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Section 1

Introduction
History

TheUSAmy Corpsof Engineerdnditute for Water ResourcesasdevelopedWR Planning SuiteDlecision
SupportSoftwareto assistwith the formulationandcomparisonof alternative plans.IWR Planning Suite I
buildsuponpreviousversionsof IWRPIlan,anduponthe basicplanformulationandcomparisorframework of
the originalDOSprogramECGEASY: CostEffectivenesandIncremantal CostAnalysesor Envronmental
Panning, developedwithin the CorpsEvaluatiorof EnvironmentalnvestnentsResearciProgram.IWRPIlan
transformed ECCGEAS Yo a Windowsoperating envirorment, while IWR Planning Suite transformed that into a
YyS6 LI N}RAIY 6AGK FESEAOGES aLX I yyAy3d aSiaoé

IWR Ranning Suite Il builds on this history and adds new functionality, flexibility, and reporting tools. IWR

Planning Suite Il can assist with plan formulation by combining solutions to planning problems and calculating

the additive effects of each combinagilos 2 NJ a LJ | ydé L2w tfFyyAy3d {dAdGS LL
conducting cost effectiveness and incremental cost analyses (CE/ICA), identifying the plans which are the best
financial investments, and displaying the effects of each on a rangeciale variables. In addition, IWR

Planning Suite Il extends the analyses into an uncertainty environment by allowing users to specify

distributions to quantify costs and outputs as well as includes modules for annualization and conducting
Multi-Criterion Decision Analysis (MCDA). $héware isavailablefor downloadviathe IWR Planning Suite |l
website(http://crbweb01.cdm.com/iwrplar.

Audience

¢ 2 R ledvitbamentaldecisionmakersare faced with acomplexdilemma.Manyof oury | i AvAugd &
watersheds,ecosysemsandhabitats are degradedor threatened.At the sametime, dwindlingbudgetsat all
levelsof governmentareforcingsomehardchoicesabouthow tax dollarscanbestbe invested.When it
comesto makingdecisionsabouthowto investlimited dollarsin solvingincreasinglycriticalproblems,
decisionmakersmustanswersomeverytough questions: Howmuchcanwe afford to investin an
environmentalproject? Isit worth potentiallydoublingapro2 S @dstIat example, to getasmallincreasen
environmentalbenefits? Whatlevelof environmentabenefitsisworth it?

Traditionalbenefitcostanalysiss not enough,or evenuseful,in answeing manyof thesekinds of questions.
Whilethe costsof environmentl investmentscan still be measuredn dollars, thereisno universally
acceptablemethodto measureenvironmentabenefitsusinga singlemetric,dollarsor otherwise.However,
other tools, suchascost effectivenessand incrementalcostanalyss, canbe used to givedecisionmakers
better informationin makingsuchchoices.

Purpose of Manual

Thismanualwasdevelopedo serveasa practicalguidefor applyingandinterpreting costeffectivenessand
incrementalcostanalysesn environmentalplannirg. It describeghe analyseQlata requirements,step-by-
stepinstructionsfor conductingthe analysesgexamplesof the analysestapplicationin different planning
seitings,decisionmakingusingthe anl f & &<bilEs Qcase study,andinstructionsin the useof the program,
IWR Planning Suite TlhelWR Planning Suitedbftwarewasdevelopedo performthe routine, andoften
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time-consumingnumbercrunchingrequired by the analyses; therebyfreeingplannersto focuson the
identificationof solutions,the estimationof their environmentalandecanomiceffects,andthe
communicatiorof informationto support decisiormaking.

Whileeconomistanaybe mostcomfortablewith the proceduresof costeffectivenessandincrementalcost
analysesbiologiss, ecologsts, andother environmentalscientistawill typicallydeterminethe environmental
variablego be analyed andthe methodsbywhichchangesn thosevariableswill be measuredand
communi@ted asenvironmentaloutputs. Stafffrom planformulation, engineeringenvironmental andother
areaswill formulatealternativeplansto effect changesn thosevariables Similarly, costengineersreal estate
specialistseconomistsandothersmustcombinetheir expertiseto esimate the financialandeconanic costs
of those alternativeplans.It isimportant that all membersof a study team, regardlessof their discipline,
understandhowtheir respectiveinputsare usedin the analysesand provide decisionmakerswith their
uniqueinsightsininterpretingthel y I { @sul§.a Q

Justasthe manualisintendedfor readersfrom variedbadigroundsit isalsointendedfor readerswith varied
interests.Envionmentalrestorationandmitigationplanningstudieswill typicallyinvolvenon-Corpsparties.
Thismanud mayprovideanunderdandingof the rationalefor, andapplicationof, cast effectivenessand
incrementalcostanalysesn planningto interestedrepresentativesf other groupsandagenciesaswell asto
localcostsharingpartners.

It shouldbe noted by non-economistreadersthat alearningcurveliesaheadin gairingan understanding
aboutcosteffectivenesandincrementalcostanalysesnd their usesin planning.Theanalysesequire some
of usto thinkaboutsomenewthings,andto think about somefamiliarthingsin different ways.We havetried
to helpyouthroughthis learningcurve with the explanationsand examplesprovidedthroughoutthe manual.
For somereaders,the bestwayto reallybecmme familiarwith the analysesmaybe to do asimpleexample
applicaton that canbe workedout with a calculator pencilandpaper. Forothers,the WR Planning Suite I
softwarecan be avaluableeducationatool for workingthroughexampleapplicationsat the computer.In
either cag, youmaywishto usethe exampleexercisencludedin this manualto work throughatest problem
anddevebp your skillsin doing the analyses.

What Are CostEffectvenessand Incremertal CostAnalyss?

Thecosteffectivenessaandincrementalcostprocedurespresentedin this manualare baseduponthe planning
frameworkestablisked in Economi@andEnvironmentaPrinciplesandGuidelnesfor WaterandRelated and
ResouresImplemertation StudieqU.SWaterResource€ouncill983) referredto asthe P&G.TheP&G
providesthe instructionsandrulesfor Federalwater resourceplanning. TheP&Grequirethat, in developing
alternativeplans,Federaplannersshouldincludeonlyincrementsthat providenet NED]NationalEconomic
Development] benefits[for flood damagereduction, navigation, andother traditional benefit categories]...
Incrementghatdo not providenet NEDbenefitsmaybeincuded...ifthey are costeffective.

Forenvironmentalplanning,wheretraditional benefit-costanalysigs not possiblebecausecostsandbenefits
areexpressedn different units, cost effectivenesandincrementalcostanalyseoffer planevaluation
approacheghat are consgtent with the P&Gparadigm Costeffectivenesanalysiss conductedto ensurethat
theleastcost planalternativeisidentified for eachpossiblelevelof environmentaloutput; andthat for any
levelof investment,the maximumlevelof output isidentified. Subsequenincremenal costanalysisof the
costeffectiveplansisconductedto revealchangesn costs asoutput levek areincreased.
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Inthe absence of acommonmeasurementunit for comparig the non-monetarybenefits with the monetary
costsof environmentalplans,costeffectivenesandincrementalcostanalysesre valuabletoolsto assst in
decisionmaking.Theresuts of the analyses,whichcanbe displayedasgraphsof outputsagainstcosts, permit
dedsionmakersto progressivelgomparealternativelevelsof environmentaloutputsandaskif the next level
isworth it. In other words,isthe additionalenvironmentl output in the nextattainablelevelworth the
additionalcost? Typicalexampleof costeffectivenesandincrementl costgraphsareincludedin Figurel.

A
A A
A
A A
A A
A A
A
Output Output
Incremental Cost Analysis CostEffectiveness Analysi

Figurel
Examples of Typical Cokfffectiveness and Incremental Cost Graphs

Incremental Cost Analysis

Why Conduct Cost Effectiveness and Incremental Cost Analyses?

The planing paradigm in the P&G provides a rational and deliberate approach to solving problems and
making decisions. Such decisimraking requires information; for exampl@formation about future
environmental conditions with, and without, the implementatioheach alternative plan under

consideration. The cost effectiveness and incremental cost analyses procedures in this manual are intended
to organize and communicate the types of information needed to support the decision making process.

Figure2 showssome tools of economicanalysighat canbe usedto providevaryinglevelsof informationto
supportdecisionmaking.Thisdecisionsupport continuumrangesfrom costobliviousdecisionmaking(ignore
all information aboutcosts)to benefitcostanalysiga mathematicalcomparisorof benefitsandcogs).
Betweenthesetwo extremes,the economictools of costeffectivenessanalysisand incremental costanalsis
canprovideinformationto supportdecisionmaking(Y0e1992.
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Cost Benefits

Increased Infomation

Oblivious For Decision Making Cost
Decision Analysis
Making

Cost Incremental

Effectiveness Cost

Analysis Analysis

Figure2
Economic Analysis Decisidviaking Tools

Benefitcostanalysiss generallyconsideredthe bestcasescenariofor Federalwaterresourcesiecision
making.In benefit-costanalysis,the monetarycostof a planis subtractedfrom the monetaryvalueof the
benefitsto be providedby that planto computenet dollar benefits. Whenthere isarangeof alternative plans,
the planthat providesthe mostnet benefitsis consideredoptimal, andistypicallythe recommendedlan.

Whenprojectbenefitsare not measuredn dollars,costeffectivenessand incrementalcostanalyseoffer
next-bestapproachesWhilethe costeffectivenesand incrementalcostanaly®s of alternativeplansmaynot
identify a unigue or optimal solution,they canleadto more- informed choicesrom amongalternativesby
elevatingthe decisionmakingprocessabove costobliviousdecisionmaking(Y0e1992).

Thevalueof this approachto environmentalplanningis recognizedin the NationalResearchi 2 dzy Iatichad &
Straegyfor the Restoratiornf AquaticEcosystera The/ 2 dzy siratdgiatesthat, in lieu of benefit-cost
analysis the evaluationandrankingof restorationalternativesshouldbe baseduponaframeworkof
incrementalcostanalysisContinuallyquestioningthe valueof restorationby askingwhether anactionis

worth its costisthe mostpracticalwayto decidehow muchrestorationisenough (NRCL992).Asanexample,
the NationalResearcltCouncikitesthe Corpsapproachwhereajustifiable level[of output] ischosenin
recognitionof the incrementalcostsof increasingoutput] levelsandas part of anegotiation processwith
effectedinterestsandotherfederalagenciegNRCL992).

Althoughcosteffectivenessand incrementalcostanalygswill not, like benefit-costanalysisusuallyleadusto
asinde solution,theywill, at the veryleast,help usmakemore informeddecisionsAnd,with some careand
thoughtin interpretingandcommunicatinghe results,they mayhelp usmakebetter-informed decisions.In
the longterm, we hopethat this will bringaboutbetter decisionsaiboutii 2 R lagtid@sihat will affect the
environmentof future generations.

Applicability

Theplanformulationandcosteffectivenessand incrementalcostanaly®s proceduresn this manualwere
developedfor both restorationandmitigation planning.Theyare useful for a wide range of problemand
projectsizesand can be usedfor scopingsolutionsevenat the earlieststagesof planning.In addition,
althoughthese proceduresnere developedo meet Corpsneedsin restorationand mitigationplanning,
focusingon fishand wildlife habitat and watershedor ecosysterrrelatedstudies they shouldbe equaly useful
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in addressingnanyother planningapplicationsboth within andoutside the CorpsForexample,the
proceduresmaybe useful to addresgproblemsof dredgedmaterial disposalnaturalresourcemanagment,
andmitigation banking Environmentaplannngandmanagementapplicationsoutsidethe Corpsmight
includestudiesaddresingwater and air pollution, hazardouswaste,culturalresourcesor mitigationplanning
intransportationalternativesanalysisUltimately, applicabilityis limited only by I y I f abifitytaid&fineand
measurethe output andcostof solutionsto planningproblems.

HowDothe Analyseds-itin the PlanningProcess?

Federalwater resourceplanningisaformal chace procesghat integratesmanyperspectivesEngineering,
economicenvironmental social andpoliticalconcernsare broughtto the table andtraded off asanumberof
alternativeplansare formulated andevaluated. TheP&G planningprocessconssts of a seriesof stepsthat
provideanorderlyandsystematicapproachto selectingarecommendckd plan. TheP&Gplanningprocess
consistof the followingmajor steps:

1. Identify problems and opportunities;

2.  Inventory and forecast withodproject conditions;
3.  Formulate alternative plans;

4.  Evaluate effects of alternative plans;

5. Compare alternative plans; and

6. Select a plan.

Thoughthe numberingof the planningstepsindicatesthe basicorderin whichthey are conducted planningis
adynamicprocessthe stepsof whichmaybe repeated,(or iterated) one or moretimesasstepsof the process
uncovernew information, new alternativesare developed or asobjectivesarereevaluated.Thecost
effectivenessandincrementalcostanalysegproceduresn this manualcancortribute to a planningstudy in a
numberof ways,both earlyon andlater in the planningprocess.

Costeffectivenesandincrementalcostanalysexanbe usefultoolsduring eventhe earliestiterationsof the
planningprocessAsexperiencewill show,the analysesanhelpyou quidkly formulateaverywide rangeand
number of alternativesduringreconnaissancer other early phasesf work.

Costeffectivenes@andincrementalcostanalysesre compari®nsof the effectsof alternativeplans;more
specificdly, they involvecomparisondetweenthe outputsandcostsof different solutions. Assuch,youmust
first developat leastpreliminaryinformation aboutalternative plans(plaming step 3) and their effects
(planning step4) in orderto conductthe costeffectivenessandincrementalcostcomparisongplanningstep
5).Inthissen, cost effectivenessandincrementalcostanalysesnay be thoughtof asbeingd f | initls &ix-
stepplanningprocess.

CostEffectivenessndIncrementalCostt V' | £ & & SThey2 K I U
AreNot

Priorto elaborationof what costeffectivenessand incrementalcostanalysesare,consder somethingsthat
the analysesare not. Forexample,costeffectivenesandincrementalcostanalyss are:

5
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Notthe planningprocess..

...butyouhaveto understandthe planningprocesgo understandthe role of the analyses;

Notatechnigue to measureor forecastenvironmernal outputs...

...theanalyseslo not measureor forecastthe environmentaleffectsof plans;but thatinformation,
providedthroughother techniques,isrequired to conductthe analyses;

Not atechnigue for monetizingenvironmentaloutputs...

X 0 Krgalysesvill not placemonetaryvalueson measurementsf environmentaloutputs; but rather
the analysewill compare monetarycostsagainstnon-monetary outputsacrosssolutions;

Not a way to reduce or eliminate environmental requirements...

...rather,the analysexanshowhowto meetrequirementsand keepcostsdown - or how to maximize
output for agivenexpenditurelevel;and

Not a methodthat identifies a single right or optimal solution...

...unlikebenefit-costanalysisno singleplan, like aNationalEconomid®evelopmen{NEDplan,will
emergeasthe optimal selection;however,the analysegprovide the typesof information that will
support the selectionof asingleplan.

Andafinal disclaimer: Thereis no singleright wayto conduct costeffectivenessandincrementalcost
analyssfor everyapplication. Plannersandanalystaeed to look at eachplanningproblemanddetermine
the bestwayto proceed.Theproceduresn this manual provideabasicframeworkfor planformulationand
evaluation.Thisframeworkisflexibleenoughto handlenecessary modificationsfor its applicationto awide
variety of planningsituations.Thefollowing chaptersprovidea number of examplesusingthe sameanalytical
conceptdn avarietyof different planningapplications.Again,oncethe learningcurvehasbeenovercome,
andwith somepractice, the insightsrequiredto determinethe bestwayto proceedwill comewith greater
ease.

Thedevelopmentof the IWR Planning Suitedbftwaremaylead someto think of the analysisasablackbox,
wheredataisinput andthen, without requiringanyknowledgeof the analyticalprocedureseingconducted,
ananswer is provided. Plamers mustrecognizethat uninformeddependencenthe sottg | N&halydis
resultsisinappropriateand misguided.

Thecapabilityto performrealitychecksonthe d 2 F (i éolitpudStiieansightrequiredto usethe softwareto
handledifferent planningscenarbs,andthe ability to interpret resultsare important aspectsof effectively
utilizinglWR Planning Suite Butthey mayall be appliedfor naughtwithout a criticalunderstarding of the
proceduresbehindthe software.Suchan undersandingwill alsoprovidevaluableopportunitiesto consider
newanddifferent solutionsthat delivermorefor less.
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Hereinyouwill find detailed,step-by-step,ingtructionsin the procedues encodedinto the softwareprogram.
Understandinghe proceduresandthe examplespresentedin the following chapterswill assistandystsin
achievingacomfortlevelwith applyingthe analyses.

HistoryandBaclground

Benefitcostanalysisincrementalcostanalysisand costeffectivenessanalysishavelongbeenintegral to
Federalwaterresourceplanning Reguirementsfor thesetypesof ecoromicsbasedanalysesanbetraced
from the first Federalguidancen the GreenBook(1990, 1958), through SenateDocument9d7 (1962),to the
Principlesand Standard$1973, 1980). Traditionally theserequirementshavefocusedon LINE 2rSodeiady Q
costsandmonetarybenefits. Costeffectivenessanalysidas beenusedto identify the leastcostly meansto
achievearangeof projectbenefits;subsequentncremental costanalysidasbeen usedto scale projectsize
by judgingwhetherincreasingeconomicbenefitsareworth their additionalcosts.

Theevolutionof econamic analysesn Federalwater resourcegplanningwasparalleledby the developmentof
reguirementsandtechnologiegor environmentalevaduation. Asthe nation@first comprehensive
environmentalegislationthe NationalEnvironmentaPolicyActof 1969 mandaed,in Sectionl02 (2)(B):

Allagenciesf the FederalGovenment shall...identifyand developmethodsand procedukes,in consultation
with the Courtil on Environmemal Qualityegablishedby Title Il of the Act, whichwill ensurethat presently
unquantifiedenvironmentalameniies axd values maye given appropriateconsderationin decisionmaking
alongwith economicandtechnicalconsideraions.

In1983,the U.SWaterResourcesouncilreplaced the Principlesand Standardsvith the Principlesand
Guidelnes(P&G) providingthe instructionsandrulesfor Federalwater resourceglanning. TheP&Grequires
that:

In general, in the formulation of alternative plans, an effort is made to include onlyincremertsthat
provide net National Economic Develgment (NED benefits after accountingfor appropiiate mitigation
costs. Incrementsthat do not provide net NED benefitsmay be included,exceptin the NEDplan, if they
are costeffective measuresfor addressingpecificconcerns(paragraphl.6.2(b))

Whilethe P&G placesemphasion plansto achieve NEDbenefits, it doesleavethe door openfor cost
effectiveplansto achiese other benefits,suchasenvironmentabenefits.

Inthe mid-1db y gitle: Corpsadoptedthe principlesof costeffectivenessandincrementalcostanalysedor use
in planming andjustifying mitigationfor fishandwildlife habitatlossescausedby projectsfor flood control,
navigationandother develogmental purposesCasts for mitigationare essentidly the sametypesof financial
coststhat areincurredfor other project purposesincludingcostsfor: preconstructiorengineeringand
designjrealestate;construction;ongoingoperation,maintenancerepair andrehabilitation;andmonitoring.

Benefitsfor mitigationaremore problematicsince,unlikeflood control, navigationand other developmental
purposesmitigationbenefitsare not measuredmonetarily. Theanalyticaldifficulty that this presentsto
justifyingenvironmentalprojeds is sopervasivehat the Water Resource®evelopmentActof 1986soughtto
legidate asdution. Sectior@07 of that Actdirectsthat:
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In the evaluation by the Secretary[of the Army] of benefis and coss of a water
resairces project, the benefits attributable to measuresincludel in a projed for the
purposeof environmertal quality...shallbe deaned to be at least equalto the costs
of suchmeasurs.

Notwithstandingthe intent of the Act, there remainsno universallyacceptablenethodto express
environmentabenefitsin exclusivelymonetaryor economicterms. Mitigation of environmentaldamagecan,
howe\er, be expressedn other metrics,rangingfrom simplenumbersof aadesof agivenhabitatto more
sophisticatedndicatorslike habitatunits. Therefore althougha traditional benefit-costanalysiscanrot be
conductedwithout monetarybenefits,the costsof mitigationplanscanbe comparedwith their non-monetary
effects Suchcomparisorisat the heart of costeffectiveressand incrementalcostanalysesandisthe basis
for their applicationin environmentalplanning.

Initial Corpsguidanceon the applicationof incrementalcostanalysisn environmentalplanning,presentedin
engineeringecircularnumber 11052-185 (U.S ArmyCorpsof Engineerd 988) included:

Incremenal costanalysisis an investgation and characteriation of how the costsof
extra units of output increaseas the level of output increasesin mitigation planning,
such analyseswill result in an array of implemenable mitigation plan incremens,
rankedfrom mostto leastcosteffective.

Thisguidancenvassubsequentlyncorporatedinto the Corpsengineeringegulationnumber1105-2-100,
Guidancdor Corducting CivilWorksPlanningStudieqU.S ArmyCorpsof Engineer4990).Thisregulation,
referredto asthe PlanningGuidanceNotebookandrevisedin 2000, requiresthat:

Anincremental costanalysisshallbe performedfor all recommemled mitigation plans.
Thepurposeof incremertal costanalysisis to discoverand displayvariation in costs,
andto identifyanddescribeahe leastcostplan.

Therequirementof incrementalcostanalysifor the mitigation of adverseprojectimpactswasextendedto
the resboration of fishandwildlife resourcesthroughPolicyGuidancd etter#24,(U.S ArmyCorpof
Engineers]1991).

InJunel995, the Corpsreleasedengineeringcircularnumber1105-2-210, EcosysteniRestorationin the Civil
WorksProgram Thisguidanceunderscoresthe importanceof costeffectivenesandincrementalcostanalysis
in ecosysém restorationplanning.Thecircularstatesthat:

Cost effectiveness analysis and incremental cost analysis are fundamental concepts in
project formulation and evaluationThese analyses provide ways of thinking about
outputs resulting from the various levels of expenditures. Ecosystem restoration studies
differ from traditional studies only in that not all benefits are monetized.

A cost effectiveness analysis is conductecensure that least cost alternatives are
identified for various levels of environmental output. After the cost effectiveness of the
alternatives has been established, subsequent incremental cost analysis is conducted to
reveal and evaluate changes in cistincreasing levels of environmental output.
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Although incremental cost analysis does not provide a discrete decision criterion (such as
the maximizing of net benefits in NED analysis), it provides for the explicit comparison of
the relevant changes icosts and outputs on which such decisions should be made.

ThePlannhg GuidanceNotebod, ER11052-100, wasrevisedin 2000 and containsthe / 2 Nauldeftpolicy
regardingthe requirementto conductcosteffectivenesandincrementalcostanalysegor ecosystem
restorationprojects. PaagraphE-36 states:

Costeffectivenesaindincremernal costanalysesare two distinctanalyseghat mustbe

conductedio evaluatethe effectsof alternativeplans. First,it mustbe shownthrough

cost effectivenessanalysis that an alternative regoration LJt | gufpdt cannot be

producedmore costeffectivelyby anotheralternative.& / 2S8F(F S @éarhshi&, dor a

givenlevelof nonrmonetaryoutput, no other plan costsless, and no other plansyields
moreoutput for lessmoney. Subsequenththroughincrementalcostanalysisa variety

of implementablealternativesandvarious sized alternativesare evaliated to arriveat a

& 6 Slavéléf output within the limits of both the sponso@andthe/ 2 Ndalabllities.
The subset of cost effective plansare examined sequentidly (by increasng scaleand

incrementof output) to ascetain which plansare most efficientin the production of

environmentabenefits. Thosemostefficientplansarecalledd . S &72 Ah@yprovide
the greatestincreasein output for the leastincreasesn cost. Theyhavethe lowest

incrementalcods perunit of output. In mostanalysestherewill be a seriesof BestBuy
plans,in which the relationshipbetweenthe quantity of outputs and the unit costis

evident. Asthe scaleof BestBuyplansincreasegin terms of output produced)average

cogs per unit of output and incrementalcogs per unit of output will increaseas well.

Usuallythe incremertal analysidyitselfwill not pointto the selectio of anysingleplan.

Theresultsof incremental analysismust be syrthesizedwith other decisim- making

criteria (for example significanceof outputs, acceptability completenesseffectiveness,
risk and uncertainty, reasonableess of costs)to help the planningteam sdect and

recommenda particular plan.

EarlyCorpdfield appliations of costeffectivenessandincrementalcostanalysego environmentalplanning
problemsfrequently consistedof an intuitive calculationanddisplayof the averagecostper unit of
environmentaloutput (benefit)for a setof alternative plans.ln a 1989surveyof Corpsplanningstaff titled
Effectivenessf Incranental Analysisfor Mitigation Planning manyrespordentsreported that incremental
costanalysisvasperceivedas a hindranceto planformulationandselection.Themostcommon criticisms
pointedto the analysaQime-intensivenatureandto alackof clearproceduralguidancefor their
implementtion (Reese 989).

Toaddresghesecriticisms,CorpsHeadjuarterstaskedthe Institute for Water Resource$o better definehow
costeffectivenessaandincremental costanalysesouldbe accompished.Thisresultedin anoverview,entitled
Economi@andEnvironmentalConsideration$or IncrementalCostAnahsisin Mitigation Plannng (Greeley
PolhemusGroup1991),and adraft manualtitled IncrementalCostAnalysigrimerfor Environmental
ResourcePlanning(Yoel992).Thesestudiesprovidedbackgroundesearctthat evolvedinto Cost
Effectivenes#\nalysidor EnvironmentaPanning: NineEASStepqOrth1994). Cancurrent with thiswork,
IWRsupportedafield demonstrationto testthe applicabilityof the NineEAS Btepgroceduresandthe
resultantreport, Bussey ake:DemonstrationStudyof IncrementalCostAnalysisn EnvionmentalPlanning
(Carlsorl993)wasproduced.In May 1995, Evaluatiorof Environmentalnvestnents ProceduredManual;
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Interim: Qost EffectivenesandInaementalCostAnalysegRobinsonet al. 1995) wasreleased for reviewand
comment. Accompanyinghe manualwasthe software, ECGEASYthe predecessorto IWRPlanandIWR
Planning Suite.llin 2002IWRalsopublishedLessos Learnedfrom CostEffectivenesand IncrementalCost
AnalysegBrandrethand Skaggf002)to documenthowwell the proceduresvere beingappliedto Corps
ecosystenrestorationplanningefforts andlessondearmedthat mightimprovetheir appliction.

Theconversiorof the approachto aWindows® operatingsystemplatform, andthe addition of manynew
features wascarriedout throughthe developmentof IWRPlan,startingin Julyof 1996. AsIWRPlanbecame
astandard tool for performingthis type of analysiswithin USACE wealth of additional featureswere
consderedfor incorporationwithin IWRPlan.Theunderlyingapproachesdentified by theseexplorations
werekeptin mind by the IWR Planning Suitedévelopmentandmainteranceteamfor incorporationinto the
currentdesignwhere appropriate.

Beginningn Novemberof 2003, acompleteredesignto incorporatedesiredfeaturesandnew technologies
wasinitiated, culminatingin the current IWR Planning Suite TihisnewlyredesignedWR Planning Suite 11
encapsulateshe followingfundamertal designconceptsOneconceptisto considerplandescriptionsas
discete entities,asopposel to the conceptof a planalternativesolely asa derived aspectof a setof solution
combinations.Theplanningseteditor and plandescriptionsdatabaserepresentthis conept. Yetanaher
fundamentalmodificationof the tool structureisa movefrom a singleapplicationto amodularapproach
consisgingof anintegratedsuite of componentmodules.Suchmodulesincludeaplaneditor, plangenerator,
reportingtools, andanalysismodules. Theseconceptsare further explainedin Sectiors of this! & SGLBein
G { 2 Feliegnisandt N2 OSRdzNB & d ¢

CDM
10 Smith



Section 2

Plan Formulation

Letusassaimethat a planninginvestigationhasbeeninitiated concerningfor example,the degradationof a
particularT f 2 2 R &dbsysam/ \Q@rousproblemsandpotential opportunitieshavebeen characterizecind
identified duringthe initial stagesof the investigation.Theobjectivesof the investigaton andthe constraints
thatareimposeduponit havebeenderivedfrom the characerizedproblemsandopportunities.

Further,duringtheinved (i A 3 linfoAmatidrydtheringprocessthe historic,existing,andfuture conditions
of the site havebeen evduated. Throughthis processthe problemsand opportunitieshavebecomemore
fully andaccuratly describedashavethe costsof various alternatives protectedresourcesandother items
deemedrelevantto the investigation At a relativelyearlystage,it will be possibleto formulate plansand
performanalyseswhich canthen be fed backinto another, more detailediteration of the planningcycle.

Thespecifts of the information neededto initially proceedwith planformulationand evaluationvarywith
each investigation put will alwaysincludeat leastthree kindsof dataneededto formulateandevaluateplans.
Thesetypesof information are:

1. Solutions,
2.  The output of each solution, and
3.  The cost of each solution.

Thischapterprovidesan overviewof solutions,outputs,andcosts;anddiscussesow output andcostdata
canbe manipulatedto extract the typesof informationneededto support decisionmaking.

What@Q aSoldion?

Asolutionisawayto achieve,in wholeor in part, one or more planningobjectives.Everysolutionwill provide
some levelof output at some cost.Cat effectivenesandincrementalcostanalysegxaminethe different cost
and output levelsprovidedby different solutiors.

Solutionisan umbrellatermfor three more familiarterms: managementneasure alternativeplan,and
program.Throughouthe remainderof thistext, wheneverwe usetheterm & & 2 f drimpli2sghat the
discussiorappliesto measuresplansandprograms.

Amanagementmeasire (orsimplyd Y S | & igeitieiga feature or anactivity,or some combinationof the
two that canbe implementd at a specificgeographisite to achevedesiredeffects.Afeatureisgenerallya

G a O NJz&emerithat réguiressite construction;for example alevee.Onthe other hand, anactivityis
generallyad gy & (i NXz@dficdzidl eagple,vegetativeplanting.Anactivitymightbe a one-time
occurrence,like planting;or it maybe ongoing(continuingor periodic),suchasharvestingaquaticvegetation.
Asiteisaplaceon landor water (at, aboveor below the surface)in whichthere isalegalinterest,through
outright ownershipor aright to useor acton it (flowageeasemant, grazingrights, etc.),for implementationof
featuresor activities.Examplesof management measureghat maybe usedfor restorationand mitigationare
listedin Tablel.
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Tablel.

Example®f EnvironmentaManagementMeasures

aerators detentionbasins revetments
algaecideapplication dredging rockpiles
bankoverhangs fencing rockshoals
bankstabilization fishladders rootwads
boulderdeflectors fishscreens rototilling
breakwaters fishstocking sedimentatonbasins
brushbundles gabionbaskets stakebeds
brushmattresses graveltraps stormwatertreamentareas
brushpiles harvesting substrateimprovement
bulkheads jetties treelayering
chemicalnjection logdeflectors water control structures
chemicdpreciptation mowing water dilution
concreteblockpiles new channels water pumps
contouring planting weirs
cribs resavoirs wingwalls
dams retentionponds wood reefs

Managemat measuresare the buildingblocksof alternativeplans.Analternativeplan(or simplyd LJ ksy € 0
oneor more maragementmeasures Amanagenent measuremayor maynot be ableto standaloneasa

plan;it dependson the characteristic®f the measure Most alternativeplansare madeup of morethan one
measure And,justas managment measuresanbe combinedto form plans,sotoo canplansbe combired

to form programs Aswe useit in this manual,a program is a setof one or more plans(or (oNE 2 S @siiadlys 0 >
locatedoveralargegeographi@area.Someof the Corpscurrentenvironmentalprogramsarelistedin Table2.

Table2.

Examplef Current CorpsEnvironmentl Programs

NationalProgams:

A Coastal America Program

A North American Waterfowl Management Plan

A Sectionl 135Program- Project Modificationsfor Improvementof the Environment

Regior)aProgems:

A Upper Mississippi River System Environmental Management Program

A Coastal Wetlands Planning, Protection, and Restoration Act Program ( Breaux Bill ; currently
implemented in coastal Louisiana)

A Comprelensive Everglades Restoration Plan (CERP)
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Scale®f Solutions

Scalesredifferentandmutuallyexclusivepropertiesof a solution. Scalesre mosttypicallythoughtof as
differentéa A 1 &igthieyalsoapply to other dimensionsA managenent measuremay be scaledby several
different properties,suchas:

A Physicaproperties, includingdifferent sizesamounts,counts,etc. Forexample sizeof asite (30acres,
40acres 50acresetc.);numberof plantingsper acre;percentcanopycover of vegetation;water
depth; dischargecapacityof apump.

A Compositionincludingdifferent materialsandmethodsthat would accomplistthe same purpose.For
example afencemaybe constricted asa chainlink fence,or abarbedwire fence,or awoodenslat
fence.Forthe purpose of developng alternativeplans,the different materialsmaybe thoughtof as
different scalesf afence.

A Locatiors, includingdifferent sitesfor the same solution.

A Timingandduration, includingdifferent start andstoptimes,anddurationsfor the same solution.For
example Jow flow releasesoud be scheduledo last6, 8, or 12hours.

Analternativeplanmaybe scaledn terms of the measureshat makeup the plan- whichmeasuresre
includedin the plan,andin what order would they be implemented? A programmaybe similarlyscaledn
termsof the alternative plans(or projects)that makeup the program.

Scalesre mutuallyexclusivefor example we mustdecideupononechanneldepth. Therefore,a planmay
containonly one scaleof a given characteristicof a measure,anda programmay containonly one scaleof
eachcomponentplan.

Many of the variablesusedin habita-basedevduation procedures(seebelow)canbe usedto definescaks of
management measuresForexampe, if & LIS Ni@2iBatdouscanopyO 2 @iSaNdriablefor atargetspecies,
andif plantingherbaceousvegetationisbeingconsiderecasa measure then the measurecouldbe sizedin
incrementsof the variable, suchas:30 percentherbaceousanopycover,40 percentherbaceaiscanopy
cover,50percentherbaceousanopycover,andsoforth.

HowMany Scales?

Thenumberof possiblesolutionsgand consejuently the numberof output andcostestimatesg will rapidly
increaseaswe considerincreasinghumbersof scalesof measuresTherefore, the numbersof measuresand
their scdesshouldbe keptto areasonablenumberto minimizestudy costandtime. Thereare no universal
rulesfor determiningthe propernumberof scaleghat shouldbe consideredn everycasec¢the numberthat
shouldbe definedisamatter of judgment.In reachingthat judgment, it is helpful to think about scaleghat
are:

A Meaningful Forexample,scalesof afencedin areain incrementsof 0.01 of anacre,or in incrementsof
10,000 aces,are probablynot correctly sizedandwouldresultin too manyor too few solutionsfor
mostanalysesAlso,there isnoreasa, beyondeaseof comparisongnd synmetry, that increments
mustbeidenticalin size Forexample,ascaleof 10,25,50and 100 untsmaybe usedin the same
analysisf it makessenseto do so.
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A Practical Somesolutionsmaybe implementableoververyfew scalesSome measuesmaybed S A 4 K S NJ
2 N#easureghat are not possible por reasonableto size,andthere isonly one scaleto consider For
example,althoughdifferent sizd areasmaybe considerednaturalrevegetation maye asinglescale
measure(either it doesor it R 2 S @afufailyrevegetate). Administrative actionssuchasrequiringa
permit or alicense mayalsobe singlescalemeasuregfor example, eitheralicenseisrequired or it
A & yEQuipmeit is often available in only a singlesizeor relativelyfew sizs (for example water
pumpswith fixed pumpingcapacities).

Minimum and maximumsizescouldbe a basisto boundarangeof scdes.Fa example, a bird mayrequirea
deciduousshrubcower between1.0 foot and3.0 feet in height. Planting schemeghat would providelesseror
greatercoverheightswould not meetthe requirementandneednot be consideredWherealargenumber of
scdesispossible the analysescouldbeinitially limited to analyzingonly the largestand smallest sizeqd ighk
t 2 andysis),or high-middle- low sizesto boundandscopethe rangeof costsandoutputs; subseuent
iterationscouldthen be conduckd for the more promishg scales.

A RevealingThenumberof scaleshould be adequateto revealsignificantchangesn outputsand costsA
costeffectivenesgurveor anincrementalcostgraphreflectingonly two pointsis usuallynot revealing,
andtherefore not helpful, for decsion making.

A Reaonable Thenumberof scaleshould strike areasonablebalancebetweenthe needsand
constraintsof the analysisandthe burdens(cost,time, andunderstanding)imposedby large numbers
of scaleghat are not sufficiently differentiatedto makeadifferencein decisiormaking.ln manycases,
onlyafew will be reasonableAdditionalscaleshouldnot be artificiallycreatedsimplyfor the sakeof
andysis.

Themostimportant considerationin definingsalesisthat changesn scaleshouldresultin changesn output,
or cost,or both.

Interrelationships of &Autions: Combinability and Dependency

Theability to makeplansfrom measuresandprogramsfrom plans,isgovernedby two types of
relationshipscombiability anddependency.ln atypicalCorpsstudy, managemenmeasuresnay or maynot
be mutuallyexclusive, andit isthe property of combinabilitythat allowsyouto mixandmatchmeasuresinto
different plans.Converselysomemeasuresmay preclde others,andthis will limit your ability to mixand
matchthem. Inthinkingabout combinabilty, youshouldconsidemwhethertwo measuresnightbe mutually
exclusivebeauseof:

A Locationwheretwo different measuresannotoccupythe samespaceat the sametime. Forexample,
at aparticularstreamsite, you coud createa calmslackwaterareaby either excavatingthe channel or
by constructinga damacrosghe channel;youcando oneor the other at the samesite.

A Functionwheretwo different measuresnaywork againstoneanather. Forexample,at SiteA, it
probablywould not makeserse to both build aretainingdiketo hold water at the siteand ingall drains
to speed the removalof water fromthe site.
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A & b S a ieddRieswhere one measurds actuallya smallerscaleor a subsetof anather measure For
example youcouldnot combinea 4-acrewetland with a5-acrewetland to producea 9-acrewetland if
the two wetlandsare not phystally separde andanypart of the 4 acredsphysicallyincluded;or
&y S &cin &5 acres.

While measuresmayor maynot be combinable glternative plansare mutually exclusivewithin asingle
planningstudy, anddecison makersmust ultimately selectone plan.Within a singlestudy,selectionof a plan

will precludethe sekction of anyother plan. However at the programlevel, alternativeplans(or & LINR 2 S O

mayor may not be mutuallyexclusiveAgan, it isthe property of combinabilitythat, at the programlevel,
allowsusto developdifferent total programsbasedon different mixesof plans(ord LIN2 2 SOG4 € 0 @

Inadditionto beingcombinable manymeasuresnaybe dependenton other measuresn order to be
implemented.Dependencyelationshipshetweentwo measuresnayexistfor severalreasonsincluding:

A Necessaryo function Forexample the survivalof willow tree plantingsmaybe dependentupon an
irrigationsystemjwithout irrigationthe plantingswill die. Inthis casejrrigationis necessaryor the
willowsto function.

A Reduceiskor uncertainty Forexample we maywishto establish50willow treesper streammiile.
However pbecausepreviousplantingprogramsin the areahaveshown that about one- third of willow
plantswill not suwvive the first criticalgrowingyear,we electto plant 75trees perstreammile to
accountfor the survival risk. The50treesper mile that we expectto survive areactuallydependenton
the additional 25 treesper mile that experiencehas shownarenot likelyto survive.

A Improveperformance Forexample we mayalsoelectto improvethe growth rate of willow plantingsby
fertilizingthem. The fertilizer isnot necessaryor the plantsto function, nor will it reduceanyrisksor
uncertaintiesof survival However t willimprovethe g A f f pRribr@n&nceby producingmore mature
treesfaster.

Dependenciesanoccurin at least two different ways.Mutual dependencgxistswhere two or more
measuresnustbe implementedin combindion or not at all. Forexample,considerthe followingtwo
measures:

A ManagemenMeasure/A] =VegetativePlanting;
A ManagemeniMeasure]B]=Irrigation System.

If [A] will not work without [B], then[A] cannotstandaloneandcannotbe a plan. Similarly f [B]isonly
includedbecauseof the existenceof [A], then[B] cannotstand aloneasaplan.Hereonlythe combination
[A+B]Jisaviable plan.In casesvherewe havemutual dependencyit is bestto groupthe two measures
together andthink of them asa singlemeasurefor the purposesof analysisForexample,in this case we could
groupmanagment measuresA and Btogetherasa newmeasureCsuchthat:

ManagementMeasureg[C]=Planting& Irrigating

Adifferent type of dependencyswhere somemeasure(saredepencdent uponother measure(sput the
relationshipis not reciprocal. We will refer to thistype of dependencyaspath dependencyUnderstanding
pathdependencyrelationshipscan helpto assurethat time andresourcesare not wasted evaluatingplans
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Section 29 Plan Formulation

that could not be implemented becauseahey fail to meeta dependencypath requirement.Forexample,
consideracasewherewe havefive managment measuresA, B,C,D,and E.In this example,we must
implementA beforeimplementingB; if AandBareboth present,we canthen add C.Also,D mustbe present
beforewe canaddE.

Recognizingependerty relationshipsamongmanagenent measuresan assst in screening out plansthat
arenot feasiblebecauseheyfail to meetdependencyrequirementswhenusingthe éall combinationsof
management measuresalLJLINE to fldh formulation. In our example,there are 32 possiblecombinationsof
the managgementmeasuresA-E.However manyof thesepossiblecombinationsare not functionallyfeasible
becausethey violatethe dependencyrequirements.Table3 includesall combinationswith shadng overthose
plansthat are not feasiblebecausehey do not meetdependencypathrequirements.Outof the initial 32
possibleplans,only 12 meet dependencypath requirementsand are functionallyfeasible.

Situationgnayarisewhere we arefacedwith either...ordependencieskEither...ordependencie®ccurwhena
comma measuremay be addedto more than one deperdencypath. For example,considerthat on a
commonplot of landwe havetwo measuresG¢to plant onetype of vegetationand T¢to plant asecondype
of vegetation Assumethat we couldplant either alone,or both in combination.If we wereto addto either G
or T (or both) plantingmeasuresa new measurefto fertilize; we would then put the samemeasiure in two
dependencypaths.

Now,we canadd measure F(fertilize)if either Gor Tis present.Similarly Fcould be addedif bothGandTare
present.In this case we mightonly incurthe costof fertilizingonce,but the effectof fertilizingon the planting
mayvarydependinguponwhetheroneor two typesof plantingare beingaffected.In suchcasesthe

potential for improperestimates(either of cost,output, or both) ishigh.In situationswhered S A (i K S NX 2 NJ
& R S LIS y R&yfetivéed@managment measuresit isimportantto checkthe validity of the costand

output estimatesof allcombinationghat includethosemeasurego assurethat costsor benefits are not
beingdouble-counted.

Where Do Solutions Comedan?

Theprocesof buildingalternative plansfrom managment measuregand programsfrom plans)iscalledplan
formulation Planformulationoccursin three verygeneralphasesidentificationof management measures,
formulation of alternatives andreformulation.In everystudy,thesephaseswill overlapandbe repeated(or

& A ( S NegaindnRagain Foradditionaldiscussionaboutthe planformulation processsee the Planning
Manual(IWRReport96-R-21).

¢CKSNBE FNB Ylye LIy F2NNdzZ FGA2y FLIINRIF OKSasz &dzO0K | a
using brainstorming, HEP models, and checklists (see the Planning Manual). While any appheaehes

YIe8 0SS dzaSR (G2 RSOSt 2L) a2zt dzi ZaRppssible combiaiondy dkfal G- A 20/A | -OLOLS!
approach frequently used during planning investigations. This approach begins with a list of individual

management measures, defines comtiility and dependency relationships among the measures, and

finally derives every possible combination of the measures given the defined relationships. The resulting set

of combinations is the entire set of alternative plans that can be generated fnermeasures under

consideratiomevery plan possible will have been formulated. Once this set of all possiblegsléesn

identified, they can be evaluated using the cost effectiveness and incremental cost analyses procedures.
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Table3.
All Combinations of Management Measures
(with shading over plans which do not meet dependency path requirements)

NO COMBINATION AD ABC BDE
A AE ABD CDE
B BC ABE ABCD
C BD ACD ABCE
D BE ACE ABDE
E CD ADE ACDE

AB CE BCD BCDE
AC DE BCE ABCDE

The results of plan formulatiagmanagement measures, alternative plans, and prog@amsst be both
G2 dzeFIBkIS Yy Rt 8¢ 6&2dz Oy SaluAYIGS gKIF(G -PNAOERSE: 26l@ 2 dzi
also estimate its costs).

What@ anOutput?

As we us it in this manual, the term output means ariended, beneficial, nonmonetary effe@ost
effectiveness and incremental cost analyses examine dutput levels and their respective costs, vary
across different solutions.

An output is the means by whiete measure how well we achieve a planning objective. Usually, we identify
one type of output for each objective. For example, you may decide to measure progress in restoring a
wetland in terms of changes in its habitat quality and quantity.

Insomecases,it maybeimportantto look at more than one aspectof anobjective,and, therefore,youmay
usemultiple outputsfor asingleobjective(for example, habitat quality andthe presenceof akeysbne
species)ln addition,if your study isaddresgng more thanone planningobjective, then youmayusea
differenttype of output for eachobjective.Usingmultiple outputswill complicate,but not necessarily
ovewhelm,youranalysisSeeChapterFivefor a discussiormabouthowyoucanhandethe & | LJlalidS a
orangS apéoblemof multiple outputs(calledd O 2 &/Ya dzNJ G A2y £ 0 ®

Outputsarethe intended resultsof implementing solutions. Inthis serse, they arethe analyticalequivalentof
traditionaleconomic 6 Sy S Quiplitsilikedraditional dollarbenefits,area speciatype of what many of us
referto aséenvironmentalA Y LJ- Qtie diffeenceisthat @ 2 dzii laleéthedlésiredandintendedeffectsof
solutionso ¢ S tfyiNGRo createthem),whiled A Y LJlugDailyieder to the full rangeof effects, both
undesirable anddesirable and unintendedandintended. Note that, althoughour primaryconcernhereiswith
environmentaloutputs, the full rangeof effects,includingother environmentalandsocal impacts,mustbe
assesedfor environmentalrestorationandmitigationsolutions.Forexample the impactsof a wetland
resoration projectonlostuplandhabitat, displaceduplandwildlife, relocaed structuresandutilities, and
otherimpactsshauld alsobe assessed.

Althoughwe havefocusedour discussionsn fishand wildlife andecosysterrelatedoutputs, the procedures
descriled in this manualcanbe appliedto awide rangeof other outputs. Thebasicquestionsposedin these
proceduresculminatingin the disit worth A (iakdysis are equallyvalidfor problemsrelatedto water andair
quality, hazardousand toxic wastes aestetic resourcesculturalresourcesandanyother type of resource.
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Solongasthe basicmeasurenent requirementsare met, anynon-monetaryoutput shouldbe amenableto
the essentiahnalysesof theseprocedures.

Measuring Outputs

Everyoutput ismeasued usingatechnique that measureshangesn termsof ametric,or & Y S | seftNIS
dzy ATheteidno single,universal all-purposeunit of environmentaloutput, nor isthere asingle, universal, all-
purposemeasurementechnique. Traditionalmetricsfor measuringenvironmentabutputshaveincluded:

A Physicatlimensiors, suchasacresmiles,days.etc.
A Populationcountsof a speciesor guild (numberof wadingbirds, for example).

A OHabitatunitst areaproductof the & bbitatEvaluaiont N2 O S RUE¥SHand Wildlife Service
1980; alsoreferredto asd | 9 tasiwvell Asseveralbther habitat-basedevaluationmethodologies
similarto HEPWhilethe originalHERapplicationdocusedon singlespecies, recentiERlike procedures
focuson communitiesand may measure @ O 2 Y'Y dizf A dil &indilammetrics.

Otherlesscommonlyusedmetricsincludemeasurenentsof biodiversity produdivity andrisk. Again there is
no onewayto measureenvirormental outputsthat will applyin all casesEachstudymustdeterminethe best
wayto measureoutputsto meetits unique decisionrmakingneeds.

CurrentCorpgguidanceprovidesflexibility in the measuremenbf outputs, but statesthat outputsthat
measureecosytemvaue andproductivity are preferred. Accordingo ER11052- 100, paragieph 3-5, ¢ (1):

Ecosystemestorationoutputs must be clearlyidentified and quantified in appropriate
units. Althoughit is possible to evaluatevariousphysical,chamical, and/or biological
parametersthat can be modified by managementmeasuresthat would result in

anincreasein ecosystemquantity and quality in the project area, the use of units

that measure an increag in & S O 2 asdvalué &Y productivity are preferred. Some
exampleof possiblemetrics whichmay be usedincludehabitat units, acresof increased
spawnirg habitat for anadromous fish, stream miles resored to provide fish habitat,

increasesn numbersof breedingbirds,increasesn target speciesand diversty indices.
Alternae measuresof ecosysten value and productivity may be useduponapprovalby

CECWP. Monetary gains (e.g., incidental recreation or flood damagereduction) and

losses(e.g., flood damagereduction or hydropower)associatedwith the project shall

alsobeidentified.

Ideally,we shouldfirst definethe output to be measuredbasedon a planmning objective);then definethe unit
in whichwe will measurechangein the output; andfinally selectthe measurementechniquethat will provide
valuesin termsof the selectedunit. Selectinghe techniquefirst will, by definition, selectthe measurement
unit, whichmayor maynot be the bestindicatorfor the output. Analystsshouldrecognizdinkagesamong
outputs,unitsandtechniguesin developingneasurenent frameworksfor their studies. AppendixCof Corps
engineeringcircularl105-2-210 (ne 1, 1995) providesagoodsummaryof currentecologicameasurenent
methods.
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What® aCost?

Costisa sacrifice that mustbe madein orderto do or acquiresomething. Costisfrequently characterizedsa
monetary valuefor the purposesof planrninginvestigitions. Thecostsof environmentalplanningsolutions
havethree componentsimplemeration costs opportunitycosts,andincidentalbenefis. Whileall three
componensarediscussedbelow,onlyimplementationcostsare to be includedin the costcalculgionsfor
CE/ICAper Corpspolicy. Opportunity costsandincidentalbenefits,if applicablemaybe displayedn the
comparisorof alternativeplansfor trade-off analysispurposesput arenot to beincludedin CE/CA
procedures.

Implementaton costsare what ecoromistsmightrefer to asexplicit costs;they arethe out-of- pocket,cash
outlaysfor producingenvironmentaloutputs. Example®f implementaion costsincludeoutlaysfor
preconstructionengineeringanddesign realestate, construction OMRR&Roperation,maintenancerepair,
relocationandrehabilitation),andmonitoring.Implementationcostsincludewhat aretypicallythoughtof as
the costestimate andthe real estateappraisal.

Thelevelof detailappropriatefor cost estimatesandreal estateappraisalsvill varythroughdifferent phases
of planning.Forthe purposesof theseandysesa CorpaM-CACE@8VicrocomputerAidedCostEstirmating
System cost estimae, andarealestae appraisalmaynot be needed, especiallyduringearlyphasesof
planning.Professionajudgmentis neededin determininga levelof detailthat isappropriatefor the phaseof
planning, projectscale andthe levelof detail in output measurementsMoreover, communicationisrequired
to inform staff from costengineeringandreal estateaboutwhat typesof decisionstheir estimateswill support
(for example,preliminaryscopingof measuresyothey canbe comfortablewith the appropriatelevelof
detail.

Opportunitycostsof foregonebenefitsare what economistamightrefer to asimplicit costsithey R 2 ye@3iius
moneywe alreadyhavein pocket,but rather they costusthe opportunity to havedonesomehingelse.For
exampe, restorationof aripariancorridor mayrequireremovalof alevee whichwouldreduceflood damage
reduction benefitsprovidedby the levee.ln Federalwater resourcegplanning,opportunity coststypicallyrefer
to foregoneNationalEconomidevelopmen (NEDbenefits. TheP&Gspecifieghe followinggoodsand
servicesasNEDbenefits:

A Municipalandindustrialwater supply;

A Agriculturalfloodwater,erosionandsedimenationreduction;
A Agriculturaddrainage;

A Agriculturalrrigation;

A Urbanflood damagereduction;

A Hydropover;

A Inlandnavigation;

A Deepdraft navigation;

A Recreation;
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A Commerciafishing;and
A Othercategorief benefits.

SeeER1105-2-100for adiscussiorof proceduredor estimatingthese NED benefits.AdditionalCorpsguidance
for estimatingmany of thesebenefitscanbe foundin the CorpsNationalEconomi®evelopmenfrocedures
ManualSerieqseereferences).

Incidentalbenefitsare monetarybenefits that occurasunintended consejuencesof an environmental
planningsolutionandincurno addtionalimplementatbn costs.In someways,they canbe thoughtof asthe
oppositeof opportunity costs.IncidentaINEDbenefitsare incidentalbenefitsin the sameelevencategoies
listedabove.Forexample,restorationof a wetland,upstreamfrom anurbancenter,mayprovideincidental
flood damagereductionbenefitsto the urbanarea.

Althoughincidentalbenefitsare not coststo be includedin costeffectivenesandincrementalcostanaly®s,
they maynonethekssrepresentpertinentinformationfor decigson-making.If a solutionprovidessignifcant
incidentalbenefits,thesebenefitsshouldbe displayedn the comparisorof alternativeplans. A particular
estorationalteNJ/ I (i incideh@lderefits mayplayanimportantrolein planseledion.

TotalCog

Summingallimplementationcostsproducesthe total costof a solutionto be usedasthe costelementin
CE/ICArocedures.Theformulafor this calculationis shownin Figure3.

Total Cost = Implementation Costs

Figure3
Computing the Total Cost of a Plan Alternative
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PlanAnalysis

Before You Start

Costeffectivenesandincrementalcostanalysesretoolsfor comparingalternative solutionsto planning
problems.Theanaly®s should not require anyadditionaldatathan what would otherwisebe generatedin a
typicalplanningstudy. Theyexaminehow costsvaryat different levelsof output.

In costeffedivenessandincrementalcostanaly®s, output valuesare added, subtracted,and divided.
Therefore,ordinalunits of measurenent (1<, 2nd, 3rd...)canrot be usedin theseanalyse. However cardinal
units of output measurementsuchaspopulationcounts and habitat units, canbe used.

Sincethe analysesaretoolsfor makingcomparisonscrossalternative solutions,it isimportant to convertall
datato comparablevalues Speciftally, all costs mustbe discountedto reflectthe time valueof money;and if
costsare convered to averageannualequivalentcosts,outputs shouldalsobe computedon anaverage
annualbasis.

Theremainderof this chapterwill discussakulationsthat are madein costeffectivenesandincremental
costanaly®sto extract informationfrom the costandoutput data. Pertapsthe simplestsuchcalculaton is
that of total cost.

Avaage Cost

Averagecost is calculatedoy dividingtotal costby total output. Theformulafor this computationisshown in
Figure4. Averagecost isaltogether different thanthe conceptof averageannual cost. Theaveragecostfor a
particuar level of output isthe costper unit of output for that level.If a solutionprovides100units of output
at atotal costof $1000,the averagecostis $10per unit for that alternative.Averagecostscanfacilitatethe
comparisorof productionefficienciesacrossalternativesby placingeachalternative planin acommonmetric:
dollarsper unit of output. Forexamplea solution, whichproducesoutput at $10per unit, would be
considerednoreefficientin productionthan a solutionproducingthe sametype of output at $20 per unit.

00 Qi @D 6 € iNANWYE VD O ESHE 000 Qe ¢

Figured
Computing Average Cost
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What@ anincremen?

Ifé 2 ddeeenSivolvedin planningstudies @ 2 dzetdb&blyheardpeopletalk aboutd Argh@ntst ®
Unfortunately like manyotherwordsin our businessthe term incrementhasseveraldifferent meanings,
eachof whichare correctwhenusedin the right context.

Ly 3ISYSNIfX aAYyONBYSyiGé Aa dza SR A yerhéps tostRanenE NSy (i & | ¢
increment is used in a desiggense to mean the size of@anagement measurer the composition or size of

Fy FEAGSNYFGABS L yd C2N SEI ¥dofinSramenmts (Febt@ighSsedt KSA IKG
high, 6feet high etc.). Increments of a plan usually refer to additions of new measures to the plan (a levee

plan; a levee and channel plan; a levee, channel and drop structuregitan;or different sizes of a

particular measure included in a plan (a levee and 2f@00channel plan; a levee and 2,56ibt channel

plan; alevee and3,0002 2 i OKI yy St -LRRYA XBYOMBWSYl(i&tAr&HGGKS FAYL ¢
AyOt dzRSR Ay | LXFy® Ly GKAA Yl ydzehsEofin@emdm S (G KS G SNY

IncrementalCost andncremental Ouput

Whenwe use the termincrementor incrementalin discussingncrementalcostanaly$s, we are usingthe term
in its economiesenseto meanadifference or change,betweentwo soluions. Thetypesof changeswe are
interestedin aredifferencesin costanddifferencesn output betweensolutions;thesedifferencesare
referredto asincrementalcostandincrementaloutput.

Incremenal Cos isthe differencein total costbetweentwo solutions,expressedn dollars.Forexample,if a
40-acrepond costs$100,000, and a 50-acrepond costs$175,000,the incrementof cost(or changen cost)
betweenthe two pondsis $75,000. Thisincrementalcostinformation simplytells usthat the 50-acrepond
costs$75,000 more than the 40-acrepond. Figureb contans the formulafor incremental cost.

vvvvv

Figureb
Computing Incremental Cost

Incremenal Outputisthe differencein output betweentwo solutions,expressedn the2 dzii Ldofiof) &
measurement.Continuingwith the pondexample,if the 40-acrepond would produce20 habitat units, andthe
50-acrepondwould produce30 habitatunits, the incrementof output betweenthe two pondsis 10 habitat
units. In other words,the 50-acrepond provides10 more habitatunitsthanthe 40-acrepond. Figure6
containsthe formulafor incrementaloutput.

Incremental Output of Solution B = [TotalOutput of Solution BJg [Total Output of Solution A]

Figure6
Computing Incremental Output
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Incremental Cosper Unit

Incrementalcostanalysiss anexamination of the changesn both costand output acrossalternative
solutions.We canmake thistwo-dimensionalariationmore apparent,helpingusto makecomparisons®cross
solutions,by combiningthe concepts of incrementalcostandaveragecostto computeincrementalcostper
unit; one numberthat reflectsboth typesof change.Figure7 containsthe formulafor incrementalcostper
unit.

0 O QA®E G EYYE VEYE & 0 6 Qé-E

Figure7
Computing Incremental Cost per Unit

Note:Figues5, 6,and7 refer to the incrementl cost,incrementaloutput, andincrementalcostper unit,
respectivelypf SolutionB. While sayingheseincrementalvaluescorrespondo one solutionsimplifiesthe
discussia, the incremertal valuesin theseformulasactuallyapplyto the decisiorto implementSoution B
overSolutionA.

Examining the changes in incremental cost per unit across solutions is, in other words, examining how the
cost per unit (or average cost) of incremental output changes as the level of output changesiriRedigain

to the pond example, the incremental cost per unit of the &re ponds is $7,500 per habitat unit, based on
the following calculation:

($175000costof 50 aae pond - $100,000 cost of 40 aae pond) = $75000

= $7,500/HU

(30HUoutput of 50 acre pond - 20 HUoutput of 40 aae pond) = 10HU

This tells us that the 10 extra habitat units that thedfe pond can provide (over the 20 units provided by

the 40-acre pond) cost $7,500 each. Using the average cost equation in Figure 4, we fitte tPathabitat

units provided by the 4@cre pond cost $5,000 each. This information tells us that we can get the first 20

habitat units for $5,000 each; if we want more we can get 10 additional units, but those will cost $7,500 each.
Nowwe have ourcodt Y R 2 dzli Lddzi RIGF Ay F F2NXYIF G GKFG FFEOAELAGHG
Specifically, are 2Babitat units worth $5,000 eachfso, are 10 more worth $7,500 each?

The concepts of incremental cost, incremental output and incremental casieare not difficult; but may

be new, especially to neaconomists. And, because they are unfamiliar, they are sometimes confused with
average cost. Both types of cost measuremeriteremental and averagglay a role in our analyses, but

they are diferent and cannot be used interchangeably.
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CasesStudy

Introduction

Inorderto demonstratehow costeffectivenessand incrementalcostanalysescanbe performedusinglWR
Planning Suite Hoftware,the followingcasestudyispresented Althoughthe casestudyisbasedon anactual
Corpsecosystenregorationfeasbility study,the actualsolutions,costs,andenvironmentaloutputshave
beenmadifiedin this manualfor illustration purposes Noneof the costandoutput figuresusedin this
examplerepresentrealdatafrom the feasibilitystudy.

Study Area Setting

TheCityof Phoenixandthe Corpsare studyingmeansof regoring degradediparianandriverineecosystems
in asevenmile segmentf the SaltRiverfloodplainin the Phoenixmetropditan area.TheSaltRiverchannel
downstreamand southof the city isdry duringmostof the year,but the river andsurroundingfloodplainare
subjectto infrequentflood flows resultingfrom periodicflashflood events.The primaryobjectiveof the
potential ecosystenrestorationprojectisto restorethe degradedecologicatesourcesof the SaltRiverand
associatedloodplain.Incidentalrecreationbenefits are expected.A planning constraintisthat the proposed
restorationmeasureshouldnot increa® flood damagesto nearbyresidencesandfarms;if possiblethe
measuresshouldcortribute to the reductionof flood damages.

Thereare severalmanifestationsof the degradedenvironmentin this part of the SaltRiverfloodplain.Riparian
vegetation,incudingcottonwood-willow andmesquitevegetativecowers, both nativeto the riparianzores of
the studyarea,hasbeengreatlyreducedin aerialextentduringthe last50years.Thisisdue primarily to the
reductionof surfacewater flow volumesin the Sat RiverchannelUpstreamwater diversicnsand
consumption are primarilyresponsiblefor the reductionin sufacewater flowsin the studyarea.Reduced
flow volumeshave negativelyimpactedthe availabiity of surfaceandgroundwaterto supportthe
cottonwood- willow andmesquitevegetativecovertypes.Asaresult,approximatelyl,000acresof the
previouslymentionedcovertypeshavebeenlostin the studyareain the last50 years. Both cottonwood
willow andmesquiteriparianwoodlandsprovidevaluablehabitatfor manynative SonorarDesertbird and
mammalspeciesjndudingthe Yumaclapperrail (astate-listed sensitivespeciespndthe cactuswren. The
former andexistingripariancorridorsalsoprovideimportant restingandfeedingsitesfor severaNeo-tropical
migratoryspecieof birds.

Anothersignof the degradedecosystenisthe virtual disappearancef riverinewetlandsand openwater
areaswithin the studyarea.Again,due to reduced surfacewater flows, the openwater sectionsof the
channelhavebeenreducedto afew seasonalpools(alossof approximatelygO0acres)while appraximately
400acresof formerriverineandfringe wetlandsin the floodplainhavedried up. Much of the former river
channeland riverinewetlandshavebeenreplacedby exposedock,cobble,andsard. Thelossof these
ecoystemshasresultedin the lossof habitat for suchaguaticandwetlandspeciesasthe snaildarter, leopard
frog,andblueheron.

Yetanother manifesttion of the degradedecologtal conditionsin the study areaisthe rampantgrowth of an
exotictree speciexalledsaltcedar. Saltcedar,a salt anddroughttolerantinvasivespecieshasthrivedin dry
SaltRiver riverbed,out-competing,andin manyareas replacingnativevegetation.Theleavesof saltcedar
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treesexudeanoxiouscompound that, upon decompositon in the soil,increaseghe salinityof the soil,
therebyinhibitingthe growth of other plantspecies Standsof saltcedar thereforetend to be denseand
monotypic,providingverylow habitat valuesfor nativebirdsand mammals. In additionto their negative
impactson habitatquality, the densty androughnesof saltcedard ¥ 2 NiB thelBaltRiverriverbedalso
contributeto floodingproblemsduring episodidflashflood events(the treesretard passagef flood flowsand
contributeto increasedsedimant deposition) Anestimated 1,000 acresof saltcedarnow coverthe floodplain
in the studyarea.

Anillustration of our samplestudyareais showvn in Figure8. (Notethat this figure shows proposedsolutions
for the studyarea. Afigure of the studyareaitself would not actuallyshowproposedfeatures,only existing
conditions.)

Figure8
Sample Study Area
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Solutions

In cooperationwith the localsponsor state resourceagenciespther Federalagenciesandlocal stakeholdes,
the CorpDistrictoffice developedseverakolutions(variousmanagment measurest varioussites)to the
problemof degradediparianandriverine ecosystensin the SaltRiverfloodplain. Sincdackof surfacewater
in the SaltRver channelwasconstderedfundamentl to allassociate@&nvironmentalproblems,findinga
sourceof water wasa critical prerequisiteto all proposed solutions.Fortunately anunderutilized sourceof
waterwasavailableandacceptabldo allthe concerred parties:outflow from aneaby municipalwastevater
treatment plant. Effluentfrom the plantistreated with semndarytreatment processesmeetingall state
water quality and EPAdischargecriteria. Allthe proposedecosystenrestorationsolutionsmakeuseof the
wastewater treatment plant outflow. Theindividualsitesandmanagement measuregexplainedbelow)canbe
employedindividually or in combinationwith each otherto contribute to ecosystenrestoration.

Solution1: DiurnalFlowRegulationWetlands

Diurnalflow regulationwetlandswould be createdon the north bankof the SaltRverandjust westand
downstreamfrom the treatment planoutfall. Theywould be constructedat banklevelabovethe 100-year
floodplain.Apumpwould be requiredto movewater from the wastewater treatment plant outflow discharge
to the wetlands site. Thewetlandswould helpto controland attenuatethe diurnalpulsesof waterreleased
from the plant, eveningout the flowsto more closelyemulatea naturalsysten. Thewetlandswould helpto
a LJ2 fthe affluént, therebyfurther improvingwater quality, aswell ascreaingvaluablehabitat for the
Yumaclapperrail, blue heron,andother bird specieslt wasestimated that a minimum of 50 acreswould be
requiredto handleand regulatethe flow from the treatment plant. Theefore, 50 acreswasconsideredhe
minimumscalefor this solution. However landis availableto accommodatdargerareasof diurnalflow
regulationwetlands; thesecouldbe built linearlyandfurther westof the initial 50-acresite. Largemwetland
acreages of 100 and150acreswould therefore be considered correspondindo scales2 and3) of thisfirst
solution.

Solution2: OverbankWetlands

Overbankwvetlandswould be createdfurther westanddownstreamof the regulationwetlandsandlocated,
not in the SaltRiverchannelitself, but at banklevel. Thesewetlandswould be suppliedwith water from the
regulationwetlands.Theirpurposeisto providesimilarhahitat to what had historicallyexistedfor various
aquatic, bird, amphibianreptilian,and mammalianspeciesTheoverbankwetlandswould alsoprovidesource
water for downstream(@anddownhillor & R 2 ¢ y odotidriwéoalandwillow ripariancorridors.Variows scales
and configurationsof overbankwetlandsare possibhe, but their generalshapewould be roughlylinearalong
the top of the river bank,betweenapproximately100to 200 yardswide, and coveringareasof 25 to 150 acres
(25 acrescorrespondingto sale 1; 75acresto scale2; 100acresto scale3; and 150acresto scale4). Because
the overbankwetlands(sdution 2) are suppliedwater throughthe diurnalflow regulationwetlands(solution
1), solution2 isdependenton solutionl.
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Solution3: Remo\e SaltCedarsfrom RiverChannel

Thissolution would entailremoving all 1,000acres of invasivesaltcedartreesfrom the SaltRier riverbedand
the areabetweenthe overbankwetlandsandthe riverbed.Thetreeswould be bulldozed uprooted,and
removed.Removingnvasivesaltcedarisaprerequisiteto enablingnative plant speciedo re-vegetatethe
areaandwould alsoimprovethe O K | Y ¢afébiliydio handleandpassflood flows. It wasdeterminedthat
removingall 1,000acreswould berequiredto effectanysigrificantimprovementin the localecosystem.
Completeremovalwould prevent the rapidre-populationof saltcedarstands, which isableto out-compete
native speciegdueto its tolerancefor highsaltconcentrationsin the soil. Thereforeonly 1 scalewould be
consideredfor this solution. Thissolutionis requiredbefore anyof the other solutionsinvolving re-vegetation
of native speciescanbe consideredi.e.,solutions4, 5, and6 are dependenton solution3.) Nospecific
outputsare assocatedwith the removalof saltcedarper se Rather this solutionisa pre-requiste to the
implementationof solutions4-6 andthe associakd riparian,openwater, and wetlandhabitatsthey would
provide.

Solution4: Cottonwood-Willow RiparianCorridors

These500- to 1,000yardlongcorridors of plantedcottonwoodandwillow treeswould extendsouthwestely
from outflow pointsalongthe overbankwetlands,extendingdownthe river banktoward the river channel
itself. Waterfrom the wetlandswould feedexcavated,shallowditches,desandingin elevationtoward the
river, with the banksalongboth sidesof the ditchesplantedwith cottonwoodandwillow treesandnative
bushes Surfacavater andgroundwaterflow throughthe trenchcorridorswould providethe required
guantity of soilmoistureto supporttree growth. Thecottonwoodwillow riparianvegetativecover provides
very highhabitatvaluesto avariety of bird andmammaian speciesEnoughwater dischargingrom the
overbankwetlandswould be availableto supportup to sixripariancorridorsof approximately50- to 100-yard
widthsand 500- to 1,000yardlengths.Theseripariancorridorswould correspondo scalesl ¢ 6 for this
sdution category (scalel =constructl ripariancorridor,scale2 =construd 2 ripariancorridors,scale3 =
constuct 3 riparian corridors,andsoon). Becausehe cottonwoodwillow corridors(solution4) are
dependenton water flowsfrom the overbankwetlands(solution 2), solution4 is dependenton solution2.
Likewisethe egablishmentof cottonwoodsandwillowsis dependenton the removal of saltcedar,so
solution4 isalsodependenton solution3.

Solution5: CreateOpenWater Areasin RiverChannel

Thissolutionwould consistof excavatingandgradingdepressionsr pitsin the riverbedthat would serveas
deepwater poolsandopenwater areasto capturewater from flood flows and someof the wastewvater
treatment plant outflow. Theopenwater areaswould providehabitat for various aquaticspeciesaswell as
provide food andwater sourcedor variousbird andterrestrial speciesVarioussizesand configuratbnsof
openwater areascouldbe constructed.Fourscalesvould be considered100, 200, 300,and 400acres. Before
this solutioncanbe implemented the exising stardsof saltcedarmust be removed,sosolution5is
dependenton solution3. Creationof openwater areaswill alsoinhibit the re-establishmenbf saltcedarin
the area.
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Solution6: CreateRiverineand FringeWetlandswithin RiverChannel

Thissolution would entail excavatbn andgrading of sandand cobbleareasto appropriateelevationswithin
the river channeladjacentto openwater areasandalongthe edgeof the river channeto createriverine and
fringewetlandareas.Waterwould be suppliedfrom nearbyopenwater areasandresidualflow from riparian
corridors.Wetlandplantswould be planted. Thesewetlandareaswould providehabitatfor various aquatic,
bird, amphibian reptilian,and mammalianspeciesOneto 5 wetland areasof 120 acreseachwould
correspondo salesof 120, 240,360, 480, and600 acres Beforethis solutioncanbe implemented the
existingstandsof saltcedarmustbe removed,sosolution6 isdependnt on solution3. Creaton of wetlands
within the river channelareawill alsoinhibit the re-establishmentof saltcedar.

Costs and Outputs

Theimportant variableghat mustbe consideredn anycosteffectivenessandincrementalcostanalyses
(CE/ICARrethe costsandoutputsof the proposedsolutions.In this study, the implementation andoperation
andmaintenancecostsin dollarsof eachproposedsolutionand scalewere calculatedoy costestimaorsand
convertedto anaverageannual equivalentamountby economistgpresentd in $1000in Table4 below).

Table4.
Costs of Solutions And Scales
Solution
Number Solution Decription Scale Nurber ScaldAcres) Casts ($1,000)
1 FlowRegulationVetlands 2 100 783
1 FlowRegulationVetlands 3 150 849
2 OverbankWetlands 1 25 415
2 OverbankWetlands 2 75 620
2 OverbankWetlands 3 100 815
2 OverbankWetlands 4 150 1,010
3 RemoveSaltCedar 1 1,000 3,480
4 RiparianCoridors 1 15 144
4 RiparianCoridors 2 27 251
4 RiparianCoridors 3 47 370
4 RiparianCoridors 4 75 489
4 RiparianCoridors 5 101 560
4 RiparianCoridors 6 125 664
5 OpenWater 1 100 2,150
5 OpenWater 2 200 3,780
5 OpenWater 3 300 5,777
5 OpenWater 4 400 7,220
6 In-channeWetlands 1 120 1,667
6 In-channeWetlands 2 240 3,156
6 In-channeWetlands 3 360 4,200
6 In-channd Wetlands 4 480 5,913
6 In-channeWetlands 5 600 6,656

Note: Costsareexpressedn anaverageannual equivalentbasis.

Inthis study,the outputs of the proposedsolutionsare the changesn ecosystenvaluesderivedfrom the
habitatsproducedby eachsolution.Some of the solutionsusetreated wagewaterasa water sourceto
producewetlandsand riparianhabitats. Other solutionsyield openwater andwetlandshabitatsin the river
chanrel, while anatherinvolvesremovalof a low-quality habitat associted with monatypicstandsof an
exotic specieswhichallowsit to be replacedwith highervaluenativespedes.Thesewetlands riparian,and
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openwater areasprovidehabitatfor avarietyof aquatic,wetland,terresrial, andbird speciesRatherthan
attemptingto measureecosystenoutputs on aspeciesby-speciedasisthe interdisciplinarystudyteamin
this casedecidedto quantify outputsin termsof the acresand quality of thoseacresfor eachcovertype or
habitatproducedby eachsolution. Theoutput categoriesveretherefore definedaswetland habitat,
cottonwoodwillow riparian habitat,andopenwater habitat. Thequality of thesehabitattypeswasestimated
by the biologistson the studyteam usingavailableeclogicalmodelsandbestprofessimal judgment. Quality
Indexvaluesof 0.0to 1.0, similarto Habitat Suitabilitylndex(HSIvalues were estimatedfor eachparcelof
covertypeto describeits overallquality for avarietyof & LIS (habiass @hderwithout projectandwith
projectconditions. Table5 displayshe acreageof variouscovertypesproducedby eachof the solutionsand
scalesaswell asthe differencein Qualitylndexvalueshetweenwithout projectandwith projectconditions
(i.e.,the Qualitylndex valueshown isthe improvementor & t A habitatquality effectedby implementation
of agivensolution). Thesequalityindexvalues werethen multiplied by the acreageof eachcower type
restoredor createdto providea quantity andquality measurenent of the ecologicabutput of eachsolution
andscale(seeTable6 below). Thesed Yy Siitgutsarethe output quantitiesto usefor CE/ICA Theoutputs
displayedwere calculatedon anaverageannualbasis overthe 50-yearprojectlife.

Thecostinformationfrom Table4 andthe output informationfrom Table6 for the varioussolutionsand
scalewill be usedin the IWR Planning Suitedbftwareexamplein the following sections.

Table5.
Qutputs(Acres And Qudity Index Values)Of SolutionsAnd Scales

Solution GwW Open
Number SolutionDescription Scale |Scale (8 Wetlands Riparian Water

Number Ac Ql Ac Ql Ac Ql
1 Flowregulationwetlands 1 50 50 0.8
1 Flowregulationwetlands 2 100 100 0.8
1 Flowregulationwetlands 3 150 150 0.8
2 OverbanRVetlands 1 25 25 0.85
2 OverbanRVetlands 2 75 75 0.85
2 OverbankWetlands 3 100 100 0.85
2 OverbankiWetlands 4 150 150 0.85
3 RemoveSaltCedar 1 1,000 1,000 0
4 RiparianCoridors 1 15 15 1.00
4 RiparianCorridors 2 27 27 1.00
4 RiparianCorridors 3 47 47 1.00
4 RiparianCorridors 4 75 75 1.00
4 RiparianCoridors 5 101 101 1.00
4 RiparianCoridors 6 125 125 1.00
5 OpenWater 1 100 100 | 0.65
5 OpenWater 2 200 200 | 0.65
5 OpenWater 3 300 300 | 0.65
5 OpenWater 4 400 400 | 0.65
6 In-Chamel Wetlands 1 120 120 0.90
6 In-Chamel Wetlands 2 240 240 0.90
6 In-Chamel Wetlands 3 360 360 0.90
6 In-Chamel Wetlands 4 480 480 0.90
6 In-Chamel Wetlands 5 600 600 0.90

Note:Acq Acres;Ql¢ Qualty Index. Qualty Index valuesshownare the difference(improvement)in Qlbetweenwith project
andwithout projectconditions.
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Table6.
Conposite Outputs(AcresXQuality IndexValues)

Soution Number Solution Decription Scale Nurber Output
1 FlowRegulationNVetlands 1 40
1 FlowRegulationNVetlands 2 80
1 FlowRegulationNVetlands 3 120
2 OverbankWetlands 1 21.25
2 OverbankWetlands 2 63.75
2 OverbankVetlands 3 85
2 OverbankWetlands 4 127.5
3 RemoveSaltCedar 1 0
4 RipariarnCoridors 1 15
4 RipariarnCoridors 2 27
4 RiparianCoridors 3 a7
4 RiparianCoridors 4 75
4 RipariarnCoridors 5 101
4 RiparianCorridors 6 125
5 OpenWater 1 65
5 OpenWater 2 130
5 OpenWater 3 195
5 OpenWater 4 260
6 In-Chamel Wetlands 1 108
6 In-Chamel Wetlands 2 216
6 In-ChanneWetlands 3 324
6 In-Channel Wetlands 4 432
6 In-Channel Wetlands 5 540
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SoftwareTermsandProcedures

Thefollowingsectionsdescribeterminology andproceduredor usingthe IWR Planning Suitedoftware.

Software Terminology

IWR Planning Suiteusestermsthat havespecificmeaningawithin the context of the applicationto refer to
variousaspectf the planningprocessandto refer to different entitiesassociatedwith the planning
investigationCommonlyusedtermsyouwill needto knowin orderto easilywork throughthe example
follow. Thesencludesuchconceptsas:

A PlanAlternatives

A PlanningSes

A PlanStudies

A VariablesandAttributes
A ApplicationSuite

A PlanEditor

A PlanGeneator

Thereisalsoa glossanat the end of this guide whichmaybe usedasa quickreferencefor manycommon
terms.

PlanAlternative

APlanAlternative,whichmayjust be referredto asad LJf dr ghé | Endti&.¢ isasetof oneor more
solutions(activities)of particularscalesPlanalternativesare createdto addressplanningobjectives Each
planhasacostandone or moreresultingoutputs. Within IWR Planning Suite dplanconsistsof a planname,
aset of variablesanda set of attributes.

Planalternativesare discreteentities, andneednot necesarily be derivedfrom afixed setof solutionand
scalecombinationsWith sucha configuration,the plannergainsa great dealof leveragen the ability to
definetheir own planalternativesandscenaricsetsandto edit, combineor removeplansfrom both planning
setsproducedby the PlanGeneratorModule,andthosethat theyenterthemselves.

Thesameplanalternative canbe amemberof andsharedby morethanone planning setin a planstudy
simultaneouslyThiscapabilitygives plannerscompletecontrol over the planningsetsusedfor analysisand
removesanyrestrictionsthat would be imposedby a planning setgeneratorthat istied directlyto aplan
scenarioanalysisPriorto analyss,the plan alternativescanbe describedn exactlythe format andsubset
mostappropriatefor the analysighat isto be undertaken.
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PlanningSet

Aplanningsetor & LJt&ISy@agroupingof individualplanalternatives. Thereare different kindsof planning
setsin IWR Planning Suite dll havingtheir own specialuseandpurpose.Thereare generatedplanningses,
userdefinedplanningsets,constranedplanning sets,and analysiplanningsets. Adescriptionof each
follows. Theusermaythink of planning setsassimilarto theterm & & O S yabubk#i udderthe IWRPLAN
version3.33nomenclature.

GeneratedPbnningSd: Asetof planalternatives createdwith aplangeneratorfrom solutions(managenent
measures)andsales.

UserDefinedPlanningSet Asetof planalternativesentered by auserthroughthe PlanEditor. Plannergan
agreatdeal of leveragen the ability to definetheir own planalternativesandscenaricsetsandto edit,
combineor removeplansfrom both planningsets producedby IWR Planning Suitedj@langeneration
capabilitiesandthoseproducedby other means.

ConstrainedPlanningset: Asetof planalternativescreatedby applyinglimiting criteriato an existingplanning
set. Constraintsmay be defined within the planeditor to filter the planningsetto onlythoseplanalternatives
that meeta setof predefinedcriteria. Thecriteriaare minimumandmaximumacceptablevaluesfor a
particularvariable Derivedvariablegexplainedbelow)are not availablefor useby a constraintgroup. To
definea constrained planningse, the planning setnameis entered,alongwith one or morevariableso
constrainit by aminimumandmaximumacceptablevaluefor eachvariable. Theapplicationof aconstraintto
aplanningsetwill generatea new planningsetcontainngonly the planalternativesthat meetthe
constrainingriteria.

Uncertainty Planning SeA set of plan alternatives created by a completion Ma@nte CarloSmulation

where variable values aetermined based on a random selection of values from a specified distribution for
a set number of iterations along with defined tolerance rules and correlation amongst variables. The values
of all iterations are then averaged to produadinal set of viues for each plan in the planning set.

Watershed Planning Sék set of plan alternatives that allows the user to consider multiple locations in the
analysis. The user can define one plan per site, more than one plan per site or generate plans foe each si
based on their selections. Following that selection the user will be led through a series of steps to define
solutions and scales, relationships and automated edits for each defined plan.

AnalysilanningSd: Asetof planalternatives created by performingananalysison an existingplanningset.

ActivePlanningSé: Theplanningset that iscurrentlyselectedandvisiblein the Plan Editor. Theactive
planningsetisthe one that component modulesactupon. Theusercaneasily changethe activeplanning set
to anotherplanningset at anytime, allowinga varietyof planningsetsto be operatedon simultaneously.

PlanStudy

Ad t f{ FHiyiz& & &rining{ ( dzRf@réto asingledatabaseor datafile in IWR Planning Suite Hlisarelated
groupof planningsetsderivedfrom a commonsetof planalternatives. It containsall of the planalternatives
and analysigesultsusedto evaluatecandidateplansfor a specifigplanningtask. In somecass, it maybe
consideredo representthe planformulation and analysisportion of the planninginvestigationln othercases
it mayrepresentone portion or oneiteration of thesepartsof a particular planninginvestigation.
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PlanAlternative Variable

APlanAlternativeVariableisa categoryused for comparativepurposesn analygs.Aa @ I NJdéscribeS €
somecharaceristic of the alternaives,or managment measurescomprisinghosealternatives,in aplanning
study. Someexamplesof variablesare cost,output, habitatunits, andother effects. Variablesarethe
constituentcomponentof & R S N@& IONIRI ADéri8eiMhigableis a variable the valueof whichhasbeen
derivedviaauser definedmathematicalformulafrom the valuesof other variablesn the planalternative.
Derivedvariablesaredescribedby formulaeappliedto componentvariablesMathematicalfunctionssuchas
the additive, multiplicative, or exponentiafunctionsmaybe appliedto thesecomponentvariablesalongwith
manyother standardmathematicaloperations.Theyarethus addedto the planningstudyanddesaibedin
termsof avariablename,description,measurenent units,and a calculationformula.

PlanAlternative Attributes

Theplanalternativerepresentationisenhancedoy the ability to internally associatalataitems other than
solutions,scalesgostsand outputswith planalternatives.Thisnewkind of planalternativeassociatioris
calledapland i NX 6 dz(i S ® ¢

AnAttribute isavalueor hierardicalstructureof valuesassociatedvith a planalternative. It is distinguished
from avariablein that it identifiesa characteristiof the entire planalternative,ratherthanbeinganintrinsic
part of the planalternative. Anattribute is connectedto a plan alternativeassociatedwith a particular
planningset.In other words,two attributesof the samenameconrectedto the sameplanalternativemay
havetwo different valuesin two different planningsets.

InIWR Planning Suite #nattribute isa namedlabel with atextual or numericvalueassociatedvith it. Some
exampleof attributesare CostEfective, Planof Interest,andRank.

Attributesappliable to the analysismaybe defined,suchasa planof interestattribute, to be usedby
reportingandvisualizatiormodules.Then,oncethe rowsof the planningsetare created,individual plans of
interes maybe chosen.Todo so,the plan of interegd attribute of the row is markedin the planningseteditor.
Atthistime, if the planningsetwasgenerated by the PlanGenegtor Module,amore appropriatename for
the plan (say for example,than A1BOC4D2)naybe enteredandassociatedwith a specificplanalternative.

Forexampeg, for a proposedCivilWorksproject,there mayexist alocallypreferredplan, whichis aplanthatis
preferredby a non-Federalsporsor of a CivilWorksproject. In sucha casejt would be desirableduring
analysigo take particularnote of this planand its relationshipto variousplanalternativesduringanalysisThis
would be acasewheredesignatinghe locallypreferredplanasa plan of intered would be useful.

DistinguishingBetweena Variable andan Attribute

Hereare someusefultips to helpyou to rememberwhat a variableis usedfor asopposedto the useof an
attribute. Aspreviouslystated,avariableis anintrinsiccharacteristicof a planalternative,while an attr ibute
identifiesa characteristicthat maychangefor agivenalternativebetweendifferent plannng sets.

Theresultof this distinctionisthat variablevaluesare the samefor a particularplanalternativein any
plamingsetin aplanstudy.Forexample,in the planningstudyd a Plan{ { dzih&lplanningsetsthat use
at fléyeda / 2 Grialsleof PlanAwill havethe samevalue.
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However attribute valuesmaybe different for a particularplanalternative in anyplanningset in a planstudy.
Forexample,Plan! (h& 288 & O (atkridufednaybed , Sréode planningset,andd bg in anather,
becausdlifferent analysis parametersmayhavebeenusedto generatethe two planningsets.

PlanGererator

ThePlanGeneratorisawholly separatemodulewhichrunsfully integrated within the IWR Planning Suite I
Editor.1t usesthe previouslydescribedSolutionsand Scalespproachto plangenerationto generateplanning
seswhichmaythenbe subgdedto andysis.

ApplicationSuite

IWR Planning Suiteislanapplicationsuite of software components.It iscomposedf the basePlanEditor
componentto whichother componentscanbe readilyaddedor removed.Themodulard wiFandLJt | & €
ability to add or remove new componentswithout re-installinglWR Planning Suiteléndsitself to amore
flexible architecture whereyou canpickandchoosethe modulesthat suityour needs.Currentmodules
includeaPlanEditorComponentwhichincludesCE/ICAnalysisandreporting,andaPlanGenerdor
ComponentAn Uncertainty Planning Set Generation &mdlti CriteriaDecisionAnalysigMCDA) modules were
developedalongwith relatedreportingandgraphingcapabiliies for each componenglso available is the
Annualizer tool which allows the user to interpolate NER and NED benefits and costs over the period of analysis. The
newest module addresses the ability to complete watershed analysis using multiple loddéemnodulesare
easyto addto IWR Planning Suitéasneeded.

Software Pocedures

Openingthe Application

Youwill be workingwithin the IWR Planning Suitethiroughout the example scenario EachPlamingSudy
contairsplanningsets, andall IWR Planning Suiteflinctionsare performedwithin Planning StudiesToopen

the application clickon the Windows Startbutton to openup the StartMenuand then select All Programs. A
list of programs and folders will now appear.
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L Adobe LiveCycle Designer ES 8.2 o
IS Adobe Reader XI

s CDM Expense Report

’(_3! Cisco AnyConnect Secure Mobility Clier
[&/ Desktop Gadget Gallery

I3 eRoom Files for Offline Editing

& Internet Explorer (64-bit)

& Internet Explorer

[ WRTideTool -
@ Mozilla Firefox

@ SyncToy 21(:54)

B TextPad

v Vault Client

] Windows DVD Maker

2 Windows Fax and Scan

 Windows Media Center

@ Windows Media Player

<o, KPS Viewer

. T-Zip

. Accessories

. Actividentity

. Bentley -

4 Back

Search programs and files R |

Figure9
StartMenu

The user should scroll until thdocate the USACE folder. Within that folder users willINdR Planning Suite
Il.

. USACE
[E] TWR Planning Suite T

Figure10
Launchingthe Application

The user should select this option to launch the application

ThelWR Planning SuiteApplicationwill now open with a default view as shown below.
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[E WR Pranning Suite e [P=tos x|

Figurell
IWR Planning Suite Il Application

Creatinga NewPlanStudy

Tofollow alongwith the casestudydescribedn the previouschapter,simply createa newplanning study
followingthe procedureshelow. Tocreateanew planning studyselectthe application button

(“) andselect New.

4 Mew..

Figure12
LaunchingCreate New Planning Study

After making this selection the New Planning Study form will opetefwult study name is provided that can
be used but it is recommended the user provide a more meaningful name for the planning study in order to
be able to easiljdentify the planning study at a later date.

The user shoulgrovidea name for the planning sidy by replacing the text in the Study Name fia$hown

in the figure below. The namausedin this examplei& { I t & wA @S NIp¢
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Mew Planning Study = B
Study Name: [Salt River| |
Database Mame: SaltRiver

Current Praject Directory:  CA\Users\russellce\Documents\IWR Planning Suite I
(1.0.4.0) Studies

Choase Project Directary... Open Cancel

Figurel3
New Planning Study

As the user types in the name of the planning study, the associateth@sganameshown in the Database
Name fieldis also updated. Any spaces or special characters are not included in the database name.

Once the user clicks the h LIS y Q thépttrining sylidy is created and a folder with the same name as the
database is cr&ted within the directory identified under Current Project Directory.

Alternatively, f the user would like to save the planning study to another location they should click the
PK22aS t NB2SO0. Thia Wilbang @apNBravise for dnldiedgfo allow the user to navigate
to and select the directory in which they would like to save the planning study.

Browse For Folder ﬁ

* 7 Libraries -
>0@ Homegroup

4 8 Ruszell, Christina
[l > swt
 AppData

m

5 Contacts
» | m Desktop
i & Downloads
>y Favorites
& Links
4 | *| My Documnents

J 360 %

o) (e

Figurel4
Browse for Folder

Once the directory is chosen and the user clicks¥e Y Q  ihelzivill r2tyfn to tte New Planning Study
form. Note the Current Project Directory will update based on the location selected. The user can now click
the Wh LIS y Qto orete the pranning study.

At this point the user will receive a dialog verifying that the planning sivedy successfully created. The user
should then click®Klo continue.
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Information

==

MNew Planning Study created successfully.

OK

Figurel5

Planning Study Created Confirmation

General Application Use

Now that a planning study has been created the user has access to utilize most Erthimg suite
functionality.Please note that Planning Set Properties will not be enabled until a planning set has been
created and then this area will display the properties of the currently selected planning set.

The application itself is broken intow& main areas: ribbons, planning sets, planning set properties, plan

editor and a status bar as shown below.

[ WR pianning Suite
= ok
F=| = | ¥)sencmor 0 = b % =]
i) | ] Uncentainty ¥ I *x =
Properties & Variable Propertiez Constraints Delete _ Create New Pertorm Graphs & IWRPS Report
Attrioutes  Sensitivty | Y| MCDA User-éterss Set | CENCA Repoms  Bulcer
Planning Study Moduies Planning et cEnch
Planning Sets T
\ User-Entered Sets Plan Plan Description | latitude | Longitude | HUC % G| Cost | Wetnds )| CWRiparian )| OpenWater 1| TowmOutput 1| (4]
) Generated Sets FIOOROSOWOI0 test 240027 1136 107445 5213053 5310372
) Uncertainty Sets F200R0SOWOI0 5364559 924 104981 6777337 6891557
Watershed Sets F300ROSOWOI0 §2554.30 13201 120881 7137151 7281122
FIOIROSOWOI0 $3740.29 99324 126958 6611563 6837.845
F201ROS0W0I0 $3688.76 85.737 92369 9134231 9312337
F301ROSOWOI0 $2,208.66 70557 11566 6925080 7121306
FIO2ROSOW0I0 5388339 6647 8933 7351896 7507.695
F202ROS0W0I0 411028 48713 97478 8501144 8737335
F302ROS0WOI0 $3758.44 80334 108324 9052361 9241018
FIO2ROSOWOI0 279284 5487 128571 765393 7788088
F203ROS0W0I0 $407035 41953 129234 8500269 8971456
F303ROSOW0I0 $375062 4789% 108328 7.586.83 7,744,055
FIO4ROSOWOI0 $3763.95 33809 11996 6139579 6293347
F204ROSOW0I0 5336850 74079 116071 6528113 6718.263
F304ROSOWOI0 $2,650.98 84686 118876 2060147 8272708
FOOOROSIWOIO $3406.13 47882 96971 8019258 8164111
- =Y  FlooRos1wo0 §2578.89 96305 106335 6,800002 7014642
Planning Set Properties M F200R0S1W0I0 $335239 -4819 98571 9024232 9118084
F300ROSIWOI0 §2650.17 44847 125434 9226685 9406967
Name: MCDA Weighted Scoring By Ra
FIO1ROSIWOI0 $334192 42561 101.808 8175707 8320076
Description:  planning Set Created by F201ROS1W0I0 $3,85071 41851 105633 2998701 9,146,184
MCDA Rerking F301ROS1W0I0 $§3142.20 8591 137.144 7.772078 7995132
FIO2ROS1WOI0 $4178.94 130 100739 7940198 8052.968
HUC: Apply F202R0SIWOI0 $2,98475 41205 118569 5,503992 5663.855
o F302R0S1W0I0 $§4019.39 4971 118362 7385831 7554903
Plan Count: 2655
FIO2ROSIWOI0 269145 63729 20719 2408731 8550179
Parent Seti  test F203R0S1W010 $3150.20 90.084 105456 6640387 6835927
Shour plan-specific geographic information F303R0SIWOI0 §385073 60253 111702 6,705.402 6877357
FIO4ROSIWOI0 $448477 68962 112533 6849174 7,030,669
Planning Set F204ROS1W0I0 $4056.95 16607 118676 2047633 8182916
Properties F304ROSIWOI0 290415 4206 127839 6622615 6792.565
FIO1R1SIWOI0 §3920.71 43219 113236 6668067 6824553 |
< [ ] (3
Discard All Changes Save Changes
I V104D 9/20/2014
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Figurel6
ApplicationAreas
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Ribbons

The application button and ribbons are a set of toolbars placed on several taker¢hiited with graphical
buttons and other grapical control elements that alle the user to access controls that are grouped by
functionality. For more information on ribbons please see the sectioAgpiication Etras

Planning Sets

The Planning Sets area organizes the planning sets that are part of this planning study bgéypeitered
Sets Generated SetdJncertainty Seteind Watershed Setdf sets of a given type are available then there
will be a small arrow " ) beside each type. Clicking on this arrow will expand the section and show all
avaihble planning sets of this type.

4 Generated Sets
Mew Planning Set
With Solution Sensitivities

Figurel7
Planning Set Editor Organizatior

The user can clic 2 to collapse the area.

Clicking on a planning set highlights the planning set and displays the data fathaternativesn the Plan
Editor to the right.

«
=

Plan Plan Description Latitude Longitude HUC Location Deseription Cost Wetlands CWRiparian OpenWater 1) | TotalOutput =
test $3400.27 1126 107.445 5212053 5

§364559 924 104981 6777337
$2,554.20 13201 120681 7413751
§3740.29 99324 126958 6611563
$2,688.76 85737 092369 9134231
$3,908.66 70557 11566 6935089
F¢ $2,88339 6647 2933 7351896
F202ROS0WOI0 $4119.28 8713 97478 8591144

Figurel8
Disphying Planning Set Details

The user also has right click capabilities for each planning set. When the user right clicks on a planning set
GKSe gAff 0SS LINBASY(GSR gAGK | YSydz 2F 2LJiA2yad ¢KS
Constrants, Export to ExceRenameand Delete.

 Salt River Generated Set

Open/Display...
53 %, CEACA
58 T Constraints
t
™ Export 3
N
N Rename
x Delete
Figure19

Open a Planning Set
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Operk 5AaLX | X
Selecting this option displays the selected planning sets data in the plan editor.
CE/ICA

Selecting this optiotaunches thePerform CE/ICA Analy$ssm that allows the user to complete a CE/ICA
Analysis on the selected set.

Constraints

Selecing this option launches th€onstrain Active Planning Setm that allows the user taonstrain an
existing planning set.

Export to Excel

Selecting this option allows the user to export the selected planning set. Once the user selects this option
they will be presented with gorm to define a file name and select a location to save tlee fil

Rename

Selecting this option launches the Enter a New Name for the Planning Set dialog and displays the current
planning set name. The user can update the planning set name as desired and then &@iibiugton.

Once the user clicks tH®Kbutton the user will receive a confirmation that the planning set was
successfully renamed. Clicki¥<bn this confirmation updates the planning set name in both the Planning
Sets, Planning Set Properties and Status Bar.

Delete

Selecting this option allows theser to delete the selected planning set. The user will receive a confirmation
dialog to verify they do want to delete the planning set. Once a planning set has been deleted it is a
LISNXYFySyd OdAz2y yR OlFlyQi 6S dzyR2ySo

Planning Set Properties

Planning seproperties identify the name, descriptiorlUC(Hydrologic Unit Codeplan count, parent set
(when applicable) and an option for enabling and disabling the geographic fields. This information can be
updated by the user ancased using théV{ @S /| K| yaikkEedn tiie ddaniEir. If the user wishes
to identify a HUC for a planning set and then apply that HUC to albfiEmatives within the planning set

the user can click the’! LILJ & @extdodhé Ell20/field.ikewisethe user can uncheck the box for Show
planspecific geographic information and all geographic fields will be removed from view in the Plan Editor.
The geographic fieldmclude the fields for latitude, longitude, HUC and location description.

Plan Editor

ThePan Hitor displays the plans and the associated information related to eachatt@amativefor the
planningsetselected in thdPlanningSets pane The user can double click on a field to edit its value. The user
can then use the tab oreow keys to stay in edit mode and move to other fields and change their values.
Note this is how all grids available on forms functigthin this application
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Once all changes are complete the user should clickthel @S / K I aGifaen thadeton Bgyft
corner of the Plan Editor to save their changes in bothRlae Editor and thePlanningSet Properties

window. Discard All Changes will discard all changes made in the Plan Editor or Planning Set Properties|since
the last saveNotice that d&NKA GS R @I NA | 6f S @I f dzShiut ar® Vvigiveble indh& edfoR A (1|S R

Since derived variable values are determined based on the formula provided Rameing StudfProperties
form the user would need to modify the formula as necessary tla@kthen the value for this derived
variable will update for already created generated sets.

If the user wishes to see other attributes or variables in the plan editor that are not currently displayed they

0e

can modify the visibility settings in the PlannBiydyPropertiesfiorml O0S&aaAof S o0& Of A0l Ay 3

FGONROdzISEAQ odzil2y 2y (GKS 12YS NRoOoO2Y

Users can also choose to copy and/or paste information into a spreadsheet from the plan editor to update or

replace values in thBlan Editor with valuesrom a spreadsheetThese same steps can be followed to
complete copying and pasting into other forms as well.

To copy information from th&an Editor the user should select (highlight) the values they wish to copy and

use thekeycombinationCtrkC tocopy this information. The user can then click in a spreadsheet and use the

key combination Ctrl+V to paste the copied information into the spreadshisthgtheseshortcutkeysiit is
possibleto selectanentire rangeof values(agrid of values) to copy or cut from the activeplanningset,and
youmayalsopasteanentire rangeof valuesfrom another sourcento the activeplanningset.

Users can elect to sort the plans shown by a given value. For instance if the user wants to sort all results by

TotalQutput the user could click the heading of this field and the listed plans would then be displayed in
ascending order by the value of the TotalOutput field. Notice the up arrow that displays beside TotalOutput
now.

a

Plan Description Latitude Longitude HUC Location Description Cost Wetlands CWRiparian OpenWater 1| TotalOutput N

Default No Action Plan 101000010000 50.00 0 1
101000010000 $651.00 40
101000010000 §702.00 6125
101000010000 $7800 80
101000010000 §119.00 101.25
101000010000 §723.00 10375
101000010000 384,00 120
101000010000 §742.00 125
101000010000 $66.00 0
101000010000 §125.00 14125
101000010000 $140.00 14275

41
62.25
81
102.25
10475

ool e ooooooo

126
142.25
14475

o 0o 0o oo o000 oo

Figure20
Planring Set Editor Sorting
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If the user wishes to sort in descending order they can simply press the TotalOutput heading again and it will
re-sort in descending order and the arrow beside the field will now be pointing d@nids on other forms
can also beorted in this way.

Plan Description Latitude Longitude HUC Location Description Cost Wetlands CWRiparian OpenWater TotalOutput %v |~
101000010000 §1,401.50 7875 200 260 485
101000010000 §1,379.50 7875 172 260
101000010000 §1,395.50 7475 200 260
101000010000 $1,381.50 745 200 260
101000010000 §1,355.50 7875 152 260
101000010000 §1,333.50 7815 140 260
101000010000 §1,362.50 72375 200 260
101000010000 $1,256.50 7815 200 ’ 195
101000010000 §1,372.50 7475 172 260

Figure21

Planning Set Editor Sort Descending

Users can elect to review all plans in a planning set at once or the user can filter the results to review a subset
of the plans at one timeWhen a filter icons clicked a mulselect panel appears where users can select one
or more values from the list.

Plan W) Plan Description Cost
Mo Action Plan {}_n)
A1BD Text Filters F§23
AZBD Fat
ADB1 | 'ﬂ| £7¢
ADE2 [] {Select All) A o
A1B1 [x] ADB1 10:
A2B1 (%] ADB2 1
A1B2 [x] A1B0 14
AZB2 E A1R1 15"
[X] A1B2
[x] A2BO0
(%] A2B1 -
Ok Cancel
Figure22
Filtering

¢KS GSEG aSINOK 62E Oly 0S8 dzaSR (2 NBRdAzOS (KS ydzro
reddzOS GKS ydzyoSNI 2F AdSya Ay (GKS ftArad (G2 2yfteée (Kz2as$s
filter.
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Plan T Plan Description Cost
Mo Action Plan
A1BD Text Filters ]
AZBD
ADB1 | al] I | - |
ADBZ [%] (Select All Search Results)
AlB1 [] Add current selection to filter
AZB1 [x] A1BD
A1BZ [x] A1B1
AZB2 E ABE2

oK Cance
Figure23

Filtering By Specific Value

Users can tell what rows have an actively applied filter by looking atlteeifion. Filtered rows have a
darker icon. To cancel a filter, users can click on the icon to bring up the filtergmahelick on the&Clear
CA f S fieldéToptiBnat thie top.

Plan Cost
A1B0 527
A1B1 102
145

(Select All)
[] ADB1
[] ADB2
x| A180

Figure24
Clearing Filters

Textsearcheda G Af f | a&ddzYS (KS RSTI dzZdiuseravsuldikedd éhange tiedypdS 2 F  W{
2F O2YLI NRAaz2y dzZaSR 60APSd WIOYyRaA gAGKQUOL (KSeé O2dzZ R R2
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Plan AT Flan Description Cost Qutput

Mo Action Plan | $0 0
A1B0 Text Filters 3 Equals...
ii:f | pl Does Not Equal...
A0B2 ] (Select All - Begins With...
A1B1 [%] ADB1 S W[j%
AZB1 [x] a0B2 Contains...
AlB2 IE A1BD Does Mot Contain...
AJB2 [x] A1B1

] A1B2 Custom Filter...

[x] a2BD ‘

& anna

Figure25

Text Filtering Optios

Changing the default selection will bring up another window where users can specify more complicated rules.

Custom Filter Selection =

For Fi%lgd 'Plan’

+ Add Condition =~ = Remove Condition(s) | Group Selected: = Toggle
Operator Qperand

» I al\ Ends with _ |£| Condition is empty.

Ends with "

M 'And' Group 'Or' Group oK Cancel

Figure26

Filtering Operands

BLAY3A WomMQ Ayid2 (GKS WhLISNIYRQ FA &fobe dl gldr aldrhakivey A y 3 G

Flan Ty Plan Description Cost
ADB1 $74.74
A1B1 $102.94
AZB1 $138.3
Figure27

Filtering Results

Please note that other forms with grids throughout the application can also be filtered in this way as well.
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Status Bar

The status bar provides the ussith information. The left portion of the status bar identifies which planning
study the user is currently reviewiragnd which planning set is selected, if any, in brackets following the
planning study nameThe right hand portion of the status bar iddi@s the version of théWR Planning Suite
Il application the user is using and the current date.

Workingwith PlanningSets

The user now has four options available in order to create planning sets:

1. The user may define and manually enter a planning set

2. The user can define attributes, variables, attributes, relationships and automated edits in order for the
application to generate a planning set

3. The user can create uncertainty sets using existing plan alternatives or by defining custom plans and
assigningnd applying distribution and correlation values to those plans whéviete-Carlo
Simulationisthen utilized to determine the final planning set values

4.  The user can create watershed sets using the watershed wizard which leads the user through the
process of definindocations, plans, solutions, and location dependentaeshe purpose of
completing a watershed analysis involving multiple locations.

Regardless of the method by which the planning sets are generated they do have some commonalities. The
fields that are available for each plan are the same regardless of¢ieod by which the set was created or
generated. For each plalternativea plan name, plan description, latitude, longitude, HUC, location
description and user defined variablasd dtributes are displayed.

I
Plan Plan Description Latitude Longitude HUC Location Description Cost Output Cost Effective test

No Action Plan Default No Action Plan $0.00 0 Best Buy
- $25.00 11,000 Cost Effective
ADBL $50.00 50,000 Best Buy
A1B1 $75.00 61,000 Best Buy

Figure28
Planning Set Editor Fields

Plan NameFor userdefined planning sets thplan name is a user entered value and can be composed of
alphanumericharacters. The user can define a plan name ihelides a name of up 855 charactersFor
generated planning sets the planning sets will be automatically named based on the solutions and scales set
by the user at the time of generation.

Plan DescriptionThe user can defina description of up t®&00characterdor each planThat value can be
composed of any characters to include letters, numbers, spaces and special characters.

Latitude and LongitudeThe latitude and longitude are to be entered in decimal degrees and up to 3 digits
after the decimalalue are allowed. The values for latitude are betwe@hand 90 while the values for
longitude range from180 to 180.
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HUC Up to a 12digit numeric Hydrologic Unit Code (HW@e may be entered for each plan in whole
numbers.

Location DescriptionThe location description for each plan cannot excB@@characters

Variables All variables created prior to the creation or generation of a planning set will be (s$ddng as
they are set to visible in the Planning Sgddrm. The values allowed for each variable depends on the
variable type defined for each variable. For more informatiorvariable typesnd theirconstraintsplease
see those sectiomof the user guidg-or generated planning sets the values for the variables will be set
during plan generation.

The following will provide detailed guidance on how to create each type of planning set.

UserEntered Planning Sets

The user should begin befining which variables they anticipate using in relation to this planning set. The
user can view the default variables and modify, remove or add new variables by clickingh tNe2 LIS NIi A S &
I G G NA 0 dziiaSailafle an dzé Ko ribbon.

Once the usemakes this selection they will be presented with flanning Study Properties form. Just
below the description of the planning study, which defaults to the planning study name, is a section
dedicated to definingariables for the planning study.

In thisinstance we will use the variables from the Salt River example as shown below.

-
Planning Study [Salt River] Properties O | B ||
Name
Salt River
Description
Salt River
Variables
[ ]
Name Units Description Wariable Type Derived Derived Function Minimum Maximum Visible
Costs Average Annual Equivalent Cost $1000 Currency ¥l
Wetlands Wetland Habitat AAHU's Decimal i
CWRiparian Cottonwood-willow Riparian Habitat AAHU's Decimal |
OpenWater Open Water Habitat AAHU's Decimal i
Add
Attributes
L |
Name Type Description Visible =
Plan of Interest Yes/No Plan of Interest Never -
Cost Effective Integer Mon-Cost Effective, Cost Effective, or Best Buy CE/ICA Analysis =
Rank Double MCDM Ranking MCDA Ranked -
Score Double MCDM Score from Ranking MCDA Ranked =
#CE Integer Number of Cost Effective Plans Uncertainty CE/ICA Parent - v
Add
OK Cancel
Figure29

Planning Study Properties
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Once the user has defined the costs and outputs they plan to use with this planning set the user can click
0 tivéldse thfis form.

Yr Q

Section5 | Software ErmsandProcedures

For more information on adding, deleting and modifying variables please ségote and Outputsection.

Now that the costs and outputs associated with this planning set have beareddfie user can create their

list of plans by clicking é%€reate New UseEntered Sdibutton available on the Home ribbon.

-

)

Home Generator Uncertainty Decision Making Tocls
"~ < Generator AV
(i g | Uncertainty x
Properties &  Wariable Properties Constraints Delete
Attributes  Sensitivity < MCDA
Planning Study Modules Planning Set
Figure30

4

Create Mew Perform
User-Entered Set CE/TCA

LaunchingCreate New UseEntered Set

Once the user has made this selection the user wibhlmmpted to enter a name for the new planning set.

The user can enter up to 28phanumericharacters in order to uniquely identify this planning set including
spaces and special charactersi0® the user has entered the name for the planning set they can click the
D dehie the planning set d€ancello return to the main screen of the application.

YhyYQ

Once the user clicks theh Y Q

. Enter a Mame for the New Planning Set

{

o x

Narne: [ Salt River User Entered Sef

l

Cancel

Figure31
Name New Planning

Set

D detiaie A yew useentered planning set arigl becomes available in

the Plan Editoto allow the user to enter their plandlote the newly created planning setdategorized
under UsetEntered Sets in thBlanning Setpane

Longitude HUC

Location Description

Costs Wetlands CWRiparian
$0.00 0 0 0

Opentater

Figure32

Entering Planning Alternatives for &&r Entered Set
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The user may enter their information directly in the grid using the keyboard or may copy and paste
information in this same format from a spreadshegob. enter information directly into the grid the user
should double click on the field drihen use tab or the arrow keys to move between fields.

The user may copy and paste information using the standard copy and paste shortcuts available in Windows
environment whereby Ctrl+C copies the selected rows and columns in a spreadsheet and tbiémgsitle
first cell you wish you paste the information into and using Ctrl+V on the keyboard to paste the information.

The user is able to enter for each plan a ngewcept for the no action planilescription, latitude, longitude,
HUC, location descrijain, and valuesdr the variablesand attributesthe user defined in the previous step.

In this example only Flow Regulation Wetlands, Overbank Wetlands, and Remove Salt Cedar solutions are
considered. The user may enter the information in the table beatareate this planning set.

Table7.
Example User Entered Set
Plan Name Costs Wetlands CWRiparian OpenWater
No Action Plan 0 0 0 0
F100S0 661 40 0 0
F200S0 78 80 0 0
F300S0 84 120 0 0
F101S0 702 61.25 0 0
F201S0 119 101.25 0 0
F301S0 125 141.25 0 0
F102S0 723 103.75 0 0
F202S0 140 143.75 0 0
F302S0 146 183.75 0 0
F103S0 742 125 0 0
F203S0 159 165 0 0
F303S0 165 205 0 0
F104S0 762 167.5 0 0
F204S0 179 207.5 0 0
F304S0 185 247.5 0 0

The user may now save the usertered set by clicking thBave Chang€button in the bottom right of the
plan editor.

Generated Planninéets

Users can generate sets using the application. The user should work to define variables (costs and outputs),
solutions and scales, relationshkipconstraints and sensitivities prior to generating a planning=sebur

purposes we will utilize the case study for Salt River introduced in the earlier portion of the user guide.
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The variables used in our Salt River example are shown below. Theansdick théProperties & Attribute®
button on the Home ribbon to enter the Planning Study Properties form and engsetkiariables.

Table8.
VariableNames Descriptions, and Units
Variable (Name) Units Description Variable Tge
Costs $1000 AverageAnnualEquivalentCost Currency
Wetlands Py Q4 WetlandHabitat Decimal
CWRipdan ' 1} QF Cottonwvood-willow RipaianHabitat Decimal
OpenWaer P Q4 OpenWater Habitat Decimal

A For information on entering variables s€ests and Outputs

A Next the user should define theolutionsto be used for this planning study. The user can define
solutions by clicking th&olutions and Scal@sutton on the Geneattor ribbon. Selecting this option
will launch the Solutions & Scales form.

A The solutions to be used in this example are shown below.

Table9.
Solutions
Solution Decription Code Numberof Action Scales
FlowRegulationVetlands F 3
OverbankWetlands O 4
RiparianCorridors R 6
RemoveSaltCedar S 1
OpenWater W 4
In-channeWetlands I 5

A The scaled solution effects on variables can be entered in the bottom portion of the form. Please use
the information below to assist yon completing this information.

Tablel0.
Solutions and Effects
Casts ($1000) Wetlands Ccw Open Water
Code Scale Description (AAH, 9 Riparian (AAH, €
o! ! §|
F 0 NoAction 0 0 0 0
F 1 50Acres 661 40 0 0
F 2 100Acres 78 80 0 0
F 3 150Acres 84 120 0 0
(0] 0 NoAction 0 0 0 0
(0] 1 25Acres 41 21.25 0 0
(0] 2 75Acres 62 63.75 0 0
(0] 3 100Acres 81 85 0 0
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Tablel0.
Solutions and Effects
Casts ($1000) Wetlands Cw Open Wter
Code Scale Description (AAH, 9 Riparian (AAH, €
ol!l ¥
(0] 4 150Acres 1,01 127.5 0 0
S 0 NoAction 0 0 0 0
S 1 1000Acres 348 0 0 0
R 0 NoAction 0 0 0 0
R 1 15Acres 14 0 15 0
R 2 27 Acres 25 0 27 0
R 3 47 Acres 37 0 47 0
R 4 75Acres 48 0 75 0
R 5 101Acres 56 0 101 0
R 6 125Acres 66 0 125 0
w 0 NoAction 0 0 0 0
w 1 100Acres 215 0 0 65
w 2 200Acres 378 0 0 130
w 3 300Acres 577 0 0 195
\W 4 400Acres 722 0 0 260
| 0 NoAction 0 0 0 0
| 1 120Acres 166 108 0 0
| 2 240Acres 315 216 0 0
| 3 360Acres 420 324 0 0
| 4 480Acres 591 432 0 0
| 5 600Acres 665 540 0 0

A Forinformationon entering solutions and scales gbe section orSolutions and Scaled Effects

A Next the user should define any constraints to be used when creating the plannitg ges. example
no constraints will be entered:or information on entering constraints st#fe section ornConstraints

A Next the user should define any sensitivities that will apply to the given scenario.

A In this scenario variable sensitivities related to cost will be evaluated. Reviewing a range of potential
costs from 80% of expected costs td0¥2 of costs will be reviewed. The ushkould clickhe Wariable
Sensitivitgbutton on the Home button to launch the Variable Sensitivities form. The user should
modify the low coefficient for Costs to .8 and high coefficient to 1.2 as shown below.
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[ ™
L= Variable Sensitivities E@g
Variable b Low Coefficient 3 High Coefficient 3
Costs 0.8 12
Wetlands 1 1
CWRiparian 1 1
OpenWater 1 1
OK Cancel
b
Figure 33
Variable Sensitivities

A After this information is updated the user can cli€kCto close the form. Two new variables will be
created for Low Costs and High Costs. The user can view these newly created variables bgrclicking
the WProperties & Attributesbutton on the Home ribbon.

r Bl
|| Planning Study [Salt River] Properties (== g
MName
Salt River
Description

Salt River

Variables
Name ¥ [||| Units + | Description + | Variable Type U} |Derived 1) |Derived Function -
CWRiparian Cottonwood- AAHU's Decimal ]
OpenWater Open Water t AAHU's Decimal ]
Costs Low Average Annt Low Variable Sensitivity of 0.800 for variable " | Currency [Costs] * (0.8) 0
Costs High Average Annu High Variable Sensitivity of 1.200 for variable  Currency [Costs] * (1.2) I} -

« n 1 >
Add

Attributes
Name v ||| Type + | Description + | Visible 3 =
Plan of Interest Yes/No Plan of Interest MNever -
Cost Effective Integer Non-Cost Effective, Cost Effective, or Best Buy CE/ICA Analysis =
Rank Double MCDM Ranking MCDA Ranked -
Score Double MCDM Score from Ranking MCDA Ranked =
#CE Integer Number of Cost Effective Plans Uncertainty CE/ICA Parent ¥ v
Add

OK Cancel
-

Figure34
High and Low Variables

A For information on entdng variable sensitivities see the sectionvamiabk sensitivity.
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Next the user can define solution sensitivities. The user should sele&Bdtetion Sensitiviti€button on the
Generator ribbon to launch the Solution Sensitivity form. Thrabgdialog,you mayenter uniform
coefficientsfor computingall highandlow valuesfor anyandeverygivenvariableandsolutioncombination.
Aswith variablecoefficientsJow coefficientsmustalwaysbe arealnumberlessthan or equalto oneincluding
negaive numbersandhighcoefficientsmustbe arealnumbergreaterthan or equalto 1. Oncethe
coefficientshavebeendefined,clickngtne Wh Y Q  Wilbtigavéti® goefficientsClickinghe W/ | y OSt Q
will discardanychangesandclosethe form.

Forthis casestudytwo variableandsolutioncombinationshavesensitivity that need to be defined.Enterthe
coefficientsfrom Tablell belownow by the methods describedabove.

Tablell
Variableand Sdution CombinationSersitivity
Solution @©de Variable Low Qoefficient High Coefficient
F Cost 1 2
S Cost 0.5 1

A For information on entering’{ 2 f dzi A 2 y

{ $ yesediidn Grsafukos snSitivie,dzi G 2 v

Finally, the user should define the needed relationship amongst solufiotisis example we will créa the
dependencyelationshipsshown below.

Table12.
DepencencyRelatiorships
Solution Dependent On
OverbankWetlands(O) FlowRegulatiorWetlands(F)
FlowRegulationWetlands(F),
RiparianCoridors(R) ANDOverbankWetlands(O),ANDRemovesalt CedanS
OpenWater (W) RemoveSaltCedar (S)
In-channeMWetlands(l) RemoveSaltCedar (S)

Once these relationships have been established the fshouldappear as shown below.
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-
4% Solution Relationships . ——— LI_IHZ' =
Relationship Type
Combinability Dependency ["] Mo solutions are Combinable

Solution: Is Dependent Upon:

Flow Regulation Wetlands [] Flow Regulation Wetlands

‘Overbank Wetlands | [7] Riparian Corridors

Riparian Corridors [] Remove Salt Cedar

Remove Salt Cedar [ Open Water

Open Water [] In-channel Wetlands

In-channel Wetlands

Edit Mode

Create New Relationship Create Edit Existing Relationship
Selution: Is Dependent Upon:
Name Relationship
Overbank Wetlands Flow Regulation Wetlands
Riparian Corridors Flow Regulation Wetlands AND Overbank Wetlands AND Remove Salt Cedar
Open Water Remove Salt Cedar
In-channel Wetlands Remove Salt Cedar
Delete Relationships 0K Cancel
b
Figure35

Solution Relationships

Finally, theautomatededitingfeatureallowsusersto automaticallyaccountfor the factthat all plan effects
maynotbeaddtived L 2 w t f | y ydefsulassurdplion \8herindivd&@al solutiongre combined.

Ly GKA& SEFYLXS 6S Attt ONBIGS (62
0KS W/ NBIGSQ o6dziti2y FYR GKSY SYyGSNBaveQza (i{ | OAYy T4 ¢

This automatd edit will be related to the variable Costs so that should be selected from the Variable field.

Next the user should update the coefficients forGhannel Wetlands to .5, Remove Salt Cedar to 2 and then
add a Constant 6800.

Atthis pointitshouldl@2{ aAYAf I NJ G2 gKIFIiQa aK2¢gy o0St200
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-
E Automated Edits = & BS
Mame: CostSavings Create...  Variable: Costs

Function Conditions
[ ]
MName Coefficient - Reset Function
Flow Regulation Wetlands 100
Overbank Wetlands 1.00
»  Riparian Corridors 1.00 (Constant)
Remove Salt Cedar 200 » * | .m00
(Click “Conditions’ tab above to enter the 'Where' auto edit conditions)
(17*F + (1)"O + (1)*R + (2)*S + (1)*W + (0.5)°1 + -B00 =
v
Automated Edits
Name Conditions Function
CostSavings ForOorRorSorWorl  [1)*F + (1)*0 + (1)*R + (2)*S + (1}*W + (0.5)*] + -800
0K Close
\ 4
Figure36

Automated Edits

The defaults shown on the Conditions tab will be used in this example.

The user can now create the second automated®ditd a 2 R 2udirig thdififarmation shown in ¢htable
below.

Tablel3.
Automated Editing Function
Group
Name Function Where Candition
CostSavings D)*F+ (0.5 1+(1)*O+(2)* R+(1)* S+(1) *W +-800 F OR O OR R OR S OR WD#tdult)
Modoutput )* F+ (@5)* 1+(1)* O+ (2)* R+(1)* S+(1) *W +(0) FORI ORO ORRORSORW (Defadlt)

Once these items have beentered the user should click tH&enerat€button availalle on the Generator
ribbon.
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-

% Generate Planning Set =] S S

Planning Set Name MNew Planning Set
MNew Generated Set -

Description

[] Remave inefficient plans during plan generation

Advanced Options

4«

Generate Cancel

Figure37
Generate Planing Set

The user can now enter a name for the planning set to be generated. A default name will be provided but it is
recommended it is updated to something more meaningful for the user. The user also has the option to enter
a description for the planng set. The description can contalphanumericaand special characters and can

be up to500characters long.

In this example the user should name the generated set Salt River Generated as shown below.

F 5

£ Generate Planning Set NN X

Planning Set Mame | Salt River Generated ]

New Generated Set -

Description

["] Remove inefficient plans during plan generation

Advanced Options

<«

Generate Cancel

Figure38
Planning Set Name

This form also includes an option to remove inefficient plans during plan generation. This can be done for
large planning sets in order to reduce the numbeplains that need to be reviewed but will not be used in
this example.

Advanced options relateth plan generation are also available by expanding this section of the form by
clicking on the down arrows on the Advanced Options bar.
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#: Generate Planning Set = & 29
Planning Set Name Mew Planning 5et
MNew Generated Set -
Description
v
[”] Remave inefficient plans during plan generation
Advanced Options E
Generate Cancel

Figure39
Expanding Advanced Options

Expanding the Advanced Options section of the form iples/the user will options faolution sensitivities
and excluding solutions.

r N

%% Generate Planning Set =NREN X

Planning Set Mame  5Salt River Generated
New Generated Set -

Description

["] Remave inefficient plans during plan generation

»

Advanced Options

Solution Sensitivity Exclude Solutions:

Low [T] Flow Regulation Wetlands
[[] Overbank Wetlands

[] Riparian Corridors

High [[] Remove Salt Cedar

[[] Open Water

[] In-channel Wetlands

Expected

Generate Cancel

Figure40
Advanced Options Expanded

Sincethe user has definedolution sensitivitieshen the user can opt to select Low, Expected, and High
optionswhich will create three planning sets based on the defigeldition sensitivitiesFor more
information onsolution sensitivitieplease see the section @olution £nsitivities
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If the user wishes to generate atsand exclude one or more solutions then they have the option to check the
box beside each solution theyishto exclude during plan generatioNo solutions will be excluded in our
example.

Once all options have been set the user should clickitieS yi S Godzénérate/the planning seThe
planning setgreated by this method of generatianill be named based on th@anning set namentered
and will displayed in th@lannirg Sets panender Generated Sets

Uncetainty Sets

Within IWR Planning Suite, each alternative plan has associated costs and outputs, such as a change in
habitat units and the needed investment for obtaining them. The software derives the economic profiles of

each alternative based on thesanameters. The result of the analysis process is the identification of plans

that pass proposal targets, are cost effective for current goals, and are incrementally justified for current

goals. Additional results are calculated and stored, in particfl&8t A Yy ONBYSy il t O2ad RFGLF
plans.

While this information is considered the current best available, there is still room to improve the quality of
environmental investment decisions. Costs and outputs within the software reflect the bestegtimates

and a certain degree of certainty is implied because of that. The real world is of course, much more

uncertain and there are a multitude of reasons why a particular alternative plan may cost more and produce

less output than the best estimatgsovided at the time an analysis is performed. Further complicating this

Aa GKS FFHOG GKIGZ o0& AGa-SRIEE WFFENEI ¢/KSwL /d2a A WNP RIEZQA
severely affect the cost effectiveness of any particular alternatfvest and output estimates that are

A1S9SR S@Sy atAakate OFy Ay OteliERtiSe ot dntire)y Screénolitan ¢ 2 dzf Ry Qi
alternative that would otherwise be in the cestfective set.

IWR Planning Suite incorporatie risk/uncertanty capability through use of an Uncertainty Set.
Uncertainty sets allow the user to provide an additional set of information relating to variability/uncertainty
surrounding the costs and outputs of each solution which can be quantified and addedemtathselection
and decisiommaking process. As a result, a richer set of information for plan selection, incorporating the
uncertainties associated with plan costs and outputs are available.

Uncertainty sets can be created by developing custom entes&si® using existing planning sets already in
existence. To begin the user should click on‘hecertainty Planning Set Distributidimitton on the
Uncertainty ribbon. After making this selection the user will be presented with the Uncertainty Pl&@eting
Distributions form.

CDM 59
S



Section5 § Software Terms and Procedures

-
“J Uncertsinty Planning Set Distributions

[ESAIo =)
——

Name: - New Delete Clone Distribution Set

Distributions Variable Profile Tolerance Rules Correlation Matrix

Distribution Types

pi n p1 p1 p2
>—— *>—0
p2
T
Fixed Normal Uniform CDF

An unchanging constant value. A single value with no variability.

* Binary variables are restricted to a Fixed Distribution of either 0 or L. Validate Distributions & Matrix
£ ]
‘ Plan |Variable ‘Van'ahla Type Distribution Type ‘ Pl ‘ P2 ‘ P3 | P4 | Ps ‘ P6 ‘ P7 ‘ P8 ‘ ] | P10 |
4 ] ] >
|—Elﬁ—
Figure41

Uncertainty Planning Set Distributions

To create a new uncertainty set the user should click the 'New' button and enter a name for this uncertainty
set. The user can enter up to 255 characteysiame this planning set.

——
seece n e

Salt River Uncertainty

Mame:

(| Load Plans from Existing Set () Use Custom Plans

-

User-Entered Sets ‘
| Plan iy Plan Description | &
Generated Sets

=
Uncertainty Sets
Watershed Sets

-

» Mo ActionPlan  Default No Action Plan
F100ROSOWOIO
F200R0SOWOI0
F300R0OSOWOID

I F101ROSOWOID

F201ROSOWOID

F301ROSOWOIO

F10ZROSOWOI0

F20ZROSOWOI0

F30ZROSOWOI0

F103R0OS0WOI0

F203R0OSOWOI0

F303R0OSOWOI0

F104ROS0WOI0

F204ROS0WOI0

F304ROS0WOI0

FOOORDSTWOID

F100ROSTWOID

F200RDSTWOID

F300ROSTWOID

F101ROSTWOID v

| ‘“ |“l

Figure42
Uncertainty Set Distribution Name
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After defining a naméhe user can select existing plans by selecting the radio button for Load Plans from
Existing Set or select the Use Custom Plans radiorbto create new custom plans that do not yet exist. If
the user elects to use existing sets they can expangluening set categories and planning sets witioin
locate and select the planning set they wish to utilipethis example we will selettie Salt River Generated
set.Once selecteghe available plans to select from will be displayed to the right.

r —
Select Plan Alternatives

Salt River Uncertainty
Mame:

Load Plans from Existing Set Use Custom Plans

User-Entered Sets

4 Generated Sets - =
-------- No Action Plan  Default No Action Plan

......... F10 NOIO
Salt River Generated Low
F200R0S0W0I0

Plan Plan Description

[l »

Salt River Generated High

F300R0SOWOIO
F101ROS0WOI0
F201R0S0WOI0
F301ROSOWOI0
F102R0S0W0I0
F202R0S0W0I0

Uncertainty Sets
Watershed Sets

F303R0S0WOI0
F104ROS0WOI0
/0I0

F100R0STWOIO
F200R0STWOIO
F300R0STWOIO
F101ROSTWOI0 hd

Create Cancel

Figure43
Loading Plans from Existing Set

If the user wishes to utilize all plans from an existing set they caplysielect theplanningset and then click
the \Ereat&button. In this example we will just select the planning set since all plans will be used.

However, the user may only wish to use a specific selection of plans from an existing set. In this agase the
may select one or more of these plans to use by clicking on the arrow in the beginning of that row. Selecting
a plan on the list and then holdirige Shift keydown before clicking on another plan will select all plans
between those selections. Selew one plan and then holding down the Ctrl buttmm the keyboardvhile
selecting other plans will select only those plans the user specifically selects.

Once all selections are made custom plans are createétie user can click threat€button. Please note
that the ‘Ereate&button will remain disabled until the user enters a name for the uncertainty set and defines
at least one plan.

Once all the plans the user would like to create are listed on the Uncertainty Planning Set Distributions form
the user can define the distribution type to be used for each plan and variable. The user can accomplish this
by setting the distribution type and values based on that distribution type on the Distributions tab of the
form or they may select the Variable Profiéd to select a distribution typ@and associated values for each
variable and then apply that profile to the plans on the Distribution tab.
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If the user wishes to set each plan and variable combinations distribution type manually the uselecha
digribution type from the Distribution Type field. Following that selection the appropmataber of value
fields are enabled to the righin the example below the selection of Triangular as the Distribution Type
enabled P1, P2, and P3 as indicated witto z&luesand the white background of these fields

The diagram at the top of the form indicates how many data points are required based seld¢uted
distribution.

Distribution Types
p1 n p1 ‘t p2
® p2
- 1
: 1
i i
1 1
P> 0 » p1 p3
Fixed Uniform Triangular Truncated Normal CDF
Figure44

Distribution Types

Please make the selections fdwetvariables for this case study as shown below.

Selected Variable Variable Type Distribution Type P1 p2 P3
Costs Currency Normal - 10,00 $3,000.00
I} Wetlands  Decimal Triangular = 0 450 800
CWRiparian Decimal Normal - 0 200
OpenWater Decimal Uniform = 0 250
Figure45

Selecting Distribution Types

Once the user defines the distribution type and related values for each listed variable they can click the
Wpply Profil€button in order b update the values on the Distributions tab.

The user may also apply tolerance rules associated with this planning set using the Tolerance Rules tab. In
order to create a tolerance rule for a variable the user can clickktheNB | (i Sofor t6 ttiziigied y
variable.

i
-J& Uncertainty Planning Set Distributions

Mame: | test - Hew Delets
Distributions Variable Profile Tolerance Rules Correlation Matrix

[
Rule Variable Rule Text Validated
Creqte Cost 'v-
Create| Output ‘\“7'

Figure46
Creating Tolerance Rules
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After the user clicks th#/ NB I i §h@ Tabedaicé Rulé Builder will be displayed.

Tolerance Rule Builder
Variable: Cost
v Validated
must be
at least % of the time
> 7 8 9 Clear
7= 4 5 6
< X% Backspace
1 2 3
€=
— 0 . Yalidate
Cancel
| %

Figure47
Tolerance Rule Builder

The user caspecify an operath, value and percentage of the time the varikhould fall within this range.
The user can press thé+ | f A R | bl®@ng@nini af this/information to ensure the provided
information is valid. The user can then cli@ilo create the toleranceule for this variable.

No tolerance rules will be used in this example.

The user can define the correlation between study variables on the Correlation tab.
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2 Uncertainty Planning Set Distributions =NASN X
Mame: | 5alt River Uncertainty v New Delete Clone Distribution Set

Distributions Variable Profile Tolerance Rules Correlation Matrix

i
[

Variable Costs Wetlands CWRiparian OpenWater

Costs 1 0 0 0

Wetlands 01 0 0

CWRiparian 0 01 0

OpenWater 0 0 01

Close
Figure48

Correlation Matrix

Initially these values are set to zero icating that the variables are independent of one another and no
correlation amongst the variables existhie matrix is disabled when the correlation between a variable and
itself is shown as a variable is always perfectly correlated to itself. The asé¢ndroption to edit other
relationships amongst variables with a value between negative one and one where one represents a perfect
positive correlation and negative one represents a perfect negative correlation between variables.

In this example the v&ables will remain independent of one another and no correlation amongst variables
will be defined.

The user can now validatee enteredRA & (G NA 6 dziA2ya 3 YIFGNRE o0& Of AO|lAy3
button on the Distributions tab. If validatis are passed a green checkbox will appear beside the button. If
validations are not passed then a red x will be presented beside the validate field.

In our example it is expected that the distribution set will pass validation.
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-
Jx Uncertainty Planning Set Distributions ‘ = & x|
Name:  Salt River Uncertainty v Hew Delete Clone Distribution Set
Distributions Wariable Profile Tolerance Rules Correlation Matrix
Distribution Types
4 3 n 4
P p1 t p2 p2
1
i
|
» _b ¢ >
Fixed Normal Uniform Triangular Truncated Normal
The normal distribution is the standard statistical bell curve distribution. P1 is the Mean value and P2 is the Standard Deviation

* Binary variables are restricted to a Fixed Distribution of either 0 or 1. v Validate Distributions & Matrix
[ |
Plan iy | Variable ) |Variable Type U} | Distribution Type vy | P1 W P2 | P3 »| P4 | PS5 Ww| P& W| P7 | P8 | P9 W él
No Action Plan  Costs Currency Fixed 0.00
No Action Plan  Wetlands Decimal Fixed 0.00
No Action Plan CWRiparian Decimal Fixed 0.00
No Action Plan OpenWater Decimal Fixed 0.00
F1O0R0SOWO0I0 Costs Currency Normal M 0.00  3,000.00
F100R0SOWOI0 Wetlands Decimal Triangular < 0.00 450.00 800.00
F100R0SOWOI0 CWRiparian Decimal Normal - 0.00 200.00
F100ROSOWDOI0 OpenWater Decimal Uniform < 0.00 250.00
F200R0S0WOI0  Costs Currency Normal - 0.00  3,000.00
F200R0S0WOI0 Wetlands  Decimal Triangular = Q.00 450.00 800.00
F200R0S0WOI0 CWRiparian Decimal Normal - Q.00 200.00 .
4| . . i >
Close
Figure49

Validating Distributions and Matrix

Once this information has been completed the user may close the Uncertainty Planning Set Distributions
form by clickingthéV/ f 2 4S8.Q o6dziG2y

The user is now prepared to generate an uncertainty set. To dottbisger should click ontidD Sy S NI (i S
'y OS NI | Ay (i availdbl dn®he Brizrtairyyfibbon. This will launch the Build Uncertainty Planning
Sets form.

(£ Build Uncertainty Planning Sets =N BR[|
Select Distribution Set =
Planning Set Name New Uncertainty Set 4

a
Description
v
Max Iterations 20 =
Seed 7
Convergence Variables (Non-Derived) ¥
Derived Variables ¥
0K Cancel

Figure50
Building Uncertainty Sets
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The user can now select the distiiibn set from the Select Distribution Set list. The user is also required to

enter a planning set name. The planning set name can include letters, numbers, spaces and special characters

but should not exceed 255 characters in length. A description foplgurening set can also be listed and
should not excee&00characters in length.

In this example theiser should select Salt River Uncertainty as the distribution list and should name the
planning set Salt River Uncertainty Set.

2 Build Uncertainty Planning Sets =NECN X

Select Distribution Set  Salt River Uncertainty -

Planning Set Name | Salt River Uncertainty Set ]

Description

-
Max Iterations 20 =
Seed 7

Conwvergence Variables

04

OK Cancel

Figure51
Define Uncertainty Set Name

As previously noted, the generated uncertainty sets utiliz&®ate Carlo Simulatiowherebythe

distributions and distribution types are utilized to select random values witherddfinedranges to use for
the varidles along with any tolerance rules and correlation described in the set. A set is then generated
based on that random selection of values for variables within the defined limitations and within the
constraints of the defined rules. Timamber ofmax iterdions defines the number of times a planning set is
created with randomly generated values. The values are then averaged to determine a final planning set
which is listed under Uncertainty Sets in tRkanning Sets pane

The seed is the number useditutialize the number generator.

Convergence variablege available to set for eagton-derivedvariable by expanding the Convergence
Variables section of the Build Uncertainty Planning Sets form by clicking the down arrow on the right of the
bar stating Cowvergence VariablesDerived variables (&nyexist) are listed separately in the expandable
Derived Variables section below the Convergence Variables section.
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-

2 Build Uncertainty Planning Sets = EREE

Select Distribution Set Salt River Uncertainty -

Planning Set Name Salt River Uncertainty Set

Description

v
Max Iterations 20 =
Seed 7

Convergence Variables (Non-Derived) -3

I |
Variable Convergence Threshold (%) Threshold (Value)
Costs o 0.00 0.00
Wetlands [} 0.00 0.00
CWRiparian o 0.00 0.00
OpenWater [} 0.00 0.00

Derived Variables A

|
Variable Function
TotalOutput [Wetlands]+ [CWRiparian]+ [OpenWater]

OK Cancel
Figure52

Convergence Variables

Convergence variables allow the use define what percentage of variation is anticipated in variable values
before this variable is considered to have reached convergence. Once all variables in which convergence has
been set then the simulation will complete regardless of whether the mamber of iterations has been
completed.If convergence is not set then all iterations defined will be completed.

Once all values ameterminedon the Build Uncertainty Planning Sets form the user can clickthey Q o dzii G 2 v
to generate the uncertainty set.

ttSFHaS y20S GKS WhYQ odzid2y oAttt 0S RAAlIOf SR dzyGAf
a message indicating they need to enter a valid planning set name if they attempt t&édgiior to
creating one.

The user will receiva progress bar in the bottom right of the screen showing progress as the simulation is
completed. Once the final planning set has been created the user will receive a message stating the time
elapsed and number of iterations completed.
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-
(ﬁ Build Uncertainty Planning Sets EI@
Select Distribution Set | Salt River Uncertainty v
Planning Set Name Salt River Uncertainty Set
-
Description
Information v
Max Iterations =
"'-I Analysis Salt River Uncertainty Set, 20 [terations
dezi ) ! Time Elapsed: 00:00:00.7850785
‘Convergence Vari E3
Variable L Id (Yalue) 1,
Costs T .00 0.00
Wetlands 0 0.00 0.00
CWRiparian [} 0.00 0.00
OpenWater 0 0.00 0.00
Derived Variables ¥
oK Cancel

Figure53
Uncertainty Set Statistics

hyOS GKS dzaSNJ Ot A01a WhYyQ 2y GKA&a YSaalr3asS GKS
and will appear under the Uncertainty Sets categarthe Planning Sets pane

ertainty | DecsionMakig  Toos

Jx & v B &
Uit Pt | G st | P || G e
e = B || s e

Distrautions
3 =

User-Entered Sets

Generated Sets

Plan Pan Description tattude | longitude |  HUC Location Description Costs Wetiands CWRiparian /4 OpenWater -
A Defsult No Actien Plan o 0
-26932

327285

+ Uncertainty Sets
Sait River Uncertainty Set 6179
Watershed Sets
51713
s16241
516628
11027
=
Name Sait River Uncertainty Set
> sa672
Descripbion:  Monte Carlo Planning Set &
Porent for 20 SatRiver (8
Uncertainty Set group plan 518996
Huc: Avoly 362358
Plan Count: 265
A $53813
Parent Set: ey
¥ Show plan-specific geographic information
525423
119393
s014
$15903
ssa01 .
5 Salt River [Sat River Uncertainty Set] 04D 10202014

Figure54
Displaying Uncertainty Sets
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Watershed Sets

The user can begin creation of a watershed set by selectingfatershed Wizartbutton on the Tools

ribbon. The user is then asked to verify they are attempting to create an analysis for moltgiens.If the
user selects No, they will be returned to the application to select entry of another type of plannitigtiset.
user select$¥ ez tiey willenter into the watershed wizardhere they will be led through a series of steps
to create a vatershed analysidJsers can either create a new watershed study (optieny @ open an

existing unfinished study for completion (option @he options for creating a new study deal with how plans
for each location will be created. Available options atetheruserswould like to enter one plan per site,
more than one plan per site or generate plans for each €itece a selection has been made and the user ha
entered a valid and unique study nanieK S dza SNJ Ol y Of A 01 Wwb&&EGQ G2 O

% Watershed Wizard

Do you want to:

a) Enter one plan per site
b) Enter more than one plan per site

«c) Generate plans for each site

‘Watershed Study Name:

‘Watershed Study Description:

d) Open an existing unfinished Watershed Study

Cancel

Figure55
Watershed Wizard

Choosing option d will open a dialog window listing all existing watershed studies that were never fully
completed. Users can select a record and select Opepritinue through the wizard The wzard will open
the set at the last completed designated stage.

en Existing (Unfininished) Watershed Study

Name Description Date Last Saved
16 3:10 PM  10/19/2016 3:57 PM

9/2016 3:57 PM  10/19/2016 3:37 PM

Study Type Delete
b Watershed Set1 Watershed Set1 Wats

Watershed Set 2 Watershed Set 2 Wat:

Open Cancel

Figure56
Open Existing Watershed Study

Next the user will be asked to enter the locatianghe form shown below.
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“§ Watershed Locations and Plans =n R

Locations:
!

Use special characters for location code

Location Name Code #Plans Description

"

Ll

Add New

Plans for each Location:
[

Location Code Plan # Plan Name Plan Description Costs

<« I

Figure57
Watershed Loations and Plans

The user can enter a location name and a code witiraatically be assigned but thgeneratedcodecan be
modifiedby the userThere is an option that is selected by default that will convert location code characters
into special chareters.Next the user defines the number of plans at that location (unless they selected one
plan per location option in which case this field is disabled) and then can optionally enter a description,
latitude and longitude for this location. The user cafest theW! RR b S a@dhaddadditidnal i6cations.

Once all locations are entered the user can enter values for each variable for each plan in the bottom portion
of the form. The user may also elect to modify the name displayed for each plan a&fteelentering all

needed locations and variable values the user can seledttheY Q i daitine.y

Next the user will be prompted to enter any relationships as shown below.

& Watershed Wizard &]

Do you want to define relationships for the locations?

-

Yes

No

Cancel

Figure58
Watershed Location Relationships
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If the user has relationships that need to be defined they should s&fefand thenWNextQf the user
R2Say Qi KIFI @S lyeé NBfl GA2yaKALA WK then gliRBaRtQfitre 6 S
user selects¥esihey will be presented witla form to allow the user to define the relationships.

&% Solution Relationships =AREN X
Relationship Type
Combinability Dependency [] Mo solutiens are Combinable
Solution: Is Not Combinable With:
‘a ‘ b
b
Edit Mode
Create Mew Relationship Create Edit Existing Relationship
Solution: Is Not Combinabls With:
MName Relationship
Delete Relationships 0K Cancel
Figure59

Creating Relationships
For more information on entering relationships please see the sectiorlationships After theneeded
relationships have been entered the user should &Ko continue.

Next the user will be asked if the locations behave independently from one another. If the user $&dd€ts

they will continue through the wizard. If the user sele®s(ihey will be presented with the Automated
Edits form.
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-
kg Automated Edits

mﬁlg

MName:

Function Conditions

Create... \Variable:

Coefficient Reset Function

(Constant)
+ [
(Click ‘Conditions’ tab above to enter the 'Where' outo edit conditions)
+0 N
v
Automated Edits
Name Conditions Function
0K Close
= =
Figure60

Automated Edits

For more information on entering Automated Edits please seeatitemated editingsection.After the user

enters the appropriate dependencies between solutions the user cantbic¥®Kbutton to continue.

At this point the user will be presented withfarm that allows the useto generate plandased on the

provided user selections.

-
7 Generate Planning Set

— W - —.= E"

Description

Advanced Options

Planning Set Name Mew Planning 5et

New Watershed Set

[ Remove inefficient plans during plan generation

Generate

«

Cancel
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Generating Watershed Sets
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For more information on generating plans please see the sectidllaam GenerationAfter the user updates
the planning set name and description as well as setting of any advarateudes as applicable the user can
click theWD Sy S NI (itSgene@atdzhdipghing set.

It is important to note that if the user cancels out of the watershed wizard at any time that information will
not be retrievable later and will require the userr@enter the information.

RemovingPlanningSets

Planningsetsmaybe deleted, or removedfrom the planstudy by clickingthe W5 S f S (i S®thedHdriiel 2 v
ribbon.

Home Generator Uncertainty Decision Making Tools
T~ | Generator )V ==
= 4 | Uncertainty EI u *® ﬁ
.Properties &  Variable Properties  Constraints | Delete Create New Perform
Attributes  Sensitivity < MCDA % User-Entered Set CE/ICA
Planning Study Modules Planning Set
Figure62

Launching Delete Planning Set(s)

Thiswill causethe Ddete Planningset form to appear.

-
« Delete Planning Set(s) ARSI X

Select Planning Sets to Delete:
Note: Deleting a parent set will delete all child sets

4 [ User-Entered Sets
[0 User Entered Planning Set
[] Generated Sets
[ Uncertainty Sets
4 [] Watershed Sets
4 [] Mew Planning Set
[1 Mew Planning Set (CEICA)

Delete Cancel

Figure63
Deleting Planning Sets
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Youmayselectthe planningsetyouwishto delete from the list of availableplansets, andpress‘®Ko

removeit from the planningstudy permanently. If the ger elects to delete a parent set then they will be
prompted that this will delete this set along with any child sets. When the user selects the parent set the
child set(s) will also be selected.

% Delete Planning Set(s) = = Py
Select Planning Sets to Delete:
Mote: Deleting a parent set will delete all child sets
4 [] User-Entered Sets
[ User Entered Planning Set
[] Generated Sets
[0 Uncertainty Sets
4 7] Watershed Sets
4 New Planning Set
Mew Planning Set (CEICA)
Delete Cancel

Figure64
Selecting Planning Setfor Deletion

Pkasebe awarethat the operation cannotbe undoneonce®eletelis pressedandthe planningsetselected
will be deletedandwill not berecoverableby anymeans. Press €anceflo exit the form without removing
anyplanningsets from the planningstudy.

PlanningSetremovalmaybecomenecessaryf aplanningsetanalysigs performedwith the incorrectcostand
output variablesfor example, or if a planningsetis generatedwith anincorrectsetof parametrs. It mayalso

longer currentor nolongerapplicable.

Costs and Outputs

Thefirst step in performingincrementalcostanalysedor our sampleecosystenrestorationstudyisto
determineanddefinethe costsandoutputs to be used.Within the IWR Planning Suite We usethe term
variablesto denote thesecostsandoutputs. Variablesare the categoriesuponwhichthe effectsof alternative
planswill be comparedanduponwhichcost effectiveandincrementalcostanalysewill be performed.A
minimumof two variablesmustbe definedfor costeffectivenessandincrementalcostanalyses: acost
variableandanoutput variable.Examplesof output variablegnightinclude:habitat units, acresof wetlands,
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streammilesrestored,numberof salmon diversityindices etc. Dueto processindime considerationsit is
recommendedhat no morethantenvariablesbe definedin anIWR Planning Suitedatafile. ThelWR
Planning Suite dlsoallowsfor the definition of derivedvariables, whichareincludedin the recommended
countof ten or fewer variabks. Derivedvariableswill be discussedn more detail later in this chapter.

Planvariablesmaybe createdor removedfrom all the planningsetsin a planstudythroughPlanning Study
Properties formwhichdisplayshe availablevariablesandattributes of the planning setsin the study.Once

new attributes or variableshavebeenadded anddefined viathe Planning Studies Propertié&sm, the new
attribute valuesmaybe edited immediatelyto insertvaluesmanuallythroughthe Plan EditorHowever, ifthe
user wishes to have the newly added variable displayed they will need to generate a new planning set.

Tobeginthe processyariablesandderivedvariablesfor ananalysisare definedwithin the Planning Study
Propertiesform. Thecostsand outputsassociatedvith the studyare determinedand defined. Thesevariables
arethe categoriesusedfor comparativepurposesduringanalysis.Forexample,if agivenplanningsetwasto
be usedasinput datafor subsequenCE/ICAnaly®s, then acostand anoutput variablewould needto be
definedfor that planningset. Variablesare definedwith avariablename,description,variable typeandunit of
measure. Additionaltypesof variableswould be neededfor other kindsof analysessuchasmulti-variable
efficiencyanalyss.

Todefinethesevariablesnavigateto the Planning Study Propertiésrm by selectinghe Wt NP LIS NJi A S &
I G G NA 0 dziiaSailahe on iheiHo@eyfibbon

ey

Home Generator Uncertainty Decision Making Tools

-~ | Generator ; [
TS V| Uncertainty x — =
Prop{ dies & | Variable Properties Constraints Delete Create New erform Graphs & IWRPS Report
ArtniBltes | Sensitivity | MCDA Usar-Entered Set

Planning Study Modules Planning Set CEACA

Figure65
LaunchingProperties and Attributes

Thiswill openthe PlanningStudyPropertieform whichcontainsa Variabledataentry table to allowfor the
addition, modification,anddeletion of variables Initially, this form displaysdefaultd /s andd h dzi LJdzi £
variabledor youruse.Thesedefault variablescanbe removedor renamedat your discretionto suitthe needs

of aparticularplanning studyAsvariablesare defined,they will be addedto the collectionof variablesand

will be availablefor review or modification.

Newvariablesnaybe definedby clickingthe W! R R Q umdddriheiV2rigblestable onthe PlanningStudy
form.
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Wariables

Name Units Description Variable Type Derived Derived Function Minimum Maximum Visible
Cost $1000 Average Annual Cost in $1000s Currency - - [

Cutput AAHUs Cutput in Average Annual Habitat Units Decimal - i

Addl,\\,

Figure66
Adding Variables

Doingsowill createa newrow in the table whereyoumayenter propertiesin ninefieldsthat definethe
variable. Thesepropertiesarethe @ I N hainé, il af measurement,description,whetherit isa derived
variable the derivedvariableformula, minimum and naximum valuesandwhetherthefield isto bevisible
whendisphyingplanningsets.

Thevariablenamegivesa nameto the variablethat the IWR Planning Suitedanusein analysisand
reporting. Thispropertyisrequiredto be enteredandcan be madeup of anycombinationof alphanumericor
speciakharacteraupto 255 characersin length.

Thedescriptionfield describeghe variablethroughoutthe IWR Planning Suite $ipecificallyin reporting. This
field canbe up to 500 charactersn length.Enter & | @ S NdnulBquivalent 2 &nithie spaceprovidedfor
the descriptionnow. Theunits field, or units of measure,is a quantitativerepresentaton of the unit usedfor
eachvariableandcanbe upto 255 charactersin length.

The variable type allow$é user to define the type of output created for that variable. The options include:

A Decimalg A base 10 number that can extend to the thousands place after the decimal in this
application

A Binarycg A base two numeral system which is represented in thidieagon as a checkbox that can be
enabled or disabled

A Integerg A whole number
A Currencyg A numeric value used to represent an output value in money

Thederivedcheckboxwill determine if this variableis a derivedvariableor not. A DerivedVariableisa
formulaiccombinationof two or more other variablesalreadyenteredinto the databaseDerivedVaiiables
will be discussedater in this section.Y oumayleavethe dVisiblé€ checkboxnarkedfor all of the variablesyou
will be entering.

Theminimum fieldcan be used to define a minimum acceptable value for this variable. If any plans that are
generated createa value that falt below the defined minimunfior that variablethen those plans will not be
listed.
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The maximum field can be used to define a maximacceptable value for this variable. If any plans are
generated that create values for this variable that exceed the defined maximum then those plans will not
listed.

It ishighlyrecommenad that the optionalfieldsé & dzyarddia & § a O NBedadine® agtbey will be used

throughoutthe IWR Planning Suiteitireportsandgraphs Toaddadditionalvariables simplyclickthe W! R R Q

button andrepeatthe procedure definedabowe. Thetable belowdescribeghe four variablesusedin this case
study.

Table 14.
VariableNames Descriptions, and Units
Variable (Name) Description Units
Costs AverageAnnualEquivalenCost $1000
Wetlands WetlandHabitat P Q4
CWRip&dan Cottorwood-willow RipaianHabitat P Qg
OpenWaer OpenWater Hebitat PH ) Q3

Thefirst variablethat hasjust beendefinedisthe costvariablefor this study. Thethree remainingvariables
will be usedasthe output measuresErter the three output variablesdefinedin Tablel4 now by following the
aboveprocedure.

Existingvariablesnaybe modifiedor deletedby clickingon the variable@row in the grid to selectit. Whena
specificvariableis selectedjt mayeither be modified or deleted. Tomodify the currentvariable,simply
double click on the first \iae you would like to modify and theab to andchangethe appropriatefields.
Pressinghe Delete or Delkeyonyour keyboardwill deletethe current selectedvariable

Planning Study [Bussey Lake] Properties =& %
Description
Bussey Lake
Variables
!
Name Units Description Variable Type s | Derived 1+ | Derived Function Minimum Maximum Visible
Cost $1000 Average Annual Cost in $1000s Curency ¥ 7
> Output AAHUs Output in Average Annual Habitat Units Decimal - ]
Delete Record
Add @Y% Youhave selected 1 record for deletion.

P Choose Yes to delete the record or No to exit.

Attributes

I Mo
Name Type [ -
Plan of Interest Yes/No IEver -
Cost Effective Integer Non-Cost Effective, Cost Effective, or Best Buy CE/ICA Analysis =
Rank Double MCDM Ranking MCDM Ranked A 3
Score Double MCDM Score from Ranking MCDM Ranked A
#CE Integer Number of Cost Effective Plans Uncertainty CE/ICA Parent ~
#BB Integer Number of Best Buy Plans Uncertainty CE/ICA Parent

Add

0K Cancel

Figure67
Deleting Variables

CDM 77
S



Section5 | Software Terms and Procedures

Clickinghe Wh Y Q ilbgavéy@uychangesandclosethe Plaming StudyPropertiesform, while clickingthe
W/ |y OS twill clasatlé forgh without savinganychanges

DerivedVariables

Nextwe will defineaderivedvariable.A derivedvariableis a formulaiccombinationof two or more other
variablesalreadyenteredinto the databaseWithin aderivedvariableformula,other variablesmaybe added,
subtracted multiplied, divided,or raisedto a power. Squareroots, naturallogs,andabsolutevaluesmayalso

be performed.Delivedvariablesare alsoaddedto the planning studythroughthe Planning Studies Properties
form anddescribedin termsof a variablename,description measuremenunits,anda calculationformula.

If the planning studypropertiesform hasbeen closed re-openthe planstudyform by clickinghe Wt NB LIS NI A S &
g | G0N 0 dai theiHOmMedridbdnC®kihgon the Derivedcheckboxona@ | N Fow wilSawkthe
checkboxndicatingthat the variable is derivedndwill cause the FormulaEditorto appearwith whichto define

the formulafor computinga derivedvariable.

Planning Study [Bussey Lake] Properties = B| &
Description
Bussey Lake
Variables
[
Mame Units Description Variable Type Derived Derived Function Minimum Maximum Wisible
Cost 41000 Formula Editor - Derived Variable "Output’ . ]
c Cutput AAHUs ]
¥ Validated Select Variables

o o [ | i iy (FSAEESS| | Cost

Abs
Add 4 5 6 + -
Ln

Attributes eas

\ b : {

Validate

Name Type —
Cost Effective Integer oK B
Rank Double
Score Double MCDM Score from Ranking MCDM Ranked =
2CE Integer Number of Cost Effective Plans Uncertainty CE/ICA Parent ~
BB Integer Number of Best Buy Plans Uncertainty CE/ICA Parent ~
test Yes/No h Always A -
Add
OK Cancel
Figure68

Derived Variable Formula Editor

TheFormulaEditorcontainsa blank field in which the userdefinesthe derivedvariable Theusercannottype
variableinformation manuelly into the field but can enter numeric and operands manually. For variahkes
usermustselect(byclicking)functionsandvariablesn sequenceo definethe derivedvariableformulation.
Addanewvariableby pressinghe W! R Riéh locaiziibelow the/ariablegable. Forthe Name enter

G ¢ 20 fElEntaidLldzil ahdd ¢ 2ditbut of all habitat@ I NJ lagite $héi anddesaiption. Now

proceedto clickon the derivedcheckboxor the variable. Enterthe variableformulafora 2 G | £ h dzivLJdzi €
by usingthe Formula Editosubform. At this point, the usercan clickonthe W+ I f A R fo Soffirndtidzii ( 2 y

78 DM
cSmith



Section5 | Software BrmsandProcedures

the formulaislogicallyvalid (from amathematicalperspective not asdentific one). Alternatively whenthe
userO f A OQprithe BhmvilaEdtor form, the IWR Planning Suiteviill automaticallycheck(validate)the
derivedvariablefor logicalconsistency.

Note that sincethe valuesof derivedvariabks are not entered by the user,but rather are calculateddirectly
bythe IWR Planning Suite tlerivedvariablesdo not appearinthe & 9 ¥ To8:O-(NA lcd@umBsanghe
Solutionsand Scalesform. Derivedvariablesare automaticallycalculatedoy the programandcanbe selected
aseither Costor Output Parametergo conductcosteffectivenessandincrementalcostanalyses. Toseethe
calculatedvaluesof derivedvariabledor aplanningset, selectthe planning setn the Planning Sets paraf
the applicationDerivedvariablesare labeledassuchandtheir valuesaredisplayed.

Attributes

Attributes are also displayed in the Planning Study Properties form accessible when the user clicks the
Wt NBLISNI A S&a 3 or thie dHonde dadziite defaulttadaiiabiieayfributes are listed for the user and

are showningreytextwiK I 3INBXe& oF O]l ANRdzyR (2 AYyRAOIGS G4KSAS OF
Attributes

|
Mame Type Description Visible -
Plan of Interest Yes/MNo Plan of Interest Always -
Cost Effective Integer MNon-Cost Effective, Cost Effective, or Best Buy CE/ICA Analysis -
Rank Double MCDM Ranking MCDA Ranked - [F
Score Double MCDM Score from Ranking MCDA Ranked -
#CE Integer Number of Cost Effective Plans Uncertainty CE/ICA Parent -
#BB Integer Number of Best Buy Plans Uncertainty CE/ICA Parent ol —

Figure69
Default Attributes

However, the user can modify the visibili,tonfvtﬂefauIAtattributes using the Visible column. The Visible
coumnhathe2 LJAA2ya ftAAGSR 0St2¢6 6KAOK RSaAONROSa 6KSyYy (GKA
selection.

A Alwaysg This attribute will always be displayed

A Neverg This attribute will never be displayed

A Plan Generatog This attribute will be displaykfor generated sets

A CE/ICA AnalysisThis attribute will be displayed for CE/ICA analysis sets

A Constrainer This attribute will be displayed for constrained sets

A MCDA Ranked This attribute will be displayed for ranked MCDA sets

A MCDA Imported; This dtribute will be displayed for imported MCDA sets

A Uncertaintyg This attribute will be displayed for uncertainty sets
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A Uncertainty CE/ICAThis attribute will be displayed for CE/ICA uncertainty sets

A Uncertainty Pareng This attribute will be displayed fgparent uncertainty sets

A Uncertainty CE/ICA PareqiThis attribute will be displayed or CE/ICA parent uncertainty sets
A Watershedg This attribute will be displayed for all watershed sets

A Watershed (1 plan per sitg)This attribute will be displayed fail 1-plan per site watershed sets

A Watershed (N plans per sitg)This attribute will be displayed for all watershed sets where multiple
plans per site exist

A Watershed (Generated per site)This attribute will be displayed for all generated watershed sets
A Watershed CE/ICA (Generated per sit@his attribute will be displayed for all CE/ICA watershed sets

¢KS dzaSNJ YlIe& faz2z sAakK (G2 ONSBI dieftiot ThRus® taa txfate® | (G G NR 0 ¢
additional attributes by clicking th¢! R R 6n adaitafil@ibelow the attributes section.

Attributes

I 1
MName Type Description Visible =
Plan of Interest Yes/No Plan of Interest Plan Generator -

- Cost Effective Integer Non-Cost Effective, Cost Effective, or Best Buy CE/ICA Analysis =
Rank Double MCDM Ranking MCDA Ranked - =
Score Double MCDM Score from Ranking MCDA Ranked =
#CE Integer Number of Cost Effective Plans Uncertainty CE/ICA Parent -

#BB Integer Number of Best Buy Plans Uncertainty CE/ICA Parent Ml
Add N

Figure70
Adding Attributes

After the user clicks th&’! R R Q adealziaiivavil be added to the bottom of the Attributes grid and the
user can enter a Nam&ype, Description, and st a visibilityoption from the list. The user should click the
Wh Y Q i dateliychanges and exit the form after entering this information.

Solutionsand ScaledEffects

Thenext step in performingincrementalcostanalysessto definesolutionsandtheir effectson eachvariable.
Solutionsandtheir scaledeffectsare definedthroughad §lutionsand{ O fofnéwhich can be accessed by
clickingor{ 2 f dzii A 2 y & #ocatedoh héGeterardibon? y

m IWR Planning Suite - -

Home Generator Uncertainty Decision Making Toals

v o H e
L L‘\’ Lj‘llLL H HH aad
Seolutions & | Relationships Solution Automated Generate

Scales Sensitivites Edits Plans
Solutions Generate
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Figure71
Launching Solutions and Scales

Asolution is a management measure or activity and there usually are many levels or sizes for a given
solution. These different solution sizes are the scales at which the solution can be implemented. A solution
description, slution code, and a number of action scales for the solution are entered to define each solution
and scale.

Solutions and scales may be added, edited, or deleted througBdhgions & Scales formny solution and
scale to be excluded from the set of geated plans may be removebdrough use of the Advanced Options
available when generating a s@theSolutions & Scales formdzii 2 Y+ G A OF £ £ & CHIS\Y2S9N (&a8GH 1S 6
each solution

Todefinesolutions,navigateto the Solutions& Scalesormshowntelowo @ Ot AO1 Ay 3 2y W{ 2 dzi A 2
button on the Generator ribban

# Solutions & Scales e

Solutions
L

Solution Code # Scales
location 1 A
location 2 B
"

Add New

Scaled Solution Effects on Variables
!

Code Scale Name Cost Cutput
A 0 No Action $0.00 0
A 1 lacation 1 $25.00 11,000
B 0 No Action $0.00 0
B 1 location 2 $50.00 50,000

ey
_

Figure72
Solutions and Scales

Once the Solutions and Scales form is loasl@dtions can be definedne row is available for entry by

default but users aaadd additional solutionby pressing thé’! RR b S & The sbldonid@sygription is a
RSAONRLIIAZ2Y 2F gKIG FOGA2Yy 2NJ YSIFadaNB Aa G2 o6S aGF 1S,
for the solution description now. The solution code mualti-letter code of up to ten characters that

represents this solution. This code will be usethinnaming of plan alternatives when planning sets are

generated. A default code will be created for the user based on the first letter of the solutioif this

defaultvalueresults in duplicates or if the user wishes to utilize a different code it magdmified In this
AyadalyOS acé gAtf 06S RSTAYSR Ia (Mhelastiediontiisiictny O2 RS I\
represents the numbeof action scales this solution has. By default, a zero scale is added to each solution

and represents no action taken. For example, Flow Regulation Wetlands has three action scales. This means

that there are three possible scales at which Flow Regulatiéni f  yRa OFy 06S AYLX SYSy(SF
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space provided for the number of action scales ndhis scale will also be used in the plan code
(automatically generated by the Plan Generator module) to represent which scale of action is being
administered¢ 1S GKS LIy &CHhhnwn{m2ulLné F2NJ SEIFIYLI ST
solutions.

[# Solutions & Scales SRRCE X
Solutions
[
Solution Code # Scales

Flow Regulation Wetlands F 3
> Overbank Wetlands o 4
il
Add New

Scaled Solution Effects on Variables
[

Code Scale Name Cost Cutput

> F 0 No Action $0.00 0
F 1 Flow Regulation Wetlands $0.00 0
F 2 Flow Regulation Wetlands $0.00 0
F 3 Flow Regulation Wetlands $0.00 0
o 0 No Action $0.00 0
o 1 Cverbank Wetlands $0.00 0
o 2 Cverbank Wetlands $0.00 0
O 3 Cverbank Wetlands $0.00 0
o 4 Cverbank Wetlands $0.00 0

wé

% oK Close
Figure73

Creating Solutions

Consideringhe example planabove the & C pogtion indicatesthat the secondaction scalefor How
Regudtion Wetlandsisbeingusedfor this alternativeplan.Oncea solutionor setof solutionsareentered,
dickingthe Wh Y Q \ilbizalidageghdsavethe newsolutionsIfthe Wh Y Q  ig rdsticlitked/the sdutions
arenot saved.TheWlbse(button will closethe form.

Tablel5belowdescribeghe solutionsthat are usedin this casestudy. Thefirst solutionhasjust beendefined
for & C f RegulationVetlandsb Enterthe five remainingsolutionsnow. Please nte that up to 52 solutions
canbe definedper planning study andto 20 scales(includingNo Action)canbe definedper solution.

Tablel5.
Solutions
Solution Decription Code Numberof Action Scales
FlowRegulationNVetlands F 3
OverbankWetlands 0] 4
Riparia Coridors R 6
RemoveSaltCedar S 1
OpenWater W 4
82 CDM
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In-channeWetlands [ | 5 |
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Forreporting purposessolutionsare displayedn the Solutions& Scalegorm in the order they will be usedto
generateplanalternatives.Bydefault, eachnew solutionis giventhe next consecutivepositionfor its order.
Tocreateanewsolution,simply clickthe W! RR b S évfichwilliziiidaeywrow into whichthe solution
informationmaybe entered. Clickng the Deletekeyon the keyboardafter selectinga solutionwill
permanentlyremovethe selectedsolution The@Kbr W/ | y O S fwill alléwchis to#nyo be closed.

TheSolutionsand Scalesorm will alsoallowthe entry of quantitative effectson eachvariablefor every
solutionandscalethroughthe & { O ISfluoREffectson+ | N lgidf S & ¢

-
#l Solutions & Scales o | 5 i)
Solutions
[
Solution Code # Scales
Flow Regulation Wetlands F 3
b i Overbank Wetlands 0 19!
"
Add New Reapply Mame
Scaled Solution Effects on Variables
[ ]
Code Scale Mame Cost Cutput -~
> F No Action $0.00 0
F 1 Flow Regulation Wetlands $0.00 0
F Flow Regulation Wetlands $0.00 0
F Flow Regulation Wetlands $0.00 1] —
0 Mo Action $0.00 0
0 1 Overbank Wetlands $0.00 0
0 2 Overbank Wetlands $0.00 0
0] Overbank Wetlands $0.00 0
0 4 Overbank Wetlands $0.00 0
0 5 Ovwerbank Wetlands 50.00 4] v
i
% OK Close
L
Figure74

Scaled Solution Effects on Variables

The first twocolumns of the data entry grichake up the solution code. The first column is the designator

code for the respective solution (primed by the user); the second column is the scale counter. These code
O2fdzvya Ay (GKS a{OFfSR {2ftdzirA2y 9FFSOila 2y I NARIofS:
editableas indicated by a gray backgrourithe third column is for entering a deigption for each solution

scale. This default description is editable. The entryadscription is not required, but is recommended. The

description may be included in reports and is particularly useful for differentiating different scales of a given

soluion. Descriptions can be made up of any combination of alphanumespeamialcharacters and can be

upto50n OKIF NI} OGSNA Ay fSy3aGdKed C2NJ SEFYLXS acmé A& RSao
CKSNBET2NB>X pn I ONBa okt OYyoaSNIKPANREDABBEIIAYY 1 KENK G D
2T & Cmhis pyrigcdlar action will cost $661,000 and result in 40 habitat units of wetlands habitat being
ISYySNriSR® ¢KSaS @I fdzSa I NB Sy SN&RBncéthe Cossiariablgd Y (KS
YSIad2NBR AY bPmannnd 9y iGSN) dccmé row.¢ KESaz &l OSy RBIR OR RSt
G tdzS 2F nn F2N) 0KAa az2ftdziazy FyR aoOlftSd® 9y (iSN) anné
soluiond Cmé¢ R2Sa y20 KIFI@S Fye 2dzildzi F2NJ /2 wWALINRFY 2N
is how the effects that each solution and scale have on each variable are enterédd/RitBlanning Suite Il
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Tablel6 belowdefinesthe solutionsand scaleghat are usedin this casestudy. Repeathe procedureabove
for the 28 remainingsolution-scalesow.

Tablel6.
Solutions and Effects
Casts ($1000) Wetlands Cw Open Water
Code Scale Description (AAH) € Riparian (AAHUQ)
o!!l B
F 0 NoAction 0 0 0 0
F 1 50Acres 661 40 0 0
F 2 100Acres 78 80 0 0
F 3 150Acres 84 120 0 0
(0] 0 NoAction 0 0 0 0
o] 1 25Acres 41 21.25 0 0
o] 2 75Acres 62 63.75 0 0
(0] 3 100Acres 81 85 0 0
(0] 4 150Acres 1,01 127.5 0 0
S 0 NoAction 0 0 0 0
S 1 1000Acres 348 0 0 0
R 0 NoAction 0 0 0 0
R 1 15Acres 14 0 15 0
R 2 27Acres 25 0 27 0
R 3 47 Acres 37 0 47 0
R 4 75Acres 48 0 75 0
R 5 101Acres 56 0 101 0
R 6 125Acres 66 0 125 0
W 0 NoAction 0 0 0 0
w 1 100Acres 215 0 0 65
w 2 200 Acres 378 0 0 130
w 3 300Acres 577 0 0 195
w 4 400Acres 722 0 0 260
| 0 NoAction 0 0 0 0
| 1 120Acres 166 108 0 0
| 2 240Acres 315 216 0 0
| 3 360Acres 420 324 0 0
| 4 480Acres 591 432 0 0
| 5 600Acres 665 540 0 0

Note that specific sations may be filtered for ease of data entry. To select which solutions will appear in the
data entry/editing matrix, click on theuinnelshapedfilter iconabove the Code Header andcheckd(Select
All¢ and thenselect the solutions you would like tasplayas shown below.
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Filtering Scaled Solution Effects on Variables

[# Solutions & Scales SRRCE X
Solutions
[
Solution Code # Scales - |
Flow Regulation Wetlands F 3 ‘
Cverbank Wetlands o} 4
Riparian Corridors R 6
Remove Salt Cedar 5 1 v
Add New
Scaled Solution Effects on Variables
[ 1
Code e Scale Name Cost Wetlands CWR «
W Clear Filter from "Code $378.00 0
W Text Filters L4 $577.00 0
W | Search o $722.00 0
I $0.00 0
I et $166.00 108
riga
I = $315.00 216
I
I $420.00 324 |
Oo =
I $591.00 432
Er
I s $665.00 540 =
1 |— B w % 4
)
- OK Cancel
% {b 0K Close
Figure75

This does not delete argplution or any associated effects data from the database; it simply will not appear

in the data entry/editing matrixinder Solutions and Effects until the filteriisdzN} SR 2 F T Saleét
OKBX.FATGSNI AO2y 02Yo02

PEfoE

TNRY

At this point, solutions may be added or deleteddigking theW! R R Q o0 tHeiSol@ighs: Scales form
or selecting a solution and preisag the Delete key on your keyboaFallowing deletion the user will be
presented witha confirmationdialog Clicking¥ eswill delete the solution, and clickifgjloQwill cancel the

action.

Scales may be added to or removed from a solution by enterimgw number in the # Scales column of the

Solutions table of the

Solutiords Scalegorm.

If the Delete action was selected, deleted scale(s) will no longer appear on the Sofutoases form.

If the user determines they would like to rename a solatibey may do so at any time. If the user desires
the related Names of the Scaled Solution Effects on Variables to be updated as well the user caraselect
odeitb 2y ® ¢ KA A

solutionrow I y R

iKSy Of A 0]

GKS WwwSI LILX

w

e

bl YSQ

preserve possible previously defined Names in the bottom portion of the form.

After all desiredsolutions have been selected cliogthe Wh Y Q i daiiely@uychanges and exit the form.

If the user wishes to exit the form without saving theit cif 3 S &
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Solution Relationships

The set of rules regarding which solution and scale combinations are dependent upon one another, also
1y26y | & &RSLISy RiSay GedefifneB aslagprofisgteibikfare fian generatibnese
relationships occur between solutions when the implementation of one solution is dependent on the

implementation of one or more other solutions. Dependencies are entered by stating the dependent solution
and the set of solutions upon which it depend

The rules for defining combinability relationships between solutions may also be defined, as appropriate.
Such relationships occur between solutions when the implementation of one solution cannot be combined

with the implementation of other solutions.othbinability is declared by selecting the solution and selecting
those solutions with which it is not combinable.

Dependency and combinability relationships may be defined at this time by clickitguh t I G A 2y a KA LJA Q
on the Generator ribbon as showelow.

[ WR Plarning Suit< I

h LA
() J Home Generator Uncertainty Decision Making Tools

7 gy il B O®

Solutions & | Relationships Solution Automated Generate
Scales Sensitivites Edits Plans

Solutions Generate

Figure76
Launch Relationships

Thiswill openthe SolutionRelationshipgorm shown below.

£, Solution Relationships = | B )

Relationship Type.

Combinability Dependency (7] Mo solutions are Combinable

Solution: Is Not Combinable With:

Flow Regulation Wetlands [C] Overbank Wetlands

i
[T In-channel Wetlands

Create New Relationship Edit Existing Relationship

Solution: Is Not Combinable With:

Relationship

Delete Relationships 0K Cancel

Figure77
Solution Relationships

Dependencies
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Firstwe will definedependencyelationsips.Dependemwyrelationshipsoccurbetweensolutionswhenthe
implementationof one solution isdependenton the implementationof one or more other solutions.Clickthe
Dependencyadiobutton underthe Relationshipl'ypegroupboxin order to specifydependencyelationships
for the solutioncurrentlydisplayedon the form.

&% Solution Relationships =RACE X

Relationship Type

Combinability (‘1"_} Dependency ["] Mo solutions are Combinable
BV .

Solution: Is Dependent Upon:

Flow Regulation Wetlands
Overbank Wetlands
Riparian Corridors

Flow Regulation Wetlands
[] Riparian Corridors

[C] Remove Salt Cedar

[C] Open Water

[Z] In-channel Wetlands

Remove Salt Cedar

Open Water

In-channel Wetlands
Edit Mode

3
Create Mew Relationship Create @ Edit Existing Relationship

Solution: Is Dependent Upon:

Name Relationship

Delete Relationships OK Cancel

Figure78
Steps to Creating Dependency Relationships

& ! vy Refatomshipgfor example Aisdependenton BANDC)are enteredacrossowsin the table,

eitheNX 2r&ldtionshipsareenteredusingmultiple rows. Relationshigowsare createdby pressinghe
éCreate button. Forexample o definethe dependencyelationshipfor & h @ S NeBS- {iyf || oficRan the
OverbankWetlandssolutionin the Solutionlist box. Next, selectthe How RegulationWetlandscheckboxo

the rightand then click tha&?/ NJB I ( SThesoluimnd 8 ¢ S NbS: iyt | Fighdnd@léperdentond Cf 2 &
Regulato SGf I yRa ®¢

Selectthe solution you want to define a necombinability relationship for (Ste), check the solutions it is
y2i O02Y0AYylofS gA0GK 6{0SL) o0 | yRI ddathgreldionahipdy GKS
G§KS dzaSNJ OF y LiNBavetheii dhé&hgedand exit tifedaiimi 2 y

Note, if there were multiple solutionsrequired, they would all be checkedand would appearacrosgshe first
rowofthed { 2 f tDepehdént LJ2 yaMeas shown below.
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4% Solution Relationships =TACN X
Relationship Type
Combinability Dependency [] Mo solutions are Combinable
Solution: Is Dependent Upon:
Flow Regulation Wetlands [] Flow Regulation Wetlands
|Overbank Wetlands I [] Riparian Corridors
Riparian Carridors [] Remove Salt Cedar
Remowve Salt Cedar [*] Open Water
Open Water [T In-channel Wetlands
In-channel Wetlands
Edit Mode
Create Mew Relationship Create Edit Existing Relationship
Solution: Is Dependent Upon:
Name Relationship
Overbank Wetlands Flow Regulation Wetlands
Riparian Corridors Flow Regulation Wetlands AND Overbank Wetlands AND Remove Salt Cedar
Open Water Remove 5alt Cedar
In-channel Wetlands Remove 5alt Cedar
Delete Relationships 0K Cancel

Figure79
Created Relationships

Youwill noticethat when adeperdencyis defined by pressinghe W! R R Q , ahalziioiv &ppearsbelowthe
currentrow. Thiswill allowthed S A (i K 8eléxdentielationshipgo be defined.

CombinabilityRelationships

Next we will define the combinability relationships. Combinability relationships occur betwedieslu

when the implementation of one solution cannot be combined with the implementation of one or more

other solutions. Click the Combinability relationship type radio button in order to specifgombinable

relationships for the solution currently dispr @ SR 2y (GKS FT2N¥Y 6{GSLI mMm0O® 4! yROOD
is not combinable with B and C together) are entered across rows inthE QUblY' > a SA § KSNX 2 NE NB
are entered using multiple rows.

As with dependency relationships, click the ol you want to define a nowombinability relationshigior
(Sep 2), check thesolutions it is not combinable wittsep 3, and,then click theW/ NB I (i §Sep @)dzi ( 2 v
When donethe user carpress theh Y Q 6 dzi (2 y
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&% Solution Relationships

Relationship Type

‘ Combinability (:1’)
A

Dependency

["] Mo solutions are Combinable

Solution:

Is Not Combinable With:

Flow Regulation Wetlands

. AN
Overbank Wetlands k&)
Riparian Corridors

Remove Salt Cedar

Open Water
In-channel Wetlands

i' 3 Flow Regulation Wetlands

[C] Riparian Corridors
[] Remove Salt Cedar
[C] Open Water

[C] In-channel Wetlands

Edit Mode

Create Mew Relationship Create @

Edit Existing Relationship

Name

Delete Relationships

Solution: Is Not Combinable With:

Relationship

OK

Cancel

Figure80
Steps to Creating Combinability Relationships

However,if no solutionsare combinablewith eachother (for example gachsolutionrepresentsafully

formulated,discretealternativeplan),ashatcut to specifyingndividual non- combinabiliyrelationshps
betweensolutionsisto clickon the checkbo»n the upperright-handcornerof the SolutionRelationships

form markedd b SolutionsAre Combinablee Whenthis boxischeckedthe IWR Planning Suitewill

automaticallypreventanysolutionfrom beingcombinedwith another.
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&% Solution Relationships

=

Bl [ |

Relationship Type
Combinability Dependency ‘ | Mo solutions are Combinable
Solution:
Edit Mode
Create New Relationship Create Edit Existing Relationship

Solution:

Name

Flow Regulation Wetlands
Flow Regulation Wetlands
Flow Regulation Wetlands
Flow Regulation Wetlands

Flow Regulation Wetlands

Overbank Wetlands
OR Riparian Corridors
OR Remove Salt Cedar
OR Open Water

OR In-channel Wetlands

Relationship

Overbank Wetlands Riparian Corridors

Overbank Wetlands OR Remove Salt Cedar

Overbank Wetlands OR Open Water

Ohiarkank Watlands OB Inerhannal Watlands

Delete Relationships OK Cancel

Figure81
No Solutions Are Combinable

Whenfinisheddefiningrelationshipsglickthe Wh Y Q b skriethedgfinedrelationships.

AutomatedEditing

Automatededitingisafeaturewhichallowsthe planrer to automaticallyaccountfor the fact that agroupof
planeffectsto be generatedmaynot be a matter of simpleadditionof solutioneffects.Amathematical
functionisenteredto describecomplexadditiveeffectsfor a setof solutioncombinationsTodefinean
automatededit, anedit groupname,applicablevariable,additivefunction andlogicalconditionfor
appicationof the edit areenteredin anautomated edit groupentry form. Duringplangeneration the
automated edit entriesare usedin placeof simpleadditionfor applicablesolutionandscalecombinations.

Nextwe will defineautomatededits.Clickinghe W! dzii 2 Y I (i SR oftRe/Gén&rator dGbdmiwilldpén
the AutomatedEdtsform.

m IWR Planning Suite -
o)
g/
Home Generator Uncertainty Decision Making Tools
/ o u T
7y &Sk i &
Solutions & Relationships Solution Automated Generate
Scales Sensitivites Edits Flans
Solutions Generate
Figure82

Launching Automagd Edits
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Theautomatededitingfeatureallowsusersto automaticallyaccountfor the factthat all plan effectsmaynot
be addiive (IWR Planning SuiteQtefaultassumptionwhenindividualsolutionsare combined Alternatively,
the userhasthe ability to edit the effectsof plancombinationamanuallyon a planby planbasisdirectly within

the PlanEditor.

Automatededitingcanmakethe editing process more efficientand time-savingoy enablingthe userto specify
multiple non-additiveeffectswhenthe edit canbe describedoy somelogicalstatement suchas,& 2hen

solutionA andsolutionBare combined reducethe sumof the costof (A+By P m n nThaeseéeditsto

accountfor non-additiveeffectswill take placeasplan combinationsare beingbuilt.

Toperformanautomated edit, see the figures beloythe usermustcompletethe followinginformationon

the AutomatedEdiingform:

E Automated Edits
raa™

=

of X

P

Function Conditions

Name Coefficient

Flow Regulation Wetlands

Overbank Wetlands
Riparian Corridors

Remove 5alt Cedar

(Click ‘Conditions’ tab above to enter the 'Where' outo edit conditions)

|
-

100

100

Mame: CostSavings l 1 iCreate... Variable: Cost {2 I -

Reset Function

1.00 (Constant)

(1)*F + (10 + (1R + (1)*S + (1*W + (1)*1 + -B0O

-

v

-

Automated Edits
Name Conditions Function
CostSavings ForOorRorSorWorl (1)*F + (1O + (1)*R + (1)*S + (1)
0K Close
Figure83

Creating Function for Automated Edits
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E Automated Edits =Ny X
Mame: CostSavings Create...  Variable: Cost
Function Conditions
[
MName Code { 1 Clear ‘

]
-
Flow Regulation Wetlands F And Or Mot
Overbank Wetlands [
roank Wetland @ Validate
Riparian Cormdors 4
o Validated
v

Remove 5alt Cedar

v =™ O

Where: AorBor Cor...n = All Action Plans (Default)
FoerOorRorSorWorl -

Automated Edits

Name Conditions Function

CostSavings ForQOorRorSorWorl (1)*F + {(1/*0 + (1)*R + (1)*5 + (1)

@I OK Close
Figure84

Creating Condions for Automated Edits

1.  Edit Group Name (Required] he user must provide a unique edit group name for each individual
automated edit he/she wishes to perform.

2. Variable (Required)The user must specify the variable on which the automated editifidp&i
performed by clicking to select fromthep#l2 6y f A& ySEG (2 A& OFNRY Ol KBS
pull-down list.

3. Function (Required)In this field the user specifies the editing function to be performed on the
variable. The default funan that first appears in the Function field displdy#R Planning Suitela
FRRAGADGS adadzYLliaz2ys AdSodr SIOK az2fdziazyQa @t dzS
O2YO0AYylLGA2Yy 2F az2fdziAz2yaQ G f dzSQaF& NA ViRKA Al 3 NRK 6 S
O2STFAOASYG 2F m 6Aff 0SS YdAf GALX ASR o0& SIFEOK 2F (K
GKFd y2 FTRRAGAZ2YIE O2yaidlyd Attt 0SS IRRSR G2 GKS
additive assumption.)

Toedit the defaultfunction,the user canchangethe coefficientsas appropriateby clickingin the
Coefficientcolumnandtypingin a newvalue; andcan changethe constant asappropriate by clickingin
the Constant field andtypingin anewvalue.Solutionvaluesare multiplied by coefficients;o dividea
solutionvalue,a decimalcoefficient(<1)mustbe usedin the Coefficientcolumn.Smilarly, constants
areaddedto solution values;o subtracta constant, a negativevaluemustbetypedin the Consgant
field.

CDM 93
Smith



Section5 | Software Terms and Procedures

4. Al the solutioncoefficientscanremainasl; howeveraconstantcan also be added to this formula

5.  ConditiongNotrequired, but usuallynecessary) In thisfield the userspecifiesunderwhat condtions
(i.e.,where)the editing functionisto be performedon the variableto be edited. Thedefaultfunction
that first appearsin the Where:fieldisa dzy RI®IIY R A d@r foraladtionplancombinationsUnless
youwantthe automatededit functionto be appliedto all plancombinatbns,youwill need to change
the statementin thisfield.

Tochangethe Where:conditions,first clickonthe W/ f KittoN@ deletethe default statement in the
Where: field. Thendouble-clickon the appropriatesolutioncodeinthe & { 2 f dzii A 2 yakbéx®a O NRA LJIG A 2
inselt that solutioncodeinto the Where:conditionfield. Next,selecta Booleanoperator (ANDor OR;
NOTmaybe usedin conjunctionwith ANDor OR)by clickingonthe appropriatebutton to placethat
operatorafter the first solutioncodein the Where:condition statement. Next, selectanother solution
codeby doubleclickingonthe appropriatecodeto placeit in the Where:field statement. Repeatthis
processof selecting solutioncodesand Booleanoperatorsuntil the desiredconditionsappropriateto
the automated edit functionare specifiedin the Where:field. Usethe parentheseduttons() as
appropriate.ln definingWhere:conditionstatements thosespecifiedwithin parenthesesare
performedfirst. Operationsare performedin the following order of precedenceNOTstatementsfirst,
followedby ANDstatementsthen ORstatements.If you makeamistake usethe backspacdutton (<-)
to deletethe precedingerm or usethe W/ f ittoN start over.

6. ClickontheWt f A Ruttdn$oMalidatethe logicd consistencyf the Where:conditionstatement.

7.  ThelWR Planning Suitewill automaticallyverify the validity of the Where:condition statementwhen
the userpresses®KQo closethe AutomatedEdts form.

Youmayaddor deletegroupsat this time by clickingthe W/ NB | i Saaddor defedtigggh automatededit
andpressinghe Deletekeyon the keyboardto delete Clickinghe Wh Y Q  wiltizévatie gutomatededits
youhavedefined.

PlanGeneration

Onceaplanningstudycomprisedof variablesderivedvariables andattributeshasbeendefinedby the user,
the plangenerationmoduleis usedto populateanew planningsetwith planalternatives.Theplangeneration
module will automaticallygeneratea PlanningSetfrom a setof solutionsandscdesusingthe same
mechansmsavailablein the currentIWR Planning Suitedpplication.It generdesaplanningset directlyto
the IWR Planning Suitedatabaseand, like all the defaultIWR Planning Suiterliodules this adive planning
setin the databaseis associatedwith the currentplanstudy.
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Thesolutions scalescombinaility anddependencyelationshipswvhich togetherdeterminethe full set of
planalternativeswhichmaybe generatedare definedby the user.Additionally,automatededits, constraint
groups,andsolution sensitivitiesredefined.

Generatedplanningsetswill be displayedwith someinformationthat will assisiplannersin managinghem
andkeepingthem in context.For example planningsetswill include the nameof the plamingstudyto which
theybelong.

Qickonthe @enerate Plan€button available on thé&enerator ribbon as shown below to launch the
Generate Planning Set form.

m IWR Planning Suite

NP
(') = Home Generator Uncertainty Decision Making Tools

/A~ = *W‘m,

Solutions &  Relationships Solution Automated Generate
Scales Sensitivites Edits Plans

Solutions Generate

Figure85
Launching Generate Plans

,,,,,

Thiswill launchthe & D S y Phhning S idrén shown below

F B

s Generate Planning Set | S

Planning Set Name Mew Planning et
Mew Generated Set -

Description

] Remove inefficient plans during plan generation

Advanced Options

&«

Generate Cancel

Figure86
Generate Planning Set

Youmaytakethe defaultsettingsof this form andjust press\®®@Kandplanswill be generated.Y oumay,if you
wish,definethe planningsetQ@ameanddescription as well as remove any inefficient plans during generation

to reduce the number of overall plans generated. You may also expand the Advanced Options section of the
form to definesolution sensitivities set® be generatedandanysolutionsyouwishto exclude by clicking the

down arrow next to Advanced Options.
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r E b
# Generate Planning Set EI—IQ

Planning Set Name New Planning Set
New Generated Set

Description

["] Remave inefficient plans during plan generation

Advanced Options

Generate Cancel

Figure87
ExpandingAdvanced Options for Generating Planning Set

The user may now make these advanced options selections and thel&diograt€lo generate the

planning sets.

96

-

s Generate Planning Set

[ESRIER )

Planning Set Name New Planning Set
New Generated Set

Description

["] Remove inefficient plans during plan generation

Advanced Options

Solution Sensitivity Exclude Solutions:

[] Flow Regulation Wetlands
[] overbank Wetlands

[] Riparian Corridors

[] Remove Salt Cedar

[C] Open Water

[] In-channel Wetlands

[ Low

Expected

[T] High

»

Generate

Cancel

Figure88
Advanced Options for Generating Planning Set
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Whenyou press‘@eneratéthe planningset isgenerded. If there are manysolutionsandscaleslefined, this
maytake from severalminutesto manyhours.A progressbar at the bottom of the Generate Planning Set

form will displaythe percentageof plansthat havebeengenerated.

Section5 | Software ErmsandProcedures

"
£ Generate Planning Set

Planning Set Name Mew Planning Set
Mew Generated Set

Description

["] Remove inefficient plans during plan generation

Advanced Options

Generating [Mew Planning Set] [F200R650WO4]

«

b Cancel

Figure89

Progress of Generating a Planning Set

InefficientPlanRemoval

InefficientPlanRemovalthe filtering of all plansexceptcosteffectiveplanalternativesmaybe appliedasan

option when generatng the planringset. Toenableinefficientplanremoval,O K S O |

LX Fyad RdzZNAYy3I 3ISYSNIGA2YE

OK § O etdozntpridr i3 gehefation.t S

GKS awSY2@S Ay

2y GKS |

-
# Generate Planning Set

-

L

Planning Set Name Mew Planning Set
New Generated Set

Description

["] Remove inefficient plans during plan generation |

Advanced Options

‘Generating [Mew Planning 5st] [F200R650WTL4]

&«

k Cancel

Figure90

Removing Inefficient Plans During Generation

Thisoption is of valuein casesvherenumeroussolutionsand scaleshave beendefined,whichwould resultin
anextremelylargesetof solution combinationswhichmayexceedhe limits of the database Whenthis
optionisselected plangenerationonly savescosteffectiveplansto the databaseFurtherdetail on what
constitutesa cost-effective plandefinition maybe foundin the descriptionof the CE/ICAompment.
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Constraints

Constraintsnaybe definedto filter aplanningsetto onlythose planalternativesthat meeta setof predefined
criteria. Thecriteriaare minimumandmaximumacceptablevaluesfor a particular variable.Notethat,
constraintsmaynot be appliedto derivedvariables.

To constrain a planning set planning set name is entered, along with one or more variables to be
constrained ané minimum and maximum acceptable value for each variablee application of constraints
to a planning set will generate a new planning set containing only the plan alternatives that meet the
constraining criteria.

Constraintsanbe definedto limit the aplanninga S alt@riativesto onlythose planalternativesfrom a
parentplanningsetthat meet the criteriadefinedbythe constrants. In defininga constrainedolanningset,
the usercan selectanynon-derivedvariabledor inclusionin the group.Theuser then canenter in minimum
andmaximumacceptablevaluesfor eachvariablein which te user would like to constrain. The user can
leave the fields blank for any variables they do not wish to constrain

dick ontheW/ 2 y & (i NI ’onytliedHOmedilolzdnd Ruyich the Constrain Active Planning Set form
B3 WR Planning Suit= T T ——

O

Home Generator Uncertainty Decision Making Tools
" ¥ Generator LW [ [
= +
kgt < Uncertainty ) U % b |ﬁ
Properties &  Variable Properties | Constraints | Delete Create Mew Perform  Gr R
Aftributes  Sensitivity < MCDA User-Entered Set CE/ICA B
Planning Study Modules Planning Set CEACA
Figure91

Launching Constraints

After clicking this button the Constrain Active Planning Set form shown below will open.

F b |

'T Constrain Active Planning Set = | B |
Variable Description Minimum Value Maximum Value
CWRiparian
Cost Average Annual Cost
OpenWater
Wetlands Output in Average A

Constrained Planning Set Name: MNews Planning Zet

Constrain Cancel

Figure92
Constrain Active Planning Set
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Whendefiningconstrants, a default name is provided for the planning lset it is recommendegtou specifya more
meaningfulnameto be usedfor the constrainedplanningset. TheConstrained Planning Set Naan be
comprisedof any combinationof alphanumeri@r speciakharactersand canbe up to 255 charadersin
length. Next, youwould enter aminimumandmaximumvaluefor each variable the user wishesdonstrain
To havemultiple variablesconstrained simplyenter minimum and maximurfor the other variables|If the

dzaSNJ R2Say Qi gAaK (2 O :igukarivaiiable yhe mikndum bifd mgkiyhainyvaluea S (i

can be left blank.
Plansof Interest

Plansof interestaredefinedasplansthat are deemedintereging,andtherefore the userdesiresto keeptrack
of them, for somepurpose.

Certaindifferent typesof variablesor attributes mustbe associatedwith aplanningalternativeandgiven
values either duringthe manualcreationof the planningset, or by the planningsetgenerator beforethe set
maybe subjectedto subsequentandysis.Forexample,in orderto be processedythe CE/CAmodule,each
planalternativemusthavevarigbles,whichrepresentthe costandoutput measuref the plan. TheCE/ICA
analysiswill allowthe userto specifywhichvariablesof the planningsetrepresentthe costandoutput
measiresfor analysis purposes.

In the Planning Study Propertiédsrm, attributes applicable to the analysis may be defined, sucharaof

interestattribute, to be used by reporting and visualization modules. Then, once the rows of the planning set

are ceated, individuaplans of interestmay be chosen. To do so, thlan of intereswisibility of the rowis
marked as Plan Generator

Plansof interestare defined by markingthe Plan of Interest checkbo»in the Plan Editofor eachplandeemed
to be interesting.Eachplan alternative hasa Planof Interest attribute, but this attribute ishiddenby default. It
may be displayedby bringingup the Planning StudyProperties formandselecting Plan Generator from the
Visibilityproperty of the Planof InterestAttribute.

Planning Study [Sal River] Properties S

Name Units

Cost $1000
Wetlands AAHUs
CWRiparian AAHUs
OpenWater AAHUs Open Water Habitat Decimal

TotalOutput AAHUS Total output of all habitat variables Decimal @] [Wetlands]+ [CWRiparian]&

Visible -~

ive, or Best Buy CE/ICA Analysis

MCDA Ranked
MCDA Ranked

Uncertainty CE/ICA Parent

R R B

Uncertainty CE/ICA Parent,

0K Cancel

Figure93
Setting Plan of Interest Visibility
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ThePlansof Interestattribute allowsthe user to specifyparticularplansasplansof interest. Initially whenthe
Plan Editodisplaysaplanningset, the Planof Interestcolumnwill appearblanksinceno plansof interest
haveyet beendefined.

Toenteraplanasaplanof interest, clickthe Planof InterestChedkboxon the planalternativedeemedto be
of interestas shown below

Plan o et Latitude s HUC P e Wetlands CWRiparian 1| OpenWater V| Plan of Interest

No Action Plan  Default No Action Plan 5000 0 0 0
»  FLOOROSOWOID 40 0 of

F200R0SOWOID 80 0 0
F300ROSOWOIO 120 0 1]
2125 0 0
5275 0 0
" & 0 0
FOO4ROSOWOID 1275 0 0

Figure94
Identifying Plans of Interest

Tofind aparticularplanto markasof interestin alargeplanningset, clickon the funnekshapedilter icon
beside the Plafield headerandenterthe plannamein the Search fiel@ndpress Enteon the keyboard

Plan {i’j Plan Description Latitude
Mo Action Plan Clear Filter from "Flan”
FlOOROSOWON,  TextEilters ’
F200R0S0WOI |Sear:“ P|
FIO0ROS0WOI
- (Select AlL) =

FOO1ROSOWOI(
»  FOOZROSOWOI

FOOOROSOWOI1
FOOOROSOWOI2

FOO3ROSOWON FOOOROSOWOI3
FOQ4ROSOWOI FOOOROSOWOI4
F101ROSOWOI FOOORDSOWOIS
F201ROSOWOI FOOOROSOW1ID
F201ROSOWON =l reo o M
F102R0S0WOI = Cancel
F202R0S0WOI
F202R0SOWOI0
Figue 95

Filtering Planning Sets by Plan Name

hyOS |ff LXIFya 2F AyiSNBald KIS 6SSy ARSYGATAS
Editor to save their changes.

Sensitivity

Sensitivityvaluescanbe entered at one of two levelsc variable sensitivityand solution sensitivity Variable
sensitivityallowsthe userto enter uniform coefficientsfor computingall highandlow valuesfor agiven
variable(for example, evaluateall costestimateshy +/- 20%).Vaiiable sensitivityvaluescanbe changedby
clickingon the WariableSensitivitgbutton located on the Home ribbon
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A WR paning sae
oY

Home Generator Uncertainty Decision Making Tools

= .r::_ +| Generator B i
= [} V| Uncertainty @w U ® \j y
Properties & | Variable Properties Constraints Delete Create New IWRPS Report
Aftributes | Sensitivity | MCDA User-Entered Set Builder
Planning Study Modules Planning Set
Figure96

Launching Variable Sensitivity

Solutionsensitivityallowsthe userto enter uniform coefficientsfor computingall highandlow valuesfor a
givenvariableandsolutioncombnation (for example,evaluateall costestimatesfor the solutiond RNBE R3I A y 3 ¢
at +/- 20%but all costestimatesfor the sdution & | §tidplantK I NJJ S &t €/-%§%a). Solutionsenstivity
valuescanbe changedby clickingonthe W{ 2 f dzii A 2 y buitdh yosatedioh hd GeheBatorQibbon.

B g sune
oY

Home Generator Uncertainty Decision Making Toals
7 | =
7} Py N 3

Solutions & Relationships Solution Automated Generate
Scales Sensitivites Edits Plans

Solutions Generate

Figure97
Launch Solution Sensitivities
VariableSnsitivity

Forvariablesensitivity the highandlow variable valuesentered are uniform coefficientsusedfor compuing
the highandlow valuesfor the selectedvariable.Thiscreatesa valuerangeresultfor that variable.

If WariableSS y & A bukiad issiéléct@don the Home ribborthe Varigble Sensitivitiesorm shown belowwill
be opened
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. Variable Sensitivities =B -
Variable Low Coefficient High Coefficient
Cost 1 1
Wetlands 1 1
CWRiparian 1 1
OpenWater 1 1
OK Cancel
Figure98

Variable Sensitivities

Nextyouwill enter uniform coefficientsfor computingall highandlow valuesfor the correspondingariable.
Notethat low coefficients mustalwaysbe arealnumberlessthan or equalto oneincludingnegativenumbers
andhigh coefficientsmustbe arealnumbergreaterthan or equalto 1. Oncethe coefficientshavebeen
defined,smplyclickthe Wh Y Q i saieth@cyefficientsClickinghe W/ | y O S twill simptiaiistiagdy”
anychangesnd closethe form.

VariableSensitivity causesthe creation oftwo derivedvariables a highvalueandlow value-- to be addedto
the planningstudyfor eachvariable.In the resultingplanningset, thesenew variablesarefilled with the
respectivehighandlow valuesindicatingthe sensitvity rangefor the variable.In additionto this ability to set
allthe planalternative variablesensitivitiesn a studyat onetime by usinghighandlow coefficients,the
capabilty existsthroughthe Planning Study Properties forim change the visibility dbw and highvariables By
default the high and low variable alternatives will be set to visible.
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-

Planning Study [Salt River] Properties

P

Description

Salt River

Variables
Mame Units Description Variable Type Derived Derived Function &
CWRiparian AAHUs Cottonwoed-willow Riparian Habitat Decimal 0
OpenWater AAHUs Open Water Habitat Decimal B
TotalOutput AAHUs Total output of all habitat variables Decimal [Wetlands] + [CWRiparia| —
Cost Low $1000 Low Variable Sensitivity of 0.800 for variable " | Currency [Cost] * (0.800)
Cost High $1000 High Variable Sensitivity of 1.200 for variable | Currency [Cost] * (1.200)

4 >
Add

Attributes
Mame Type Description Visible =
Plan of Interest Yes/No Plan of Interest Always -
Cost Effective Integer Non-Cost Effective, Cost Effective, or Best Buy CE/ICA Analysis =
Rank Double MCDM Ranking MCDA Ranked - =
Score Double MCDM Score from Ranking MCDA Ranked =
#CE Integer Number of Cost Effective Plans Uncertainty CE/ICA Parent -
#EB Integer Number of Best Buy Plans Uncertainty CE/ICA Parent o
Add

OK Cancel

SolutionSendivity

Figure99

Viewing Low and High Variables

Similarto variablesensitivity the highandlow valuesenteredfor solutionsensitivityare uniform coefficients
usedfor computingthe highandlow valuesfor the selectedsdution combination.Thiscreatsavaluerange

resultfor that solution Whena planningsetisthen generatedto the planstudy,hiddenhighandlow value

variablesare addedfor eachvariableof eachplanalternativein the generated planningset.

Whenthe ‘8olutionSensitivitgbutton on the Generator ribbois clicked the SolutionSensitivityform shown

belowwill be opened
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il Solution Sensitivity =HECIH X

Solution Sensitivity Coefficients
[ ]

Code Solution Variable Low Coefficier High Coefficie

Flow Regulation\ Cost
Flow Regulation1 Wetlands
Flow Regulation 1 CWRiparian

Flow Regulation\ OpenWater

s

werbank Wetlan Cost

0

werbank Wetlan Wetlands

verbank Wetlan CWRiparian

o) | o]

verbank Wetlan OpenWater

Riparian Cormidor  Cost

Riparian Corridor  'Wetlands
Riparian Cornidor. CWRiparian
Riparian Cormndor  OpenWater
Remove Salt Cedi Cost
Remove Salt Ced: Wetlands

Remove Salt Ced: CWRiparian

R S R T e = e e i = T e T =S =R SR S
I R o e i e i

b v v " m ;- X OO0 OO0 ™M M Mo

Ok Cancel

Figure100
Solution Sensitivity

Throughthis dialog,you mayenter uniform coefficientsfor computingall highandlow valuesfor anyand
everygivenvariableandsolutioncombination.Aswith variablecoefficients Jow coefficientsmustalwaysbe a
realnumberlessthan or equalto oneincludingnegative numbersandhighcoefficientsmustbe arealnumber
greaterthan or equalto 1. Oncethe coefficientshavebeendefined,clickngthe Wh Y Q @ilbigévétligey
coefficientsClickinghe W/ I y O S twill diszatganychahgesandclosethe form.

CE/ICAAnalysis

CostEffectivenesandlncrementalCostAnalysiss describedn detailin Sectionlll, dPlanAnalysis Elereisan
overviewof how it isappliedwithin the IWR Planning Suitedpplication.

CostEffectivenesss amethodof identifyingleastcostsolutionsfor different levelsof outputs or benefits.It is
utilizedin planningsituationswheredollarvaluesare not usedto measureoutputs. In the absenceof
economicvaluationof effects,then, it canleadto moreinformedand supportabledecisionghanmightcost-
obliviousdecisionrmaking.

Inaplanning setcomprisedof many planalternatives,costeffectivenessansupportdecisiormakingby
filtering out andeliminatingmanyplan alternativesthat areineffectiveandinefficient. Planalternativesthat
costthe sameamountor more compaedto planalternativesthat producethe sane or more outputscanbe
reasonablydiscardedtherebysignifi@antly reducingthe numberof planalternative optionsto amore
manageablesubsetfrom whichthe mostviableplanalternative maybe chosen.
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IncrementalCostAnalysiss performed by determining the incrementalcostper unit betweensuccessively
larger(i.e.,more output) planalternatives,andidentifyingbestbuy plansasthoseplansfor whichthe
incrementalcostper unit islowestfor a particularoutput level. Incrementalcostper unit isdefinedasthe plan
alternativS @n&rementalcostdividedby its incrementaloutput.

IncrementalCostisthe differencein costbetween the codsof two planalternatives.lt is determinedby
subtractingthe costof the lessexpensiveplanalternativefrom the costof the more expensiveplan
alternative.Incrementaloutput isthe differencebetweenthe outputs of two planalternatives. It is
determined by subtractingthe output of the smalleroutput planalternativefrom the output of the largerplan
alternative.

TheCE/CAmoduleperformsCE/ICAn anactive planset. Theexistingplanningsetdata will be evaluatedto
generateresults,whichmaybe filtered downto a preferredsetof plans.

TheCE/CA analysisnoduleis capableof procesing plansfrom anyof the planningsesin the currentplan
studyinthe IWR Planning Suitedhtabase Resultanaybe generatedasaplanningsetdirectlyto the IWR
Planning Suite database, fromwhichthey maybe edited,reported on or graphed printed, usedasinput to
additional andysesor exportedto afile.

TheCE/ICAnalysidorm will acceptactive planningsetsin the IWR Planning Suitedatabasethose
generatedby the plangeneratoror using usetentered sets, watershed sets and uncertainty s&tseanalysis
resultswill be output asanactiveplanningsetto the IWR Planning Suitedatabasefromwhichit maybe
exportedif desired. Thedefaultd /s F F S @ttributd S rhadevisiblein the resultingplanningset to
indicatethe costeffectivenessor & 6 $ & iBtéusof eachof the planalternativesirom the analyzedplanning
set.

Openthe CE/ICAANnalysigorm now by clicking on théPerform CE/IC&utton on the Home ribbomo
generateanew analsisplanningsetfrom the currentgeneratedplanningset. Thesamestepsmaybe
followedto performananalysison UserEnteredplanningsets that weremanuallyenteredthroughthe plan
editor.

-

)

Hame Generator Uncertainty Decision Making Tools
| Generator v
¥
(et V| Uncertainty - H - x 'ﬁ' [:}
Properties &  Variable Properties Consiraints Delete Create New Perform | Graphs & IWRPS Rer
Attributes  Sensitivity < MCDA . UUser-Entered Set CE/ACA e
Planning Study Modules Planning Set
Figure101

Launching CE/ICA

The CE/ICA analysis will be completed automatically foe¥sla¢d Analysis following generation of the
planning setOnce the set has been generated then fbhem to complete the CE/ICA will display for the user.
The user can select the Cost and Output variables to be used and then cliBkéhe&button to cantinue

with the CE/ICA Analysis.
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4 | Perform CE/ICA Analysis &J
Parent Set:  With Solution Sensitivities (CEICA) v
MName: With Solution Sensitivities (CEICA)

e Planning set generated by Cost Effective/Incremental Cost Analysis
CE/ICA Variables
Cost Vanable: Output Yarable:
Cost ~| | TotalOutput bl
Analyze Cancel
Figure102

Performing CE/ICA for Watershed Analysis

Thedescriptionfield isan optionalfield that allowsthe userto givea better descriptionof the CE/ICA set
Notethat the descriptioncanbe up to 500 charadersin length. Enterd //I1€Arun on CombinedOutputof All
Covert & LJB thespaceprovidedfor the PlanStudydescriptionnow. Thecost parameterfield isa drop-
downlist populatedwith the definedvariablesIWR Planning Suitewill usethe selected costvariableasthe
Y-axisvariablefor all analyse. The costparameteriswhat isusedin all costeffectivenesandincrementalcost
calculationsSelectr / 2 a@sthe costparametr now. Aswith the costparameter,the output paraneter field
isadrop-downlist populatedwith the defined variablesIWR Planning Suitevill usethe selectedvariableas
the X-axisvariablefor all analyse. Theoutput parameteris alsousedin all costeffectivenessandincremental
cost(incremental costper unit of output) calculationsSelects ¢ 2 (i | f hstmoudgatiprameteras shown

below.

-~

% | Perform CE/ICA Analysis [
Parent Set:  With Solution Sensitivities (CEICA) v
Mame: CE/ICA run on Combined Qutput of All Cover Typeq l
— st Planning set generated by Cost Effective/Incremental Cost Analysis

CE/ICA Variables
Cost Variable: Output Variable:
Cost *| | TotalOutput v
Analyze Cancel
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Figure103
Selecting Cost and Output Variables

Assoonasananalysigplanningsethasbeenbuilt, it will become the activeplanningset. Theactiveplanning
setisselectedn the Planning Sets parend displayed in th&lan Editor

ST
Making  Tool
_— ‘ == F |:|
I 4 =
s Constraints Delele  CreateNew || Perform Graphs& IWRPS Report
UserrieredSet | CENCA  Aeporz  Bulder
Planning Set cenca

Plan 3 Plan Description | cost +| Wetlands | CWRiparian 1 | OpenWater i | TotalOutput 1| Costlow ih| Costhigh | Planofint4.
No Action Plan Default No Action Plan $0.00 0 0 o 0 $0.00 $0.00 C
FLOORISOWOI0 $85L00 40 0 o 4 $528.80 §793.20 £
F200R0SOW0I0 $78.00 80 o o 80 $62.40 $93.60 C
CE/ICA run on Combined Output of All Cove F300R0SOWOI0 $84.00 120 o o 120 $67.20 $100.80 C
Uncertainty Sets F101R0SOWO0I0 $702.00 6125 0 [ 6125 $561.60 $842.40 C
Watershed Sets F201ROSOWOI0 511900 101.25 0 0 10125 $95.20 §142:80 E
F301R0SOWO0I0 $125.00 14125 0 o 14125 $100.00 $150.00 =
F102R0SOW0I0 $722.00 10375 0 o 10375 $578.40 $867.60 C
F202R0SOW0I0 $140.00 14375 0 o 14375 $112.00 $168.00 C
d = P 514600 18375 0 o 18375 $11680 $17520 [
Planning Set Properties R rrosrosowon 574200 125 0 o 125 $593.60 589040 E
CE/ICA ru Combined Outpt F203R0SOW0I0 $152.00 165 0 o 165 $127.20 $190.80 C
F303R0SOW0I0 $165.00 205 0 ] 205 $132.00 $198.00 C
o e ey FLO4RISOWOI0 $762.00 1675 0 0 1675 $609.60 $91440 E
F204R0SOW0I0 $172.00 2015 0 ] 2075 $143.20 $214.80 =
F304R0SOW0I0 $185.00 2475 0 o 2475 $148.00 $222.00 C
FOOOROSIWOIO $66.00 0 125 o 125 $52.80 $79.20 i

FAOORISIWOI0 $727.00 40 125 o 165 $581.60 $87240 =

< »

Discard All Changes Save Changes

‘&4 Salt River [CE/ICA run on Combined Output of All Cover Types] v104.0 9/18/2014

Figure104
Viewing CE/ICA Results

Aparticularanalysisnodulewill usuallyrequire certainvariablesor attributes, sut ascostandvalue

attributes, which are prerequisite componentsof every planalternativein the planningset. Adefaulta / 2 a G ¢
and¢h dzii Luddébée are automaticallycreatedfor new plan studiesto supportthe intrinsicCE/IC/Aanalysis
module.

Uncertanty CE/ICA Analysis

C2NJ ! yOSNIFAyGe 'yrfeara (GKS /9«klL/

the Uncertainty ribbont £ S 4SS y230S GKIFIG GKS Wt SNF2NXY /9kL/ ! Q
disabled until an urertainty set has been generated.

(o)

Home Generator Uncertainty Decision Making Tools

g L{QZ

Uncertainty Planning Generate Uncertainty Perfarm Graphs & Export to
Set Distributions Set CE/CA Reparts 5V

Distributions Generate CE/MICA Results

Figure105
Launching CE/ICA for Uncertainty Sets
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CE/ICA is performed for each iteration of the uncertainty planning set with the final planning set displaying
counts of thenumber of times eachlpn alternative was calculated to beCast Hfective orBestBuy
alternative

The CE/ICA form for uncertainty sets looks almost identical to the CE/ICA fanceriainty planning sets.
The only difference is an additional option to perform Data Envatgt Analysisvhich is selected by
default

4 Perform Uncertainty CE/ICA Analysis @

Planning Set: Salt River Uncertainty Set v

MName: CE/ICA run on Salt River Uncertainty Set

EsETEEET Planning set generated by Cost Effective/Incremental Cost Analysis

CE/ICA Analysis
Cost Variable: Qutput Yariable:
Costs = | TotalOutput -

Perform Data Envelopment Analysis

Mear Cost Effective Threshold (0-1): 0.5

Exclude plans in violation of tolerance rules

Analyze Cancel

Figure106
Uncertainty CE/ICA Form

If selected, Data Envelopment Analysis is performed at each iteration to determine how close plan

alternatives are to the calculated efficient froatiand store quantitative metrics of this distanck order to

RSOtIFINB I LIXIYy FTEGSNYFGAGS (2 0SS WbSI NI/ spgedified FTFSOUGA
threshold (O¢ 1 with 1 being on the efficient frontier) for both cost and outwalues. As with CE/ICA, the

FAYFIE LXFyyAy3a aSid Attt RAaALIX @ G20lt O2dzyda F2NJ (K¢
/2380 9FFSOGAQSQO®

AnalysisResults

TheAnalysidResultfunctionof IWR Planning Suitediovidesa varietyof graphicalndtextual reportsfor the
plannerto assistin the evaluationof planalternatives.Reportscanbe generatedfrom the IWR Planning Suite

Il databaseof the activeplanningset,or seled¢ed from the entire set of analysigesultsfor multi-planning set
reports. Users can access the available reports and graphs related to the CEICA analysis by clicking on the
WDNJ LIK& 3 wéhithi2 Ndina bbob. dzil G 2 y
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b L
() =4 Home Generator Uncertainty Decision Making Tools
— =
o~ | Generator - _‘ F
el | Uncertainty R - b ﬁ : B
Properties &  Variable Properties Constraints Delete Create New Perform | Graphs 8 | IWRPS Report
Aftributes  Sensitivity < MCDA User-Entered Set CEAICA | Reports Builder
Planning Study Modules Planning Set CECA
Figure107

Launching Graphs & Reports

Thereportingandgraphingcapabiltiesareintendedto be performedon the resultsof a CE/ICAnalysis.
However thesereportsaremore broadlyapplicableto anyanalytic techniquethat associéesappropriate
output variablesandattributesto the planalternatives Whena report or graphis choserfor display the user
will be askedto selectthe appropriateparameters suchasfiltering by costeffectiveplans,neededto
generatethereport or graph.

Availablereportsincludea total andaverage costreport, anincremental costanalysisreport, andsit worth
A (repért,andanda ! \tafiabf Sraport.

& CEICA Results Viewer [

Single Set Multiple Sets

Planning Set: |CE/ICA run on Combined Qutput of All Cover Types

[Total & Average Cost | Incremental Cost Is It Worth 12 All Variables
Graphs — —

Reports

Sort By: Filter By
Output -
[ Best Buy Plans

[ Cost Effective Plans

View Cancel

Figure108
Viewing Single Set Reports

Graphoptionsincludegraphsof All Plans Cost Hfectiveand Best Buy plans.All plansand costeffectiveplans
mayalsobe graphedin a differentiatedformat (i.e.,differentiatedbetweennon-costeffective,costeffective,
andbestbuyplans).Thebestbuy plansgraphisviewableasa Cartesiar(x,y) coordinatesgraph,asabox
graph,andother formatsincludingthree dimensionalisualizatiorgraphs.
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-
@ CEICA Results Viewer

Single Set

Multiple Sets

Planning Set: CE/ICA run on Combined Output of All Cover Types

i || Cartesian (x,y) Graph

Incremental Cost Box Graph

3D Surface Plot

3D Scatter Plot

O T TR T T I TR TR

e L
P
1 2w
P

[¥] Differentiated

Plan Alternatives to Graph ] Dual Axis Overlay
All
Cost Effective f Axis Total Cost Average Cost
Best Buy Average Cost Incremental Cast
Views Cancel
(%
Figure109

Viewing Single Set Results

Single Planning Set Results

Onceat least oneplanningsethasbeenanalyzd, youmayviewthe analysisresults.Suchresultsare called
G { A PlahhigSetw S & dzffhié availéble single planning set graphs are displayed by default when the
CEICA Results Viewer is opened.

Graph Single Planning Set Results

Thefirst stepin selectinga graphto viewisto specifywhichanalyss planningset to graph.Todo this, select
the desiredplanningsetfromthed t £ Iy y Hrgpdowfli§. ( €
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F
| CEICA Results Viewer

S

Single Set

Planning Set:

Multiple Sets

CE/ICA run on Combined Qutput of All Cover Types

|CE/ICA run on Combined Output of All Cover Types

3D Scatter Plot

Graphs

"
Reports ‘

.....

P -

PR T

[ T
ay

All
Cost Effective

Best Buy

Plan Alternatives to Graph

Y Axis

Average Cost

Incremental Cost

[E] Dual Axis Overlay

Total Cost

[¥] Differentiated

Average Cost

View

Cancel

Figure110
Selecting a Planning Set for Graphing and Reporting

Next, the user must specify which type of graph to view by clicking the correspondipg ©ype. For some

reports, the user may also select a subset of analysis results to graph by clicking appropriate options in the
atfly 1EfGSNYFGAGSE (2 DNILIKE 3INRdzLIP C2NJ 42YS NB LR NI
indicating that norcost effective, cost effective, and best buy plans will be indicated on the graph by

different symbols and colors. Once the analysis set, graph type, and the other desired options have been

selected, clicking th& + A S & Qwillcdidgiliay tReygraph.

Anexample of a Cartesan (x, y) All PlansDifferentiatedgraphfor a CE/ICAanalysisplanningsetis shown
below.

Figure111
Example Cartesian Graph Following CE/ICA
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