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METHODS
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QUESTIONS, INTERVIEWS, AND PANELS

Questionnaires, interviews,lind pEnelsE
are important information gathering techniquesA
forA nalyzingAumulative effects.A SuchAtech-A
niquesA refespeciallyAvaluableAA theA nalyst,A
becauseAtheyAcollectlinformationlonlthel idel
rangelofl ctionsl ndleffectsIneededltol ddressl
cumulativelproblems. TheAnAyst wiA ften useA
brainstorming sessions, interviews with knowl-A
edgeable individuals,A nd groupA nsensus
buildingA tivitiesto identify the importantA
cumulative effects issues in the region.A

Questionnaires, interviews,A ndA nelsAreA
icableboth socialA ndenvironmentalA

effectsA ndA reAsedA rimarilythAhesA ingA

rocess. TheyAreAften theArinciA method forA
identifyingA  tentiadffortsA nddn be used toA
helpA haracterizedpatialA ndA use-and-effectA
relationships.A RatherAhanAsimplyA
d t , these tefhniquesA n be used& r "strAte-A
gizing" (i.e.,Arioritizing issuesAnd defining theA
scopeAf the study).A

TheA hoiceA fAnformationAgA theringfech-A
niquesA drawsA uponA theA experienceA ndA
rofessionalfidgement ftheA nalysts.SimpleA
brainstormingA f expertsA ndA therinterestedA
rtiesA nbeA nAeffectiveAtechniqueAforA

identifyingA tentialAumulativeAffectsA rob-A
ems.Information gatheringAan be expanded toA
include structured interviews with keyA inionA
eaders,AindigenousA eoples,A ndAtechnicalA
experts.A TheseA  tivitiesA reA essentialA
mponentshthe sA inghAocessAnd, in manyA
ses,Are sufficient fér qualitativeA nalysis.A

A commAn featureAf information gA theringA
nd strAtegizing is the useAf mu ti-disA inAryA
nelAfAexperts.A TheseA nelsA 1bkingA

nsensusA subjectiveAjudgementsA ndA reA
usefulAfor designing theA ssessmentmethod,A

evaluating the significanceAf effects,A nd om-A
ringA  ternatives.AheA DelphiA methodA
(LinstoneAnd Turoff 1975)A rovidesAstructuredA
rocessforA roducing expertA nsensusAndisA

icabdegroupsA fAVA riousA  mpositions. A

ectingA FuzzyAsetAmodelsA rovideA notherfeansA fA

structuring subjective evaluationsA fumulativeA
effects issues (Harris etA 1994; WegnerA ndA
RengA1987).A PanelsA rA thergroup-decisionA
methodsAften use evaluative techniques toAcoreA
rArA nkAffectsAduringAtheAdecisionmakingA
rocess.In this way,A neledn be used toAsti-A
mate the importanceAf umulative effects evenA
though theyAre necessarily subjectiveAnd qual-A
itative (StullAtAl. 1987).A
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EXAMPLES:

InfArmatiAnAatheringAisAessentiA toA
environmental AmpactA ssessmentA ndA nbe-A
medAspeciallyAinvolvedAwhenAscopingAforA
umulativeAffectsAnA nAIS.A Primarily,AheA
analyst willAise questionnaires, interviews,A ndA
panels toAuildA  mArehensiveAistAenviron-A
mentaldroblems thatA  uldA umulatduringA
reparationA fAnEISAn the Castle MountainA
etdapA eachgbldAmineA roject,AtheAU.S.A
BureauAf Land Management (1990)A  mpiledA
wide rAngeAf infoAmAtioA intA listAfA tivitiesA
that,Aombined with theA roposeddction, mightA
roducedumulative effects (Chapter 3, TA ble3-A
1).A ForAeA hAA26AindividualA tivities,A
nticipateddimulative effects were identified fA rA
eachAf 12 resource issues.AThe status (existingA
rAroposed)if theseA dditionalA tivitiesdd theA
primary geographicalA tioeffects wereA  soA
isted.A

TheAnalyst willA sk these informationA
gathering techniques tokelpAlevelopA  mmun-A
ityArisionXA rtheAegionAwhenAheA umulativeA
effectA fAsuiteA f&tions willAestore resources.A
The Restoration PA for the Exxon Valdez OilA
SpillAin askaAnvolvedAidentifyingAmAnyA
individualA restorationA  tionsAthat,A whenA

mbinedAsA nA ternative,siouldAhaveAtheA
cumulative beneficialAffect Af mitigating naturalA
resource damAges resulting from the spill. ATheA
RestorationAPA nrequiredA nlextremelyshighA

evelAfA  rdinationAnongXederalA ndAtateA

gencies,As wellAsA mmercialfishermen,A
businesses,And Native AmericanA mmunities. A
The Restoration Team had the fdrmidable tAskAfA
determining whether theAumulative effectA fA
setA fA restorationA
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dptions (AnAlternative) would meet theAublic'sA
expectationsAArAestorationA fAresources.A ToA
mAish this,A s ientifiA nferenfeAnd mAnyA

ublicA meetingsA wereA held,A roducingA
"RestorationAFramework"AthatAservedA sA
séoping document under NEPA (EVOS TrusteeA
Council 1992, 1993). InA ddition,AquestionnaireA
wA sAllistributedAtoAtheA ublicA wgdh A
summAryA fthe draft Restoration PA @EVOSA
Restoration Office 1993)A sAmeansAf solicitingA

ublicA mmemntAtheA riticaldsuesA ddressedA
by the Restoration PA n.A
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CHECKLISTS

ChecklistsE nhelpAheA nalyst identifyA
tentialdnvironmentalAffectsbyA rovidingA
istAA mmonArA ikelyeffects.AChecklistsA reA
especiallyAvaluableAfArA nalyzingAumulativeA
effectsAbecauseAtheyAprovidel  formatl forl
juxtaposingl ultiplel ctionsl ndlresourcesknl
waykl tI ighlightslpotentiallkumulativekffects.A
CheAk istsA reA tentiA y d ngerAusAf r theA
analyst whoAises themA s shortcut toAhoroughA
scoping.A

The strengthAf heAk ists is thAt they struAA
ture theA nalysisand reduce theAikelihood thatA
majorAeffectsAwillAbeA verlooked;Ahowever,A

heAk istsA reAinA m ete,AtheyAm yA useA
important effects toke omitted. Because ftheA
standard hecklist format, checklists are moreA
repeatable thanAd hocAnethods. ATheyA  saA-A
videA meansA fA nciselyAesenting effects. AtA
thefssAmeAime,AhefsimplicityA fAheA hecklistA
format has disadvantages. checklist mA ybeA
eitherAn incompleteA  mpilaticofAffectsA rA
huge, AunwieldyA ist&vithAmA nyArrelevantA

effects. InAn ttem ttAbeA nprehensive, theA
hecklist mAyA sddad toAdoubleAounting" theA
sdAme effect under different headings.A

ManyAf these disadvantagesAreAvoided byA
developingA hecklistsfor specifickindsAfA ro-A
jects.A ChecklistsA nA soAeAsimplifiedAbyA

rganizingA tentialffects intoAeparate lists orA
hierAr hiA tegoriesXor each resource, e 0-A
system,And humanA mmunityAfA ncern.ToA
ddressA umulativeeffects,A hecklists need toA
incorporateA of theA tivitiesassociated withA
theArdposedA tiAnand therAast,hresent, AndA
futureA tionsifecting the resources. prom-A
isingApproach is toAise roject-specific checklistsA
(for e chrelevantA  st, resent, and futureA
tion) tA identifyA nd quantify effectsA nA
resourcesA ndthen transfer theseleffects toA
umulativeAhecklistAr interaction matrix (seeA
MethodA3).A TwoA rAmAre&ffectsA nA singleA
resource indicateA tentizlAnmulative effect;A
weighted effectsAan be summed tAindicate theA
magnitudeAf the effect.A
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EXAMPLES:

SpecificA hecklistshave been developed forA
many differentA  ssesfA tions(e.g., housingA
rojects,AsewageAtreatmentAfacilities,A werA
hiighways,A irports).ASeveral Afederal A
agenAes have stAndardAhe klists foA reA ringA
EISsA rAEAsA(e.g.,AU.S.ADOEA1994).A TheA
CAliforniaMepartmentAf Transportation (1993)A
has developedA hecklistAf 56Ayuestions thatA
must beAnswered for eAch state highwayAroject.A
Question5ApecificallyA ddressesA umulativeA
effects:A

Does the project have environ-
mental effects which are individ-
ually limited, but cumulatively
considerable? Cumulatively cons-
iderable  means that the
incremental effects of an individual
project are considerable when
viewed in connection with the
effects of past projects, the effects
of other current projects, and the
effects of probable future projects.
It includes the effects of other
projects which interact with this
project and, together, are consid-
erable.

This kindAf "simple" questionnaireAhecklistA
tstherelyA sA reminderAoAheA nalystA ndA
does not include supplementalAnformationA boutA
the likely kindsAf effects that mayArise. CanterA
nd Kamath (1995) have developedA  mpre-A
hensive, yet generic, questionnaireAhecklist thatA
ddressesA  theA umulativeA  effectsA

fArojects.A'Descriptive"A hecklistsAxpandA nA
theAheZk istA n e tbyinAuding informationAnA
meAsuringAndAredicting effects (CAnter 1996).
A morelelaborateAdescriptiveA hecklistAisAheA
environmentalA impactA mputerAsystemA
developedAbyAtheAU.S. ArmyACAnstructionA
Engineering LAboratory (Lee etA . 1974).AThisA
system identifiesA tentialkdnvironmental&ffectsA
frAm 9 functionalA reasAf ArmyA tivitiesdn 11A
broadAenvironmentalA  tegoriesAJainA ndA
KumarA1973).A ThisA mputerAystemA nA

roduceAhecklistsA fA tentialAffectsA risingA
fromAupAtoA2,000 ArmyA tivitiesA nAl,000A
environmentalAfactors.A TheA rganizationA fA

tivitiesAnd resources in the same tableA n-A

stitutesA nAnteractionAmatrixA sA riginallyA
devised by LeopoldA ndAthers (1971).A

ChecklistsA nA soBeAnAdifiedAoAncludeA
qualitative terms for edch identified effect, suchA
as "adverse"Ar "beneficial," "short-term"Ar "A ng-A
term,"A nd"noAffect"Ar "significant effect."ATheA
hypotheticalAumulativeAhecklist in TAble A-1A
usesA qualitative symbolAnA ethe usualA

heckmarknext tofachA tentialéffectA ntheA
ist.AlnAhisAexample,AheA umulativeAffectsA
umméflectsAtheAnumberA rAmAgnitudeA fA
umulativeAffectsAdentified XorAhatAresourceA
row.A More&ophisticatedAisesA fAhisAabularA
roachAre discussed in the mAtrices sectionA
that follows.A
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Table A-1. Hypothetical checklist for identif  ying potential cumulative effects of a hi ghway project
Proposed Action Other
Potential Impact _ ) N _ Past Present  Future  Cumulative
Area Construction Operation Miti  gation Actions  Actions  Actions Impact
Topography and * * *
Soils
Water Quality o * + * * * ok
Air Quality * * *x
AquatIC ** *%* + * * **
Resources
Terrestrial * * * *
Resources
Land Use * *k%k * * *%k%k
Aesthetics * Fkk + * o
Public Services * + + +
Community * * *
Structure
Others
KEY: * low adverse effect ** moderate adverse effect *** high adverse effect
+ beneficial effect O no effect
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MATRICES

MatricesE reAwo-dimensionalA hecklistsA
thatA ttemptAtA quantifyAtheAinteractionsA
between humanA tivitiesand resourcesAr eA -A
systemsA fA ncern.ATheyAwere designed toA

ssessAheAmAgnitudeA ndAmportanceA fAndi-A
vidualA interactiAnsAbetweenA activitiesA ndA
resourcesALeopoldAetA .A971)duthavetbeenA
extended&AoA nsiderthe umulative effectsA f
multiple ctions n resources (Bain etAl. 1986;A
StullAtAl. 1987; LaGory etAl. 1993).A

MatricesA  neA nnotquantify effects,butA
theyA reA usefulAmeansA fA resentingA ndA
manipulating quantitative resultsAf mAdeling,A
mapping,And subjective techniques.AOnce evenA
reAtive yA m exnumeriA d tA reAbtAined,A
matricesAre well-suited to&kombininglkhelvaluesl
inkndividualkellsEnkhelnatrix throughl trixl

lgebra)l tolevaluatelthel cumulativeleffectslofI
multiplel ctionsl onlindividuall esources,Ieco-1
systems,Andl umanl communities.I MatricesA
haveAheA dvantageAfAbeingAmathematicallyA
straightforwardAnd readilyAmenable tAinter-A

retationAbecauseA fAtheirAfamiliarAtAbularA
format.AMAtricesAreA mmonlyused in socialA

scienceAresearchA ndfhaveAtheA  tentialforA
inAresedA 1 tiAn inAsociA ndAeconomiA
nalyses.A

The vAues entered inA m trixA n tAkeAneA
of severaldorms. The analyst may elect toAimplyA
note theAresence or absence of an effect (i.e.,A
binaryZentry).A ThisfhasAhefenefitA baingA
strAightfArwArdA ndAreAdid understAndAb e;A
however, it fails toAote the mA gnitudeAfA

effectsAn vArious resourcesAnd does notA wA
the user toAralue resourcesAdifferentially (e.g.,A
thrdughAhe useA fnumeric weights). Thus,A
binaryApproach does not facilitateAnalyzing theA
umulativeAffectsA nA resource,AwhereAtheA
tivities haveA nsequencesAf varying degrees. A
A
Analysts may insteadAhoose toAcore effectsA
b sedAnfAt rssufh smAgnitude, importance,A
durAtiAn,Ar babilityAfA  urrencepk feasibilityA
fAitigation.A TheAraluefentered AmayAreflectA
some measurable VA ude.g., soilA ssmay beA
expressed in tons/acre/ year),Ar itAmAy reflectA
some relativeAanking f thefeffect. IthoughA
mpAxAveightings hemesA w theAuserAoA
rank resource effects, the results may be difficultA
forA thersAtA understand,A ndAheAweightingA
schemesAan be highly subjective. AWhen usingA
weighting schemes,A nalysts should&nunciateA
the rAnkingAriteriaAndA nsidewhether it isA
scientifically reasonable tA ttemptA numericA
mparisonAfA umulativeéffectsA nAlifferentA
resources.A

TheAmatrixA nceptA nheAextendedAtoA
include stepped matrices that display resourcesA
gainstother resources (Canter 1996).ASteppedA
m tricesAddress secondaryAnd tertiary effectsA
of initiatingA  tionmAd fAcilitate tracing effectsA
through the environment.AFor example,Action 1A
usesA hanges in resource A whichA  usesA
furtherAh nges in resource B.AStepped matricesA
reA nAtermediateAmethodAbetweenAsimpleA
matrices and networksAnd system diagrams (seeA
Method 4).A
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EXAMPLES:

Matrices were firstAformally proposed forA
environmentalAmpactA ssessment byAheAJ.S.A
GeologicalSurvey (Leopold etA .1971). SinceA
that timeA number f matrix methods have beenA
proposed forA nalyzing umulative effects.AOneA
suchA methodologyA isA theA C usterAlmpactA
Assessment Procedure (CIAP) developed by theA
FederalXnergy Regulatory Commission in theA
mid-1980s (FERC 1985, 1986a; RussoA1985).A
The methodology was developed specifically forA
use inAssessing theAumulative effectsAf smallA
hydroelectric facilities within single wAtersheds.A
The CIAP usesA matrix fér each resource (e.g.,A
salmon) onsistingof relative effect rdtings (onA
scaleAfromAl1AtoA5)A rranged®dyA rojectA ndA
resource&omponents (e.g., for salmon, spawningA
habitat, migration).AEach resource matrix tableA

ntainsAsummary&olumn that represents theA
sumAf effef rAtingsA r ssA mA nents fAr eA hA
project (Figure A-1). AnA veralldummary tableA
is then developed that presents the effectsA fA
eachArAeAAnA resAurfesAnAyzed. A

The CIAPAloes not incorporateArA nsiderA
theA ssibility f synergisticAnteractionsAmongA
projects that&ould result in nonadditive effectsA
on resources; the effectsAf individualA rojectsareA
simplyAdded together tAdetermineA umulativeA
effects. This short-comingAed tAmodification ofA
the methodologyAoAnclude interaction/effects.A
WithA theseA modifications,A  umulativeA
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effeAsAre viewedAs being equivalent toAhe sumA
fthe effectsA findividualA rojectsA usAnyA
interaction betweenA 1irs f rojects. ModifiedA
CIAP r eduresinAude theA rA h usedinA
the SA mn RiverAnd Snohomish River EISs forA
hydrAe eAtricdevelopment in those basins (FERC
1986b, 1987; IrvingA nd Bain 1993).A OtherA
mAtrixA methodologiesA thatA incorporateA
interaction effects have beenfroposed (Bain etA
. 1986; Stull&tA 1987; LaGory etA .1993).A
E h representsA further development f theA
rA h withA nA ttemAt tAm reA urAte yA
quantify cumulative impacts;Aonsequently, eA hA
suA eeding methodologyA ttainsA dditionalA
mplexity. A

The IntegrAted TAbular Methodology (StullAtA
. 1987; LaGory etA .1993) uses the sameA
matrixA roachA s Bain etA .(1986) butA
involvesA systematicAalbeit relativelyA mplex)A
methAd f quantifyingAnd developing interactionA
efficients. AT'A determineAinteractionA  effi-A
cients, this method requires identificationAf theA
impact zones fArA  rojects being evaluatedA sA
wellAs knowledgeAf the responseAf resAur es tA
environmentalA hange. A TheAmethodologyAisA
designed toke flexibleA ndcan useA wide vArietyA
fAdataA ndAmodels.A ForAexample,AtheA
methodologyAan use evaluativeA riteriasuch asA
effectA ratings,A habitatA suitabilityA indicesA
(USFWSA1980;ABoveeAl1982),A rAjuantitativeA
population models. A
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RESOURCE COMPONENTS
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Figure A-1. Example of cumulative impact computations for a target resource with three resource components

and two projects (FERC 1987).
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NETWORKS AND SYSTEM DIAGRAMS

NetworksEnd system diagrams reA te theA

mponentsfAn environmentalAr socialAystemA
inA  hainAnetwork)A rAvebAloopA rAystemA
diagram)A fA usalityAdAllow the user toAraceA

useAndAeffect throughA seriesAfA tentialA

inks.ATheyA wheAuserAtoA nalyzeAheA

mu tiA e, subsidiAry effe AsAf vAriAusA tiAnsAndA
trace indirect effectsAn resources stemming fromA
direct effectsA ndther resources.An this way, theA

umuA tiAnA f mu tiA e effeAsAn individuA
resources, ecosystems,And humanA mmunitiesA

nAeAdetermined.A NetworksA ndAsystemA
diagramsarebftenfhel nalyst'sbestinethodlforl
identifying the cause-and-effectkelationships thatl
resultEnkul ulltivekffects.l

Networks,A s,And system diagrams im-A

roveA nAtheAsteppedAmatrixA roachAoA
illustratingAtheArelationshipA mAngA  tions,A
effeAs,A ndAenvirAnmentA r sAi eAn miA
conditions by usingAomponent bédxes (or symbols)A

ndA inkageA rrowsA(denotingA rocesses).A
NetworksA nd system diagramsA nciselyillu-A
strateA interactionsA mAngA variablesA ndA
secondary effects. ACumulative effectsAre iden-A
tified whenever multiple sourcesAffect the sAmeA
resource,Ar whenAnultipleffectsA fthe sAmeA
sourceA ffectA resource (viaAndirectA thwaysA
throughA therAresourceA mponents).AWhenA
quantitative measuresAre included, effectsA ndA
theirAinteractionsA nsbeAevaluatedAusingA

mmonunitAf measurementAusually energyA

flow). The useA fA ommon séale distinguishesA
networksA ndAsystemAdiagramsAfromA therA
cumulative effectsAnalysis methods but requiresA
evaluating differentA  ssesfeffects separatelyA
(e.g., ecologicalAersus social Ampacts). A
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A By definition, networkA nalysisAroceeds inA
ny neAlireAiAn (fArwArd),AvhereAsA orA
system diagramsAllow feedbackAf informationA
utAut byAneA rtAfthe system toA nyAtherA rtA
fAheAsystem. ANetworksA soAssumeA strictA
hierAr hiA  inkageAnong system variablesA ndA
are thus notA bleAshowingA relationshipsA
m ng vAriAb es.AInA ntrAst, system diagramsA
reA specificallyA designedA toAillustrateAtheA
interrelationships (andA rocessA thways)AmongA
mponentsAnd thusAre mére realistic.ATheA
kAAnA  ropriatednitA fAmeasureforA
systemA mpartmentsA nAimittheA nalyst'sA
bility tA quantify system diagrams, but someA
success has beenA btainedby using the flowA fA
waterAr energy flowAsAommon unitsAf measureA
(GillilandAnd Risser 1977).A

ExpertfsystemsA nheMisedAoAmplementA

network analysis. Expert systemsAre simply setsA

f glA ru esthAt mirroAtheAn ysisArocessAfA

n expert in some field. ATAidentifyA umulativeA
effects,A nfexpertSsystemAvouldX1)AyueryAheA

nalystA boutA dditionalA tivitiesthatAmightA
affect the resource in questionAnd (2)&arry theA

redifed effeAs thrAugh knAwnA usA inks tA
revealA dditionalAsecondaryAeffectsA nAeachA
resource.A TheA ineAfAquestioningAwillAtakeA
differentA  urses,AlependingA nAtheAuser'sA

nswersAA questionsA ngtheAway.A TheA

rogramAusedAtoAworkAitsAwayAthroughAtheA
questionsA ndA nswersAsA edAAnferenceA
engine.A
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4
EXAMPLES:

Since the introductionAf networkAnalysis for
impactAssessment by Sorensen (1971), networksA
ndAystemsAdiagramsAhaveAbeenAuseful AforA

describingAause-and-effect relationships in both
naturalAnd human-dominated systems.AFigureA
A-2AillustratesAhowA umulativeAeffectsA nA
socioeconomicA nditiongAn be identified. ATheA
figure (modified from RauA nd Wooten 1985)A
showsAhowAtheAremovalA fAbothAhomesA ndA
businessesA (followingAfreewayA nstruction)A
umuA tive y resu ts inAn infAreAse inArA ertyA

taxArA tAtbeMtetraryA ettddtdA A
comprehensive network (Figure A-3) illustratingA
uses, perturbati ns, rimary/effects, andA
seA ndAryA effetsA reA tedA tA stA  z neA
developmentA wasA  reparedA forA theA

AustrAi n (CAmmAnweA th)A EnvirAnmentA
PrAteAiAn Agenty (1994).A

An exAm e ftheA seAfA sing&A tivityA
resu tingAinA umuA tiveAeffeAtsAnA sing e
resource through indirect effects is illustrated inA
Figure A-4 (Bisset 1983).AThis system diagramA
shows damage toAish spawning resulting fromA

erialA icationAAherbicidesAthroughAfiveA
differentA thwaysfesultingAnA wAlissolvedA
xygen nd high sediment stress.AlLow dissolvedA
oxygen isAaused by decreasedslankton growthA
nd inAreAsedA xygenconsumption from debrisA
utiamd erdsion; incPedsed sediment isA soA
caused by debrisA utiemd increased erosionA
fAllowing theA ssof riparian vegetation.A

PRIMARY SECONDARY TERTIARY TETRARY
Loss of residential Decrease in community Increase in property
property tax revenue residential revenue tax rate
Removal Reduction in com- Increased demand Increase in selling
of homes munity housing stock for housing price of available
Payment of relocation homes
expenses
Displacement of Change in local Increased space in
people school enroliment > local schools
Change in area Lower state subvention
population revenues
Loss of commercial Decrease in.community Increase in property
property tax revenue commercial revenue tax rate
Removal of Loss of sales tox / Increase in welfare
businesses revenue payments
L.oss of jobs —————-Increase in nunber Increase in unemployment
of unemployed benefits paid
|

Figure A-2. Example of an “impact tree” for new freeway construction in an established downtown business
district (modified from Rau and Wooten 1985)
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Aerial application
of herbicides
Water herbicide
contamination
Decreased growth} Food chain o
of algae, phyto- contamination in Loss of riparian Non-target

plankton, etc. water vegetation plant mortality
Decreased Increased Increased Food chain
dissolved water water contamination
oxygen temerature run-off on land

\ 4 * — ;
Damage Debris Increased Increased

. ;;g\\f/lrs\ir;]g pollution erosion flow

7
; A - 1 i ]

Incrs
de,?,ff;f on Increased Increased

dissolved sediment water yield

oxygen ,
=

Figure A-4. System diagram showing cumulative indirect effects of aerial application of herbicide on an aquatic

system (Bisset 1983).

sA rtAfthe Chesapeake Bay RestorationA
Plan,A  use-and-effect networkA nalysis wAsA
nductedduringA workshopA hargedAwithA
nalyzingA umulativeA effectsA nAtheA BAyA
(Williamson etAl. 1987).AThisA  roachlAd theA
workshopA way fromAA usingAndevelopmentA
tions(near the startA ftheA usalAhains)ArA
fishAnd wildlife species (near the endAf the effectA
chains) tAfA usingd habitatsAs the hubZof theA
use-and-effectAelationshipsA ntributingAA
cumulative effectsAn the BAy'sliving resources. A
ThisAnetworkA nalysisAwAsAnstrumental AinA
focusing theAumulative effectsA nalysisAn theA
appropriate ecological&oalsAnd remedialA tionsA
needed (Williamson 1993).A
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5

MODELING

ModelingisA  werfukechnique for quanti-I
fying the cause-and-effectkelationships leading tol
cumulative effects. ModelingAan take the formAfA
mathematical&quations describingA umulativeA
processes suchAs soilArosion,Ar it mAyA nstituteA

nAxpertMsystemAhatA mputestheleffectA fA
variousAroject scenarios basedA nA rogramA fA
gicaldecisions.A MAdelingAsA soAisedAinA
socioeconomicA  nalyses,A rangingA fromA
macroeconomic models tA mmunity-leveldemo-A
graphics (see Methods 10And 11).A

DevelopingA roject-specificAnodels requiresA
substantial resources nd time.AFor this reason,A
cumulative effectsAnalysis willAnost often useArA
modify existing mAdels. TheA  kfbaseline dataA

rAroject-specificdataA nA sdAmit the useA fA
sophisticated models. Nonetheless, modelingA
holdsA nsiderableA romise forA nalyzingA
cumulative effects.An general, the useAf modelsA
requires thatA nagency invest in (1) developingA
givenAmodelA r technique,A r (2)A btainingA
baseline dAtafor use inAn existing mAdel. TheA
short-term investment usually reapsA ng-termA
benefits inA nalyzingcumulative effects.An someA
ses,pheA nalystAmayAfindA directAmatchA
between the mAdeland theApplication tAexistingA
dAtA A ExA mA esA whereA
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cumulative effectsAre rdutinely médeled includeA
the fA wing:A

Air dispersion modelsA
HydrologicAegime modelsA
Oxygen sag mAdelsA
SoilArosion modelsA
Sediment transport mAdelsA
Species habitat mAdelsA
RegionalAconomicAnodels.A

Models thatA re eAsily defendedA nd generallyA
reA gnized in the sAentifiA mmunity shAu d beA
used.AThus, general models form the basis forA
most practicalAvork under NEPA, whereas moreA
sophisticated mAdels re often usedAnA se-by-A
sebasis.ARArelyAre models used toA mbineA
and evaluateAumulative effectsAf theAroposedA
ndAtherA tiAns.Al'ables nd matricesA rovideA
m reAstrAightfArwArdAmeAnsA f disA yingA
ternAtivesA ndAtheirA umuA tiveAeffeAsA nA
individual&esources. Nonetheless, it isA ssibleA
to developA n evaluative model that assignsA
resAurfestA mA rtmentsAnd quAntifies effectsA
ndAreA tiAnshiAs m themAtiA y.AGenerA y,A
theA ssumptions required by thisA  roachAreA
many, and theA ikelihoodf public understandingA
ndAcceptance isA w.A
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5
EXAMPLES:

Concern fArAir quality hasAroduced sA his-A
ticatedAir models that trackA and regionalA
emissiAnsA ndAestimAteA mbientAAumuA tive)A

utantAncentrations.A'heA riginaldubbleA
concept InA irA utiorontrolwas predicated nA
imitingAheA umuA tivefemissiAnsA tA siteArA
region whileA wirflpxibility in theA mountA
re e sed by individualAources. Figure A-5 dis-A
ys#ojected NO,, oncentration isopleths forA
theAumulative effectsAfAn existingA werA ntA
and theA wfposedAdditiAnof secdnd generdtingA
unit in Healy,  aska.This kindAf mAdelAutputA
can beAombined with mapAverlay techniques toA
revealA tentialA dverseleffectsA nAmappedA
resources.A

———

S D T

Figure A-5. Projected NO, concentration isopleths
for combined HCCP and Unit 1 emis-
sions, Healy, AK (Department of Energy
1993)
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WAterAyuality-basedAmodelingAisA notherA
roach#oA ddressingA umulativeffectsA fA
multiple discharges.fSpecifically, theA umulativeA
effectA fA utamiischarges intoA wAterbodyA
nAbeAdeterminedAthrAughAtheAwAsteA dA
tpoodedure under the NAtionalRollutionA
Discharge Elimination System (NPDES)AermitA
rocess. The wAsteloadAllocation usesA simpleA
equAtiAn tAiInA rA r te refeiving wAter di utin,A
bA kgrAundA  nlentrAtiAnsA fA utAnts,A
numericAvater qualityA riteriar whole eff uentA
t x1AtyAnfArmAtiAn, A ndleffAientAv umeA rA
disAh rges intoAhe streAm fA n ern.A

waste load allocation =

[WQC (Qs + Qe) - (QsCs)l/Qe

WQC = water quality criteria
Q. = upstream flow
Q. = effluentflow
C, = upstream concentration in toxic
units
ThisAvasteloadA tiomddel ssetsAheAdis-A

hargelimit soAhat theAumulative effect does notA
result inA hronictoxicity toAhe aquatic biotaAfA
the stream.AThe mostAommonly used schemesA
forAllocating wasteA  dsfmong dischargesA reA
equalA ercentAemoval,fequalleffluentA ncen-A
trations,AndA hybrid method (where theA riteriaA
for waste reduction may not be the sAme for eachA
point source).A

ConcernsAverA tentialAimulative effectsAnA
quaticAesourcesAresultingAromAdecreasesAnA
dissolvedAxygen (DO)A ncentrationsAomptedA
theAFederalAEnergyARegulatoryACommissionA
(FERC) toAnodel the DO in river reaches encom-A
ssingA9A  tentialAydroelectricAgenerationA
sites in the Upper OhioRiver Basin (FERC 1988).
IthoughAitAisAwell AknownAthatAintroducingA
hydropowerA  rojectsA willA  ffectA DOA
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concentrations byAhanging theA mountAfAera-A
tionAthatAakesA eAlkxistingAdAmsAfromA
spillageAver the dam), theAumulative effectA nA
individualAiver reachesA ulddnly be determinedA
by developingA simulation mAdel(Figure A-6).A
ThisAmodelAfirstAdeterminedAtheA mountA fA

erationfirovided by the dams,And then deter-A
minedXheA hangeMmAOA usedAyAnstallingA
hydropower facilities.ATheA mountA fDOA ro-A
vided by dams was quantified by fitting field dataA
toA statisticalAmodel.A ThenA mathematicalA
modelAbasedA nAknownAbiochemicalA xygenA
demand (BOD)And hydraulicAharacteristics wasA
developed todletermine howAhanges inAerationA

tAachAlamAvhereydropowerAvasA roposedA
wouldAffect DOA ncentrationsAer the entireA
studyArea.AUltimately, the effectsA fAroposedA
hydropowerA rojectsdn DOAoncentrations wereA
analyzed underAppropriate flowA nditions,AndA
theAumulative effectsA fdifferentA ternativesA
(combinationsA fA rojects)A nAArgetAesourcesA
were defined.A

TheAumulative effectsAn speciesAfA ncernA
can be méddeled by quantifying specificAnortalityA
factors (e.g., entrainmentAf migrating species inA
the turbinesAf multiple hydrdpower faclities)A rA

sefisuitable habitat.ATheAumulative effectsA fA
micro-hydroAlevelopmentAn the fisheriesAf theA
Swan River drainage in MontanaAvas mAdeledA
usingAhefdullAroutA sAheA rimarysspeciesAfA
nceh.eatheA ndEnk 1985). and-type-A
basedAvatershedAmA delasAusedXolestimateA
futureAumuA tive sedimentA dsresu ting frAmA
ombinationAf férest managementAnd micro-A
hydrodevelopment scenarios.Al'he relationshipA fA
sedimentA dAoA substrateA qualityA wAsA
determinedAnd the substrate quality sdore wasA
correlated with the numberAf bullArout. BasedA
nAheseAmodels,AtheA umulativeAeffectA nA
fisheries from sAenariosédontaining 4 toR0 micro-A
hydroA rojectsAwasAestimated. A WithinAtheA
drAinAge,A 7% reduAton in juveni e buA troutA
bundanceAwAsA ttributedAtoA forestA roadA
construction; 13% toR4%Aosses wereAredictedA
for micro-hydroAroject development.A

Truett etA (1994)Aoncluded that the bestA

approach forAssessing theAumulative effectsAnA
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wid ifeisX0XA usAnthe habitat factors thatA
ntrolfheAdistributionsA ndA bundancesA fA

<

o

|
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—p—— > - vmv -
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Figure A-6. Cumulative effects on dissolved oxygen
caused by hydroelectric development,
reduced spillages, and reduced aera-
tion at dams (FERC 1988)

wiAl ifeA  ulfions. The mAstA mmong usedA

modelsAf resource-habitat relationshipsAre theA
Habitat Evaluation Procedures (HEP; U.S. FishA
nd Wildlife ServiceA980)A nd Instream FlowA
IncrementalMethodology (IFIM; Armour etA A
1984) developed by the U.S.AishA ndWildlifeA
Service. AHEPAisesHabitatASuitabilityAndexA
(HSDAmA delsd rovidedstimatesA fAabitatA
quality (Schamberger etAl. 1982; Hayes 1989).
An HSI is developed for each species byA ggre-A
gatingAfunctional AvaluesAforAspecificAhabitatA
rametersknownAtoAsupportAtheAspeciesA fA
interest. HSI models haveA sdfeen developedA
fAA fewAnimA mmunities suhAs thAse fAundA
in shelterbelts (Schroeder 1986). ATheAumulativeA
effectA fmultipleA tivitiesAnA speciesA nbeA
determined by estimating the numberAf hAbitatA
units (combined HSIs fér each habitatAvailableA
tA theApecies)A ffected inAheA rea. AHEPA ndA
IFIM models provideA  mmon urrency (habitatA
suitability) thatA nbe debited byA wide vArietyA
f umuA tive effedts. A
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ModelsAre routinely used toAssess regional A
economicleffects. A WhenAtheAneedAtoAincludeA
socioeconomicAonsiderations in NEPA analysesA

rose,AheAJ.S. ArmyAlevelopedAheEA nomicA
Impact Forecast System (EIFS)A sA model thatA
(1) was based in sound theory, (2) wasAccepted byA
theAsAientificA mmunity,A ndA3)A uldéseA
readilyAvailable data. EIFS is discussed in mAreA
detail in the sectionAn EconomicAmpact AnalysisA
(Method 10).

Although theArimary useAf médels inAumu-A
lative effectsAnalysis is tAquantifyA use-and-A
effect relationships,A timizationAd simulationA
modelingA nAbeAusedAtoAevaluateA mongA

ternativesAAgainstA predefined setAf goals.A
Optimization methods (suchAs linearArogram-A
ming)A ddressA umulativeAffectsbylexplicitlyA
incorporating multiple resourcesAnd seekingAnA
timumAevelAr eAch resource relative toA rojectA
bjectives. Methods range from simpleA gebraicA
equationsAhatA reAolvedXorAvAriablesA fAetA
ranges to&Aomplex versions including nonlinearA
functions,A yersfA timizations,Arobabilities,A
ndAstochasticAvAriablesAStullAetA  .A987).A
GrygierAnd Stedinger (1985) used this techniqueA
toA timizeAnergyA roductionAunderAheA n-A
straintsA fAthergoals including wAter supply,A
minimum flows,And reservoirfevels. SimulationA
enablesA theA ractitionerA toA modelA nA
environmentalA rAsocioeconomicAsystem,A ndA
simulateAheleffectsA fAariousA tionsAnAheA
system (as described by functionalAnteractionsA
among systemA mponentspder timeAnd space.A
ThisAsAhe most difficultA fAumulativeeffectsA
analysis methods, yetfotentially most rewardingA
because itAsA ble&AA roducing most nearlyA
whatA ractitionerA wouldA want—aA
decisionmaking tA A
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6

TRENDS ANALYSIS

TrendsE nalysisE ssessesAheAstatusA fA
resources, ecosystems,And humanA mmunitiesA
vertimeA ndusually results inAhe&raphicalA
rojectionofA stor futureA nditions. ChangesA
intheA urrenceAintensityAf stressAver timeA
nA shé determined.Al'rendsA nalysisprovides]
thel istoricalkontextEhatEskriticalkol ssessingl
thel cumulativel effectsI ofl ploposedl ctions.A
Specifically,AtrendsA nalysisA nA ssistAtheA

cumulative effectsAnalyst byA

m  Identifying cumulative effects pEob-E
lems.E WhenAtrendsA nalysisAlemon-A
stratesAhatA substantialA mountA fA
resource has beendost, it usually revealsA

umulative effectsfroblem that may beA
exacerbated byA dditionalA tions.AorA
example, historicaldleclines inA fisheryA
resource may indicate that the fishery isA
near the thresholdAfA

m  EstablishingE ppropriateEnviron-E
mental bEselines.EWhen dataA ntheA
current stateA fAresourceA refacking (orA
tooAdriable), trends dAtafan be used toA
describe the existingA ndition.Al'rendsA
informationA nA sd& used toAlevelopA
historicalAbaselinesA rAegionalAgoalsA

gainstAvhichAtoAevaluateArestorationA
efforts.A

m  ProjectingEfutureEcumulativeEef-E
fects.El'rendsA nalysisAan identify his-A
torical A use-and-effectArelationshipsA
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ulationA se.A

betweenAtressesA ndresourcesAr eA systems.A
CommonAumulative effects relationshipsAan beA
usedAtoA redictAutureAeffectsAwheneverAtheA
environmentalA nditionske similar. HistoricalA
trends mAyA safvealAhresholdA intswhereA

umulativeeffects become significantA rquali-A
tatively different.A

By documenting theAumulative effectsAn theA
nditionAresourcesAver time, trendsA nalysesA
have beenAisedA sA  nner$oA ssist with theA
orderly developmentA fdommunities (byAhartingA
theA urseAfAeA nomicdevelopment),A ndAhyA
wildlife managers tAdevelopAppropriate harvestA
guidelines (by recordingA  ulationsrends inA
species). ChangesintheA nditionof resourcesArA
ecosystemsAan be illustrated in both simpleA ndA
complex fA rms.A simple trendsAnalysis mightA
roduceA ine&raphA showingA decreasingA
numbersA fA nimalsAromA nnualfsurveys.A
Changes in habitatAattern might be illustratedA
withA seriesAfAigures,A rhA 3-dimensionalA
graphicAvhere theA mountAfAangeisA rtrayedA
nthe verticalA xis.AVideoAimulationsA nbeA
used toAhowA  mpledfanges in geographicArA
estheticAesources.A Time-seriesAnformationA
fromA erialAhotographsA sétellite imageryA reA
increasinglyAvailable for trendsAnalysisA rossA
the United States.A



METHODS

6
EXAMPLES:

Trends identified from ong-termdata setsA
greatly enhanceAhefevaluation f umulativeA
effects analyses on individual&pecies. For ex-A

m e, AtheAU.S.AFishA ndAWiAl ifeAServife'sA
BreedingABirdASurveyA(BBS)AhasAidentifiedA
declining bird4opulations that may beAt greaterA
risk frAm futureAumuA tive effeAs (RAbbins etA A
1986). As isAtheA
records,A dataA gapsA inA theA BBSA requireA

sewith mostA ng-termA

usingA dvanced statisticalAmethodsAo ensureA
ccurate interpretationAf trends.Aln thisA se,A
roportional#rends for each survey route wereA
estimated ndthen weighted toAccount forA realA
ndAdataAinfluencesA(Figure A-7).A TrendsA
nalysesdf bird surveys have identifiedA numberA
f species with substantialdleclines in numbers,A
including mAny migratory songbirds (Atkins etA
al. 1990; Terborgh 1992).A

COMMON FLICKER

-

MEAN BIRDS PER ROUTE

1 1 I 4 L

L

L

L e 1 l L
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® = Eastern region

1966 &7 o8 69 20 7V 72 73 74 75 76 77 78 19
YEAR

W = Central region

IP68 &9 70 71 72 73 74 7S 76 7T 78 7Y

A = Western region 0 = Continental data

Figure A-7. Common flicker population trends (Robbins et al. 1986)
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Trends in theA bundanceAnd distributionAfA
habitatsAre one of the mést important indicatorsA
fA umulative&ffectsA roblems.A Figure A-8A
dramatically illustrates the trend toward frag-A
mentationAf férestedAreas in WiscAnsin (CurtisA
19564ited in Terborgh 1989). A recent study byA
the U.S. Army CArpsof Engineers, inA erationA
with U.S. EPA, FishA nd Wildlife Service,A ndA
NOA (1993),A ddressedistoricalArendsAnA
specialA quatichabitats f CAmmencement BAy,A
WA, AesultingXromAumerousAdredgeA ndAllA
tivitiessince 1877.AToA ddressAhangesAverA
140 years, the trendsA nalysis studyA mbinedA
histAiA iterAture with theAhAAerA hiAreArd.A
The useAfremAe y sensedAh t grA hiAimAgeryA
wedAalystsAA  mbineAneasuresA fAheA
realAextentA fAspoilAdisposalAwithAwrittenA
informationAn the volumeAf mAterialAredged,A
ndA roducedA  dramaticA illustrationA fA
downward trends in theA readf both intertidalA
mudflatsAnd marshes (Table A-2).A
A

.
* o 8p
1950

1902

Figure A-8. Cadiz township forest fragmentation
(Curtis 1956 cited in Terborgh 1989)
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MAnyAther examplesAf historicalA ssesAfA
wetlands have been reported by the U.S. FishA ndA
Wildlife Service's NationalAVetlands InventoryA
(NWI; DAhAetA . 1991).AnAddition toAdentifyingA
(andA quantifying)A thisA umuldtiveA effectsA

roblem, the NWI trendsAnalysis hasA roducedA
stAtisti®s (sufhA s theAremAiningA reAgeA fA
differentAvetlandsAypes)AhatA nBeMisedAoA

redict thresholds where future wetlandsA ssesA
willA ikelyAffectAvatershed Xunctioning.A TheA
"synopticA roach"AA umulativeA effectsA

nalysisA developedA byA theA U.S.A EPA
EnvirAnmentA ReseAr LAbAAAyin CAVA  isA
(LeibowitzAetA  .M992)A roposesAoAuseAthisA
informationA sA quantitativeA meansA fA

mparingdvetlandsA ssesA mongAvAtershedsA

nd determining where future wet A ndAosses willA

have the greatest effect.A

TrendsA nalysisA nA sbAusedtA nstructA
the envirAnmentA b se ine fA& umuAtive effeAsA
nalysis whenA dequate dAtaAn theAtateAfA
resourceA reA kingArAreAA variable.AForA
example,AsedimentA resdrawnXromA kesAA
estuariesA nA ftenheMisedAoA btainA mAreA
urateActureA fAhestateA fA ntaminationA
thanAan standard sediment samples. ALandingsA
fA mmercialdsh speciesAre notoriously vAri-A
ble,AutistoricalArendsA nAdentifyA ro-A
riatebaselineA  ulationlevels s targets forA
restoration efforts.A

TrendsAnalysis inAand disturbance haveA soA
been used toAstimate futureAumulative effectsA
basedA ntheA usalfelationshiphetweenA ndA
useAnd resource degradation.Al'ime-series dAtaA

ndA erialA hotosAllustratingArendsAnA ndA
disturbance in E khornSlough, CA,A verA 50-A
yearA eriodAvereAusedXoA redictAheleffectA fA
futureAresidential AdevelopmentA(DickertA ndA
Tuttle 1985).AInA ddition, theArendsA nalysisA

roducedA historicalArendsAArgetAhatAwasA
deemedAcceptable fdr finalAuildout ftheA rea. A
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Table A-2. Habitatloss b y historic period in CommencementBa y, WA
(modified from USACE 1993)
Total Lost Habitat (includes
Historical Records historical records and Acres Remainin g
Historic Period Habitat Type of Lost Habitat photo graphic evidence)
1877 -1894 mudflat 11 0 2,074
marsh 20 0 3,874
1894 - 1907 mudflat 208 605 1,469
marsh 41 415 3,459
1907 - 1917 mudflat 51 542 927
marsh 35 64 3,395
1917 -1927 mudflat 48 162 765
marsh 0 72 3,320
1927 -1941 mudflat 143 133 632
marsh 399 1,676 1,44
1941 - Present mudflat 105 412 187
marsh 1,557 1,587 57
TOTALS mudflat 566 1,54
marsh 1,052 3,814
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OVERLAY MAPPING AND GIS

Overlay mappingHnd geographic infor-E
mation systems (GIS) incorporateA tionalA
informationAintoA umulativeAeffectsA nalysis.A
SimAemA ingAh r terizesthesA tiA s e tsA

fAresources,Aecosystems,A ndAhumanA m-A
munitiesA ndAelpsAsetAthebAundariesAfAheA

nAysis.fOverAy mA ingA ndireX yevAu teA

umulativeAffectsbyAdentifyingA reasAvhereA
effeAs wiAbe the greAtest. AMA ingAnd GISA nA

soA ddressA  ncerns,AuchA sA ndscapeA

connectivity, thatAre difficult, if ndt imA ssible,A
toAddress withAther methods.AMA  verlaysAel
extremelylusefullforl nyl formloflvisuall epre-I
sentation.l

The most direct useAfAverlay maApping forA
nalyzingAumulative effects is "impact-oriented,"A
whereinA  mpositeAumulativeeffects mapAsA
roduced byA verlayingindividual &ffects fromA
differentA tifAns.&xAm esinAudetheA mbinedA
effectsAf bothAir depositionAnd wAter disfhargeA
fA ntaminantsfA  river,A sAwellA sAtheA
umuA tiveleffeAsA f mu tiA eA ndAusesAnA
forestedAwatershed. A TheAmAreA mmonAnA
verlayApproach, hAwever,Aombines thematicA
m psofdifferentA ndsape features tArate reAsA
rAresourcesA sA tA theirA suitabilityA fArA
developmentAr risk from degradation.Aln thisA
"resource-oriented"A  roach,Aimulative effectsA
in specificA reasAan be&ompared toAand suita-A
bilityAdeterminationsA(resourceA rlecosystemA
thresholds)AXorAthoseA reas.ATheAresultAsA
suitabilityAmA thatA mbinesdevelopmentA
rtunitiesAnd envirAnmentA nd sAi eA-A
nomicAonstraints (e.g., both endangered speciesA
habitatsA ndA ublicAransportationAroutes)AoA

disturbance rtheAreas where disturbance willA
have the greatest&onsequences (e.g., those thatA
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identifyA  rcelsAuitedAtoAeachA
(McHarg 1969).A

tivityfypeA

Resource-orientedAverlay mapping supportsA
theA  nningA roachfoA umulativeAffectsA
nalysisAndisA ftenAalled resourceA bilityA
nalysis.AResourceA bilityAalysisA nheA
used tA timize the integrAtiAn fA site's nAturA
ndA ulturalfeatures with various siteAlesignA
e ementsfRubensteinA1987),A rAoAminimizeA
wastefulness in resource utilization (McKenzieA
1975).A ResourceA bilityAnalysisAusesA
rtunity,A nstraint,A ndAuitabilityAnA sA
(Rubenstein 1987).A0pportunity maps generallyA
depictAonditions related tAfactors such/As soilA
typesAr topographicAkpes thatAre suitable fArA
development;&onstraint maps depictAreas thatA
fArArariousAreasons,AsuchA sAheA resenceA fA
wetlands, floodplains,ArAulturalAesources,A reA
notA nduciveAtoAdevelopment.A TheA ndA
suitability mA combines the information in theA
rtunityAndA nstraintsthapsAoAdentifyA
thoseAreas best suited for theA tivitiesA nned.A

Suitability rAtingséan be used tAexpress theA
responsesAf resources, ecosystems,And humanA
mmunities in theAbsenZe fmAre sophisticatedA
quantitativeA use-and-effect models (ContantA
ndAVigginsA1993).A WhereAtheseAsuitabilityA
ratingsA reAdasedA nAhresholdsA boveAvhichA
effectsheA ityftheA ffected resourcesAA
sustAin themse ves, the evAu tiAn is equivA entA
toA rryingA ityAalysis.Resource-orientedA
verlayAnA  ingAsuallyAdentifiesAheA reasA
mA sAtA sAeAnAsAiAtAiAvAe A tA

reAmost valued or have enduredAhe greatestA
stA sses).A



METHODS

Overlay mA sAndlind suitability maps haveA
rapidly evolved from handmade transparencies tA
GIS-basedA  mputerA verlaysAforA tentialA
problems see Bailey 1988).Aln the simplestA se,A
mapA yersA reAhandAdrawnA nAtransparentA
sheets and thenAver ain.E h sheet representsA

single mA yerA ntainingA ertain typeA fA
information. Within each sheet (orAverlay), theA
importance (or weight)Assigned todifferent dataA
categories is represented by the degreeAf shadingA
used. The shading seen whenA mA  verlaysA
are stackedAtop e ch ther reveals graphicallyA
theAverallAuitabilityAf differentA reaswithinA
the mApped region for theA
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user-definedA urA se.Aln the effect-orientedA

roaxh, d rker shAding magbe used toAdentifyA
areas subject toAhe greatestAumulative effectsA
(from multiA eA tans).A

UsingA GIS toAmA ement overl y mAppingA
wtleA nalystAoAelectronicallyA verlayA
n turA ndA ulturalXeaturesA ndA roduceA
composite maAps quickly (Johnson etAl. 1988).AnA
s meA ses, GIS mA s re derived directly fromA
satellite imAges usingA nddover interpretationA
gorithms.Like the userAf the mAnualtrans-A
arent mA overlay technique, the GIS userA nA
developAwveighted functions tA ssign numericA
weights to&ach mapA reafor groupingsAf gridA
cells) withinA mA yerSuch weights might beA
determined byAn expert in the field,Ar basedA nA
statisticalA ssificationdrawnAfromAfieldA
measurements.A
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EXAMPLES:

ExamplesAf the useA fdverlay mA  ingAdA
GIS tA nalyzeAumulative effects include bothA
the effect-orientedApproach (e.g., where twoA rA
moreA ntaminantdburcesA reAmappedA verA
singleAresource)A ndAtheAresource-orientedA
approach (e.g., where the mapA verlAsAre usedA
toA haracterizeA ndAreasAnAtermsA fAheirA
suitabilityAArAlevelopment). A TheAormerA -A

roachAsAypifiedbyAGIS-basedAgroundwaterA
analyses where multipleA umesAA ntaminatedA
waterAreA verlainAntheA quiferAf interest toA
determine theAumuA tive effedts. AM nyAtherA
resourcesA ndAecosystemsA haveAimportantA
geographical A haracteristicsA thatA mustA beA
considered inA nalyzing umulative effects. AForA
examA e, A verl¥AmappingA nAreveaA theA
umulativeAfragmentationA fA spatiallyA
ntiguousfhrestAcritical AA mAnyAnigratoryA
songbirds)AfrAmA tivitiesAsufhA sArA dA ndA
bui dingA nstruAti n.An the CofridAr Se ecti nA
Supplemental®raft EIS fér theA nstructionAfA
the chiartCArridorAHAhighwayAnearA
Elkins, West VirginiadWest VirginiadOT 1992),A
GISAnA  verlaysA roducedZstimatesA fAheA
mountdf forest fragmentation, reduction inA reA
f restAreaA nd spatiA contAt f onstruAtonA
with remote habitatAreas.A

The resource-orientedAverlay mA  ingA -A
proach is&ommonly used toAelect theA referredA
developmentAption (e.g., the right-of-way routeA
that minimizesAumulative effectsAn resources,A
ecosystems,A ndAumanA mmunities).AnfisA

ssiblasignIWithiNature, lan McHarg (1969)A
described the useAf mA overlays forA  nningA

stalklandAdevelopment,Ahighways,A enA
spaceAnAPhiladelphia, Asuburban/growthAnearA
Baltimore,A ndAseA nAStatenAlsland,A ndA
regionalA developmentA roundA metropolitanA
Washington, D.C.AIn the highway developmentA
example, he usedAverlay maApping toAletermineA
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"minimum-social-costAlignment" toAeplace theA
riginallyAroposed highwayA rridor.A

MAsterA  nsAftenuseAesourceA bilityA
nalysisAA ddressAheA umulativeleffectsA fA
mu tipleAtions. The resourfes tAbe inchided inA
theA bilitgAalysis dependAn theA tivitiesA
beingAundertaken,A ndA nalysesArangeAfromA
mprehensiveAssessmentsAfA  hysical, bio-A
giA JAnd sAi eAn miAfA t rs inA regiAnA
nningAreAtA imitedAnAysesAf theA tentiA
for sediment runoff related toAhe shpe, soil,A ndA
ermeAbility fA givenA  dfA ndFor example,A
verlaysA fA site'sAA  graphiddaturesXe.g.,A
geology, soils, sA  @Ad vegetation)Aan be usedA
t designateAreAs whereAonstruAiAnwill notA
ntributetA umulative runoffA roblems (i.e.,A
soilsAwithA  wArosionA tential).A OverlayA
mA  ingisA soAriticaltA nningA nflictingA
land uses, suchA séombat trainingA tivitiesAndA
naturalAresourceA  nservationA nAmilitaryA
installations.AThe intersectionAf impactA reasA
(e.g.,Aircraft flight&orridors, tank maneuvers,A
rgeAveaponAfiringA reas,A rdinanceAmpactA
reAs)And sensitive envirAnments (e.g., wi d ifeA
refugesAnd endangered species hAbitats)éan beA
determinedA throughA verlayAmA ingA sA
HlustrAtedAnAFigure A-9AprAduciArAmAnA
rchives,ADepartmentA fAheMANavy,ANaval AirA
Station Patuxent River, MD, 1996).A

Overlay mappingAnd GISA nA shéusedtA
documentA  stA umulativeAeffectsA ndAhelpA
predict future effects. AWAlker etAl. (1987) usedA
remotefsensingAdataA ndAGISAA evaluateAheA
indirectfeffectsA fAilfieldAdevelopmentAnAheA
PrudhoeMay0ilAield, aska. AerialA hoto-A
graphsArevealedAsurfaceAdisturbanceAfloodingA
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ndAhermokarst)extendingdeyondAheA reasA
directlyAffected byA nstruction. These unanti-A
1A tedeffectsA nfrozenA rcticAoilsA nd thaw-A
ke#etlandsA nstituteAnAmportantA umu-A
tivedffectsA roblemXorA ilAieldA tivities.A
OverAy maA ingA f theAsA tiA rA ertiesA fA
reas (e.g.,Avegetation,A mountAfA enwater,A
ndAd surface form types,And soilAype) whereA
these indirect effects were mAreAronouncedA nA
be used todredict futureAumulative effectsA ndA
betterA  mksourcefextractionAnAhisAragileA
ecosystem.A

TheA romiseAfAGISA sA tA forAsolvingA
cumulhtive effectsfproblems is evidenced by theA
rdpid yincreasingA icationsAGIS tA ndA
mAnagementA fAfArestsASampleA1994)A ndA
wetlandsALyonA ndAMcCarthyA1995).A JerryA
Franklin (1994) states that GIS may be the mAstA
important technology resource managers haveA

cquired in recent memory.MHeAredicts that GISA
willA beA invaluableA inA (1)A inventoryA ndA
m nitAring, (2) mAn gementA nning, (3)A 1 yA
setting,X4)Aesearch,A nd45)A nsensualdeci-A
sionmAking. In muchublicized example, theA

Somerset County, Ml)i

Legend
Military Training Route
|:w¥1ight Corridor A B Bald Eagle Habitat
[_]Ftight Corridor B L.} Wildlife Refuge

Scale

w*i
1:400000 M

Figure A-9. Hypothetical intersection between aviation flight corridors and environmental resources near a typical
U.S. military installation (Department of the Navy 1996)
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resolutionA fAtheAPacificA NorthwestA forestA
controversy would have been impossible withoutA
GIS. Only when GIS wAsdombined with remoteA
sensingAnformationAvAsAheA tualAxtentXArA
k)Ald growth férest determined.APerhapsA
more importantly, vArious scientificfanels wereA
charged with developingAnd evaluatingA tern-A
tivesXorA rotectingA  te-successionalforestA
ecosystemsA ndAssociated species (e.g., northernA
spottedA wl). Only whenAn effective GISA -A
bility was developed, was itA ssibletAdisplayA
ndAnodifyAtheA ternativesAeforeAdecision-A
makers (including Congressionaldelegations) sA
that reasonableA nsensusfdould beA hieved.A
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CARRYING CAPACITY ANALYSIS

Carrying capacityE nalysis derives fromA
the fA t that inherentAimits,Ar threshAds, existA
forAmAnyAenvironmentalA ndAsocioeconomicA
systems.A CarryingA ityAAhelecologicalA

ntextsHefinediskhelhresholdbfktressbelowl
ichl populationsl nd ecosystemfunctions cdin bel
sustained.AInAhefsocialA ntext,AheA rryingA
ityfAregion is the sumAf humanA tivitiesA
thatAan be maAintained whileAroviding theA evel A
of services (including eA gicsdtvices) desiredA
bytheA  ulace When cumulative effects exceedA
theA rryingA ityMA resource, eA system,A
ndAumanA mmunitytheA nsequencesAreA
significant.

AsA methodAforAevaluatingA umulativeA
effects,A rryingA ityAnalysisAservesAtoA
identify thresholds for the resourcesAnd systemsA

fdoncern (asA nstraintsh development)A ndA
provide mechanisms tAmonitor the incrementalA
useA fAunusedA
nalysisAbeginsA withAtheAidentificationA fA
tentiallylimiting factors (e.g., the supplyAfA
water inA desert riparian eA system).Mathe-A
matical&quationsAre then developed toMescribeA
theA ityfthe resourceAr system in termsA fA
numericalA imits(thresholds)Amposed by eachA
imitingAfactor.A InAhisAway,A rojectsA nBeA
systematically evaluated in termsAf their effectA
nAheAremainingA ityfA imitingfactorsA
(ContantAnd Wiggins 1993).A
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ity &L ArryingA ityA

CarryingA ityAalysisAan be especiallyA
useful XorA ssessingA umulativeAffectsAnAheA
following situations:A

InfrastructureA ndAublicfacilitiesA
AirAnd water qualityA

WildlifeA  ulationsA
RecreationalAiseAf naturalA reasA
Land useA nningA

TheAdeterminationA fA rryingA 1ty dA
straightforward fArAublicfacilities suchAs wAterA
supply systems, sewage treatment systems,A ndA
trafficAsystems. A reservoirA nA nlyhipplyA
water tA finite numberAfAonsumptive users. AnA
theA  seAfA irA nd#vaterAqualityA  ntrolA

rogramsgdiatutoryA 1imitéA mAandards)A reA
regulatory thresholdsAf theA rryingA fAtyA
wAwater in the regionAf interest.ACumulativeA
effectsA  befestimated throughA hysicalA ndA
mathematicalAnodelsA ndhenA mparedthA
theseftandards.AUnlikefAengineered&systems,A
thresholds involving subjective human uses mustA
be basedA rmgoal-oriented statementsA fAublicA
inionAdA mlk beAbtained throughA  inionA
survey informationAr the scopingA rocessSuchA
thresholdsAincludeAtheAdegreeA fénjoymentA
btaineddomA recreationalfexperience.A InA
naturalAystems, theA rryingA fweN-A
studiedfopulations (usually game species)Aan beA
dequatelymodeled, but theA f wphleA
ecosystems tAwithstandAnd recover from stressA
(i.e.,AtheirAresilience)AhasAyetAtoAbeAmodeled A
reciselyA ndA tBestAisAexpressedAinAgrossA
robabilistiterms (i.e., theA ikelihoodfA set ofA
eventsA urring).A
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EXAMPLES:

The air and wéter qualityA riteriaArovisionsA
fthe C eanAir ct and Clean Water ctA
respectively,A representA  rryingA ityA

approaches todealing withAumulative effects (asA
opposed toAest available technologyA  roaches). A
Under the C eanAir ct AmendmentsAf 1990,A
statesAmeasureAtheA umulativefffectA fA
sourcesAn theA ncentrationXAirpollutants inA
specifiedAttainmentAreas using regionaldnodels. A
New stationary sourfesAre notpermitted if theyA
redetermined tA use,in theA ggregate, theA
ncentrationXA utantAoncern tAexceedA
its standard (theAresumedA rryingA ity
the rea). Similarly, totalnaximum dailyA  dsA
(TMDLs)AreA u ted fAr wAter bAdies refeiv-A
ingA intdnd nonpoint dischargesAsA rtAftheA
NPDESA ermitA rocessAtoAensureAthatAtheA
cumulative effectsAn water quality dAnot exceedA
theAssimilatioAA ityAf the refeiving waters.A
If theAumulative effect remains below standards,A
itiesre ndt exceeded,AAnd newAroposalsA
can beAuthorized (ContantAnd Wiggins 1993).A

WiAl ifeA ndAisheriesAn n gers h ve beenA
nducting arryingA itgnalyses for mAnyA
years (Smith 1974).Apecifically, mAnagers hAveA
used the maximum-sustained-yieldA ncepttoA
determine theAmountAf harvestAf fishAr gameA
populations that willAot result in deteriorationA fA
theAopulation (i.e., not exceed theA ityf theA
ultion to renew itself). The U.S.AForestA
ServiceAdevelopedA Managementl Recommen-1
dationsl forl thel Northernl Goshawk inl tlel
Southwestern United Statesb sedAntheA n ernA
that the goshawk,A forest habitat generalist,A
may be experiencing decliningA  ulationsAndA
reproduction associated with tree harvestsA ndA
therfactorsA ffectingtheA rryingA ityM
western forests (ReynoldsAetA 1992).ATheseA
guide ines wiAbe used tAdeveA n tiAn f restA
nafdAtheASAuthwesternRegionAthatAwillA
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maintainAthe forestAcarryingA apacityA(i.e. A
specific habitat ttributes and important preyA
species) needed toAustain goshawkA  ulationsA
desAiteA theA umuA tiveA effeAsA f humAnA
inf uenfesAnd nAturA erturbAtiAns, inAudingA
ssAAnherbaceousA nd shrubby understory,A
reductionAnAheA mountA fA derfArests,A ndA
increasedA reasAf dense tree regeneration.A

ManagersAf naturalA reasA sAempldy theA
rryingA itydncept toA reventA rksAndA
other recreationAreas from becomingA verused.A
TechniquesAusedAolevaluate theA umulativeA
effectsA f recreationA icationsgnvolve useA
thresholds (i.e., standards) basedAn socialAaluesA
(e.g.,A rtunitiefor solitude)A nd ecologicalA
factorsAe.g.,A resenceA faareA ndAndangeredA
s e ies).A TheAreAreAtiAnA  rryingA ityA
n e t isAexpli ity inkedAt theAn tion ofA
n ndegradation, whereAurrent&onditions setA
baseline r standard fér environmentalduality.A
For example, Forest Service researchersfaveA
devised the LimitsAf Acceptable ChangeA rocessA
for settingAnd mdénitoring recreationalA rryingA
ityin  wildernessA rea (Stankey et 1A
1985). The U.S. Army CArpsof Engineers (1993)A
addressed both the socialA rryingA itgndA
theAresourceA  rryingA 1ityAAAtheAFoxA
wAterwAy in TA inoisdit developedA ermittingA
iy guideAnesAf r theA reAA B sedA nA
definition fwhengeople feelArowded, the socalA
rryingA ityAvAsAdeterminedA tA beA
roxim#fely 854 boatsAnd 236 jet skisAn theA
enareas fthe waterway.ABased on waterA
quality definition that usedA thresholdAf wAterA
rity needed for vegetation growth, the resourceA
rryingA itywas determined t beA350A
ruising bA ts (i.e., the number thAtA u d use theA
deeper waterAreas that did not support sensitiveA
vegetation).A
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C rryingA ityAnalysisisA riticA artAfA
land useAlanning for sustainable development.A
Ideally, knowledgeAftheA rryingA ityf nA

reafrovides the basis for developing suitabilityA
maps toAuide future growth (includingA roposedA
federalA rojects).A WhenA iedoAhumanA
mmunities,A rryingA ity#n be definedA sA
"theA bilityAfAnaturalAr man-made system toA
bsArbA ulationA growthA rA hysicalA
developmentAwithoutAsignificantAdegradationA

r breakdown" (Schneider etAl. 1978). AsA rtAfA
mprehensiveA  nningforASAnibelAlsland,A
F ridA ndA  bilityAnalysis wAsconducted tA
determine theAumulative effectsAf developmentA
tiAnsA n theSstruAureA ndAunctions f theA
ecological&ones of the island (Clark 1976).AThisA
nalysisA edA toA mArehensiveAsetA fA
management guidelines basedA ntheA rryingA
ityf these naturalAystems for sustainingA
hum#an deveA ment. Figure A-10 illustradtes theA
mbinationsA fA ulationAnumbersA ndA
ulationdensityAthatA reA ssibledvithoutA
exceeding theA rryingA ityAinterior wet-A
lands tA ssimilate runoff from developedA reas.A
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Figure A-10. Sanibel Island, Florida population versus runoff assimilation capacity (Clark 1976)
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ECOSYSTEM ANALYSIS

EcosystemAnalysis involvesAonsidering theA
fullAAngedf ecologicalAesourcesAnd their inter-A
tiAns with the envirAnment. AThisA rA hA nA
improveAumulative effectsAnalysis by providingl
thél bloadl egionall perspectivel ndl olisticl
thinkingl neededl tol ddressl thel followingl
cumulativekffectslplinciples:A

®  Focus on theEesource oEecosystem.E
EcosystemAnalysis specificallyA ddressesA
biodiversityA ndAisesAheXullAAngeAfA
indicatorsAf ecological Aonditions rAngingA
fromAtheAgeneticAtoAspeciesAtA
ecosystem toAegionalAcosystem levels.A

m  Use natural boundaries.EEcosystemA
analysis uses ecologicalAegions, suchA sA
watershedsAnd ecoregions, toAncompassA
ecosystemAfunctioningA ndA ndscape-A
scaleA henomenaA suchA sAhabitatA
fragmentation.A

®  AddresskEesource orlBcosystem sus-E
tainability. The ecosystemApproach toA
managementAexplicitlyA ddressesAheA
ecologicalAinteractionsA ndA rocessesA
necessary toAustain ecosystemA mposi-A
tion,Astructure,A nd&unctionAAdAHA
CommitteeAn EA systemManagementA
1995).A
A
Traditionally, environmentalAmpactAssess-A
ment hasA nsidereddr quality, water resources,A
wildlife,A ndhumanA mmunitiesAsAeparateA
entities forA nalysis. This separationAf resourcesA
hAsA bsAuredA mAnyA umuA tiveA effeAts.A
RecognitionAf theAnterconnectednessA fA nd,A
water,A nd humanAresources has driven manyA
federalA ndAtateA genciesAoAundertakeleco-A
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systemA rAwAtershedA  rA chesAtoAenvir-A

nmentalArotection. Since 1991, the U.S. EPA
(1996) has embraced the watershedA  roachZsA
the m#&jor mechanism fArAddressingcumulativeA
nonpoint-sourceA utiofAecificA icationsA
includeAwAtershed-based ATMDLsA(U.S.AEPA
1994)And the "watershedA nalysis"Approach toA

ddressingA umulativeAffectsA ndAmprovingA
resourceA managementA nA timberA ndA
(WashingtonAStateADepartmentA fANAturalA
Resources 1992; RegionalAnteragency ExecutiveA
Committee 1995).A

By its nature, biodiversity&onservation isA
umulativeAffectsAissue.A BecauseAitAencom-A

ssesA thesstructuralA ndAunctionalA m-A

nentsAfthe biologicalZenvironmentAand itsA
interactionsAwithAtheA hysicalAvorld),Abiodi-A
versity isA nstantlygffected byA wide rangeAfA
stresses.A ForAthisAreason,AtheAgoalsA fAio-A
diversityA nd ecosystemA rotectionA re usuallyA

incidentAvithAthoseA fA umulativefeffectsA
analysis; therefore, theAnalyst should employA nA
ecosystemApproach whenever biodiversity iSAnA
issue.A

PrinciplesA fAtheAecosystemA roachAreA
includedACEQ’sA(1993)Areport, Incorporatingl
BiodiversitylConsiderations IntolEnvironmental
mpactIAnalysisIUnderltlel NationalIEnviron-1
mentallPolicyIActKsee box)And the InteragencyA
EA systemAManagementATAskAFArce’sA1995)A
report,A Thel Ecosysteml Approach:I Healthyl
EcosystemsI ndISustainablelEconomics. TheseA
rinciples involve three basicAoncepts: (1) takingA
"bigA icture"A rA ndscape-levelAviewA fA
efosystems, (2) usingA diverse suiteAf indicatorsA
includingA mmunity-levelAnd ecosystem-level A
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indices,A ndA(3)A ddressingAtheA myriadA
interA tiAnsAm ngeA giA m nents thAtA
reneededMAolsustain eA  systeffunctioning. A
Applying the eA systemsdproach toAkumuA tiveA
effects analysis entails using biologicalAndicatorsA
(e.g., indifesAf biAiAintegrity fAr surfA e wAters;A

EPA 1990)A antegratorsAfAumulative effectsA
ndandscape indicesXe.g.,Aatch distributionA fA
wetlands; PrestonAnd Bedford 1988; Leibowitz
etA  A992)A sAmeasuresA fAheA umulativeA
diminutiAn f e osystem functioning. NaturalA
resource gencies may soon be able tA rovideA

KaAr A 1991; A Uu.S. A guid e A n A ssessingA ndA mitigatingA
environmentalleffectsA tAheAeA systemAevelA

(Truett etAl. 1994).A

PRINCIPLES OF BIODIVERSITY CONSERVATION
(CEQ 1993)

1. Take a "big picture" or ecosystem view.
2. Protect communities and ecosystems.

3. Minimize fragmentation.
Promote the natural pattern and connectivity of habitats.

4. Promote native species.
Avoid introducing non-native species.

5. Protect rare and ecologically important species.

6. Protect unique or sensitive environments.

7. Maintain or mimic natural ecosystem processes.

8. Maintain or mimic naturally occurring structural diversity.
9. Protect genetic diversity.

10. Restore ecosystems, communities, and species.

11. Monitor for biodiversity impacts.
Acknowledge uncertainty.
Be flexible.

A-38
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EXAMPLES:

ConstructingA recise modelsAf eA systemA
structureA nd function sometimes exceeds theA
bilitieNEPA practitioners.AConsiderableA
rogress,however, has been made inA
theArinciplesAf eA systemAnalysis tA nalyzingA
umuA tive effe/ts by extendingA nsiderAtiAnsA
beyond species tAthe ecosystemAnd byA
tA ndscape-scaleMocessesAsuchA sAabitatA
fragmentation.A

The mAstcelebrated example where eA sys-A
temAnalysis was used toAxtend theA nalysisAfA
cumuA tive effedts beydndA sing e species is theA
SupplementallEnvironmental mpactiStatementl
onlManagementbfIHabitatfforILate-Successionall

ndIOld-GrowthlIForestIRelatedISpeciesIWithinl
thelRangelofIthelNorthernlSpottedIOwlI(U.S.A
F rest Servi’e nd BureAu fLAnd M n gementA
1993).A ExpertA nels wereA nvened toA
determine theA ikelihoodAfmaintaining viableA
ulation©ofA omprehensive suiteAf speciesA
and groupsAf species basedA nAvailable habitat.A
AddressingA theA entireA eA systemAnvolvedA
nsideringterrestrial Xorest ecosystems (i.e.,A
mountsAfA te-successionalA ndA d-growthA
forestsAnd the viabilityAf species rdnging fromA
fungiAtA bats),A quaticAecosystemsA(habitatA
nditionsyiparianfeA systemArocesses),AndA
quaticAnd riparian dependentArgAnisms (e.g.,A
anadromous salmonids, resident fish speciesA ndA
subspecies,A ndA therA quatic, riparian,A ndA
wetlandArganisms). The U.S. Fdrest Service (inA
njunctionAvithAtheAU.S.ABureauA fALAndA
ManagementA  ndA FoodA  ndA DrugA
Administration)A  soAncorporatedAecosystemA
nalysisAntoAtheAPacificl YewIFinall Environ-1
ental mpactiStatementby defining the rA eAA
the PA ifigzew in the férest ecosystem (Figure A-A
11; U.S. Forest Service 1993). The umulativeA
effectsA fA harvestingA PA ificA yewA
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yingA

kingA

n federaldands in the Pacifichorthwest for tAxolA

roduction (for useA sA ancer treatment) wereA
analyzed in three different&ontexts: the PA ificA
yew itself (includingAtsAreneticAliversity), theA
forest ecosystem that supports yewA ulations,A
and the relationshipAf the yewAnd humanA m-A
munities.A

TheAeA systemAnalysisA roachidnple-A
mentedbyAheAFArestKicosystem AssessmentA
Team (FEMAT)AnN the spotted owl EISA soA

onsidered ecosystemA rocessesAffected by theA
umulativeA tiAnsAn andsAwnedAnd mAnagedA
by states, tribes,&orporations, individuals,A ndA
other nAnfederalAgencies. TheAnalysis includedA
nA quaticA nservationstrategy basedA ntheA
designationA fA&eyAvatershedsA ndAheAiseA fA
watershedA nalysis.A The Washington StateA
Department fNAturalResources (1992) recentlyA
ublishedA watershedA nalysisA mAnualA
inAudingA setAf tefnically rigorousAroceduresA
that&an be used toAletermine whatA rocessesAre
tiveinA wAtershed, how theseA rocessesAreA
distributed in timeAnd space, what theAurrentA
uA ndAd riA rianA nditioAsAre,And hAwA
f these factors influence edosystem servicesArA
therAbeneficial uses. A WatershedA nalysisAsA
being expanded toAencompassAtherA spectsAfA
theA eA systemA roachAtoA managementA
(MAntgAmery etA . 1995; RegionalAnteragencyA
Executive Committee 1995).Aln thefsynopticE
landscapeE pproachEtoA umulativeffectsA
nalysisA developedA byA theA U.S.A EPA
EnvironmentalA ResearchA LaboratoryA in
Corvallis,AOR,AtheA ndscapeAisAtheAunitA fA
analysis (Leibowitz etAl. 1992).ASynoptic indicesA
reAhosen from the fA wingAndscape-level A
meAsures:Afunction value, functionalA ssandA
reA ementA tential.ASubsequently, andscapeA
indiA tArsA reA hA senA sA
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. Important roosting habitat for
spotted owls and other birds

Habitat for canopy
invertebrates (e.g.
microspiders, pseudo @
scorpion, springtail)

. 9 Food for seed- eattng '
e birds and squzrrels

@ An important source
of winter food for
herbivores such as elk,
moose and deer, especially
Traditional during heavy snows
and new
human uses

Roles of the
Pacific Yew in
the Ecosystem

Figure A-11. Roles of the Pacific Yew in the Ecosystem (U.S. Forest Service 1993)
A-39
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first-orderA roximationsA fA theA synopticA
indices. ThisA  roachArovidesA framework forA
mparingheA umulativeeffectsA fA tionsAA
ndscapeAocesses suchA sflood storageA ndA
wildlife support.A

HabitatAragmentationAsA neAfAheAmostA
important ecosystem-levelgrocesses toA ddressA
in cumulative effectsA nalysis. ConcernsA boutA

tentialdimulative effectsAf hdbitat fragmen-A
tationAn biodiversityAromptedA supplementalA
informationAeportXAA the AEISA ndRecordA fA
Decision (ROD)Af the TrailLreek Timber Sale,A
BeaverheadANationalAForest, AMAntanaAU.S.A
ForestAServiceA1991).A TheAreportA ssessedA
habitatA ssfeffects,AedgeAeffects,A tchisizeA
effects, insularity effects (on geneticsAfA  ula-A
tions linked by hAbitatA rridors), nd effectsAnA
rare elements.ASpecifically, the report evaluatedA
theAimportanceA fAtheA reaA sA biologicalA
corridor between theAarge wildlandAreasAf theA
Northern ContinentalMivide, Selway-Bitterroot,A
ndAGreaterA YellowstoneA reas.A SimilarA
ncernshave been raised inA therAreas (e.g.,A
Klamath NAtionalKXorest; PAce 1990)And haveA
rompteddonsiderable research intoA ndscape-A
evelAdicators suchAsA bundancedr densityA fA
habitats,AhabitatA roportion,A tchAsizeA ndA
erimeter-to-areaA ratio,A fractalA dimensionA
(amountA flAedge),A ndA ntagionArAhabitatA
patchiness (HunsakerAnd Carpenter 1990; NossA
1990; O'NeillAtAl. 1994).A
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ECONOMIC IMPACT ANALYSIS

conomicEmpactE nalysisEatisfiesAheA
mandateAunderANEPA toA'...fulfillAheAsocial A
economicA ndgher requirementsAfAresentA ndA
futureAgenerationsA f Americans"A[NationalA
EnvironmentalRA icAct, Title I Sec. 101 (a)]. It
isI nl importantl componentl ofl nalyzingl
cumulativeleffects,Ibecauseltlel economicl ell-1
beinglofl locallcommunityldependslonl nyl
differentl ctions .AThe following effectsA re theA
minimumAthatA nfeconomicAimpactA nalysisA
should determine:A

change in businessA tivityA
change in employmentA
change in incomeA

changes inA  ulation.A

TheAhreeA rimaryAtepsAnA nductingAnA
economicAmpactA nalysisAre (1) establishing theA
regionA finfluence, (2) modeling theAconomicA
effects,A nd (3) determining the significanceAfA
the effects.A

A TheAefinitionA fAheAgeographicAegionA fA
influence AROI)AisA ftenA ntroversial. AMAstA
regionalAnd urbanA nalystsArefer toAiseA func-A
tionalA reaA nceptfhrAddefiningAstudyAegionsA
(FoxAnd Kuman 1965).ARegions defined in thisA
waylexplicitlyA nsiderthefAeA nomicAinkagesA
betweenAtheAresidential A ulationAndAheA
businesses in the geographicArea. Specifically,A
theAffected region should includeA of the self-A
sustaining ingredientsAf region-localAusinesses,A
government,A ndA ulationA
(ChalmersA nd AndersonAl977). lthough/AA
standard methodology exists, the definitionAfA
ROI shouldA nsiderresidenceA tternsAf theA
ffectedA
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ulace, A

vailabilityA fA shoppingA rtunities,A
"journey-to-work" time for employees,A ndA
ustAmsAndAu ture.A

Economic modelsAre invaluable fArAnalyz-A
ingAumulativeZeffects. ATheAsuiteA fAA nomicA
modelsA nAvaryAfromAsimA eAoA mAexA
(RichardsonA1985;ATreyzA1993). AsA rule,A
economicAnodelsAre setsAf mathematicaldqua-A
tions that represent the interactionsAmong theA
integralA mponentsAthe regional&conomy; theA
modeled relationshipsAre based upon economicA

rincipals that haveA ngdistoryAfA  uracyA
and use.ADataAoAdrive" the mAdelsAre critical A
toA erformingAn impactA nalysisAndA quiringA
dataAsAften theAimiting factor fér theA nalyst.

IthoughA theyA reA focusedA nAeconomicA
relationships, economicAnodelsAan incorporateA
demographics. Ultimately, economicAnodelsAreA
used todroject effects under eachA ternative. A

Once modelAffectsArojectionsA reAbtained, A
dditionalfools, suchAs the rAtionalghresholdA
valueARTV)A ndAheAfArecastAignificanceA fA
impactsAFSI)A  roaches,A nArovideAimelyA
ndAost-effective evaluationsAf the significanceA
fAheseffect AHuppertzA ndBloomquistA993).A
TheseA nalyticalAoolsAreviewAtheAhistoricalA
trends fér the defined region&nd developAnea-A
suresAf historicalAluctuations in salesA tivity,A
employment, income,A ndA  ulation.This useA
ftime-series dAtaArovides theA nalyst withA
historical A ntextthAvhichAA evaluateAsignif-A
icance.AThe useA feconomicAmpact models inA
combination with the RTVAnd FSI techniquesA
hasAroven successfulAnA ddressingcumulativeA
economicAmpacts.A
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EXAMPLES:

Three kindsAf modelsAre mostAften used inA
economic impactAnalysis: economichase mAdels,A
input-output models,A nd econometricAnodels.A
The under yingAssumAtiAn f neAn miAb seA
modelAsAhatA hangesAnA regionalfeconomyA

urA sA resultA fAhangesinAheA mountsAfA
goodsA ndAervicesAhatA refoldA utsideAheA
region. The eA nomibase mAdelis basedAn theA
bifurcationAf the regional&conomy intoAbasic"A
nd "non-basic" sectors.ADefined simply, basicA
sectorsA roducefgoodsA ndsservicesAthatA reA
generallyA nsumediitside the regionAnd non-A
basicAectorsAroduce goodsAnd services thatAreA
consumed within the region.ABasic sectors&an beA
identifiedA byA surveyingA firmsA ndA
households toAletermine where theyA urchaseA
theirAgoodsA nd&ervicesA rAbyAheA'location-A
quotient"AtechniqueA(IssermanA1977),AwhichA
measures the extent tAwhichA sector isAnoreA
concentrated within the region than within theA
nationA sA whole. A TheA tion-quotientA
ssumesAhisAexcessA roductionAisAexportedA
outside the region.A

Input-output médels (MillerAnd Blair 1985)A
explicitlyA nsiderfheAinterrelationshipsAbe-A
tween different sectorsA fAregional&conomyA ndA
howAtheseAinteractionsA ffect#heA rocessA fA
eA nAmiA hAgesAwithinAtheAregidn.A InAut-A

utputfodelsA rovideAmoreAinformationA nA
economicAransactions byAector withinA
economy thanZeconomichase models, but theyA
require mére dAta. Regional&conometric modelsA
(GliAkmanA1977;ATreyzA 1993)ArepresentA
compromise between economichasednd input-A

utputAnalysisinAermsA fdataAequirementsA
and informationAroduced. Econometric modelsA
are usually statistically derivedAnd draw uponA
survey-basedA data,A traditionalA regressionA
tedhniques,A ndA therAstatisticalA tools.A
fluctuations in the subject regional&conomies,A
respectively.A TheAAtalA ggregateA hangesAnA
business volume, employment, income,A ndA -A
ulation (fourAf the mAdelAutputs)Are then usedA

A-44

Econometric models use time-series dAtafA showA
theA tternAf effeAs due tA utside inf uenfesA
verA eriodAfAyears. AsA result,AregionalA
eA nometricAnAdelsA reA betterA suitedA fArA
redictionsAfA ng-runeffects. AUnfortunately,A
ocal-time series dAtaAreAften notAvailable forA
the regionA fA ncern.A

TheAEA nomicAmpactAFArecastASystemA
(EIFS)AisA erhapsAheAmostA mmonlyAsedA
method forAssessing regionalAconomicAffects; itA
isAthesspecifiedAmAdelA fA hoiceforA  envir-A
nmentalAnalysesA ssociated with Army BAseA
RealignmentA nd&losure ABRAC). AEIFSAvAsA
developed asA simple model based upon threeA
majorA riteria:A(1)MasisAnSsoundAheory, A2)A
acceptance by the scientificA mmunityghd (3)A
vailability fdAtafA drive the mAdel. By enter-A
ingA untyAamesAoAesignateAtheARegionA fA
EconomicAnfluence (ROI), BureauAf Economic
AnalysisA(BEA)A ndA therAlAtaA reAreadilyA
available fér use. After six vAriablesassociatedA
withAheA tionAi.e.,AnumberA fAmilitaryA ndA
civilian employees being transferred, theAverageA
salaryAf bAthédategories, theA ercentAf militaryA
ersonnelA ivingAn/ase,A ndAheA nticipatedA
hangeAinA (orAtAtal)A rocurements]A reA
ddedtoAhe thousandsAf BEA dataZlements,A
EIFSAutomaticallyferforms the needed trendsA
nalysis,AnultiplierA ulations,AdA therA
mputations.KAIFS hasA rovidedA nsistentA
methodologyAforA  BRACAstudiesA ndAhasA
llowed the Army tA'"rank-order impacts"AmongA
ternativesA required by NEPA.A

The significanceAf BRACA tionsisAleter-A
mined byAdding twoAvaluativeAomponents toA
EIFS. AsAlescribedA reviously, RTVA ndA&SIA
techniquesAmeasureAhistorical A ndAtatisticalA

toA ssessthe significanceAf regionalZconomicA
effect. AsA nalystsAbeginAtA ddressAtheA
umuA tiveleffeAsAf m reA ndAn reA tiAns,A
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ther models thatA eaddirectly fromA vailableA
dataAoA nclusionsAsignificance willhe needed. A
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SOCIAL IMPACT ANALYSIS

SocialEmpactE nalysisEulfillsAhe/mAn-A
date under CEQ’s regulations that the "humanA
environment"ANANEPA beA'interpretedA m-A

rehensively"foAincludeA"theAnaturalA ndA

hysicakhvironmentA ndheArelationshipA fA
people with the environment" (40 CFR§ 1508.14).A
TheAsocialAsA iencedfaveA  dekonsiderablel
progresskinlddressinglumulativelkffectsl elatedl
toknvironmentalktewardshipbylfocusingbnlkeyl
socialEmpactbariables.AThe Interorganizational A
CommitteeAn GuidelinesAnd Principles (1994)A
hasAidentified AfiveAbasicA tegoriefAsocialA
impact variables:A

1.A PopulationA haracteristicsAchA sfsAsizeA
and expected size, ethnicAnd racialdliversity,A
and the influxA ndAutflusftemporary (e.g.,A
seasonalA Isure) residents.A

2.A CommunityAnd institutional Atructures in-A
uding the size, structure,A ndAinkagesAfA
government; the historical A ndAesentA
tternsdmploymentAnd industrialdiver-A
sification;And the size,A  tivitAd interac-A
tionsA fAvoluntaryA ssociations,AreligiousA
rganizationsgAd interest groups.A

3.A Political A ndcialAesourcessuchA  dheA
distributionAfA werAdAthority, the iden-A
tificationAf interestedA ndAffectedA rties,A

ndtheA eadershipA withigAtheA
mmunotyfegion. A

4. AIndividualA ndAmilyA hangedAcludingA
factors that influence the dailyA ifefindi-A
vidualsA ndAmiliesAandAndigenousA ndA
religious subcultures) in theA mmunityArA
region suchA aftitudes toward theAroposedA

altgrAtions in familyA ndA mmunityA
networks,A ndA erceptionsA fisk,ealth, A
and safety. A

A-46

5.A CommunityAesourcesfsuchA sA tternsAfA
naturalAresourceA ndA  ndéyAheA vail-A
bilityfhousing;A ndA mmunsgrvicesA
including health,4olice, fireA rotection,AndA
sanitation facilities. A

The key toAnalyzing theAumulative effectsA
on these socialAmpact variables is incorporatingA
multipleActions intoArojectionsAf future social A
nditionslAeAollowingAgeneral A tegoriesA
describeAheAA ngefmethodsAisedAoA redictA
future social&ffects:A

®m  linear trend4rojections (identifying tak-A
ingAn existing trendA nghhojecting theA

same rateA dAange intoAhe future);A

population multiplier methods (aApeci-A
fied increase ingopulation implies desig-A
nated multiplesAf someAther variable);A

scenarios (A haracterizationfhypotheti-A
futures throughA  rocessfAimathe-A
maticallyAr schematically modeling theA
ssumptionaBout the vAriables in ques-A
tion);A

expert testimony (expertsAan beAsked toA
developAscenariosA ndA ssessAheirA
implications);A

simulationA modelingA (mathematicalA
formulationAfAremisesA ndA rocessAfA
quantitatively weighing vA riables).A
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EXAMPLES:

SocialAmpactA nalysisAliffersAfromA therA
nalysesA fAumulativeeffects because itAnustA
dealAvithAhessubjectiveA erceptionAfleffects.A
SocialAeffectsA raisalAndAocial Awell-beingA
untsk examplesAf methods forAnalyzingA
subjective socialAAriables. A

SocialAffectsA  raisabetermines the sA ialA
meaningA ndAsignificanceA fAtheA bjectiveA
hangesAroducedbyAumulativeA tions.AheA
socialA nalystAsesses the socialAneaningAf theA
hangedrom the differentA erspectivesA fheA
affected groups.AOne way toAneasure the mean-A
ingA fAhangeis tAtA the knowledgeA fA
eadersAformallyA rAnformally)AwithinAtheA
ffected&roupsAA determineAhe VA uestheyA
assign toAach change. For example,An influxA fA
200A nstruction®vorkersA ndAheirAfamiliesA
might be viewedAositively by families sufferingA
fromA stagnantAeconomyAbutAnegativelyAbyA
retireesA  kinfprA quiet neighborhood. TheA
socialAnalyst needs toAcknowledge that whileA
someMegativeSsocialleffectsA nBeAremediedA
materially (perhaps byAA nomigrowth),A thersA
re quA itAtiveAnd defy mitigAtiAn. A

ThessocialAvell-beingA unidA displayA

that&summarizesXindingsdyA rossfabulatingA
evelsAfA nalysis,AvaluationA tegories,A ndA

effect factors withA social&ffects evaluationAfA
theA resentA nditionAnd eachA ftheA terna-A
tives (including no-action).AltArovides eitherA
quantitative (numerical)Ar qualitative rAtingAfA
eachA ternative'sAverallAocialAeffectA ndA
descriptionA fAtheAratingAscale.A TheAMulti-
AttributeAl'radeoffASystem AMATS)A ndA therA

mAterdrogramsAssist inA roducingA syste-A
matic numerical&valuation fsA iabkffects. TheA
result isA noverallfuantitative ranking fArA
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1nionA

eA hA ternative,AeflectingAtheA ternative'sA
relative socialhenefit toAheAffected group.A

TheA FederalA Highway AdministrationA
(FHWA)AfrequentlyAdealsAwithAsocial AimpactA
issuesArelatedAtA itsAtransportationA rojects.A
FHWA (1996)ArecentlyA reparedA rimerfArA

nAystsAwhA ssessAtheAeffectsA fA roposedA
transportationA tionsA humanA mmunities. A
FHWA statesAhatA mmuniigpactAstudiesA
mustAnAudesfseA ndAryleffeAsA ndAnf uenfesA
fromAutside developmentalAressures tAdeter-A
mine theA bilityAAnAreaAAsurvive removalAfA
hAusing, dusinesses,A ndA mmunistghvices.
Also, such studies must describeA ommunity'sA
bility tA bsorb relocatedAesidentsA nd busi-A
nessesAinAtermsA f sAiA ndAeAn miA dis-A
turbAn e (e.g.,Available housing, A ublicservicesA
ffected,A reas&ZAnedAorfusinessMuse). A TheA
rimerAdescribesmineAmpactA tegoriesAA beA
nalyzed,AncludingAsocialA ndA sychologicalA
spects,AhysicalA spects,Aisualfenvironment,A
ndAse,AeconomicA nditions,mAbilityA ndA
ess,A rovisionA fAublicAervices, safety,A ndA
displacement. Considering these effectsAnAtur-A
ingludesAenvironmentalAjusticeAissues.A
CommunityAimpactA nalysisbA nalogoust
ecosystemAnalysis in that the humanA  mmun-A
ity should be thoughtA fAsh integralAinit withA
haracteristicAsocialAsettingA ndA  eration.A
DecisionsA boutAvoidingdd mitigating effectsA
shouldAbeAbasedA nA nsenswigionsA fiheA
desiredA nditionAfheA mmunity.BA stlyifA
mmunitgffectsA  reMA receiveA ttentionA
mparabtdAthatAgivenAtheAnaturalAenvir-A
onment, special&ffort toAnsureA ublicAvolve-A
mentAmustdelemployedXe.g.,AisingmA ntradi-A
tionalAnd informalA roaches).A
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