1980)(1980) notednoted thatthat aa largelarge increaseincrease inin floatablefloatable 
largelarge debris.debris. severelyseverely affectedaffected establishedestablished 
naturalnatural debrisdebris accumulations,accumulations, inin somesome casescases 
causingcausing naturalnatural debrisdebris damsdams toto fail.fail. 

InIn Oregon,Oregon, AndrusAndrus etet al.al. (1988)(1988) foundfound thatthat 
riparianriparian treestrees mustmust bebe leftleft toto growgrow forfor 5050 yearsyears 
oror moremore inin orderorder toto insureinsure anan adequate,adequate, 
long-termlong-term supplysupply ofof woodywoody debris.debris. SteinblumsSteinblums 
etet aleale (1984)(1984) examinedexamined 4040 bufferbuffer stripsstrips inin 
OregonOregon andand foundfound thethe residualresidual timbertimber volumevolume 
rangedranged fromfrom 2222%% toto 100%100% ofof thethe initialinitial grossgross 
volume.volume. WindthrowWindthrow followingfollowing logginglogging 
accountedaccounted forfor 94%94% ofof thethe volumevolume lost.lost. 
WindthrowWindthrow waswas moremore closelyclosely correlatedcorrelated withwith 
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speciesspecies compositioncomposition andand topographicaltopographical 
parametersparameters thenthen withwith bufferbuffer stripstrip width,width, 
volume,volume, oror age.age. ThisThis suggestssuggests thatthat selectiveselective 
harvestingharvesting withinwithin bufferbuffer stripsstrips couldcould reducereduce 
excessiveexcessive LCDLCD inin somesome situationssituations andand resultresult inin 
aa potentialpotential undersupplyundersupply inin others.others. 

SedimentSediment production.production. andand soilsoil compaction..compaction.. 
TheThe literatureliterature providesprovides onlyonly limitedlimited 
informationinformation regardingregarding sedimentsediment productionproduction oror 
soilsoil compactioncompaction duedue toto harvestingharvesting withinwithin thethe 
bufferbuffer zone.zone. ClinnickClinnick (1985)(1985) notednoted thatthat withinwithin 
bufferbuffer strips,strips, ""......inin thethe absenceabsence ofof soilsoil 
disturbancedisturbance andand compactioncompaction causedcaused byby 
machinery,machinery, overlandoverland andand channelizedchannelized flowflow 
standstand aa greatergreater chancechance ofof infiltratinginfiltrating thethe soilsoil 
profile."profile." MegahanMegahan (1980)(1980) stressedstressed thethe 
imponanceimponance ofof thethe methodmethod ofof yardingyarding asas aa 
determinantdeterminant ofof sedimentsediment production.production. MethodsMethods 
suchsuch asas cablecable oror helicopterhelicopter yarding,yarding, wherewhere logslogs 
areare keptkept completelycompletely oror partiallypartially offoff thethe groundground 
surface,surface, causecause lessless soilsoil disturbancedisturbance thanthan tractortractor 
oror rubber-tiredrubber-tired vehiclesvehicles thatthat skidskid logslogs overover thethe 
surface.surface. Similarly,Similarly, RiceRice etet al.al. (1979)(1979) andand 
BurwellBurwell (1970)(1970) pointedpointed outout thatthat thethe quantityquantity ofof 
sedimentsediment producedproduced isis determineddetermined toto aa largelarge 
extentextent byby thethe carecare takentaken byby thethe operator.operator. 
ToewsToews andand MooreMoore (1982)(1982) reportedreported streamstream bankbank 
erosionerosion waswas moremore thanthan 250%250% greatergreater afterafter 
logginglogging thanthan beforebefore inin clearcutclearcut areasareas wherewhere nono 
bufferbuffer stripsstrips werewere left.left. AfterAfter clearcuttingclearcutting anan 
areaarea wherewhere aa bufferbuffer stripstrip 55 metersmeters oror lessless waswas 
used,used, streambankstreambank erosionerosion increasedincreased onlyonly 3232%% 
overover thethe preharvestpreharvest rate.rate. InIn anan AustralianAustralian casecase 
study,study, neitherneither completecomplete removalremoval nornor reductionreduction 
ofof bufferbuffer stripstrip widthswidths byby one-half-fromone-half-from 200200 toto 
100100 metersmeters andand fromfrom 100100 toto 5050 meters-hadmeters-had aa 
detectabledetectable effecteffect onon suspendedsuspended sedimentsediment 
concentrationsconcentrations inin adjacentadjacent streamsstreams (Borg(Borg etet al.al. 
1988).1988). 

GivenGiven thatthat riparianriparian bufferbuffer stripsstrips areare rightright 
nextnext toto aa stream,stream, itit isis logicallogical toto inferinfer thatthat 
sedimentsediment producedproduced withinwithin thethe bufferbuffer stripstrip 
wouldwould enterenter thethe streamstream moremore readilyreadily thanthan 
sedimentsediment fromfrom sourcesource areasareas moremore distantdistant fromfrom 
thethe streamstream channel.channel. OperatorsOperators needneed toto taketake 
extraordinaryextraordinary carecare ·with·with forestforest practicespractices inin thethe 
bufferbuffer strips.strips. 

EffectsEffects ofof SlashSlash BurningBurning onon WaterWater QualityQuality 

SlashSlash burningburning withinwithin aa bufferbuffer stripstrip cancan affectaffect 
waterwater quality.quality. InIn northernnorthern Idaho,Idaho, SkilleSkille (1990)(1990) 
monitoredmonitored thethe effectseffects ofof fallfall slashslash burningburning inin 
oror nearnear bufferbuffer stripsstrips andand foundfound substantialsubstantial 
increasesincreases inin nitrogennitrogen (N)(N) andand phosphorusphosphorus (P)(P) 
loadingloading ofof streamsstreams followingfollowing latelate fallfall rains.rains. 
EarlyEarly fallfall burningburning tendedtended toto reducereduce increasesincreases 
inin streamstream concentrationsconcentrations ofof NN andand PP becausebecause 
earlyearly rainfallrainfall waswas adequateadequate toto movemove thethe 
nutrientsnutrients intointo thethe soilsoil wherewhere theythey werewere 
depleted,depleted, butbut inadequateinadequate toto carrycarry themthem toto thethe 
stream.stream. AA relatedrelated studystudy examinedexamined thethe 
influenceinfluence ofof bufferbuffer stripsstrips onon changeschanges inin waterwater 
qualityquality atat threethree sitessites wherewhere slashslash waswas burnedburned inin 
selectedselected clearcutclearcut openingsopenings (Snyder(Snyder etet al.al. 
1975).1975). ResultsResults fromfrom thisthis studystudy suggestsuggest thatthat 
althoughalthough clearcuttingclearcutting andand slashslash burningburning 
increaseincrease manymany waterwater qualityquality attributesattributes on-site,on-site, 
thethe effectseffects ofof thesethese changeschanges immediatelyimmediately belowbelow 
thethe clearcutclearcut areare reducedreduced byby passagepassage throughthrough 
thethe bufferbuffer stripstrip andand byby dilution.dilution. ForFor example,example, 
withinwithin thethe clearcutclearcut area,area, thethe combinedcombined effectseffects 
ofof thethe clearcuttingclearcutting andand slashslash burningburning resultedresulted 
inin increasesincreases inin pH,pH, electricalelectrical conductivity,conductivity, .. 
turbidity,turbidity, filterablefilterable solidssolids (sediment),(sediment), 
bicarbonate,bicarbonate, nitrate,nitrate, sulfate,sulfate, potassium,potassium, 
calcium,calcium, andand magnesium.magnesium. However,However, belowbelow thethe 
clearcutclearcut thethe onlyonly parametersparameters thatthat showedshowed aa 
statisticallystatistically significantsignificant increaseincrease relativerelative toto 
waterwater qualityquality aboveabove thethe elwcutelwcut werewere 

.. bicarbonate,bicarbonate, sulfate,sulfate, calcium,calcium, magnesium,magnesium, andand .. 
electricalelectrical conductivity.conductivity. TheThe significancesignificance ofof 
suchsuch waterwater qualityquality alterationsalterations isis highlyhighly 
dependentdependent onon currentcurrent downstreamdownstream conditions.conditions. 

HOWHOW EFFECTIVEEFFECTIVE AREARE BUFFERBUFFER SI'RIPSSI'RIPS 
ININ REDUCINGREDUCING IMPACTSIMPACTS OFOF FORESTFOREST 
PRACTICES?PRACTICES? 

BufferBuffer stripstrip effectivenesseffectiveness isis evaluatedevaluated inin fivefive 
categories:categories: [1][1] trappfugtrappfug sedimentsediment oror nutrients,nutrients, 
[2][2] moderatingmoderating streamstream temperatures,temperatures, [3][3] 
providingproviding foodfood andand cover,cover, [4][4] providingproviding largelarge 
organicorganic debris,debris, andand [5][5] moderatingmoderating cumulativecumulative 
watershedwatershed effects.effects. TheThe firstfirst twotwo categoriescategories 
eacheach havehave severalseveral subsections,subsections, reflectingreflecting thethe 
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greatergreater availabilityavailability ofof informationinformation inin thosethose twotwo 
categories.categories. TheThe costcost effectivenesseffectiveness ofof bufferbuffer 
stripsstrips isis aa sixthsixth categorycategory addressedaddressed inin thisthis 
section.section. 

EffectivenessEffectiveness TrappingTrapping SedimentSediment oror 
NutrientsNutrients 

AccordingAccording toto BrownBrown (1985),(1985), streamsidestreamside bufferbuffer 
stripsstrips areare "of"of littlelittle valuevalue inin handlinghandling erosionerosion 
fromfrom sideside slopesslopes aboveabove thethe bufferbuffer inin mostmost ofof 
thethe mountainousmountainous West."West." ErosionErosion inin westernwestern 
forests,forests, unlikeunlike thatthat fromfrom agriculturalagricultural 
watershedswatersheds wherewhere sheetsheet erosionerosion isis common,common, isis 
moremore likelylikely toto occuroccur asas channelizedchannelized flowflow 
throughthrough thethe bufferbuffer strip.strip. ThisThis isis duedue toto thethe 
relativelyrelatively highhigh degreedegree ofof slopeslope dissectiondissection byby 
ephemeralephemeral channelschannels inin uplandupland areasareas adjacentadjacent toto 
thethe riparianriparian zone.zone. TheseThese channelschannels frequentlyfrequently 
continuecontinue throughthrough thethe bufferbuffer stripstrip toto thethe 
channel.channel. \Vhere\Vhere thesethese channelschannels dodo notnot exist,exist, 
however,however, sheetsheet flowsflows dodo movemove overland.overland. 

EffectivenessEffectiveness ofof bufferbuffer oror filterfilter stripsstrips isis 
expressedexpressed inin severalseveral ways.ways. TheThe moremore commoncommon 
measuremeasure ofof efficiencyefficiency isis thethe filterfilter stripstrip widthwidth 
requiredrequired toto containcontain aa givengiven percentagepercentage ofof thethe 
numbernumber ofof sedimentsediment flows.flows. ThisThis cancan alsoalso bebe 
statedstated asas thethe probabilityprobability thatthat flowsflows willwill reachreach aa 
givengiven distancedistance oror exceedexceed aa givengiven bufferbuffer stripstrip 
width.width. AnAn alternativealternative expressionexpression ofof efficiencyefficiency 
isis thethe percentpercent ofof sedimentsediment actuallyactually trapped.trapped. 
ThisThis isis usedused whenwhen aa barrier,barrier, suchsuch asas aa hayhay balebale 
oror brush,brush, isis placedplaced inin thethe pathpath ofof thethe flow.flow. 
EfficiencyEfficiency isis calculatedcalculated byby comparingcomparing thethe 
quantityquantity ofof sedimentsediment trappedtrapped behindbehind thethe barrierbarrier 
withwith thethe quantityquantity ofof sedimentsediment trappedtrapped plusplus thatthat 
movingmoving throughthrough thethe barrier.barrier. 

TheThe followingfollowing sub-sectionssub-sections summarizesummarize 
researchresearch onon thethe effectivenesseffectiveness ofof filterfilter stripsstrips 
belowbelow roads,roads, andand thethe effectivenesseffectiveness ofof riparianriparian 
vegetationvegetation inin controllingcontrolling nutrientnutrient andand sedimentsediment 
losseslosses fromfrom forestforest harvestharvest sitessites andand agriculturalagricultural 
fields.fields. 

TrappingTrapping oror filteringfiltering sedimentsediment fromfrom logginglogging 
roads.roads. Logging,Logging, grazing,grazing, fire,fire, roadroad 
construction,construction, andand massmass wastingwasting oror landslideslandslides 

areare commoncommon sourcessources ofof sedimentsediment inin forestedforested 
watersheds.watersheds. RoadRoad constructionconstruction isis generallygenerally 
recognizedrecognized asas thethe largestlargest singlesingle sourcesource ofof 
sedimentsediment becausebecause removalremoval ofof vegetationvegetation andand 
constructionconstruction ofof cutcut andand fillfill slopesslopes initiallyinitially 
exposesexposes largelarge areasareas ofof erodibleerodible surface.surface. (The(The 
exceptionexception wouldwould bebe inin drainagesdrainages wherewhere massmass 
wastingwasting waswas extensive.)extensive.) PackerPacker (1967)(1967) studiedstudied 
logginglogging roadsroads inin thethe northernnorthern RockyRocky MountainMountain 
regionregion andand reportedreported thatthat "most"most sedimentsediment fromfrom 
forestforest landslands thatthat reachesreaches streamstream channelschannels 
originatesoriginates onon logginglogging roads."roads." EvenEven afterafter 
erosionerosion controlcontrol measuresmeasures havehave beenbeen 
implemented,implemented, roadsroads continuecontinue asas sourcessources ofof 
sedimentsediment forfor extendedextended periodsperiods afterafter logginglogging isis 
completed.completed. RoadRoad constructionconstruction asas aa sedimentsediment 
sourcesource hashas beenbeen wellwell describeddescribed (Burns(Burns 1972,1972, 
HauptHaupt andand KiddKidd 1965,1965, MegahanMegahan etet al.al. 1986)1986) 
andand modeledmodeled (Leaf(Leaf 1974,1974, BurroughsBurroughs andand KingKing 
1989,1989, PackerPacker 1967).1967). MassMass wastingwasting triggeredtriggered 
byby roadroad constructionconstruction isis aa significantsignificant problem.problem. 
OnOn graniticgranitic soilssoils inin thethe IdahoIdaho batholith~,batholith~, 

MegahanMegahan etet al.al. (1978)(1978) foundfound thatthat almostalmost 66%66% 
ofof landslideslandslides occurredoccurred onon roadroad cuts.cuts. InIn thethe 
OregonOregon coastalcoastal range,range, BeschtaBeschta (1978)(1978) reportedreported 
severesevere problemsproblems fromfrom massmass failuresfailures causedcaused byby 
roads.roads. 

BecauseBecause ofof thethe keykey rolerole roadsroads playplay inin 
producingproducing sediment,sediment, muchmuch attentionattention hashas beenbeen 
focusedfocused onon limitinglimiting sedimentsediment deliverydelivery fromfrom 
them.them. AssumingAssuming surfacesurface flow,flow, factorsfactors 
controllingcontrolling thethe movementmovement ofof sedimentsediment fromfrom 
roadsroads fallfall generallygenerally intointo twotwo categories:categories: [1][1] 
thosethose controllingcontrolling movementmovement ofof sedimentsediment belowbelow 
thethe roadroad andand withinwithin thethe filterfilter strip,strip, andand [2][2] 
thosethose influencinginfluencing sedimentsediment productionproduction andand 
movementmovement fromfrom thethe roadroad surface.surface. StudiesStudies 
pertainingpertaining toto eacheach categorycategory areare describeddescribed inin thethe 
followingfollowing paragraphs.paragraphs. 

[1][1] TheThe keykey factorsfactors controllingcontrolling sedimentsediment 
movementmovement withinwithin thethe filterfilter stripstrip areare slopeslope andand 
thethe densitydensity ofof obstructions,obstructions, oror surrogatesurrogate 
variablesvariables forfor thesethese factors.factors. TrimbleTrimble andand SartzSartz 
(1957)(1957) identifiedidentified thethe averageaverage slopeslope ofof thethe landland 
belowbelow thethe roadroad asas thethe controllingcontrolling factorfactor inin 
movementmovement throughthrough thethe filterfilter stripstrip andand 
recommendedrecommended filterfilter stripstrip widthswidths bebe increasedincreased 
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asas thethe averageaverage slopeslope betweenbetween thethe roadroad andand thethe 
streamstream increased.increased. SwiftSwift (1986)(1986) comparedcompared 
down-slopedown-slope sedimentsediment movementmovement fromfrom roadsroads forfor 
variousvarious roadwayroadway andand slopeslope conditionsconditions byby usingusing 
asas controlcontrol variablesvariables thethe percentpercent slopeslope andand typetype 
ofof surfacesurface obstruction,obstruction, e.g.,e.g., grass,grass, litter,litter, 
brush,brush, andand downeddowned trees.trees. InIn Idaho,Idaho, HauptHaupt 
(l959a,(l959a, 1959b)1959b) relatedrelated sedimentsediment movementmovement inin 
thethe filterfilter stripstrip toto sitesite conditionsconditions andand roadroad 
drainagedrainage factors,factors, e.g.,e.g., aspect,aspect, cross-ditchcross-ditch 
interval,interval, roadroad gradient,gradient, fillfill slopeslope length,length, andand 
thethe numbernumber andand typestypes ofof flowflow obstructionsobstructions 
alongalong thethe slope.slope. AA similarsimilar regionalregional studystudy inin 
thethe northernnorthern RockyRocky MountainsMountains byby PackerPacker 
(1967)(1967) foundfound thatthat traveltravel distancesdistances fromfrom 
cross-draincross-drain outletsoutlets werewere determineddetermined byby soilsoil 
type;type; ageage ofof road,road, cross-draincross-drain spacing,spacing, initialinitial 
distancedistance toto slopeslope obstruction,obstruction, andand fillfill slopeslope 
covercover density.density. 

[2][2] SeveralSeveral studiesstudies focusedfocused onon mitigationmitigation 
measuresmeasures toto controlcontrol sedimentsediment leavingleaving thethe roadroad 
surfacesurface andand fillfill slope.slope. SwiftSwift (1986)(1986) foundfound thatthat 
brushbrush barriersbarriers andand hayhay balesbales usedused inin windrowswindrows 
areare effectiveeffective sedimentsediment trapstraps whenwhen placedplaced atat thethe 
basebase ofof thethe fillfill slope.slope. OnOn 47%47% slopesslopes withoutwithout 
barriers,barriers, thethe maximummaximum sedimentsediment traveltravel 
distancedistance waswas 314314 feetfeet andand thethe averageaverage traveltravel 
distancedistance 8181 feet.feet. WhenWhen brushbrush barriersbarriers werewere 
used,used, thesethese distancesdistances werewere halved.halved. CookCook andand 
KingKing (1983)(1983) examinedexamined thethe effectivenesseffectiveness ofof 
filterfilter windrowswindrows onon roadroad fillfill slopesslopes adjacentadjacent toto 
streams.streams. WindrowsWindrows constructedconstructed fromfrom slashslash 
andand cullcull logslogs obtainedobtained fromfrom thethe roadroad right-of­right-of­
wayway werewere 75-8575-85 %% efficientefficient inin trappingtrapping .. 
sedimentsediment beforebefore itit movedmoved intointo thethe filterfilter strip.strip. 
Similarly.Similarly. BurroughsBurroughs andand KingKing (1985)(1985) 
comparedcompared sedimentsediment yieldsyields fromfrom treatedtreated fillfill 
slopesslopes toto thethe yieldsyields fromfrom fillfill slopesslopes withwith aa 
looseloose soilsoil surface.surface. DenseDense grassgrass plantedplanted onon aa 
sectionsection ofof fillfill slopeslope atat aa 6767 %% slopeslope reducedreduced 
sedimentsediment yieldyield byby 97%,97%, aa woodwood fiberfiber mulchmulch 
reducedreduced sedimentsediment yieldyield byby 9191 %,%, andand aa slashslash 
windrowwindrow reducedreduced sedimentsediment yieldyield byby 8787 %%.. TheThe 
effectivenesseffectiveness ofof roadroad surfacesurface treatmentstreatments inin 
reducingreducing sedimentsediment yieldsyields inin comparisoncomparison toto 
unsurfacedunsurfaced roadsroads waswas alsoalso examined.examined. Gravel,Gravel, 
dust,dust, oiloil andand bituminousbituminous surfacesurface treatmentstreatments 
reducedreduced yieldsyields byby aa factorfactor ofof 4.3,4.3, 7.7,7.7, andand 9191 
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ReportedReported sedimentsediment traveltravel distancesdistances andand filterfilter 
stripstrip efficienciesefficiencies showedshowed considerableconsiderable variationvariation 
fromfrom studystudy toto study.study. TheThe followingfollowing studiesstudies 
highlighthighlight thethe differencedifference inin traveltravel distancedistance 
betweenbetween sedimentsediment movingmoving offoff roadroad fillfill ontoonto aa 
vegetatedvegetated filterfilter stripstrip andand sedimentsediment movingmoving 
fromfrom thethe roadroad andand intointo aa channelchannel formedformed belowbelow 
aa drain.drain. FilterFilter stripsstrips onon thethe orderorder ofof 200-300200-300 
feetfeet areare generallygenerally effectiveeffective inin controllingcontrolling 
sedimentsediment thatthat isis notnot channelized.channelized. AssumingAssuming anan 
adequateadequate waterwater flow,flow, sedimentsediment fromfrom drainsdrains cancan 
movemove severalseveral thousandthousand feetfeet oror more.more. InIn NewNew 
Hampshire,Hampshire, toto traptrap 90%90% ofof thethe numbernumber ofof 
flows,flows, TrimbleTrimble andand SartzSartz (1957)(1957) recommendedrecommended 
filterfilter stripsstrips rangingranging fromfrom 2525 feetfeet atat zerozero 
percentpercent slopeslope toto 165165 feetfeet atat 70%70% slope.slope. ForFor 
areasareas wherewhere thethe "highest"highest possiblepossible waterwater qualityquality 
standard"standard" waswas toto bebe maintained,maintained, presumablypresumably 
nearnear 100%100% efficiency,efficiency, theythey recommendedrecommended 
doublingdoubling thethe distance.distance. SwiftSwift (1986)(1986) measuredmeasured 
traveltravel distancesdistances throughthrough forestforest litterlitter onon 47%47% 
slopes.slopes. TheThe maximummaximum traveltravel distancedistance waswas 314314 
feetfeet andand thethe averageaverage distancedistance waswas 6565 feet.feet. OnOn 
burnedburned forestforest floorfloor atat aa 4242 %% slope,slope, thethe 
maximummaximum traveltravel distancedistance waswas 198198 feetfeet andand thethe 
averageaverage waswas 9696 feet.feet. WorkingWorking inin graniticgranitic soilssoils 
inin Idaho,Idaho, HauptHaupt (1959a,(1959a, 1959b)1959b) reportedreported 
minimumminimum protectiveprotective stripstrip widthswidths forfor aa rangerange ofof 
roadroad andand sitesite conditions.conditions. ForFor aa roadroad withwith aa 
10%10% gradientgradient onon aa southsouth slopeslope wherewhere thethe 
side-slopeside-slope gradientgradient isis greatergreater thanthan 5656 %,%, thethe 
requiredrequired filterfilter stripstrip widthwidth wouldwould bebe 185185 feetfeet toto 
dissipateS3.5dissipateS3.5 %% ofof thethe numbernumber ofof flows.flows. AnAn 
additionaladditional 4545 feetfeet wouldwould bebe neededneeded toto containcontain 
97.597.5 %% ofof thethe flows.flows. TheThe maximummaximum protectiveprotective 
stripstrip widthwidth recommendedrecommended inin thisthis studystudy waswas 200200 
feetfeet forfor cross-ditchcross-ditch intervalsintervals ofof 130130 feet.feet. 
PackerPacker (1967)(1967) reportedreported protectiveprotective stripstrip widthswidths 
neededneeded toto containcontain 83.583.5 %% ofof thethe numbernumber ofof 
flowsflows onon comparativelycomparatively stablestable basaltbasalt soilssoils 
rangedranged fromfrom 3535 toto 127127 feetfeet dependingdepending onon thethe 
typetype ofof obstruction-e.g.,obstruction-e.g., slashslash oror herbaceousherbaceous 
vegetation-andvegetation-and spa~ingspa~ing betweenbetween obstructions.obstructions. 
EfficiencyEfficiency ofof thethe protectiveprotective stripstrip couldcould bebe 
increasedincreased toto 97.597.5 %% byby addingadding anan additionaladditional 6060 
feetfeet toto thethe stripstrip widths.widths. InIn thethe IdahoIdaho batholith,batholith, 
KetchesonKetcheson andand MegahanMegahan (1990)(1990) observedobserved 
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sedimentsediment depositiondeposition onon slopesslopes belowbelow roadsroads andand 
concludedconcluded thatthat sedimentsediment originatingoriginating fromfrom 
cross-drainscross-drains wherewhere sedimentsediment cancan accumulateaccumulate 
andand waterwater supplysupply waswas relativelyrelatively largelarge couldcould 
reachreach streamsstreams upup toto 4,5004,500 feetfeet down-slope.down-slope. 
However,However, thethe probabilityprobability ofof sedimentsediment fromfrom 
cross-drainscross-drains travelingtraveling inin excessexcess ofof 300300 feetfeet isis 
onlyonly 15%.15%. SedimentSediment dischargeddischarged fromfrom otherother 
roadroad sources-e.g.,sources-e.g., fillfill slopes,slopes, bermberm drainsdrains andand 
rockrock drains-traveleddrains-traveled nono moremore thanthan 200200 feet,feet, 
withwith aa near-zeronear-zero probabilityprobability ofof exceedingexceeding 200200 
feet.feet. InIn anotheranother IdahoIdaho studystudy onon steepsteep slopesslopes 
withwith soilssoils derivedderived fromfrom gneissgneiss andand schistschist 
parentparent materials,materials, BurroughsBurroughs andand KingKing (1989)(1989) 
examinedexamined sedimentsediment traveltravel distancesdistances belowbelow roadroad 
fIllfIll slopes.slopes. TheyThey foundfound thatthat 90%90% ofof thethe 
sedimentsediment flowsflows belowbelow fillfill slopesslopes traveledtraveled lessless 
thanthan 8888 feet.feet. \\:1lere\\:1lere fillfill slopeslope flowsflows werewere 
influencedinfluenced byby flowsflows fromfrom drains,drains, 90%90% ofof thethe 
flowsflows traveledtraveled 200200 feetfeet oror less.less. InIn 
southwesternsouthwestern Washington,Washington, BilbyBilby etet al.al. (1989)(1989) 
documenteddocumented thethe exportexport ofof sedimentsediment fromfrom roadroad 
surfacessurfaces andand foundfound thatthat aboutabout 3434 %% ofof thethe roadroad 
drainagedrainage pointspoints studiedstudied enteredentered firstfirst andand 
secondsecond orderorder streamsstreams viavia smallsmall channels.channels. 
TheyThey observedobserved thatthat retentionretention ofof sedimentsediment inin 
thesethese channelschannels increasedincreased withwith particleparticle size,size, andand 
thatthat thethe smallsmall channelschannels becamebecame temporarytemporary 
storagestorage repositoriesrepositories forfor sediment.sediment. 

ResultsResults fromfrom thethe roadroad filterfilter stripstrip studiesstudies 
summarizedsummarized aboveabove havehave importantimportant implicationsimplications 
forfor designingdesigning SPZsSPZs inin IdahQ.IdahQ. First,First, thethe IdahoIdaho 
studystudy byby HauptHaupt (1959a,(1959a, 1959b)1959b) andand thethe 
regionalregional studystudy byby PackerPacker (1967)(1967) providedprovided 
reasonablereasonable estimatesestimates ofof neededneeded filterfilter stripstrip 
widthswidths wherewhere thethe sedimentsediment sourcesource isis aa logginglogging 
roadroad andand thatthat roadroad isis locatedlocated nearnear aa stream,stream, aa 
commoncommon situationsituation inin Idaho.Idaho. Similarly,Similarly, thethe 
erosionerosion controlcontrol workwork byby CookCook andand KingKing (1983)(1983) 
andand BurroughsBurroughs andand KingKing (1985)(1985) isis applicableapplicable 
inin thethe samesame context.context. Second,Second, althoughalthough resultsresults 
fromfrom thethe studiesstudies citedcited inin thisthis sectionsection areare notnot 
directlydirectly applicableapplicable toto situationssituations wherewhere thethe 
sedimentsediment sourcesource isis otherother thanthan roads,roads, theythey dodo 
provideprovide usefuluseful generalgeneral informationinformation aboutabout 
riparianriparian bufferbuffer stripstrip effectiveness.effectiveness. TheseThese 
studies·studies· specificallyspecifically indicateindicate thatthat givengiven aa 
sedimentsediment source,source, non-channelizednon-channelized transporttransport 

distancedistance increasesincreases withwith slopeslope andand decreasesdecreases 
withwith thethe numbernumber ofof obstructionsobstructions withinwithin thethe 
fIlterfIlter strip.strip. TheThe studiesstudies alsoalso suggestsuggest thatthat forfor 
non-channelizednon-channelized flow,flow, sedimentsediment rarelyrarely travelstravels 
moremore thanthan 300300 feet.feet. ChannelizedChannelized flowsflows 
throughthrough filterfilter strips,strips, however,however, cancan movemove 
thousandsthousands ofof feetfeet andand areare limitedlimited primarilyprimarily byby 
thethe amountamount andand frequencyfrequency ofof flow.flow. AA surveysurvey 
ofof forestforest practicepractice compliancecompliance byby thethe IdahoIdaho 
WaterWater QualityQuality BureauBureau (1988)(1988) foundfound thatthat 
""......existingexisting roadsroads nearnear streamstream channelschannels isis [sicJ[sicJ 
thethe mostmost importantimportant factorfactor currentlycurrently 
contributingcontributing toto waterwater qualityquality degradation.degradation. "" 

TheseThese findingsfindings suggestsuggest fourfour thingsthings aboutabout 
bufferbuffer stripstrip design:design: [1][1] riparianriparian bufferbuffer stripstrip 
widthswidths shouldshould bebe greatergreater wherewhere slopesslopes withinwithin 
thethe zonezone areare steep,steep, [2J[2J riparianriparian buffersbuffers areare notnot 
effectiveeffective inin controllingcontrolling channelizedchannelized flowsflows 
originatingoriginating outsideoutside thethe buffer,buffer, [3][3] sedimentsediment 
flowflow throughthrough aa bufferbuffer cancan traveltravel upup toto 300300 feetfeet 
inin aa worst-caseworst-case scenario,scenario, andand [4][4] removalremoval ofof 
naturalnatural obstructionsobstructions toto flow-vegetation,flow-vegetation, woodywoody 
debris,debris, rocks,rocks, etc.-withinetc.-within thethe bufferbuffer increasesincreases 
thethe distancedistance sedimentsediment cancan flow.flow. 

FilteringFiltering nutrientsnutrients andand sedimentsediment fromfrom forestforest 
lands.lands. TheThe impactsimpacts ofof forestforest practicespractices onon 
nutrientnutrient cyclingcycling andand thethe lossloss ofof nutrientsnutrients 
throughthrough streamflowstreamflow havehave receivedreceived considerableconsiderable 
atte~tionatte~tion inin thethe li~eratureli~erature (see(see MartinMartin andand HarrHarr 
1989~1989~ TiedemannTiedemann etet aI.aI. 1988,1988, HornbeckHornbeck etet al.al. 
1986,1986, ClaytonClayton andand KennedyKennedy 1985,1985, MartinMartin etet 
al.al. 1984,1984, andand AubertinAubertin andand PatriePatrie 19741974 andand areare 
summarizedsummarized wellwell inin thethe textbooktextbook byby 'Brooks'Brooks etet 
al.al. (1991).(1991). However,However, thethe influenceinfluence ofof riparianriparian 
filterfilter stripsstrips onon sedimentsediment andand nutrientnutrient discharge,discharge, 
withwith thethe exceptionexception ofof thethe previouslypreviously discusseddiscussed 
road-sideroad-side filterfilter strips,strips, hashas notnot beenbeen examinedexamined 
extensively.extensively. InIn northernnorthern Idaho,Idaho, SnyderSnyder etet al.al. 
(1975)(1975) foundfound thatthat followingfollowing clearcuttingclearcutting andand 
burningburning ofof slash,slash, bufferbuffer stripsstrips reducedreduced thethe lossloss 
ofof certaincertain nutrientsnutrients andand filterablefilterable solids,solids, i.e.,i.e., 
organicorganic mattermatter andand sediment.sediment. EffectivenessEffectiveness ofof 
thethe bufferbuffer stripsstrips asas filtersfilters waswas notnot determineddetermined 
inin thatthat study.study. InIn northernnorthern Idaho,Idaho, SkilleSkille (1990)(1990) 
monitoredmonitored thethe effectseffects ofof fallfall slashslash burningburning inin 
oror nearnear SPZsSPZs andand notednoted substantialsubstantial increasesincreases inin 
nitrogennitrogen andand phosphorusphosphorus loadingloading ofof streamsstreams 
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followingfollowing latelate fallfall rainfall.rainfall. AlthoughAlthough thethe 
effectivenesseffectiveness ofof bufferbuffer stripsstrips asas filtersfilters waswas notnot 
evaluated,evaluated, SkilleSkille notednoted thatthat earlyearly fallfall burningburning 
tendedtended toto reducereduce increasesincreases inin streamstream 
concentrationsconcentrations ofof NN andand PP becausebecause earlyearly 
rainfallrainfall waswas adequateadequate to"moveto"move thethe nutrientsnutrients 
intointo thethe soil,soil, butbut inadequateinadequate toto carrycarry themthem toto 
thethe stream.stream. 

TheseThese studiesstudies suggestsuggest thatthat filterfilter stripsstrips 
reducereduce thethe amountamount ofof nutrientnutrient loadingloading 
followingfollowing harvestharvest andand slashslash burning,burning, butbut theythey 
dodo notnot provideprovide aa basisbasis forfor determiningdetermining thethe sizesize 
oror effectivenesseffectiveness ofof bufferbuffer strips.strips. TheThe studiesstudies 
alsoalso suggestsuggest thatthat wherewhere nutrientnutrient loadingloading isis aa 
problem,problem, burningburning slashslash withinwithin thethe bufferbuffer isis 
likelylikely toto increaseincrease thethe loadingloading andand thethe problem.problem. 

TrappingTrapping nutrientsnutrients andand sedimentsediment fromfrom 
agriculturalagricultural lands.lands. TheThe utilityutility ofof forestforest 
riparianriparian zoneszones asas buffersbuffers forfor sedimentsediment andand 
nutrientsnutrients fromfrom agriculturalagricultural landslands isis ofof interestinterest 
becausebecause forestedforested riparianriparian landslands areare commonlycommonly 
usedused forfor containmentcontainment ofof wastes.wastes. StatisticalStatistical 
modelsmodels werewere developeddeveloped byby OmernikOmernik etet al.al. 
(1981)(1981) toto relaterelate nutrientnutrient levelslevels inin streamflowstreamflow toto 
thethe extentextent andand proximityproximity ofof forestedforested andand 
agriculturalagricultural landslands toto streams.streams. TheseThese modelsmodels 
werewere unableunable toto showshow thatthat thethe proximityproximity ofof 
forestforest landslands impactedimpacted streamstream nutrientnutrient levels.levels. 
CooperCooper etet al.al. (1987)(1987) estimatedestimated thatthat moremore thanthan 
5050 %% ofof thethe sedimentsediment lostlost fromfrom cultivatedcultivated fieldsfields 
waswas depositeddeposited inin thethe channelschannels withinwithin 100100 
metersmeters ofof thethe fieldsfields andand thatthat onlyonly 25%25% reachedreached 
aa riparianriparian swampswamp twotwo kilometerskilometers distant.distant. InIn 
thethe Southwest,Southwest, KuenzlerKuenzler (1988)(1988) foundfound thatthat 
freshwaterfreshwater forestedforested wetlandswetlands werewere effectiveeffective 
filtersfilters inin removingremoving suspendedsuspended sedimentsediment andand 
nutrients.nutrients. InIn Georgia,Georgia, LowranceLowrance etet al.al. (1984)(1984) 
examinedexamined nutrientnutrient cyclingcycling inin aa forestedforested 
riparianriparian ecosystemecosystem andand reportedreported itit waswas 
potentiallypotentially anan excellentexcellent sinksink toto storestore nutrientnutrient 
andand chemicalchemical releasesreleases fromfrom agroecosystems.agroecosystems. 
ToTo maintainmaintain thethe capacitycapacity ofof thethe riparianriparian 

.. ecosystemecosystem asas aa buffer,buffer, theythey suggestedsuggested thatthat 
"proper"proper streamsidestreamside forestforest managementmanagement requiresrequires 
bothboth periodicperiodic harvestharvest ofof treestrees toto maintainmaintain 
nutrientnutrient uptakeuptake andand minimumminimum disturbancedisturbance ofof 
soilsoil andand drainagedrainage conditions."conditions." LeeLee etet al.al. 

(1989)(1989) modeledmodeled phosphorusphosphorus transporttransport throughthrough 
grassgrass bufferbuffer stripsstrips andand foundfound thethe transporttransport 
process,process, viavia dissolveddissolved solidssolids andand sediment,sediment, toto 
bebe largelylargely controlledcontrolled byby bufferbuffer stripstrip widthwidth andand 
length,length, infiltrationinfiltration rates,rates, grassgrass spacing,spacing, thethe 
bufferbuffer stripstrip slope,slope, andand Manning'sManning's roughnessroughness 
coefficientcoefficient (see(see thethe Glossary).Glossary). TransportTransport ofof 
dissolveddissolved PP waswas alsoalso sensitivesensitive toto thethe amountamount ofof 
above-groundabove-ground biomass.biomass. 

TheseThese studiesstudies suggestsuggest thethe utilityutility ofof forestforest 
vegetationvegetation andand wetlandswetlands asas filtersfilters forfor sediment,sediment, 
nutrients,nutrients, andand otherother chemicals;chemicals; butbut provideprovide nono 
definitivedefinitive meansmeans ofof estimatingestimating thethe dimensionsdimensions 
ofof thethe requiredrequired buffer"buffer" strip.strip. 

EffectivenessEffectiveness ModeratingModerating StreamStream 
TemperaturesTemperatures 

StreamStream temperaturetemperature elevationelevation andand controlcontrol 
foUowingfoUowing harvesting.harvesting. SummerSummer streamstream 
temperaturetemperature increasesincreases fromfrom thethe removalremoval ofof 
riparianriparian vegetationvegetation havehave beenbeen wellwell 
documented.documented. IncreasesIncreases inin JuneJune toto AugustAugust 
maximummaximum stream.stream. temperaturestemperatures ofof 2°e2°e toto lOoelOoe 
areare commoncommon inin thethe PacificPacific NorthwestNorthwest (Beschta(Beschta 
etet al.al. 1987).1987). TheseThese studiesstudies generallygenerally supportsupport 
thethe findingsfindings ofof BrownBrown andand KrygierKrygier (1970)(1970) thatthat 
forfor summersummer periodsperiods whenwhen streamflowstreamflow isis 
normallynormally lowlow andand airair temperaturestemperatures areare high,high, 
lossloss ofof riparianriparian v.egetationv.egetation resultsresults inin largerlarger 
diurnaldiurnal temperaturetemperature variationsvariations andand elevatedelevated 
monthlymonthly andand annualannual temperarures.temperarures. 
MeasurementsMeasurements byby HewlettHewlett andand FortsonFortson (1983)(1983) 
underunder winterwinter conditionsconditions alsoalso indicateindicate thatthat 
removalremoval ofof riparianriparian vegetationvegetation cancan reducereduce 
temperaturestemperatures byby aboutabout 10°F.10°F. TheseThese studiesstudies 
havehave beenbeen summarizedsummarized byby BeschtaBeschta etet al.al. 
(1987).(1987). 

TheThe effectivenesseffectiveness ofof bufferbuffer stripsstrips inin 
moderatingmoderating streamstream temperaturetemperature hashas alsoalso beenbeen 
studied.studied. InIn WestWest Virginia,Virginia, AubertinAubertin andand PatriePatrie 
(1974)(1974) reportedreported negligiblenegligible changeschanges inin streamstream 
temperaturetemperature afterafter dearcuttingdearcutting andand attributedattributed 
thisthis toto aa bufferbuffer stripstrip andand fastfast regrowthregrowth afterafter 
harvest.harvest. InIn Pennsylvania,Pennsylvania, maximummaximum monthlymonthly 
streamstream temperaturestemperatures onon aa clearcutclearcut areaarea wherewhere aa 
bufferbuffer zonezone waswas leftleft alongalong aa perennialperennial streamstream 
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showedshowed onlyonly aa slightslight changechange ofof lessless thanthan 1°C1°C 
inin comparisoncomparison toto controlcontrol watershedwatershed 
measurementsmeasurements (Rishel(Rishel etet al.al. 1982).1982). Similarly,Similarly, 
inin NorthNorth Carolina,Carolina, aa narrownarrow bufferbuffer stripstrip leftleft inin 
c1earcutc1earcut areasareas wouldwould moderatemoderate streamstream 
temperaturestemperatures causedcaused byby harvestingharvesting (Swift(Swift andand 
BakerBaker 1973).1973). AlthoughAlthough thesethese studiesstudies 
demonstrateddemonstrated thethe utilityutility ofof riparianriparian bufferbuffer 
strips,strips, theythey providedprovided limitedlimited informationinformation asas toto 
thethe dimensionsdimensions oror vegetativevegetative characteristicscharacteristics ofof 
thethe bufferbuffer stripsstrips thatthat areare requiredrequired toto makemake 
themthem effective.effective. 

ShadeShade fromfrom riparianriparian vegetationvegetation andand streamstream 
temperature.temperature. SeveralSeveral studiesstudies ofof thethe heatheat 
energyenergy exchangeexchange betweenbetween aa partiallypartially shadedshaded 
streamstream andand itsits environmentenvironment havehave shownshown thatthat 
solarsolar radiationradiation isis thethe dominantdominant sourcesource ofof 
energy,energy, whereaswhereas evaporationevaporation andand conductionconduction toto 
thethe channelchannel bottombottom areare thethe principalprincipal energyenergy 
sinkssinks (Brown(Brown 1969,1969, SullivanSullivan etet al.al. 1990).1990). 
LittleLittle cancan bebe donedone aboutabout thethe sinkssinks inin practice,practice, 
soso thethe majormajor opportunityopportunity toto controlcontrol streamstream 
temperaturetemperature isis toto moderatemoderate thethe inputinput source­source­
solarsolar radiationradiation fromfrom thethe sun.sun. BufferBuffer stripsstrips 
provideprovide thethe opportunity.opportunity. 

TheThe presencepresence ofof shade-producingshade-producing vegetationvegetation 
inin bufferbuffer stripsstrips isis aa keykey factorfactor determiningdetermining thethe 
amountamount ofof radiantradiant energyenergy thatthat reachesreaches aa 
stream.stream. OtherOther importantimportant determinantsdeterminants areare 
locallocal topographytopography,stream,stream reachreach orientationorientation toto 
thethe sun,sun, andand streamstream widthwidth andand depthdepth (Brown(Brown 
1985).1985). TheThe volumevolume ofof timbertimber inin aa bufferbuffer stripstrip 
isis notnot wellwell correlatedcorrelated withwith shadeshade (Brazier(Brazier andand 
BrownBrown 1973);1973); however,however, statisticallystatistically significantsignificant 
relationshipsrelationships havehave beenbeen foundfound betweenbetween bufferbuffer 
stripstrip widthwidth andand shadeshade expressedexpressed asas angularangular 
canopycanopy density,density, oror ACDACD (Steinblums(Steinblums etet al.al. 
1984,1984, BrazierBrazier andand BrownBrown 1973).1973). ACDACD 
effectivelyeffectively integratesintegrates spatialspatial factors-e.g.,factors-e.g., 
streamstream width,width, treetree height,height, andand canopycanopy density­density­
forfor aa givengiven site.site. AA seriesseries ofof ACDACD readingsreadings atat 
intervalsintervals alongalong aa streamstream reachreach providesprovides anan 
averageaverage valuevalue ofof ACDACD forfor thethe streamstream reach.reach. 

BufferBuffer stripstrip widthwidth andand streamstream temperature.temperature. 
.. TwoTwo studiesstudies inin OregonOregon havehave demonstrateddemonstrated thatthat 

bufferbuffer stripstrip widthwidth isis notnot aa goodgood measuremeasure ofof 

bufferbuffer stripstrip effectivenesseffectiveness inin protectingprotecting streamstream 
temperature.temperature. SteinblumsSteinblums etet al.al. (1984)(1984) 
measuredmeasured 4040 riparianriparian bufferbuffer strips.strips. ForFor 2828 
bufferbuffer stripsstrips withwith widthswidths fromfrom 2525 toto 145145 feet,feet, 
ACDACD measurementsmeasurements rangedranged fromfrom 1515 %% toto 8787 %,%, 
withwith anan averageaverage ofof 5151 %%.. OnOn 1212 otherother bufferbuffer 
stripsstrips ofof essentiallyessentially infiniteinfinite width,width, ACDACD 
measurementsmeasurements rangedranged fromfrom 26%26% toto 83%,83%, withwith 
anan averageaverage ofof 6262 %.%. TheThe relativelyrelatively smallsmall andand 
unreportedunreported statisticalstatistical differencesdifferences inin thesethese datadata 
andand inin theirtheir meansmeans illustrateillustrate thethe importanceimportance ofof 
factorsfactors otherother thanthan bufferbuffer stripstrip widthwidth inin 
determiningdetermining ACD,ACD, includingincluding species,species, treetree 
height,height, streamstream width,width, andand streamstream orientation.orientation. 
AlsoAlso inin Oregon,Oregon, BrazierBrazier andand BrownBrown (1973)(1973) 
defineddefined bufferbuffer stripstrip effectivenesseffectiveness asas netnet 
radiationradiation oror heatheat blockedblocked byby thethe canopy,canopy, andand 
developeddeveloped twotwo statisticalstatistical relationships:relationships: [1][1] 
betweenbetween heatheat andand ACD,ACD, andand [2][2] betweenbetween 
bufferbuffer stripstrip widthwidth andand ACD.ACD. TheyThey concludedconcluded 
thatthat ACDACD isis thethe mostmost appropriateappropriate singlesingle 
measuremeasure ofof canopycanopy effectiveness,effectiveness, andand thatthat 
bufferbuffer stripstrip widthwidth alonealone isis notnot aa significantsignificant 
variablevariable forfor predictingpredicting streamstream temperature.temperature. 
ForFor thethe streamsstreams includedincluded inin thatthat study,study, 
maximummaximum ACDACD occurredoccurred withwith anan 80-foot80-foot 
bufferbuffer strip,strip, andand 90%90% ofof thethe maximummaximum ACDACD 
couldcould bebe obtainedobtained with.with. aa 55-foot55-foot strip.strip. 

InIn anan OntarioOntario trouttrout streamstream study,study, BartonBarton etet 
al.al. (1985)(1985) demonstrateddemonstrated thethe relativerelative 
insensitivityinsensitivity ofof streamstream temperaturetemperature toto bufferbuffer 
stripstrip width.width. TheyThey foundfound streamstream temperaturetemperature 
declineddeclined anan averageaverage ofof .015°C.015°C perper metermeter ofof 
bufferbuffer stripstrip width,width, oror aboutabout .5.5 QQ CC forfor aa 100-100­
footfoot bufferbuffer strip.strip. 

EffectivenessEffectiveness ProvidingProviding LargeLarge OrganicOrganic 
DebrisDebris (LOD)(LOD) 

LargeLarge organicorganic debrisdebris (LOD)(LOD) entersenters streamsstreams onon 
anan irregularirregular basisbasis duedue toto naturalnatural mortality.mortality. 
severesevere storms,storms, andand fire.fire. HarvestingHarvesting oror otherother 
managementmanagement practicespractices thatthat influenceinfluence standstand 
characteristics,characteristics, suchsuch asas treetree speciesspecies andand 
stockingstocking levels,levels, alsoalso influenceinfluence thethe timingtiming andand 
quantityquantity ofof LODLOD contribution.contribution. SiteSite 
characteristics,characteristics, suchsuch asas depthdepth ofof waterwater tabletable 
andand orientationorientation toto dominantdominant winds,winds, affectaffect 

1919 




HowHow EffectiveEffective areare BufferBuffer StripsStrips inin ReducingReducing ImpactsImpacts ofofFores:Fores: Practices?Practices? 

windthrowwindthrow andand hencehence LODLOD contributioncontribution 
(Steinblums(Steinblums etet aI.aI. 1984).1984). AA CanadianCanadian studystudy 
reportedreported byby ToewsToews andand MooreMoore (1982)(1982) 
comparedcompared LODLOD recruitmentrecruitment fromfrom threethree clearcutclearcut 
areas.areas. OneOne waswas loggedlogged intensively,intensively, aa secondsecond 
carefully,carefully, andand aa thirdthird waswas leftleft withwith bufferbuffer 
stripsstrips 55 metersmeters (16(16 feet)feet) oror lessless inin width.width. TheThe 
intensivelyintensively andand carefullycarefully loggedlogged areas-thoseareas-those 
withoutwithout bufferbuffer strips-providedstrips-provided largelarge amountsamounts 
ofof LODLOD thatthat resultedresulted inin reducedreduced stabilitystability ofof 
LODLOD alreadyalready inin thethe channelchannel asas wellwell asas bankbank 
instability.instability. LODLOD contributionscontributions fromfrom thethe 
clearcutclearcut areaarea withwith aa bufferbuffer stripstrip werewere similarsimilar 
toto naturalnatural LODLOD recruitmentrecruitment levels.levels. 

SourceSource distancesdistances forfor coarsecoarse woodywoody debris­debris­
thethe distancedistance fromfrom rootingrooting sitesite toto streamstream bank­bank­
werewere studiedstudied atat 3939 sitessites inin westernwestern OregonOregon andand 
WashingtonWashington byby McDadeMcDade etet aI.aI. (1990).(1990). TheirTheir 
analysisanalysis forfor old-growthold-growth coniferconifer forestsforests 
suggestedsuggested thatthat aa 30-meter30-meter (98-foot)(98-foot) widewide bufferbuffer 
stripstrip wouldwould provideprovide 8585 %% andand aa 10-meter10-meter (33-(33­
foot)foot) stripstrip wouldwould supplysupply lessless thanthan halfhalf thethe 
amountamount ofof naturallynaturally occurringoccurring debris.debris. SourceSource 
distancedistance andand debrisdebris sizesize waswas lessless inin old-growthold-growth 
standsstands thanthan inin maturemature standsstands withwith shortershorter trees,trees, 
indicatingindicating treetree heightheight waswas aa factorfactor inin LODLOD 
recruitment.recruitment. TheyThey alsoalso foundfound thatthat thethe numbernumber 
ofof debrisdebris piecespieces andand thethe sourcesource distancedistance 
increasedincreased withwith bankbank slope.slope. UsingUsing effectiveeffective 
treetree heightheight asas aa measure,measure, RobisonRobison andand BeschtaBeschta 

.. (1990)(1990) determineddetermined thethe conditionalconditional probabilityprobability 
thatthat aa treetree wouldwould provideprovide LODLOD toto aa stream.stream. 
EffectiveEffective treetree heightheight waswas defineddefined asas thethe heightheight 
atat whichwhich aa minimumminimum acceptableacceptable diameterdiameter sizesize 
forfor LODLOD occurred.occurred. WhenWhen thethe distancedistance fromfrom aa 
treetree toto streamstream waswas moremore thanthan oneone effectiveeffective treetree 
height,height, thethe probabilityprobability ofof thethe treetree contributingcontributing 
LODLOD approachedapproached zero.zero. ThisThis suggestssuggests thatthat 
bufferbuffer stripsstrips withwith widthswidths atat leastleast equalequal toto thethe 
effectiveeffective treetree heightheight wouldwould provideprovide maximummaximum 
amountsamounts ofof LOD.LOD. Unfortunately,Unfortunately, researchresearch 
datadata currentlycurrently areare inadequateinadequate toto provideprovide 
generalgeneral guidelinesguidelines asas toto howhow muchmuch LODLOD 
shouldshould bebe availableavailable oror howhow muchmuch isis requiredrequired atat 
aa givengiven streamstream reach.reach. 

EffectivenessEffectiveness ControllingControlling CumulativeCumulative EffectsEffects 

CumulativeCumulative effectseffects areare impactsimpacts onon waterwater 
qualityquality oror beneficialbeneficial usesuses whichwhich resultresult fromfrom thethe 
incrementalincremental impactimpact ofof twotwo oror moremore forestforest 
practicespractices (Idaho(Idaho LegislatureLegislature 1991).1991). 
CumulativeCumulative effectseffects cancan resultresult fromfrom individuallyindividually 
minor,minor, butbut collectivelycollectively significant,significant, actionsactions 
takingtaking placeplace overover timetime oror space.space. AlthoughAlthough 
numerousnumerous studiesstudies ofof cumulativecumulative effects-e.g.,effects-e.g., 
waterwater yieldyield increaseincrease (Belt(Belt 1980,1980, KingKing 1989)1989) 
andand temperaturetemperature increasesincreases (Beschta(Beschta andand TaylorTaylor 
1988)-appear1988)-appear inin thethe literature,literature, researchresearch 
relatingrelating bufferbuffer stripsstrips toto controlcontrol ofof cumulativecumulative 
effectseffects isis limited.limited. However,However, aa fewfew interestinginteresting 
examplesexamples werewere discovered.discovered. AA CanadianCanadian studystudy 
ofof thethe suitabilitysuitability ofof streamsstreams forfor trouttrout (Barton(Barton etet 
al.al. 1985)1985) showedshowed thatthat thethe maximummaximum 3-week3-week 
averageaverage streamstream temperaturetemperature waswas determineddetermined byby 
thethe upstreamupstream lengthlength ofof forestedforested bufferbuffer strip.strip. 
InIn aa studystudy ofof 1111 sites,sites, thethe cumulativecumulative effecteffect ofof 
thethe removalremoval ofof upstreamupstream riparianriparian vegetationvegetation 
waswas toto increaseincrease thethe maximummaximum on-siteon-site 
temperature.temperature. AA simplesimple mixingmixing ratioratio equationequation 
(US(US EPAEPA 1980)1980) allowsallows estimationestimation ofof thethe 
cumulativecumulative effectseffects ofof upstreamupstream temperaturetemperature 
increasesincreases atat downstreamdownstream locations.locations. LowranceLowrance 
etet al.al. (1984)(1984) notednoted thatthat bufferbuffer stripsstrips areare 
simultaneouslysimultaneously sinkssinks thatthat retainretain andand sourcessources 
thatthat releaserelease thethe cumulativecumulative effectseffects ofof 
agriculturalagricultural andand forestryforestry activitiesactivities inin thethe formform 
ofof sediment,sediment, nutrients,nutrients, andand chemicals.chemicals. ThisThis 
suggestssuggests thatthat bufferbuffer stripsstrips andand wetlandswetlands shouldshould 
bebe managedmanaged toto enhanceenhance theirtheir storagestorage 
capability.capability. BufferBuffer stripsstrips andand adjacentadjacent wetlandswetlands 
cancan moderatemoderate floodingflooding causedcaused byby thethe 
cumulativecumulative effectseffects ofof timbertimber harvestharvest byby addingadding 
thethe hydraulichydraulic resistanceresistance fromfrom riparianriparian 
vegetationvegetation andand additionaladditional storagestorage capacitycapacity atat 
floodflood stage.stage. 

EffectivenessEffectiveness ProvidingProviding FoodFood andand CoverCover 

BufferBuffer stripstrip imp~ctsimp~cts onon thethe aquaticaquatic foodfood chainchain 
areare documenteddocumented reasonablyreasonably wellwell byby studiesstudies 
contrastingcontrasting thethe effectseffects ofof timbertimber harvestsharvests withwith 
andand withoutwithout bufferbuffer strips.strips. However,However, therethere areare 
onlyonly aa fewfew studiesstudies wherewhere thethe characteristicscharacteristics ofof 
thethe bufferbuffer stripstrip werewere relatedrelated toto foodfood productionproduction

.-..-. 
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soso thatthat bufferbuffer stripstrip effectivenesseffectiveness couldcould bebe 
evaluated.evaluated. 

AA studystudy byby ErmanErman andand MahoneyMahoney (1983)(1983) inin 
CaliforniaCalifornia measuredmeasured bufferbuffer stripstrip effectivenesseffectiveness 
relativerelative toto foodfood productionproduction inin termsterms ofof thethe raterate 
ofof recoveryrecovery ofof post-harvestpost-harvest macroinvertebratemacroinvertebrate 
diversitydiversity toto preharvestpreharvest levels.levels. DiversityDiversity inin 
streamsstreams atat loggedlogged sitessites withoutwithout bufferbuffer stripsstrips 

.. andand withwith 30-meter30-meter (9g-foot)(9g-foot) bufferbuffer stripsstrips werewere 
comparedcompared toto diversitydiversity inin streamsstreams wherewhere nono 
logginglogging hadhad takentaken place.place. TheThe streamsstreams withoutwithout 
bufferbuffer stripsstrips showedshowed anan increaseincrease inin diversitydiversity 
butbut incompleteincomplete recoveryrecovery afterafter aa 6-year6-year period,period, 
whilewhile thethe streamsstreams withwith bufferbuffer stripsstrips maintainedmaintained 
diversitydiversity atat aa constantconstant level.level. InIn aa similarsimilar NewNew 
ZealandZealand study,study, GraynothGraynoth (1979)(1979) comparedcompared 
impactsimpacts onon clearcutclearcut watersheds,watersheds, withwith andand 
withoutwithout bufferbuffer strips,strips, withwith thosethose onon aa thirdthird 
uncutuncut catchmentcatchment usedused asas aa control.control. AfterAfter 
harvest,harvest, inin thethe streamstream withoutwithout aa bufferbuffer stripstrip 
waterwater temperaturetemperature andand sedimentsediment increasedincreased 
whilewhile benthicbenthic invertebrateinvertebrate faunafauna andand thethe 
numbernumber ofof fishfish declined.declined. TheThe streamstream withwith thethe 
bufferbuffer showedshowed littlelittle oror nono impact,impact, exceptexcept forfor 
increasedincreased sediment.sediment. CulpCulp (1987)(1987) reportedreported thatthat 
10-meter10-meter (33-foot)(33-foot) bufferbuffer stripsstrips reducedreduced finefine 
sedimentsediment fromfrom bank:bank: erosionerosion butbut diddid notnot 
preventprevent decreasesdecreases inin macromacroinvertebrateinvertebrate density.density. 
InIn southwestsouthwest Alaska,Alaska, DuncanDuncan andand BrusvenBrusven 
(1985,(1985, 1986)1986) developeddeveloped aa seriesseries ofof energy-flowenergy-flow 
modelsmodels thatthat relatedrelated thethe percentpercent coveragecoverage ofof 
riparianriparian canopycanopy toto threethree biologicalbiological productionproduction 
variables-invertebrate,variables-invertebrate, potentialpotential salmonid,salmonid, andand 
usableusable allochthonousallochthonous production.production. TheseThese 
modelsmodels alsoalso includedincluded thethe percentagepercentage ofof 
deciduousdeciduous treetree speciesspecies andand relativerelative streamstream 
nutrientnutrient levelslevels asas variables.variables. TheThe modelmodel forfor 
invertebrateinvertebrate productionproduction showedshowed thatthat reducingreducing 
thethe canopycanopy fromfrom 100%100% toto 50%50% causedcaused aa 28%28% 
decreasedecrease inin invertebrateinvertebrate production.production. 
ConceptuallyConceptually thesethese modelsmodels couldcould alsoalso bebe usedused 
toto estimateestimate thethe effectivenesseffectiveness ofof bufferbuffer stripsstrips inin 
providingproviding foodfood andand covercover basedbased onon changeschanges inin 
riparianriparian canopycanopy density.density. TheThe authors,authors, 
however,however, cautionedcautioned thatthat thethe modelsmodels shouldshould bebe 
usedused toto evaluateevaluate trendstrends inin productionproduction ratherrather 
thanthan absoluteabsolute values.values. 

CostCost EffectivenessEffectiveness ofof BufferBuffer StripsStrips 

ConsistentConsistent withwith mostmost analysesanalyses ofof thethe costscosts andand 
benefitsbenefits ofof naturalnatural resourcesresources managementmanagement 
alternatives,alternatives, thethe costscosts ofof bufferbuffer stripsstrips areare 
relativelyrelatively easyeasy toto quantify,quantify, butbut thethe benefitsbenefits areare 
not.not. EstablishmentEstablishment ofof bufferbuffer stripsstrips normallynormally 
resultsresults inin additionaladditional costscosts toto thethe landowner,landowner, 
publicpublic oror private.private. CostsCosts incurredincurred includeinclude thethe 
lossloss ofof stumpage,stumpage, higherhigher costscosts ofof logginglogging andand 
roadroad construction,construction, andand additionaladditional 
administrativeadministrative costscosts (Streeby(Streeby 1970).1970). BenefitsBenefits 
fromfrom bufferbuffer stripsstrips accrueaccrue largelylargely toto thethe publicpublic 
andand includeinclude improvedimproved bankbank stabilitystability andand waterwater 
quality,quality, enhancedenhanced fishfish andand wildlifewildlife habitat,habitat, andand 
greatergreater aestheticaesthetic value.value. 

BollmanBollman (1984)(1984) notednoted thatthat thethe costscosts ofof 
specificspecific bufferbuffer stripstrip prescriptionsprescriptions varyvary withwith 
marketmarket conditions,conditions, thethe typetype ofof stand,stand, andand otherother 
variables,variables, butbut werewere relativelyrelatively easyeasy toto evaluate.evaluate. 
Conversely,Conversely, benefitsbenefits fromfrom thethe prescriptionsprescriptions 
werewere frequentlyfrequently non-marketnon-market values-e.g.,values-e.g., fishfish 
habitat,habitat, speciesspecies diversity,diversity, andand waterwater quality­quality­
thatthat werewere muchmuch moremore difficultdifficult toto evaluate.evaluate. 
TheThe questionquestion ofof equityequity arisesarises whenwhen privateprivate 
landland ownersowners oror logginglogging firmsfirms mustmust bearbear thethe 
costscosts ofof operatingoperating inin oror aroundaround bufferbuffer stripsstrips 
thatthat benefitbenefit sportsport fishermen,fishermen, otherother industriesindustries 
suchsuch asas commercialcommercial fishing,fishing, oror thethe generalgeneral 
publicpublic (Gillick(Gillick andand ScottScott 1975).1975). InIn aa detaileddetailed 
benefit-costbenefit-cost analysisanalysis ofof bufferbuffer stripsstrips inin 
Washington,Washington, GillickGillick andand ScottScott (1975)(1975) 
addressedaddressed thesethese problems,problems, andand suggestedsuggested thethe 
useuse ofof aa "financially"financially optimaloptimal buffer"buffer" withwith anan 
optimaloptimal widthwidth wherewhere thethe harvestharvest costscosts wouldwould 
bebe offsetoffset byby thethe environmentalenvironmental gains.gains. TheThe 
optimaloptimal widthwidth isis byby theirtheir definitiondefinition thethe mostmost 
cost-effectivecost-effective width.width. ConsideringConsidering onlyonly thethe 
valuesvalues ofof fishfish andand logs,logs, theythey foundfound thethe "zero"zero 
foot"foot" bufferbuffer strip-i.e.,strip-i.e., nono bufferbuffer stripstrip atat all-toall-to 
provideprovide thethe greatestgreatest netnet economiceconomic value.value. 

InIn PuertoPuerto Rico,Rico, ScatenaScatena (1990)(1990) identifiedidentified anan 
"economically"economically optimaloptimal bufferbuffer widthwidth...... [where][where] 
......marginalmarginal gaingain inin bufferbuffer areaarea equalsequals thethe 
marginalmarginal increaseincrease inin commercialcommercial basalbasal areaarea 
includedincluded inin thethe buffer."buffer." InIn thisthis case,case, bufferbuffer 
stripstrip areaarea waswas usedused asas aa surrogatesurrogate forfor benefi~benefi~•.•. 
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andand basalbasal areaarea includedincluded inin thethe bufferbuffer asas aa 
surrogatesurrogate forfor cost.cost. BasedBased onon studiesstudies inin severalseveral 
tropicaltropical catchments,catchments, thisthis optimaloptimal bufferbuffer widthwidth 
waswas 2222 metersmeters (73(73 feet)feet) forfor perennialperennial streamsstreams 
andand lessless thanthan 1010 metersmeters (33(33 feet)feet) forfor 
intermittentintermittent streams.streams. ThisThis study,study, althoughalthough notnot 
directlydirectly applicableapplicable toto Idaho,Idaho, illustratesillustrates anan 
alternativealternative approachapproach toto evaluationevaluation ofof buffersbuffers 
basedbased onon financialfinancial criteria.criteria. 

TheseThese studiesstudies suggestsuggest potentialpotential difficultiesdifficulties inin 
establishingestablishing bufferbuffer stripstrip areasareas oror widthswidths basedbased 
onon economiceconomic criteriacriteria suchsuch asas aa benefit-costbenefit-cost 
ratio.ratio. First,First, althoughalthough costscosts areare relativelyrelatively easyeasy 
toto determine,determine, importantimportant non-marketnon-market benefitsbenefits 
areare difficultdifficult toto evaluate.evaluate. Second,Second, thethe valuevalue 
societysociety placesplaces onon non-marketnon-market riparianriparian benefitsbenefits 
suchsuch asas biologicalbiological diversitydiversity isis subjectsubject toto notnot 
onlyonly measurementmeasurement difficultiesdifficulties butbut alsoalso 
considerableconsiderable changeschanges inin publicpublic perceptionperception andand 
relativerelative scarcity,scarcity, allall ofof whichwhich areare likelylikely toto bebe 
substantiallysubstantially greatergreater inin thethe future.future. 
Consequently,Consequently, establishingestablishing bufferbuffer stripstrip areasareas oror 
widthswidths basedbased solelysolely onon thethe economicallyeconomically 
optimaloptimal oror mostmost cost-effectivecost-effective methodsmethods 
illustratedillustrated byby thethe twotwo studiesstudies citedcited inin thisthis 
sectionsection couldcould bebe short-sighted,short-sighted, asas thethe publicpublic 
perceptionperception ofof benefitsbenefits mightmight bebe expectedexpected toto 
increaseincrease overover timetime fasterfaster thanthan thethe costs.costs. 

wHATwHAT AREARE THETHE ISSUESISSUES ININ BUFFERBUFFER 
STRIPSTRIP DESIGN?DESIGN? 

ThreeThree significantsignificant issuesissues associatedassociated withwith thethe 
designdesign ofof aa policypolicy requiringrequiring bufferbuffer stripsstrips werewere 
identifiedidentified duringduring thisthis review.review. First,First, shouldshould 
bufferbuffer stripstrip requirementsrequirements bebe ofof aa minimumminimum 
width,width, oror shouldshould thethe widthwidth varyvary accordingaccording toto 
physicalphysical oror biologicalbiological characteristicscharacteristics ofof thethe 
streamstream andand riparianriparian zone?zone? Second,Second, howhow much,much, 
ifif any,any, vegetationvegetation cancan bebe removedremoved fromfrom thethe 
bufferbuffer strip?strip? TheThe thirdthird issueissue isis howhow cancan 
severalseveral designdesign criteriacriteria bebe incorporatedincorporated intointo aa 
bufferbuffer stripstrip design?design? 

FixedFixed MinimumMinimum vs.vs. VariableVariable WidthsWidths 

MinimumMinimum widthwidth bufferbuffer stripsstrips areare relativelyrelatively 
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simplesimple toto implementimplement andand administer.administer. FixedFixed 
minimumminimum widthswidths inin IdahoIdaho areare determineddetermined byby 
thethe intendedintended use--e.g.,use--e.g., domesticdomestic waterwater supply,supply, 
fishfish production,production, etc.etc.-rather-rather thanthan byby thethe site­site­
specificspecific factors,factors, suchsuch asas nearbynearby harvestharvest areas,areas, 
densitydensity oror sizesize ofof riparianriparian vegetation,vegetation, oror thethe 
slopeslope oror stabilitystability ofof thethe riparianriparian soils.soils. InIn 
IdahoIdaho beneficialbeneficial usesuses andand waterwater qualityquality areare 
protectedprotected byby bufferbuffer stripsstrips defineddefined byby (1)(1) aa 
minimumminimum widthwidth requirementrequirement andand (2)(2) quali­quali­
tativetative requirementsrequirements toto provideprovide soilsoil stabilizationstabilization 
andand waterwater filteringfiltering effects.effects. ClassClass II streamsstreams 
(drinking(drinking waterwater andand fishfish habitat)habitat) requirerequire aa 
minimumminimum 75-foot75-foot StreamStream ProtectionProtection ZoneZone 
(SPZ)(SPZ) oror bufferbuffer stripstrip toto protectprotect domesticdomestic waterwater 
suppliessupplies forfor fisheries.fisheries. ClassClass ITIT streams,streams, 
defineddefined asas thosethose notnot usedused forfor potablepotable waterwater oror 
withoutwithout aa significantsignificant fishery,fishery, requirerequire aa 
minimumminimum 5-foot5-foot bufferbuffer strip.strip. ComplianceCompliance 
auditsaudits ofof timbertimber salessales andand logginglogging roadsroads inin 
IdahoIdaho dodo notnot indicateindicate bufferbuffer stripstrip widthswidths areare aa 
problemproblem (Idaho(Idaho WaterWater QualityQuality BureauBureau 1988;1988; 
BauerBauer ·1985).·1985). ButBut becausebecause actualactual bufferbuffer stripstrip 
widthswidths werewere notnot reportedreported andand widthswidths greatergreater 
thanthan thethe minimumminimum maymay bebe used,used, itit isis notnot 
logicallogical toto inferinfer fromfrom thethe auditsaudits thatthat thethe 
minimumminimum widthswidths werewere adequate.adequate. 

InIn certaincertain situations,situations, minimumminimum widthwidth bufferbuffer 
stripsstrips maymay provideprovide moremore thanthan adequateadequate 
protection,protection, andand inin others,others, inadequateinadequate 
protection.protection. ForFor example,example, envisionenvision aa forestedforested 
slopeslope wherewhere landland pitchespitches upup steeplysteeply fromfrom aa 
ClassClass II streamstream andand aa roadroad hashas beenbeen constructedconstructed 
200200 feetfeet upup thethe slope.slope. WouldWould aa 75-foot75-foot bufferbuffer 
bebe adequate,adequate, oror wouldwould itit bebe preferablepreferable toto leaveleave 
allall 200200 feetfeet asas aa filterfilter strip?strip? Conversely,Conversely, 
considerconsider aa 50-foot50-foot widewide ClassClass II streamstream segmentsegment 
passingpassing throughthrough aa deepdeep valleyvalley withwith lowlow erosionerosion 
potentialpotential andand topographicallytopographically shadedshaded mostmost ofof 
thethe dayday byby rockrock cliffscliffs andand treestrees withinwithin 5050 feetfeet 
ofof thethe stream.stream. DoesDoes thisthis segmentsegment requirerequire aa 75-75­
footfoot bufferbuffer stripstrip toto filterfilter sedimentsediment oror reducereduce 
thermalthermal loading?loading? VariableVariable widthwidth stripsstrips allowallow 
greatergreater flexibilityflexibility andand sensitivitysensitivity toto specificspecific 
protectionprotection needs.needs. ForFor example,example, BissonBisson etet al.al. 
(1987)(1987) suggestedsuggested thethe useuse ofof variablevariable widthwidth 
bufferbuffer stripsstrips toto optimizeoptimize LCDLCD recruitmentrecruitment andand 
minimizeminimize thethe numbernumber ofof residualresidual butbut 
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unrecruitableunrecruitable leaveleave trees.trees. TheyThey alsoalso 
envisionedenvisioned thethe useuse ofof "clumped""clumped" bufferbuffer stripsstrips 
wherewhere minimumminimum widthswidths forfor bankbank subilitysubility andand 
shadeshade areare leftleft inin somesome reaches,reaches, whilewhile adjoiningadjoining 
reachesreaches havehave largerlarger clumpsclumps ofof trees,trees, -i.e.,-i.e., 
extraextra widewide bufferbuffer strips...:...affordingstrips...:...affording betterbetter LODLOD 
recruitmentrecruitment andand wildlifewildlife habiut.habiut. ThisThis 
approachapproach wouldwould allowallow bufferbuffer stripstrip layoutlayout toto 
moremore closelyclosely mimicmimic naturalnatural ecosystems,ecosystems, inin 
keepingkeeping withwith "new"new forestry"forestry" concepts.concepts. AnotherAnother 
approachapproach toto definingdefining anan appropriateappropriate variablevariable 
widthwidth bufferbuffer waswas describeddescribed byby PottsPotts andand BaiBai 
(1989).(1989). HereHere thethe widthwidth isis basedbased onon thethe riparianriparian 
areaarea neededneeded toto controlcontrol surfacesurface runoff.runoff. ThisThis 
modelmodel isis summarizedsummarized inin moremore deuildeuil belowbelow inin 
thethe ModelsModels sectionsection ofof thisthis report.report. AsAs 
mentionedmentioned earlierearlier inin thethe report,report, variablevariable widthwidth 
bufferbuffer stripsstrips areare prescribedprescribed inin Oregon,Oregon, 
California,California, andand WashingtonWashington underunder forestforest 
practicepractice legislationlegislation andand rulesrules andand regulation.regulation. 
Site-specificSite-specific factorsfactors suchsuch asas streamstream width,width, 
slopeslope ofof landland adjacentadjacent toto thethe stream,stream, oror typetype ofof 
harvestharvest onon adjoiningadjoining landland areare usedused toto refinerefine thethe 
minimumminimum oror maximummaximum widthswidths prescribedprescribed inin 
thethe law.law. VariableVariable widthwidth bufferbuffer stripsstrips havehave thethe 
potentialpotential toto improveimprove streamstream protectionprotection benefitsbenefits 
basedbased onon individualindividual streamstream characteristics.characteristics. 
However,However, althoughalthough studiesstudies describingdescribing thethe 
utilityutility ofof variousvarious variablevariable widthwidth bufferbuffer stripstrip 
modelsmodels werewere found,found, nono studiesstudies werewere foundfound thatthat 
documentdocument thethe advanugesadvanuges oror disadvanugesdisadvanuges ofof 
variablevariable ..widthwidth bufferbuffer sq-ips,sq-ips, asas comparedcompared toto 
fixedfixed minimumminimum widthwidth bufferbuffer strips.strips. 

RemovalRemoval otot VegetationVegetation 

HowHow much.much. vegetationvegetation cancan bebe removedremoved fromfrom 
thethe bufferbuffer stripstrip withoutwithout impairingimpairing itsits bufferingbuffering 
functions?functions? AsAs previouslypreviously described,described, riparianriparian 
vegetationvegetation withinwithin thethe bufferbuffer stripstrip servesserves manymany 
purposespurposes includingincluding maintenancemaintenance ofof bankbank 
stability,stability, provisionprovision ofof LODLOD forfor moderationmoderation ofof 
streamstream temperature,temperature, andand filtrationfiltration ofof overlandoverland 
sedimentsediment flow.flow. UnderUnder thethe IdahoIdaho FPFPA,A, 
selectiveselective logginglogging ofof maturemature timbertimber isis allowedallowed 
withinwithin thethe bufferbuffer stripstrip (SPZ)(SPZ) asas longlong asas (1)(1) thethe 
soilsoil stabilizationstabilization andand sedimentsediment filteringfiltering effectseffects 
areare notnot destroyed,destroyed, (2)(2) atat leastleast 7575 %% ofof thethe .. 
currentcurrent preharvestpreharvest shadeshade overover thethe streamstream isis 
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retained,retained, andand (3)(3) leaveleave treestrees areare providedprovided asas 
prescribed.prescribed. 

IdahoIdaho waterwater qualityquality standardsstandards forfor salmonidssalmonids 
requirerequire thethe maximummaximum dailydaily temperaturestemperatures notnot toto 
exceedexceed 1313 acac andand thethe averageaverage dailydaily tempera­tempera­
turestures notnot toto exceedexceed 9°C.9°C. RetainingRetaining nono lessless thanthan 
75%75% ofof currentcurrent shadeshade byby definitiondefinition meansmeans thatthat 
removalremoval ofof upup toto 2525 %% ofof thethe currentcurrent shadeshade isis 
permissible.permissible. ThisThis meansmeans thatthat regardlessregardless ofof thethe 
existingexisting levellevel ofof shade,shade, itit cancan bebe reducedreduced upup toto 
2525 %.%. GivenGiven differentdifferent treetree species,species, canopycanopy 
densities,densities, streamstream widths,widths, andand reachreach 
orientations,orientations, thethe requirementrequirement toto retainretain 75%75% ofof 
currentcurrent shadeshade mayormayor maymay notnot protectprotect aa streamstream 
fromfrom thermalthermal loading.loading. InIn termsterms ofof protectionprotection 
ofof waterwater qualityquality andand fishfish habiut,habiut, researchresearch doesdoes 
notnot showshow thatthat maintainingmaintaining 7575 %,%, oror anyany otherother 
pre-harvestpre-harvest levellevel ofof shade,shade, willwill assureassure thethe 
salmonidsalmonid temperaturetemperature standardsstandards areare met.met. 
Similarly,Similarly, thethe IdahoIdaho FPAFPA leaveleave treetree require­require­
mentment specifies'specifies' thethe numbernumber ofof conifers,conifers, 
hardwoods,hardwoods, andand snagssnags thatthat mustmust bebe leftleft withinwithin 
5050 feetfeet ofof thethe highwaterhighwater markmark onon eacheach sideside ofof 
aa thousand-footthousand-foot streamstream segmentsegment toto provideprovide 
LOD.LOD. WhileWhile thethe intentintent toto provideprovide LODLOD isis 
clear,clear, thethe effectivenesseffectiveness ofof thisthis generalgeneral 
prescriptionprescription inin accomplishingaccomplishing thisthis endend forfor allall 
streamstream reachesreaches isis notnot clearclear fromfrom thethe literature.literature. 
TheThe prescribedprescribed leaveleave treestrees maymay bebe essentialessential oror 
unneeded,unneeded, dependingdepending onon thethe existingexisting andand futurefuture 
in-stream.in-stream. requirementsrequirements forfor LOD.LOD. Finally,Finally, 
neitherneither ~e~e literatureliterature nornor thethe FPFPAA suggestsuggest thatthat 
thethe vegetationvegetation removalremoval constraints-Le.,constraints-Le., thethe 
75%75% currentcurrent shadeshade andand thethe leaveleave treetree 
requirements-willrequirements-will generallygenerally meetmeet thethe 
qualitativequalitative requirementrequirement toto provideprovide soilsoil 
stabilizationstabilization andand waterwater filteringfiltering effects.effects. 

MultipleMultiple DesignDesign CriteriaCriteria 

TheThe problemproblem ofof multiplemultiple criteriacriteria isis notnot 
effectivelyeffectively addressedaddressed inin thethe literatureliterature reviewed.reviewed. 
InIn previousprevious sectionssections ofof thisthis reportreport severalseveral 
designdesign criteriacriteria havehave beenbeen discusseddiscussed thatthat 
determinedetermine eithereither bufferbuffer stripstrip widthwidth oror otherother 
attributesattributes suchsuch asas canopycanopy densitydensity oror numbernumber ofof 
residualresidual leaveleave trees,trees, basedbased onon theirtheir variousvarious 
protectionprotection oror supplysupply functionsfunctions suchsuch asas 
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temperaturetemperature moderationmoderation oror LaDLaD recruitment.recruitment. 
GivenGiven thethe practicalpractical needneed forfor simplicitysimplicity inin fieldfield 
applications,applications, thethe operableoperable questionquestion thenthen isis howhow 
thesethese multiplemultiple criteriacriteria cancan bebe incorporatedincorporated inin 
fieldfield applications.applications. 

IdahoIdaho andand adjoiningadjoining statesstates currentlycurrently useuse aa 
regulatoryregulatory approachapproach wherewhere multiplemultiple bufferbuffer 
stripstrip criteriacriteria areare simplysimply statedstated asas separateseparate 
requirements-e.g.,requirements-e.g., width,width, numbernumber ofof leaveleave 
trees,trees, etc.-andetc.-and theirtheir interpretationinterpretation andand 
implementationimplementation isis leftleft toto fieldfield staff.staff. ThisThis 
approachapproach hashas considerableconsiderable merit,merit, butbut therethere areare 
severalseveral othersothers withwith potentialpotential wherewhere thethe 
multiplemultiple criteriacriteria areare combinedcombined intointo aa singlesingle 
requirement.requirement. 

OneOne exampleexample isis aa "cartographic""cartographic" approachapproach 
wherewhere aa spatialspatial modelmodel isis usedused inin conjunctionconjunction 
withwith aa geographicalgeographical infonnationinfonnation systemsystem oror GISGIS 
(Dick(Dick 1991).1991). ThisThis methodmethod usesuses aa singlesingle 
criterion,criterion, temperaturetemperature moderation,moderation, andand allowsallows 
thethe mappingmapping ofof aa bufferbuffer stripstrip basedbased onon existingexisting 
treestrees capablecapable ofof providingproviding shadeshade toto thethe stream.stream. 
ThisThis "status"status quo"quo" bufferbuffer widthwidth wouldwould provideprovide 
pre-harvestpre-harvest levelslevels ofof shadeshade andand temperature.temperature. 
ExtensionExtension ofof thisthis approachapproach toto multiplemultiple criteriacriteria 
wouldwould bebe possiblepossible ifif additionaladditional criteriacriteria couldcould 
bebe expressedexpressed inin spatialspatial termsterms andand incorporatedincorporated 
inin aa cartographiccartographic model.model. 

AA sec(md,sec(md, maximummaximum protection,protection, approachapproach 
wouldwould bebe toto evaluateevaluate ea~ea~ ofof severalseveral criteriacriteria inin 
termsterms ofof bufferbuffer stripstrip widthwidth andand thenthen adoptadopt thethe 
greatestgreatest widthwidth soso asas toto accommodateaccommodate allall 
criteria.criteria. ThisThis approachapproach isis illustratedillustrated inin thethe 
followingfollowing scenario.scenario. SupposeSuppose thethe widthwidth ofof aa 
bufferbuffer stripstrip isis toto bebe determineddetermined basedbased onon threethree 
criteria:criteria: temperaturetemperature moderation,moderation, LaDLaD 
recruitment,recruitment, andand sedimentsediment filtration.filtration. FirstFirst aa 
"status"status quo"quo" bufferbuffer widthwidth (Dick(Dick 1991)1991) forfor 
moderatingmoderating streamstream temperaturetemperature basedbased onon 
existingexisting treestrees capablecapable ofof providingproviding shadeshade toto thethe 
streamstream isis calculatedcalculated toto bebe 6565 feet.feet. ThenThen thethe 
bufferbuffer stripstrip widthwidth requiredrequired forfor LaDLaD 
recruitment,recruitment, basedbased onon thethe proximityproximity ofof aa treetree 
toto thethe streamstream andand thethe conditionalconditional probabilityprobability itit 
willwill fallfall intointo thethe stream,stream, isis foundfound toto bebe 8585 feet.feet. 
Finally,Finally, thethe bufferbuffer stripstrip widthwidth neededneeded toto filterfilter 

sedimentsediment inin unchannelizedunchannelized flowflow belowbelow aa roadroad 
isis computedcomputed toto bebe 125125 feetfeet basedbased onon Haupt'sHaupt's 
(1959a)(1959a) roadroad model.model. TheThe bufferbuffer stripstrip widthwidth 
usedused wouldwould thenthen bebe 135135 feet.feet. 

AA thirdthird regionalregional methodmethod thatthat mightmight bebe usedused 
toto determinedetermine bufferbuffer stripstrip widthswidths isis basedbased onon aa 
regionalregional analysisanalysis ofof bufferbuffer stripstrip widthswidths usingusing aa 
GIS.GIS. ForFor example,example, inin aa regionregion wherewhere fisheriesfisheries 
areare aa majormajor concern,concern, shadeshade andand LODLOD recruit­recruit­
mentment couldcould bebe usedused asas criteriacriteria forfor bufferbuffer stripstrip 
widthwidth determination.determination. BufferBuffer stripstrip widthswidths forfor 
eacheach criterioncriterion wouldwould bebe detennineddetennined atat selectedselected 
streamstream reachesreaches withinwithin thethe region.region. AA regionalregional 
bufferbuffer widthwidth wouldwould thenthen bebe determineddetermined fromfrom 
thesethese datadata basedbased onon itsits statisticalstatistical applicability.applicability. 
ForFor example,example, aa regionalregional bufferbuffer widthwidth couldcould bebe 
selectedselected soso asas toto meetmeet thethe shadeshade criterioncriterion atat 9090 
percentpercent ofof thethe reachesreaches andand bothboth criteriacriteria atat 6767 
percentpercent ofof thethe reachesreaches withinwithin thethe region.region. 

WHATWHAT MODELSMODELS AREARE AVAILABLEAVAILABLE FORFOR 
USEUSE ININ BUFFERBUFFER STRIPSTRIP DESIGN?DESIGN? 

AlthoughAlthough severalseveral compliancecompliance auditsaudits ofof thethe 
IdahoIdaho FPFPAA havehave beenbeen mademade evaluatingevaluating howhow 
wellwell operatorsoperators havehave metmet thethe FPFPAA rulesrules (Bauer(Bauer 
1985),1985), nono studiesstudies werewere foundfound thatthat showshow 
compliancecompliance withwith FPFPAA rulesrules willwill resultresult inin 
meetingmeeting thethe waterwater qualityquality standardsstandards suchsuch asas 
streamstream temperaturetemperature.... Several.modelsSeveral.models thatthat couldcould 
bebe adaptedadapted forfor suchsuch purposespurposes areare describeddescribed inin 
thisthis sectionsection ofof thethe report.report. TheseThese modelsmodels couldcould 
bebe usedused toto designdesign moremore effectiveeffective bufferbuffer stripsstrips 
forfor streamstream segmentssegments ofof concern,concern, oror whenwhen 
speciallyspecially requestedrequested byby operatorsoperators asas providedprovided 
forfor underunder thethe IdahoIdaho FPFPA.A. 

WaterWater TemperatureTemperature ModelsModels 

SeveralSeveral waterwater temperaturetemperature simulationsimulation modelsmodels 
thatthat havehave beenbeen developeddeveloped forfor streamstream reachesreaches 
werewere recentlyrecently analyzedanalyzed byby aa Timber.Timber. FishFish andand 
WildlifeWildlife (TFW)(TFW) "Temperature"Temperature WorkWork Group"Group" 
inin thethe statestate ofof WashingtonWashington (Sullivan(Sullivan etet al.al. 
1990).1990). TheThe criteriacriteria usedused werewere accuracy,accuracy, 
reliability,reliability, andand practicalitypracticality inin estimatingestimating thethe 
impactsimpacts ofof timbertimber harvestharvest onon streamstream 
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WhatWhat ModeLrModeLr areare Available/orAvailable/or UseUse inin BufferBuffer StripStrip Design?Design? 

temperaturetemperature (Sullivan(Sullivan etet al.al. 1990).1990). TheThe 

TEMP-86TEMP-86 modelmodel developeddeveloped byby BeschtaBeschta andand 

WeatherredWeatherred (1984)(1984) hadhad thethe greatestgreatest accuracy.accuracy. 

However,However, thethe TEMPESTTEMPEST modelmodel formulatedformulated byby 

AdamsAdams andand SullivanSullivan (1990)(1990) rankedranked highesthighest 

whenwhen otherother criteria,criteria, suchsuch asas datadata requirements,requirements, 

werewere alsoalso considered.considered. Brown'sBrown's (1969)(1969) model,model, 

whichwhich isis lessless detaileddetailed andand aa forerunnerforerunner ofof thethe 

moremore recentrecent modelingmodeling efforts,efforts, rankedranked third.third. 

(See(See SullivanSullivan etet al.al. (1990)(1990) forfor otherother modelsmodels 

andand moremore detaileddetailed discussion.)discussion.) 


SullivanSullivan etet al.al. (1990)(1990) describeddescribed aa waterwater 

temperaturetemperature protectionprotection methodmethod inin WashingtonWashington 

referredreferred toto asas thethe "Recommended"Recommended TFWTFW 

TemperatureTemperature Method."Method." ThisThis methodmethod consistedconsisted 

ofof twotwo components:components: [1][1] aa screeningscreening procedureprocedure 

toto obtainobtain aa roughrough estimateestimate ofof existingexisting streamstream 

reachreach temperaturetemperature andand relaterelate itit toto waterwater qualityquality 

andand forestforest practicepractice standards,standards, and,and, ifif needed,needed, 

[2][2] thethe TEMPESTTEMPEST simulationsimulation modelmodel forfor aa 
moremore accurateaccurate estimateestimate ofof existingexisting andand harvest­harvest­
inducedinduced increasesincreases inin waterwater temperature.temperature. TheseThese 
twotwo componentscomponents ofof thethe waterwater temperaturetemperature 
modelsmodels mentionedmentioned inin thethe precedingpreceding paragraphparagraph 
areare furtherfurther discusseddiscussed inin thethe followingfollowing sub­sub­
sections.sections. 

TFWTFW waterwater temperaturetemperature screeningscreening model.model. 
TheThe screeningscreening modelmodel isis usedused toto estimateestimate thethe 
existingexisting waterwater temperature·temperature· atat aa givengiven sitesite andand 
..determinedetermine ifif itit exceedsexceeds thresholdsthresholds establishedestablished 
inin WashingtonWashington waterwater qualityquality oror forestforest practicepractice 
standards.standards. TheThe predictivepredictive relationshiprelationship betweenbetween 
waterwater temperature,temperature, sitesite elevation,elevation, andand percentpercent 
ofof streamstream surfacesurface shadedshaded waswas basedbased onon fieldfield 
observationsobservations atat approximatelyapproximately 4242 sitessites inin 
Washington.Washington. InIn application,application, thethe elevationelevation andand 
percentpercent ofof shadeshade atat aa givengiven sitesite cancan bebe usedused toto 
determinedetermine whichwhich temperaturetemperature thresholdthreshold (high,(high, 
medium,medium, oror low)low) isis beingbeing metmet andand ifif reducedreduced 
shadingshading duedue toto harvestharvest willwill alteralter thethe 
temperaturetemperature threshold.threshold. ThisThis approachapproach isis wellwell 
conceived,conceived, hashas beenbeen peerpeer reviewed,reviewed, andand 
appearsappears toto bebe aa promisingpromising tool.tool. 

TEMPESTTEMPEST model.model. ThisThis modelmodel waswas developeddeveloped 
inin WashingtonWashington byby AdamsAdams andand SullivanSullivan (1990)(1990) 
andand isis anan unpublishedunpublished computercomputer simulationsimulation 

2525 

modelmodel designeddesigned toto estimateestimate thethe effectseffects ofof 
bufferbuffer stripsstrips onon waterwater temperature,temperature, basedbased onon 
anan assessmentassessment ofof thethe heatheat energyenergy budgetbudget forfor aa 
streamstream reach.reach. AA principalprincipal featurefeature ofof thethe 
TEMPESTTEMPEST modelmodel isis thethe useuse ofof severalseveral 
simplifyingsimplifying assumptionsassumptions thatthat reducereduce thethe 
numbernumber ofof inputinput datadata requiredrequired (Sullivan(Sullivan etet al.al. 
1990).1990). DataData requiredrequired toto runrun thethe modelmodel includeinclude 
geographicgeographic location,location, elevation,elevation, percentpercent shade,shade, 
andand streamstream depth.depth. TheThe modelmodel predictspredicts hourlyhourly 
streamstream temperaturetemperature overover anyany specifiedspecified interval.interval. 
InIn reliabilityreliability teststests usingusing measuredmeasured streamstream 
temperaturetemperature forfor reference,reference, 9S9S %% ofof thethe timetime thethe 
modelmodel predictedpredicted averageaverage waterwater temperaturetemperature 
withinwithin plusplus oror minusminus 2°C.2°C. 

TEMP-86TEMP-86 model.model. ThisThis modelmodel waswas developeddeveloped 
inin OregonOregon byby BeschtaBeschta andand WeatherredWeatherred (1987),(1987), 
andand isis designeddesigned toto evaluateevaluate thethe effectseffects ofof bufferbuffer 
stripsstrips onon streamstream temperature.temperature. TheThe modelmodel isis 
basedbased onon aa streamstream reachreach heatheat energyenergy budget,budget, 
withwith solarsolar radiationradiation asas primeprime energyenergy source.source. 
CanopyCanopy heightheight andand densitydensity areare thethe modelmodel 
variablesvariables thatthat influenceinfluence solarsolar energyenergy inputinput toto 
thethe stream.stream. StreamStream reachreach geometrygeometry isis aa 
requiredrequired input.input. TheThe modelmodel allowsallows thethe useruser toto 
comparecompare thethe effectseffects ofof differentdifferent riparianriparian bufferbuffer 
designsdesigns onon waterwater temperature.temperature. ..ForFor example,example, 
differentdifferent widthswidths andand canopycanopy heightsheights oror 
densitiesdensities predictpredict hourlyhourly waterwater temperaturestemperatures forfor 
anyany givengiven dayday andand geographicalgeographical locationlocation.. 
ModelModel datadata requirementsrequirements areare relativelyrelatively 
extensive.extensive. OnceOnce thethe datadata areare enteredentered intointo thethe 
program,program, however,however, thethe effectseffects ofof differentdifferent 
harvestharvest methodsmethods oror leaveleave treetree requirementsrequirements onon 
waterwater temperaturetemperature cancan easilyeasily bebe compared.compared. 
TheThe modelmodel hashas beenbeen codedcoded forfor personalpersonal 
computers,computers, isis menumenu driven,driven, andand isis availableavailable 
fromfrom OregonOregon StateState University.University. 

SurfaceSurface Runoff-BasedRunoff-Based VariableVariable WidthWidth 
BufferBuffer ModelModel 

ThisThis modelmodel waswas developeddeveloped inin FloridaFlorida toto protectprotect 
waterwater qualityquality inin thethe SuwanneeSuwannee River,River, whichwhich 
retainsretains naturalnatural riparianriparian areasareas butbut isis affectedaffected byby 
urbanurban development.development. PottsPotts andand BaiBai (1989)(1989) 
describeddescribed aa modelmodel forfor determiningdetermining variablevariable 
widthwidth bufferbuffer zoneszones thatthat wouldwould protectprotect thethe riverriver 



'What'What ModelsModels areare AvailableAvailable forfor UseUse inin BufferBuffer StripStrip Design?Design? 

fromfrom urbanurban pollutantspollutants carriedcarried inin surfacesurface 
runoff.runoff. TheThe modelmodel determinesdetermines thethe widthwidth ofof aa 
bufferbuffer requiredrequired toto maintainmaintain runoffrunoff volumevolume 
fromfrom landland convertedconverted toto anan urbanurban landland useuse nearnear 
thethe riverriver atat thethe samesame volumevolume asas thatthat whichwhich 
wouldwould bebe producedproduced byby thethe samesame landland inin anan 
undisturbedundisturbed naturalnatural condition.condition. TheThe modelmodel 
reliesrelies onon thethe USDAUSDA SoilSoil ConservationConservation ServiceService 
runoffrunoff curvecurve numbernumber (RCN)(RCN) methodmethod forfor 
determiningdetermining thethe amountamount ofof runoffrunoff expectedexpected forfor 
aa givengiven soil,soil, slope,slope, vegetativevegetative condition,condition, andand 
amountamount ofof imperviousimpervious surface.surface. GraphsGraphs 
relatingrelating bufferbuffer stripstrip widthwidth toto thethe RCNRCN werewere 
developeddeveloped forfor fourfour soilsoil andand fivefive landland useuse typestypes 
occurringoccurring alongalong thethe river.river. TheThe graphsgraphs andand 
knowledgeknowledge ofof thethe soilsoil typetype andand RCNRCN forfor 
undisturbedundisturbed conditionsconditions allowallow determinationdetermination ofof 
thethe appropriateappropriate bufferbuffer stripstrip widthwidth forfor aa 
particularparticular sitesite andand landland use.use. ThisThis approachapproach 
reducesreduces thethe volumevolume ofof waterwater availableavailable toto 
transporttransport pollutantspollutants ratherrather thanthan thethe amountamount ofof 
pollutants.pollutants. WhileWhile notnot directlydirectly applicableapplicable toto 
Idaho,Idaho, thisthis approachapproach minimizingminimizing runoffrunoff usingusing 
thethe RCNRCN methodmethod maymay bebe useful.useful. 

Sediment-BasedSediment-Based RoadRoad FilterFilter StripStrip ModeJModeJ 

InIn aa southwesternsouthwestern IdahoIdaho studystudy onon steeplysteeply 
slopingsloping graniticgranitic soils,soils, HauptHaupt (1959a,(1959a, 1959b)1959b) 
determineddetermined thethe minimumminimum widthwidth ofof aa protectiveprotective 
stripstrip requiredrequired toto dissipatedissipate surfacesurface runoffrunoff andand 
erosionerosion fromfrom aa logginglogging road.road. TheThe protectiveprotective 
stripstrip widthwidth waswas relatedrelated toto roadroad drainagedrainage 
factors,factors, includingincluding cross-ditchcross-ditch interval,interval, roadroad 
gradient,gradient, fillfill slopeslope length,length, andand thethe numbernumber andand 
typestypes ofof flowflow obstructionsobstructions alongalong thethe slope.slope. 
MinimumMinimum protectiveprotective stripstrip widthswidths forfor aa rangerange ofof 
roadroad andand sitesite conditions,conditions, includingincluding aspect,aspect, 
werewere reportedreported inin tabulartabular form.form. ForFor aa roadroad 
withwith aa 10%10% gradientgradient onon aa southsouth slopeslope wherewhere 
thethe side-slopeside-slope gradientgradient isis greatergreater thanthan 5656 %,%, thethe 
requiredrequired filterfilter stripstrip distancedistance wouldwould bebe 185185 feetfeet 
toto dissipatedissipate 83.5%83.5% ofof thethe numbernumber ofof flows.flows. 
AnAn additionaladditional 4545 feetfeet wouldwould bebe neededneeded toto 
containcontain 97.597.5 %% ofof thethe flows.flows. TheThe maximummaximum 
protectiveprotective stripstrip widthwidth recommendedrecommended waswas 200200 
feetfeet forfor cross-ditchcross-ditch intervalsintervals ofof 130130 feet.feet. 

LODLOD RecruitmentRecruitment ModelModel BasedBased onon 
ConditionalConditional ProbabilityProbability 

AA conditionalconditional probabilityprobability modelmodel thatthat cancan bebe 
usedused toto identifyidentify treestrees inin riparianriparian areasareas thatthat cancan 
provideprovide largelarge organicorganic debrisdebris (LOD)(LOD) toto streamsstreams 
waswas developeddeveloped byby RobisonRobison andand BeschtaBeschta (1990).(1990). 
ConditionalConditional probabilityprobability isis thethe chancechance thatthat aa 
treetree atat aa givengiven distancedistance fromfrom thethe streamstream willwill 
fallfall intointo thethe stream.stream. TheThe modelmodel cancan bebe usedused toto 
estimateestimate thethe widthwidth ofof aa bufferbuffer stripstrip thatthat willwill 
provideprovide thethe maximummaximum LODLOD possiblepossible toto aa 
stream,stream, oror toto selectselect leaveleave treestrees withinwithin aa bufferbuffer 
stripstrip thatthat maymay contributecontribute LOD.LOD. TheThe modelmodel 
doesdoes notnot provideprovide aa meansmeans ofof estimatingestimating thethe 
actualactual numbernumber ofof treestrees oror quantityquantity ofof LODLOD thatthat .. 
willwill bebe providedprovided toto aa stream.stream. TheThe modelmodel isis 
basedbased onon twotwo probabilityprobability assumptions,assumptions, bothboth 
related.related. toto thethe distancedistance fromfrom treetree toto stream.stream. 
TheThe probabilityprobability ofof aa treetree providingproviding LODLOD toto aa 
streamstream [1J[1J approachesapproaches zerozero whenwhen thethe distancedistance 
betweenbetween treetree andand streamstream isis moremore thanthan thethe 
effectiveeffective treetree height,height, andand [2][2] approachesapproaches 100%100% 
whenwhen thethe treetree isis immediatelyimmediately adjacentadjacent toto aa 
stream.stream. EffectiveEffective heightheight isis defineddefined byby thethe 
smallestsmallest diameterdiameter ofof treetree (measured(measured atat thethe top)top) 
acceptableacceptable asas LOD.LOD. ByBy usingusing thethe developeddeveloped 
empiricalempirical equationsequations andand mensurationalmensurational datadata forfor 
aa particularparticular treetree speciesspecies thatthat relaterelate effectiveeffective 
treetree heightheight andand basalbasal area,area, aa wedgewedge prismprism 
factorfactor forfor identifyingidentifying LODLOD treestrees withinwithin thethe 
bufferbuffer cancan bebe calculated.calculated. TheThe modelmodel isis 
availableavailable inin equationequation formform only.only. 

.... 
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TheThe followingfollowing definitionsdefinitions areare helpfulhelpful inin understandingunderstanding thethe technicaltechnical materialmaterial presentedpresented inin thisthis repon.repon. 
TheThe useuse ofof boldbold italicsitalics withinwithin aa definitiondefinition indicatesindicates anotheranother termterm defineddefined inin thethe glossary.glossary. 

AllochthonousAllochthonous -- OriginatingOriginating elsewhereelsewhere andand transportedtransported toto thethe site,site, e.g.,e.g., terrestrialterrestrial plantplant mattermatter inin aa 
stream.stream. (Society(Society ofof AmericanAmerican ForestersForesters 1983).1983). 

AngularAngular canopycanopy densiometerdensiometer -- AA one-foot-squareone-foot-square planeplane mirrormirror mountedmounted onon aa loS-footloS-foot tripod.tripod. TheThe 
densiometerdensiometer surfacesurface isis divideddivided intointo sixteensixteen 3-inch3-inch squares.squares. InIn operation,operation, thethe densiometerdensiometer isis placedplaced inin 
thethe stream,stream, orientatedorientated towardtoward thethe southsouth (in(in thethe northernnorthern hemisphere),hemisphere), andand tiltedtilted atat anan angleangle soso itsits 
surfacesurface isis perpendicularperpendicular toto thethe sun'sun'ss raysrays duringduring thethe warmestwarmest portionportion ofof thethe year.year. 

AngularAngular canopycanopy densitydensity (ACD)(ACD) -- CanopyCanopy densitydensity measuredmeasured withwith anan angularangular canopycanopy densitometer.densitometer. 
ACDACD isis aa measuremeasure ofof shadeshade providedprovided byby riparianriparian vegetationvegetation (Brazier(Brazier andand BrownBrown 1973).1973). ACDACD isis thethe 
densitydensity ofof thethe canopy,canopy, expressedexpressed asas aa percent,percent, measuredmeasured alongalong thethe pathpath ofof incomingincoming solarsolar radiation.radiation. 

AutochthonousAutochthonous -- OriginatingOriginating onon site,site, e.g.,e.g., aquaticaquatic plantsplants foundfound inin thethe streamstream (Society(Society ofof AmericanAmerican 
ForestersForesters 1983).1983). 

BeneficialBeneficial useuse -- TheThe reasonablereasonable andand appropriateappropriate useuse ofof waterwater forfor aa purposepurpose consistentconsistent withwith IdahoIdaho statestate 
lawslaws andand thethe bestbest interestinterest ofof thethe people.people. TheyThey include,include, butbut areare notnot limitedlimited to,to, domesticdomestic waterwater 
supplies,supplies, agriculturalagricultural waterwater supplies,supplies, fishfish andand wildlifewildlife habitat,habitat, andand recreationrecreation onon oror inin thethe waterwater (Idaho(Idaho 
WaterWater QualityQuality BureauBureau 1989).1989). 

BestBest managementmanagement practicespractices (BMPs)(BMPs) -- AA practicepractice oror combinationcombination ofof practicespractices determineddetermined toto bebe thethe 
mostmost effectiveeffective andand practicablepracticable meansmeans ofof preventingpreventing oror reducingreducing thethe amountamount ofof pollutionpollution generatedgenerated byby 
nonpointnonpoint sourcessources (Idaho(Idaho WaterWater QualityQuality BureauBureau 1989).1989). ForestForest practicespractices BMPsBMPs areare determineddetermined byby thethe 
IdahoIdaho StateState BoardBoard ofof LandLand CommissionersCommissioners inin consultationconsultation withwith thethe DepartmentDepartment ofof LandsLands andand thethe 
forestforest practicespractices advisoryadvisory committeecommittee (Idaho(Idaho DepartmentDepartment ofof LandsLands 1990).1990). 

BufferBuffer stripstrip -- AA protectiveprotective areaarea adjacentadjacent toto anan areaarea requiringrequiring specialspecial attentionattention oror protectionprotection (Idaho(Idaho 
DepartmentDepartment ofof LandsLands 1990).1990). 

CanopyCanopy -- TheThe moremore oror lessless continuouscontinuous covercover ofof branchesbranches andand foliagefoliage formedformed collectivelycollectively byby thethe 
crownscrowns (or(or toptop portions)portions) ofof adjacentadjacent treestrees (Society(Society ofof AmericanAmerican ForestersForesters 1983).1983). 

CanopyCanopy densitydensity -- TheThe degreedegree ofof completenesscompleteness ofof thethe treetree canopy,canopy, i.e.,i.e., thethe degreedegree ofof canopycanopy closureclosure 
andand thereforetherefore anan aggregateaggregate expressionexpression ofof crowncrown covercover (Society(Society ofof AmericanAmerican ForestersForesters 1983).1983). 

ChannelizedChannelized flowflow -- WaterWater flowflow concentratedconcentrated byby aa channel,channel, e.g.,e.g., aa rillrill oror gully.gully. 

ClassClass 11 streamstream -- StreamsStreams whichwhich areare usedused forfor domesticdomestic waterwater supplysupply oror areare impottantimpottant forfor thethe spawning,spawning, 
rearingrearing oror migrationmigration ofof fish.fish. SuchSuch waterswaters shallshall bebe consideredconsidered ClassClass II upstreamupstream fromfrom thethe pointpoint ofof 
domesticdomestic diversiondiversion forfor aa minimumminimum ofof 1,3201,320 feetfeet (Idaho(Idaho DepartmentDepartment ofof LandsLands 1990).1990). .. 

3232 


------------------~---------~---------



GlossaryGlossary 

ClassClass IIII streamstream -- StreamsStreams thatthat areare usuallyusually headwaterheadwater streamsstreams oror minorminor drainagesdrainages thatthat areare usedused byby onlyonly 
aa few,few, ifif any,any, fishfish forfor spawningspawning oror rearing.rearing. TheirTheir principalprincipal valuevalue lieslies inin theirtheir influenceinfluence onon waterwater 
qualityquality oror quantityquantity downstreamdownstream inin ClassClass 11 streamsstreams (Idaho(Idaho DepartmentDepartment ofof LandsLands 1990).1990). 

ComputerComputer simuIlltUmsimuIlltUm modelmodel -- AA computercomputer algorithmalgorithm thatthat mimicsmimics thethe structurestructure andand functionfunction ofof 
ecosystemsecosystems (or(or partsparts thereof)thereof) andand isis usedused toto predictpredict impactsimpacts ofof variousvarious managementmanagement activitiesactivities toto thosethose 
systems.systems. 

ConditionalConditional probabilityprobability -- TheThe chancechance thatthat anan eventevent willwill occuroccur thatthat dependsdepends onon thethe occurrenceoccurrence ofof aa 
differentdifferent event.event. 

Cross-ditchCross-ditch intervalinterval -- Cross-ditchesCross-ditches areare shallowshallow trenchestrenches placedplaced acrossacross thethe roadroad surfacesurface toto collectcollect 
surfacesurface waterwater andand channelchannel itit toto thethe sideside ofof thethe road.road. Cross-ditchCross-ditch intervalinterval isis thethe distancedistance betweenbetween 
trenchestrenches measuredmeasured alongalong thethe roadroad surface.surface. 

CumulativeCumulative effectseffects -- ImpactsImpacts onon waterwater qualityquality oror beneficialbeneficial usesuses whichwhich resultresult fromfrom thethe incrementalincremental 
impactimpact ofof twotwo oror moremore forestforest practicespractices (Idaho(Idaho LegislatureLegislature 1991).1991). CumulativeCumulative effectseffects cancan resultresult fromfrom 
individuallyindividually minorminor butbut collectivelycollectively significantsignificant actionsactions takingtaking placeplace overover timetime oror space.space. 

CutCut SlopeSlope -- TheThe slopeslope ofof thethe residualresidual soilsoil surfacesurface afterafter excavationexcavation forfor roadroad construction.construction. 

FillFill slopeslope -- TheThe slopeslope ofof excavatedexcavated fillfill materialmaterial placedplaced onon thethe naturalnatural slopeslope duringduring roadroad construction.construction. 

FilterFilter stripstrip -- AA bufferbuffer stripstrip designeddesigned specificallyspecifically toto traptrap sediment.sediment. 

FilterFilter windrowswindrows -- LoggingLogging slashslash piledpiled atat thethe basebase ofof aa roadroad fillfill slopeslope toto retardretard thethe movementmovement ofof 
sediment.sediment. "" 

FirstFirst orderorder streamstream -- AA streamstream whichwhich hashas nono tributaries.tributaries. 

ForestForest practicespractices -- HarvestingHarvesting ofof forestforest treetree species,species, roadroad constructionconstruction associatedassociated withwith harvesting,harvesting, 
reforestation,reforestation, slashslash disposal,disposal, andand thethe useuse ofof chemicalschemicals andand fertilizersfertilizers forfor growinggrowing o"rmanagingo"rmanaging forestforest 
treetree speciesspecies (Idaho(Idaho DepartmentDepartment ofof LandsLands 1990).1990). 

LargeLarge organicorganic debrisdebris (LOD)(LOD) -- LiveLive oror deaddead treestrees andand partsparts oror piecespieces ofof treestrees thatthat areare largelarge enough,enough, oror 
longlong enough,enough, oror sufficientlysufficiently buriedburied inin thethe streamstream bankbank oror bed,bed, toto bebe stable.stable. LODLOD createscreates diversediverse fishfish 
habitathabitat andand stablestable streamstream channelschannels byby reducingreducing waterwater velocity,velocity, trappingtrapping streamstream gravel,gravel, andand allowingallowing 
scourscour poolspools andand sideside channelschannels toto formform (Idaho(Idaho DepartmentDepartment ofof LandsLands 1990).1990). 

LeaveLeave treetree -- AnAn individualindividual treetree thatthat isis notnot removedremoved duringduring thethe harvestharvest ofof forestforest treetree species,species, e.g.,e.g., 
treestrees inin aa bufferbuffer strip.strip. 

Manning'sManning's roughnessroughness coefficientcoefficient -- AnAn empiricalempirical coefficientcoefficient usedused asas aa measuremeasure ofof thethe hydraulichydraulic 
roughnessroughness ofof aa channel.channel. .. 
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NonpointNonpoint sourcesource -- AA sourcesource ofof surfacesurface waterwater pollutionpollution thatthat isis diffusediffuse andand intermittentintermittent andand relatedrelated toto 
landland surfacesurface disturbingdisturbing activitiesactivities suchsuch asas mining,mining, grazing,grazing, cropcrop production,production, oror forestforest practices.practices. 
NonpointNonpoint sourcessources ofof pollutionpollution areare generallygenerally geographicgeographic areasareas yieldingyielding pollutantspollutants toto surfacesurface waterswaters inin 
contrastcontrast toto pointpoint sourcessources thatthat havehave identifiableidentifiable pointspoints ofof entranceentrance toto surfacesurface waterswaters (Idaho(Idaho WaterWater 
QualityQuality BureauBureau 1989).1989). 

ProtectiveProtective stripstrip -- AA bufferbuffer strip.strip. 

RiparianRiparian -- AnAn adjectiveadjective referringreferring toto somethingsomething onon oror nearnear thethe bank:bank: ofof aa riverriver oror otherother bodybody ofof water.water. 

RiparianRiparian vegetationvegetation -- VegetationVegetation growinggrowing inin closeclose proximityproximity toto aa watercourse,watercourse, lake,lake, oror springspring andand 
dependentdependent onon itsits rootsroots reachingreaching thethe waterwater tabletable duringduring somesome ponionponion ofof thethe year.year. 

SecondSecond orderorder streamstream -- StreamStream formedformed whenwhen twotwo jirst-orderjirst-order streamsstreams joinjoin together.together. 

SedimentSediment yieldyield -- TheThe quantityquantity ofof sediment,sediment, measuredmeasured inin drydry weightweight oror byby volume,volume, transportedtransported throughthrough 
aa streamstream cross-sectioncross-section inin aa givengiven time,time, e.g.,e.g., tonslhour/acre.tonslhour/acre. SedimentSediment dischargedischarge consistsconsists ofof bothboth 
suspendedsuspended andand bedloadbedload sedimentssediments (Schwartz(Schwartz etet aI.aI. 1976,1976, sedimentsediment discharge).discharge). 

SheetSheet flowflow -- WaterWater flowflow overover thethe groundground surfacesurface (surface(surface run-oft)run-oft) inin aa moremore oror lessless continuouscontinuous sheetsheet 
(Society(Society ofof AmericanAmerican ForestersForesters 1983).1983). 

Site-specijicSite-specijic bestbest ntalUlgementntalUlgement practicepractice -- AA BMPBMP thatthat isis adaptedadapted toto andand takestakes accountaccount ofof thethe specificspecific 
factorsfactors influencinginfluencing waterwater quality,quality, waterwater qualityquality objectives,objectives, on-siteon-site conditions,conditions, andand otherother factorsfactors 
applicableapplicable toto thethe sitesite wherewhere aa forestforest practicepractice occurs,occurs, andand whichwhich hashas beenbeen approvedapproved byby landownerlandowner 
agreementagreement withwith thethe DepartmentDepartment ofof Lands,Lands, oror byby thethe StateState BoardBoard ofof LandLand CommissionersCommissioners inin 
consultationconsultation withwith thethe DepartmentDepartment ofof LandsLands andand thethe ForestForest PracticesPractices AdvisoryAdvisory CommitteeCommittee (Idaho(Idaho 
DepartmentDepartment ofof LandsLands 1990).1990). 

SlashSlash -- ResidueResidue leftleft onon thethe groundground afterafter timbertimber harvesting,harvesting, includingincluding unutilizedunutilized logs,logs, uprooteduprooted stumps,stumps, 
brokenbroken oror unrooted.unrooted. stems,stems, asas wellwell asas branches,branches, twigs,twigs, leaves,leaves, bark,bark, andand chipschips (Society(Society ofof AmericanAmerican 
ForestersForesters 1983).·1983).· .. 

StreamStream protectionprotection zonezone -- InIn Idaho,Idaho, forfor ClassClass II streamsstreams isis thethe areaarea encompassedencompassed byby aa slopeslope distancedistance ofof 
7575 feetfeet onon eacheach sideside ofof thethe ordinaryordinary highhighwaterwater mark.mark. StreamStream protectionprotection zonezone forfor CUlssCUlss IIII streamsstreams isis 
thethe areaarea encompassed.encompassed. byby aa minimumminimum slopeslope distancedistance ofof 55 feetfeet onon eacheach sideside ofof thethe ordinaryordinary highwaterhighwater 
markmark (Idaho(Idaho DepartmentDepartment ofof LandsLands 1990).1990). 

StreamStream reachreach -- AnAn arbitrarilyarbitrarily defineddefined subsectionsubsection oror segmentsegment ofof aa stream.stream. 

StreamStream segmentsegment ofof concernconcern -- AA specificspecific streamstream segmentsegment oror bodybody ofof waterwater thatthat hashas beenbeen publishedpublished inin 
thethe mostmost currentcurrent FinalFinal BasinBasin AreaArea Report,Report, whichwhich isis developeddeveloped everyevery 22 yearsyears forfor eacheach ofof thethe sixsix basinsbasins 
inin IdahoIdaho (Idaho(Idaho DepartmentDepartment ofof LandsLands 1990).1990). 

Timber,Timber, Fish,Fish, andand WildlifeWildlife (TFW)(TFW) -- AA conflictconflict resolutionresolution programprogram andand processprocess adoptedadopted byby thethe statestate 
ofof WashingtonWashington toto reachreach agreementagreement onon environmentalenvironmental issues.issues. 
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UplandUpland -- TheThe groundground aboveabove aa floodplain;floodplain; thatthat zonezone sufficientlysufficiently aboveabove oror awayaway fromfrom transportedtransported waterwater 
asas toto bebe dependentdependent onon locallocal precipitationprecipitation forfor itsits waterwater supply.supply. 

WaterWater qualityquality -- TheThe characteristicscharacteristics oror propertiesproperties ofof water.water. AA tenntenn usedused toto describedescribe thethe chemical,chemical, 
beneficiolphysical,physical, andand biologicalbiological characteristicscharacteristics ofof waterwater inin respectrespect toto itsits suitabilitysuitability forfor aa beneficial useuse (Idaho(Idaho 

WaterWater QualityQuality BureauBureau 1990).1990). .. 

WetlandWetland -- AreasAreas thatthat areare pennanentlypennanently wetwet oror intennittentlyintennittently waterwater covered,covered, suchsuch asas swamps,swamps, marshes,marshes, 
bogs,bogs, muskegs,muskegs, potholes,potholes, swales,swales, glades,glades, andand overflowoverflow landland ofof riverriver valleysvalleys (Schwartz(Schwartz etet al.al. 1976).1976). 
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